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FROM

Thosc of us of a
certain age
remember the nonsen-
sical riddle: “What’s
the difference between
a duck?” It is a non-
sense question, of
course, but this trivial
question resonates
with an important question in biol-
ogy — what is a species?

Modern biologists study
“species” — the fundamental unit
of taxonomy — even through
there are several ways to define
the term. John Wilkins explains in
this issue that this diversity
reflects the process of scientific
inquiry: researchers craft defini-
tions that match the data and
organisms that they study without
necessarily trying to provide a
one-size-fits-all definition for all of
life. This is a reflection of the
processes of biological change
that have produced the patterns
of variation and similarity in living
organisms that we recognize as
evolution. Just as who is in one’s
family depends on whether we
use genetic or social data,
whether a group of similar organ-
isms constitutes one species or
more depends on the processes
that produce and maintain varia-
tion among organisms. Wilkins
argues that this is a healthy debate
— and a real, scientific one. It
shows the diversity of processes
that can produce evolutionary
change and all the ways that they
can contribute to the speciation
that we can observe in the history
of life on earth.

Contributions by Alan Gishlick,
Dan Bolnick, and Ulrich Kutschera
show that anti-evolutionists have
been working hard to make the
biblical concept of created
“kinds” scientifically respectable,
but for this work the biblical cri-
terion will always trump any bio-
logical data or analytical outcome:
that is, research results must
always conform to the literal inter-
pretation of “kinds” as distinctly
created and biologically unrelated.

Gishlick reviews the basic con-
cepts of “baraminology” while
Wilkins does the same for ideas
about species. Both of them pro-
vide a glossary of current termi-

THE

nology to help read-
ers keep all the terms
and concepts straight
— both in these arti-

E Dl TO R cles and in other

readings on species
and “kinds”. Bolnick
examines the sup-
posed methodological
innovation behind so-called discon-
tinuity systematics, and Kutschera
shows how these ideas have sur-
faced in European scientific sources.

IN THE NEWS

A look at news on the evolution
front shows lots of flare-ups around
the globe. In Europe, where we
reported recently evolution was
more widely accepted than in the
USA, there is significant anti-evolu-
tion activism, including among gov-
ernment officials responsible for
educational policy. In Kenya, some
church leaders are opposing an
exhibit at the National Museums of
that country’s world-famous human
fossils. And for those who have fol-
lowed the dubious career of Dr
Dino — the irrepressible Kent
Hovind — Greg Martinez reports
on the recent conviction of Hovind
and his wife Jo on federal tax-eva-
sion charges in a Florida court.This
follows on the heelds of Hovind’s
finally pleading no contest to
charges stemming from his failure
to obtain a building permit for his
Dinosaur Adventure Land. Hovind
claimed that the permit require-
ment infringed on his right to free
exercise of religion. Commission
Chairman Mike Whitehead report-
edly replied: “Scripture also says
‘Render unto Caesar what Caesar
demands, and right now Caesar
demands a building permit.”

In the Members’ Pages, Randy
Olson, who made the film Flock of
Dodos, has allowed us to reprint his
ideas on more effective communica-
tion of science to the public.
Somehow his “top ten” ideas grew to
eleven.This is a“tear-out” page, meant
to be copied, shared, and pinned to
bulletin boards everywhere.

And for those too young to
know, the answer to the riddle is:
“One of its legs is both the same.”

RNCSE 26 (4) was printed in March 2007.
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California Schemin’

An El Tejon Soccer Coach
Tried to Smuggle
Creationism Into Her
“Philosophy” Classroom,
But Alert Local Parents
Blew the Whistle

Rob Boston, Americans
United for Separation of
Church and State

California resident Kenneth
Hurst was shocked when
his children brought home a docu-
ment describing some new course
offerings at Frazier Mountain High
School in Lebec.

Among the listings was a course
called “Philosophy of Intelligent
Design”. Its description read: “The
class will take a close look at evo-
lution as a theory and will discuss
the scientific, biological, and
Biblical aspects that suggest why
Darwin’s philosophy is not rock
solid. This class will discuss
Intelligent Design as an alternative
response to evolution.”

“Topics that will be covered,
the course description continued,
“are the age of the earth, a world-
wide flood, dinosaurs, pre-human
fossils, dating methods, DNA,
radioisotopes, and geological evi-
dence. Physical and chemical evi-
dence will be presented suggest-
ing the earth is thousands of years
old, not billions. The class will
include lecture discussions, guest
speaker,and videos.The class grade
will be based on a position paper
in which students will support or
refute the theory of evolution.”

Hurst, who holds a doctorate in
geology and works at NASA’s Jet
Propulsion  Laboratory  near
Pasadena, could see right away that
this course had little to do with
philosophy and a lot to do with
promoting creationism. Backed by

Rob Boston is Assistant Director of
Communications for Americans
United for Separation of Church and
State.

Americans United, he and other
Kern County parents went to
court to stop the school from
teaching religion — and won

when the school’'s board of
trustees voted to end the class and
agree never to offer it again.

The new case, coming less than
a month after Americans United’s
victory over “intelligent design” in
Dover, Pennsylvania (see RNCSE
2006 Jan-Apr; 26 [1-2]), proves
that the fight over creationism in
public schools is far from dead. If
anything, creationist advocates are
still on the march and continue tar-
geting local school boards.

In Lebec, the course was the
brainchild of Sharon Lemburg,
coach of the school’s girls’ soccer
team and wife of an Assemblies of
God pastor. Lemburg, who does
not have a degree in any area of
science, is clearly sympathetic to
creationism. Her course syllabus
listed questions about “intelligent
design” that AU says reflect a cre-
ationist bias. Among them were,
“Why is this a movement and why
is it gaining momentum?” and
“Why is it so threatening to soci-
ety, the educational system, and
evolutionists?”

Lemburg also proposed show-
ing 24 videos to the students.
According to AU’s legal complaint,
23 were “produced or distributed
by religious organizations and
assume a pro-creationist, anti-evo-
lution stance,” including several by
the Institute for Creation Research,
a California-based religious min-
istry that attacks evolution, and
Answers in Genesis, a similar
group based in Kentucky.

As word began to spread about
the class, the El Tejon school board
hastily convened a special meeting
on New Year’s Day, with less than
24 hours notice to the public. At
the meeting, the board voted 3-2
to approve the course with a
“revised syllabus”.

The revisions, AU asserted, did
not improve the course. Several
young-earth creationist videos

were replaced with DVDs advocat-
ing “intelligent design”. Even
though course material propping
up two longtime creationist
canards — that evolution violates
the second law of thermodynamics
and that the fossil record backs cre-
ationism — were eliminated, the
overall effect of the course, AU
maintained, was still to promote
religion.

Americans United sought to
resolve the matter without litiga-
tion. On January 4, Americans
United Legal Director Ayesha N
Khan wrote to officials in the El
Tejon Unified District, asking them
to cancel the class.

Citing a line of federal court
cases striking down creationism in
public schools, Khan wrote,
“Simply put, these decisions bar
public schools from seeking to
debunk evolution for religious
ends or from teaching (or giving
‘equal time’ to) religious theories
on the origins of life. Frazier
Mountain’s ‘Philosophy of Design’
course does both. It is clear, and
we believe the evidence would
show, that Ms Lemburg’s purpose
in teaching the course is to under-
mine evolution and to promote a
religious perspective in its stead. It
is equally clear that a reasonable
observer would understand this to
be the effect of the course.”

The course was being offered
during a special “intersession” peri-
od scheduled to last just four
weeks. At Frazier Mountain High,
courses offered during this time
are geared toward students who
need remedial help. Those who do
not need remedial work take elec-
tives. Given the short time frame,
Khan requested an immediate
response from school officials.

Two days later, Superintendent
John W Wight wrote back, saying
he would not cancel the course.
Wight asserted that Khan “may
have been misinformed” about the
nature of the course.

“We do not understand your
demand that the course be can-



celled,”Wight wrote. “After reading
your letter, our legal advisors have
pointed out that they are unaware
of any court or California statute
which has forbidden public
schools to explore cultural phe-
nomenon, including history, reli-
gion or creation myths.”

AU contends exploring “cultural
phenomenon” is the last thing
Lemburg wants to do. Her class
was clearly tilted toward the cre-
ationist point of view, and she
planned to bring several creation-
ist speakers into the classroom.
She apparently made no serious
effort to line up evolutionists.

Lemburg originally indicated
that she would ask James Selgrath,
one of two science teachers at the
high school, to address the class.
But Selgrath told the Frazier Park
Mountain Enterprise, “1 have no
plans to do that”

Selgrath added that he does not
support teaching creationism at
the school, remarking, “I have a
PhD in reproductive biology with
a specialty in genetic engineering.
I was on the faculty at Tufts
University for seven years. I am a
scientist.” Selgrath later joined Tim
Garcia and Jim Atkinson, math and
science teachers in the district, at a
board meeting to lodge a protest.

Lemburg’s syllabus also listed
“Francis Krich” as a speaker. She
later conceded this was a mis-
spelling of Francis Crick, the Nobel-
Prize-winning biologist who, along
with James Watson, discovered the
double helix structure of DNA. A
native of England, Crick did live and
teach in Southern California for a
while, but he won’t be traveling to
Kern County to address the class.
He died in July of 2004.

Unable to persuade the board
to drop the course, Americans
United filed a lawsuit on January
10 and asked a federal court in
California to issue a temporary
restraining order to block continu-
ation of the class.

To help make the case, AU sub-
mitted a 24-page affidavit from Dr
Eugenie Scott, executive director
of the National Center for Science
Education in Berkeley, California
(see “Problems with the interses-
sion course”, p 6).Scott, a physical
anthropologist and author of the
recent book Evolution vs Cre-
ationism.: An Introduction, assert-
ed, “It is my expert opinion that

Mrs Lemburg’s class purports to
‘teach the controversy’ in a bal-
anced way, but that it actually
reflects a decided pro-creationism,
anti-evolution stance. It does so in
two principal ways: First, it treats
creationism and evolution as equal
‘philosophies, thereby undermin-
ing the credibility of evolutionary
theory; second, as between the
two, it plainly favors the creationist
perspective.”

AU acted on behalf of 11 par-
ents, among them Hurst, who has
children in the 10th and 12th
grades in the El Tejon district. In
court papers filed by AU, Hurst said
the course “conflicts with my
beliefs as a scientist. I believe this
class undermines the sound scien-
tific principles taught in Frazier
Mountain High School’s biology
curriculum and is structured in a
way that deprives my children of
the opportunity to be presented
with an objective education that
would aid the development of
their critical thinking skills.”

Hurst, a Quaker, added that the
class also offends his religious
views, asserting it “reflects a pref-
erence for fundamentalist
Christianity over all other religious
and scientific viewpoints.”

The ElTejon district,located in a
rural area nestled in the mountains
about 65 miles north of Los
Angeles, serves fewer than 1500
students. When Hurst learned of
the course, he talked with
Lemburg directly to discuss his
concerns. Hurst walked away from
the conversation confident that
she wanted to teach creationism.

“During their conversation, Mrs
Lemburg repeatedly referred to
‘intelligent design’ as ‘creation-
ism,” read AU’s court documents.
“She also informed Dr Hurst that
the original title of the course had
been ‘Creationism vs Evolution’
Furthermore, although the pro-
posed syllabus stated that the
course would cover complicated
scientific topics, such as the laws
of thermodynamics and the fossil
record and dating methods, Dr
Hurst concluded from the conver-
sation that Mrs Lemburg had no
knowledge of these or other scien-
tific subjects. By the end of the
conversation, it was clear to Dr
Hurst that Mrs Lemburg planned
to use the class to advocate against
evolution and in favor of the reli-

gious beliefs of ‘intelligent design’
and creationism.”

Lemburg seems to acknowl-
edge having religious motivations.
“I believe this is the class that the
Lord wanted me to teach,” she
wrote in a letter to the editor of
the Mountain Enterprise.

The controversy divided the
mountain community, a normally
sleepy place that the Times
described as “63 miles north of Los
Angeles and a time warp away in
ambience.” Letters to the editor
have poured into the Mountain
Enterprise, and locals did not hesi-
tate to opine on the matter to vis-
iting reporters.

Pastor Scott Irwin of the Lebec
Community Church sided with the
board. “Attention is good,” Irwin,
who opposes evolution, told the
Times.“I think Lebec is taking a big
step for what is true.”

But not far away, Abbe Gore,
who provides internet services to
the community, criticized the
board for acting in haste. “What
surprises me is that the local
school board decided to go ahead
with this class knowing full well it
would be controversial,” Gore said.
“It’s an unfortunate way to put
Frazier Park on the map.”

TV preacher Pat Robertson also
felt compelled to weigh in.
Addressing his “700 Club” audi-
ence January 17, Robertson insist-
ed “There are inexplicable gaps in
the so-called evolutionary theory”
and remarked, “It just seems like to
me for people to say a court — a
judge — to say that you cannot
enter into this area of inquiry
because Barry Lynn and that
bunch of atheists say you can’t do
it, I just think there’s something
terribly wrong about this.”

Although often reported in the
media as a battle over “intelligent
design”, the Lebec fight really cen-
ters more on traditional creation-
ism. Lemburg’s syllabus contains
several references to “intelligent
design”, but most of the material
she planned to use promoted
young-earth creationism.

Lemburg’s approach made the
Discovery Institute, a Seattle-based
pro-ID think tank, very nervous.
On January 11, Casey Luskin, an
attorney with the Institute, wrote
to Wight and requested clarifica-
tion: “Under the current formula-
tion, the course title ‘Philosophy of
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design’ misrepresents ‘intelligent
design’ by promoting young earth-
creationism under the guise of
‘intelligent design’” Luskin contin-
ued: “We respectfully request that
you either reformulate the course
by removing the young-earth cre-
ationist materials or retitle the
course as a course not focused on
‘intelligent design’. Otherwise, this
course could be damaging to sci-
entists and other scholars investi-
gating ‘intelligent design’ as a gen-
uinely scientific alternative to
Darwinism because the course
conflates ‘intelligent design’ with
Biblical creationist religious views
about creation.”

Americans United Executive
Director Barry W Lynn said from a
legal perspective, the Discovery
Institute’s claims are irrelevant and
just another example of that
group’s attempts to portray ID as
science, not religion. Although ID
jettisons some of the more overtly
religious claims of traditional cre-
ationism, the concept remains a
faith-based one, Lynn said. ID pro-
ponents, he asserted, have no plau-
sible candidate for the “designer”
other than God.

Days before the hearing in fed-
eral court, AU attorneys made one
more effort to resolve the matter
by appealing directly to the school
board. Harry Schwartzbart, presi-
dent of the San Fernando Valley
Chapter of Americans United,
attended a January 13 meeting of
the El Tejon Board, accompanied
by two dozen local church-state
separation advocates.Among them
was the Reverend Skip Lindeman,
pastor of the United Church of
Christ Church of the Lighted
Window in La Cafnada. Both
Schwartzbart and Lindeman read
statements to the board, urging
them to settle the lawsuit and drop
the course. This time, the board
Wwas more open to compromise.
Attorneys with Americans United,
assisted by lawyers with the Los
Angeles office of the national firm
of Arnold & Porter, spent the week-
end of January 14-15 negotiating
with the board. An out-of-court set-
tlement in the Hurst v Newman
case was announced January 17.

Under the terms of the settle-
ment, the course terminated one
week early. The district’s board of
trustees has also agreed to lan-

guage stating, “No school over
which the School District has
authority, including the High
School, shall offer, presently [sic]
or in the future, the course entitled
‘Philosophy of Design’ or
‘Philosophy of Intelligent Design’
or any other course that promotes
or endorses creationism, creation
science, or ‘intelligent design’.”

Khan said the board made the
right move. “This course was far
from intelligently designed,” Khan
said “It was an infomercial for cre-
ationism and its offshoot, ‘intelli-
gent design’. The class would never
have survived a court challenge,
and the board of trustees made the
right call by pulling the plug on it.”

AU executive director Lynn
agreed. Lynn congratulated the El
Tejon board for avoiding costly and
time-consuming litigation, unlike
the school board in Dover,
Pennsylvania.

“We are delighted with the
board’s decision to discontinue the
‘Philosophy of Design’ course and
never offer it again,” said Lynn.
“Public schools have no business
promoting religion. I hope that
other public schools learn from this
incident and reject efforts to bring
religious doctrines into classrooms.”

AUTHOR’S ADDRESS

Rob Boston

Americans United for Separation of
Church and State

518 C Street NE

Washington DC 20002

[Originally published in Church and State
20006; 59 (2): 10-2 and reprinted with
permission.]

Problems with the
Intersession Course

Eugenie C Scott
Executive Director, NCSE

NCSE'’s executive director Eugenie
C Scott was asked to write a dec-
laration in support of the plain-
tiffs’ motion for a temporary
restraining order, and if neces-
sary a preliminary injunction, in
Hurst et al v Newman et al. The fol-
lowing discussion of specific prob-
lems with the “Philosophy of
Intelligent Design” course that
was at issue in the case is taken
Jrom ber declaration.

Eugenie C Scott

INTRODUCTION

In my expert opinion, the purpose
and effect of the course at issue in
this lawsuit are not to present a
comparative treatment of the vari-
ous philosophical issues surround-
ing evolution and creationism.

Rather, the purpose and effect
of the class are to disparage the sci-
entific status of evolution and to
present as superior to evolution
the religious ideas of creation sci-
ence and “intelligent design”. In
other words, the course advocates
on behalf of a particular religious
view, and a sectarian one at that;
special creationism is a minority
view in American Christianity.

The evidence on which I base
that conclusion pervades the course
description, the original syllabus,
and the revised syllabus — and turns
on four general observations.

LACK OF DIVERSITY

First, although the revised syllabus
for the class asserts that the course
will present the “world views on
origins,” the course does not even
begin to provide students with the
diversity of viewpoints on this mat-
ter. (It is worth noting that among
the other intersession classes are a
class specifically on “Comparative
Religion” and another on
“Mythology.” The first is truly com-
parative, covering five major reli-
gions, and the second is on ancient
myths and their influence on
books [and] movies, such as Star
Wars. This shows that there is at
least an awareness at the school of
how to treat religious views in a
comparative fashion.) Instead, the
course presents a single religious
viewpoint, namely creationism
(whether as creation science or
“intelligent design”).

Despite the original course title
“Philosophy of Intelligent Design,”
the original version of the syllabus
was dominated by creation science
— the same view that the Supreme



Court in Edwards held could not
be taught in public schools.

The course description, which I
understand has remained
unchanged, emphasizes creation
science by, for example, advocating
the belief that there is scientific
evidence that “the earth is thou-
sands of years old, not billions.” It
also states that the course will
“take a close look at evolution as a
theory and will discuss the scien-
tific, biological, and Biblical
aspects that suggest why Darwin’s
philosophy is not rock solid” (my

emphasis).
The revised version of the syl-
labus emphasizes “intelligent

design”, but traces of creation sci-
ence still appear, especially in such
course materials as the video
Chemicals to Living Cells: Fantasy
or Science, which is sold by the
creation-science ministry Answers
in Genesis.

The syllabi, course description,
and course materials make no
mention of any non-Western reli-
gious viewpoints on the origins
of life and its history. In any class
purporting to provide a compara-
tive treatment of cultural phe-
nomena, that omission is remark-
able. Anthropologists regard ori-
gin myths — stories about the
ways in which the world and its
inhabitants were formed (usually
as the work of supernatural
beings or forces) — as a cultural
universal. There is certainly no
shortage of origin myths available
for discussion. Yet the course
description and the original syl-
labus here reflect a narrow focus
on a particular sectarian account
of origins.

Similarly, there is no mention in
the course materials of any reli-
gious viewpoints, Western or non-
Western, that accept evolution. An
example of these would be any of
the many varieties of Christian the-
ology known as theistic evolution:
A number of mainline Christian
denominations in the United States
regard evolution as no threat to
their theological views. For exam-
ple, a number of prominent reli-
gious figures, including the late
Pope John Paul II, have expressed
the view that evolution is compati-
ble with, or even enriches, their
faith. A number of prominent sci-
entists, including Francis Collins

(the leader of the Human Genome
Project), have made similar claims.
But students in this course will not
learn about any of these views.
Instead, they will be told that evo-
lution and religion are involved in
(in the words of one of the videos
on the original syllabus) a “War of
the Worldviews”.

The absence of the viewpoints of
other religious traditions from the
course materials belies any claim
that the course’s aim is to present a
balanced, comparative, or objective
treatment. Moreover, since the only
religious viewpoint presented is in
opposition to evolution, the effect is
to present evolution as intrinsically
antireligious. The course thus
employs the “two-model” approach
(beloved of proponents of creation
science and “intelligent design”)
that Judge Overton aptly described
in the McLean case as a “contrived
dualism.”

BIAS IN THE COURSE MATERIALS

Second, the course materials make
clear that the class is being taught
from an anti-evolution, pro-cre-
ationist and  pro-“intelligent
design” perspective.

The course description promis-
es that the course will present evi-
dence that “Darwin’s philosophy is
not rock solid” and present evi-
dence “suggesting the earth is thou-
sands of years old, not billions,
thereby plainly reflecting a mani-
festly pro-creationist perspective.
Furthermore, the course descrip-
tion’s reference to treatment of“the
age of the earth, a world wide
flood, dinosaurs, pre-human fossils,
dating methods, DNA, radioiso-
topes, and geological evidence”
bespeaks a plainly religious agenda,
as these are topics repeatedly sin-
gled out by proponents of creation-
ism and “intelligent design” as
reflecting areas on which evolu-
tionary theory is flawed.

Twenty-three of the 24 videos
listed on the original syllabus are
one-sided presentations, produced
by creation-science ministries and
advocating a pro-creationism per-
spective, without any critical treat-
ment of the arguments or other
rebuttal. These videos are not ordi-
narily regarded as suitable material
for the public schools because of
their poor scientific quality as well
as their religious advocacy. The

twenty-fourth video, The Fire Below
Us, pertains to volcanic activity
rather than evolution and can
scarcely bear the weight of holding
up the “pro-evolution perspective”.

The video selections — includ-
ing Unlocking the Mystery of Life
— also advocate the view that sci-
entific practice should be changed
and methodological naturalism
should be abandoned in order to
accommodate reference to the
supernatural.

Similarly, the original syllabus
devoted two days each to the
“Laws of Thermodynamics” and
“Fossil Records and Dating
Methods”.These are areas of scien-
tific inquiry that proponents of
creation science have traditionally
attacked, with the scientific com-
munity regarding the attacks as
lacking any scientific merit.

On the original syllabus, two of
the five prospective speakers
([Ross] Anderson and [Joe]
Francis) are identifiable propo-
nents of creation science; a third,
“David Kopich,” is probably meant
to refer to a local proponent of cre-
ation science named David
Coppedge. Of the two prospective
speakers on the original syllabus
who were supposed to present the
case for evolution, one is a local
parent [Kenneth Hurst, the lead
plaintiff] who opposed the class.
The other is the Nobel laureate
Francis Crick (misspelled “Krich”),
who died in 2004.

The revised syllabus appears to
have been revised to de-emphasize
creation science in favor of “intelli-
gent design”, presumably in the
hope that the course would better
be able to survive constitutional
scrutiny. The revision is thus a
microcosm of the national debate,
in which “intelligent design”
emerged in the wake of Edwards v
Aguillard as a form of creationism
intended to avoid the Supreme
Court’s decision declaring the
teaching of creation science in
schools to be unconstitutional.

“Intelligent design” was recently
recognized in Kitzmiller v Dover
as unconstitutional for the same
reasons as creation science was in
Edwards. Although the erroneous
scientific claims distinctive of cre-
ation science, such as those involv-
ing the age of the earth and ther-
modynamics, are no longer explic-
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itly mentioned in the revised syl-
labus, “intelligent design”, as the
progeny of creation science,
retains many of the same erro-
neous scientific flaws. All but one
of the videos listed on the revised
syllabus are the products of the
“intelligent design” movement.
Those videos, like the creation-sci-
ence ones, are not ordinarily
regarded as suitable material for
the public schools.

Both the original and revised
syllabi include numerous videos
purporting to address the “evi-
dence against evolution,” but not a
single video on either list address-
es the gaps/problems with cre-
ationism or “intelligent design”.
Because creation science and
“intelligent design” are religious
rather than scientific viewpoints,
advocating the tenets of these
viewpoints — as opposed to
addressing them in an appropriate
context and in an objective man-
ner — amounts to religious advo-
cacy that cannot have a valid secu-
lar purpose.

MISREPRESENTATION OF THE
STANDING OF EVOLUTION

Third, the course materials present
a distorted view of the scientific
standing of evolution. Throughout
those materials, evolution is pre-
sented as a “worldview” or “philos-
ophy”. In the anti-evolution move-
ment, these terms are often used
synonymously with “religion”, in
order to suggest that evolution is
accepted only on faith, thus con-
verting evolution from a scientific
theory (which has a particular
meaning and special status in the
scientific community) to a belief
system (which does not).

In that regard, the very first sen-
tence of the course description
reads,“This class ... will discuss the
scientific, biological, and Biblical
aspects that suggest why Darwin’s
pbilosopby is not rock solid”
(emphasis added).

Topics in the original syllabus
include “Is Evolution a science or a
philosophy?,” “Is Evolution based
on a religion?,” and “Is evolution
based on philosophy?” Although
those questions are not explicitly
answered in the syllabus, the fact
that these questions are raised
repeatedly in a course entitled
“Philosophy of Intelligent Design”

strongly implies that the instructor
intends to teach or suggest that
evolution is based on a “philoso-
phy”. The videos on the syllabi,
such as “War of the Worldviews,”
further support that conclusion.

In the revised syllabus, although
one topic is “How does the
Philosophy of Intelligent Design
differ from the Theory of
Evolution?” (a formulation that
might suggest evolution is no
longer going to be presented as
based on “philosophy”), the very
next topic on that syllabus demon-
strates otherwise by referring to
“this debate concerning philoso-
phies” — that is, evolution and
“intelligent design”.

Similarly, the revised syllabus
states that “Equal and balanced
instructions will be given on all
philosophies”. Because the only
concepts taught are a religious
view and evolution, this statement
has the effect of labeling both con-
cepts as “philosophies.” Neither the
original nor the revised syllabus
calls for informing the students
that the scientific community over-
whelmingly accepts evolution.

INACCURATE AND IRRESPONSIBLE
TREATMENT OF EVOLUTION

Fourth, and related to the third
consideration, is the fact that the
course materials do not treat evo-
lution in ways that are either sci-
entifically accurate or pedagogi-
cally responsible. A genuine com-
parative treatment of cultural
ideas concerning the origin and
history of life would not necessar-
ily have to discuss scientific ideas
at all. It would be sufficient, for
example, to describe the origin
myths of a number of different cul-
tures, to compare and contrast
them, and to discuss the role that
the origin myths play with respect
to the rest of their cultures. But if
scientific ideas like evolution are
to be discussed in such a course,
they should be discussed in a sci-
entifically accurate and pedagogi-
cally responsible way. That is not
the case with the course at issue
here.

As noted, the original syllabus
devoted two days to “Laws of
Thermodynamics”, which is a
topic from physics. It is primarily
proponents of creation science,
and not physicists or other scien-

tists, who regard that topic as rele-
vant to the scientific study of evo-
lution, for creationists incorrectly
maintain that the Second Law of
Thermodynamics renders evolu-
tion impossible.

The revised syllabus describes
evolution as a view “on the origin
of life”. In the sense most common
in modern biology, “evolution”
denotes descent with modification
— the scientific theory that living
things have descended, with modi-
fication, from common ancestors.
The origin of life is a separate ques-
tion and a separate area of
research.

Additionally, there is reason to
doubt that the course presents
evolution in a way appropriate to
the students’ ages and level of
preparation. In the original syl-
labus, no scientifically credible and
pedagogically appropriate instruc-
tional materials about evolution
are listed. Apparently Mrs Lemburg
was content to have the students
learn about evolution almost
entirely from creationist sources.
Since evolution is typically pre-
sented in California only in high-
school biology, it is likely that the
students in this course would have
had, at most, one course in which
they were formally exposed to
evolution; and some of the stu-
dents may not have had even that.
They therefore would not have the
prerequisite knowledge to enable
them to evaluate critically the sci-
entific claims contained in the cre-
ationist sources.

In the revised syllabus, non-cre-
ationist instructional material
about evolution was added: the
PBS series  Evolution, the
“Understanding Evolution” web-
site, and Evolution vs
Creationism. As a consultant to
the first two and the author of the
third, I can certainly vouch for
their scientific credibility.
However, none of these materials
was intended to provide a first
exposure to evolution. The
Evolution series was intended for
a general adult audience, and (like
any science documentary) was not
intended to provide a complete
education to its viewers.The parts
of the Understanding Evolution
website to which the revised syl-
labus refers are aimed at teachers
who are striving to improve their
ability to teach evolution effective-



ly. They are not directed, aimed at,
or geared to students. While there
is a section of the website that pro-
vides a basic introduction to evolu-
tion, it is not mentioned in the syl-
labus, and it would not in any case
be appropriate as the students’ pri-
mary source of information about
evolution. Evolution vs
Creationism is suitable for
advanced high-school students and
for college students, but certainly
not for students who have not yet
even taken a biology course at the
high-school level. And like the
Understanding Evolution website,
the book provides only the most
rudimentary introduction to the
science of evolution; it is no substi-
tute for a real biology class with a
competent teacher using a main-
stream textbook.

If there were genuine scientific
evidence against evolution — that
is, if scientists had scientific
debates over whether evolution
actually occurred — there might
be a secular pedagogical reason for
teaching students “the controver-
sy.”The scientific community, how-
ever, overwhelmingly views evolu-
tion (the inference of common
descent of living things) as a solid-
ly supported scientific view. (The
National Association of Biology
Teachers writes, “Modern biolo-
gists constantly study, ponder and
deliberate the patterns, mecha-
nisms and pace of evolution, but
they do not debate evolution’s
occurrence.” Similarly, the National
Science Teachers Association has
stated,“There is no longer a debate
among scientists over whether
evolution has taken place,” and
specifically recommends that
“[plolicy-makers and administra-
tors should not mandate policies
requiring the teaching of creation
science or related concepts such
as ‘intelligent design’, ‘abrupt
appearance’, and ‘arguments
against evolution’”). Indeed, the
consensus of the scientific com-
munity is that “[t]he contemporary
theory of biological evolution is
one of the most robust products of
scientific inquiry” (American
Association for the Advancement
of Science, AAAS Board Resolution
on Intelligent Design Theory, 2002;
the AAAS is the largest general sci-
entific society in the world).

CONCLUSION

Because there is no scientific “evi-
dence against evolution” and there
is no pedagogical value in teaching
“evidence against evolution,” yet
there are conspicuous religious
motivations for promoting this
practice, it is difficult to avoid the
conclusion that the underlying
purpose and the intended effect of
efforts to require the teaching of
“the evidence against evolution,”
such as those in the course at issue
here, are to protect or advance a
particular set of religious beliefs.

Presenting evolution in a phi-
losophy class as a philosophy or
belief system on a par with the reli-
gious view of creationism misrep-
resents the nature of evolution. It
confuses students about what evo-
lutionary theory is, interfering
with their education when they
are presented with the concept of
evolution in their science classes.
There can be no valid secular pur-
pose for misleading students about
the nature of evolutionary theory
in a public-school philosophy class
any more than there can be in a
public-school science class.

Any citizen, of course, has the
right to advocate a religious posi-
tion, including advocating theism
over materialism. But that does not
translate into the right to engage in
such religious advocacy in the
public-school classroom. Mrs
Lemburg’s “Philosophy of Design”
class is just such advocacy. It there-
fore suffers from the same defect
as the teaching of creation science
in Edwards and McLean, and the
inclusion of intelligent design in
the curriculum in Kitzmiller.
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“Critical analysis” in
Ohio: The return of
the zombie

Glenn Branch
NCSE Deputy Director

Like a zombie in a horror
film, the “Critical Analysis of
Evolution” effort returned to haunt
the Buckeye State, despite a series
of stakes through its heart. In 2002,
Ohio adopted a set of science
standards including a requirement
that students be able to “describe
how scientists continue to investi-
gate and critically analyze aspects
of evolutionary theory” (see RNCSE
2002 Sep/Oct; 22 [5]: 4-6). When
the indicator was introduced, it was
widely feared that it would provide
a pretext for the introduction of
creationist misrepresentations of
evolution. In 2004, those fears
proved to be justified, when, over
the protests of the state’s scientific
community, the board adopted a
corresponding model lesson plan
that clearly sought to instill scientif-
ically unwarranted doubts about
evolution (see RNCSE 2004
Jan/Feb; 24 [1]:5-6, 8-9).

Following the decision in
Kitzmiller v Dover and the revela-
tion that the board ignored criti-
cisms of the lesson plan from
experts at the Ohio Department of
Education, the board reversed its
decision, voting in February 2006
to remove the “critical analysis”
indicator from the standards and
to rescind the lesson plan (see
RNCSE 2006 May/Jun; 26 [3]:
7-11). At the same time, however,
the board charged its Achievement
Committee to “consider whether
the deleted model Ilesson,
Benchmark H and Indicator 23
should be replaced by a different
lesson, benchmark, and indicator,
and if so, to present any recom-
mendation to the entire State
Board for adoption.” Since it was
the Achievement Committee that
approved the controversial indica-
tor in the first place, the Columbus
Dispatch (2006 Feb 20) remarked
ruefully,“Meet the new committee,
same as the old committee.”

The Achievement Committee,
like the board as a whole, was
divided over issues concerning
evolution education, and thus was
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expected to take months to decide
whether a replacement indicator
was necessary. The first develop-
ment occurred in July. According
to the current science standards
for the tenth grade, students are
expected to be able to “[d]escribe
that scientists may disagree about
explanations of phenomena, about
interpretation of data or about the
value of rival theories, but they do
agree that questioning response to
criticism and open communica-
tions are integral to the process of
science” At a meeting of the
board’s Achievement Committee
on July 10, 2006, board member
Colleen Grady proposed the addi-
tion of, “Discuss and be able to
apply this in the following areas:
global warning; evolutionary theo-
ry; emerging technologies and
how they may impact society, €.g.
cloning or stem-cell research.”

The fact that evolution and
global warming were the only
areas of science cited as examples
where scientists disagree was of
immediate concern. (A similar pair-
ing occurred in Michigan, where
House Bill 5251 called for students
to “use the scientific method to
critically evaluate scientific theo-
ries including, but not limited to,
the theories of global warming and
evolution”; see RNCSE 2006
May/Jun; 26 [3]: 12-16.) Before the
meeting, Steve Rissing, a biology
professor at the Ohio State
University, told the Columbus
Dispatch (2006 Jul 9), “This is so
transparent ... These are not con-
troversial areas of science,” and in
reaction to Grady’s proposal,
Patricia Princehouse of Ohio
Citizens for Science told the
Dayton Daily News (2006 Jul 11),
“We knew they wouldn’t just give
up and go home. We didn’t think
they’d come back so soon.”

The Dispatch (2006 Jul 11)
reported, “Education Department
staff will put Grady’s proposal into
draft form for consideration at the
board’s September meeting. It is
not clear whether there is enough
support among committee mem-
bers to recommend any proposal
to the full board.” Meanwhile, the
Dispatch (2006 Jul 13), took a
strong stand against the proposal
on its editorial page, declaring,
“This fight should have been dead
and buried in February ... But a few

dogged members still insist on
‘teaching the controversy’ about
evolution, even though the contro-
versy has been manufactured by
disingenuous people who wish to
introduce the supernatural into
science classrooms. ... These few
wily board members are the best
possible evidence that evolution
exists; their tactics mutate every
time the public catches on to
what’s happening.”

As the board’s September meet-
ing approached, the Campaign to
Defend the Constitution — a new
organization “fight[ing] for the sep-
aration of church and state, indi-
vidual freedom, scientific progress,
pluralism, and tolerance while
respecting people of faith and
their right to express their beliefs”
— urged supporters of the integri-
ty of science education to lobby
school board members to reject
Grady’s proposal should it be intro-
duced. The 7Toledo Blade (2006
Sep 7) reported that during a tele-
conference on September 6, 2000,
members of the Campaign
described the proposal as “aTrojan
horse carrying religion into the sci-
ence curriculum.” The Blade
added, “Patricia Princehouse, a lec-
turer in philosophy and evolution-
ary biology at Case Western
Reserve University, who joined the
Campaign to Defend the
Constitution group, said treating
evolution and other topics as
though they are somehow differ-
ent from the rest of science is a
way to sneak creationism back into
the science curriculum.”

A spokesperson for the Ohio
Department of Education told the
Blade that no specific topics would
be mentioned in a draft of the pro-
posal, and the Akron Beacon-
Journal reported (2006 Sep 7),
“The nine-page document itself is
evolutionary. Earlier this year,a pro-
posal was to encourage debate of
specific issues: Evolution, global
warming and stem cell research.
Now, it encourages students to con-
duct research and have open dis-
cussion in the classroom.”
Nevertheless, board member
Martha Wise (a strong voice for the
integrity of science education in
Ohio; see RNCSE 2006 May/Jun; 26
[3]: 11) commented that the pro-
posal “is a lot of gobbledygook —
it’s just another wedge into the

teaching of ID in science classes.”
Lawrence Krauss of Case Western
Reserve University worried,“When
they teach history,are they going to
say some people say the Holocaust
never happened?”

The new version of the proposal,
now dubbed the “Framework for
Teaching Controversial Issues” tem-
plate, became public before the
Achievement Committee’s Septem-
ber meeting, and was quickly the
subject of — appropriately — a criti-
cal analysis of its own. Ohio Citizens
for Science issued a statement (avail-
able on-ine at <http://www.
ohioscience.org/Controversial_
Issues_Response.pdf>) regarding
the framework, describing it as
“incoberent if, as its major propo-
nent has stated, it will have teachers
and students ‘challenge everything’
It is impossible to challenge every-
thing in each school class; to even
attempt such a thing would result in
chaos and no learning” (emphasis in
original). The statement added,
“Clearly the template is in fact the lat-
est step in ongoing efforts to orches-
trate a religiously motivated attack
on the theory of evolution ... While
science relies constantly on genuine
critical analysis, it does not use deni-
grating debate tools based on politi-
cal propaganda and ill-informed by
evidence”

Additionally, Alan Leshner —
the chief executive officer of the
American Association for the
Advancement of Science and the
publisher of its journal Science —
forcefully criticized the framework
in his op-ed for the Akron Beacon-
Journal (2006 Sep 11), writing,“ID
advocates who in the past were
concerned only with critical analy-
sis of evolution are adding scientif-
ic concepts they oppose on reli-
gious grounds, including embryon-
ic stem cell research, as subjects
where the scientific consensus
would come under attack in Ohio’s
classrooms. Although the advo-
cates have crafted their arguments
carefully, a critical analysis of their
version of critical analysis suggests
it’s an old product in a new wrap-
per — and that it poses clear and
palpable threats to the education
and future of Ohio’s children.”

At the September 11, 2000,
meeting, the Achievement
Committee declined to consider
the “Controversial Issues” tem-



plate. James L Craig, co-chair of the
committee, said, “We’ve run out of
time,” according to a report in the
Columbus Dispatch (2006 Sep
12), and peremptorily adjourned
the meeting. The decision not to
consider the template was surpris-
ing, since, as the Dispatch report-
ed, the board received “national
attention and thousands of e-mails”
concerning it in recent weeks,
owing in part to the campaign
organized by the Committee to
Defend the Constitution. It was
speculated that the committee was
dragging its heels in the fear that
the board would vote against any
replacement.

Although the Achievement
Committee decided not to consider
the framework at its September
meeting, the Beacon-Journal
(2006 Sep 13) observed that “the
issue could come up for a vote at
next month’s regularly scheduled
board meeting” in October. The
Dispatch reported (2006 Sep 12),
“Privately, several board members
say they support an immediate vote
so debate can end.The proposals,
they say, are unnecessary and divi-
sive and draw attention from more
important topics.” Meanwhile, the
Beacon-Journal (2006 Sep 17) edi-
torially commented, “Continuing
this very political debate promises
to harm the quality of education for
Ohio students.”

At the committee’s October 9,
2006, meeting, however, the tem-
plate was not even on the agenda
and so “critical analysis” was still
alive, despite a reported promise
from Craig to kill the “critical analy-
sis” effort. Patricia Princehouse of
Ohio Citizens for Science told the
Canton Repository (2006 Oct 10),
“He sandbagged all of wus”
Confiding “I really don’t care for the
template,” Craig cited the commit-
tee’s inability to arrive at a consen-
sus as the reason for the failure to
vote on the template. Steve Rissing
offered a different explanation:
Craig “probably feared he would
lose the election if he openly
moved the template forward, so he
made reassuring noises to scientists
while claiming ignorance of the
progress the template was making.”

On October 10, 20006, the sec-
ond day of the board of educa-
tion’s monthly meeting, supporters
of the integrity of evolution educa-

tion turned out in force, armed
with copies of the Repository’s
article printed on bright yellow
paper to catch the attention of
members of the board and those
attending the meeting, and pre-
pared to use the public comment
period to criticize the board for its
inaction. As it happened, however,
board member Martha Wise, who
led February’s effort to remove the
“critical analysis” language, pro-
posed to discharge the
Achievement Committee from any
further responsibilities concerning
possible replacements from that
language. Seconded by Rob Hovis,
the motion passed 14-3.

After the vote, Wise told the
Columbus Dispatch (2006 Oct
11), “It was time to move on.
Princehouse thanked the board,
saying, “I'm deeply impressed by
the leadership and courage of the
board with making a clean break
from creationism.” Similarly, the
Dispatch seemed to assume that
the controversy over evolution
education in Ohio was finally over,
headlining its story, “State educa-
tion board drops evolution
debate,” and describing the board
as having “pulled the plug on its
seemingly incessant debate over
Darwin’s theory of evolution.” But
the zombie may not be out of
action yet: angered by the board’s
vote, Achievement Committee co-
chair Michael Cochran assured the
Dispatch,“I will guarantee you that
as long as I am chair [sic] of the
committee, it’s gonna be on the
agenda next month”
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Evolution Safe, After
a Delay, in Michigan

Glenn Branch
NCSE Deputy Director

[\A t its October 10, 2000,

eeting, the Michigan
State Board of Education voted
unanimously to approve a set of

content expectations for the new
high school graduation require-

ments in science in which evolu-
tion is appropriately treated.
Previously, in September, the board
voted to defer considering the con-
tent expectations for a month, at
the behest of anti-evolution legisla-
tors who apparently sought to
lobby for the weakening of evolu-
tion. But, as a press release issued
on October 10, 2006, by the
Michigan Department of Educa-
tion emphasized,“In approving the
Science content expectations, the
State Board also solidified its
strong support for Evolution.”

At its September 12,2000, meet-
ing, the board voted to delay adop-
tion of part of the state’s science
standards until October in order to
give the legislature extra time to
comment, according to a report
from the Associated Press (2006
Sep 13). The delay was granted
after the board received a request
from Representative Brian Palmer
(R-District 36), chair of the House
Education Committee, and Senator
Wayne Kuipers (R-District 30),
chair of the Senate Education
Committee. The motion passed by
a 6-2 vote, despite protests from
critics, including the ACLU of
Michigan.

It was feared that the ulterior
purpose of the delay was to enable
anti-evolution legislators to lobby
for the weakening of evolution in
the standards. Palmer, for example,
sponsored or cosponsored various
anti-evolution bills in the past,
including 2003’s House Bill 4940,
which would have amended the
state science standards to refer to
“the theory that life is the result of
the purposeful, intelligent design
of a Creator” During the current
legislative session, he supported
HB 5251, which targeted both evo-
lution and global warming, and HB
5606, which repeated key lan-
guage from HB 5251 (see RNCSE
2005 May-Aug; 25 [3-4]: 15-17
and 2006 May/Jun; 26 [3]: 12-16).

Moreover, the Detroit Free Press
reported in its editorial (2006 Sep
14) that Palmer and Kuiper sub-
mitted their request in order to
accommodate their colleagues
Representatives Jack Hoogendyk
(R-District 61) and John
Moolenaar (R-District 98), both of
whom have a lengthy history of
anti-evolution activity in the legis-
lature. According to the Free Press,
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“As it stands, the policy directs that
teachers demonstrate how fossil
records, comparative anatomy and
other evidence ‘may’ corroborate
the theory of  evolution.
Hoogendyk and Moolenaar are
pushing to have the words read
‘may or may not.”

Reviewing Hoogendyk and
Moolenaar’s suggested changes,
Michigan Citizens for Science com-
mented, “The Free Press only men-
tions one small aspect of the
changes they’re pushing for, all of
which are designed solely to cast
doubt on evolution. Anywhere in
the standards where any certainty
is expressed at all, even on the
most mundane and obvious of con-
cepts, they seek to insert weasel
words to cast doubt where none
really exists. ... Clearly, their goal is
simply to put so many weasel
words into the science standards
that students will doubt what is in
actuality one of the most com-
pelling and well supported theo-
ries in all of science” (see
<http://michigancitizensforscience.
org/main/nfblog/2006/09/15/
free-press-editorial-on-boe-
decision>).

The Free Press’s editorial pro-
ceeded to criticize the board for its
vote, writing: “This is just another
attempt to keep a door open to
teaching creationism or intelligent
design. The board should have
closed it, as science teachers
requested. Board members get
elected to make decisions, not to
defer to political pressure” The
delay was particularly unfortunate,
the newspaper added, because the
standards were supposed to be in
place by October 3, in time to be
discussed at a statewide confer-
ence of science teachers. But in
the end, the Free Press (2006 Oct
11) reported, it was “clear which
concept won the debate between
evolution and intelligent design.”

The treatment of evolution in
the content expectations was in
fact slightly improved, thanks to the
testimony of concerned citizens,
including the Michigan Science
Teachers Association and Robert T
Pennock and Gregory Forbes of
Michigan Citizens for Science. The
Grand Rapids Press (2006 Oct 11)
reported, “Kids in biology will now
have to ‘Explain how a new species
or variety originates (rather than
“may originate”) through the natur-

al process of evolution’ They also
will be asked to show how fossil
records, comparative anatomy and
other evidence [support] the theo-
ry of evolution rather than ‘may’
support it” These revisions are
especially striking, since, as the Free
Press reported, anti-evolutionist leg-
islators were pushing to have “may”
replaced with “may or may not”.

Members of the board of educa-
tion were outspoken about their
support for the integrity of evolu-
tion education. The board’s vice
president, John C Austin, was quot-
ed in the Michigan Department of
Education’s press release as
explaining,“We do not want to cre-
ate any uncertainty in the Board’s
support of Evolution ...We need to
send a clear statement that there is
no ambiguity on the part of the
Board that Evolution is good sci-
ence” Board member Reginald
Turner agreed, “Science supports
Evolution in the way it’s set forth
in the content expectations before
us,” adding, “The word ‘may’ clouds
the science of evolution after
decades of scientific evidence, and
is inconsistent with what we know
about evolution today.”
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Legal Troubles
Plague Kent Hovind

Greg Martinez

On November 2, 2006, a
federal jury found flam-
boyant young-earth creationist
Kent Hovind and his wife Jo guilty
on all counts in their federal tax
fraud trial. The pair faced 58
charges, including failure to pay
employee-related payroll taxes
and evading bank reporting
requirements. The founder of
Creation Science Ministries and
the creator of Dinosaur Adventure
Land in Pensacola, Florida, Hovind

Greg Martinez lives in Florida and visit-
ed Dinosaur Adventure Land in 2004 for
Skeptical Inquirer magazine. He bas con-
tinued to follow DAL creator and young-
earth creationist Kent Hovind through
bis many legal trials.

has been the subject of investiga-
tions from both the Escambia
County government and the
Internal Revenue Service.The year
2006 was one of steadily escalat-
ing legal problems for Hovind and
his anti-evolution amusement
park.

DINOSAUR ADVENTURE LAND

Hovind refused to pay a $50 filing
fee for a building permit to
Escambia County when he built
Dinosaur Adventure Land in 2001.
He has argued that the fee consti-
tuted an infringement on his reli-
gious freedom. After more than
four years of delays by Hovind
(including requesting repeated
changes in judges due to alleged
bias, switching attorneys and then
eventually requesting a public
defender, and then failing to
appear in court), the case finally
had a hearing in March 2006
before Circuit Judge Michael Allen.
Allen ruled that the owners of the
park were in contempt of court,
and within days Escambia County
authorities padlocked all the build-
ings on park property, including
the science center, fossil shop,
museum and schoolhouse. A fine
of $500 per day would be levied if
any of the sealed buildings were
used or occupied.

On April 6,2006, Kent’s son Eric
appealed to the Escambia County
Commission for an exemption to
the permitting requirements. The
Commission refused the request.
The Pensacola News Journal
(2006 Apr 7) quoted Commission
Chairman Mike Whitehead as say-
ing to Hovind, “Scripture also says
‘Render unto Caesar what Caesar
demands, and right now Caesar
demands a building permit.”

On June 5, 2006, Hovind finally
pleaded mnolo contendere as
charged to three counts of violat-
ing the county building code, con-
structing a building without a per-
mit, and refusing to sign a citation.
He was ordered to pay a fine of
$225 per count and to pay back
taxes on the property totaling
$10 402.64. His plea and payments
brought closure to a long battle
that Hovind estimates on his web-
site cost him $40 000 in legal fees,
all as a result of his refusal to pay
the initial $50 building permit fee
and submit to inspections of the



UPDATES

California: As  expected,
Association of Christian Schools
International et al v Roman
Stearns et al — the lawsuit in
which the University of California
system is charged with violating the
constitutional rights of applicants
from Christian schools whose high
school coursework is deemed inad-
equate preparation for college — is
going to proceed. In a hearing in
late July 2006, Judge S James Otero
stated that he was not inclined to
rule in favor of a motion by the uni-
versity system to dismiss the suit
(see RNCSE 2006 May/Jun; 26 [3]:
12-16). Now, as the Los Angeles
Times (2006 Aug 9) described,“In a

25-page ruling, Otero granted limit-
ed relief to the university, dismiss-
ing the lawsuit’s allegations against
several UC administrators in their
individual capacities, among others.
But he said he would allow Calvary
Christian and the other plaintiffs to
pursue their key claims against the
public university system on the
basis of constitutional protections
to freedom of speech, association
and religion” The case is expected
to go to trial within a year; for back-
ground, see RNCSE 2005 May-Aug;
25 [3-4]: 12-13.

Creationism is not the only issue
involved in the case, to be sure. But
creationism is involved, since the
plaintiffs — the Association of

Christian Schools International, the
Calvary Chapel Christian School in
Murrieta, California, and six stu-
dents at the school, none of whom
have been refused admission to the
University of California — object to
the university system’s policy of
rejecting high school biology cours-
es that use textbooks published by
Bob Jones University Press and A
Beka Books as “inconsistent with
the viewpoints and knowledge gen-
erally accepted in the scientific
community” One of the lawyers
representing the plaintiffs is
Wendell R Bird, a former staff attor-
ney for the Institute for Creation
Research. As a special assistant
attorney general for Louisiana, he

work on the complex of buildings
— a second degree misdemeanor.

THE INTERNAL REVENUE
SERVICE COMES KNOCKING

The settling of this case did not
mean Hovind was free from any
more government interest in his
park and ministry, however. An IRS
raid in April 2004 of Dinosaur
Adventure Land and his Creation
Science Evangelism facility (which
is also his home) finally came to
fruition when Hovind and his wife
Jo were arrested on July 13, 2006,
and were indicted in federal court
on 58 charges, including making
threats against IRS investigators and
failing to pay $473 818 in employ-
ee-related payroll taxes. Forty-four
of the charges were for evading
banking requirements. The indict-
ment alleges that Hovind and his
wife illegally withdrew $430 500
from an AmSouth bank branch
between July 20, 2001, and August
9, 2002. Most withdrawals were
made only days apart and were con-
sistently for amounts just a few hun-
dred dollars below the $10 000
starting point for federally required
cash transaction reporting (a pat-
tern known as “smurfing”).

Kent and Jo Hovind initially
refused to enter a plea when
appearing before US Magistrate
Judge Miles Davis, denying the
legitimacy of the government in
the case and invoking his freedom
to practice his religion. Against the

advice of their public defender, the
Hovinds tried to enter pleas of
“subornation of false muster” (a
common tactic used by tax pro-
testers when appearing in court),
but finally entered pleas of not
guilty when they were pressed by
Judge Davis. Davis also stripped
Kent Hovind of his passport and
his guns, viewing him as both a
flight risk and a risk for violence
because of the charges of threats
made against investigators.

Hovind appealed this part of
the decision, arguing that the trav-
els restrictions interfered with the
free practice of religion. He stated
that he was scheduled to travel to
several South African cities in
August 2006 to debate creationism
with prominent South African sci-
entists. US District Judge Casey
Rodgers agreed with Assistant US
Attorney Michelle Heldmeyer that
Hovind did indeed pose a flight
risk and denied the appeal.

Kent and Jo Hovind’s trial was
originally scheduled to begin
September 5, 2006, but was post-
poned until October 17, 2006.The
trial was expected to last for five
days, but took over two weeks
after a delay of almost a week due
to Jo Hovind’s defense attorney
Jerry Berringer’s illness, and a
three-day-long cross examination
of IRS Special Agent Scott
Schneider (who led the four-year
investigation) by Kent Hovind’s
defense attorney, Alan Richey.
Judge Rodgers admonished Richey

several times during the cross
examination for asking irrelevant
questions. The trial phase ended
abruptly after the afternoon lunch
recess on November 1 when both
defense attorneys rested their
cases without calling any witness-
es or presenting any defense.
Richey stated that he did not
“believe that the government had
met its burden” of proof.

After deliberating only two and
a half hours, the jury delivered a
guilty verdict for Kent Hovind on
all 58 charges. He faces a maxi-
mum of 288 years in prison. Jo
Hovind was convicted of 44 of the
counts (the ones addressing evad-
ing bank reporting requirements).
She faces up to 225 years.

Jo Hovind remained free pend-
ing the couple’s January 9 sentenc-
ing date, but Kent Hovind was
ordered into custody by Judge
Rodgers, who deemed him a flight
risk and “a danger to the commu-
nity”. (Trial testimony revealed
that the IRS raid of Hovind’s home
in 2004 found cash totaling around
$42 000 and six guns, including
one SK-S semiautomatic rifle.) (On
January 19, 2007, Hovind was
sentenced to ten years in prison;
details to follow in a future issue
of RNCSE.)
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defended the state’s “equal time”
law, which was ruled to be uncon-
stitutional in Edwards v Aguillard.
He is the author of The Origin of
Species Revisited, which compares
evolution and a version of creation-
ism he called “abrupt appearance.”

Texas: The attorney general of
Texas, Greg Abbott, recently reaf-
firmed the standing interpretation
of the 1995 state law that restricts
the power of the Texas state board
of education to review and reject
the content of textbooks used in
the public schools. Abbott’s opin-
ion, issued on September 18, 2000,
was in response to a request from
board member Terri Leo (District
6), who was among the most vocal
critics of the eleven biology text-
books under review by the board in
2003. Despite a barrage of objec-
tions from creationist organizations
in Texas and across the country, all
eleven books were eventually
approved (see RNCSE 2003
Sep-Dec; 23 [5-6]: 4-7). In her
request, dated January 6, 2006, Leo
asked for the attorney general to
reconsider 1996’s Opinion Nr DM-
424, which held that “[t]he State
Board of Education has no authority
under the Texas Education Code to
adopt rules regarding the content
of state-approved textbooks estab-
lishing criteria for approval beyond
the criteria contained in section
31.023 of the Education Code.The
board’s authority to adopt or reject
textbooks does not extend to con-
sideration of ancillary items provid-
ed to school districts free of
charge”

A brief (available on-line at
<http://www.texscience.org/
opinion/TSTA-Brief.pdf>) from a
number of groups, led by the Texas
State Teachers Association and also
including the Texas Freedom
Network and the Texas Association
of Biology Teachers, urged the attor-
ney general to reaffirm DM-424,
contending that Leo’s request
“telegraphs a desire by some mem-
bers of the SBOE to return to the
day when textbook decisions were
made on non-educational grounds,
when “the SBOE’s textbook adop-
tion process was entangled with
ideology, politics, and religion, and
was a forum for divisive political
battles that focused on ideological
rather than educational or pedagog-
ical concerns.”A separate brief from
Texas Citizens for Science (available
on-line at <http://www.texscience.

org/opinion/TCSBriefToTexasAG.
htm>) argued that DM-424 served
Texas students well, commenting,
“For example, the biology text-
books adopted in 2003 are the best
that this state has purchased since
at least the 1950s, for the topics of
evolution and origin of life in them
remained uncensored, despite a
tremendous and expensive effort to
accomplish such censorship using
the current rules (conformance to
TEKS [Texas Essential Knowledge
and Skills] and no factual errors),
which national- and state-based cre-
ationists mistakenly thought would
be sufficient”

In his opinion, Abbott overruled
portions of DM-424 that denied the
board’s authority over “ancillary
items” — supplementary materials
that accompany textbooks — but,
importantly, reaffirmed the conclu-
sion that the board’s statutory
authority over textbooks is limited to
identifying the TEKS standards, evalu-
ating the books for factual errors and
physical standards, and ensuring that
they “foster the continuation of the
tradition of teaching United States
and Texas history and the free enter-
prise system.” Attempts to broaden
the board’s statutory authority (such
as 2004’s House Bill 220, which died
in committee in 2005; see RNCSE
2005 May-Aug; 25 [3-4]:15-17) have
failed in the legislature in the past. In
a September 18, 20006, press release,
Texas Citizens for Science comment-
ed, “Both the Attorney General and
the Texas Legislature have acted for
the good of Texas citizens and should
both be commended,” and similarly,
Kathy Miller of the Texas Freedom
Network told the Associated Press
(September 19, 2006), “The
Legislature and both Democratic and
Republican attorneys general have
now told the politicians on the State
Board that they may not use public
school textbooks to promote their
own personal and political agendas.”

Nevertheless, in the next round
of biology textbook adoption pro-
ceedings, the anti-evolution faction
on the board is likely to continue to
attempt to compromise the presen-
tation of evolution in the textbooks
under review with the tools at its
statutory disposal — by arguing, as
it argued in 2003, that the text-
books are factually in error or not in
conformity with the TEKS stan-
dards. Cutting to the heart of the
matter, the Austin American-
Statesman (2006 Sep 22) editorial-

ly commented, “State law mandates
that the board approve textbooks
that cover curriculum standards, are
free of factual errors and meet man-
ufacturing standards. Despite
Abbott’s ruling mostly affirming
that law, we doubt that the 15-mem-
ber board will get the message.That
is why the Legislature should totally
eliminate the board’s authority over
textbook selection.” The next round
of biology textbook adoption pro-
ceedings is not expected to begin
until 2009 at the earliest, however,
and the next battleground for evo-
lution education in Texas will be
during the next round of review,
and possible revisions, of the TEKS
standards for science in 2007.

National: “Like a gap in the fos-
sil record, evolutionary biology is
missing from a list of majors that
the US Department of Education
has deemed eligible for a new fed-
eral grant program designed to
reward students majoring in engi-
neering, mathematics, science, or
certain foreign languages,” the
Chronicle of Higher Education
(2006 Aug 22) reported. The grants
— called SMART Grants, after the
National Science and Mathematics
Access to Retain Talent program —
were authorized by Congress in
2005 with President Bush’s sup-
port. The Chronicle suggested that
the absence of evolutionary biology
from the list “apparently indicates
that students in the evolutionary
sciences do not qualify for the
grants,” adding,“and some observers
are wondering whether the omis-
sion was deliberate.”

On August 17, 2006, Lawrence M
Krauss of Case Western Reserve
University expressed his concern to
the Department of Education, which
administers the SMART Grants,
describing the omission of evolu-
tionary biology as “a serious omis-
sion.” He subsequently told the
Chronicle,“I'm not making any accu-
sations,” but added, “I'm concerned
it's not there” A spokesperson for
the Department of Education specu-
lated that the absence of evolution
from the list was a “clerical consoli-
dation of some kind” A blank line
appears in the list in lieu of 26.1303,
where evolutionary biology would
normally have appeared; the only
other such blank line in the section
of the list for life sciences is 26.0908:
Exercise Physiology. Evolution is,
however, mentioned elsewhere in
the list.



Two days after the Chronicle
broke the story, both New Scientist
and The New York Times provided
further details. The Times (2006 Aug
24) reported that a spokesperson
for the Department of Education
described the omission of evolu-
tionary biology as inadvertent:
“There is no explanation for it[s]
being left off the list ... It has always
been an eligible major” And a press
release (2006 Aug 24) from the
Department of Education stated,
“The misunderstanding occurred as
the result of a draft document that
omitted evolutionary biology from a
list of majors put forth for use by
colleges. As soon as the omission
came to our attention, we took steps
to correct it. However, regardless of
its omission on that one document,
evolutionary biology was and con-
tinues to be SMART grant eligible”

Not everyone was wholly con-
vinced by the explanation. Barmak
Nassirian of the American
Association of Collegiate Registrars
and Admissions Officers told the
Times, “I am not at all certain that
the omission of this particular
major is unintentional,” adding, “But
I have to take them at their word.”
NCSE’s Glenn Branch told New
Scientist (2006 Aug 24), “On its
own, it’s not really a smoking gun ...
But in the context of actions that
other people in the federal govern-
ment have taken, it is suspicious.”
Krauss told the Times, “Removing
that one major is not going to make
the nation stupid, but if this really
was removed, specifically removed,
then I see it as part of a pattern to
put ideology over knowledge.” And
Steven W Rissing of the Ohio State
University commented, “We are
doing a terrible disservice to our
students if this is yet another exam-
ple of making sure science doesn’t
offend anyone.”

Canada, Quebec: The Quebec
Ministry of Education is launching a
crackdown on unlicensed evangeli-
cal schools, following a complaint
from Pierre Daoust, director-general
of the Commission Scolaire au
Coeur-des-Vallees in  Thurso,
Quebec, about the failure of such
schools to follow the provincial cur-
riculum. Daoust told the National
Post (2006 Sep 24),“these evangeli-
cal schools teach their own courses
on creationism and sexuality that
don’t follow the Quebec curricu-
lum.” There are at least thirty unli-
censed religious schools in the

province; according to the
National Post, “[t]he Quebec gov-
ernment has known about unac-
credited religion-based schools for
years, but has tolerated them for
fear of offending the denominations
sponsoring them.” Education minis-
ter Jean-Marc Fournier told the
Toronto Globe and Mail (2006 Oct
26), “Schools that have a permit
must of course follow the curricu-
lum, which includes the teaching of
Darwin’s theory of evolution” In
neighboring Ontario, the National
Post reported, independent schools
are not required to teach either evo-
lution or sex education.

Germany: The vice president of
the Association of German
Biologists, Ulrich Kutschera of the
University of Kassel, expressed con-
cern about creationism in Germany
after recent comments from the
education minister of the state of
Hesse, Karin Wolff. In October,
Deutsche Welle (2006 Nov 2)
reported, “Wolff said she believed
biblical creation theory should be
taught in biology class as a theory,
like the theory of evolution.”
Kutschera, a leading German evolu-
tionary biologist, retorted,“Ms Wolff
should catch up on things and read
a science book,”adding,“On the one
hand there are creationist myths,
and on the other hand, there is evo-
lutionary biology.”A previous report
in Deutsche Welle (2005 Dec 21)
discussed the attempted inroads of
the “intelligent design” movement
in Germany; although a German
educational spokesperson insisted,
“Evolution is taught in biology class
in all German schools ... There are
no endeavors to change this, nor
will there be in the foreseeable
future,” Kutschera warned, “More
emphasis is necessary on biology in
German schools in order to coun-
teract the lack of knowledge about
evolution.” (For a brief review by
Kutschera of the spread of “intelli-
gent design” in Europe, see RNCSE
2005 May-Aug; 25 [3-4]:17-18)

Kenya: The National Museums
of Kenya are under pressure by fun-
damentalist churches to de-empha-
size their famous collection of
hominid fossils, which include the
most complete skeleton yet found
of Homo erectus (“Turkana Boy”),
unearthed by Richard Leakey’s team
in 1984. Bishop Bonifes Adoyo,
chairman of the Evangelical Alliance
of Kenya, which claims to repre-
sents churches of 35 denominations

with 9 million members, told the
Telegraph (2006 Aug 12), “Our doc-
trine is not that we evolved from
apes, and we have grave concerns
that the museum wants to enhance
the prominence of something pre-
sented as fact which is just one the-
ory” Leakey responded, “The
National Museums of Kenya should
be extremely strong in presenting a
very forceful case for the evolution-
ary theory of the origins of
mankind,” adding, “it must be forth-
right in defending its right to be at
the forefront of this branch of sci-
ence.”The Nairobi Museum Galleries
are presently closed for renovation;
Wired News (2006 Sep 18) reported
that the museums plan “to promi-
nently house the [hominid] collec-
tion as ‘scientific evidence’ of evolu-
tion when it re-opens in 2007, a rep-
resentative said.”

Poland: The journal Nature
(2006 Oct 25) reported that
Mirosaw Orzechowski, Poland’s
deputy education minister, told a
Polish newspaper, “The theory of
evolution is a lie ... It is an error we
have legalized as a common truth”
Orzechowski belongs to the League
of Polish Families (LPR), which
Nature described as “the ultra-right-
wing coalition partner in the con-
servative  Polish government.”
Although the minister for educa-
tion, Roman Giertych, also a mem-
ber of the LPR, is reportedly sympa-
thetic to creationism, the Associated
Press (2006 Oct 26) reported him
as saying, “As long as most scientists
in our country say that evolution is
the right theory, it will be taught in
Poland’s schools,” and as describing
Orzechowski’s outburst as his pri-
vate opinion. In the meantime, the
minister of science, Micha
Seweryski, stated, “the opinion of a
minority will not change teaching
in schools” The Polish scientific
community expressed its support
of evolution education in open let-
ters condemning Orzechowski;
Maciej Zylicz, a signatory, told
Nature, “However, the point that
really requires further discussion is
not evolution, but how a minister
can say such stupid things.”

International: Sixty-seven
national academies of science, rep-
resenting countries from Albania to
Zimbabwe, have endorsed the
Interacademy Panel’s new statement
(available on-line at <http://www.
interacademies.net/?id=6179>) on
the teaching of evolution. Among
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NCSE Welcomes New Staft Guenn Branch, NCSE Deputy Director

l_\ /I any hands make light
work, as the saying goes,
and NCSE is pleased to announce
the addition of three new mem-
bers of its staff.
NCSE possesses a unique
trove of material on the
creationism/evolution
controversy, and we regard
it as part of our mission to
preserve it for posterity —
as well as for occasions
such as Kitzmiller v
Dover, where NCSE’s
archives helped to estab-
lish the creationist
antecedents of the “intelli-
gent design” movement.
Replacing Jessica Moran as
the Archives Project
Director is Charles
Hargrove, who comes to
NCSE after stints at the

Bancroft Library, the
Japanese American
National Library, the

Carnegie Institution of
Washington, and the
Smithsonian Institution
Archives. He earned his
master’s degree in library
and information sciences
at the University of Texas,
Austin, where he also
earned a master’s degree
in archaeology. He is hard
at work cataloguing, orga-
nizing, and expanding
NCSE’s copious collection
of books, periodicals, arti-
cles, correspondence, and

ephemera relating to the creation-
ism/evolution controversy. If you
have any materials that you would
like to donate to NCSE’s archives,
or if you would like to use the col-
lections, feel free to contact him at
hargrove@ncseweb.org.

Louise S Mead is NCSE’s new
Education Project Director. We
have long wanted to have a staff
member to concentrate on out-
reach to the educational communi-
ty, and Mead fits the bill excellent-
ly. After teaching science at the
high school level in Connecticut,
Mead earned her PhD in
Organismic and Evolutionary
Biology from the University of
Massachusetts, Amherst. Her
research interests include under-
standing the evolutionary process-
es that create and maintain biolog-
ical diversity, specifically, how sex-
ual selection shapes patterns of
evolutionary change and influ-
ences the evolution of sexual isola-
tion and speciation. After post-doc-
toral fellowships at Oregon State
University and the University of
California, Davis, and papers in
journals such as Evolution,
Ethology, and Trends in Ecology
and Evolution, she joined NCSE,
where she will be developing
materials pertaining to evolution
education, representing NCSE to
the education community, speak-
ing to the press about issues
involving evolution education and
challenges to it, and counseling
teachers and others facing chal-

lenges to evolution education. (Her
e-mail address here is mead@
ncseweb.org.)

Finally, Peter MJ Hess is NCSE’s
new Faith Project Director, replac-
ing Phina Borgeson, who occu-
pied the same post on a part-time
basis. Hess comes to NCSE from
the Center for Theology and the
Natural Sciences, where he admin-
istered a number of science/reli-
gion programs as well as authoring
a number of scholarly papers; his
book Catholicism and the
Sciences in the Modern World,
1400-2000, co-authored with Paul
Allen, is to be published by
Greenwood Press in 2007. He
earned his PhD at the Graduate
Union Theology Seminary in 1993,
with a dissertation on Nature and
the Existence of God in English
Natural Theology from Hooker to
Paley, 1596-1802, taught at a
number of colleges and universi-
ties in the San Francisco Bay area,
and belongs to the International
Society for Science and Religion. At
NCSE, he will be in charge of devel-
oping outreach programs to and
educational resources for the faith
community, with the goal of foster-
ing a constructive engagement
with evolution. (His e-mail address
here is hess@ncseweb.org.)

Welcome to all three.
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the signatories are the United States
National Academy of Sciences, the
United Kingdom’s Royal Society of
London, the Royal Society of
Canada, the Australian Academy of
Science, and the Royal Swedish
Academy of Sciences, which awards
the Nobel Prizes in Physics and
Chemistry and the Crafoord Prize.
Concerned that “in various parts of
the world, within science courses
taught in certain public systems of
education, scientific evidence, data,
and testable theories about the ori-
gins and evolution of life on Earth
are being concealed, denied, or con-
fused with theories not testable by
science,” the signatories “urge deci-

sion makers, teachers, and parents
to educate all children about the
methods and discoveries of science
and to foster an understanding of
the science of nature.”

IAP’s co-chair Yves Quere told
the BBC (2006 Jun 21) that the sci-
entific community is increasingly
concerned that children are not
being taught the basic facts of evo-
lution and the nature of scientific
inquiry. The statement accordingly
lists a number of key facts that
“have been established by numer-
ous observations and independent-
ly derived experimental results
from a multitude of scientific disci-
plines,” including the age of the uni-

verse and of the earth, the change
of the earth over time, and the com-
mon ancestry of life on earth. The
statement also acknowledges that
“human understanding of value and
purpose are outside of natural sci-
ence’s scope” and that “a number of
components — scientific, social,
philosophical, religious, cultural and
political — contribute to it,” adding,
“These different fields owe each
other mutual consideration, while
being fully aware of their own areas
of action and their limitations.”

[NCSE thanks Steven Schafersman of
Texas Citizens for Science for informa-
tion used in this article.]



Baraminology:

ARTICLE

Systematic Discontinuity in
Discontinuity Systematics m i,

CREATIONIST “SYSTEMATICS”

Creation science comes as a surprise to many scien-
tists, and thus I suspect that the fact that there is cre-
ationist systematics will come as an even bigger sur-
prise to systematists. Yet creationists do practice a
form of systematics, called “baraminology”, and for
creationist science it is surprisingly rigorous and inter-
nally consistent. It employs terminology and method-
ology not wholly unfamiliar to mainstream systema-
tists (see sidebar, p 21).

The term “baraminology” comes from baramin,
which was constructed from the Hebrew root words
bara (created) and min (kind) by creationist Frank L
Marsh (1941). Baraminology has also been referred to
as “discontinuity systematics” (ReMine 1990; Marsh
1941, 1976). Baraminologists consider the baramin to
be a taxonomic rank corresponding to the “created
kinds” of Genesis. “Intelligent design” creationists are
interested in baraminology as a way of quantifying dis-
continuities in the tree of life (Scherer 1993, 1998;
Hartwig-Scherer 1998) and as a boundary between
“macroevolution” and “microevolution” (Scherer
1993, 1998), although they tend to shun the term
baramin and prefer the term “basic type” (Scherer
1993; Hartwig-Scherer 1998), perhaps because it
avoids religious implications. It is also used as a proof
of the actions of a designer or special creator (ReMine
1993; Scherer 1998).

The basic idea behind discontinuity systematics is
that there are boundaries in the history of life that
cannot be crossed.The aim is to find the “discontinu-
ities” in the history of life, or the limits of common
ancestry (ReMine 1993). While Marsh may have origi-
nated discontinuity systematics in the 1940s, it has
been updated and refined to a form that is rapidly
becoming one of the most active areas of creationist
“scientific” research, and some of its methodology has
been applied in near-mainstream research (for exam-
ple, Scherer 1993).This area of research is also one of
the places where “intelligent design” creationist and
young-earth creationist “research” overlap.

What is most amazing is the number of traditional
systematic methods and terminology that are
employed by baraminologists. While they use many of
the same methods as most systematists, from cladis-
tics to the Analysis of Pattern (ANOPA) method, they
use these tools to identify the “gaps”, rather than the
connections in life as most systematists do. This is
why baraminologists principally employ phenetic
methods of Sokal and Sneath (1963) — which are

Alan Gishlick was formerly a post-doctoral scholar at
NCSE; be is now teaching at Gustavus Adolphus College.

Gustavus Adolphus College

based on overall similarities in appearance or general
features — computing distance matrices for a group
of taxa and producing character mismaitch statistics
based on the matching coefficient of Sokal and
Michener (1958). They see phenetics as useful in
determining the biological gaps.

In addition, baraminologists employ cladistics for
determining intra-holobaraminic relationships, as well
as homoplasy (similarity in form not attributed to
common descent) for separate groups (Robinson and
Cavanaugh 1998a). Baraminologists recognize synapo-
morphy (shared features that are attributed to com-
mon descent) as an example both of a feature that
unites a holobaramin, and also of a “discontinuity”
among groups. The synapomorphy that diagnoses a
group suggests a creative event by God (Wood and
others 2003). Baraminologists are very much con-
cerned with having an accurate definition of “kind”
because it is vague as commonly used (Awbrey 1981)
and because a consistent definition will enable the
discovery of the basic created kinds — and ultimately
a calculation of the number of animals present on the
ark, for young-earth creationists.

Baraminology has had deep roots, but more recent-
ly there has been an attempt to codify it into a work-
ing method of research for creationist biologists. This
culminated in the formation of the Baraminology
Study Group (BSG) based at Bryan College in Dayton,
Tennessee (<http://www.bryancore.org/bsg/index.
html>).This group has hosted several conferences on
baraminology starting in 1997, and has published a
book on baraminological methodology called
Understanding the Pattern of Life (Wood and others
2003).This book offers a concise and relatively com-
plete explanation of baraminology and its practice.

BARAMINOLOGICAL TAXONOMY

The role of discontinuity systematics is to establish
the boundaries of common descent. To designate
their groups and boundaries, baraminologists employ
terminology and designations suspiciously similar to
that of most systematists, and in particular to Mayr’s
evolutionary systematics. The baraminological termi-
nology originally codified by ReMine (1993) and
expanded upon by Frair (2000) is shown in the side-
bar (see p 21).

For baraminologists, these taxonomic designations
have different functions. The ultimate goal is to take
polybaramins and break them down into their compo-
nent monobaramins and their respective holo-
baramins. These holobaramins could then be placed in
apobaramins of structurally similar animals.
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Baraminologists suggest that it is useful to talk about
apobaramins because the holobaramins have many
similarities that cross holobaraminic boundaries.
Apobaramins are considered useful for studying larger
groups of morphologically similar animals. Frair (2000)
suggests that humans should be compared with the
group most structurally and functionally similar to
them: the great apes.There is a sort of cognitive disso-
nance going on with apobaramins, in that baraminolo-
gists are still using the power of phylogenetic infer-
ence, even though they deny phylogeny. If the groups
are not phylogenetically related, why should barami-
nologists expect them to be comparable?

Once holobaramins have been determined, the
phylogenetic relationships of the in-group members
of a baramin could be worked out (Frair 2000).
However, baraminologists do not think that displaying
these relationships in the forms of trees would be use-
ful. After producing trees, baraminologists have sug-
gested that something other than trees may be more
informative for depicting relationships; they suggest
that other schemes, such as networks, lattices, or pat-
tern recognition projection plots may do a better job
(Frair 2000). Apparently, showing trees is a bit to
descent-oriented for comfort. This is probably
because representing relationships as descent, even
within a holobaramin might leave people with the
“wrong” impression. If people were to think too much
about descent within a holobaramin, they may start to
think that it can be extrapolated to apobaramins.
However, baraminologists propose a slightly different
notion of descent within groups:

[Dlifferent members of a holobaramin could
have resulted from a sorting out to the offspring
of different genes (DNA) from parental organ-
isms. This is a common occurrence today. Or,
since the time of creation there could have been
some hereditary modifications of the DNA
(mutations), and these were passed on to the
diverging offspring. Selection in nature could
have influenced the potential for survival of the
diverse siblings. (Frair 2000)

Finally, it is interesting to note that baraminologists,
like phylogenetic taxonomists, claim to eschew
“essentialist” thinking, which seems odd given their
notions of limited created “kinds”; however, this is
because they recognize that diagnostic baraminologi-
cal features can be lost through variation within a
kind.The result is that combinations of other features
in the “kind” are used to unite them in a monobaramin
(Wood and others 2003).

FINDING THE “DISCONTINUITIES” OF LIFE

Practitioners of discontinuity systematics claim that it
carries no model-based assumptions and therefore
can be used independently of creation theories. Their
claim is that they do not presuppose discontinuities,
but rather follow the data to discover discontinuities
where they exist (ReMine 1990). In practice, howev-
er, this is not the case. Frequently and explicitly, bibli-
cal criteria are used when discontinuities fail to be
found among groups that “should be” discontinuous,

as in the case of humans and chimps in Robinson and
Cavanaugh (1998a). Wood and others (2003) explicit-
ly state that the biblical criteria are paramount and
that discontinuities are presupposed because of the
separate creation events mentioned in the Bible. Thus,
baramins may be defined on a number of criteria, but
the “scriptural” criterion takes precedence and is the
only one necessary. However, because there are no
scriptural definitions for much of life, in those cases
the other criteria are used.

In these cases, baraminologists use a number of
membership criteria to determine the boundaries of
the holobaramins. These criteria were first proposed
as generalizations by ReMine (1990) and have been
fleshed out by subsequent works; however, few have
been extensively tested or employed as of yet (Wood
and Cavanaugh 2003). Save for the biblical criteria, all
measures are considered fallible, and thus proponents
argue that multiple criteria should be employed when
attempting to diagnose a holobaramin (Wood and
Cavanaugh 2003;Wood and others 2003).

MORPHOLOGICAL CRITERIA

Baraminologists have spent perhaps the most
research time on the morphological criteria.Within
these criteria, baraminologists construct measures of
baraminological distance corresponding to character
mismatches among the features of the groups they are
analyzing. To measure baraminological distance,
baraminologists employ a wide range of methods for
discovering morphological gaps, borrowing tradition-
al methods such as cladistics and phenetics and devel-
oping their own methods. In the computation of such
units, traditional cladistic consistency measures and
phenetic distance measures are used, along with
other multivariate statistical methods. Baraminologists
are especially enamored of phenetics (as in Sokal and
Sneath 1963) because this approach is particularly
amenable to a typological view of life (ReMine 1990).
Included in morphological criteria are the identifica-
tion of morphologies, organs, metabolic pathways, cel-
lular processes, or functions that are unique to a
group (sometimes considered synapomorphies) and
thus supposedly suggestive of separate origins.

In selecting organisms for morphological analysis
to divide monobaramins from apobaramins, barami-
nologists use typical taxonomic procedures.
Baraminologists start with a classification, or accord-
ing to Robinson and Cavanaugh (1998a), a hypothe-
sized phylogeny (which is ironic given their denial of
large-scale phylogenetic relationships), because they
assume this group would contain truly holobaraminic
groups. Animals of closely allied taxonomic groups
are selected as in-groups and nearest neighbor groups
are selected as out-groups for biological comparabili-
ty (Robinson and Cavanaugh 1997).

Baraminologists also use cladistic methods. They
compute trees using traditional cladistic software.
Groups with high correlations within a bootstrapped
dataset are considered potentially holobaraminic and
then must be tested for phylogenetic discontinuity of
their subgroups. High levels of homoplasy are also con-
sidered indicative of separate baramins, which barami-
nologists propose are a result of separate creations.



Baraminologists consider homologies to exist with-
in holobaramins; homoplasies are features shared
among holobaramins (Wise 1990). Baraminologists
assume that a certain level of homoplasy delineates a
phylogenetic discontinuity (Wise 1990), but no dis-
crete criterion has yet been provided. For scriptural
reasons, baraminologists think that organisms are too
well designed to have true independence of charac-
ters (Wood and others 2003), which they argue calls
into question the utility of independent character
data.

In order to determine the degree of homoplasy,
baraminologists compute a “Homoplasy Index” (HD) —
the equivalent of 1-CI of traditional cladistic analysis
(Kluge and Farris 1969).If the HI is high, then separate
baramins are preferred. If the HI is high within a holo-
baramin, it is proposed to be the result of “gene scat-
tering” from a complex ancestor through hybridization
(Robinson and Cavanaugh 1998a; Scherer 1993). As
with other baraminological measures, there is no spe-
cific measure of what degree of HI represents separate
baramins and no explanation of why finding high HIs
within a diagnosed holobaramin is not evidence that
it is really an apobaramin. Robinson and Cavanaugh
(1998a) note that there is a 0 homoplasy index
between humans and apes in their dataset, which they
suggests speaks to an imperfect measure by that crite-
ria in some circumstances — namely those in which
the analysis does not produce the answer they want.
Therefore they caution researchers about using the HI
as a criterion.

MOLECULAR CRITERIA

Baraminologists have recently become interested in
molecular criteria to define a baramin because they
offer the chance to search for discontinuities at the
“fundamental” level of life (Robinson 1997; but see
also Marsh 1971). The reasoning is similar to that of
traditional systematists, and baraminology uses some
of the same data and analytical techniques.
Baraminologists believe that all holobaramins went
through a severe bottleneck at the time of the
Noachian Flood, so mitochondrial DNA should be an
ideal systematic tool (Robinson 1997). Like other sys-
tematists, baraminologists download sequences from
on-line databases such as GenBank and use typical
phylogenetic alignment methods. Baraminologists use
taxa that they believe are “phylogenetically distinct”
for out-groups in molecular analysis. They then com-
pare sequences by percent sequence difference com-
pared to taxonomic rank, use parsimony distance esti-
mates to construct groupings, and finally evaluate
these groupings by bootstrap methods. Molecular
methods were pioneered by Robinson (1997) for tur-
tle baraminology. Baraminologists also utilize
DNA/DNA hybridization and blood serum reactivity
measurements to determine baraminological divi-
sions.

ECOLOGICAL CRITERIA

The ecological criteria were first proposed by Wise
(1992), who argued that ecological and trophic differ-
ences reflected separate originations or groups. Wise

based this on the idea that the taxonomic rank of fam-
ily reflected created kinds and his observations that
the families tend to contain animals with similar
ecologies and trophic levels.Thus, different ecological
or trophic features should delineate separate
baramins. Wood and others (2003) suggest that this
criterion would be most useful for single-celled organ-
isms, citing the radically different ecologies and cellu-
lar metabolisms found in bacteria and archaea, which,
they argue, suggest separate origins.

FossIL OR STRATIGRAPHIC CRITERIA

This criterion is a bit hard to understand and employ.
For young-earth creationist baraminologists, the strati-
graphic record is not reflective of the ancestral histo-
ry of living things, but rather of deposition during the
Noachian Flood. Thus the stratigraphic position of
organisms should be irrelevant under this model.

HYBRIDIZATION CRITERIA

Based on the early work of Marsh (1941, 1976), the
idea is that the limits of a baramin or basic type can
be established for a group of organisms by their abili-
ty to hybridize. This is proposed as a testable, defin-
able rank above that of species. It does not matter
whether the hybridization is natural, or the offspring
is fertile, only that hybridization is possible through
some means, including artificial insemination (Scherer
1993).In order to establish these criteria, baraminolo-
gists collect and catalog hybrid data, supplemented by
some hybridization studies of their own (Scherer and
Hilsberg 1982; Scherer 1993). Hybridization potential
is correlated with other measures of baraminological
distance to test whether groups believed to be mono-
baraminic are capable of hybridization; if they are,
then it provides support for an actual phylogenetic
relationship between the organisms (Robinson and
Cavanaugh 1998b). One wonders if they are willing to
investigate the hybridization criteria for humans and
chimps, which was not discussed in Robinson and
Cavanaugh (19982). A hybridization database is avail-
able on-line through the website of the BSG
(<http://www.bryancore.org/hdb/>). Hybridization
work is one area where practitioners of “intelligent
design” and young-earth creationists overlap.

BIBLICAL CRITERIA

The biblical criteria are paramount and trump all
other criteria (Wood and others 2003).There are two
grades of biblical criteria; the first whether the Bible
specifically references the baramin as specially creat-
ed, and the second whether the Bible implies that it
was specially created (Wood and others 2003).There
are a number of studies that show how the biblical
criteria are employed in baraminological estimates.
Robinson (1997) provides a good example for turtles.

First, baraminologists search for any identification
of a baramin in biblical texts. In the case of Robinson
(1997), it is suggested that turtles are identified in
Leviticus. Second, baraminologists determine whether
the animal is “clean” or “unclean”, thus determining
how many pairs were brought onto the Ark. In
Robinson (1997), turtles are determined to be unclean,;
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thus only one pair of each turtle baramin would have
been required. Robinson also suggests the marine tur-
tles would not have been on the Ark. In the case of
humans and primates, Robinson and Cavanaugh
(19982) conclude that even though other criteria can-
not separate humans and primates, the biblical criteria
specifically states that humans are a separate baramin,
so the other data are in effect immaterial.

To aid their quest for discontinuity, baraminologists
have developed two semi-original and supposedly objec-
tive methodologies, ANOPA and BDIST, which they
use along with more traditional systematic methods.

ANOPA

One of the membership criteria proposed by ReMine
(1990), the “true lineage” can be considered part of
the morphological criterion and the stratigraphic cri-
terion.The idea behind this is that organisms could be
represented as discrete points in a three-dimensional
morphospace. If organisms could be connected by a
continuous lineage in morphospace, then they could
be considered part of the same baramin. Analysis of
Pattern (ANOPA) is a statistical tool developed by
Cavanaugh to determine whether such lineages exist
(Cavanaugh and Sternberg 2004). Cavanaugh claims
that this method is useful for investigating three-
dimensional morphological data quantitatively; how-
ever, it appears to differ little from principal compo-
nents analysis with a fancy graphical display, and its
measures are suspect (see Dan Bolnick’s analysis of
ANOPA, p 22).

BDIST

Baraminologists have developed their own analysis
software, which performs a distance analysis similar
to that of Sokal and Sneath (1963).This is called BDIST
(Wood 2001) and is available for free download at
<http://www.bryancore.org/bsg/bdist.html>. This
program is designed to utilize cladistic datasets in
NEXUS format as used by PAUP* (Phylogenetic
Analysis Using Parsimony; available on-line at
<http://paup. csit.fsu.edu/>).

BDIST computes the “coefficient of baraminic dis-
tance” as originally described by Robinson and
Cavanaugh (1998a). This coefficient is a form of the
simple matching coefficient of Sokal and Michener
(1958).This baraminic distance represents the percent-
age of characters two taxa share in common. If there is
a “chain of positive and significant baraminic distance
correlations” connecting all the taxa, then they are
monobaraminic (Robinson and Cavanaugh 1998a).
Basically, BDIST computes a phenetic distance matrix.

Overall, however, the BDIST methodology has not
been extensively applied, and there is no evidence
that the algorithmic effects of large datasets, or the
role of missing data, have ever been studied by barami-
nologists. Baraminologists appear to apply an old phe-
netic method, without really studying how it works.
More interestingly the method might not really work
at all. In the published applications of the method so
far, in no case did it actually distinguish between two
baramins. In cases where it returned results barami-
nologists could live with, they determined a holo-

baraminic status for the group.This was the case for
felids (Robinson and Cavanaugh 1998b), flaveriinae
(Wood and Cavanaugh 2001), and fossil and recent
equids (Cavanaugh and others 2003). In conditions
where it did not return results favorable to baraminol-
ogists, other criteria are applied to achieve the desired
result. This was the case for humans and primates
(Robinson and Cavanaugh 1998a) where BDIST did
not show a separation. Instead, the authors employed
ad hoc “ecological criteria” to achieve separate
baramins, while not discussing the “biblical criteria”.

Only the study on equids (Cavanaugh 2003) includ-
ed both fossil and living taxa, and none of the other
studies contained datasets with missing data.
Therefore, this study served as a template to see how
they would investigate fossil and recent morphologi-
cal datasets. In their treatment of the Evander (1989)
data for fossil horses, Cavanaugh and others (2003)
removed the missing data by recoding it so that
“unknown” data were coded as 0,absence as 1, partial
derivation as 2, and presence as 3 and 4 (some char-
acters have more than 2 states). The recoding of
unknown data to a specific value that can be used in
the analysis makes the dataset use all characters; how-
ever, it falsely increases the amount of morphological
variation by assigning a numerical value to an
unknown. In a sense, the authors artificially create a
morphological character state where there is none.
This only has minor effects on the overall analysis
since it only applies to five characters in a single
taxon, so recoding the dataset correctly to include the
missing data did not significantly alter the results.
However, the effects would be more profound in larg-
er datasets with more widely scattered missing data.

The BDIST software, as configured by Wood,
screens out any character with less than “95% relevan-
cy”. Why this threshold was chosen is not explained,
nor how it is determined. Based on investigation of
datasets, relevancy appears to be determined by per-
centage of missing data for a character relative to total
number of taxa. This makes the application of this
method to fossil datasets difficult. Surprisingly, charac-
ters with no variation (either all Os or 1s) are not con-
sidered “irrelevant” (as they would be in cladistic analy-
ses because they would be “uninformative”). The
importance of including characters and taxa with
missing data has been shown (Donoghue and others
1989). Recoding missing data as valued, as Cavanaugh
and others (2003) have done, however, would have a
measurable distorting effect on the results, particularly
if the amount of missing data was a larger proportion
of the dataset.

When the relative baraminic distances are com-
pared with the phylogenies produced by the datasets,
the overall result is a steady, gradual trend in decreas-
ing baraminic distance relative to the phylogeny.
These results are comparable to those generated from
the Evander (1989) data for fossil horses. Thus, with
no significant baraminic distance shifts within the
datasets, it could be concluded that dinosaurs and
birds belong to the same holobaramin. This makes
sense in an evolutionary context: the more transition-
al features one finds in a set of related organisms, the
lower the relative distance between any two taxa will



be. In general, including more fossil taxa with transi-
tional morphologies will decrease phylogenic discon-
tinuity, which may explain the datasets that barami-
nologists have analyzed so far.

CONCLUSION

Despite its use of computer software and flashy sta-
tistical graphics, the practice of baraminology
amounts to little more than a parroting of scientific
investigations into phylogenetics. A critical analysis of
the results from the one “objective” software program
employed by baraminologists suggests that the
method does not actually work.The supremacy of the
biblical criteria is explicitly admitted to by Wood and
others (2003) in their guidebook to baraminology, so
all their claims of “objectivity” notwithstanding, the
results will never stray very far from a literal reading
of biblical texts.I will give the baraminologists credit
in one area: they are up-front about their motives and
predispositions and true to their biblical criteria and
methodology, which is more than can be said about
“intelligent design” proponents.
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ANOPA:

“Statistical” Systematics for
Young-Earth Creationists

Dan Bolnick, University of Texas, Austin

reationists have been working hard to make

their views appear as legitimate science. Part

of this strategy has been to get papers pub-
lished in peerreviewed scientific journals.
Creationists have used two strategies to achieve this
goal. First, the recent review paper on “intelligent
design” (Meyer 2004) in the Proceedings of the
Biological Society of Washington was published by
bypassing the normal peer-review process. According
to a recent statement from the council that publishes
the journal, the editor Richard Sternberg handled the
paper in a manner “contrary to typical editorial prac-
tices” (<http://www.biolsocwash.org/>).

The second approach is to sanitize the content of
the paper. Two other papers written by creationists
have been published in peerreviewed journals in
2004 (Behe and Snoke 2004; Cavanaugh and
Sternberg 2004). Unlike Meyer’s paper, which was
handled by a friendly editor who retired soon after
(and also co-authored the Cavanaugh and Sternberg
paper), these have actually passed through the peer
review process. This was accomplished by removing
any overt reference to creationism or “intelligent
design”, a strategy clearly outlined in a recent paper
by a group of young-earth creationists:

To make a creationist theory “theory-neutral”
(that is palatable to non-creationists), much of
what makes it distinctly creationist must be
removed. This may be useful, for example, in
order to get a controversial scientific study
reviewed by competent evolutionary scholars
in a secular journal, but the elimination of cre-
ationist content as a general practice generates
more work for creationists.To integrate “theory-
neutral” research back into the creation model
from which it came, all that was excised must
be replaced. (Wood and others 2003)

Such excision is a clever, if disingenuous, ploy that
underlies the recent publication of a paper by the
young-earth creationist David Cavanaugh and the biol-
ogist Richard Sternberg in the peer-reviewed Journal
of Biological Systems. Both authors have been active
members in the Baraminology Study Group, whose
website proclaims that its “ultimate goal is to develop
origin models that accommodate empirical data in a

Dan Bolnick is an assistant professor in the Section of
Integrative Biology at the University of Texas, Austin.

biblical framework of earth history through scientifi-
cally sound analysis of biological data and scholarly
analysis of biblical texts” (<http://www.bryancore.
org/bsg/aboutmain.html>).

To this end, Cavanaugh has been developing a
quantitative method for identifying whether a collec-
tion of species represent a single “created kind” or are
sufficiently distinct as to qualify as members of differ-
ent holobaramins. This method, called “Analysis of
Pattern” (ANOPA), is touted as a method to “reduce
the dimensionality of multi-dimensional data with
minimal loss of information and no assumptions
about the data’s distribution” (Wood and Cavanaugh
2003: 2). By reducing complex multivariate data down
to three dimensions, ANOPA allows the user to visual-
ize patterns of similarity and difference among
species to see if they fall into discrete clusters. This
purely descriptive method could then be combined
with statistical inference (confidence intervals around
the clusters) to ascertain whether these clusters
might overlap. The implication is that overlap would
imply membership in a common holobaramin, and
disjunction would imply separate baramins.

As of late 2004, three papers had been published
using ANOPA. The first two were published in cre-
ationist journals (Origins and Occasional Papers of
the Baraminology Study Group) and clearly apply
ANOPA as a criterion for evaluating whether groups
of species (subtribe Flaveriinae and tribe Heliantheae,
respectively) represent one or more of the Bible’s cre-
ated kinds (Cavanaugh and Wood 2002; Wood and
Cavanaugh 2001). Both papers provide only the
sketchiest description of ANOPA as a method, citing
an unpublished paper. Without full description of the
method, it was impossible to evaluate their claims
about its value, for example: “Because these calcula-
tions require no assumptions about the distribution
of the data and retain more information regarding
dataset variation, ANOPA can reveal patterns
obscured by other variance-analysis methods such as
Principal Component Analysis. Consequently, ANOPA
is the best available method to display biological
character space and reveal taxonomic patterns.”
(Wood and Cavanaugh 2003, emphasis added).

A complete description of ANOPA has finally
become available, in a peer-reviewed journal. Taking
the strategy outlined in Wood and others (2003) to get
through peer review, Cavanaugh and Sternberg wrote
a paper describing ANOPA — a method developed for

Continued on page 27



Ten (Eleven) Things Evolutionists Can Do to Improve Communication
Randy Olson

1) Quality Control: So much of the mass communication of
evolution is dull and uninspiring. For example, the AIBS-spon-
sored video Evolution:Why Botber? is tragically bad — noth-
ing but talking heads and still images. Any introductory film
student could have explained to them that in film and video
the primary communication takes place through the images
presented. When all we show are faces talking, we communi-
cate virtually nothing. We need the simple, honest feedback
gained by showing these productions to our neighbors and
watching them fall asleep. Just send the sponsors a note that
this is not good enough. Raise the bar. It’s that simple. When
evolution media looks bad, evolutionists look bad. Cost to you
of this suggestion: $0.

2) Attitude: Never “rise above” one of the simple principles
we learned in acting class. Whenever we condescend, we
lose the sympathy of our audience. When evolutionists call
ID proponents “idiots”, it just makes the audience side with
the people being ridiculed. It is a simple principle of mass
communication. Even though Stephen Jay Gould was my
hero in graduate school nearly 30 years ago, my students at
USC find his style and voice to be arrogant, elitist, conde-
scending, verbose ... the list goes on. Cost to you of this sug-
gestion: $0.

3) Concision: It is a by-product of the information era. Get
used to it. In fact, practice it. The most effective means of
communication is through storytelling. The shorter, more
concise, and punchier the story, the more engaged and
interested the audience. Scientists need to maintain accura-
cy and precision, but shorter, punchier stories will not hurt
anything. Observe Hollywood and advertising pitchmen:
they are able to tell entire stories in very few words. Cost to
you of this suggestion: $0.

4) Modernization: A recent CNN poll showed that 44% of
Americans get their information on science and technology
through television — more than through any other medi-
um. So why isn’t the world of science communication
geared towards this, even just a little bit? There are now
dozens of science writing programs around the country;
why no science electronic media programs? Cost to you of
this suggestion: $0.

5) Setting Priorities: Effective communication costs
money — real, cold, hard dollars. Scientists sit through tech-
nical talks with bad visuals and poor sound, and seem to
accept it as standard practice. On a wider scale, this is mir-
rored in the tiny allocation for science communication in
research grants (occasionally a few dollars are allocated for
outreach). Compare this with businesses making products
and spending perhaps half of their budgets on marketing
and advertising. Everyone needs to accept that we live in an
information-glutted world, and if we do not pay sufficient
attention to communicating effectively what we have to say,
then we will be unheard. It is a matter of priorities. Cost to
you of allocating more funds to communication: as much as
you can afford, but it is time to make it hurt a little, to make
up for the lack of priority on communication in the past.

6) Understanding: Intellectuals are handicapped as mass
communicators. I had this line in my film, and took it out
because it sounded too insulting, but it’s true. Mass audi-

ences do not follow people who think, they follow people
who act. Try taking an acting class and you’ll get to know
about this intimately. Cost to you of this suggestion: $0.

7) Risk Taking/Innovation: Every stock investor knows
you allocate at least 10% of your stock portfolio to high-risk
ventures.There are no signs that formal investment in high-
risk innovation of science communication has been taking
place.You need to ask your science agencies what percent-
age of their funding is going to high-risk, wild ideas for mass
communication. They may sound irresponsible, but without
these ideas, you end up with homogenization. Come on,
folks, we’re talking about basic out-breeding dynamics here.
Cost to you of this suggestion: $0.

8) Humor: This is yet another by-product of the informa-
tion era. It is no coincidence that news anchors, who were
stoically serious 30 years ago, today tell jokes and tease each
other, or that The Daily Show on Comedy Central is the
most popular form of news for kids (as well as a lot of
adults); or that Michael Moore, Al Franken, and Bill Maher
have become such popular news critics. Humor has
become a major channel of communication. So lighten up,
evolutionists. Cost to you of this suggestion: $0.

9) Unscripted Media and the Mass Audience: This goes
with modernization.The mass audience has changed drasti-
cally in just the past decade. About half of the acting jobs
available a decade ago in Hollywood have been lost to real-
ity television — which is unscripted entertainment. The
mass audience is bored and desperate for anything unpre-
dictable. This is why, at our Yale University screening of
Flock of Dodos, when evolutionist Richard Prum, in a
moment of brilliance, yanked the microphone away from
me as I droned on about the need for spontaneity, the audi-
ence erupted more than at any other moment in the entire
evening. Cost to you of this suggestion: $0.

10) Sincerity: Even though Prum was a bit ungainly after
grabbing the microphone, the audience didn’t care.The ges-
ture was so sincere, came from such a visceral level, showed
such passion, such risk-taking, so much desire to act (rather
than just pontificate as I was doing), that he stole their
hearts. There is a great deal to be learned from that. Cost to
you of this suggestion: $0.

11) Casting: All advocates are not created equal when it
comes to communicating with the public. Suffice it to say:
even if you have a Nobel prize and even if you give really
great lectures, you still might not be the best person on
camera. One bad twitch will set back your cause despite all
your knowledge and advanced degrees. But ... pick the
right person even if this is only the chair of a state curricu-
lum writing committee— in my movie this was Steve Case,
who is the most popular and instantly likable scientist I've
ever seen on film — and the impact can be far greater than
what you get using any Nobel laureate. And by the way,
there’s only one group of people who can decide for certain
if your spokesperson is effective: your audience. Theirs is
the only opinion that matters. Cost to you of this suggestion:
potentially bruised egos and $0.

Value of better public understanding of science: priceless.



MYSTERY OF MYSTERIES \

n the introduction to the Origin of Species, Darwin began by explaining that on his voy- "}

age on the Beagle, he was struck with certain facts that “seemed to me to throw some

light on the origin of species — that mystery of mysteries, as it has been called by one
of our greatest philosophers” While Darwin’s contribution to unraveling the mystery I.-'

of mysteries was substantial, as were those of the biologists who expanded the |
Modern Synthesis to incorporate the full range of natural history, there is still plenty |'
of important scientific work to be done, both in investigating speciation in the labo- |},

ratory and the wild and in articulating and assessing different models of speciation and
different systems for classifying the forms of life. To pursue such mysteries further, check

out the following books, ranging from the popular to the technical, all of which are now
available through the NCSE website: <http://www.ncseweb.org/bookstore.asp> — look in
the “In the latest RNCSE” section. And remember, every purchase through the website

benefits NCSE!

JuL-Aua 2006
REPORTS
[ 24 |

THE CLASSICS

On the Origin of Species

by Charles Darwin

Neither praise for the Origin nor
testimony to its influence is need-
ed! But NCSE recommends the
first edition, in which Darwin
expressed himself with a clarity,
force, and concision not to be
rivaled by the second through
sixth editions. A facsimile was pub-
lished by Harvard University Press,
with a preface by Ernst Mayr. As
the reviewer for Science observed,
“it was a very happy idea ... with
this very reasonably priced and
beautifully produced book, not
only historians of science but also
biologists will have the opportuni-
ty of following the fascinating
thought-trails, still far from fully
explored, of that remarkable man
Darwin?”

Genetics and the Origin of
Species

by Theodosius Dobzhansky

In Genetics and the Origins of
Species (originally published in
1937, with revised editions follow-
ing in 1941 and 1951), the great
geneticist Theodosius Dobzhansky
presented the whole of contempo-
rary genetics as a reaffirmation of
Darwin’s legacy. In his introduc-
tion to the 1999 reprint, Stephen

Jay Gould described the book as
“the pivot and founding document
of the modern synthesis. ... Like
most great books, Dobzhansky’s
volume is not merely a review and
categorization of existing data. It is
a long argument for a general atti-
tude toward nature and a specific
approach that might unite the dis-
parate elements of evolutionary
theory”

Systematics and the Origin of
Species

by Ernst Mayr

Systematics and the Origin of
Species, published in 1942 and re-
issued, with a new introduction, in
1999, is widely regarded as largely
responsible for the crowning
achievement of the Modern
Synthesis: demonstrating the com-
patibility of the evolutionary pat-
terns and processes to be found in
natural populations with both
Darwinian natural selection and
Mendelian genetics. It also intro-
duced the biological species con-
cept, according to which species
are “groups of actually or potential-
ly interbreeding natural popula-
tions that are reproductively isolat-
ed from other such groups.”
Perhaps the most distinguished
evolutionary biologist of the twen-
tieth century, Ernst Mayr was a
member of NCSE; he died in 2005,
at the age of 100.

/

lllustration by Dave Smith, used with permission of
the University of California Museum of Paleontology.

THE LATEST

Speciation

by Jerry A Coyne and H Allen Orr
Speciation is again at the forefront
of evolutionary research, and Jerry
A Coyne and H Allen Orr’s
Speciation is a unified, critical, and
up-to-date account of the scientific
research relevant to the origin of
species. Reviewing the book in
RNCSE (2005 May-Aug; 25 [3-4]:
40-41), Norman A Johnson wrote,
“Jerry Coyne and Allen Orr, who
have alone and together made sev-
eral seminal discoveries in specia-
tion, have written a magisterial,
comprehensive volume ... Had
Coyne and Orr just published their
annotated bibliography, that would
be a great service for professional
evolutionary biologists and their
students. But they do so much
more!”

Endless Forms: Species and
Speciation

edited by Daniel J] Howard and
Stewart H Berlocher

The publisher writes, “This volume
presents the newest research find-
ings on speciation bringing read-
ers up to date on species con-
cepts, modes of speciation, and the
nature of reproductive barriers. It
also discusses the forces that drive
divergence of populations, the

<http://www.ncseweb.org/bookstore.asp>




genetic control of reproductive
isolation, and the role played by
hybrid zones and hybridization in
speciation.” After a historical intro-
duction, there are essays on five
themes: species concepts; geogra-
phy, ecology, and population struc-
ture; reproductive barriers; hybrid
zones and speciation; and “per-
spectives” — including a personal
memoir by Guy Bush, a champion
of sympatric speciation, to whom
the book is dedicated.

Frogs, Flies, and Dandelions

by Menno Schilthuizen

In Frogs, Flies, and Dandelions,
Menno Schilthuizen provides a
lively and accessible introduction
to contemporary controversies
over modes of speciation, arguing
in the process for the validity of
sympatric speciation (a position
taken by Darwin himself, but wide-
ly rejected nowadays). Reviewing
the book in RNCSE (2003 Jan/Feb;
23 [1]: 37-8), John Wilkins wrote,
“The arguments are presented in
this book with as much attention
to detail — and to both the biolo-
gy and the personalities — as any
book I have even seen.
Schilthuizen is that extreme rarity
— a biologist who writes enter-
tainingly and clearly for lay audi-
ences.”

IN THE WILD

Darwin’s Dreampond: Drama on
Lake Victoria

by Tijs Goldschmidt

Like the finches of the Galapagos,
the cichlids of Lake Victoria have
descended from a recent common
ancestor, and radiated, spectacular-
ly,across the range of available eco-
logical niches. In Darwin’s
Dreampond, Tijs Goldschmidt not
only explains the evolution and
the ecology of the Lake Victoria
cichlids, but also engagingly relates
his adventures and misadventures
as a researcher in the field. Mark
Ridley comments, “The biological
story itself is fascinating, and Mr
Goldschmidt tells it well. But the
genius of his book lies in the way
he has combined the science with
travel writing. He interleaves the
two in a highly readable way, so
that his Tanzanian experiences
lighten the science.”

Evolution in Hawaii

by Steve Olson

Intended as a supplement to
Teaching about Evolution and
the Nature of Science, Evolution
in Hawaii focuses on the
Hawaiian islands as laboratories of
evolution in the wild. Included is a
speciation exercise in which, as
the preface describes it,“Using real
genetic data from 18 species of
Drosophila flies in Hawaii, stu-
dents draw evolutionary trees
depicting the relationships of the
species and investigate the link
between speciation and the ages
of the Hawaiian islands. By letting
students explore the mechanisms
involved in the origin of species,
the teaching exercise demon-
strates how descent from a com-
mon ancestor can produce organ-
isms with widely varying charac-
teristics.”

The Beak of the Finch

by Jonathan Weiner

From the publisher: “On a desert
island in the heart of the
Galapagos archipelago, where
Darwin received his first inklings
of the theory of evolution, two sci-
entists, Peter and Rosemary Grant,
have spent twenty years proving
that Darwin did not know the
strength of his own theory. For
among the finches of Daphne
Major, natural selection is neither
rare nor slow; it is taking place by
the hour, and we can watch’
Praised by the Washington Post
Book World for its “[e]vocative
writing, exhaustive research, and
Weiner’s memorable portrait of
the engaging Grants,” The Beak of
the Finch won the Pulitzer Prize
for General Non-Fiction in 1995.

PHILOSOPRY

The Poverty of the Linnaean
Hierarchy

by Marc Ereshefsky

In The Poverty of the Linnaean
Hierarchy, Marc Ereshefsky, a pro-
fessor of philosophy at the
University of Calgary, offers a sur-
vey of competing philosophies of
classification, articulates and
defends a form of pluralism with
regard to species concepts, and
argues that the Linnaean system
ought to be abandoned in favor of

a post-Linnaean, rank-free, phyloge-
netic taxonomy (like PhyloCode,
with a few differences). Elliott
Sober writes, “This book is of prac-
tical importance to biologists, but
its analysis of the relationship
between theories and classifica-
tion schemes will also be of com-
pelling interest to philosophers of
science”

The Units of Evolution: Essays on
the Nature of Species

edited by Marc Ereshefsky

From the publisher: “The Units of
Evolution [published in 1991] is
the first anthology devoted solely
to the nature of species, one of the
most hotly debated issues in biolo-
gy and the philosophy of biology.
The anthology is evenly balanced
between biological and philosoph-
ical issues, making it equally useful
for workers in both fields. In his
general introduction, Marc
Ereshefsky sketches the frame-
work for the debate, explaining
how biologists disagree over the
definition of the term species, and
philosophers struggle to evaluate
the scientific utility of a categoriza-
tion device that might lack a single
defining characteristic.”

Species: New Interdisciplinary
Essays

edited by Robert A Wilson

In a dozen specially commissioned
essays, the contributors to Species
offer a variety of perspectives —
not only biological but also philo-
sophical, historical, and anthropo-
logical — on the concept (or con-
cepts) of species. Robert N
Brandon hails Species as “a fresh,
well-conceived collection on one
of the most persistent problems in
the philosophy of biology — the
species problem.” The contribu-
tors are John Dupré, David L Hull,
Kevin de Queiroz, David L Nanney,
Kim Sterelny, Richard Boyd, Robert
A Wilson, Paul E Griffiths, Scott
Atran, Frank C Keil and Daniel C
Richardson, Marc Ereshefsky, and
Brent D Mishler.
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Continued from page 22

young-earth creationist purposes and used as such in
other venues — but presented here without any ref-
erence to creationism. Cavanaugh and Sternberg
(2004) also apply ANOPA to a group of well-known
North American freshwater fishes, the Centrarchidae
(sunfish, bass, crappies, fliers), for which a large
dataset of morphological traits was available.

This publication raises an interesting strategic
question: how should the scientific community han-
dle papers written by creationists, describing meth-
ods or ideas designed to support creationist research,
that make no overt reference to creationism? One
option is to treat such papers the way we treat any sci-
entific work: assess the strength of its methods, and
the rigor of its interpretation. Therefore, the remain-
der of this essay will be spent describing and cri-
tiquing ANOPA, and its particular application by
Cavanaugh and Sternberg (C&S).

How 1s ANOPA suPPOSED TO WORK?

Multivariate data are a common feature of studies that
try to classify species based on morphological simi-
larities. Such data are difficult to visualize because we
cannot simultaneously view relationships among
more than three variables at a time. Statisticians have
gotten around this problem with a variety of methods
such as Principal Components Analysis (PCA) that try
to reduce the variation in many different variables,
down into a smaller number of important variables
that capture most of the action.This is best illustrated
in Figure 1a, where we have hypothetical data on the
number of vertebrae and gill rakers for each of twen-
ty species.There is clearly important variation in both
traits, so we do not want to ignore one of them. We
can get around this problem by “rotating” the axis of
the graph so that one axis (the “first principal com-
ponent”) captures most of the action. We could then
either ignore the remaining variation, or use a second
principal component axis that is perpendicular to the
first, to “explain” the remaining variation. If we have
ten variables instead of the two illustrated in Figure 1,
there will be ten possible Principal Components
(PCs), but in general we find that the first couple of
PCs capture most of the meaningful information.

ANOPA tries to do something very similar, reducing
some large number of variables down to three axes of
variation that are meant to capture any meaningful
patterns in the data (Cavanaugh and Sternberg 2004).
The algorithm for ANOPA is simple, and is summa-
rized in Figure 2.

The method assumes we have a standard dataset
for cladistic analysis. That is, each species is given
some value for each of a number of different traits.
These traits can be continuous (for example, body
size), ordinal (for example, number of vertebrae), or
categorical (for example, presence or absence of a
trait, or a number of different character states). Each
trait represents a different (but not necessarily inde-
pendent) dimension of variation among species. In
the visual illustration of ANOPA, we will assume just
two such dimensions for clarity (Figure 2A).There are
two conceptually distinct versions of ANOPA: 1-
dimensional ANOPA draws a histogram of distances
among points, while 2- or 3-dimensional ANOPA
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A) Rotation of
axes by Principal
Components
Analysis.

B) Rotation via
ANOPA, connect-
ing the centroid
to the most most
distant data
point to form
the primary axis.
Location/choice
of outgroup will
bave a major
effect on resullts.

reduces the data down to three variables and pro-
duces a scatter plot of the data points to look for dis-
junct groups.

For 1-D ANOPA, we first identify the central point
(“centroid”) in the cloud of data, the average of each
trait across all species (Figure 1B, 2B).We then calculate
the Euclidean length of the vector connecting each
species’ point to that centroid (Figure 2C). Looking at a
histogram of these distances (Figure 2D), C&S suggest
that different peaks in the histogram correspond to dif-
ferent subgroups. In fact, these results can arise from
random chance: the data in Figure 2D appear to have 3
groups, but this is an artifact of small sample sizes
drawn from a single normal distribution. One’s choice
of how wide the histogram bars are will affect resolu-
tion and may create statistically non-significant groups,
or can obscure real groups.The 1-D test can also fail to
identify distinct groups (Figure 3), indicating that it is
likely to be very sensitive to both overall sample sizes
and the evenness of sample sizes among groups.

Part of the problem with the 1-D ANOPA is, of
course, that one dimension is insufficient to capture
variation in two or more dimensions (Figure 3).The

FIGURE 2

A) Each species bas values for each

of m different characters. The goal is to

reduce these m dimensions to 2 or 3

dimensions to visualize the distribution
of points to look for separate clouds of

points. While this example uses just 2
dimensions, ANOPA works for more
dimensions.

C) Calculate distance (a,)

JSfrom each point to the centroid.

B) Calculate centroid of data
(X,), which is the average for
each variable.

e
TN
T‘- TR

D) Draw bistogram of these
distances (a,), and look for dis-
tinct groups. The group
Surthest from the centroid is
designated the outgroup, X;.




FIGURE 3

The 1-D ANOPA will fail to identify two distinct groups with equal sample sizes. Because
the centroid falls equidistant between the groups, the distance measure a, will have a
single mode.

other problem is that distance from a centroid may
not be the best single dimension to use. Consequently,
C&S propose an extension to the 1-D method: 3-D
ANOPA. This is more akin to Principal Components
Analysis, reducing numerous dimensions in the data
down to three dimensions that can be plotted on a
graph to search for visually distinct clusters.The first
step is to define an “out-group”. C&S advocate using
the histogram of disparity (Figure 2D) to pick out the
most divergent species or clump of species that can
be designated as a morphological out-group. Note that
this use of “out-group” is quite distinct from what is
meant in phylogenetic analysis. Rather than repre-
senting an ancestral character state to root character
state transitions along a phylogeny, C&S use the out-
group to define the first major axis of variation in the
multivariate cloud of data.

Next, C&S draw a “relation vector” from the cen-
troid to the point representing the outgroup (Figure
4A).This is analogous to the first principal component
axis in PCA, with a critical distinction. Whereas the
first principal component axis seeks to explain the
most variation in the data, the “relation vector” merely
connects the centroid to the most distant point, or

FIGURE 4
A) Draw a vector X, from the
centroid to the oulgroup mean.

B) Each data point can be represent-
ed in two dimensions by determining:
the distance along the vector t, and
the perpendicular distance to the
vector d,.

C) A third dimension can be added by
determining the rotational angle (ar) of
vector d, around the vector t,. This angle
is calculated in reference to the vector
Sfrom 1, to an arbitrarily chosen point.

D) Now multi-dimensional data

can be summarized as a 2- or 3-
dimensional scatterplot (1, d, and ar).
Standard deviations of each

variable are used to draw confidence
intervals around each group identified
by this scatterplot.

“out-group”. This distinction is also illustrated in
Figure 1B. Next, each data point is characterized in
relation to this vector. Dropping a perpendicular line
from each species down to the vector (Figure 4B), the
point can be defined by 3 dimensions: 1) the distance
along the relation vector from the centroid to the per-
pendicular, t,, 2) the distance along the perpendicular
line from the vector to the point, d,, and 3) the angle
at which this line is rotated around the vector, ar,
(Figure 4C). One can then create a scatterplot of any
two of these axes, or a 3-D plot, and look for appar-
ently distinct groups. If multiple groups are identified
by the 1-D ANOPA or 2-D scatterplots, C&S outline a
way to build confidence intervals around these plots
(Figure 4D). This involves calculating the standard
deviation for each morphological variable, building an
ellipse with length equal to two standard deviations
along each variable, then rotating this ellipse to fit the
three ANOPA dimensions. C&S provide no quantita-
tive criteria with which to evaluate the statistical sig-
nificance of non-overlapping or overlapping confi-
dence intervals.

Is ANOPA A USEFUL METHOD?

Is ANOPA really a valid and useful method for analyz-
ing patterns in morphological data? Wood and
Cavanaugh (2003) claim that “ANOPA is the best avail-
able method to display biological character space and
reveal taxonomic patterns,” in part because the
method “requires no assumptions about the distribu-
tion of the data and retain[s] more information regard-
ing dataset variation” than Principal Component
Analysis (Wood and Cavanaugh 2003). In fact, ANOPA
requires a number of unstated assumptions and
retains less information than PCA.There are five major
flaws with ANOPA:

1) Lack of objective criterion for identifying
discrete groups within the data. Judging by
its development by baraminologists, the implic-
it goal of ANOPA is to identify groups or species
that are morphologically distinct from other
groups (Cavanaugh and Wood 2002; Wood and
Cavanaugh 2001, 2003; Wood and others 2003).
Yet what ANOPA actually does is to reduce
multi-dimensional data down to three dimen-
sions. It does not provide an objective, quantita-
tive method for identifying discrete groups.
Instead, Cavanaugh and Sternberg state that “the
practiced eye of an experience [sic] analyst
could discern the patterns of relationships with-
in a given dataset” (p 158). Contrary to what
their title implies, there is no part of the algo-
rithm that statistically recognizes patterns in the
data. It merely rotates the data, and patterns are
evaluated by eye.

2) Use of unordered data. Given continuous
data (for example, body mass) the mathematical
rotations C&S use to calculate t,, d,, and ar are
mathematically sound. However, such data are
rare in morphological cladistic datasets, which
are often comprised of categorical data that are
arbitrarily coded with numbers, but could just
as easily have been represented by letters or any



other symbols. For instance, the centrarchid
dataset used by C&S includes a variable describ-
ing the basihyal teeth in each species, coded as
0 (medial patch of teeth), 1 (no dentition), or 2
(two bilateral patches). Because the three char-
acter states have no meaningful order, it is
meaningless to calculate an average value, or
distances from that average. Since ANOPA
depends on such distances, the method is inap-
propriate for unordered or categorical traits.
C&S nevertheless apply the method to the cen-
trarchid dataset, which contains many such arbi-
trarily ordered categorical traits.

To get around this problem, C&S point out
that many unordered characters can be assigned
an order. For instance, a particular codon in a
gene can call for any of 20 common amino
acids. C&S suggest assigning an order to amino
acids based on traits such as how hydrophobic
they are. However, there are, in fact,a number of
traits that might be used to order amino acids,
which may give very different orders. Arbitrarily
selecting one of these will potentially bias
results, so there must be a clear criterion for
choosing orders for categorical traits. C&S offer
no such criterion, instead making an implicit
assumption that the chosen criterion is biologi-
cally the most meaningful one.

3) Choice of out-group. One’s choice of out-

group has a major effect on ANOPA results
because it determines the primary axis of varia-
tion in the resulting data rotation. C&S suggest
using the species(s) furthest from the centroid
as the outgroup.This has the advantage of pro-
viding a semi-objective way of choosing the out-
group, though the choice of whether to use one
or more species is left to the user’s discretion.
Unfortunately, there is no guarantee that a vec-
tor from the centroid to the most distant point
will: 1) maximize the amount of variation
explained by the axis (as PCA does); or 2) max-
imize the discriminating power between groups
(as discriminant function analysis does). C&S
provide no justification for why the “relation
vector” is the best rotation for identifying mor-
phologically distinct groups, nor do they discuss
how sensitive their results are to one’s choice of
out-group.This is made all the more problemat-
ic by their decision to ignore their own objec-
tive criterion for choosing an out-group. The
out-group for their analysis of centrarchids fish-
es was a hypothetical morphology based on
questionable assumptions about ontogenetic
trajectories.

4) Lack of statistical rigor. Cavanaugh and

Sternberg claim to find “statistically significant
groupings” within the centrarchids (Cavanaugh
and Sternberg 2004: 154). It is unclear how they
reached this conclusion, since at no point in
their description of ANOPA is there any method
for assessing statistical significance.

In 1-D ANOPA, groups are identified by visual
inspection of a histogram (Figure 2D), which

has two problems. First, the number of peaks
and distinct groups in histograms depends on
one’s choice of how wide to make the bars. C&S
advocate looking through a range of bar widths
to search for distinct groups, an approach that
will often yield false positives. Second, low sam-
ple sizes (as in the 22 species of centrarchids
used in their paper) will almost inevitably pro-
duce distinct peaks in any histogram merely as a
result of random sampling effects. They provide
no statistical method for testing the null hypoth-
esis that different peaks in the histogram could
be generated by random sampling from a single
distribution.

There is a more serious attempt at statistical
rigor in 2-D ANOPA, in which one can draw con-
fidence intervals around different sub-groups,
and see whether these intervals overlap. Two
problems emerge here. First, C&S calculate the
intervals by forming an ellipse based on the stan-
dard deviations of the two major ANOPA axes.
They claim, “Due to the way that t, and d, are
calculated they are orthogonal, independent dis-
tances, thus have independent variances”
(Cavanaugh and Sternberg 2004: 164).This is not
necessarily true, as independent axes can still
have dependent variances, so their confidence
intervals may be incorrect. Second, ANOPA is
supposed to “make no assumptions about the
distribution of the data” (Wood and Cavanaugh
2003).The very concept of confidence intervals
is predicated on either an assumption of some
parametric distribution, or is derived from a
resampling routine such as bootstrapping.
Without these, ANOPA’s confidence intervals are
meaningless and formal significance tests impos-
sible. C&S therefore fail to outline any quantita-
tive way to assess statistical significance. Note
that they also ignore any effects of error or vari-
ance within species’ datasets. ANOPA'’s statistical
properties (that is, consistency) have not been
documented; its performance has not been test-
ed.Yet even if the confidence intervals could be
trusted, one must be wary of any method that
proposes to identify groups by visual examina-
tion of the data then carry out post hoc statisti-
cal tests on those groups.

5) Loss of information. According to Wood and

Cavanaugh (2003), one of the selling points of
ANOPA is that it “retain[s] more information
regarding dataset variation”(p 3) than Principal
Components Analysis. They have provided no
formal mathematical proof that this is true, nor
simulations or examples showing that ANOPA
can succeed where PCA fails. In fact, it is unlike-
ly that such a proof is possible for two reasons.
First, there is no way to reduce highly multi-
dimensional data down to three variables with-
out losing substantial amounts of information.
Second, Principal Components Analysis does
not need to lose any information at all,
because it is not limited to three dimensions as
is the case for ANOPA. In the example of PCA
provided in Figure 1, there were two variables to
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begin with, yielding two principal component
(PC) axes. Every data point can be precisely
described in terms of those two PC axes;there is
no loss of data unless one discards the PC axes
that explain less variation (PC2 in the case of
Figure 1). Generalizing to multi-dimensional
data, if there are m different variables describing
each point, PCA can provide up to m different
PCA axes.These m axes can still precisely locate
each data point, but are guaranteed to be inde-
pendent of each other (“orthogonal”), unlike the
original m variables. Data are only lost if one dis-
cards low-variance PCA axes. Admittedly, dis-
carding low-variance axes is common practice,
but it is neither necessary, nor likely to eliminate
one’s ability to distinguish distinctive clusters in
morphospace. C&S could achieve their same
baraminological aims by examining each PC axis
for bi- or multi-modal distributions, if they
deployed a suitable statistical test.

INTERPRETATION OF ANOPA RESULTS

When applied to the right kind of data, ANOPA is a
mathematically sound way of rotating the data to
reduce it to three dimensions. However, data rotation
alone does not identify discrete groups or patterns in
morphospace. Instead, Cavanaugh and Sternberg rely
on “the practiced eye of an experience[d] analyst”
(2004: 158), making clear that ANOPA does not pro-
vide an objective statistical tool for identifying mor-
phologically distinct groups. Nonetheless, the authors
have applied it to several datasets to search for evi-
dence of such discrete groups (Cavanaugh and
Sternberg 2004; Cavanaugh and Wood 2002;Wood and
Cavanaugh 2001).

The first published application of ANOPA was on
morphological data for the flowering plant subtribe
Flaveriinae (Wood and Cavanaugh 2001) and later the
larger tribe Heliantheae as a whole (Cavanaugh and
Wood 2002). While both cases are clearly written
from a biblical and young-earth creationist perspec-
tive, in neither case did the authors find strong evi-
dence of distinct groups that might be identified as
different holobaramins. This led to the curious con-
clusion that all 20 000 species of the family
Asteraceae may be a single created kind that diversi-
fied after the Flood (Cavanaugh and Wood 2002).
There is no clear discussion of the speciation or pop-
ulation genetic process that could lead to this diversi-
ty in the short time following the Flood.

In contrast, the Journal of Biological Systems
paper (Cavanaugh and Sternberg 2004) was obvious-
ly sanitized for a scientific review process, and
appears with no discussion of any evolutionary or cre-
ative processes. Instead, the authors focus purely on
the existing pattern of morphological differences
among species of centrarchids. Without any discus-
sion of the mechanisms that produce this pattern or
its implications, one wonders what the point of the
exercise is. Yet there are hints at a creationist inter-
pretation in the text, as in the statements that “the
shape of the taxic groupings simply transcends a
branching pattern” (p 155), and “that centrarchids
anatomical data [may] have an overall poor fit to tree

structures” (p 141). Given the authors’ creationist sym-
pathies, it is likely that they interpret this lack of fit to
reflect a non-evolutionary history of centrarchids.

It is true that centrarchids’ morphological variation
is complex, with many homoplasies that complicate
efforts to construct a robust phylogenetic tree. In a
recent paper, Near and others (2004) count 27 dis-
tinct phylogenetic hypotheses that have been pro-
posed at various times. This systematic inconsistency
indeed suggests that anatomical data do not fit a tree
structure very well. However, there are two possible
explanations of this pattern. First, centrarchids may
not have arisen by a branching pattern of sequential
speciation events. While Cavanaugh and Sternberg do
not explicitly endorse this point of view, their discus-
sion points in that direction. However, it is important
to note that a lack of sequential branching does not
disprove evolution, as rapid bursts of speciation and
diversification are well-known and can produce unre-
solvable phylogenies (“hard polytomies”).The alterna-
tive explanation is that centrarchids really did follow
a regular pattern of branching evolution, but that mor-
phological traits have evolved so quickly that distant-
ly related species gain similar trait values and so
appear similar for some traits, and dissimilar for oth-
ers. Cavanaugh and Sternberg ignore this possibility.

Recent analyses of DNA sequence data from seven
different genes for all 32 species of Centrarchidae pro-
vide a very well-resolved phylogeny (Near and others
2004, 2005). Not only do individual genes provide
strong support for a regular evolutionary branching,
but also all seven genes analyzed by Near and others
provide similar topologies. This molecular data make
it clear that branching evolution can nevertheless pro-
duce species that are morphologically poorly
resolved, consistent with the second explanation list-
ed above. It is also worth noting that one of the early
morphological phylogenies, based on osteological
characters that are ecologically less functional and so
likely to show less homoplasy, provided a branching
pattern identical to that found in Near and others
(Branson and Moore 1962).

CONCLUSIONS

If ANOPA were a sound method, it could be quite use-
ful for biologists interested in identifying disjoint sets
of data points. For example, the technique might be
useful in distinguishing the ecological niches of dif-
ferent species. However, Cavanaugh and Sternberg
have given no convincing evidence that the tech-
nique is preferable to existing statistical methods
(PCA, discriminant analysis, cluster analysis). Still more
troubling, ANOPA provides no objective method for
identifying discrete groups, uses no statistical frame-
work for hypothesis testing, and is inappropriate for
the categorical data to which Cavanaugh and
Sternberg apply it. Finally, Cavanaugh and Sternberg
interpret their results without careful consideration
of alternative hypotheses for their results. Integrating
in recent molecular results, it is clear that the patterns
identified by Cavanaugh and Sternberg are consistent
with traditional evolutionary explanations, and cen-
trarchids do not really “transcend a branching pattern
of evolution”.
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wo years ago the publi-

cation of a pro-"intelli-

gent design” (D)
paper in a low-impact peer-
reviewed journal, Proceedings of
the Biological Society of
Washington, sparked a series of
responses within the scientific
community. When the controver-
sial article entitled “The origin of
biological information and the

Ulrich Kutschera is Professor of
Physiology  and  Evolutionary
Biology at the University of Kassel.
He is vice president of the German
Association of Biologists (Vdbiol)
and bead of the AG Evolutions-biolo-
gie within the Vdbiol (<bttp.//
evolutionsbiologen.de>). This associ-
ation of German life scientists pro-
motes the teaching of evolution at
universities and in schools. In addi-
tion, they defend evolutionary biolo-
gy against the irrational attacks of
creationists in public media.

higher taxonomic categories” by
the Discovery Institute’s Stephen
C Meyer was made available on-
line on August 28, 2004, public
reaction followed immediately.
On September 6, a News &
Features reporter from Nature
contacted me with the following
request:“I would like to hear your
thoughts on the significance of
the Meyer publication. Is it very
rare for ID papers to appear in
any peer-reviewed journal, and I
wonder what the ID movement
will make of this?” Since I was at
a scientific meeting when this e-
mail arrived in my office, my com-
ments came too late and were not
included in the news story pub-
lished on September 9 (Giles
2004).

Our colleagues of the NCSE did
an excellent job in dissecting and
rejecting the pseudoscientific
claims in the Meyer paper.Their cri-

tique is available on-ine on The
Panda’s Thumb (<http://www.
pandasthumb.org/archives/2004/
08/meyers_hopeless_1.html>, a
website devoted to evolutionary
biology and its critics.

In this report I will show that
other pro-ID statements and arti-
cles have crept unnoticed into the
recent scientific literature. I will
concentrate on the European ID
movement that was recently
described in  this  journal
(Kutschera 2003a, 2004a; see also
Kutschera 2003b, 2006a, 2006b;
Graebsch and Schiermeier 2006)
and will also critically evaluate the
hybrid creation/evolution hypoth-
esis of Reinhard Junker and
Siegfried Scherer (1998, 2000).

CREATION OF THE BaAsic TYPES
oF LiIFE IN 1992

In 1993, a multi-author monograph
edited by microbiologist Siegfried
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Scherer was published in German
(with a summary in English)
wherein the “Grundtypen des
Lebens” (basic types of life) were
introduced. In a report on the
Third International Conference on
Creationism, the creationist dog-
mas of Scherer and others (1993)
were summarized as follows:

What are the concepts of
creationism of which we are
certain and sure: foundations
that we can reliably rest
upon in our defence and pro-
mote in strategic advance?
One of the cardinal and most

hybridi[z]ation data is in
existence, particularly for the
birds and mammals.At least 1
in 10 bird species is known
to hybridi[z]e. So for a world
total of 9672 bird species,
895 species have bred in the
wild with at least 1 other
species. As well as interspe-
cific, intergeneric and even
intertribal crosses have been
found.To these can be added
a great number of hybrids
obtained in captivity. Scherer
and colleagues have seized
the opportunity to harness
this data by constructing

kinds and to search for the
best way forward.

Scherer and colleagues have
recently brought these ideas
together into a publication,
Typen des Lebens, which
contains an overview, then a
chapter focusing on each
Basic Type. This is an impor-
tant book. It may provide the
most significant contribution
yet offered in this decade to
a creationist research pro-
gramme. (<http://www.
biblicalcreation.org.uk/
scientific_issues/bcs052.

powerful tenets is undoubt- cross-breeding matrices, and html>)
edly the Genesis Kind.In the in some cases have added
Bible (Genesis, Chapter 1), supplementary criteria. In In their popular schoolbook
God created animals and this way, 14 Basic Types of Evolution — Ein Rritisches
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God created animals (and
Pplants) after their own Rinds.
These basic types were equipped
with a built-in capacity for
variation: via microevolutionary
processes new species are pro-
duced (adapted from Korthof

2004).
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plants after their own animals and plants have been Lebrbuch (Evolution: A Critical

kind[s]. The opinion among
creationists today is that
these kinds overall represent
higher taxonomic groups
such as the family, and that
God created an inbuilt capac-
ity for variation within a kind
but not between kinds. What
is new is the particularly
exciting developments in
this field of research by
Siegfried Scherer and his col-
leagues. They employ the
term Basic Type, coined by
Frank Marsh some decades
ago, to denote a Genesis
Kind, and outlined their find-
ings at the 3rd International
Conference on Creationism
at Pittsburgh.

An abundant literature of

demarcated which display
hybridi[z]ation within the
Types, but not between the
Types and their nearest taxa.
The Basic Types include, for
example, the Anatidae
(ducks, geese and swans),
Equidae (horses and zebras),
Cercopithecidae (old-world
monkeys), Canidae (dogs,
wolves and foxes), Maloideae
(apples and relatives),
Aspleniaceae (spleenwort
ferns) and Triticeae (wheat,
barley, oats and rye).

During the European
Creationist Congress in
1992, a number of us had a
brainstorming session to
evaluate the known criteria
for demarcating the Genesis

Textbook), Junker and Scherer
(1998, 20006) introduce these “basic
types” as an “scientific” alternative
to the occurrence of novel pheno-
typic variants, species, and ulti-
mately new body plans via natural
processes (macroevolution). The
“Creator” (God in the Bible) is also
called the “Designer”, so that the
term “ID creationism” appears
appropriate (Kutschera 2004a,
2004b, 2006a, 2006b). They use the
term  “genetisch  polyvalente
Stammformen” (genetically polyva-
lent ground types) when they refer
to the “Schopfungseinheiten” (cre-
ated units of life) in their textbook.
This terminology is misleading,
because such a combination of
words from the biological literature
sounds “scientific”, but is only a
euphemism of Bible-based dogmas.



To the chagrin of the authors, evo-
lutionary biologists have ignored
this version of ID creationism in
academic books and articles
(Kutschera 2006a). However,
Junker and Scherer succeeded in
getting their creationist dogmas
into the scientific literature — one
major goal of virtually all anti-evolu-
tionists (Scott 2005).

It should be added that the first
author of the Critical Textbook, the
theologian and former biology
teacher Junker, explicitly pointed
out that the “basic types” of life
were created “via the word of the
God in the Bible about 10 000 years
ago” (see Kutschera 2004b for fur-
ther discussion). This time interval
is not mentioned in the collection
edited by Scherer (1993) nor in the
textbook of Junker and Scherer
(1998, 2006). However, it forms the
time frame of their creationist
model of “creation plus microevolu-
tion (speciation)”, which is usually
depicted in mini-trees without com-
mon descent (Korthof 2004): The
Creator (or Designer) acted via
independent biblical miracles. A
few thousand years later, microevo-
lution occurred, so that the created
“basic types” diversified.

BASIC TYPES IN THE SCIENTIFIC
LITERATURE: FLORA, TREE,AND NR

In order for a monograph to
become accepted in the world of
science it is imperative to receive
positive reviews in established
journals. In the journal Flora,
which published a positive book
review of the fifth edition of the
Critical Textbook (see Kutschera
2003a), the same reviewer had
expressed his enthusiasm for
Scherer’s “basic types” in a long
article (Weberling 1996). His book
review is composed of an intro-
duction, in which he refers to the
“established fact that bastards
between animal and plant species
occur frequently,” a description of
all the chapters,and a positive final
comment. His basic message can
be translated as follows: “The refer-
ee concludes that the ‘Basic Types’
concept should be tested and rec-
ommends that the ideas described
in this book be followed up”
(Weberling 1996).

The young-earth position —
10 000 years since the creation of
the “basic types” — resonates in

the literature authored by the
European ID creationists. For
instance, in a News & Comment
article published in Trends in
Ecology and Evolution by Loewe
and Scherer (1997), the authors
argue as follows: “The hypotheti-
cal descent of mankind from
‘mitochondrial Eve’ has been
much debated ... Nobody was
actually there ... If molecular evo-
lution is really neutral at these
sites, such a high mutation rate
would indicate that Eve lived
about 6500 years ago.” It should
be noted that Loewe and Scherer
(1997) did not refer to the “basic
types”, but other phrases com-
monly used by creationists are
apparent in this article; for exam-
ple: “Nobody was actually there.”
Perhaps more important is that
this note was published in a high-
impact journal — one widely
read and respected by practicing
scientists.

The rapid speciation in East
African cichlid fishes described by
Salzburger and Meyer (2004) is
another focus of creationist
“research activities” to prove the
concept of the “basic types”. In
their textbook, Junker and Scherer
(1998, 2006) refer to the first
appearance of cichlids less than
12 000 years ago in certain African
freshwater ecosystems. On the
basis of this apparent young age of
certain species, Menting (2001)
described Junker and Scherer’s
(1998) supranaturalistic “specia-
tion model” in the respected
German scientific journal
Naturwissenschaftliche
Rundschau (NR).The author con-
cluded that “the biologists Junker
and Scherer regard the explosive
speciation events as a process that
is caused by polyvalent basic types
with an built-in capacity for varia-
tion” (Menting 2001). This refer-
ence to the dogmatic views of the
German creatjonists in NR led to
an exchange of letters between
biologists and Menting (see
Kutschera 2004b). The editor of
NR explained that he was unaware
of the covered promotion of the
“pbasic types” in his journal and
pledged not to accept such a man-
uscript again.

Today we know that the age of
“less than 12 000 years” cited by
Junker and Scherer (1998) is a gross

neia
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Meyer (2004) provide phylogenetic
data documenting that Lake
Victoria’s cichlid fauna is about 100
000 years old — about ten times
older than required by the biblical
“basic types” model described
above.

ABRUPT APPEARANCE OF SPECIES
IN THE ANNUAL REVIEW OF GENETICS

A major achievement of the
European ID movement was the
publication of a review article,
“Chromosome re-arrangement and
transposable elements” (LOnnig
and Saedler 2002) in a high-impact
book series. Lonnig and Saedler
(2002) discuss the possibility of a
“partly predetermined generation
of biodiversity and new species”.
This proposal is further described as
a “non-selection-driven, autonomous
origin of part of biodiversity,” as an
“abrupt appearance of biodiversity
and new life forms,” and as the
“possibility of abrupt boosting of
biodiversity and species forma-
tion”. To convince the reader, the
authors use a three-step strategy in
support of their claims.

First, they cite statements of the
German  anti-Darwinist  Otto
Schindewolf (1896-1971) and the
geneticist Richard Goldschmidt
(1878-1958), who both were
strong opponents of neo-
Darwinism and the synthetic theo-
ry (Kutschera and Niklas 2004).
Schindewolf believed in a “sudden,
discontinuous direct refashioning
of the type complex from family to
family,” a religious dogma related to
the “basic  types” model.
Goldschmidt stated that the “neo-
Darwinians never built up as much
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as the semblance of an new
species by recombination and
micromutations.” In the fruitfly
Drosophila, “in which numerous
mutations have been recombined,
never has even the first step in the
direction of a new species been
accomplished, not to mention
higher categories” (Lonnig and
Saedler 2002).

Second,the authors state that the
origin of higher systematic cate-
gories depends on the “genesis of
irreducibly complex structures”
and refer to the publications of the
US ID creationists Behe and
Dembski, and their German coun-
terpart Lonnig. Finally, Lonnig and
Saedler (2002) describe the
Cambrian explosion and cite
Darwin’s statement that this phe-
nomenon must remain “inexplica-
ble and may be urged as a valid argu-
ment against the theory of descent
with modification” (Darwin 1872).
According to Lonnig and Saedler
(2002), this verdict “still seems to
have some force for the uncommit-
ted observer”. In their conclusion,
the authors point out that there are
currently “many opinions” on the
origin of species and refer to publi-
cations of prominent evolutionists
such as Maynard Smith, Stanley, and
Benton and to those of ID-creation-
ists, such as Dembski, Behe, and
Lonnig,which are treated as equiva-
lent, valid contributions to modern
science. In their final statement,
Lonnig and Saedler (2002) argue
that we should “continue to wel-
come the plethora of different and
diverging ideas and hypotheses on
the origin of life ... wherever they
may lead”.

As expected, Meyer and other
members of the ID movement
refer to the review of Lonnig and
Saedler (2002) in their publica-
tions and regard this article as a
major achievement in their agenda
against naturalistic thinking and
“atheistic” science.The “basic types
of life” are not mentioned by
Lonnig and Saedler (2002), but the
authors refer to Menting (2001)
and other sources where this
supranaturalistic concept is dis-
cussed (that is, popular books and
pamphlets that are at the fringe of
the scientific literature). Examining
their bibliography, it is obvious that
Lonnig and Saedler (2002) did not
meet the usual standard of citations

of credible sources. Several evolu-
tionary biologists protested the
publication of this pro-ID article in
the Annual Review of Genetics.
One of the editors responded to a
colleague, apologized for the edito-
rial board’s erroneous decision,
and promised that such an error
will not occur again.

THE CREATION MYTH IN
PHYSIOLOGIA PLANTARUM

The concept of “basic types”
(Scherer 1993) is based on a
dogma in the Bible (Genesis) that
states that God created animals
and plants; its proponents estimate
that this event occurred at about
10 000 years ago. It is obvious that
creationists are eager to get this
perspective on the Bible into the
biological literature, because these
modern anti-evolutionists like to
call themselves “scientists” or “ID
theorists”: they don’t like the old-
fashioned word “creationist” and
avoid it wherever possible
(Pennock 2003; Kutschera 2003a,
2003b, 2004a, 2006a, 20006b;
Numbers 2006).

I was very surprised to see that
this goal of the ID movement has
now been reached. In a recent
issue of the journal Physiologia
Plantarum, a periodical that is
devoted to the physiology, bio-
chemistry and molecular biology
of plants (including algae and
cyanobacteria), Peschek and oth-
ers (2004) published a minireview
on the role of cyanobacteria dur-
ing earth’s history. Although
Peschek and others admit that
“cyanobacteria entered the stage
as the first ... oxygenic phototrop-
ic prokaryotes about 3.2 billion
years ago,” they incorporated the
creation story as written down in
the Bible. Moreover, they reprint a
biblical document that is repro-
duced here. The legend to their
Table 1 contains the Hebrew text
shown in Figure 2, with the cap-
tion “The crucial steps in the evo-
lution of the universe, of our earth,
and of life on this earth. Left-hand
side: Original sentence (Moses 1,1)
introducing the creation myth
described in the Holy Bible (‘At the
beginning God made ...") — and
who knows how it really hap-
pened ...?” (ellipses in original).

How could this theological
dogma slip into an international

journal devoted to plant sciences?
I do not know whether or not the
authors are adherents of Bible-
based anti-evolutionism. However,
in this minireview, Scherer — the
ID creationist and “father” of the
“basic types” of life — is quoted
repeatedly. Seven of Scherer’s
papers on cyanobacteria are listed
in the references. I suspect that
under the influence of Scherer, this
reproduction of a biblical mythos
has crept into the journal
Physiologia Plantarum.

BAsic TYPES AS STERILE
PSEUDOSCIENCE

Scott (2005), Pennock (2003), and
others have pointed out that
methodological naturalism as an
approach to teaching and research
about evolution is a religiously
neutral undertaking. Modern sci-
ence is based on an international
consensus that a priori excludes
supernaturalistic forces (acts of a
Creator or a Designer, biblical mir-
acles,and so on).The ID movement
seeks “nothing less than the over-
throw of materialism ..., aiming to
replace this with a theistic under-
standing of nature” (Pennock
2003). The “basic types” model of
the German ID creationists, depict-
ed in minitrees without common
descent, is a perversion of science
for following reasons:

1.Supernatural forces of a
Designer (identified as God
in the Bible) are mixed up
with natural processes
(microevolution or specia-
tion), leading to a sterile
“hybrid model” without
explanatory power.

2.According to Junker and
Scherer (1998, 2001), the
independent acts of the
Designer/Creator cannot be
described and analyzed
with the methods of mod-
ern science. Therefore, this
biblical miracle can not be
accepted within the frame-
work of modern biology.

3.Darwin’s principle of com-
mon descent of all forms of
life has been verified by an
extensive body of molecular
data, depicted in the univer-
sal phylogenetic tree
(Kutschera and Niklas 2004;



Kutschera 2006a). Junker and
Scherer’s “basic types” model
ignores one of the most
important insights of molecu-
lar biology, which has been
corroborated by hundreds of
independent research pro-
jects and published in the sci-
entific literature.

4.According to the biblical
dogma, intermediate forms
between “basic types” have
never been  “created”.
However, many such “con-
necting links” in the fossil
record of life (notably among
vertebrates) are described in
the literature (Futuyma
1995; Kutschera and Niklas
2004).

5.Junker and Scherer (1998,
2006) do not mention the
biblical time interval
(10 000 years), but describe
the documented age of the
earth of about 4600 million
years as only a “common
assumption”. Even if we
ignore the dogmatic 10 000
years since the creation of
the “basic types”, this hybrid
model is incompatible with
facts from paleontology. For
instance, fossil horses
(Equidae) are known since
the early Eocene (about 55
million years ago), but the
cat family (Felidae) is much
younger (early Oligocene,
about 34 million years ago;
see Benton 1997).
Independent acts of cre-
ation at the same biblical
time point are incompatible
with these documented
facts.

6.According to the “basic types”
model, microevolution (speci-
ation) took place via natural
processes, but macroevolu-
tion (the occurrence of novel
body plans) is the result of
miracles. However, the exact
mechanisms of speciation in
nature are not better known
than the major transitions in
the fossil record of life
(Kutschera and Niklas 2004,
2005). Both evolutionary
processes are under investiga-
tion by biologists around the
world, and progress occurs at
about the same pace. Why

should we not accept
macroevolution and attribute
speciation — processes that
are not fully elucidated
(Salzburger and Meyer 2004)
— to miraculous (supernatu-
ralistic) acts of a Designer?
Junker and Scherer (1998,
2006) would respond: “The
Bible tells us so!”

These arguments and others
(Futuyma 1995; Korthof 2004;
Kutschera 2004a, 2006a, 2006b;
Neukamm 2006) show that the
creationist “basic types” model is
no alternative to naturalistic evolu-
tion, which is supported by thou-
sands of mutually supporting
research papers that have been
published in the peer-reviewed sci-
entific literature over the past cen-
tury. However, the molecular
mechanisms that bring about phe-
notypic evolution in the various
lineages of organisms are still
under investigation (Kutschera and
Niklas 2004, 2005).

CONCLUSIONS

The ID movement gathered
momentum around 1990 under
the leadership of a law professor at
the University of California,
Berkeley, and reached Europe a
few years later (Kutschera 2003a,
2003b, 2004a, 2004b, 20006a;
Graebsch and Schiermeier 2006;
Numbers 2006). The German
microbiologist Siegfried Scherer —
a former associate of the US-based
Discovery Institute — introduced
the hybrid model “Creation plus
microevolution leads to biodiversi-
ty” under the label of the so-called
“basic types of life” in 1993. This
theistic view of the evolutionary
forces forms the core of a popular
German text book that has been
translated into several European
languages (Junker and Scherer
1998, 2006). When this essay
appears in print, the sixth edition
of this German “Bio-Bible” will be
in the shelves of evangelical
Christian  bookshops  around
Europe. Unfortunately, ID creation-
ism “made in Germany”is a success
story.

Phillip Johnson, the father of
the US ID movement, expressed
his views in his bestseller Darwin
on Trial (since 2003 also available
in a German translation) as fol-

lows. “[creationist] doctrine has
always been that God created
basic kinds, or types, which subse-
quently diversified. The most
famous example of creationist
microevolution involves the
descendants of Adam and Eve, who
have diversified from a common
ancestral pair to create all the
diverse races of the human
species” (Johnson 1991: 68). It is
obvious that the “basic types”
model introduced by Junker and
Scherer (1998, 2006) is similar to
(or even identical with) the mirac-
ulous story told by Johnson. This
pseudoscientific view goes back at
least to Frank L Marsh (1944) and
was revitalized in a 1992 confer-
ence on creationism. Since then,
the concept has crept into the sci-
entific literature, mostly unnoticed
by the corresponding journal edi-
tors. Therefore, scientists around
the world should stay alert so that
a further infiltration and under-
mining of the international litera-
ture on evolutionary studies can
be prevented. Since science is by
definition nontheistic, it follows
that theistic views and dogmas can
never become part of naturalistic
theories in evolutionary biology.
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Species, Kinds, and Evolution

Johmn Wilkins, University of Queensland

INTRODUCTION

Creationists oppose the idea that
species can evolve indefinitely and
charge evolutionary biologists
with failing to define their terms
properly. In this article I want to
trace briefly the history of the idea
of species and show that it is in
fact a virtue of biology that it tries
to make its terms follow the evi-
dence rather than to define them
all up front. The idea that species
were universally thought to be
fixed prior to Darwin is simply
wrong — many creationist
thinkers of the classical period
through to the 19th century
thought that species could change.
The issue of evolution was, in fact,

Jobn Wilkins is a postdoctoral fellow
in the Biobumanities Project at the
University of Queensland, Australia.
His PbD topic was on species con-
cepts, and be is working in the field
of philosophy of taxonomy.

impossible to suggest until the
claim was made that species were
fixed, and as soon as it was sug-
gested, so too was evolution. There
has been a longstanding vagueness
about living “kinds” that goes back
to the classical era and that follows
from good observation. What is
more, nothing in the biblical or
theological traditions requires that
species are fixed, only that kinds
exist, which neither evolutionists
nor traditional creationists ever
denied.

Because the number of species
“concepts”in the literature is high,
I have also tried to put them into
context and list them for easy ref-
erence (see sidebar p 42-3).That
way, when a “concept” is referred
to in a text, it can be compared to
other candidate conceptions. It is
clear to me, at any rate, that there
are many conceptions of species,
and that biologists use the one that
best suits the organisms they

study. I think of this as a “concep-
tual delicatessen” — when scien-
tists need a species concept to suit
the organisms being studied, they
will typically assemble a custom
“club sandwich” from previous
ideas.This is not bad practice — if
science is about learning and using
words to express that learning,
then we should expect that they
would do this, and in fact they
should.

To understand the concept of
species, we must understand how
the notion developed in the histo-
ry of biological research. One
point that must always be borne in
mind: people did not suddenly
become smart upon the publica-
tion of On the Origin of Species,
nor were they bad observers
before that date. And keep in mind
a related point: religious commit-
ment had little to do with the sorts
of conclusions natural historians
and biologists reached before

Kutschera U. 2003b. Designer scientific lit-
erature [letter]. Nature, 423:116.

Kutschera U. 2004a. Low-price “intelligent
design” schoolbooks in Germany. Reports
of the National Center for Science
Education 24 (5): 11-2.
Kutschera U.  2004b.
Evolution: Darwinismus
Intelligentes Design. Miinster: Lit.

Streitpunkt
und

Kutschera U. 2006a. Evolutionsbiologie:
Eine allgemeine Einfiibrung.Berlin: Parey.
Kutschera U. 2006b. A timely wake-up call
as anti-evolutionists publicize their views.
[letter]. Nature 444: 679.

Kutschera U, Niklas KJ. 2004. The modern
theory of biological evolution: An expand-

ed synthesis. Naturwissenschaften 91:
255-76.

Kutschera U, Niklas KJ.  2005.
Endosymbiosis, cell evolution, and specia-
tion. Theory in Biosciences 124: 1-24.
Loewe L, Scherer S. 1997. Mitochondrial
Eve: The plot thickens. Trends in Ecology
and Evolution 12:422-3.

Lonnig, WE, Saedler H. 2002. Chromosome
re-arrangement and transposable ele-
ments. Annual Review of Genetics 30:
389-410.

Marsh FL. 1944. Evolution, Creation, and
Science. Washington (DC): Review and
Herald Publishing Association.

Menting G. 2001. Explosive Artbildung bei
ostafrikanischen Buntbarschen.
Naturwissenschaftliche Rundschau 54:
401-10.

Neukamm M. 2005. Die kreationistischen
Grundtypenbiologie in der Kritik. Warum
es keine empirisch-wissenschatflliche
Schopfungsforschung  geben  kann.
Skeptiker 18 (4): 144-50.

Numbers RL. 2006. T bhe Creationists:
From Scientific Creationism to Intelligent
Design. Cambridge (MA): Harvard
University Press.

Pennock R. 2003. Creationism and intelli-
gent design. Annual Review of Genomics
and Human Genetics 4: 143-63.

Peschek GA, Obinger C, Paumann M. 2004.

The respiratory chain of blue-green algae
(cyanobacteria). Physiologia Plantarum
120 (3): 358-69.

Salzburger W, Meyer A. 2004. The species
flocks of East African cichlid fishes: recent
advances in molecular phylogenetics and
population genetics. Naturwissenschaften
91:277-90.

Scherer S, editor. 1993. Typen des Lebens.
Berlin: Pascal Verlag.

Scott EC. 2005. Evolution vs Creationism:
An  Introduction. Berkeley (CA):
University of California Press.

Weberling E 1996. Book review of Scherer
S, editor. 1993. Typen des Lebens. Flora
191: 229-30.

AUTHOR’S ADDRESS
Ulrich Kutschera
Institut fiir Biologie
Heinrich-Plett-Strasse 40
34109 Kassel

Germany
kut@uni-kassel.de



Darwin, and it seems that in sci-
ence, it still does not now.

THE EVOLUTION OF THE SPECIES
CONCEPT

Then God said, Let the land
produce vegetation: seed-
bearing plants and trees on
the land that bear fruit with
seed in it, according to their
various kinds. And it was so.
The land produced vegeta-
tion: plants bearing seed
according to their kinds and
trees bearing fruit with seed
in it according to their kinds.
And God saw that it was
good. ...

And God said, Let the
water teem with living crea-
tures, and let birds fly above
the earth across the expanse
of the sky. So God created
the great creatures of the sea
and every living and moving
thing with which the water
teems, according to their
kinds, and every winged bird
according to its kind. And
God saw that it was good. ...

And God said, Let the land
produce living creatures
according to their kinds: live-
stock, creatures that move
along the ground, and wild
animals, each according to its
kind. And it was so. God
made the wild animals
according to their kinds, the
livestock according to their
kinds, and all the creatures
that move along the ground
according to their kinds.And
God saw that it was good.

Genesis 1,
verses 11-2, 20-1, 24-5,
New International Version

So long as people have been farm-
ing plants and raising livestock,
they have been aware that one
organism gives birth to another
very like it. That is, they have
known that living things come in
kinds. This is not confined to the
Bible, of course. Aristotle knew it.
So did Theophrastus, his student,
sometimes called the father of
botany. It is not, as they say, rocket
surgery.

So given the relatively short
time scale of human observation, it
followed that people would tend

to think that species, living kinds,
were stable; and they did. But they
did not think species were unable
to change for a very long time, not
until John Ray, a brilliant English
17th-century botanist who com-
piled the first complete flora (of
Cambridgeshire, and then of
England), wrote in an influential
work:

After long and considerable
investigation, no surer criteri-
on for determining species
has occurred to me than the
distinguishing features that
perpetuate themselves in
propagation from seed.Thus,
no matter what variations
occur in the individuals or
the species, if they spring
from the seed of one and the
same plant, they are acciden-
tal variations and not such as
to distinguish a species ...
Animals likewise that differ
specifically preserve their
distinct species permanent-
ly; one species never springs
from the seed of another nor
vice versa.

This was the first recorded biolog-
ical definition of “species”,
although the logical term had been
used in biological contexts for a
long time prior to that. But his was
not the traditional view. Following
a suggestion of Aristotle that new
species were formed by hybridiza-
tion at water holes in Africa, St
Augustine, among others (includ-
ing one of the translators of the
King James Bible), happily accept-
ed that new species could be
formed out of old ones. Linnaeus
himself, who is sometimes regard-
ed as the originator of species fix-
ism, observed hybridization
between two plant species in his
own garden, and late in life revised
his view that species were as the
“Infinite Being” had first created
them. Certainly there was no tradi-
tion in Christian theological circles
that species had to be unchanging
before then.

During the Middle Ages, little
natural history — or biology as we
would now call it — was being
done. But there was an exception:
the Holy Roman Emperor
Frederick II of Hohenstaufen
(1194-1250) was a keen falconer,

and wrote, literally, the book on it,
finding that Aristotle was some-
times a bit too credulous, and
worse that he failed to discuss
hawks, falcons, and hunting birds.
Frederick had the resources and
the time to do a proper study, and
he found that bird species were
not simple things at all. He settled
on interbreeding as a standard.
Albert the Great, who had access
both to Frederick’s falconers and
writings, followed this idea. But
both still took seriously enough
the old idea of spontaneous gener-
ation of species from other species
to investigate it. Frederick sent
envoys to Sweden looking for evi-
dence for or against the idea that
the barnacle goose arose out of
worms (which is how it got its
name). He found no evidence and
concluded that the idea was based
on ignorance. Albert did breeding
experiments and managed to show
that the geese laid eggs in the usual
manner.

So we should first of all aban-
don the idea that people before
Darwin thought that species were
fixed, necessarily. Some did; many
did not. Moreover, almost as soon
as the idea of species-fixism caught
on, it was challenged. Linnaeus
made the idea popular in his
Systema Naturae, the first edition
of which was in 1735. In 1745,
physicist Pierre Maupertuis argued
in his Physical Venus that species
did evolve, that they did so
through a crude version of natural
selection, and that inherited char-
acteristics were passed on in a 3:1
ratio through both mother and
father. While this did not influence
many people at the time, it indi-
cates that fixism was not universal
among scientists even when it was
still a new idea.

Why is it that we tend to think
pre-Darwinians were all fixists? In
part this is because Darwin has
been used as a turning point in
modern biology, which of course
he was, and so some, the leading
evolutionist Ernst Mayr among
them, have tried to make him the
ultimate source of all that is cor-
rect in modern  biology.
Furthermore, we think that reli-
gious belief before Darwin must
have forced people to be fixists.
But many quite orthodox
Christians held to transmutation of

VoL 26, NR 4 2006
REerorts



JuL- Auc 2006
REPORTS
Ex

species, and in some cases where
this was denied, such as by the
great anatomist Baron Cuvier, it
was not for religious reasons but
from a lack of evidence (although
Cuvier managed to present the evi-
dence that florae and fauna were
not constant through time, even in
Europe).

It is also not true that belief in
creation as such forced a species-
fixist position. Apart from deism,
which perceived God as a creator
who effectively left the world to
run by the laws he created, many
Christians held that the work of
creation was still under way. And
Christians who were natural histo-
rians, whether botanists or zoolo-
gists, often described species fairly
well.

There is another myth — that
before Darwin naturalists thought
that species were defined by their
morphology or their “essence”. But
morphology was used by taxono-
mists simply as a way to identify
species, not as the cause of them,
and even Linnaeus knew that his
“Natural System”, as it came to be
called, was a useful convention,
not a natural system at all
Taxonomists argued about how to
define species, but in nearly all
cases this was about how many
and what kinds of characters were
reliable. In the early 19th century,
there was no “species problem”,
but only a “species question”,
which a minor geologist by the
name of Charles Lyell called “that
mystery of mysteries” — why were
there species? It was not a ques-
tion he, an orthodox Christian,
thought could be answered from
Scripture. Neither did his eventual
disciple Darwin think that.

Darwin’s view of species has
likewise been misunderstood, in
part because he did not really con-
sider the definition of a species to
be the primary question. Like
many professional taxonomists
(Darwin wrote the first and still
one of the best descriptions of bar-
nacles), he found the constant
squabbling about whether this
variety or that was a separate
species or the same to be a nui-
sance to doing the work. He cited
with wry amusement one taxono-
mist, Phillips, who declared “at last
I have found out the only true def-
inition — ‘any form which has ever

had a specific name’!” And there
was, in 1842, a set of standards
from which all modern taxonomic
rules derive — Darwin was a com-
mittee member — which formally
instituted the rule of Linnaeus that
species had to have a binomial (a
genus and species name), and that
only professionals could name
species (to stop bird-watching
enthusiasts naming every different
plumage as a species). In the
Origin, he wrote:

... it will be seen that I look at
the term species as one arbi-
trarily given, for the sake of
convenience, to a set of indi-
viduals closely resembling
each other, and that it does
not essentially differ from the
term variety, which is given to
less distinct and more fluctu-
ating forms.The term variety,
again, in comparison with
mere individual differences, is
also applied arbitrarily, for
convenience’s sake.

On the basis of this and other com-
ments, he seemed to be saying that
a species was not a real thing, but
that it was just what we called
something for convenience. But in
his works overall, he treats species
as real things, mostly (but not
always) isolated by infertility, with
different ecological adaptations.
His point was, and it remains a
sticking point today, that the differ-
ence between a species and a vari-
ety within a species was vague.
This, of course, is due to the fact
that species, like sand dunes, rivers
and clouds, have no hard and sharp
boundaries between them because
of evolution.

About the time evolution had
been universally accepted by natu-
ralists (now called biologists), but
before the new Darwinism of the
synthesis of genetics and evolution
had been settled, one EB Poulton
wrote a paper in 1903 entitled
“What is a species?” in which he
addressed what now became the
species “problem”. This set the
agenda for the next century. From
being the useful identification of
kinds that might vary, in the late
Middle Ages and after, through to
being a problem of who got to
name species and how they were
to be differentiated, now species

were the “units” of evolution, and
of biology in general. And a verita-
ble explosion of attempts to define
species followed. By the end of the
20th century, there had been some
22 distinct concepts identified by
RL Mayden, and depending on
how one divides them, some few
others have been added. By my
count, there are around 26 con-
cepts (see sidebar, p 42-3).

Well, not exactly concepts.There
is only one concept, which we label
by the word “species”. There are 26
or so conceptions, or definitions,
which we define in other ways.This
slightly picky philosophical point
matters. We are arguing over the
best way to define a concept. This
depends on scientific data, theory,
and other factors (some of them
political, within the scientific com-
munity). We might deny that the
concept even has a useful defini-
tion,or we might think that we have
been misled by the use of a single
word and seek a number of differ-
ent concepts that serve the purpos-
es of science and knowledge.I men-
tion this because one of the oft-
repeated claims made by anti-evolu-
tionists is that if we cannot define
our terms, we cannot show that
species evolve. This canard goes
back to Louis Agassiz, the famous
geologist and paleontologist, who
single-handedly introduced
America to biology. Agassiz wrote:

[IIf species do not exist at
all, as the supporters of the
transmutation theory main-
tain, how can they vary? And
if individuals alone exist,
how can differences which
may be observed among
them prove the variability of
species?

Darwin rightly snorted to Agassiz’s
one-time student Asa Gray:

I am surprised that Agassiz
did not succeed in writing
something better. How
absurd that logical quibble
— “if species do not exist
how can they vary?” As if
anyone doubted their tempo-
rary existence.

Creationists will often claim that
they are not interested in the
species level, though. Initially, cre-



ationism did require fixity of
species. In the 1920s, when
George McCready Price equated
“species” to the biblical “kinds”, he
was forced, to allow for the Ark to
carry “every kind”, to raise the bar
higher. Even this was not original.
In the late 18th century, Buffon,
Cuvier’s predecessor, had suggest-
ed that there was a “first stock”
from which all members of a kind
had evolved, so that all cats
evolved from an original animal,
modified by geography and cli-
mate, for instance. So creationists
themselves have a “vagueness
problem” no less than evolutionary
biology does. Life is vague.
Certainly the creationist “kind”, or
“baramin”, as they mangle the
Hebrew for “created kind”, is
extremely elastic. Given that elas-
ticity, the motivation for the infer-
ence that was made naturally dur-
ing the 17th and 18th centuries
that species do not evolve is under-
cut. If kinds are not exact in repro-
duction, why think that the
Genesis account is enough to pro-
hibit evolution? The answer is, of
course, that biblical literalism is
not the primary motivation here
for opposition to evolution.

THE SPECIES PROBLEM

Reproductive isolation
conceptions

It begins in 1935, when a young
fruit fly geneticist named
Theodosius Dobzhansky published
a paper “A critique of the species
concept in biology” in a philoso-
phy journal. Not that there had not
been developments after Darwin.
Various people had suggested that
species were “pure gene lines” or
“wild-types” that did not vary
much. Mendelian genetics caused a
lot of debate about species.
Dobzhansky claimed that a species
Was:

a group of individuals
fully fertile inter se, but
barred from interbreeding
with other similar groups by
its physiological properties
(producing either incompati-
bility of parents, or sterility
of the hybrid, or both).

This was the original genetic ver-
sion of reproductive isolation con-
cepts (Buffon had proposed inter-

breeding as a test a century and a
half earlier, which Darwin reject-
ed). Unfortunately, a version
framed by Ernst Mayr got called
the “biological” species concept, in
contrast to what were seen as
“nonbiological” concepts that
relied largely on form and based in
museum taxonomy, which were
called “morphological” concepts
by Mayr. But I think it is better to
call these Reproductive Isolation
Species Concepts (RISC) than “bio-
logical” ones, for any decent
species conception is biological.
Mayr’s version changed over the
years, but the one taught to most
undergraduate biology students is
the original:

A species consists of a group
of populations which replace
each other geographically or
ecologically and of which
the neighboring ones inter-
grade or interbreed wherev-
er they are in contact or
which are potentially capa-
ble of doing so (with one or
more of the populations) in
those cases where contact is
prevented by geographical
or ecological barriers.

Or shorter:

Species are groups of actual-
ly or potentially interbreed-
ing natural populations,
which are reproductively iso-
lated from other such
groups.

Much of the focus on species after
this centered on Reproductive
Isolating Mechanisms, or RIMs for
short. Mayr’s view was that species
are formed when part of the
species is geographically isolated
from the main range and evolves in
its own way such that when it gets
back in contact, RIMs have
evolved, as it were, by accident,
and the two no longer interbreed
successfully. Selection against
hybrids, which are, so to speak, nei-
ther fish nor fowl in ecological
adaptations, then strengthens the
isolation (a process called “re-
inforcing selection”). Mayr’s ver-
sion of the origin of species, pub-
lished in 1942 and reiterated for
the next 60 years (Mayr survived
to 100, outliving many of his adver-

saries, and thus getting the last
word), is called the allopatric theo-
ry of speciation. Allopatry means
that two populations, or species, or
groups, of organisms live in differ-
ent areas (allo- = other, patria =
homeland). The alternative kind of
speciation, which is in effect
Darwin’s view, is called sympatric
(sym- = together) speciation, and it
is highly contentious among spe-
cialists, with some thinking that it
occurs, particularly among fruit-
flies and lake-bound fishes, where
it has been studied, and others
thinking that it does not, and the
debate goes on. It requires that
RIMs evolve in place, so to speak,
and the naysayers think this is
unlikely to occur. If sympatric spe-
ciation does occur, then there can
only be one reason — natural selec-
tion. Recent theoretical work
shows that it is possible if the con-
ditions are right. What we do not
yet know for sure is how often the
conditions are right.

There is another uncontested
class of speciation processes —
usually involving hybridization,
that old idea of Aristotle. In plants
particularly, but also in animals,
fungi, bacteria, and so on, some-
times entire genetic complements
can double, triple or more, result-
ing in a condition known as poly-
ploidy. When this happens, some-
times the chromosomes and genes
do not line up due to differing
genetic structures of the parents,
but an extra doubling of the
genome, followed by a cell divi-
sion, can give the cell a paired set
of chromosomes, allowing it effec-
tively to found a new species in
one or a few generations. When
two species interbreed, this allows
the resulting organism to have a
matched set of chromosomes. It
has been estimated that nearly all
ferns, for example, have a case of
polyploidy in their ancestry, and as
many as 7% of actual fern species
are formed this way. It has also
been seen in flowering plants,
corals, grasshoppers, other insects,
and reptiles. It is even hypothe-
sized that the entire mammalian
branch of the evolutionary tree
was started with this kind of event.
So in a sense, Linnaeus and
Aristotle were right sort of.
Even Mendel thought this might
be the reason why new species
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evolve, which informed his
research into hybrid forms,
although he studied hybridization
within, not between, species.

Evolutionary conceptions

So the RISC conceptions have a lot
of leeway for interpretation. But
they are not the only conceptions
on the board. One kind of concep-
tion goes by the name evolution-
ary species concepts, which is also
a misnomer (because all species
have evolved). On this view, it does
not much matter if two possible
species under consideration are
reproductively isolated. Even if
there is gene flow between them
on a regular basis, what counts is
whether or not they remain evolu-
tionarily distinct. Dobzhansky’s
definition has a hint of this, but the
original formulation is due to a
paleontologist, George Gaylord
Simpson. Simpson defined it this
way in 1961, although there is an
earlier and more technical defini-
tion from ten years before:

An evolutionary species is a
lineage (an ancestral-descen-
dant sequence of popula-
tions) evolving separately
from others and with its own
unitary evolutionary role and
tendencies.

‘What counts here is that no matter
what happens in terms of gene
exchange, the populations remain
distinct, and have their own forms,
adaptations, and fate.The term “lin-
eage” used here is particularly
important, as it focused biologists’
thinking more in evolutionary
terms, and gave rise to yet another
class of conceptions — phyloge-
netic species concepts.

Evolutionary conceptions have
been expanded since Simpson to
include asexual organisms (which
do not, strictly speaking, form pop-
ulations, since that term involves
interbreeding). The important
point is that there is a single lin-
eage over time. In contrast, the
RISC conceptions involve a single
time “horizon”, which means that a
species is something that at a par-
ticular time and place is not inter-
breeding with other populations,
and they also, necessarily, exclude
asexual organisms.

Phylogenetic conceptions

There is a group of species con-
ceptions that go under the shared
name of phylogenetic species con-
cepts. A phylogeny is, of course, an
evolutionary history, and the initial
proposal for a phylogenetic con-
ception came from Willi Hennig, an
East German entomologist who
nevertheless managed to influence
a great many biologists during the
height of the Cold War. Hennig’s
methodology and philosophy of
classification is known today as
“cladistics”.

Hennig did not set out to come
up with a new species concept. He
pretty much assumed something
like an amalgam of Mayr’s and
Simpson’s definitions. The differ-
ence was that he focused on the
lineage element, and combined it
with a clear and formal account of
making groups logically. In his
book Phylogenetic Systematics,

gram marked “phylogenetic rela-
tionships”). When it has, says
Hennig, the old species is extin-
guished and two new ones come
into being (as in the separate cir-
cles at the top).

This provision caused a lot of
anxiety. It seemed to be saying that
a species has to go extinct when
new ones come into being, but of
course a new species can evolve
without modifying the old one
much, if at all. Hennig’s convention,
as it is known, was more a point
about naming species than a defi-
nition of their biological nature.
When a new species arises, the old
name refers to only a part of its
descendants and for Hennig that
meant it was no longer a “natural”
group being named. It is rather like
calling rock music “blues” because
it is a descendant of blues. What
Hennig said would mean that what
is still “blues” has to get a new name
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translated into English in 1966, he
included a diagram about specia-
tion (redrawn above as Figure 1),
and when to name a new species.

There are several lineages in this
diagram. Ignoring the technical ter-
minology (Hennig was a great one
for coining classical names), you
can see that each individual organ-
ism is part of a genealogical lin-
eage.These, when grouped togeth-
er, form a species lineage. Clearly
what makes a species lineage is the
fact that the overall tangled net of
genealogical lineages has not yet
divided (as in the right-hand dia-

so that musicologists can talk with-
out ambiguity (so it might get
called “traditional blues™).
Phylogenetic species concep-
tions come in three broad flavors.
One is the “pure” Hennigian con-
ception described above. But
Hennig’s methodology also relied
on dividing organisms by shared
features, which is a diagnostic
question. So another phylogenetic
conception, which I call the
autapomorphic conception (after
one of Hennig’s technical terms
that means “derived forms”),
defines a species as the final node



on a phylogenetic tree, which is
based on comparison of many fea-
tures. If the analysis does not pro-
duce any smaller group, then the
organisms in this group constitute
a species. This has a side effect of
increasing the number of species
over the older RISC conception —
by as many as five times — and for
this reason it is not accepted by
many taxonomists. On the other
hand, if a species really is just the
as-yet-undivided tangled net of
genealogical relations, this is what
we have to deal with. The autapo-
morphic conception tends to leave
historical issues about whether or
not the phylogenetic tree is a good
historical representation to one
side. The “species” here is diagnos-
tic.

The other conception I call the
phylogenetic taxon conception.On
this view, a species is just another
kind of taxon in a phylogenetic tree
— one that happens to be mono-
phyletic and undivided. Monophyly
in this case simply means that no
descendent of the original species
is excluded, so that if a single
species did divide into two, it
would have been a species before,
but is now two species, which is
pretty obvious. However, this view
allows the old name to be “kept” by
one of the descendants.

Phylogenetic conceptions are in
a way parasitic on biological con-
ceptions like RISC. In order to
know that two organisms are in
the same species, one has to elimi-
nate subspecific features such as,
for example, different plumages or
immune system molecules or
genes. Otherwise one can divide
the organisms up right down to
individuals with novel mutations
or slight variations.There are those
who do this, too, who intend to
eliminate “species” from the work-
ing vocabulary of biologists and
replace it with “evolutionary
group” or “least inclusive taxon”;
we may refer to them collectively
as “species eliminativists”.

Ecological conceptions

In the 1920s, a Swedish botanist
named GOte Turesson proposed
that there were different kinds of
“species”, one of which was a
response to the local ecology.
Though not Mendelian, as
Turesson appeared to think the

environment changed genes
directly, his ecospecies concept has
been revived from time to time.
Various authors, including Mayr,
have suggested that what makes a
species is occupation of an ecolog-
ical “niche”, and in 1976 American
botanist Leigh Van Valen suggested
that a species was a lineage “which
occupied an adaptive zone” differ-
ently to other species. Van Valen’s
“proposal” (he did not call it a def-
inition) combined both Mayr’s
RICS account and Simpson’s evolu-
tionary account, for the “adaptive
zone” idea is Simpson’s as well.
Van Valen’s example case was
the American white oak complex,
Quercus, which will interbreed fair-
ly freely, and yet remains stable phe-
notypically. This is due, he said, to
adaptation for particular ecological
needs. Similar cases have been
found elsewhere; for example,
Australian eucalypts interbreed
with more distant relatives, but are
often infertile with closer ones.
The idea that underpins this
conception is the famous “adaptive
landscape”. A species, no matter
what the gene flow between pop-
ulations of other species, occupies
a “peak” in that landscape (see, for
example, the view espoused by
Richard Dawkins in bis Climbing
Mount Improbable /New York: WW
Norton, 1996]) where the
metaphor of an adaptive landscape
implicitly assumes this. Ecospecies
are formed when the adaptive
landscape “fractures”, to use a term
from philosopher Kim Sterelny.
Recent work on speciation sug-
gests that this is a factor in most
cases, although it has a different
role in allopatric speciation than in
sympatric or polyploid speciation.

A grab bag of conceptions

As with any taxonomy, there are a
few things that do not fit neatly
into this scheme. Many of the cur-
rent conceptions mix and match
aspects of these conceptions, so a
particular description might be
characterized as, say, an isolation-
ist, evolutionary, genetic account.
But there are also species concep-
tions that make positive proposals,
for example, for asexual species. At
one time it was open to doubt that
such things existed, or were rare,
but apart from bacterial species
(which sometimes do not have

“sexes” but can exchange genes in
various conditions), there are an
increasingly known number of
“parthenogenetic” species (in ani-
mals — in plants they are called
“apomictics”) that do not need to
fertilize their ova or seed.
Organisms that are descended
from sexual organisms are some-
times asexual, such as the famous
whiptail lizards of the southern
USA and northern Mexico (genus
Cnemidophora). In many cases
these are formed by hybridization
between closely related species, in
animals and plants. Viruses also
form “species” called “quasi-
species”, usually without crossing
over their genetic material.

Another species conception is
sometimes called “conventional-
ism”, or less accurately but more
commonly “species nominalism”.
This view is very popular among
those whose ideas about evolution
derive from the work of geneticist
JBS Haldane early in the 20th cen-
tury. It is basically the claim that
species are just names, chosen for
convenience, so that specialists
can talk to each other. However, if
species are just convenient fic-
tions, how do specialists know that
their terms refer to the same
things?

And finally let us consider the
problems of identifying species in
fossils. Not all information about
an organism is recorded in a fossil.
We have data about hard parts,
and, more rarely, skin or feather
impressions, but we are not given
their genetics, behaviors, colors,
ranges, or mating preferences. And
these are often the markers of
being a RISC species, or are used to
diagnose phylogenetic species.
“Paleospecies”, as they are some-
times called, may be less arbitrary
than conventionalist species, but
they do not necessarily map onto
“biological” species.

Consider the debate in human
evolution over whether Homo
sapiens left Africa entire, as it
were, or whether a prior paleo-
species, Homo erectus, interbred
with H sapiens afterwards. Recent
work by Alan Templeton suggests
there have been three major migra-
tions out of Africa, each of which
has left a genetic mark on the mod-
ern population. So, are H erectus
and H sapiens one species, or two?
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SPECIES CONCEPTS IN MODERN LITERATURE

SUMMARY OF 26 SPECIES CONCEPTS

There are numerous species “concepts” at
the research and practical level in the sci-
entific literature. Mayden’s (1997) list of
22 distinct species concepts along with
synonyms is a useful starting point for a
review. I have added authors where I can
locate them in addition to Mayden’s refer-
ences, and I have tried to give the con-
cepts names, such as biospecies for “bio-
logical species”, and so on (following
George 1956), except where nothing nat-
ural suggests itself. There have also been
several additional concepts since
Mayden’s review, so I have added the
views of Pleijel (1999) and Wu (2001a,
2001b), and several newer revisions pre-
sented in Wheeler and Meier (2000).1 also
add some “partial” species concepts — the
compilospecies concept and the nothos-
pecies concept. In addition to Hennig'’s
conception (1950, 1966), I distinguish
between two phylospecies concepts that
go by various names, mostly the names of
the authors presenting at the time (as in
Wheeler and Meier 2000).To remedy this
terminological inflation, I have christened
them the autapomorphbic species concep-
tion and the phylogenetic taxon species
concept. Asterisks identify the “basic” con-
ceptions, from which the others are
formed.

|. AGAMOSPECIES*

Asexual lineages, uniparental organisms
(parthenogens and apomicts), that cluster
together in terms of their genome. May be
secondarily uniparental from biparental
ancestors. Quasispecies are asexual viruses
or organisms that cluster about a “wild-
type” due to selection. See Cain (1954),
Eigen (1993, for quasispecies). Synonyms:
Microspecies, paraspecies, pseudospecies,
semispecies, quasispecies, genomospecies
(Euzéby 20006, for prokaryotes).

2. AUTAPOMORPHIC SPECIES
A phylospecies conception. A geographi-

cally constrained group of individuals with
some unique apomorphous characters, the
unit of evolutionary significance (Rosen
1979); simply the smallest detected sam-
ples of self-perpetuating organisms that
have unique sets of characters (Nelson and
Platnick 1981); the smallest aggregation of
(sexual) populations or (asexual) lineages
diagnosable by a unique combination of
character traits (Wheeler and Platnick
2000). Nelson and Platnick (1981); Rosen
a979).

3. BiosPECIES*

Defined by John Ray, Buffon, Dobzhansky
(1935); Mayr (1942). Inclusive Mendelian
population of sexually reproducing organ-
isms (Dobzhansky 1935, 1937, 1970);
interbreeding natural population isolated
from other such groups (Mayr 1942, 1963,
1970; Mayr and Ashlock 1991). Depends
upon endogenous reproductive isolating
mechanisms (RIMs). Synonyms: Syngen,
speciationist species concept.

4. CLADOSPECIES

Set of organisms between speciation
events or between speciation event and
extinction (Ridley 1989), a segment of a
phylogenetic lineage between nodes. Upon
speciation the ancestral species is extin-
guished and two new species are named.
See Hennig (1950; 1966); Kornet (1993).
Synonyms: Internodal species concept,
Hennigian species concept, Hennigian con-
vention.

5. COHESION SPECIES

Evolutionary lineages bounded by cohe-
sion mechanisms that cause reproductive
communities. See Templeton (1989).

6. COMPILOSPECIES

A species pair where one species “plun-
ders” the genetic resources of another via
introgressive interbreeding. See Harlan
(1963); Aguilar and others (1999).

7. COMPOSITE SPECIES
All organisms belonging to an internodon
and its descendents until any subsequent

internodon. An internodon is defined as a
set of organisms whose parent-child rela-
tions are not split (have the INT relation).
See Kornet and McAllister (1993).

8. ECOSPECIES*

A lineage (or closely related set of lin-
eages) which occupies an adaptive zone
minimally different from that of any other
lineage in its range and which evolves sep-
arately from all lineages outside its range.
See Simpson (1961); Sterelny (1999);
Turesson (1922); Van Valen (1976).
Synonyms: Ecotypes.

9. EVOLUTIONARY SPECIES™*

A lineage (an ancestral-descendent
sequence of populations) evolving sepa-
rately from others and with its own uni-
tary evolutionary role and tendencies. See
Simpson (1961); Wiley (1978, 1981).
Synonyms: Unit of evolution, evolutionary
group. Related concepts: Evolutionary sig-
nificant unit.

10. EVOLUTIONARY SIGNIFICANT UNIT
A population (or group of populations)
that (1) is substantially reproductively iso-
lated from other conspecific population
units, and (2) represents an important
component in the evolutionary legacy of
the species. See Waples (1991).

I1. GENEALOGICAL CONCORDANCE
SPECIES

Population subdivisions concordantly

identified by multiple independent genetic

traits constitute the population units wor-

thy of recognition as phylogenetic taxa.

See Avise and Ball (1990).

12. GENIC SPECIES

A species formed by the fixation of all iso-
lating genetic traits in the common
genome of the entire population. See Wu
(2001a; 2001b).

13. GENETIC SPECIES*
A group of organisms that may inherit
characters from each other, a common
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We may be able to work that out
through the sort of work
Templeton is doing, but we equally
may not.

Knowing species

Now the “biological”, the evolution-
ary and the phylogenetic concep-
tions have an operational problem
for biologists — except in very rare
circumstances, it is almost impossi-
ble to give the criteria of the defini-
tions for identifying and demarking
species. There have been cases

where two forms have been identi-
fied as the same species because
they were observed mating, but
there just are not the resources or
the time to do experiments of assor-
tative mating to tell in every case. In
fact, many “biological” and evolution-
ary species, such as tigers and lions,
which have been isolated for mil-
lions of years, can interbreed in arti-
ficial conditions, and their progeny
are fertile, so mating tests might not
help anyway. Back in the 18th centu-
ry, Buffon established that some

species could occasionally inter-
breed (which is why he thought that
there was a first stock for groups of
animals). So the definitions, or con-
ceptions as I prefer, are not much
help. And so far as evolutionary con-
ceptions go, we simply have no
direct access to the evidence we
need in the case of extinct and even
extant species. It might be true that
species have distinct fates, but often
we do not know.

It is important to separate the
issues of what species are from the



gene pool, a reproductive community that
forms a genetic unit. See Dobzhansky
(1950); Mayr (1969); Simpson (1943).
Synonyms: Gentes (singular: gens).

14. GENOTYPIC CLUSTER

Clusters of monotypic or polytypic bio-
logical entities, identified using morpholo-
gy or genetics, forming groups that have
few or no intermediates when in contact.
See Mallet (1995). Synonyms: Polythetic
species.

I5. HENNIGIAN SPECIES

A phylospecies conception. A tokogenetic
community that arises when a stem
species is dissolved into two new species
and ends when it goes extinct or speci-
ates. See Hennig (1950, 1966); Meier and
Willman (1997). Synonyms: Biospecies (in
part), cladospecies (in part), phylospecies
(in part), internodal species.

16. INTERNODAL SPECIES

Organisms are conspecific in virtue of
their common membership of a part of a
genealogical network between two per-
manent splitting events or a splitting
event and extinction. See Kornet (1993).
Synonyms: Cladospecies and Hennigian
species (in part), phylospecies.

17. LEAST INcLUSIVE TAXONOMIC
UniT (LITUs)

A taxonomic group that is diagnosable in

terms of its autapomorphies, but has no

fixed rank or binomial. See Pleijel (1999);

Pleijel and Rouse (2000).

18. MORPHOSPECIES*

Defined by Aristotle and Linnaeus, and too
many others to name, but including
Owen, Agassiz, and recently, Cronquist.
Species are the smallest groups that are
consistently and persistently distinct, and
distinguishable by ordinary means.
Contrary to the received view, this was
never anything more than a diagnostic
account of species. See Cronquist (1978).
Synonyms: Classical species, Linnaean
species.

19. NON-DIMENSIONAL SPECIES
Species delimitation in a non-dimensional
system (a system without the dimensions
of space and time). See Mayr (1942, 1963).
Synonyms: Folk taxonomic kinds (Atran
1990).

20. NOTHOSPECIES

Species formed from the hybridization of
two distinct parental species, often by
polyploidy. See Wagner (1983). Synonyms:
hybrid species, reticulate species.

2|. PHENOSPECIES

A cluster of characters that statistically
covary; a family resemblance concept in
which possession of most characters is
required for inclusion in a species, but not
all. A class of organisms that share most of
a set of characters. See Beckner (1959);
Sokal and Sneath (1963). Synonyms:
Phena (singular: phenon) (Smith 1994),
operational taxonomic unit.

PHYLOSPECIES

The smallest unit appropriate for phyloge-
netic analysis, the smallest biological enti-
ties that are diagnosable and monophylet-
ic, unit product of natural selection and
descent. A geographically constrained
group with one or more unique apomor-
phies (autapomorphies). There are two
versions of this and they are not identical.
One derives from Rosen and is what I call
the autapomorphbic species conception. It
is primarily a concept of diagnosis and
tends to be favored by the tradition
known as pattern cladism. The other is
what I call the phylogenetic taxon species
conception, and tends to be favored by
process cladists. See Cracraft (1983);
Eldredge and Cracraft (1980); Nelson and
Platnick (1981); Rosen (1979). Synonyms:
Autapomorphic phylospecies, mono-
phyletic phylospecies, minimal mono-
phyletic units, monophyletic species, lin-
eages.

22. PHYLOGENETIC TAXON SPECIES

A phylospecies conception. A species is
the smallest diagnosable cluster of indi-

vidual organisms within which there is a
parental pattern of ancestry and descent
Cracraft (1983); Eldredge and Cracraft
(1980); the least inclusive taxon recog-
nized in a classification, into which organ-
ism are grouped because of evidence of
monophyly (usually, but not restricted to,
the presence of synapomorphies), that is
ranked as a species because it is the small-
est important lineage deemed worthy of
formal recognition, where “important”
refers to the action of those processes that
are dominant in producing and maintain-
ing lineages in a particular case Nixon and
Wheeler (1990); Mishler and Brandon
(1987).

23. RECOGNITION SPECIES

A species is that most inclusive popula-
tion of individual, biparental organisms
which share a common fertilization sys-
tem. See Paterson (1985). Synonyms:
Specific mate recognition system (SMRS).

24. REPRODUCTIVE COMPETITION
SPECIES

The most extensive units in the natural

economy such that reproductive competi-

tion occurs among their parts. See

Ghiselin (1974). Synonyms: Hypermodern

species concept.

25. SUCCESSIONAL SPECIES

Arbitrary anagenetic stages in morpholog-
ical forms, mainly in the paleontological
record. See George (1956); Simpson
(1961). Synonyms: Paleospecies, evolu-
tionary species (in part), chronospecies.

26. TAXONOMIC SPECIES*

Specimens considered by a taxonomist to
be members of a kind on the evidence or
on the assumption they are as alike as
their offspring of hereditary relatives
within a few generations.Whatever a com-
petent taxonomist chooses to call a
species. See Blackwelder (1967), but see
also Regan (1926); Strickland and others
(1843). Synonyms: Cynical species con-
cept (Kitcher 1984).

issues of how species are known
or identified, because while evolu-
tionary biology and genetics indi-
cate some of the processes by
which species evolve, the tests we
use to find out whether two organ-
isms are the same species or not
may in fact be quite incidental to
the causes of their being species.
Many tests are used, mostly genetic
and molecular tests these days. A
recent proposal called DNA bar-
coding uses a particular gene on
the cellular organelles known as

mitochondria quickly to identify
species for conservation and other
purposes, but nobody thinks that
the gene, COX1, causes speciation.
In fact in cases where the “specia-
tion genes” have been studied, they
are nuclear genes, not mitochondr-
ial genes (and anyway it is unlikely
that the same genes cause specia-
tion in all groups). When creation-
ists attack evolutionary biology for
not being able to define the term
“species”, they are confusing the
identification and diagnosis of

species and the meaning of the
term “species”. Occasionally, some
scientists do the same thing.
Suppose we take a nonbiologi-
cal example — “mountain”. If we
cannot give a universal definition
of that term, it does not mean
there are no mountains, or even
that we cannot tell whether we are
looking at one. And the geological
theory of plate tectonics explains
why there are mountains even
when the term is not definable.
Definitions are for philosophy, but
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science can do without them if it needs to. Species are
the phenomena of biology that the theory explains,
not a priori concepts that have to be clarified exactly.
It may be that, as some propose, we ought to replace
the term with a range of other terms, such as “evolu-
tionary group”, “least inclusive taxonomic unit”, and
so on. Some “species” will be both evolutionary
groups and least inclusive taxa. Some may not. The
jury is still out as to the worth of these ideas.

Evolutionary biologist Massimo Pigliucci and
philosopher Jonathan Kaplan have proposed that the
term “species”is in fact what philosophers call a “fam-
ily resemblance predicate”. This is when being an
instance of a general kind referred to by a word (the
classic philosophical example is “game”) has many cri-
teria, and as long as most of them are met by a partic-
ular instance, it is a part of the kind. If evolution pro-
ceeds as we should expect from modern theory, then
this plethora and confusion of species concepts is eas-
ily explained — evolution is a gradual process at
genetic and behavioral scales (but it can be abrupt at
geological and ecological scales), and so we will see
species in all kinds of stages of speciation, extinction,
interbreeding compatibility, and so on. On a creation-
ist account, of course, no such explanation is forth-
coming. If “kinds” are fixed, we should see only the
expression of created variety (and of course that vari-
ety could not have possibly passed through the Ark,
but let us assume that creationism is separate from
Flood literalism), and that should be definite and lim-
ited. Instead we see species in groups of varying and
ill-defined variety. It is a lot of weight for a simple
word — “kind” — to bear. Science does not need it —
so long as the ways words are used by each speciality
will serve to describe what is observed.
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CLADISTICS: A PRACTICAL
PRIMER ON C0-ROM

by Peter Skelton and

Andrew Smith

accompanying booklet by

Neale Monks, 80 pages
Cambridge: Cambridge University
Press, 2002.

Reviewed by Alan Gishlick,
Gustavus Adolphus College

.l-eaching cladistic methodology has
always been a challenge, especially if
you want to present an in-depth intro-
duction to the topic as opposed to a
brief overview. One of the standard
sources for teaching cladistics in
upper-level systematics classes was
The Compleat Cladist (Wiley and oth-
ers 1991). That book, however, has
long been out of print, and unless you
wanted to send your students to a used
book dealer to find a textbook, there
were few decent choices other than
photocopies and primary literature.

With the publication of the
Cladistics CD-ROM and booklet, there
is now a good introductory resource
on cladistics available for teachers.The
CD-ROM is meant to be the main
teaching source and can be used on its
own; the booklet, by itself, can also
serve as a good stand-alone text. The
descriptions are clear and easily under-
standable in both media, with the
booklet helping to elaborate the con-
cepts presented in the CD-ROM. Used
together, they constitute perhaps the
best widely available resource for
teaching introductory cladistics.

The booklet is meant as a compan-
ion for students using the CD-ROM to
learn the basics of cladistics as well as
the way phylogenies are computed. Its
five chapters are well-organized, pro-

gressing logically from the very basic
concepts behind cladistics to defining
characters and character homology,
generating cladograms, and testing the
robustness of those cladograms, and
finally to a practical hands-on exercise
that allows the student to generate both
molecular and morphological trees of
several species of echinoids and to com-
pare the results of the analyses.

The booklet has an excellent intro-
duction to parsimony, and it goes
through a series of complex topics
with clarity and simplicity. It has a very
clear introduction and explanation of
molecular-based cladistics absent from
previous texts. I do wish that there
were more of a focus on morphologi-
cal characters at the beginning. It con-
tains an excellent discussion of homol-
ogy and homoplasy in respect to
pleisiomorphy and synapomorphy. It
also offers perhaps the clearest discus-
sion I have read for determination of
homology in molecular data.

The CD-ROM is both informative
and interactive. It is especially useful
for teaching about molecular charac-
ters. The final section gives the stu-
dent the opportunity to code charac-
ters from raw morphological and mol-
ecular data and then perform the
analysis with the aid of the CD-ROM.

The chapters in the CD-ROM are
interspersed with interactive exercis-
es that test the student’s understand-
ing of the various concepts as they
are presented. I found them to be, on
the whole, rather good. There were a
few places where the exercises were
not quite clear. Although the CD-ROM
gives the student a chance to create
matrices from raw morphological and
molecular data, I think that there still
is a lot of value in working out the
transformation series the old-fash-
ioned way, by hand. That is how to
acquire a real understanding of what
modern computer programs for
cladistics are doing inside the “black
box”. So there is room for improve-
ment in the exercises, but otherwise I
have no problem with them. Indeed, I
think that more exercises, especially
in the booklet, would be useful.

Perhaps the biggest problem with
the CD-ROM is the narration.The text
of the CD-ROM is spoken in a rather
stuffy and pedantic British accent,
which cannot be turned off. This con-
jures visions of American students sit-
ting in their computer labs imitating
the voice in horrible American British
accents, saying things like “These par-
simony criteria are jolly good.” I mean
no offense to speakers of the Queen’s
English, whose accents I generally find
to be quite pleasant; however, in this
case, I could have done without.I have
no idea how British students may per-
ceive the narration, but for Americans,
the ability to replace the narration
with a more familiar accent or at least
on-screen text would be a welcome
addition to the CD-ROM. Of course,
such a minor point should by no
means deter both students and teach-
ers alike from acquiring this excellent
introduction to a very important topic
in the modern life sciences.

Overall, Cladistics is an excellent
resource for learning the methods that
are universal in systematics today. The
booklet is an excellent learning
resource useful for students in system-
atics classes or for people who wish
to learn the methods of cladistics for
themselves. The interactive CD-ROM
exercises provide good hands-on
activities, and the focus on molecular
methods is invaluable, given their sig-
nificance to current phylogenetics.
Now if only there was a way to turn
off the stuffy British narration ...

REFERENCE

Wiley EO, Siegel-Causey D, Brooks DR,
Funk VA. 1991. The Compleat Cladist: A
Primer of Phylogenetic Procedures. The
University of Kansas Museum of Natural
History Special Publication Nr 19.
Lawrence (KS): Museum of Natural
History, University of Kansas.

AUTHOR’S ADDRESS

Alan Gishlick

c/o NCSE

PO Box 9477

Berkeley CA 94709-0477
gish@ncseweb.org

Templeton A. 1989. The meaning of species and speciation: A genetic per-
spective. In: Otte D, Endler J, editors. Speciation and its Consequences.
Sunderland (MA): Sinauer.

Turesson G. 1922.The species and variety as ecological units. Hereditas 3:
10-113.

Van Valen L. 1976. Ecological species, multispecies, and oaks. Taxon 25:
233-39.

Wagner WH. 1983. Reticulistics: The recognition of hybrids and their role in
cladistics and classification. In: Platnick NI, Funk VA, editors. Advances in
Cladistics. New York: Columbia University Press. p 63-79.

Waples RS. 1991. Pacific salmon, Oncorbynchus spp, and the definition of

“species” under the Endangered Species Act. Marine Fisheries Review 53:
11-22.

Wheeler QD, Meier R, editors. 2000. Species Concepts and Phylogenetic
Theory:A Debate. New York: Columbia University Press.

Wheeler QD, Platnick NI. 2000.The phylogenetic species concept (sensi
Wheeler and Platnick). In Wheeler QD, Meier R, editors. Species Concepts
and Phylogenetic Theory:A Debate. New York: Columbia University Press.
P 55-69.

Wiley EO. 1978.The evolutionary species concept reconsidered. Systematic
Zoology 27:17-26.

Wiley EO. 1981. Remarks on Willis’ species concept. Systematic Zoology 30:
86-7.

Wu C-I. 2001a. Genes and speciation. Journal of Evolutionary Biology 14
(6):889-91.

Wu C-I. 2001b. The genic view of the process of speciation. Journal of
Evolutionary Biology 14:851-65.

VoL 26, NR 4 2006
REerorts
[ 45 |



JuL- Auc 2006
REPORTS
[ 46 |

NCSE Thanks You for Your Generous Support

The NCSE Board of Directors and staff would like to acknowledge and extend their
warm gratitude to all individuals, organizations, and firms that donated to NCSE.
We also extend special thanks for their much-appreciated support to the following people
who donated $100 or more between January and June 2006.
(* indicates an NCSE board member or supporter).

Those in the Patrons’ Circle donated $1000 or more — a level of support that

KB Armitage

Janet J Asimov
Stephen M Baird
Michael Barnhouse
Nelson M Barnhouse
David H Bartley

Tim Beazley

Elspeth G Bobbs
Harry Fred Bomberger
John F Burger
Gordon Collins

Laurie A Abrams
John K Alexander
Anne M Allan
Margot Allen

Alan J Almquist
Jeanne Altmann
Robert F Anderson
Thomas F Anderson
Wyatt W Anderson
J David Applegate
Philip Appleman
John Arents

Carl W Armstrong
Edward M Arnett
Dolores J Arond
Robert Austin

Ken Averill

Roger C Avery

Barbara Backley
James E Bair

Carl ] Bajema

Janet A Baker

Peter C Baker
Charlotte Barkley
Phillip T Barnes
Thomas W Bartkoski
Rebecca Bartow
Jon Baskin

Carol D Baumgartner
Frederick M Bayer
David Beaver
Melissa Behr

Paul E Beifus

Ray Bellamy

David & Donna Bennett
Gary L Bennett
William Y Bennett
Carl S Benson
William E Benson
Julie C Benyo
Edward E Berg

Paul Berg

James E Berrian
John Henry Beyer
Paul H Bickart

Scott C Bieber

Thank you to all donors.

Lorence G Collins
Truman W Collins
Joel Cracraft

James E Darnell*
Bonnie & Ken Davis
Michael J Fallenstein
Stephen Ferg

Jack B Friedman*
Ann & Gary Fritz
Richard G Gould
Evan B Hazard

PATRONS’ CIRCLE

Victor H Hutchison
Matthew Johnson
Ann Jones
Daniel Jones
Thomas P Jones
Lawrence & Narcinda
Lerner
Joseph S Levine
Jim Lippard
Michael Lubic
Richard Mancino

John McFarland
Priscilla & Malcolm
McKenna
Joseph McSweeney
Barbara S Miller
Catherine C Miller
Kenneth R Miller*
Marvin M Mueller
Terrence Nicholson
Kevin Padian*
James P Rice

Michael J Bihn

Gary Bingham
Stephen H Bishop
Bonnie A Blackwell
John Blanton
Charles Bloch
Charles Blondino
Charles R Boardman
Brian Bodenbender
Steven Bodovitz
Andrea Bottaro
David J Bottjer
David Bowlus

Susan Branch

Karl Brandspigel
William Breed
Michael W Brickell
William T Bridgman
C Mackenzie Brown
Jennifer Brown
Bonnie Brunkhorst
Peter F Brussard
Alicia Buechler
Duncan A Buell
Edward Burdell
Theodore Eugene Burk
Barbara J Burmaster
Pamela C Burnley
Peter Buseck

Gordon R Caldwell
Henry Neal Camp
W Zacheus Cande
David J Caplan
Jewel Cardwell
Sherman B Carll
Charles & Gretchen Carlson
Robert W Carroll
Jack L Carter

Paul W Caton
Thomas Chamberlin
Stephen T Chasen
Michael W Chilton Jr
Jung Choi

Helen R Churella
Geoffrey A Clark
Violet Clark

Johnetta B Cole*
Davis K Cope
Craig Cornell
Edward Cotter
John M Coyle
Stephen H Crandall
Maria L & William A
Crawford
Roy Crawford
Frederick Crews
Mitchell B Cruzan

Ted Daeschler
Howard L Davidson
Keith W Davidson
Sharon F Davies
Jerry L Day

Dana de Farcy
Jeffrey S Dean
Richard H Dean
Robert & Barbara Jo Debrodt
Jack Deeter
Richard A Deitrich
Laura A Demsetz
Rodger E Denison
Dale A Des Lauriers
Edna Devore

Louis S Diamond
Melvin R Dickerson
Jimmy & Sue Diehl
Michael L Dini
David M Dobson
Roger P Donahue
Paul C Donohue
Katherine A Dorfman
Stephen Q Dornbos
Mary E Dowse
Douglas M Dreher
H Edward Drexler Jr
David A Driver
Norman Dudziak Jr
David E Dunn
Michael T Dunn
Russ Dyer

William G Eberhard
William E Edmunds

Charles J Edwards
Mark Elenko
Lynn Elfner
George Elvin
Peter M Enggass
Jon & Susan Epperson
Rolfe C Erickson
James Estill

John M Estill

Don G Evans
Russell C Evarts
Phyllis B Eveleth
David J Ewen

Daphne Fairbairn
Norman Falkin
Lynn J Fancher
John A Fehsenfeld
John Feldman
Jerry E Felkel
Norman L Ferrari
Jeremy Fields
Joan L Finkelstein
Frank L Fire Jr
Michael A Fisher
‘Walter Fitch

John J Flynn
Barbara C Forrest*
William A Forsee
‘W B Fowler
Robin A Fox
Natasha Freidus
Daniel A Friderici
Carl Frieden

Jack C Fuller

Edward S Gaffney
James & Sylvia Gallagher
David Garfin

John H Gatchell
Daniel L Gebo
Linda & Raym Geis
James E Geitgey
Bruce R Gelvin
Joseph Gerstein
Stuart D Gibson
William C Gibson

we consider heroic and that allows us a firm foundation for our efforts.

Charles L Rulon
Kenneth S Saladin
Ellery Schempp

J William Schopf
Raymond L Schreurs
John Schweinsberg
John Weinstein
Robert M West*
Bernard Winograd
Susan L Wright
Elaine Zelnik

Arthur T Giese
Fredrick W Gilkey
Mary L Gillam
Seymour Gloger
Daniel J Goldberg
Richard & Harriett Golden
Paul M Goldfarb Jr
Morris Goodman
Richard H Goodwin
Steven M Goolsby
Jan Gordon

Jeff & Judy Gough
Charles R Granger
Bruce S Grant
Jonathan P Green
Kevin Greene
Kenneth M Gregory
Cynthia A Gresham
Stephen Grill

Fred Haag

Arthur F Hagar

Ken Hahn

Robert B Hall

Sherrie G Hall
Stephen C Hallam
Virginia T Hamilton
David Hammill
Michael D Haney
James Hanko

Arthur H Harris
Pembroke J Hart
Stephen G Harvey
Remy Hathaway

John Hawley

Gordon B Hazen
Matthew ] Heaney
Andrew B Heckert
Rhonda G Heidtbrink-Chilton
Joel T Heinen

William E Hellert

Jim and Patricia Helwig
Mauricio A Hernandez
John H Hessel

Diana K Hews

Susan L Higgins

Gary Hilbert



David O Hill
William Himwich
Conrad C Hinckley
Loren Douglas Hintz
Dennis Hirsch
Howard Hobbs

CE Hoger

James C Hoglen

Lori & Robert Honigman

James E Hook

Lynn Horton
Donald M Hoskins
Richard D House
Raymond B Howard
Richard A Hubach
Lyle T Hubbard Jr
Michael J Huffenberger
Stuart W Hughes
Delores Hull

Alan G Humphrey

Mark & Robin Ikeda
Michael Ikeda

Peter B Imrey

Peter Isakson
Dwight Ittner

Paula Ivey Henry

Steve Jacobs
Eugene Johnson
Hollis R Johnson
Jeff D Johnson
Tony Johnson
Timothy D Johnston
Alexander C Jones
Charles H Jones
Craig H Jones
Susan T Jordan
Nathan Joseph

Lynn R Kaeding
Kenneth L Kaliher
Gordon Kane
Alex Kania

Aaron Kaplan
Daryl R Karns
Gary ] Katleman
Thomas Kearney
Charles B Keeling
Michael M Keller
Thomas F Kelley
Robert T Kerr
Tom Kerr

Minta Keyes
Richard L Kiefer
David Kiene
Priscilla Kilbourn
Brad Kincaid
Gordon D Kinder
Sam Kintzer
Elizabeth Kipp
Marianne B Kipper
Benjamin Kirshbaum
John R Klauder
Martha Kneib
Peter W Knightes
Arie R Korporaal
Malcolm Kottler
Samuel P Kounaves
Christine Kozak
Bruce H Krause
Midge Kretchmer
James ] Krupa
Charles Kugler
Roger G Kussow
J Richard Kyle

Michael La Barbera
Peter & Pauline Lamal
John H Larsen Jr

RL Latterell

John Leahy

Loren G Lee

Sterling Lee

Teri Lee

Ernst H Lehmann
Robert J Leipold
David Lentini

Ben Leon

Clare Leonard
Jack G Levine
Jeffrey Lewis
Robert J Lewis
David R Lindberg
Paul Lindberg
Brian Lindsey
Alexander Ling
Herbert B Livingston
Bill Lockman

Sue Lowery

Jim Luepke

Ernest Lundelius Jr
Abigail Lustig
Thomas Lutgens
Randy Lyons

Sidney Machalek
Donald H Mansfield
Samuel B Marcus
Craig Marin

Barry Markovsky
Thomas J Marlowe Jr
Jack Marshall
Charles E Martin
Candace S Martinez
John P Marwitt
Larry G Mastin
Allyson C Mathis
DS Matteson
Patricia C Matteson
Ben Mattox
Michael A Mayhew
Bernard J McAlice
Eileen M McCarthy
Michael McIlwrath*
Rolleen McIlwrath
Walter B McIntyre
William D Mclver
Joseph E McKillips
Grant W McKinney
Michael J] McLaughlin
Cary McMillan
Charles A Meegan
Douglas Meikle
Richard A Meiss
Janet E Mendelsohn
Ben Mendoza

Joan D Merriman
Charles W Merwine
Charles G Messing
Marilyn A Mettler
Donald G Metzger
Steve ] Milazzo
Robert J Millar
Calvin F Miller
Keith B Miller*
Lynn Miller

Marli L Miller

Elliot Mincberg
Laura Mixon-Gould
Linn F Mollenauer
Barbara H Morgan
David G Morgan
Donald I Moritz
James W Morrell
Drew Morris
Douglas W Morrison
Trevor Mudge

John L Mulder
Stephen H Munroe
Karen C Murphy
Ben Murray

Brian Myres

Stuart E Neff
Donald F Neidig
Margo Nelson
Roger C Newman
Robert C Newton
David J Nichols

Richard L Nielsen
Paul M Nollen
Leonard P Nunney

Michael L O’'Dowd
Susan Offner
Arthur G Olbert
James P Olson
Link Olson

Todd R Olson

Suzanne D Oppenheimer

Patrick O’Reiley
Patrick O’Reilly
Margaret Ott
Richard Owczarzy

Jack T Pantall
Quintin Papineau Jr
Harry M Parker
Kevin Parker
Phillip E Parker
Sue T Parker

Fred Pashley
William H Patterson
Alex Paul

Mark A Paulissen
Shawn Pearcy
Richard M Pearl
Stuart B Peck
William B Peet Jr
Michael J Peninger
Robert O Pepin
Robert Perry
Norman C Pfeiffer
Daniel J Phelps
Loren Phillips
Evan Picoult
Richard J Pike
David R Pilbeam
Paul I Pilorz
Thomas R Platt
Edward Pollak
Salvatore J Portaro
Barbara Posnick
Smith T Powell
Alan D Powers
Elise M Prayzich
Frank Price
Frederic L Pryor

John B Ray

Donald G Rea
Albert J Read

Dale O Reese
John Reese

Arthur G Rempel
Eamon Renaghan
Robert A Resnik
Ken Robbins
David H Roberts

L Roy Robison
Steve A Rocchi
‘Wolf Roder

Jo Rainie Rodgers
Jordan Rose

Kurt A Rose

Carl Rosenfeld
Michael F Rosenthal
Kenneth Rosenzweig
David Roth

Linda Rowan
Cheryl H Ruby
Serge Rudashevsky
Carol Ann Ryder

Hugh D Safford
Michael Salmon

Bonnie Sampsell

Roger Sanjek

Eli Sarnat

Vincent Sauvé

Buzz Sawyer

Howard K Schachman
Charles K Scharnberger
W Robert Scheidt

Leo Schlosberg
Jerome A Schofferman
Peter D Schulz
Jerold Schwartz
Jerald Schwarz
David R Scott
David A Seaman
Nadrian C Seeman
TO Shanavas

Jeff L Shelton
David Shonman
Mark Shotwell
Charles H Shultz
Sharie Shute
Lawrence M Siegel
Henry G Siewert
Sidney H Silver
Christine M Simon
Albert E Singleton
Barry P Skeist
Lorraine Slater
Robert Sloan
Bruce F Smith
Gerald R Smith
Roy R Snelling
Frank J Sonleitner*
Deborah Sosebee
William Sperber
Philip T Spieth
John J Spizzirri
James R Spotila
William D Stansfield
George Stanton
Walter L Starr
Scott W Starratt
AT Steegmann Jr
Dusan Stefoski
Timothy D Stegall
Frank Steiger
Philip L Stein
Malcolm § Steinberg
Janice Steinschneider
Britton B Stephens
Sally Stephens
Sarah Stockwell
Hawley H Stodder
Bernard Stolls
James C Stolzenbach
Alexander R Stone
James L Strayer
John O Strong
Steven H Strongin
Carl R Sufit

Joan C Suit

Ray Sutera

Dan Suzio

Donald A Swanson

R Wayne & Fay H Sweney

Richard Swift
Daniel L Szymanski

Richard H Tedford
Paul Teplitz

Mark Terry

Gerald R Terwilliger
Robert Throckmorton
Bob Tilley

Bruce Tomlinson

Don M Triplehorn

N Beverley Tucker Jr
Barbara C Turner

Stan Ulrich

Richard Van Horne
John R van Keppel
Oakley Van Slyke
Laurence Van Someran
Howard J Van Till
Frances S Vandervoort
Paul A Vetter

Stewart A Vining

David H Voorhees

James A Wakefield

C Rodger Waldman

Bettine & Lawrence Wallin

James G Wallis

Ella S Warloe

Craig Warren

Gerald ] Wasserburg
Allen Watson III
Stanley C & Rita Wecker
Nathan Weed

Eric S Weinberg
Stuart A Weinstein
Peddrick & Judith S Weis
Charles Weiss Jr
Stein Weissenberger
Leland M Welsh

Paul Wessel

Mary Jane West-Eberhard*
David S Westerman
Ilona Weyers

Richard Wheeler
Neil L White

Roger H White
James M Whitehead
William E Wildman
Christopher S Willett
Mildred Williams
Robin Willner

Steven P Willner

Roy A Wilsker

David Wilson
Howard Winet
Richard Winslow

DE Wittmer

Brian J Witzke

Glen G Wurst

Robert Yarnell

Carole L Ziegler

MEMORIALS

Margot Allen, Joan E
Borden, Mary Jean Brown,
Bonnie & Ken Davis,
Norman Falkin, Jack B

Friedman, Linda M Golden,
Marilyn Gotkin, Elizabeth A

Gulotta,Audrey & Chuck
Honigman, Lori & Robert
Honigman, Ronald &
Randy Kadin, Nat & Edith
Kantor, Laura & Burton
Klayman,Ada Marion Lind,
Thomas & Carole O’Brien,
Rosalyn Pincus, Kathryn
Stanley Podwall, David
Roth, David D Seelow,
Lowell Sherman, Dorothy
& Walter Sinclair, Toby &

Sheldon Smolokoff, Frank J

Sonleitner, Dee & Bill
Steinberg, Sylvia Taubman
& family, Carol Voelger,
Robert F Weisberg, Rosalie
‘Whitehill, and Mildred
Williams, in memory of
Betty Friedman

Jerrold Simon, in memory
of Gene Novak

Ellery Schempp, in
memory of Edward
Schempp

Helen K Wodicka,
in honor of her father,
Virgil O Wodicka




NATIONAL CENTER FOR SCIENCE EDUCATION

PO Box 9477
Berkeley CA 94709-0477

Change Service Requested

26(4)

EDITOR

Andrew ] Petto

Department of Biological Sciences
University of Wisconsin, Milwaukee

PO Box 413, Milwaukee WI 53201-0413
(414) 229-6784; fax (414) 229-3926

SUPPORTERS

Bruce Alberts, UC San Francisco
Francisco J Ayala, UC Irvine

Frederick Borsch, LTSP

Stephen G Brush, U MD

Sean B Carroll, U WI

Johnetta B Cole, Bennett College

Joel Cracraft, AMNH

Brent Dalrymple, OR State U

James E Darnell Jr, Rockefeller University
Richard E Dickerson, UCLA

Robert H Dott Jr, U WI

Niles Eldredge, AMNH

Milton Fingerman, Tulane

Douglas J Futuyma, SUNY Stony Brook
Alfred G Gilman, U Texas SMC

Laurie Godfrey, U MA

Donald Hornig, Harvard

Duane E Jeffery, Brigham Young
Donald Johanson, Inst Hum Origins
Patricia Kelley, UNC Wilmington
Philip Kitcher, Columbia

Richard C Lewontin, Harvard

Paul MacCready, Aerovironment, Inc
Lynn Margulis, U MA

Malcolm McKenna, AMNH

Keith B Miller, Kansas State U
Kenneth Miller, Brown

Bill Nye, The Science Guy

Robert L Park, University of Maryland
Joseph E Rall, NIH

James Randi, Conjuror

Michael Ruse, Florida State U

James W Skehan, SJ, Weston Obs

Elliott Sober, U WI

Frank Sonleitner, U OK

Richard Stucky, Denver Mus Nat & Sci
Neil deGrasse Tyson, AMNH

Marvalee Wake, UC Berkeley

Mary Jane West-Eberhard, Smithsonian Inst
Tim D White, UC Berkeley

OFFICERS AND DIRECTORS

Kevin Padian, President
Elizabeth K Stage, President-Elect
Jack B Friedman, Past President
Robert M West, Secretary/Treasurer
Brian Alters, Director

John R Cole, Director

Barbara Forrest, Director

Duane E Jeffery, Director

Michael Mcllwrath, Director
Andrew ] Petto, Director

Frank J Sonleitner, Director

Eugenie C Scott, Executive Director
Stanley L Weinberg, Founder

NCSE is a nonprofit, tax exempt corporation
affiliated with the American Association
Sfor the Advancement of Science.

Non-Profit Org.
U.S. Postage
PAID
Berkeley CA
Permit 1197

Membership in the National Center for Science Education brings you

 One year’s subscription to Reports of the National Center for Science Education (6 issues)

* Participation in NCSE’s diverse efforts to promote and defend the integrity of science education
|
MEMBERSHIP / SUBSCRIPTION / DONATION

Name

Address City State Zip
Home Phone Work Phone

Occupation

[J Check here if NCSE may share your name with activists in your state
[J Check here if you object to our sharing your name with other nonprofit organizations

NCSE MEMBERSHIP
ONE YEAR US:$30 Foreign: $37 Foreign Air: $39
LIFETIME  $600 $

TAX DEDUCTIBLE CONTRIBUTION TO NCSE $

BACK ISSUES

NCSE Reports / C/E Newsletter (Vol 1-16, $3 per issue; $18 per volume; all 16 vols, $150)
C/E Journal (1-9 copies, $6 each; 10 or more, $5 each; full set, nrs 1-39, $150)

RNCSE (Vol 17-26, $5 per issue; $24 per volume) $
SHIPPING

$1.25 for 1 issue, add $1 for each additional issue; maximum of $10 $
TOTAL

[] Check (US dollars) Charge to: [JVISA [ MasterCard [JAmEx $
Credit Card Number Expiration Date

Name as it appears on card

Signature

MOVING TO A

NEW ADDRESS?

Let us know your new
address as early as possible
and we will update our
records of your subscription
accordingly. Please allow
Please mail all correspondence about 4 weeks for an address
your subscription to NCSE, PO Box change.

9477, Berkeley, CA 94709-0477 or call

(510) 601-7203 or (800) 290-6006 or

e-mail us at ncse@ncseweb.org

SUBSCRIBER MISSING

INFORMATION ISSUES

Subscriptions are fully If your issue fails to arrive or is
tax deductible. NCSE is badly damaged in transit, send us
tax exempt under Federal the date of issue and we will rush
IRS Code 501(c)(3) and the you a replacement.
corresponding provisions of
the California law. Amounts
paid to NCSE are tax-deductible
to the extent permitted by law.

Printed on recycled paper. @



