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The perennial dispute of
the age of the earth by
anti-evolutionists often focuses on
the reliability of scientific methods
of determining the dates of geo-
logical strata and the materials pre-
served in them. In this issue we
present 3 articles that explain
radiometric dating methods —
how they are used, how they are
interpreted, and why they are reli-
able. NCSE supporter and geologist
G Brent Dalrymple reviews the evi-
dence for consistency and reliabili-
ty, discussing how radiometric
dates are determined in various
minerals from various locations
around the globe.Then Dalrymple
teams up with physicist Derek
York to examine creationist claims
that the use of a method known as
the isochron regression technique
is somehow “cooking” the data to
make the geological strata appear
older than they really are. Finally,
we reprint NCSE member Dave
Thomas’s practical guide to the
use of isochrons for determining
the age of mineral samples. As
usual, most of the “contradictory”
dates reported by anti-evolution-
ists stem from either their misin-
terpretation of the results or their
failure to follow the proper proce-
dures for ensuring the most reli-
able outcome.

WE’VE BEEN READING

And how! We have book reviews
that range from serious treatments
of evolution by competent schol-
ars to novelized legal drama to the
wildest anti-evolutionary specula-
tions.

First, there are 2 recent novels
by creationists about — surprise!
— the creation/evolution contro-
versy. Glenn Branch reviews
Reaping the Whirlwind, a murder
mystery set in Dayton, Tennessee,
in 1925. The reference to Inberit
the Wind is obvious. There are,
Branch tells us, more competent,
more entertaining, and shorter
treatments of the events. Skip

‘FROM THE

"~ EDITOR

Evans reviews Walter LeRoi Johns’s
novel Ride to Glory, remarking
that, besides the obvious anti-evo-
lutionary tone of the novel, the
plot, characters, and action are flat
and predictable.

Andrew Petto reviews one engi-
neer’s idiosyncratic attempt to
explain what Douglas Adams mem-
orably called “life, the universe, and
everything”in a grand evolutionary
synthesis.

Finally, Karen Bartelt reviews
the last book published by Colin
Patterson — completed by col-
leagues and published posthu-
mously. Patterson was certainly an
important contributor to our
knowledge of evolution.

HERE AND THERE

What is happening in your part of
the world? James Haught responds
to a proposal in Kanawha County,
West Virginia, to include Of
Pandas and People as a curricu-
lum resource. He argues that the
underlying religious and political
motivation of such disclaimers is
transparent, since the “scientific”
arguments are so distorted. In addi-
tion to scientific accuracy, Haught
maintains, these anti-evolutionists
have sacrificed scientific honesty.

Liz Craig brings us up to date on
events in Kansas. We add com-
ments from people “on the
ground” in the Sunflower State and
an in-depth look at Scopes Week
2000. Molleen Matsumura follows
with a perspective on supporting
evolution in an election year.

Ken Miller takes a careful look
at the Oklahoma textbook dis-

claimer and disputes the logic, the
scientific basis, and the conclu-
sions of that document.

KeerPING UrP WITH NCSE

NCSE is growing and maturing. In
this issue, we thank our members
who have contributed more than
$100 between January and June
2000.We also announce the forma-
tion of our legal advisory panel —
legal experts who will donate their
time, expertise, and services to
NCSE in support of evolution and
science education.

NCSE is also among the
nonprofit organizations eligible to
receive financial support from
Working Assets. Read about how

you can help
to increase the
contribution
that NCSE will
receive.

In this issue’s
members’ pages,
we reprint a the
popular and
informative arti-
cle by Mary Lou
Mendum on how
to write effec- by the
tive letters to
the editor — and
how to improve
your chances of
getting them
published.
Finally, don’t for-
get to check the
On the Road list-
ing. NCSE staff
members partic-
ipate in events,
panels, and
other activities
all over the
country. The
next one could
be in your own
back yard.

Evolution

ents on

opinion.

ERRATUM

In “Supreme Court Rejects
Disclaimer”
(RNCSE 2000; 20 [1-2]:
4-5), the final paragraph of
Tangipahoa
Board’s disclaimer was inad-
vertently omitted. It read:

School

It is further recognized
Board of
Education that it is the
basic right and privi-
lege of each student to
form his/her
opinion or maintain
beliefs taught by par-
this very
important matter of
the origin of life and
matter. Students are
urged to exercise criti-
cal thinking and gather
all information possi-
ble and closely exam-
ine each alternative
toward forming an

own

Anj Petto

RNCSE 20(3) was printed in December 2000.

VoL 20, NR 3 2000
Rerorts
En




Back from the Land
of Oz: Moderates
Win Republican
Primaries 1in Kansas

Liz Craig

In July 1925, the sleepy little
town of Dayton, Tennessee,
suddenly found itself blinking in
the glare of the national media
spotlight. There, in a sweltering
courtroom, 2 titans in their
respective fields — one a free-
thinking defense lawyer, the other
a Bible-believing politician —
were joined in a battle royal over
evolution. In the middle was the
unassuming defendant, John
Scopes, a teacher accused of
breaking Tennessee’s anti-evolu-
tion law by teaching Darwin’s
theory in a public school science
class.

On August 1, 2000, the nation
saw a similar drama unfold in

said that he hoped the moderate
challenger in the Republican pri-
mary would win his party’s nomi-
nation, since their positions were
identical. (Kansas voters and polit-
ical commentators point out that
the Republican primaries are
decisive, because Democrats
rarely win elections and the real
struggles in this state are between
moderate and “social conserva-
tive” Republicans.)

RNCSE readers will remember
that, in August 1999, the Kansas
SBOE voted 6-4 to adopt cre-
ationist-influenced science stan-
dards for the state’s public schools
(see RNCSE 1999 July/August; 19
[4]: 7-9, 10-15). The reaction of
the public and media was dramat-
ic, to say the least. Scientific and
educational organizations from
the national to the local level
issued official statements con-
demning the SBOE’s action.
Newspapers, magazines, and tele-
vision networks around the world
reacted with shock, amusement,

KANSAS: \

]

" Where Evolution Has Been Outlawed |

| and the Monkeys are in Charge |
1 KANSAS CITIZENS FOR SCIENCE, http://www.kscfs.org

\
|

This bumper sticker expressed the dismay of some Kansans over the SBOE's decision on evolution education.
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Kansas. On that day, in the state
Republican primaries, political
moderates faced off at the ballot
box with so-called “social conser-
vative” State Board of Education
(SBOE) incumbents for 4 seats.
The hottest issue in the election
was the teaching of evolution in
the state’s public schools; this
issue was so important that in one
district, the Democratic candidate

Liz Craig is the media contact for
Kansas Citizens for Science and is
a member of its board. In real life,
she works as a senior writer for an
interactive advertising dagency.

and/or ridicule, portraying the
decision as the prelude to a new
age of “Endarkenment” in Kansas.

Back home in Kansas,
Governor Graves publicly criti-
cized the SBOE for damaging
Kansas’s reputation for excel-
lence in education. The deans of
all the Kansas state universities
signed a joint statement exXpress-
ing strong disapproval of the cre-
ationist-tainted standards. Kansans
reeled from the bad publicity and
the shame. However, despite near-
ly universal criticism, the “socially
conservative” SBOE members

staunchly defended their action.
They downplayed the importance
of their deletion from the exami-
nation requirements of content
standards including macroevolu-
tion, geological time, the Big Bang,
and global warming, and of their
undermining of the accepted
view that theories are valid and
useful scientific frameworks.
“What we did with science stan-
dards was really minor”, was the
spin offered by Linda Holloway,
chair of the SBOE at the time of
the standards vote.

Ever since that fateful vote,
members of Kansas Citizens For
Science (KCFS; <http://www.
kcfs.org>) kept the issue alive in
the media by speaking at nearly
every public comment session at
the SBOE’s monthly meetings, by
exposing a Missouri creationist
organization’s authorship of the
changes in the standards, by writ-
ing letters to the editor and op-ed
pieces for Kansas and national
publications, and by speaking to
various groups around the state.
The 75th anniversary of the
Scopes trial presented an opportu-
nity for KCFS and other organiza-
tions to launch a major public edu-
cation effort just before the August
SBOE primary elections, and
national organizations pitched in
to help (see sidebar; p 6).

Anti-evolutionists added to the
pre-election hoopla: Immediately
after the Scopes Week festivities,
the Seattle-based “Center for
Renewal of Science and Culture”
held workshops on teaching
“intelligent design theory” in
Shawnee Mission, a suburb of
Kansas City. (Members of KCFS
were there, monitoring the pre-
sentations and handing out infor-
mational literature.) Meanwhile,
SBOE President Linda Holloway
raised more money than had ever
been raised in an SBOE election




(leading “intelligent design” pro- * Be aware of who is run-
ponent Phillip Johnson was ning for local and state
among the contributors) and her boards of education.
airing of a television advertise-
ment was another first.

When the dust had settled, 3 of
the 4 anti-evolution incumbents
seeking re-election had lost their
party’s nomination. The winners’ + Support public education
plans to reinstate evolution in the efforts about science in
standards when they take office your community in any
in January 2001 were widely way you can.
reported.

Incredibly, after 75 years, the
evolution controversy behind the
Scopes trial is still with us. Events
in Kansas were closely watched all
over the country,and they contain

Opponents of evolution have sig-
nificant support, and they are still
active in many communities. With
the primary election over, KCSF
continues our work to educate
the public about evolution. In
September 2000, for example, we
brought Victor Stenger, NCSE
member and author of Not by
Design: The Origin of the
Universe, to 3 Kansas communi-
ties to speak on “Intelligent
Design: The New  Stealth
Creationism”.We have many more
projects planned: If you want to
attend one of our events, or want
inspiration for similar projects in
your state, visit our web site at

e Know their positions on
evolution.

* Register to vote, and vote
for supporters of science.

And by the time the 100th
Scopes Anniversary rolls around,
let us hope we will have forgotten
what all the fuss was about.

Meanwhile, KCFS is keeping in
mind another important princi-

important lessons for supporters
of sound science education:

ple: “Don’t rest on your laurels”

<http://www.kcfs.org>.

NoT OVER TILL

IT’s OVER: KANSANS
Vow CONTINUED
VIGILANCE

Steve Lopes, President,
Kansas Citizens
For Science, Inc:

At the August 1, 2000, primary elec-
tion, the efforts of many concerned
Kansas citizens nominated 3 “mod-
erate” Republican candidates com-
mitted to appropriate science stan-
dards. All of their Democratic chal-
lengers likewise support the KCFS
position. With a bit more good for-
tune in November, a solid majority
on the Kansas State Board of
Education will be expected to act
wisely, restoring quality science
standards for all Kansas kids.
Nevertheless, KCFS intends to
remain vigilant and monitor future
board actions. It is obvious that our
public, the citizens of Kansas, need
a better understanding of science
education.

Caroline McKnight,
Executive Director,
Kansas MAINstream Coalition:

The search for solutions didn’t end
with the elections. We have to
remember that roughly 40% of the
population supported the board of
education’s action at least in part.
We most certainly can’t teach cre-

ationism as science, but we won'’t
succeed in assuring good educa-
tion in Kansas without making sure
that [all citizens] feel [that] their
concerns were heard.

Over half of the school districts
in Kansas have fewer than 500 stu-
dents. These districts are centered
around small communities where
everyone knows everyone else and
where it is very hard for a science
teacher to teach good science in
opposition to community “feel-
ings”. In other districts, boards of
education have come out openly in
support of teaching the best in sci-
ence. This issue has proven quite
divisive, even to the extent of divid-
ing families. While it is very hard to
develop data on what is happening,
there clearly has been an increase
in the number of students in
Kansas who do not receive a thor-
ough science education.

Many good citizens of Kansas
were outraged at the actions of the
SBOE and our recent primary elec-
tions all but guarantee the stan-
dards will be “corrected”. However,
despite the overwhelmingly posi-
tive outcome of the primary elec-
tions, the results were generated by
only 25-35% of the electorate.This
issue isn’t going away.

Harry McDonald,
Kansas science teacher:

Personally,I am more motivated than
ever. Most teachers get into educa-
tion because they want to make a

difference, to contribute to the posi-
tive direction of the future of this
country and its citizens. Many see
this as being accomplished solely by
their work in the classroom. I hope
more teachers will realize that they
must remain or become active in
their professional organizations and
in politics to prevent a recurrence of
this farce.

Steven B Case, member of the
original science standards
writing committee in Kansas:

I was at the American Museum of
Natural History when I got the elec-
tion results. I went immediately to
the hall of evolution! I would like
to address the continuing state-
ments from Linda Holloway [the
president of the Kansas SBOE,
defeated in the recent primary elec-
tion] that “people just do not
understand we did”. I understand
very clearly what the SBOE did.As a
writer of the rejected standards I
know exactly what changes were
made. We carefully read their docu-
ment, did a word-by-word compari-
son, determined the exact source
of their material for the creationist
standards. I read everything, many
times. What Linda Holloway does
not understand is that we are very
good teachers, and we were able to
share our very clear understanding
with the public and the press....
The average Kansan prefers knowl-
edge to an attempt to play on their
emotions.

VoL 20, Nr 3 2000
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ScoPES WEEK IN KANSAS

The week of July 9-15, 2000, was the 75th anniversary of the
Scopes “Monkey” trial in which a Tennessee teacher was found
guilty for violating a state law forbidding the teaching of evolution.
For Kansas activists, the timing of the historic event — just weeks
before primary elections that included seats on the state board of
education — was ideal for educating the public about the issues
raised by the board’s 1999 decision to eliminate evolution from
state science testing standards.

The week’s festivities were kicked off on July 9 with simultane-
ous press conferences in 5 Kansas cities and continued with events
across the state featuring local and national notables, including aca-
demics, politicians, educators, and other defenders of strong sci-
ence standards. Distinguished locally sponsored speakers included:

* Dr Eugenie Scott of NCSE;

* Dr Kenneth Miller, Brown University biologist and author
of Finding Darwin’s God as well as co-author of Biology,
one of the nation’s most widely used high school biology
texts;

* Michael Shermer, editor of Skeptic magazine and author of
Why People Believe Weird Things, How We Believe, and a
new book on Holocaust deniers;

* Rob Boston, writer for Americans United for the Separation
of Church and State and author of several books, including,
most recently, Close Encounters with the Religious Right,

* Richard Milner, a senior editor of Natural History and
author of The Encyclopedia of Evolution, who presented
a one-man musical about the life and times of Charles
Darwin; and

* Douglas Linder, professor at the University of Missouri-
Kansas City Law School, an expert on the 1925 Scopes trial
(wl.ose speech is now on line at <http://www.law.umkc.
edu/faculty/projects/ftrials/scopes/confspeech.html>).

People for the American Way (PFAW) sponsored the centerpiece
of the week’s activities: a new, original radio drama entitled
“Monkey Trial”, based on the actual court transcripts from the 1925
Scopes trial. Starring native Kansan Edward Asner, Shirley Knight,
and Harold Gould, the live broadcast was carried on public radio
from the Lied Center in Lawrence, Kansas. Following the hour-long
performance, a moderated panel discussion featured Dr Eugenie C
Scott, Leonard “Kris” Krishtalka, Edward J Larson, Tom Willis, and
John Calvert.

A broad coalition of organizations helped to bring about Scopes
Week. The chief sponsor of the events was the MAINstream
Education Foundation — an advocacy group that funds communi-
ty educational activities. Support was also provided by the
MAINstream Coalition, Inc, a nonpartisan group of moderate reli-
gious, business, political, and community leaders founded to defend
constitutional freedoms; Kansas Citizens for Science, a not-for-prof-
it educational organization supporting excellent science teaching
in Kansas public schools; the American Civil Liberties Union of
Kansas and Western Missouri; the Heartland Humanists; the
National Council of Jewish Women; the Jewish Community
Relations Board - American Jewish Committee; the South Central
Friends of KCFS; and the People for the American Way Foundation.

Evolution In An
Election Year

Molleen Matsumurn
Network Project Director

‘ 7‘ 7hen election dates draw

near, NCSE members fre-
quently write or call with ques-
tions about how they can make a
difference to evolution education.
The answers can be complicated,
since education policies are
decided by elected and appointed
officials in many agencies, and
advocates of “creation science”
can be found in both major par-
ties. Here are some pointers for
educating yourself and others on
the issues.

WHICH RACES MATTER?

Early in 2000, long before primary
clections, candidates for the presi-
dential nomination of both major
parties made headlines with their
views on evolution-creation con-
troversies.Yet a president has little
influence on state and local cur-
ricula. Who counts? It depends on
the state where you live.

State Supreme Court Justices
may be asked to decide lawsuits
concerning the teaching of cre-
ationism,and before this year’s pri-
maries in Idaho, candidates were
asked where they stood on the
issue (see RNCSE 20 [1-2]: 20 —
the creationist candidate womn).

Depending on the state, the
governor may appoint textbook
commissioners, board-of-educa-
tion members, or others who
influence the curriculum. Also, in
some states the governor is an ex
officio member of the board of
education; for example, then-gov-
ernor Fob James presided at the
meeting during which the
Alabama Board of Education
adopted its notorious evolution
disclaimer (see NCSE Reports
1995; 15 [4]: 10, 11).

In some states, a legislative
vote is the final step in curricu-
lum adoptions, and state legisla-
tors may introduce anti-evolution
legislation — recent examples
include Arizona, North Carolina,




and Ohio. Finally, members of
state and local boards of educa-
tion may periodically adopt cur-
riculum standards, approve text-
books and other curriculum mate-
rials, or issue policies that affect
the way evolution is taught.

LEARNING WHERE
CANDIDATES STAND

Such community organizations as
the Freedom to Learn Network in
Pennsylvania and the Citizens
Project in Colorado include ques-
tions about creationism in their
candidate questionnaires. If you
belong to an organization that
publishes information about can-
didates’ views or sponsors candi-
date forums, you can encourage it
to ask questions about this issue.
Some members have told us that
they simply ask such questions
themselves, by calling campaign
offices or as members of the audi-
ence of a campaign debate.
Others who know that evolution
education has been attacked in
their state make a point of finding
out how incumbents voted. A
North Carolina member wrote,
“Since my representative keeps
supporting anti-evolution legisla-
tion, 'm working for the oppo-
nent” (see sidebar, p 8).

READING BETWEEN THE LINES

Supporting evolution in an elec-
tion year requires learning about
the issues as well as the candi-
dates. Proposals concerning educa-
tion may have consequences for
evolution education that are not
obvious or even intended, but still
demand attention. For example,
when you study a “parental rights”
proposition on your state’s ballot,
or ask for details of a campaign
promise to introduce legislation
increasing “parental control” of
children’s education, you may find
evolution included on a list of
“objectionable” topics. As another
example, proposals meant to
encourage innovation can mean —
or be misinterpreted as meaning
— that experimental schools can
ignore constitutional prohibitions
on teaching “creation science”.

BUILDING COALITIONS FOR
EVOLUTION EDUCATION

NCSE members who have dealt
with evolution-creation issues in
state and local elections empha-
size that evolution is a “multi-issue
issue”. One conclusion they have
drawn is that it is important to get
more than one group of people
involved in the process.

Kansas scientists made this
point when they responded to an
editorial in Nature that credited
the scientific community with the
defeat of anti-evolution candi-
dates in their state’s primary elec-
tions (see related stories on pages
4 and 5). Matthew Buechner and
several colleagues sent NCSE a
copy of the letter (which Nature
has agreed to publish) in which
they commented:

We would like to point out,
however, that our efforts,
and similar efforts of scien-
tists in New Mexico, would
have come to naught with-
out the leadership and sup-
port of dozens of non-scien-
tists who were willing to
devote hundreds of hours to
this issue and who were
willing to drag us out of the
laboratory. The success of
groups like Kansas Citizens
for Science depends on the
combined efforts of people
with backgrounds in many
fields, including elementary
and secondary education,
religion, and business....

A similar point was made by
Caroline McKnight, director of
the Kansas MAINstream Coalition,
in comments to NCSE about the
Kansas primaries: “The solution to
this problem was ultimately to be
found in Civics 101, not Evolution
101. Scopes Week turned out to
be a great way to raise the evolu-
tion vs. creation issues and get
people thinking about how to
bring about change” (for more
about Scopes Week in Kansas, see
page 06).

KEeep IT LocaL

A second point activists empha-
size is that there is no “one-size-

fits-all” message about the impor-
tance of teaching evolution. Some
voters are more concerned about
scientific literacy, others worry
about protecting separation of
church and state, and still others
are most upset by the politiciza-
tion of educational decisions. Kim
Johnson, an NCSE member and
the former president of New
Mexico’s Coalition for Excellence
in Science and Math Education
(CESE), observes:

Our successes have come
from putting the evolution
issue in the context of the
general quality of science
and math education — after
all it's an economic issue
and quality of life issue too.
People want to know how
to tell which technologies
are safe, for example. In fact,
what I've noticed people all
over the country telling
their school boards is, “Quit
arguing about ideology and
figure out how our kids are
going to get safer class-

rooms and better test
scores.”
Experienced activists also

stress the importance of knowing
the rules and following them. For
example, some of the founders of
CESE had already belonged to an
educational organization that fre-
quently addressed science cur-
riculum issues. When they decid-
ed to become actively involved in
political issues, they did not try to
bend the rules forbidding educa-
tional organizations to advocate
partisan positions. Instead, they
formed a new organization.
Finally, remember that the need
to be active in supporting evolu-
tion education does not end on the
first Wednesday in November of an
even-numbered year. Soon after-
ward, legislatures and boards of
education will begin to meet —
and they will need to hear about
your support for good education.

[For advice on writing effective
opinion essays and letters to edi-
tors, see “Ien Tips for Successful
Letter Hacking” on page 21.]
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Where is Evolution
a Concern in 2000:

This sampling illustrates
the range of issues relat-
ed to evolution education that
arise in election years.Although it
is not a comprehensive list of the
issues at all levels from federal to
local, we hope that it will give
readers some questions to ask in
their states.

Alabama: Early in 2001, Board of
Education members — some of
them newly elected or returned
to office in November 2000 —
will vote on a new “Course of
Study: Science” (as this issue of
RNCSE goes to press, a first draft
of these science content stan-
dards has just been released for
public comment). They will have
the opportunity to restore evolu-
tion coverage to these standards,
and at the same time, or during
subsequent adoptions of text-
books, to end the use of the noto-
rious evolution disclaimer that is
placed in every biology text used
in the state.

Iowa: The platform of this
state’s Republican party reads,
“Education:...9. We believe that
Creation, as stated in Genesis, and
the theory of creation science
should be taught in all government
schools equitably with the
theory of evolution” <http://www.
iowagop.org/about_action.asp?
FormMode=Display&ID=
4113299656>. NCSE researchers
could not find information on the
Democratic party’s position.

Missouri: The platform of this
state’s Republican party says,
“Restoring Quality Education:
...[Elmpowering local school dis-
tricts to determine how best to
handle the teaching of creation-
ism and the theory of evolution”
<http://www.mogop.org/
platform.html>.The latest version
of the Democratic platform
offered on
missouridems.org/talking/

<http://www. -

platform.htm#education>, dated
1995, did not contain references
to “creation science” or to
church-state issues.

Ohio: In late September 2000,
the state legislature ended its ses-
sion without acting on a pending
anti-evolution bill. The bill had
been introduced for a second
time, with additional sponsors,
and may be re-introduced in a
post-election session.

Oregon: The platform of this
state’s Republican party says,
“Science shall include scientific
creationism....” <Www.orgop.org/
platform.html>. NCSE researchers
had difficulty downloading the
Democratic party platform from
the web site, but received an e-
mail stating that the platform
includes a plank saying, “Because
we are sensitive to the diverse
beliefs of our society, we support
the historic constitutional separa-
tion of church and state.”

Texas:The platform of this state’s
Republican party says “The Party
believes that scientific topics,
such as the question of universe
and life origins and environmental
theories, should not be con-
strained to one opinion or view-
point. We support the teaching
equally of scientific strengths and
weaknesses of all scientific theo-
ries — as Texas now requires (but
has yet to enforce) in public
school science course standards.
We urge revising all environmen-
tal education standards to require
this also. We support individual
teachers’ right to teach creation
science in Texas public schools.”
<http://www.texasgop.
org/library/RPTPlatform
2000.pdf>. The platform of the
Democratic party did not men-
tion “creation science”, but said,
“We believe in separation of
Church and State to preserve the
freedom to pursue our beliefs”
<http://www.txdemocrats.org/
platform.htm>.

[NCSE thanks Paul Knight for
assistance in researching state

party platforms.]

Niles Eldredge
Welcomes Biology
Honor Students

Andrew J Petto
NCSE Editor

O n Friday, March 31,
2000, paleontologist Niles
Eldredge of the American Museum
of Natural History and an NCSE
Supporter gave the keynote
address at the 9th annual induc-
tion ceremony of the Beta Beta
Beta Biological Honor Society at
The College of New Jersey in
Ewing. He spoke to the 61 newly
inducted students and an audi-
ence of several hundred from the
college and surrounding commu-
nity. The main themes of the
keynote address were the contin-
uing power of evolutionary theo-
ry as a foundation for the life sci-
ences and the persistence of anti-
evolutionary movements despite
their scientific bankruptcy.

Eldredge opened his address
by expressing his disappointment
that it was necessary to engage
anti-evolutionary arguments after
all the time and effort that scien-
tists have devoted to debunking
them. The basic premises of the
continuing opposition to evolu-
tion, Eldredge said, were put to
rest over 100 years ago in the sci-
ences. The debate today, he
argued, remains political, not sci-
entific. Eldredge noted that, while
scientists are distracted by the
need to reopen long-settled argu-
ments between creationists and
scientists, thousands of species
are becoming extinct each year.
Scientists’ efforts should be devot-
ed to research into significant bio-
logical problems. Perhaps even
more disturbing, he added, is that
the stewardship of the planet and
its species is one area in which
the scientific and the religious
communities could cooperate to
achieve common goals.

Eldredge reviewed long-stand-
ing creationist strategies for com-
bating evolution. The main strate-
gy is to give the impression that if
any evolutionary hypotheses are




UPDATES

California, Newport-Mesa: On
June 17, 2000, the Daily Pilot
reported that a local school board
member criticized the coverage of
evolution in textbooks used at
Newport Harbor High and request-
ed that “alternative theories”also be
taught (pages Al, A11). According
to the article, teachers were reluc-
tant to comply. NCSE is monitoring
the situation.

California, Ventura County:
Board of Education member Ron
Matthews’s proposal to have cre-
ationism taught in county-admin-
istered education programs
(RNCSE 1999; 19 [6]:9) continues
to stir controversy. According to
the Ventura County Star,
Matthews plans to put the issue
on the board’s agenda after the
November elections, in which he
is running unopposed to keep his
seat. The Star reports that at least
one board member agrees with
Matthews “philosophically ... [but
is] not willing to step ... out on
the limb” and that Matthews has
said “he will wait for the results of

the board race in ... Camarillo.”
The County Superintendent of
Schools has informed the board
that a requirement for teaching
creationism could not be imple-
mented because it would
be unconstitutional (see Tom
Kisken, “Creation vs evolution:
Should both be taught in science

class?”, Ventura County Star,
September 6, 2000, <btip.//
www. insidevc.com /news/

33724.shtml>).

Colorado, Fort Collins: NCSE
members Linda Rosa and Larry
Sarner, joined by other concerned
parents, continue to press for cov-
erage of human evolution in sci-
ence classes at Liberty Common
School, a charter school that
received its charter by promising
an enriched science curriculum,
and has been directed by the
Board of the Poudre School
District to revise its curriculum
and end a ban on teaching human
evolution (RNCSE 7999; 19 [4]: 4,
and RNCSE 1999; 19 [5]: 10) On
August 28, 2000, the Rocky
Mountain News reported that the
school continues to defy the

board of education; the dispute
has been referred to an adminis-
trative law judge (see <bitp.//
www.rocRymountainnews.
comy/news/0828lib5.shtml>).
Georgia, Lumpkin County:
In July, the county Board of
Education responded to parental
complaints by voting to request
an opinion froin the state attor-
ney general on whether it would
be legal to implement a state cur-
riculum requirement that chil-
dren be taught “respect for the
Creator”. The requirement is part
of a character curriculum adopted
by the legislature in 1997.
According to a July 28 report from
the Associated Press, State Senator
John Marable said that “It allows
everybody to look at it through all
different theories of creation” In
1996, in response to an inquiry
from the Superintendent of
Education, the state attorney gen-
eral then in office wrote that “var-
ious theories regarding the
origins of humankind may be
validly taught only if there is a
‘clear secular intent’” (see NCSE
Reports 71995, 15 [4]: 8-9;

false or any questions remain
unanswered, then the only avail-
able alternative is to embrace cre-
ationism. This is the strategy not
only of young-earth creationists
but also of more recent anti-evo-
lutionary criticisms, such as
Phillip Johnson’s assault on the
windmill of “metaphysical natural-
ism”, most of which are recycled
and relabeled to give the appear-
ance of being fresh arguments
against evolution.

However, Eldredge pointed
out, most of these recycled argu-
ments assume that evolution suc-
ceeds or fails only on the evi-
dence from a single study or a sin-
gle discipline. On the contrary,
evolution is continually rein-
forced by the confluence of
research in many fields on many
organisms both contemporary
and historical. New research and
widening knowledge in all these
disciplines — from the molecular

to the ecological — confirm that
evolution has occurred and solidi-
fy our understanding of how evo-
lution has produced the diversity
of life on earth.

Eldredge’s real concern, how-
ever, was not restricted to stu-
dents’ understanding and accep-
tance of evolution. A much more
important issue is maintaining the
integrity of science education in
the US — not for the purpose of
producing more scientists, but
because the world is becoming
more dependent on science and
technology. Our citizens need to
know what science really does
and how it does it, so it is vital to
demythologize and increase
respect for science. The anti-evo-
lutionary materials circulating as
“proof” that evolution is impossi-
ble (or a lie, or a conspiracy, and
so on) harm scientific literacy not
just because_they oppose evolu-
tion, but also because they distort

and misrepresent the nature of
science and scientific inquiry.

In the question period that fol-
lowed his talk, Eldredge encour-
aged the audience to become
active in supporting quality sci-
ence education in their communi-
ties. In particular, he promoted
NCSE as a valuable resource for
any who must face challenges to
evolution education in school cur-
ricula, and he urged his listeners
to join NCSE.The most important
point, Eldredge reminded the
audience, is to recognize that the
current arguments being used to
oppose evolution are really only
the old creationist arguments
dressed up in new, more neutral-
sounding, language. When exam-
ined closely, however, it is clear
that the “alternative” curriculum is
fundamentally the same old “cre-
ation science” that has been pro-
posed and rejected numerous
times over the last century.
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NCSE Forms Legal
Advisory Panel

Molleen Matsumura
Network Project Director

The main purpose of the
National Center for
Science Education, as our name
suggests, is to educate the public
and the press about evolution and
the nature of science, and their
importance in public education.
Even when defending evolution
in evolution-creation controver-
sies, our first step is always to edu-
cate the participants about the
issues.

However, the question of how
evolution will be taught in public
schools always has a legal dimen-
sion. One reason is that materials

that are proposed for teaching
“alternatives” to evolution pro-
mote sectarian religious views
and fall under the First
Amendment prohibition of the
establishment of religion. Another
is that there is a considerable
body of law concerning the role
of state and local school boards in
determining curricula, how much
leeway classroom teachers have
in presenting prescribed curricu-
la, and related matters.

NCSE has dealt with these legal
issues from its earliest days, when
it joined a coalition of educators,
educational organizations, and sci-
entific societies in signing a Friend
of the Court (amicus curiae)
brief urging the Supreme Court to
overturn a Louisiana law requiring
the teaching of “creation science”
whenever evolution was taught

(see Creation-Evolution News-
letter 71986, 6 [4]: 8-11), which
was struck down in the famous
Edwards v Aguillard decision.
NCSE has also joined in other
briefs concerning church-state
separation in public education.

“After the Edwards decision in
1987, anti-evolutionists stopped
promoting state laws opposing
evolution and pursued other
strategies”, notes NCSE'’s
Executive Director Eugenie C
Scott. “In recent years, they have
tried state legislation again, but
never successfully. Meanwhile,
there have been a great number
of attacks on evolution in local
school districts. These may seem
‘low profile’, but any one of them
can become a test case.” Courts
have again become a battle-
ground, and NCSE is increasingly
called upon to provide legal infor-
mation and to advise attorneys
about scientific issues in evolu-
tion-creation controversies.

In 1997, the first step was taken

UPDATES

emphases in the original, includ-
ing the emphasis added to the
quotation from the Supreme
Court’s decision in Edwards v
Aguillard).

Indiana, Lafayette: In March,
students at Thomas Jefferson High
School circulated a petition ask-
ing to have “special creation”
taught in their biology class.When
the petition was presented to the
school board, board members,
who had been advised by the dis-
trict’s administration, told the stu-
dents that the topic is not includ-
ed in the state science curricu-
lum, and therefore would not be
added to the local curriculum.
NCSE will continue to monitor
this situation.

Pennsylvania: Late in the
revision process, language requir-
ing students to “[a]nalyze...
studies that support or do not
support the theory of evolution”

has been added to the state’s pro-
posed science curriculum stan-
dards. Although coverage of evo-
lution is strong in both the life
and physical sciences content
standards, the revision released in
July 2000 contains a number of
similar changes that reflect anti-
evolutionary catchphrases
appearing to soften the support
for evolution. Concerned mem-
bers in Pennsylvania are provid-
ing comments to the State Board
of Education on the final draft.
Texas, Baylor University:
Responding to faculty complaints
that they had not been consulted
about establishment of the newly-
created Michael Polanyi Center
and that the Center’s promotion
of “intelligent design theory”
would damage the university’s
reputation (see RNCSE 20 [1-2]:
15-6), the Baylor University
administration assembled a com-
mittee of scientists and scholars
to assess the Center.The members
of the committee include Dr

William F Cooper, Professor of
Philosophy and former Dean of
the College of Arts and Sciences,
who is serving as chair of the
committee; Dr Cutberto Garza,
Professor of Nutritional Science at
Cornell University; Dr John A
Moore, Professor Emeritus of
Biology at the University of
California at Riverside; Dr Judith
Dilts, Chair of the Biology
Department at William Jewell
College; Dr Scott K Davis, Vice
President for Research at
GenomicFX in Austin and former
Assistant Professor of Animal
Science at Texas A&M University;
Dr Ernan McMullin, the John
Cardinal O’Hara Professor
Emeritus of Philosophy at the
University of Notre Dame; Dr
Ronald Numbers, Chair and
Professor in History of Medicine
at the University of Wiscon-
sin-Madison, Dr Elaine Lambert,
Clinical Associate Professor of
Medicine in Rheumatology at
Stanford University; and Dr




toward the establishment of a for-
mal legal program with the addi-
tion of attorney Michael McIlwrath
to the NCSE Board of Directors
(RNCSE 1997; 17 [5]: 4, 5). Soon
after, in a milestone for NCSE,
Mcllwrath wrote the first amicus
brief that NCSE submitted inde-
pendently, which argued that the
Fifth Circuit Court of Appeals
should uphold a lower court ruling
that a school board’s evolution dis-
claimer violated the First Amend-
ment (RNCSE 1997; 17 [5]: 4).

In February 2000 NCSE
reached another milestone with
the first meeting of a number of
attorneys who had volunteered to
serve on a new Legal Advisory
Panel. Attorneys with People for
the American Way and Americans
United for Separation of Church
and State took part, and
Mcllwrath, who chaired the meet-
ing, was pleased that “NCSE has
drawn from among the country’s
leading law firms and civil-liberties
organizations to form the Legal

Advisory Panel” Later, Mcllwrath
reported to NCSE’s Board of
Directors that “The panel already
has a number of projects under-
way and will help to guide NCSE in
its efforts to educate and defend
the teaching of science in the
country’s public schools. Our abil-
ity to draw on some of the coun-
try’s top legal talent will add a
level of legal sophistication to the
NCSE that we have long desired.”
The panel is now led by Kevin
Wolf, an attorney with the
Washington firm of Bryan, Cave
LLP. Like McIlwrath, Wolf is a long-
time science enthusiast who is
excited by the challenges of help-
ing NCSE to defend evolution
education. Wolf explained, “Now
is the ideal time for NCSE to have
formed a legal advisory commit-
tee. In the years since the
Edwards decision, the legal strate-
gies of those opposed to the
teaching of evolution have
evolved and adapted to each
defeat and challenge. The current

legal attacks are thus increasingly
complex and require ever more
sophisticated analysis and
response. In light of the diverse
backgrounds, tremendous enthu-
siasm, and high caliber of the
attorneys volunteering their time
and resources to NCSE, the legal
advisory committee is well suited
and eager to meet this challenge.
It is an honor to lead the group
NCSE has assembled.”

Eugenie Scott added, “Much —
probably most — of the panel’s
work will be an extension of
NCSE’s educational role, as the
members help to clarify the com-
plex legal issues in particular situ-
ations. Although the number of
legal confrontations has been
growing, most cases never reach
court, and when they do, they
often do not come to trial. Still, in
the event that a case needs to be
argued in court, NCSE will be in a
better position to assure that the
outcome is good for science
education.”

William Abraham, Albert Cook
Outler Professor of Wesley Studies
at Southern Methodist Univer-
sity’s Perkins School of Theology.
Committee members met on the
weekend of September 9-10,
2000, to assess the center’s effec-
tiveness and its appropriateness
on Baylor's campus (Baylor
Lariat, September 8, 2000,
<htip://www.baylor.edu/
~Lariat/Archives/2000/200009
08/art-front01.btml>). The com-
mittee’s decision was to retain the
staff, but to reorganize the pro-
gram. More in the next issue of
RNCSE.

Vermont: Before the
September 12 Republican prima-
ry election, gubernatorial candi-
date Ruth Dwyer was asked on a
radio program whether it is
appropriate for public schools to
teach creationism. She was quot-
ed in the Burlington Free Press as
saying that it would be if local
people wanted it: “I think schools
should do what their communi-

ties want them to do.” Dwyer
won the primary and faces
incumbent governor Howard
Dean in the November elections.
Dean is a former physician and
has been a supporter of good sci-
ence education.

West Virginia, Kanawha
County: Following the Board of
Education’s decision not to pur-
chase copies of the creationist
text Of Pandas and People (see
RNCSE 1999; 19 [6]: 12), the
book’s strongest proponent on
the board has offered to donate
copies to school libraries. The
decision whether to accept dona-
tions must be made by materials
evaluation committees at each
site, and some local activists are
urging these committees either to
reject the book or to accept dona-
tions of other books that explain
evolution more accurately.

[NCSE thanks Judith Allard, Jobn
R Cole, Brent Cullimore, Karl Fezer;
and Linda Rosa for information
used in this article.]

KeEepING NCSE Up To DATE

Many of the news stories reported in
RNCSE are provided by NCSE mem-
bers. Such assistance is invaluable to
us, because many of these stories are
reported only in small local and region-
al papers. To help NCSE staff report
timely and accurate news, please do
the following.

When mailing clippings: please
include the full name and location of
the newspaper.You can simply send in
the whole page if it includes this infor-
mation, or you could attach a note that
includes the full date the story ran and
the page(s) where it appeared.

When e-mailing stories: please
include botb the text and the URL of the
story.

However you get in touch with us,
please include your return address so
that we may contact you with any
questions; if you do not wish to be
credited for the story, please tell us.

Thank you for your help.
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Vote for NCSE
is one of just 60 not-
NC S E for-profit organizations

selected to benefit from Working Assets
in 2000 (see RNCSE 19 [5]: 12-13).
Whenever Working Assets customers
use their credit cards, long distance
telephone service, or internet service,
part of their payment is added to a
donation fund, estimated to be over $4
million for the current year. Customers
vote on how the fund is distributed.
The amount awarded to each eligible
organization is determined by the per-
centage of votes it receives.

Working Assets distributed a printed
ballot to its customers in October
2000, and there is an on-line version
at  <http://www.workingforchange.
com/voting/index>. Or, if you have
already bookmarked NCSE’s web site,
use the link on our home page at
<http://www.ncseweb.org>. If you are
already a Working Assets customer, be
sure to log in and cast your vote for
NCSE. If you are not yet a Working
Assets customer, you can sign up and
then cast your vote for NCSE. And why
not encourage any friends who happen
to use Working Assets to cast their
votes for NCSE as well? Make it easy for
them: add a link on your own site to
NCSE, or to the Working Assets ballot.

More information about Working
Assets is available by calling 1-800-788-
8588 or on the World Wide Web at
<http://www. workingassets.com>.

NCSE

Thanks You for
Your Generous
Support

I he NCSE Board of
Directors and staff would

like to acknowledge and extend
their warm gratitude to all the
individuals, organizations, and
firms that donated to NCSE. We
also extend a special thanks for
their much-appreciated support
to the following people who
donated $100 or more between
January and June 2000 (* indicates
an NCSE board member or sup-
porter). Those in the Patrons’
Circle (indicated by a +) donated
$1000 or more — a level of sup-
port that we consider heroic and
that allows us a firm foundation
for our efforts. Thank you to all
donors.

G Forbes Alcott

Michelle L Aldrich

Steve Allen

Dennis I Anderson

Stuart H Anderson

Philip Appleman

KB Armitage

Bob and Lora Attwood

Austin Community Foundation

James E Bair

Nelson M Barnhouse+
Karen E Bartelt

Carol D Baumgartner
Frederick M Bayer
Ruth M Beach
William E Benson
‘Wayne M Bevan
Thomas R Bidell
Roy A Billinghurst
David M Blank+
David Bleil

John D Bloch
Charles R Boardman
Elspeth G Bobbs
Richard C Bostwick
Don and Jo Ann Boydston
Bob L Bragg, Jr

Susan Branch

Paul K Brandon

Karl Brandspigel
Timothy L Brennan
Jeffrey C Brown
Willard B Brown
Gary W Brudvig

Blair H Brumley
Bruce C Buchanan

John F Burger
John and Susan Butler

Allen G Carlson
Hampton L Carson
Paul W Caton
James F Cherry
Neale W Clapp

WA Clemens
Robert D Cole
George E Collins
Gordon Collins
Lorence G Collins+
Robert W Collins
Lowell D Cooper
Davis K Cope
Mary E Copperud
Charles R Costello
Joel Cracraft*
Francis H Crick
Bruce L Cronander
John R Crosscope
Gil W Cumbee

Ted Daeschler

C David Dalcanton
G Brent Dalrymple*
Howard L Davidson
Thomas R Davis
Jeffrey S Dean
Linda T Deck
Ernest S Delfosse
Jamie Deneris

John S Derr

Alan DesRoches
‘WE Ditmars, Jr
Jeanne L Dixon
Ann Pierce Dorr
Janet Dreyer

Lee R Duncan
David E Dunn
David HL Dunn

George F Eckman
George Elvin
Thomas O Erb
Stefan K Estreicher
Raymond A Eve
Phyllis B Eveleth
David J Ewen

Stephen Ferg+
Norman L Ferrari
David Q Fletcher
Hans Frauenfelder
Burton M Freeman
Hilary J Fried
Joseph C Fusco

Eugene S Gaffney
Michael E Garvey
William H Gascoyne
Linda and Raymond Geiss
Rochel Gelman
Joseph Gerstein
Peter A Gilman
Helen W Gjessing
Seymour Gloger

Jay H Gold

Morris Goodman




Samuel Green
Brian Grim

Arthur F Hagar
Guy Harris

Bret C Harvey
William B Hassler
Evan B Hazard+
Gordon B Hazen
Lynne S Heacock
Mahlon Hoagland
Fred G Hoeptner
William P Holcombe
Robert ] Holman
John Horner

NH Horowitz+*
WW Howells+
Lynn Huber

John H Huey
Robert A Hummel

Frank J Iaconianni

Nina G Jablonski
Thomas C Jackson+
C Jacobson

Duane E Jeffery+*
Jeff D Johnson
Mark W Johnson
Verner C Johnson
Charles Alan Jones

Anthony R Kaney
David J Katz

Patricia H Kelley*
Nancy R Kiefer
Richard L Kiefer
David L Kirk
Benjamin Kirshbaum
Bruce H Krause
Arthur Kretchmer
James J Krupa

Caroline Lambert+
Eugene R Larkin
Gordon L Larsen

RL Latterell

Ernest H Lehmann
Sydney Levitus
Leonard Lieberman
Detlev Lindae
Richard H Lindemann
Donald R Lindsay
Jim Lippard

Jeffrey L Lloyd-Jones
John T Longino
Francis H Low
Thomas Lutgens

Joel Macauslan

Paul MacCready*
Sidney Machalek
Jane Maienschein
Linda F Marchant
Michele Marcus
Thomas ] Marlowe, Jr
Linda B McCollum

EJ McConnell

James M McDonald

John H McDonald
‘Walter B McIntyre

Priscilla and Malcolm McKenna

John and Sara McLarty
Richard H McMahan, Jr
Alexander Mebane
Betty ] Meggers
Michael N Melampy
Wendell W Mendell
Ann W Merrill

Charles G Messing
Donald G Metzger
Kenneth L Meyers
Steve J Milazzo+
Barbara S Miller+
Catherine C Miller+
Daniel H Miller

Keith B Miller

Lloyd I Miller I+
Martin G Miller+
William C Miller IIT
William H Mills
Steven R Mimnaugh
Robert R Misley

Linn F Mollenauer
Elton M Montgomery
Eugene C Montgomery
James ] Moore

James R Moore

Tom Mudd

Richard C Neavel
DJ Nichols
Richard L Nielsen

Michael L O’'Dowd
William R Oliver
Jon Orloff

Craig Packer

Kevin Padian+*
James L Parmentier
Mary J Pearl

Scott and Elizabeth Pector
Olle Pellmyr

Robert L Perlman
David Persuitte
Daniel S Pettee
Daniel J Phelps
John Phipps
Thomas R Platt
Gregory S Pokrywka
Terry L Ponder
Smith T Powell
William S Prady
Barbara Pursey

Douglas W Rankin
William W Rathke
Jesse R Rea
Eamon Renaghan
Robert A Resnik
Steve Rissing
Dane E Robinson
Steve A Rocchi
Wolf Roder
Homer T Russell
Carol Ann Ryder
Richard W Rymer

Bonnie Sampsell
John R Schleicher
J William Schopf+
Ronald Schwartz
JC Schwarzenbach
John Schweinsberg
Stanley Scott

C Eric Seedorff
Max D Shaffrath
TO Shanavas
James R Shanks
Evelyn B Sherr
Maxine F Singer
Albert E Singleton
David W Smith
George S Smith
James J Smith
Brad Snedecor
Frank J Sonleitner*
William Sperber
Roger L and Cherise L Still
Hawley H Stodder
Bernard Stolls
John M Suarez
Dan Sulzbach+
Donald A Swanson

Ronald G Tabak

James and Peggy Tapp+
Ann M Tattersall

John Taube+

Andrew W Taylor
James M Tenney

Jon J Thaler

David Thickman

Tom and Barb Thwaites
Bob Tilley

Wesley A Traub
Theodore Treadwell I+
Barbara C Turner

Nami M Turner

Stan Ulrich
Frances S Vandervoort

David and Marvalee Wake*
Alan C Walker

Gerald E Walsh

David K Watkins

Olive G Waugh+

TJR Weakley

Charles W Webb

Gary D Webster
Nathan Weed

J Weinstein+

Peddrick and Judith S Weis
Donat G Wentzel

Paul Wessel

Randy Wickett

A Wayne Wiens

Robert Wilensky

Roy A Wilsker

Bernard Winograd
Melanie R Wojtulewicz
John Wolff

Elizabeth A Wood
Gregory A Wright

Charles Yanofsky
Peter E Younghans

GENETICISTS ISSUE
PoLiCY STATEMENT
ON EVOLUTION

The Genetics Society of America
(GSA) has approved a policy state-
ment in support of evolution in sci-
ence education standards and post-
ed it on the organization’s web site
at <http://www.faseb.org/genetics/
gsa/policies/p-gsa-01.htm>.

The resolution reads, in part:

The GSA supports educating
students in genetics, and con-
sequently feels it important to
express its views on the teach-
ing of evolution in elementary
and secondary schools. The
GSA strongly endorses such
teaching, as genetics and evo-
lution are two very closely
interwoven disciplines. In fact,
evolution might be summa-
rized as population genetics
over time.

The theory of evolution by nat-
ural selection developed
through the ongoing investiga-
tion and understanding of
many different areas of biolog-
ical, chemical, physical and
earth science. ... Without evo-
lutionary theory, we would be
forced to completely discard
much of what we understand
about fields such as genetics,
botany, zoology, paleontology,
and anthropology.

[Contributed by Jeff Otto.]
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Radiometric Dating Does

Work! Some Examples and a
Critique of a Failed
Creationist Strategy

G Brent Dalrymple
Oregon State University

adiometric dating of rocks and minerals
using naturally occurring, long-lived
dioactive isotopes is troublesome for
young-earth creationists because the techniques
have provided overwhelming evidence of the antig-
uity of the earth and life. Some so-called creation sci-
entists have attempted to show that radiometric dat-
ing does not work on theoretical grounds (for
example, Arndts and Overn 1981; Gill 1996) but
such attempts invariably have fatal flaws (see
Dalrymple 1984; York and Dalrymple 2000). Other
creationists have focused on instances in which
radiometric dating seems to yield incorrect results.
In most instances, these efforts are flawed because
the authors have misunderstood or misrepresented
the data they attempt to analyze (for example,
Woodmorappe 1979; Morris HM 1985; Morris JD
1994). Only rarely does a creationist actually find an
incorrect radiometric result (Austin 1996; Rugg and
Austin 1998) that has not already been revealed and
discussed in the scientific literature.

The creationist approach of focusing on exam-
ples where radiometric dating yields incorrect
results is a curious one for two reasons. First, it pro-
vides no evidence whatsoever to support their claim
that the earth is very young. If the earth were only
6000-10 000 years old, then surely there should be
some scientific evidence to confirm that hypothesis;
yet the creationists have produced not a shred of it
so far. Where are the data and age calculations that
result in a consistent set of ages for all rocks on
earth, as well as those from the moon and the mete-
orites, no greater than 10 000 years? Glaringly
absent, it seems.

Second, it is an approach doomed to failure at the
outset. Creationists seem to think that a few exam-
ples of incorrect radiometric ages invalidate all of
the results of radiometric dating, but such a conclu-
sion is illogical. Even things that work well do not
work well all of the time and under all circum-
stances.Try, for example, wearing a watch that is not
waterproof while swimming. It will probably fail, but
what would a reasonable person conclude from
that? That watches do not work? Hardly.

A few verified examples of incorrect radiometric
ages are simply insufficient to prove that radiometric
dating is invalid.All they indicate is that the methods
are not infallible. Those of us who have developed
and used dating techniques to solve scientific prob-
lems are well aware that the systems are not perfect;
we ourselves have provided numerous examples of
instances in which the techniques fail. We often test
them under controlled conditions to learn when and
why they fail so we will not use them incorrectly. We
have even discredited entire techniques. For exam-
ple, after extensive testing over many years, it was
concluded that uranium-helium dating is highly
unreliable because the small helium atom diffuses
easily out of minerals over geologic time.As a result,
this method is not used except in rare and highly
specialized applications. Other dating techniques,
like K-Ar (potassium-argon and its more recent vari-
ant “°Ar/*Ar), Rb-Sr (rubidium-strontium), Sm-Nd
(samarium-neodynium), Lu-Hf (utetium-hafnium),
and U-Pb (uranium-lead and its variant Pb-Pb), have
all stood the test of time. These methods provide
valuable and valid age data in most instances,
although there is a small percentage of cases in
which even these generally reliable methods yield
incorrect results. Such failures may be due to labora-
tory errors (mistakes happen), unrecognized geolog-
ic factors (nature sometimes fools us), or misappli-
cation of the techniques (no one is perfect).In order
to accomplish their goal of discrediting radiometric
dating, however, creationists are faced with the
daunting task of showing that a preponderance of
radiometric ages are wrong — that the methods are
untrustworthy #most of the time. Not only that, they
have to show the flaws in those dating studies that
provide independent corroborative evidence that
radiometric methods work. This is a tall order and
the creationists have made no progress so far.

It is rare for a study involving radiometric dating
to contain a single determination of age. Usually
determinations of age are repeated to avoid labora-
tory errors, are obtained on more than one rock unit
or more than one mineral from a rock unit in order




to provide a cross-check, or are evaluated using
other geologic information that can be used to test
and corroborate the radiometric ages. Scientists who
use radiometric dating typically use every means at
their disposal to check, recheck, and verify their
results, and the more important the results the more
they are apt to be checked and rechecked by others.
As a result, it is nearly impossible to be completely
fooled by a good set of radiometric age data collect-
ed as part of a well-designed experiment.

The purpose of this paper is to describe briefly
a few typical radiometric dating studies, out of
hundreds of possible examples documented in the
scientific literature, in which the ages are validated
by other available information. I have selected
4 examples from recent literature, mostly studies
involving my work and that of a few close colleagues
because it was easy to do so. I could have selected
many more examples but then this would have
turned into a book rather than the intended
short paper.

THE MANSON METEORITE
IMPACT AND THE PIERRE SHALE

In the Cretaceous Period, a large meteorite struck
the earth at a location near the present town of
Manson, Iowa. The heat of the impact melted some
of the feldspar crystals in the granitic rocks of the
impact zone, thereby resetting their internal radio-
metric clocks. These melted crystals, and therefore
the impact, have been dated by the °Ar/*Ar method
at 74.1 Ma (million years; Izett and others 1998), but
that is not the whole story by a long shot.The impact
also created shocked quartz crystals that were blast-
ed into the air and subsequently fell to the west into
the inland sea that occupied much of central North
America at that time. Today this shocked quartz is
found in South Dakota, Colorado, and Nebraska in a
thin layer (the Crow Creek Member) within a thick
rock formation known as the Pierre Shale. The Pierre
Shale, which is divided into identifiable sedimentary
beds called members, also contains abundant fossils
of numerous species of ammonites, ancestors of the
chambered nautilus. The fossils, when combined
with geologic mapping, allow the various exposed
sections of the Pierre Shale to be pieced together in
their proper relative positions to form a complete
composite section (Figure 1). The Pierre Shale also
contains volcanic ash that was erupted from volca-
noes and then fell into the sea, where it was pre-
served as thin beds. These ash beds, called ben-
tonites, contain sanidine feldspar and biotite that has
been dated using the “Ar/*Ar technique.

The results of the Manson Impact/Pierre Shale
dating study (Izett and others 1998) are shown in
Figure 1.There are 3 important things to note about
these results. First, each age is based on numerous
measurements; laboratory errors, had there been
any, would be readily apparent. Second, ages were
measured on 2 very different minerals, sanidine and

MEMBER MINERAL. NO.OF  AGE (Ma)
PIERRE ANALYSES
SHALE
Elk Butte
Mobridge
< 68.4 £0.4%
Virai
Cronk |- 70.7 £ 0.4+
Verendrye | 72.3 £0.4x
| biotite 6 738102
/| sanidine 17 73.810.1
» T
. biotite 5 736+0.1
DeGray sanidine 15 736101
| biotite 5 74.4+0.3
’/
™._[biotite 6 75002
— sanidine 13 745 +0.1
Sharon
Springs | < 794 £0.6*

* Obradovich (unpublished data, 1997)

Figure 1. “Ar/*Ar ages for 8 volcanic ash beds in the
Pierre Shale. Sedimentary beds (imembers) are shown

in their known stratigraphic order; youngest at the top.
The age data for the Manson impact event (shaded box)
is shown in the stratigraphic position of the shocked
quartz, which is found in the Crow Creek Member:
After Izett and others (1998).

biotite, from several of the ash beds.The largest age
difference between these mineral pairs, in the ash
from the Gregory Member, is less than 1%.Third, the
radiometric ages agree, within analytical error, with
the relative positions of the dated ash beds as deter-
mined by the geologic mapping and the fossil
assemblages; that is, the ages get older from top to
bottom as they should. Finally, the inferred age of the
shocked quartz, as determined from the age of the
melted feldspar in the Manson impact structure
(74.1 £ 0.1 Ma), is in very good agreement with the
ages of the ash beds above and below it. How could
all of this be so if the *Ar/*Ar dating technique did
not work?

THE AGES OF METEORITES

Meteorites, most of which are fragments of aster-
oids, are very interesting objects to study because
they provide important evidence about the age,
composition, and history of the early solar system.
There are many types of meteorites. Some are from
primitive asteroids the material of which is little
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TaeLe | Radiometric ages for 3 chondrite meteorites.
Meteorite Method Age (Ga) Lab
Allende “Ar/*Ar age spectrum 4.52 £ 0.02 i
4.53 £ 0.02 1
4.48 +0.02 1
4.55 +£0.03 1
4.55 +0.03 1
4.57 £0.03 1
4.50 £ 0.02 1
4.56 £+ 0.05 1
Pb-Pb isochron (27 points) 4.553 = 0.004 7
“Ar/*Ar age spectrum 4.44 + 0.06 2
Rb-Sr isochron (13 points) 4.46 +0.08 4
“Ar/“Ar age spectrum 4.43 £ 0.04 5
4.38 + 0.04 6
4.42 £ 0.04 6
Rb-Sr isochron (10 points) 4.51+£0.15 3
Sm-Nd isochron (4 points) 4.55 +0.33 4
Pb-Pb isochron (5 points) 4.543 + 0.019 3
From compilation in Dalrymple (1991). Data from university laboratories in Germany (1),
Great Britain (2), France (3), California (4), Minnesota (5), Missouri (6), and the USGS in
Denver, Colorado (7).
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modified since they formed from the early solar neb-
ula. Others are from larger asteroids that got hot
enough to melt and send lava flows to the surface.A
few are even from the moon and Mars. The most
primitive type of meteorites are called chondrites,
because they contain little spheres of olivine crystals
known as chondrules. Because of their importance,
meteorites have been extensively dated radiometri-
cally; the vast majority appear to be 4.4-4.6 Ga (bil-
lion years) old. Some meteorites, because of their
mineralogy, can be dated by more than one radio-
metric dating technique, which provides scientists
with a powerful check of the validity of the results.
The results from three meteorites are shown inTable
1. Many more, plus a discussion of the different types
of meteorites and their origins, can be found in
Dalrymple (1991).

There are 3 important things to know about the
ages in Table 1.The first is that each meteorite was
dated by more than one laboratory — Allende by 2
laboratories, Guarena by 2 laboratories, and St
Severin by 4 laboratories. This pretty much elimi-
nates any significant laboratory biases or any major
analytical mistakes.The second thing is that some of
the results have been repeated using the same tech-
nique, which is another check against analytical
errors. The third is that all 3 meteorites were dated
by more than one method — 2 methods each for
Allende and Guarena, and 4 methods for St Severin.
This is extremely powerful verification of the validi-
ty of both the theory and the practice of radiometric
dating. In the case of St Severin, for example, we
have 4 different natural clocks (actually 5, for the Pb-
Pb method involves 2 different radioactive uranium
isotopes), each running at a different rate and each
using elements that respond to chemical and physi-
cal conditions in much different ways. And yet, they
all give the same result to within a few percent. Is

this a remarkable coincidence? Scientists have con-
cluded that it is not; it is instead a consequence of
the fact that radiometric dating actually works and
works quite well. Creationists who want to dispute
the conclusion that primitive meteorites, and there-
fore the solar system, are about 4.5 Ga old certainly
have their work cut out for them!

THE K-T TEKTITES

One of the most exciting and important scientific
findings in decades was the 1980 discovery that a
large asteroid, about 10 kilometers diameter, struck
the earth at the end of the Cretaceous Period. The
collision threw many tons of debris into the atmos-
phere and possibly led to the extinction of the
dinosaurs and many other life forms.The fallout from
this enormous impact, including shocked quartz and
high concentrations of the element iridium, has
been found in sedimentary rocks at more than 100
locations worldwide at the precise stratigraphic
location of the Cretaceous-Tertiary (K-T) boundary
(Alvarez and Asaro 1990; Alvarez 1998). We now
know that the impact site is located on the Yucatan
Peninsula. Measuring the age of this impact event
independently of the stratigraphic evidence is an
obvious test for radiometric methods, and a number
of scientists in laboratories around the world set to
work.

In addition to shocked quartz grains and high
concentrations of iridium, the K-T impact produced
tektites, which are small glass spherules that form
from rock that is instantaneously melted by a large
impact.The K-T tektites were ejected into the atmos-
phere and deposited some distance away. Tektites
are easily recognizable and form in no other way, so
the discovery of a sedimentary bed (the Beloc
Formation) in Haiti that contained tektites and that,
from fossil evidence, coincided with the K-T bound-
ary provided an obvious candidate for dating.
Scientists from the US Geological Survey were the
first to obtain radiometric ages for the tektites and
laboratories in Berkeley, Stanford, Canada, and
France soon followed suit.The results from all of the
laboratories were remarkably consistent with the
measured ages ranging only from 64.4 to 65.1 Ma
(Table 2). Similar tektites were also found in Mexico,
and the Berkeley lab found that they were the same
age as the Haiti tektites. But the story
does not end there.

The K-T boundary is recorded in numerous sedi-
mentary beds around the world. The Z-coal, the
Ferris coal, and the Nevis coal in Montana and
Saskatchewan all occur immediately above the K-T
boundary. Numerous thin beds of volcanic ash occur
within these coals just centimeters above the K-T
boundary, and some of these ash beds contain min-
erals that can be dated radiometrically. Ash beds
from each of these coals have been dated by
“©Ar/*Ar, K-Ar, Rb-Sr, and U-Pb methods in several lab-
oratories in the US and Canada. Since both the ash




beds and the tektites occur either at or very near the
K-T boundary, as determined by diagnostic fossils,
the tektites and the ash beds should be very nearly
the same age, and they are (Table 2).

There are several important things to note about
these results. First, the Cretaceous and Tertiary peri-
ods were defined by geologists in the early 1800s.
The boundary between these periods (the K-T
boundary) is marked by an abrupt change in fossils
found in sedimentary rocks worldwide. Its exact
location in the stratigraphic column at any locality
has nothing to do with radiometric dating — it is
located by careful study of the fossils and the rocks
that contain them, and nothing more. Second, the
radiometric age measurements, 187 of them, were
made on 3 different minerals and on glass by 3 dis-
tinctly different dating methods (K-Ar and *Ar/*Ar
are technical variations that use the same parent-
daughter decay scheme), each involving different
elements with different halflives. Furthermore, the
dating was done in 6 different laboratories and the
materials were collected from 5 different locations
in the Western Hemisphere. And yet the results are
the same within analytical error. If radiometric dat-
ing did not work then such beautifully consistent
results would not be possible.

DATING oF THE MT VEsuvius ERUPTION

In the early afternoon of August 24, 79 CE, Mt
Vesuvius erupted violently, sending hot ash flows
speeding down its flanks. These flows buried and
destroyed Pompeii and other nearby Roman cities.
We know the exact day of this eruption because Pliny
the Younger carefully recorded the event.In 1997 a
team of scientists from the Berkeley Geochronology
Center and the University of Naples decided to see if
the “°Ar/¥Ar method of radiometric dating could
accurately measure the age of this very young (by
geological standards) volcanic material. They separat-
ed sanidine crystals from a sample of one of the ash
flows. Incremental heating experiments on 12 sam-
ples of sanidine yielded 46 data points that resulted
in an isochron age of 1925 + 94 years.The actual age
of the flow in 1997 was 1918 years.Is this just a coin-
cidence? No — it is the result of extremely careful
analyses using a technique that works.

This is not the only dating study to be done on an
historic lava flow. Two extensive studies done more
than 25 years ago involved analyzing the isotopic
composition of argon in such flows to determine if
the source of the argon was atmospheric, as must be
assumed in K-Ar dating (Dalrymple 1969, 26 flows;
Krummenacher 1970, 19 flows). Both studies detect-
ed, in a few of the flows, deviations from atmos-
pheric isotopic composition, most often in the form
of excess *"Ar.The majority of flows, however, had no
detectable excess “°Ar and thus gave correct ages as
expected. Of the handful of flows that did contain
excess “’Ar, only a few did so in significant amounts.
The 122 BCE flow from Mt Etna, for example, gave

TaBLE 2 “°Ar/*Ar ages for K-T tektites and related
K-T boundary deposits
Location Material Method Number Age(Ma)
Dated of
of Analyses
Haiti tektites “Ar/*Ar total fusion 52 64.4 0.1
(Beloc “Ar/YAr age spectrum 4 64.4 £ 0.4
Formation) “Ar/*“Ar age spectrum 2 64.5+0.2
“Ar/*Ar age spectrum 4 64.8+0.2
“Ar/*Ar total fusion 18 64.9 0.1
"Ar/*Ar total fusion 3 65.1+0.2
“Ar/¥Ar age spectrum 9 65.0%0.2
Mexico tektites “Ar/*Ar total fusion 2 65.1 0.5
(Arroyo el
Mimbral)
Hell Creek, tektites “Ar/*Ar total fusion 28 64.8 £ 0.1
Montana “Ar/"Ar age spectrum 1 66.0 £ 0.5
(Z-coal) “Ar/“Ar age spectrum 1 64.7 £ 0.1
“Ar/¥Ar total fusion 17 64.8+0.2
biotite, K-Ar 64.6%1.0
sanidine
biotite, Rb-Sr isochron (26 data) 1 63.7 £ 0.6
sanidine
zircon U-Pb concordia (16 data) 1 63.9+0.8
Saskatchewan, sanidine “Ar/*Ar total fusion 6 64.7 £ 0.1
Canada “Ar/*Ar Ar age spectrum 1 64.6 £0.2
(Ferris coal)  biotite, K-Ar 7 65.8+1.2
sanidine
various Rb-Sr isochron (10 data) 1 64.5 £ 0.4
zircon U-Pb concordia (16 data) 64.4+08
Saskatchewan, sanidine “Ar/*Ar total fusion 11 64.8+0.2
Canada “Ar/YAr age spectrum 1 64.7 £0.2
(Nevis coal) biotite K-Ar 2 64814
various Rb-Sr isochron (7 data) 1 63.9+0.6
zircon U-Pb concordia (12 data) 1 643 0.8
Data from compilation and study by Dalrymple and others (1993).
Analyses done by university laboratories in Australia. Canada. France,
and California, and at the USGS in Menlo Park, California.

an erroneous age of 0.25 + 0.08 Ma. Note, however,
that even an error of 0.25 Ma would be insignificant
in a 20 Ma flow with equivalent potassium content.
Austin (1996) has documented excess “Ar in the
1986 dacite flow from Mount St Helens, but the
amounts are insufficient to produce significant
errors in all but the youngest rocks.

The 79 CE Mt Vesuvius flow, the dating of which
is described above, also contained excess *°Ar. The
“©Ar/*Ar isochron method used by the Berkeley sci-
entists, however, does not require any assumptions
about the composition of the argon trapped in the
rock when it formed — it may be atmospheric or any
other composition, for that matter.Thus any potential
error due to excess "’Ar was eliminated by the use of
this technique, which was not available when the
studies by Dalrymple (1969) and Krummenacher
(1970) were done.

Thus the large majority of historic lava flows that
have been studied either give correct ages, as
expected, or have quantities of excess radiogenic
“Ar that would be insignificant in all but the
youngest rocks. The “Ar/*Ar technique, which is
now used instead of K-Ar methods for most studies,
has the capability of automatically detecting, and in
many instances correcting for, the presence of
excess “°Ar, should it be present.
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Comments on a Creationist’s

Irrelevant Discussion of

Isochrons

Derek York, Department of Physics, University of Toronto and
G Brent Dalrymple, College of Oceanic & Atmospheric Sciences, Oregon State University

adiometric dating of rocks and minerals

using long-lived, naturally-occurring

radioactive isotopes has provided volu-
minous and conclusive evidence that the earth is 4.5
billion years old and that life on earth began more
than 3 billion years ago (for example, Dalrymple
1991;York 1997). Numerous creationist attempts to
show that radiometric dating does not work (for
example, Woodmorappe 1979; Arndts and Overn
1981) have invariably fallen far short of the mark and
only serve to emphasize that these creation “scien-
tists” do not understand the physical principles on
which this valuable scientific tool is based
(Dalrymple 1984).

Now there is a new and equally unsuccessful cre-
ationist attempt to demonstrate that radiometric dat-
ing is somehow flawed. GH Gill has claimed that the
isochron regression technique used in rubidium-
strontium (Rb-Sr) dating is mathematically invalid
(Gill 1996). We show here that Gill’s claim is false
and results from his misunderstanding of the ele-
mentary algebra and isotope relationships that
underlie the isochron technique.

Gill correctly notes the obvious fact that if we
take data points (x,p) that initially delineate a
straight line and divide all pairs of values x and y by
a randomly varying quantity, which he calls the con-
founding variable, the data points will no longer lie

on the original line and will exhibit much more scat-
ter about some new line fit to the data. While this is
correct, it is also irrelevant; this mathematical truism
has nothing to do with the basis of the isochron
method.

In reality, geochronologists (the scientists who
date rocks) do the exact opposite.They do not begin
with data that fit on a straight line and then disturb
this situation, as Gill alleges. Instead, they begin
with data that do not fit a straight line, then, using
high-school algebra, they transform the data from
isotopic amounts to isotopic ratios. These new x
and y ratio data now fall on a straight line, the slope
of which gives the common age of the samples
being analyzed.

REVEALING UNDERLYiNG RELATIONSHIPS

The approach of using ratios to reveal important
relationships is common throughout science. To
understand why this works, let us begin by looking
at an example that is somewhat simpler than iso-
topes in rocks. Suppose we wish to study variations
in the female population of selected European coun-
tries using 1998 census data. If we plot the number
of females in these countries (Figure 1a), the graph
shows a large scatter of data. Technically, there is
nothing wrong with this graph — it is an entirely
accurate representation of the data. We suspect,

SUMMARY

In this short paper I have briefly described 4 exam-
ples of radiometric dating studies where there is
both internal and independent evidence that the
results have yielded valid ages for significant geolog-
ic events. It is these studies, and the many more like
them documented in the scientific literature, that
the creationists need to address before they can dis-
credit radiometric dating. Their odds of success are
near zero. Even if against all odds they should suc-
ceed, it still would not prove that the earth is young.
Only when young-earth creationists produce con-
vincing quantitative, scientific evidence that the
earth is young will they be worth listening to on this
important scientific matter.
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Graphs showing (a) the number of females in selected
European countries in 1998, and (b) the ratio of females to
males in those same countries in 1998. Both graphs are valid,
but they each reveal different things about the populations
of the countries. Often ratios, as in graph (b), are more
revealing than absolute numbers, as in graph (a).

however, that the large variation among countries is
primarily a function of the population of those coun-
tries rather than a function of either the birth or
death rates of women.

To test that hypothesis, Figure 1a is not very use-
ful. If we divide the number of females by the num-
ber of males and plot the results, however, we get
Figure 1b, which shows a clear straight-line relation-
ship. This graph is very useful for our purpose and
from it we learn that the fraction of females in the
populations of these countries is slightly greater
than one-half and that variations from country to
country are small. Considering what we wish to
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Graphs showing (a) the amounts, in parts per million (ppm),
of ¥Rb and ¥Sr in minerals and whole-rock samples of the
meteorite Tieschitz, and (b) the isotope ratios for the same
meteorite. Graph (a) reveals little information of interest
whereas graph (b) shows a linear relationship that not only
provides the isochron age of 4.52 + 0.05 billion years but also
demonstrates that the meteorite has not been disturbed signifi-
cantly since it formed. Data from Minster and Allegre (1979).

know, Figure 1b is much more useful than Figure 1a.
This is only one example in which ratios are much
more instructive than absolute amounts.

Exactly the same device is used in Rb-Sr isochron
dating as well as in other isotopic dating methods. If
we plot the amounts of *Rb (the radioactive parent
isotope) versus the amounts of “Rb (the daughter
isotope produced by radioactive decay of the parent
isotope) in various minerals and whole-rock pieces
of the meteorite Tieschitz (Figure 2a), we find that
the data scatter. If we divide these amounts by the
amount of *Sr in the samples and plot those ratios
(Figure 2b), however, we get a remarkable transfor-
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FIGURE 3
Growth of *Sr* from decay of “Rb over time. *Sr, is the amount
of initial or common Sr in a mineral that formed at time = 0.
Arrows show direction of increase.

mation — the data fall onto a beautifully delineated
straight line. The reason this works is that there is a
genuine physical relationship between the isotopes
used in the ratio graph.This relationship is hidden in
Figure 2a by the huge variation in the amounts of the
isotopes. Figure 2a reveals nothing of interest about
the meteorite, whereas Figure 2b provides an
isochron age of 4.52 + 0.05 billion years and also
tells us that the meteorite has not been substantially
disturbed since it formed.

UsING IsoToPE RATIOS IN GEOCHRONOLOGY

Let us explore in more detail the simple logic behind
Rb-Sr isochrons and see why isotope ratios in
geochronology work the way they do. Gill’s criticism
of isochrons is mathematical in nature, so in order to
refute him the use of some simple algebra is
unavoidable. We will keep it as elementary as possi-
ble, however, and refer the more mathematically
inclined reader to the equations in the Appendix.

All scientists agree that in any undisturbed quan-
tity of rock or mineral sample of age ¢ the number of
atoms of ¥Sr produced by the radioactive decay of
¥Rb since the rock formed — or ¥S§7* — can be cal-
culated using the simple exponential decay equation
(Appendix, equation 1).The #Sr*, also known as radi-
ogenic strontium, is not the only ¥Sr in the rock.
Invariably, when strontium-bearing rocks form, they
contain some common, or initial, strontium, which
is a mixture of *'Sr, *Sr, 'Sr, and *Sr. So the total
amount of ¥Sr in the rock sample, *Sr, is the sum of
the amount of the radiogenic strontium, *$7*, and
the amount of the common strontium, ¥S7.
(Appendix, equation 2).

By combining these 2 relationships and doing
some simple algebraic rearrangement, we get
(Appendix, equation 5).

¥Srs= Y Rbs (eM - 1)+ S

which expresses how the total amount of *Sr in the
sample, S, grows as a result of radioactive decay
over time. The decay constant, \, represents the
probability of decay, is a constant, and can be accu-
rately measured in the laboratory. This growth of

¥8r* in the presence of common strontium is shown
graphically in Figure 3.

Those who remember their high school exercises
in graphing will recognize that the above equation
has the form of the equation of a straight line, com-
monly expressed as

y=mx+b

where y (= ¥Sry) and x (= “Rby) are variables and the
slope m (= eM - 1) and the intercept b (= ¥Sr.) are
constants. Thus, the equation for the increase of ¥Sr
is also the equation for a straight line that expresses
the relationship between the quantities of *Rb and
#Sr in the sample as a function of time, ¢, which is
represented by the slope of the isochron (Figure 4).

The problem with this equation is that while
(eM- 1) is a constant for all rocks and minerals of the
same age,*Sr. is a variable.This is because the 3 vari-
ables in the equation are expressed as absolute quan-
tities of the isotopes — in our example as numbers
of atoms.The quantities of these isotopes do indeed
vary from one sample to another, even if the samples
are from the same rock body and formed at the same
time. This is because different minerals incorporate
varying amounts of rubidium and strontium into
their crystal structures when they cool after melting.
Indeed, if this were not so, the isochron method
would not work, because there would not be
enough difference in the data points to form a line.
If we measure these 3 quantities (*’Sr;, “Rb;, ¥Sr)
and graph them, therefore, the result will be a scatter
of points rather than a straight line, as in Figure 2a.
This is a key point that Gill (1996) seems not to
appreciate, for he begins his analysis by making the
erroneous assumption that there is usually a straight-
line relationship between the isotope quantities
expressed in this equation.

In order to plot these data on a straight line, we
need to find another variable that is perfectly corre-
lated with #Sr.. By “perfectly correlated” we mean

7Sr,
(atoms)

7S,

*¥Rb,
(atoms)

FIGURE 4
Amount of *Sr as a function of the amount of “Rb in
3 minerals (A-C) from the same rock after time 7. The
data from the minerals will plot on a straight line, or
isochron, as shown, only if the quantity of “Sr.in all of the
minerals is identical, which is highly unlikely and almost
never happens.The most likely situation is that the data will
scatter, as in Figure 2a. Arrows show direction of increase.
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Ten Tips for Successtul Letter Hacking

Mary Lonw Mendum

Ithough most of the battle against cre-

ationism has focused on the political and

legal battles over textbooks and curricu-
lum development, it is important to remember that
public opinion plays a major role in determining the
material actually taught in biology classrooms. One
inexpensive and effective way to educate the public on
the nature of science in general, and evolution in par-
ticular, is through the editorial pages. Letters to the edi-
tor are widely read, and fundamentalists have long used
letter campaigns to push their agenda. By promptly
detailing the scientific errors in creationist letters,
NCSE members have the opportunity to expose cre-
ationism as the pseudoscience that it is. Here are 10
guidelines to consider when writing rebuttals to cre-
ationist letters:

1. Criticize facts, not opinions. Honest statements
of belief in creationism as an article of faith are not
open to argument, and they serve the useful purpose of
revealing its religious basis. Instead, concentrate on
exposing misquotes and factual errors. Name-calling is
not advisable, but accusations of sloppy scholarship
and ignorance, accompanied by proper documenta-
tion, can be devastating.

2. Do your homework. If you are criticizing creation-
ists for poor scholarship, you cannot afford to make the
same mistake yourself. However, you can greatly
increase the impact of your letter if you can back up
your statements with references to the scientific litera-
ture, including complete quotations from the original
source used by anti-evolutionists to “prove” their case.

3. Do not cover more than one or two points in
each letter. Your goal should be to challenge the cred-
ibility of the local creationists, not to give an introduc-
tory biology seminar. A lengthy point-by-point discus-
sion of transitional fossils is less effective than a short
letter detailing one misquote and one major scientific
error. If you try to cover too many topics, the editor is
likely to delete half of them.

4. Keep it short and succinct. Letters of one page are
much more likely to be published than those of two or
more pages. The more concise your letter, the more
likely it will appear exactly as you wrote it. Make sure
that every word is essential to the overall point of your
letter.This is particularly important if you are writing to
conservative papers, as they have a tendency to delete
all those annoying little facts that make evolution
sound more scientific than creationism.

5. Humor is helpful. A funny, entertaining letter is
much more memorable to both editor and readers than
an angry or sarcastic one. )

6. Slant your letter towards the newspaper’s style.
Do not attack the creationists’ right to advocate their
beliefs when you write to a liberal paper — you might
even want to include a statement that you support
their freedoms of speech and religion, when they are
exercised outside of the science classroom. Appeals to
scientific authority are very effective in letters to con-
servative papers, while liberal papers prefer more spe-
cific references.

7. If you have credentials, mention them. Few cre-
ationists writing letters to local newspapers have any
scientific training. If you have earned a degree or done
research in a relevant scientific field, you are automati-
cally more credible than a person who has not. If you
are affiliated with a university, use your departmental
address. Most newspapers will print such information
under your name, and that is far more impressive to
readers than the usual home town.

8. Two letter hacks are more effective than one.
Letters editors like to keep lively debates going, but
they will seldom print two letters from any one person
during an exchange, and if 2 people submit good letters
on the same topic at the same time, chances are that
only one of them will be published. If you coordinate
your efforts with one or more other people, you can be
sure that any creationist attacks on your letters will be
responded to promptly and effectively.

9. Do not limit your writing to the scientific
issues. The anti-evolutionary agenda goes far beyond
creationism, and an effective defense of science
requires that the constitutional basis for rejecting the
teaching of creationism — the First Amendment —
remains intact. Upholding strict church-state separa-
tion is as important as debunking creationist pseudo-
science.

10. Be persistent. It may take 5 or 6 tries before a
newspaper publishes one of your letters, especially if it
has a large circulation. Do not be discouraged; eventu-
ally the letters editor will tire of printing yet more let-
ters on the latest election scandals, and start looking for
a little variety.

It is very unlikely that even the best letter-writing
campaign will convince hard-core fundamentalists to
abandon creationism. However, by writing in to correct
their factual errors and dishonest scholarship, it is pos-
sible to discourage them from using the letters pages to
promote bad science.

[Adapted from NCSE Reports 1996; 16 (4): 19-20.]
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VISIONS OF THE SCOPES TRIAL

t was 75 years ago, in the sweltering July of 1925, that

John Thomas Scopes was tried in Dayton, Tennessee, for

violating the state’s anti-evolution act. Often described
as the greatest trial of the century, the case of State of
Tennessee v Jobn T Scopes sparked hilarity, resentment,
confusion, celebration, anger — and, of course, books. Alas,
many excellent books about the trial are out of print, such
as L Sprague de Camp’s The Great Monkey Trial (which Sue
Hicks, one of the prosecutors, described as the “most accurate

overall edition of the published accounts of the trial”), Willard
B Gatewood Jr’s sourcebook Controversy in the Twenties:
Fundamentalism, Modernism, and Evolution,and John'T
Scopes’s own Center of the Storm. But the following books
are available on the NCSE web site: <www.ncseweb.org/
bookstore.asp>.And remember, every purchase benefits NCSE!

THe Drama

The Great Tennessee

Monkey Trial

by Peter Goodchild
(audiocassette)

Unlike  Inberit the Wind,
Goodchild’s play is intended to
depict the Scopes trial accurately;
in fact, it was adapted from the
original trial transcripts. The
reviewer for the London Times
raves, “[n]either theatre nor docu-
mentary, it succeeds in thrillingly
being both.” The performance
recorded here stars Charles
Durning, Tyne Daley, and Ed Asner
in a bravura performance as the
Boy Orator of the Platte, the

Peerless Leader, the Great
Commoner — William Jennings
Bryan.

The World’s Most

Famous Court Trial:
Tennessee Evolution Case
edited by William Hilleary and
Oren Metzger

The very first book on the subject
of the Scopes trial contains, in the
words of the title page,“[a] word-
for-word report of the famous

court test of the Tennessee anti-
evolution act, at Dayton, July 10 -
21, 1925, including speeches and
arguments of attorneys, testimony
of noted scientists, and Bryan’s
last speech.” Reprinted with addi-
tions from the original 1925 edi-
tion, the transcript, although
expensive, is invaluable for any-
one seriously interested in the
Scopes trial.

Inberit the Wind

by Jerome Lawrence and

Robert E Lee

Opening on Broadway in 1955,
Inberit the Wind was intended to
indict McCarthy’s anticommu-
nism, not Bryan’s fundamental-
ism. Nevertheless, by basing the
play loosely on the Scopes trial —
Bryan became Brady, Darrow
became Drummond, Mencken

became Hornbeck, Scopes
became Cates, and Dayton
became Hillsboro — Lawrence

and Lee embedded their vision of
the trial in the American popular
consciousness. Starring in the
1960 film version — which pre-
miered in Dayton — were
Spencer Tracy, Fredric March, and
Gene Kelly.

Hlustration by Dave Smith, used
with permission of the University of
California Museunm of Paleontology

THE PLAYERS

The Scopes Trial:

A Photograpbic History
introduction by Edward Caudill
photograph captions by

Edward J Larson

afterword by Jesse Fox Mayshark
At last, the opportunity to see the
persons and places of the greatest
trial of the century! The backdrop
and the repercussions of the
Scopes trial are ably discussed by
Edward Caudill and Jesse Fox
Mayshark, respectively, but the
heart of the book is its wealth of
annotated documentary pho-
tographs. Slim and elegant, The
Scopes Trial: A Photographic
History is simply irresistible.

The Story of My Life

by Clarence Darrow

introduction by Alan Dershowitz
Straight from the horse’s mouth,
the story of the most famous —
and infamous — attorney of his
day contains Darrow’s own
account of his involvement in the
Scopes trial. “To me,” Darrow
wrote, “it was perfectly clear that
the proceedings bore little sem-
blance to a court case, but I real-
ized that there was no limit to the
mischief that might be accom-
plished unless the country was
aroused to the evil at hand.”
Introduction by the Harvard law
professor widely considered to be
the Darrow of our day.

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




Order these & other fine books from NCSE’s web Page <www.ncseweb.org/bookstore.asp>

Defender of the Faith:

William Jennings Bryan,

the Last Decade, 1915-1925

by Lawrence W Levine

Although the remarkable public
career of the Great Commoner
attracted biographers aplenty,
Levine’s narrow focus on the last
decade of Bryan’s life makes his
1965 study especially helpful to
those fascinated by the Scopes
trial. “The Bryan of the 1920s was
essentially the Bryan of the
1890s”, Levine explains in his
introduction: “older in years but
no less vigorous, no less opti-
mistic, no less certain.”

Attorney for the Damned:
Clarence Darrow in the
Courtroom

edited by Arthur Weinberg
foreword by William O Douglas
Reprinted from the 1957 edition.
“Clarence Darrow [was] perhaps
the most effective courtroom
opponent of cant, bigotry, and
special privilege that our country
has produced. All of Darrow’s
most celebrated pleas are here —
in defense of Leopold and Loeb
(1924), of Lieutenant Massie
(1932), of Big Bill Haywood
(1907), of [John] Thomas Scopes
(1925),and of himself for attempt-
ed bribery”, writes the reviewer
for The New Yorker.

THe HisTony

Only Yesterday:

An Informal History of

the Nineteen-Twenties

by Frederick Lewis Allen

Written by the editor of Harper’s
magazine in 1931, the still-in-print
Only Yesterday recounts the
events of the Roaring Twenties
with verve and enthusiasm. “No
one”, according to the historian
Roderick Nash, “has done more to
shape the conception of the
American 1920s than Frederick
Lewis Allen” The Scopes trial, as
the major news story of the sum-
mer of 1925, receives plenty of
attention, although Edward ]

Larson complains that Allen “pre-
sented the trial in cartoon-like
simplicity” and “perpetuated vari-
ous misconceptions about events
at Dayton”

When All the Gods Trembled:
Darwinism, Scopes, and
American Intellectuals

by Paul K Conkin

The author of American
Originals: Homemade Varieties
of Christianity turns his attention
to the impact of Darwin’s theories
on the intellectual scene of the
1920s.The Scopes trial is central,
of course, but Conkin also dis-
cusses the reactions of intellectu-
als as diverse as the pastor Harry
Emerson Fosdick, the philosopher
John Dewey, and the poet John
Crowe Ransom. Fellow historian
Edward ] Larson praises When All
the Gods Trembled for its “keen
insights into the historic funda-
mentalist-modernist controversy
and the ongoing debate over sci-
ence and religion.”

Six Days or Forever?
Tennessee v Jobn Scopes

by Ray Ginger

The first authoritative historical
treatment of the Scopes trial is
still extraordinarily readable.
Originally published in 1958, Six
Days or Forever? is notable for its
comparison of Darrow’s 1925
interrogation of Bryan and the
Senate’s 1954 investigation of
McCarthy; “if a person holds irra-
tional ideas and insists that others
should accept them because of
their authoritative source”, Ginger
writes, “he should never agree to
be questioned about them.”

Summer for the Gods: The
Scopes Trial and America’s
Continuing Debate Over
Science and Religion

by Edward J Larson

Larson, the author of the
acclaimed Trial and Error: The
American Controversy Over
Evolution, won the 1998 Pulitzer
Prize for history for Summer for

the Gods. Small wonder: it exhaus-
tively discusses the legal, histori-
cal, and social setting of the
Scopes trial, all in Larson’s charac-
teristically  sparkling prose.
Summer for the Gods is endorsed
by such diverse readers as Phillip
Johnson, Will Provine, and Ronald
L Numbers, who says that it “is,
quite simply, the best book ever
written on the Scopes trial and its
place in American history and
myth.” Highly recommended.

Darwinism Comes to America
by Ronald L Numbers

In these fascinating essays, distin-
guished historian of science
Ronald L Numbers explores the
reception of Darwinism in the US.
Eugenie C Scott writes,
“‘Numbers’s carefully researched
study helps us understand the ori-
gin of the wide-ranging attitudes
toward creation and evolution
found among  conservative
Christians today. Darwinism
Comes to America is a worthy
successor to The Creationists.” In
the 4th essay in the collection,
“The Scopes Trial: History and
Legend”, Numbers takes “a fresh
look at the Scopes trial, focusing
specifically on its representation
(one is tempted to say misrepre-
sentation) in popular and scholar-
ly works”, including, inevitably,
Inberit the Wind.

AND THE CHILOREN

The Scopes Trial:

Defending the Right to Teach
by Arthur Blake

The Scopes Trial was, at bottom,
about what children ought to be
taught in science class, so it is
appropriate that Blake wrote his
book specifically for children
between 9 and 12, clearly and
thoroughly describing the Scopes
trial and its enduring significance
for religion, education, and soci-
ety. Contains photographs, bibli-
ography, chronology, and index.
Part of the Spotlight on American
History series.
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&> NCSE on the Road

. A CALENDAR OF SPECIAL EVENTS,
R PRESENTATIONS, AND LECTURES

DATE January 6, 2001 DATE January 31, 2001
City Chicago IL City San Francisco
PRESENTER Eugenie C Scott PRESENTER Eugenie C Scott
TITLE Creationism: A Panel Discussion TITLE Just When You Thought it Was Safe to Teach
EVENT Society for Integrative and Comparative Evolution

Biology Annual Meeting EVENT The Fromm Institute Wonders of Science Series
TIME 12 noon TIME 10:00 AM
LocATiON Hilton Towers LocATioN University of San Francisco
CONTACT Daphne Fautin, fautin@ukans.edu CONTACT Jerrold Lowenstein, jlowen@itsa.ucsf.edu
DATE January 15,2001 DATE February 18, 2001
city Durham NC City San Francisco CA
PRESENTER Eugenie C Scott PRESENTER Eugenie C Scott
TITLE Creationism and Evolution TITLE Anti-evolution: What’s Changed/Unchanged
EVENT Public Lecture 20 years after McLean v Arkansas
TiME 7:00 PM EVENT American Association for the Advancement
LocATION North Carolina School of Science and of Science Annual Meeting

Mathematics TIME 3:00 PM - 6:00 PM
CONTACT Hugh Haskell, hhaskell@mindspring.com LocATION San Francisco Hilton

CONTACT Eugenie C Scott, scott@ncseweb.org

DATE January 18,2001 NoTE Also presenting lectures in the same
CiTy Berkeley CA symposium will be the scientific expert
PRESENTERS Eugenie C Scott and Kevin Padian witnesses for the plaintiff’s side in McLean
TITLE Tom Jukes, Creationism, and Evolution v Arkansas: geneticist Francisco J Ayala,
EVENT Memorial Service for Dr Thomas Jukes geologist G Brent Dalrymple, paleontologist
TiME 4:00 PM -5:00 PM Stephen Jay Gould, and biophysicist Harold J
LocATION UC Berkeley, Valley Life Sciences Building, Morowitz. The historian Ronald L Numbers,

room 2040 author of The Creationists and Darwinism
CONTACT Kevin Padian, kpadian@socrates.berkeley.edu Comes to America, will serve as discussant.

[Check the NCSE web site for updates and details — <bip://www. ncseweb.org>.]
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FSr/%Sr as a function of ¥Rb/*Sr in 3 minerals (A-C)
from the same rock after time £. In a rock that has
remained undisturbed since formation, the data will
always fall on an isochron that indicates the elapsed time
since the rock formed. Arrows show direction of increase.

simply that the 2 quantities, ¥Sr.and this new vari-
able, increase and decrease precisely together, that
is, when the quantity of one goes up or down, the
other does likewise by precisely the same percent-
age. If we can find such a variable, then we can
divide ¥Sr. by this new variable and the ratio of
these 2 variables will be a constant.

But is there another variable that satisfies these
requirements? The answer to this question is decid-
edly yes, and that variable is *Sr., representing the
amount in the sample of another component of
common Sr. It has been found by many experiments
on rocks from around the world and of different
ages that the ratio ¥Sr. /*Sr is a constant for all sam-
ples taken from a single rock body that formed at a
single time.This is because natural processes almost
never fractionate isotopes of the same element with
as little mass difference as there is between the iso-
topes of Sr. So dividing both sides of our Rb-Sr equa-
tion above by *Sr., and taking into consideration
that the common Sr in the rock is the only source of
%Sr, we can rewrite the equation in terms of isotope
ratios instead of isotope quantities (Appendix, equa-

tion 7):
87 S, 87Rb }\[ 87 r
D+

Thus, for a set of rocks or minerals of equal age,
the quantity (e - 1) is a constant. For rocks with a
uniform common S» value of (¥Sr/*Sr)., we will
obtain a straight line if we plot (¥’Sr/*Sr) against
C’Rb/*Sr),, assuming that the rock samples have all
remained closed to changes in the Rb and Sr iso-
topes other than that due to radioactive decay of the
¥Rb. The slope of the line will correctly represent
the age of the samples via the quantity (eM - 1),
which can be easily solved for time, ¢, and the inter-
cept, ('Sr/*Sr)., will correctly represent the stron-
tium isotopic composition at the time the rock
formed.This relationship is shown in Figure 5. '

Gill’s analysis might be fine, then, if it applied to

the dating of rocks, but it clearly does not.We do not
start with data defining a straight line then distort
this arrangement by dividing the data by a quantity
that varies randomly between samples. On the con-
trary, we begin with isotope concentration data,
which do not define a straight line, and then divide
the data by a quantity that varies perfectly with one
of the variables in our original equation.This logical
step reduces our equation to that of a straight line
relationship between the isotope ratios, (*'Sr/%5r)g
and (*Rb/*Sr)g , which are plotted on the isochron
diagram. We suspect that Gill has been misled by a
failure to appreciate the significance of using iso-
tope ratios, rather than isotope amounts, in dating.

ISsOCHRONS REVEAL VALIDITY OF SAMPLE AGES

There is another important aspect of the isochron
diagram worth mentioning. If the sample is not suit-
able for dating — for example, if it is composed of
minerals that formed at different times or if some of
the isotopes of interest have been lost due to weath-
ering — then the data will scatter and not form a
straight line. Whether or not the data plot on an
isochron provides an important test of the validity of
the assumptions necessary for a valid radiometric
age. In other words, the method is, to a large extent,
self-checking.

Because many rocks have been lying in the earth’s
crust for hundreds of millions of years, it is not sur-
prising that not all of them are easy to date.Their var-
ied experiences during their long existence, such as
elevated temperatures during mountain-building
episodes, for example, sometimes result in isotope
gain or loss, which invalidates the closed-system
assumption that is critical for all dating techniques.
Many, many rocks and minerals, however, have been
successfully dated in the past 40 years using the
isochron and other techniques in the Rb-Sr, K-Ar, Sm-
Nd, Re-Os, Lu-Hf, and U-Pb systems (see examples in
Dalrymple 1991). Much progress has also been made
in the dating of rocks that have not remained in
closed systems. The result of all of this work by sci-
entists in many countries is that we now know that
the earth, the moon, and meteorites are about 4.5 bil-
lion years old, microscopic life existed on earth 3.5
billion years ago, upright walking ape-like hominids
lived in Africa 3 to 4 million years ago, and modern
humans had made their appearance by roughly
100 000 years ago (Dalrymple 1991;York 1997).And
these are only a few of the many wonderful discover-
ies scientists have made about the history of the earth
and solar system using radiometric dating methods.

For all of these findings to be wrong, the univer-
sally accepted understanding of the radioactive
process would also have to be wrong. This, in turn,
would require dramatic changes in our understand-
ing of time, and of some of the basic laws of physics.
While this is not impossible, there currently is no
basis for thinking that it is even remotely worthy of
serious consideration.
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Nuclear Isochrons

Dave Thomas

ome chemical elements have isotopes that
are inherently unstable and undergo
radioactive decay. (Isotopes of the same ele-
ment always have the same number of charged pro-
tons in each atomic nucleus, but have different num-
bers of noncharged neutrons. Isotopes of a single
element act the same chemically, but often have dif-
ferent properties related to radioactivity or other
nuclear reactions.) Each radioactive isotope has a
remarkably constant decay rate that can be mea-
sured quite accurately, and most are constant under
a huge range of conditions (temperature, pressure,
and so on).The laws of physics do not tell us which
atoms of a given isotope (say, uranium-238) will
decay at any given time; but they do tell us how long
it will take for, say, half of the atoms to decay — this
duration is called the “halflife”; it is independent of
the size of the sample. These laws operate a lot like
insurance mortality tables — for a given age group,
actuaries cannot predict which individuals are good
risks, but they can predict things such as the average
life expectancy of members of the group and how
long it will take for half of the group to succumb to
accidents or natural causes.
“Simple” radioactive dating can be visualized as

Dave Thomas is the president of New Mexicans for Science and
Reason and editor of NMSR Reports. He was a 1999 recipient
of NCSE’s Friend of Darwin award and the winner of NCSE's
“Tangible Benefits of Evolution” contest.

using a kind of atomic hourglass. The radioactive
“parent” decays into a “daughter” isotope (often of a
different element, since radioactive decays usually
involve charged particles). So, if both parent and
daughter elements are present, the ratio of parent
isotope to daughter isotope can give a clue to the
age of the sample. If there is more parent than
daughter, the sample is still young (the top of the
hourglass is still mostly full). If there is less parent
than daughter, the sample is old (most of the sand is
at the bottom of the hourglass).

But simple dating techniques can be distorted in
several ways. What if there were some of the daugh-
ter isotope in the sample when it was formed? (Or,
by analogy, what if the hourglass had some sand
already in the bottom vessel when the hourglass
was first placed upright?) What if the sample were
not a “closed system”, and isotopes (either parent or
daughter) could enter or leave the system? (What if
there were holes in either vessel of the hourglass
that could let sand grains in or out?) Such contin-
gencies clearly could affect estimates of how long
the “clock” has been running.

To give a concrete example, suppose that we
examine 3 different minerals from a rock, labeled A,
B, and C, and that isotopic tests revealed the relative
amounts of 3 chemical isotopes in these minerals.
The parent isotope is rubidium-87 (*Rb for short). It
is radioactive, has 37 protons and 50 neutrons (for a
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APPENDIX
DERIVATION OF THE RB-SR ISsocHRON EQUATION

In any undisturbed quantity of rock or mineral sample of age ¢,
the number of atoms of ¥Sr produced by the radioactive decay
of ¥Rb since the rock formed is given by ¥$*, where

¥+ = Rb, (eM-1) @

and ¥ Rb, is the number of atoms of *Rb in the rock sample today.




total of 87 nucleons), and decays to strontium-87
with a halflife of 49 billion years.The daughter iso-
tope, strontium-87 (*Sr), has 38 protons and 49 neu-
trons (for a total of 87 nucleons).This is called “beta-
decay” because *'Sr is formed when one neutron of a
¥Rb atom decays to a proton, ejecting an electron
(or “beta ray”). The third isotope in our sample is
strontium-86  (*Sr); this is not involved
in any radioactive reactions (and thus is “non-
radiogenic™).

The present-day relative amounts of the isotopes
in our fictitious example are:

| Mineral Rb Sr 8Sr ‘

A 60 80 40
‘ B 30 60 60
I C 10 60 100

These numbers are purely hypothetical — they
were chosen so the explanation would be easy to

Future Isochron
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understand. I decided to make the rock 49 billion
years old, one halflife of rubidium. (Yes, that is
much older than the universe, but this is merely an
example.)
If we were to apply the “simple” dating method to
A, B, and C, we would arrive at 3 different ages,
assuming that there was no initial daughter isotope
(FSr) when the rock formed. For mineral A, all 80
units of ¥Sr would be assumed to have once been
¥Rb, so the initial amount of ®*Rb
would be 60 + 80 = 140. The corre-
sponding age works out to be 1.222
halflives, or about 60 billion years. [T =
T, X 10g,(("Rb + ¥'Sr) / “Rb) = 49 BY
X log,(140 / 60)]. Similarly, mineral B
would appear to have an age of 78 BY,
and mineral C would appear to have an
age of 138 BY.Thus the presence of ini-
tial daughter atoms devastates the
validity of “simple” dating methods.
There are 3 important questions to
consider when choosing a mineral
sample for radiometric dating: (1) Is
the rock a good sample for radioactive
dating? (2) What was the initial amount
of daughter product (*Sr) in the rock
at the time it formed out of a melt? (3)
How old is the rock? The isochron
technique provides a way to answer these questions.
Imagine going back in time 49 billion years to
observe the rock as it is crystallizing from a melt.The
rock has both isotopes of strontium: the daughter
product #Sr and non-radiogenic *Sr. Because these
all have nearly identical chemical characteristics,
they are mixed in equal ratios throughout the melt-
ed rock, much as a drop of food coloring stirred into
a glass of water quickly diffuses into a uniform hue.
Ratios are the “secret” of the isochron method,
and we need just 2 ratios: the ratio of the radioactive
parent isotope (Rb) to the non-radiogenic isotope
(**Sr), and the ratio of the daughter isotope (*'Rb) to

The decay constant,\, is the probability of decay and can be accu-
rately measured in the laboratory.

Since all strontium-bearing rocks and minerals invariably contain
some common, or initial, strontium, which is a mixture of *'Sr,
*Sr, ¥Sr, and ®Sr, the total amount of *Sr in the sample is

CSry = TSIHSY, @)

where ¥ Sr; is the total number of ¥Sr atoms in the sample, and
¥S8r. is the number of atoms of common ¥ Sr.

Subtracting *$», from both sides of equation (2), we have
TS = VS S, (€]
Substituting equation (3) into equation (1) yields
“SrevSr.= "Rb(eN-1) (€))
and adding *Sr.. to both sides we get
“Sry = Rb(eMN-D+¥Sr, 3

It has been found by many experiments on rocks from around the

world and of different ages that the ratio *Sr, /*Sr, is a constant
for all samples taken from a single rock body. Since the common
Sr in the rock is the only source of *Sr, then

%Sr. = %8 (©))
We can then write
S _ YRb; eM-1) +”‘Srr ©)
wSY, “Srg AN

and finally

mSr\_(CRDY  ae s L[ ST @
) e ),

which is the equation of a straight line with ("Sr/*Sr), as the inter-
cept and (e)“-l) as the slope of the isochron from which the age,
t, is found. Both (*S7/*Sr), and (*Rb/*Sr), can be precisely mea-
sured in the laboratory for any set of rocks from the same rock
body or any set of minerals from the same rock.

ratios... .
. _ . - —— ——]

—
Imagine going
back in time 49
billion years to
observe the rock
as it is crystalliz-
ing from a melt.
[B]oth isotopes
of strontium
[are] in equal
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When applied
correctly, the
isochron method
provides a
powerful way

to tackle some

of the problems
encountered

with “simple”
dating techniques.
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the same non-radiogenic isotope (*Sr). These are
given in the following table for the assumed time of
crystallization (49 BY ago).

Isotope Amounts and Ratios 49 Billion
Years in the Past
mineral ¥Rb 87Sr 8Sr  ¥Rb/*Sr #Sr/*Sr

A 120 20 40 3.0 0.5
B 60 30 60 1.0 0.5
C 20 50 100 0.2 0.5

The rubidium-heavy mineral A has the highest
ratio; A’s ratio of parent isotope to non-radiogenic
isotope is 120:40 = 3.0. In contrast, the rubidium-
poor mineral C has the lowest ratio; C’s ratio of par-
ent isotope to non-radiogenic isotope is 20:100 =
0.2. Note that a/l of the minerals have the same ratio
of daughter isotope to non-radiogenic isotope: 0.5,
or %.This is a direct result of the uniform mixing of
the melted isotopes.

Now let us return to the present and see what has
happened to our rock.The next table shows the pre-
sent-day amounts and ratios of the isotopes.

Isotope Amounts and Ratios Now
mineral ¥Rb  ¥Sr %Sr  ¥Rb/*Sr ¥Sr/*Sr

A 60 80 40 1.5 2.0
B 30 60 60 0.5 1.0
B C 10 60 100 0.1 0.6

Because the time elapsed since the rock solidified
is one half-life of ¥Rb, half of the ancient amount will
have decayed by the present. So for mineral A, which
started with 120 units of ¥Rb, now 60 remain, with
the other 60 converted to the daugh-
ter isotope (¥Sr). Thus, as the *Rb
amount drops from 120 to 60, the *Sr
count goes from 20 (49 BYa) to 80
(now).The story is similar for miner-
al B, in which ¥Rb decreased from 60
to 30, with a corresponding *Sr
increase from 30 to 60.Try the rule
out on mineral C to see for yourself
how this works.The important thing
is that the ratios have changed also
— the ¥Rb ratios all dropped, and the
8Sr ratios, which used to all be /%, are
now quite different (ranging from
0.6 to 2.0).

So what is an isochron, anyway? If
the results of the preceding tables
are graphed with the parent isotope
ratio as the horizontal axis, and the
daughter isotope ratio as the vertical
axis, then the slope of the isochron — the line con-
necting the points for the various minerals at the
same time (as the etymology of the name “isochron”
suggests) — is directly related to the age of the rock.
Two such isochrons are shown to the right: the hor-
izontal one labeled 49 BYa, and the slanted one
dower left to upper right) labeled NOW.

The lines with arrows represent the changes in
those single minerals over time. For example, A’s
8Rb/*Sr ratio drops from 3.0 to 1.5, while its *Sr/*Sr
ratio rises from 0.5 to 2.0. Compare the plot to the
ratios in the preceding tables to see where the
isochrons come from.

How is the isochron’s slope related to the age of
the rock? Let us consider one more example — that
of the same rock, 49 BY in the future (long after our
sun has turned into a smoldering dwarf star).

) ) -~ |
Isotope Amounts and Ratios 49 Billion ‘

Years in the Future

mineral *Rb 8Sr 8Sr ¥ Rb/*Sr *¥Sr/*Sr ‘

A 30 110 40 0.75 2.75 ‘
B 15 75 60 0.25 1.25
C 5 65 100  0.05 0.65 ‘

The slope of the far-future isochron is (2.75 -
0.65)/(0.75-0.05)=2.1 /0.7 = 3.0.The slope of the
isochron is related to the age in halflives of the
ample. Simply add 1 to the slope and express that
sum as a power of 2.The exponent is the number of
half-lives since the formation of the sample. In this
example, the slope is 3,50 3 + 1 = 4 = 2%, and the age
is 2 halflives. For a slope of 1 (present-day), 1 + 1 =
2 = 2!, so the age is 1 half-life. And for a slope of 0.0
(49 BY ago),0 + 1 = 1 = 2°,so the age is 0. For a slope
of 7,slope + 1 = 8 = 2, which means 3 half-lives.

When applied correctly, the isochron method
provides a powerful way to tackle some of the prob-
lems encountered with “simple” dating techniques.
For one thing, if the sample minerals did not solidify
at the same time but were mashed together, the
points will generally not lie on a straight line. And
when this scattering is observed, the sample is rec-
ognized to be unusable for dating with the method.
It is like a built-in quality check on the reliability of
the result. For another thing, the possibility of having
some of the daughter isotope already present in the

The First Half Life
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rock when it formed can be handled. This initial
amount is revealed by the isochron method — as
the value on the ®Sr/*Sr axis where the isochron
crosses (0.5 in all the examples). And since the age
depends on the isochron slope, the initial amount
does not affect the age determination (unlike “sim-
ple” dating).

But the method is not infallible. For example
cases of non-uniform mixing, or conglomeration of
certain types of rocks, can sometimes lead to “false”
or “fictitious” isochrons — isochrons that do not rep-
resent the true age of the rock.These possible pitfalls
are discussed in Bernard-Griffiths (1989) and Faure
(1986).There are methods to counteract these prob-
lems, such as taking more mineral samples, perform-
ing mixture analyses on more than one element, and
by checking dates by independent means (such as
looking at different parent/daughter pairs). (For
more details on this and other methods, see the
chapter on dating techniques in Dalrymple [1991]
and York and Dalrymple [2000].) When such checks
are made, confidence in the results is greatly
increased. For example, the St Severin meteorite was
dated with 3 different methods (Rb-St, Sm-Nd, and Ar-
Ar) as being between 4.4 and 4.6 billion years old
(Dalrymple 1991: 288).

Creationists love to attack such methods by claim-
ing that we do not really know if radioactive decay
rates are constant over time. They point out no
human was around back then, so who knows for
sure? They also hypothesize that decay rates varied
during supernatural events (the Creation, the Flood),
but of course they do not test these hypotheses. One
interesting point against the creationists is the fact
that, if decay rates did change over time, the points
on an isochron plot would be forced off the
isochron line and would appear quite scattered. The
very fact that isochrons do work in many cases is
powerful evidence that decay rates have, in fact,
remained constant for billions of years.

[This article originally appeared in NMSR Reports 1997 May;
3 (5):5-7. 1t is reprinted and abridged with permission.)
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THE CARBON-14 STORY

The January/February 2000 issue of American
Scientist has a review article on radiocarbon
(14-C) dating. The article, “Fifty Years of
Radiocarbon Dating”, was written by RE Taylor
of the Department of Anthropology at the
University of California at Riverside. The
American Scientist web site has the abstract
and some related links at <http://www.amsci.
org/amsci/articles/OOarticles/taylor.html>.

[Contributed by Rob Pennock.)

INTERNET RESOURCES ON
RADIOMETRIC DATING

For interested readers, there are several internet
resources on radiometric dating. Connect to
one of the following:
<http://www.geocities.com/Tim_J_Thompson/
radiometric.html>,
<http://c14.sci.waikato.ac.nz/webinfo/index.
html>, or
<http://www.geocities.com/CapeCanaveral/
8851/radiometric.html>.

[Thanks to Tim Thompson and Jobn Lynch for alerting
NCSE to these sites.]

BiocHEMIcAL “BLAcK Box”’
ON NPR’s SciENCE FRIDAY

The July 21, 2000, edition of National Public
Radio’s Talk of the Nation - Science Friday fea-
tured historian of science Edward J Larson,
Brown University biologist Ken Miller, and
Lehigh University biochemist Michael Behe.

A highlight of the program was Miller’s chal-
lenge to Behe to debate intelligent design in
front of an audience of scientists. Miller sug-
gested that this debate be held either at an
annual meeting of the American Society for
Biochemistry and Molecular Biology (to which
Behe belongs) and/or the American Society for
Cell Biology (to which Miller belongs). Behe
accepted.

Science Friday has posted suggested read-
ings, internet links, and a link to the RealAudio
recording of the show on the World Wide Web
at <http://www.sciencefriday.com/pages/
2000/Jul/hour2_072100.html>.

[Contributed by Gary L Bennett.]
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Dissecting the
Disclaimer

Kenneth R Miller
Brown Unaversity

Recently the state of
Oklahoma almost adopted a
disclaimer to be placed in science
textbooks that mention evolution
and are used by public schools in
the state. (See RNCSE 1999; 19
[5]: 7-8, 1999; 19 [6]: 11-2, and
2000; 20 [1-2]: 21.) RNCSE read-
ers will recognize that the word-
ing of the Oklahoma disclaimer is
taken directly from the infamous
original textbook disclaimer pro-
posed for textbooks in Alabama
(see NCSE Reports 1995; 15 [4]:
10-1). Unfortunately, the dis-
claimer is laden with scientific
inaccuracies and distortions that
will confuse students about the
nature of science and the science
of evolution. Such statements
place an unwelcome burden on
teachers, who must correct this
misinformation for their students.
They also introduce the danger-
ous precedent of setting official
statements by public officials at
odds with scientific accuracy and
good educational practice.

What follows is a line-by-line
analysis of the scientific accuracy
of the disclaimer. The text of the
disclaimer is set in boldface type,
and my commentary is in plain
type.

Message from the
[Oklahoma] State Text-
book Committee:

This textbook discusses
evolution, a controver-
sial theory, which some
scientists present as sci-
entific explanation for
the origin of living
things, such as plants
and humans.

~
Vewpsw 7 2

This statement is a deliberate
attempt to mislead young readers
about the scientific standing of
evolutionary biology. Within the
scientific community, evolution is
anything but controversial. Rather,
as the National Academy of
Sciences states, evolution is “the
most important concept in mod-
ern biology” (NAS 1998, viii).
Saying that “some” scientists pre-
sent evolution as the explanation
for the origin of species is equally
misleading. It is like saying that
“some” scientists believe that mat-
ter is composed of small units they
call atoms. That statement would
also be true, but would convey a
false sense of uncertainty regard-
ing atomic theory.A more accurate
statement would tell students that
evolution is accepted by the vast
majority of life scientists around
the world, and by every leading
scientific organization in the
United States including the
National Academy of Sciences, as
the best available explanation for
the origin of species.

No one was present
when life first appeared
on earth.

Absolutely correct.

Therefore, any state-
ment about life’s ori-
gins should be consid-
ered as theory, not fact.

This statement manifests a seri-
ous misunderstanding of the sci-
entific usage of the terms “theory”
and “fact”. A theory in science is
an explanation of a natural phe-
nomenon, and a fact is a con-

firmed observation. An example
of a fact would be that there is
great consistency in the sequence
of fossils in the fossil record, with
no major branch of the tree of life
being out of order (for example,
fossils of mammals are never
found in the Devonian Period — a
time marked by the diversifica-
tion of bony fishes and the
appearance of the first amphib-
ians and insects). Another fact is
that living species tend to be
found where their fossil ancestors
are also found. We make sense of
these and many other confirmed
observations, or facts, with the
explanation that living things
share common ancestors, from
which they have diverged. This
explanation is the theory of evo-
lution, an extremely strong and
well-supported theory. The dis-
claimer will confuse students
about these important elements
of science.Theories explain facts,
and contrary to the impression
given by the disclaimer, this
means that theories are more
important than facts.

The disclaimer also will con-
fuse students about the nature of
science by implying that science
concerns only directly observable
phenomena. Actually, many scien-
tific discoveries are made about
phenomena that are not directly
observable, such as those that are
too far away (astronomy) or too
small (particle physics), as well as
those that occurred in the past
(geology and evolutionary biolo-
gy).That “no one was there to see
it” does not mean that it cannot be
studied scientifically or that we
cannot have confidence in our
explanations.

Ironically, well-written science




textbooks place even less confi-
dence in current ideas about how
life may have originated than the
disclaimer does. Typically, ideas
about the origin of life are regard-
ed as bypotbeses, placing them a
rung lower on the scientific hier-
archy of ideas than the textbook
committee was willing to do. (A
typical example is this:“How then
did life begin? ... Although several
hypotheses have tried to explain
how life may have arisen, we may
never know the answers” [Miller
and Levine 1998, 398].) The dis-
claimer makes a serious error by
elevating current hypotheses
about the origin of life to the status
of theories (which would mean
that they are generally accepted
by the scientific community).

The word evolution
may refer to many
types of change.
Evolution describes
changes that occur
within a species. (White
moths, for example,
may evolve into gray
moths.) This process is
microevolution, which
can be observed and
described as fact.

Evolutionary biologists use
“microevolution” to refer to the
processes (most of them having
to do with genetics) that produce
evolutionary changes in popula-
tions of species: natural selection,
mutation, migration, genetic drift,
and other mechanisms. The writ-
ers of the disclaimer apparently
share this definition, and are cor-
rect in noting that we can observe
these processes at work.

Evolution may also
refer to the change of
one living thing into
another, such as reptiles
into birds. This process,
called macroevolution,
has never been
observed and should be
considered a theory.

Here the writers of the dis-
claimer do not use the scientific

meaning of the crucial term.
“Macroevolution”, for evolution-
ary biologists, refers to a range of
processes having to do with the
pattern of evolutionary change:
how groups are related to one
another above the level of the
species, rates of evolutionary
change, the behavior of lineages
over time, and so forth. But in the
disclaimer, the term “macroevolu-
tion” means merely the general
principle of evolution: that living
things have descended with mod-
ification from common ancestors.
This is not what macroevolution
means in science, and to use the
term as a synonym for evolution
misleads and confuses students.
Clearly, the writers of the dis-
claimer want students to reject
the idea that living things have a
common ancestry, and they are in
the bind of having to accept well-
understood and widely-demon-
strated processes of evolutionary
change, which, over time, would
result in evolution. The reason for
this is at bottom a sectarian reli-
gious belief known as “special cre-
ation”: that all living things were
created in their present form and
did not descend with modification
from common ancestors. Special
creation is not supported by sci-
ence — regardless of how the
authors of the disclaimer attempt
to redefine scientific terms.
Evolution is not rigidly divided
into 2 types of change —
microevolution and macroevolu-
tion — as the disclaimer implies.
Macroevolution, for example, may
be used to refer to the process of
speciation, to major evolutionary
transformations, or both. Most
importantly, it is commonly
accepted among evolutionary
biologists that microevolutionary
changes (whether caused by nat-
ural selection or by genetic drift)
can accumulate so as to cause
reproductive isolation, hence
leading to  speciation or
macroevolution. Has macroevolu-
tion “never been observed’? A
recent study (Reznick and others
1997) evaluated the observed
rates of evolutionary change in
populations of guppies (Poecilia

reticulata) in the wild. The rates
of evolutionary change observed
were “up to 7 orders of magni-
tude greater than rates inferred
from the paleontological record?”
In other words, field studies of
natural selection show rates of
change easily more than large
enough to account for the
macroevolutionary changes docu-
mented in the fossil record.This is
just one of many studies that cast
serious doubt on the assertion
that macroevolution has “never
been observed.” The researchers
also note: “Our work cannot
address the efficacy of mecha-
nisms other than natural selec-
tion, but it extends our under-
standing of what is attainable
through this process. It is part of
a growing body of evidence that
the rate and patterns of change
attainable through natural selec-
tion are sufficient to account for
the patterns observed in the fossil
record” (Reznick and others 1997:
1936).

Evolution also refers to
the unproven belief
that random, undirect-
ed forces produced a
world of living things.

This statement is false on 2
counts. Evolution is not a “ran-
dom” process, and to characterize
it as such seriously misleads stu-
dents. Natural selection, the most
important force driving evolution-
ary change, is not random at all,
but an observable, verifiable
process that fine-tunes variation
in populations of a species to the
demands of the environment in
which they live. It is true, of
course, that variation in a species
arises from sources such as muta-
tion and sexual recombination,
which are inherently unpre-
dictable. Therefore evolution, like
any historical process, can be
influenced by random forces.

But a larger problem with this
statement is the attribution to
evolution of an idea outside of sci-
ence. Whether evolution is “undi-
rected” or “directed”is a matter for
theology or philosophy, not of sci-
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ence. Writers of the disclaimer
wish for students, most of whom
are religious, to believe that
acceptance of evolution is incom-
patible with faith. This is demon-
strably false: far too many scien-
tists (and clergy) accept both evo-
lution and a God who creates
through evolution. Students
should not be taught that evolu-
tion equates with atheism, yet,
incredibly, that is exactly what
this portion of the disclaimer says.

There are many unan-
swered questions about
the origin of life which
are not mentioned in
your textbook, ...

It is absolutely true that there
are “many unanswered questions
about the origin of life”, and most
biology textbooks point this out
in far greater (and more accurate)
detail than does the disclaimer.
Indeed, there are unanswered
questions in each and every area
of biology, making biology an
exciting and vigorous discipline.
The disclaimer, however, does not
seek to draw student attention to
unanswered questions in bio-
chemistry, ecology, or physiology;
it singles out evolution for special
attention, as if it had special diffi-
culties that other fields do not.

Scientifically, this is not cor-
rect, and the next few sentences
of the disclaimer show just how
badly informed its authors were:

... including: Why did the
major groups of animals
suddenly appear in the
fossil record, known as
the Cambrian Explosion?

This question seriously mis-
leads students about the actual
natural history of this planet. The
term “major group”lacks scientific
meaning. Many students, for exam-
ple, might regard the mammals as
a major group. Mammals, howev-
er, did not appear during the
Cambrian explosion, but rather in
the Triassic, nearly 300 million
years later. The same can be said
of birds, insects, reptiles, and
amphibians, each of which is a.
major group in the ordinary

meaning of the term, and none of
which appeared in the Cambrian
period. Clearly, the authors of the
statement could have prevented
such confusion by referring only
to the animal phyla instead of
“major groups”.

Unfortunately, even if they had
done so, the question would still
be misleading. Not all animal
phyla originated during the
Cambrian. Compounding this seri-
ous mistake, the authors of the
disclaimer seem to be unaware
that the first multicellular animals
appeared on earth during the
Ediacaran Period, and many pre-
date the Cambrian by more than
100 million years.

Why have no new major
groups of living things
appeared in the fossil
record in a long time?

This peculiar question requires
students to determine what is
meant by a “major group” and also
what is meant by “a long time”.
Neither term, of course, has any
scientific meaning. One might
regard 100 years as a long time,
and it is indeed true that no new
phyla have originated in the last
100 years. However, by standards
of geologic time, one of the most
important “major groups of living
things” did indeed originate
recently. Flowering plants (the
Anthophyta) appeared for the
first time in the Cretaceous,
roughly 125 million years ago.
Flowering plants appeared only in
the last 3% of the 4.5 billion years
of the planet’s geologic history,
which certainly qualifies as
recent. Therefore, this question,
which overlooks the recent evolu-
tionary appearance of flowering
plants, makes blatantly wrong pre-
suppositions.

Why do major groups of
plants and animals have
no transitional forms in
the fossil record?

This question also makes bla-
tantly wrong presuppositions.The
fossil record is, in fact, replete
with splendid examples of transi-
tional forms, as the National

Academy of Sciences has taken
pains to point out:

So many intermediate forms
have been discovered
between fish and amphib-
ians, between amphibians
and reptiles, between rep-
tiles and mammals, and
along the primate lines of
descent that it often is diffi-
cult to identify categorically
when the transition occurs
from one to another partic-
ular species. Actually, nearly
all fossils can be regarded as
intermediates in some
sense; they are life forms
that come between the
forms that preceded them
and those that followed
(NAS 1999: 21).

How did you and all liv-
ing things come to pos-
sess such a complete and
complex set of instruc-
tions for building a living
body?

This is an excellent question,
and students would be well-
advised to keep it in mind as they
study biology. They may wonder
why, for example, the “complex
set of instructions” referred to by
this sentence includes the genetic
remnants of an ancient infection
by an HIV-like virus. The interest-
ing fact about these genetic rem-
nants is that they are found not
only in humans, but in our closest
primate relatives, indicating that
these viral DNA sequences
entered the genome roughly 30
million years ago.As the investiga-
tors who made this discovery
pointed out, the existence of iden-
tical sequences in closely related
species is “very good evidence”
that we share a common ancestry
with these other primates (Yang
and others 1999). As the National
Academy of Sciences has written,
“compelling lines of evidence
demonstrate beyond any reason-
able doubt that evolution occur-
red as a historical process and
continues today” (NAS 1998, 16).

Study hard and keep an
open mind. Someday you




James A Haught, editor of

the Charleston (West Virginia)
Gazette, was awarded a Clarion
Award by the Association of Women
in Communications in the category
of editorial opinion in US newspa-
Dbers under 100 000 circulation.
Haught'’s editorials and columns
defended the separation of church
and state in a variety of ways,
including outspoken opposition to
recent attempis of creationists to
bave the Kanawhba County school
board advise teachers to teach the
supposed evidence against evolu-
tion (see Karl D Fezer; Juicy Fruit
or spearmint in West Virginia”,
RNCSE 2000; 20 [1-2]: 16-9).
RNCSE is pleased to reprint one

of the columns for which Haught
received his well-deserved award.

The Evolution
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Debate is about Honesty

James Haught, Charleston (WV) Gazette

During a recent evolution
showdown, a visiting “cre-
ation scientist” from California
repeatedly challenged me to
debate, because I support the
teaching of evolution. A
Charleston talk radio host blis-
tered me on the air because I
would not come on his show and
quarrel with the creationist pro-
fessor.

But I felt it would be silly for
me to argue about his supernatur-
al beliefs. After all, I would not
debate a Scientologist who asserts
that all human souls are “thetans”
from another planet. And I would
not quarrel with a Unification
Church member’s claim that Jesus
appeared to Master Moon and
told him to convert all people as
“Moonies”. And I would not dis-

pute a Mormon’s belief that Jesus
visited prehistoric America. And
SO0 on, and so on.

Let them all believe whatever
they want. It is pointless to g0 on
radio shows and wrangle over
mystical claims. However, such
claims must not be imposed on
captive children in government-
owned schools.That is prohibited
by the separation of church and
state, a core principle in the First
Amendment in America’s Bill of
Rights.

America’s time-tested freedom
of religion means that every
group may worship however it
wishes in its own private church,
but it cannot use the power of
government to push its beliefs on
others. Therefore it was gratifying
that the Kanawha County school

may contribute to the
theories of how living
things appeared on
earth.

At last, some excellent advice!

By any standard, this disclaimer
fails even an undemanding test of
scientific literacy. Twelve state-
ments are included in the dis-
claimer. Of these, only 5 are free of
major errors. Three are seriously
misleading, and 4 are downright
false. A biology teacher grading
this disclaimer based on the pro-
portion of correct answers would
calculate a score of no more than
42% — a failing grade.

Our students deserve better.

To be sure, the disclaimer’s
admonition that students study
hard and keep an open mind fits
the best traditions of scientific
study. But keeping an open mind
does not mean that students
should intentionally be taught

nonsense, nor does it mean that
we should pretend to know less
than we do about the natural his-
tory of this planet and the origins
of species, including our own.
Healthy skepticism is at the core
of a scientific education, but ele-
vating falsehoods and half-truths
to the status of scientific theory
most definitely is not.

I would argue that any text-
book, indeed, any course in the
biological sciences should tell stu-
dents the plain and simple truth,
as announced in a single sentence
by the National Academy of
Sciences: that “[b]iological evolu-
tion is the best scientific explana-
tion we have for the enormous
range of observations about the
living world” (NAS 1999: 28).
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REAPING THE WHIRLWIND

By Rosey Dow. Enumclaw
(WA): WinePress Publishing,
2000. 408 pages.

Reviewed by Glenn Branch,
NCSE, Berkeley CA.

I] ity Trent Tyson. Five years
ago his wife was acciden-
tally shot to death, leaving him to
rear their disabled daughter sin-
glehandedly. Six months ago he
was fired from the Chattanooga
police force because a criminal he
apprehended turned out to be a
crony of the police chief. Now,
living in a small town, he is in love
with his shrewish landlady’s
daughter, who, however, piously
refuses his advances because he is
a freethinker. His rakish father is
in town, claiming to have been

brought to God by an ex-outfield-
er for the Chicago Cubs. Working
as a deputy sheriff, Tyson is dis-
turbed by a spate of mysterious
deaths. And it is the summer of
1925, in Dayton, Tennessee, just as
the Scopes trial is underway.
What Rosey Dow — an author
and missionary in Grenada —
offers in Reaping the Whirlwind
is on one level simply a moderate-
ly competent genre novel. A par-
ticularly clever touch was Tyson’s
sweet tooth — I counted over a
dozen instances of his gobbling
sundaes or guzzling sodas —
which provides Dow the excuse
to have her detective pop in and
out of Robinson’s drugstore, the
hub of Dayton’s movers and shak-
ers (Larson 1997, 88-9). It is also
appropriate that his snacks fre-
quently contain strawberries — in
the 1920s, Rhea County was a

major producer of the fruit
(Larson 1997, 88). Yet the exposi-
tion is recurrently clumsy, with
characters telling each other what
they already know, indeed what
they already know in their bones.
As far as the mystery is con-
cerned, Dow plays fair with the
reader, but it is not at all difficult
to spot the murderer.

The historical elements of
Reaping the Whirlwind are at
best adequate. Dow provides a
bibliography of the sources on
which she drew; it is clear that a
major source was Edward J
Larson’s Summer for the Gods.
She includes many of the more
striking incidents of the trial,
although often mechanically and
sometimes in a way that misses
the point. In Dow’s humorless
version of the arrival of Dudley
Field Malone and Arthur Garfield
Hays in Dayton, for example, she
writes:

On the edge of the platform
Scopes lifted a suitcase from
the stack placed there by a
porter.

Dr Potter called, “Hey,
boy, what are you doing
with those suitcases?”

board overwhelmingly rejected a
proposal to let creationist teach-
ers denounce evolution in class.
Educated families owe thanks to 4
brave board members — Pete
Thaw, Bill Raglin, Cheryle Hall and
John Luoni — who withstood
heavy pressure from a throng of
fundamentalists.

To me, the whole issue hinges
on honesty. Let me explain:
Science, from a Latin word mean-
ing knowledge, is simply a search
for trustworthy facts. It is human
intelligence at work. The process
is  honest, because every
researcher’s claim is challenged
by other researchers. They test
and retest by many methods, until
a new idea fails or holds firm. (A
researcher who falsifies data is a
loathsome criminal in the eyes of -
fellow scientists.)

While some individual scien-
tists are pig-headed, an entire field
cannot be. Science goes where
the evidence leads. Science is
honest enough to admit mistakes.
When new evidence shatters a
previous assertion, the old belief
is dropped or modified. No such
setbacks have hit the theory of
evolution.

After 140 years of research, vir-
tually the entire scientific world
now agrees that evolution is a fun-
damental aspect of nature.
Complex animals and plants arose
from earlier, simpler ones, over
hundreds of millions of years.The
fossil record shows it. Geological
strata show it. Radioactive dating
shows it. The incredible diversity
of species, with variations in dif-
ferent locales, shows it. The
uncanny similarity of organs,

bones, fluids, and nerves in many
animals shows it.

Evolution was proved when
skimpy Indian maize was
improved into today’s nutritious
corn. It was proved when drug-
resistant bacteria grew from sur-
vivors of antibiotic treatment (sur-
vival of the fittest). ... It was
proved by the clear fossil record
that today’s horse grew from a
tiny precursor.

College biology books are
filled with many more examples.
All this is why evolution should
be taught in public school classes
along with astronomy, physics,
chemistry, and other established
sciences. However, a fringe of
“creation scientists” — rigid reli-
gious zealots — contend that evo-
lution never happened, because
they think it disagrees with their




Rappelyea touched the
preacher’s sleeve. “That’s all
right, Doc. That’s only
Scopes” (p 242).

Larson, who understands what a
punchline is, writes:

Charles Francis Potter, who
accompanied Malone and
Hays on the trip, became
alarmed when a young man
grabbed their baggage out
of the open trunk [of
George Rappleyea’s car].
“Hey, boy, what are you
doing with those suitcases?”

Potter shouted. “That’s all
right, Doc,” Rappleyea
replied. “That’s  only

Scopes” (Larson 1997, 145).

Where Dow is relying on the
sources in her bibliography, she is
generally accurate (although in
the quotation above she is wrong
about the whereabouts of the
baggage). Elsewhere, however,
she is not so reliable. HL
Mencken’s first name was not
Harry, as Dow thinks, but Henry.
The notorious murderess of Falls
River was not Lizzie Bordon but
Lizzie Borden. And it seems some-

what unlikely that in the 1920s
the Chattanooga police depart-
ment employed a forensic pathol-
ogist.

For a genre novel, Reaping the
Whirlwind is astonishingly didac-
tic — in addition to the bibliogra-
phy, there are several appendices
of materials related to the Scopes
trial, an index, and a foreword that
vouches that “this book is an
enjoyable means of learning
about one of the world’s great tri-
als” (p xiv). Perhaps — but
Larson’s Pulitzer-Prize-winning
book is about 100 pages shorter,
and a better read. Anyhow, the
didactic nature of the book serves
a sinister purpose, readily appar-
ent from the front matter: the
foreword is by Richard Cornelius
of Bryan College (who remarks
that the book “sounds a warning
of the dangerous consequence of
scientific theory being accepted
as proven fact” [p xiv]); the
acknowledgments thank Ken
Ham of Answers in Genesis (“for
sparking the germ of an idea”—
block that metaphor! [p viii]); and
the jacket blurbs include praise
(“tremendous!”) from the irre-
pressible Kent Hovind.

The creationist message of

Reaping the Whirlwind is, if
understated, present neverthe-
less. The most prominent
spokesman for evolution is the
freethinking but kindly old doc-
tor, straight from Central Casting,
Adam St Clair—whose name is
reminiscent of the Fall: backwards
it reveals the clear sin of Adam:.
The unstated comparison
between Darrow and Bryan is ten-
dentious: although both are
friendly and fatherly, Darrow’s
manner is (Dow informs her read-
ers) merely “a veneer of casual
good humor” (p 250). Finally, the
murderer (as Tyson explains on
the last page) “believed in an evo-
lutionary  philosophy called
eugenics ... enough to put it into
practice” (p 382). Because the
murderer is clearly deranged, it
would be unfair to reproach Dow
herself for the murderer’s invalid
inference from evolution to
eugenics, or for the odd circum-
stance that several of the victims
are past the age of reproduction
and therefore should not compel
the attention of a eugenicist bent
on improving the gene pool, no
matter how ruthlessly.

As if all of those creationist ele-
ments were not bad enough, the

literal reading of the Book of
Genesis. These people are not
objective about evidence: they
reject anything that supports evo-
lution and exaggerate anything
that might concur with the Old
Testament.

The visitor who challenged me
to debate holds a doctorate in
physical education and is listed as
“an adjunct professor of physiolo-
gy for the Institute for Creation
Research” at Santee, California. He
implied that he’s motivated only
by scientific interest — but his
group’s Web site <http://www.
icrorg> is that of a church. It
proclaims:

We believe God has raised
up ICR to spearhead Biblical
Christianity’s defense against
the godless dogma of evolu-

tionary humanism. ... ICR is
funded by God’s people ...
to proclaim God’s truth
about origins.

The Institute for Creation
Research calls itself “a Christ-
focused creation ministry”. It says
humans were made fully devel-
oped “in the 6 literal days of the
creation week described in
Genesis”. It says this was a “rela-
tively recent” event, and that fos-
sils were formed during Noah’s
flood. It says anyone not saved
“solely” by Jesus will “be con-
signed to the everlasting fire pre-
pared for the devil and his
angels”. In other words, a billion
Muslims, a billion Hindus, and
hundreds of millions of Buddhists,
Jews, Baha’is, Shintoists, and so on
are doomed to fry forever, accord-
ing to the ICR.

Well, all this is standard funda-
mentalism — but it is not science,
and it would be illegal to teach it
in public-school science classes,
especially in  cosmopolitan
Charleston schools containing
Muslim, Jewish, Hindu, Buddhist,
and Baha'i children. Maybe you
can see why I chose not to debate
this mentality. Incidentally, the vis-
iting professor offered $250 000
to anyone who can prove evolu-
tion. If this column wins the
reward, I'll donate it to a real sci-
ence institute.

[Reprinted from the Charleston Gazette,
December 21, 1999, by permission.)
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book is thoroughly marred by
Appendix B, in which the usual
suspects — Piltdown Man,
Haeckel’s embryos, the dastardly
geologists who date rock strata by
fossils and fossils by rock strata —
are dutifully paraded.
Unsurprisingly, the farrago of mis-
information is courtesy of Ken
Ham'’s Answers in Genesis.
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RIDE T0 GLORY

By Warren LeRoi Johns.
Brookeville (MD): General
Title Inc, 1999. 416 pages.

Reviewed by Skip Evans

A s a matter of principle, I fin-
ish any book I start reading.
Some books are easy to finish —
anything by John Irving, and John
Kennedy Toole’s masterpiece A
Confederacy of Dunces,for exam-
ple. Others are more difficult. No
book in recent memory, or distant
memory for that matter, chal-
lenged this principle more than
Ride to Glory by Warren LeRoi
Johns, a lawyer and novelist
wannabe.

Ride to Glory tells the story of
one Joshua Chamberlain Ryan, a
double PhD candidate in geology
and paleontology, who has come
to the conclusion, through a care-
ful analysis of the evidence, that
the earth is no more than 10 000
years old and that descent with
modification is not a valid scien-

Skip Evans has been active in

theater for over 10 years, as actor,
director, and playwright. He performed
improvisational comedy in Atlanta,
Georgia, from 1995 to 1998, and has
written 5 fulllength plays as well as
numerous short stories and essays. His
first play, The Psychopatbic Librarian,
was the Best New Play at Eola Theater
Company in Orlando, Florida, 1994.
He currently lives in San Francisco.

tific theory, but rather a collection
of “horse-and-buggy myths”.
Throughout the book Josh contin-
ually spouts standard young-earth
creationist claptrap, and in fact,
many of Johns’s source for Josh’s
diatribes are well-known creation-
ist organizations such as the
Institute for Creation Research
and anti-evolutionist authors such
as Michael Denton.

The plot revolves around a
mock trial in which the jury is
asked to “render a simple Yes or
No verdict to this key issue: ‘Is
evolution a fact?””; the judge
adds, “Your responsibility will be
to judge Charles Robert Darwin
guilty or not guilty of propagating
fact-free science” (italics in origi-
nal). The trial is staged by ace
Hollywood  promoter  Pace
Terhune. Josh is the star witness,
aided by his best friend, law stu-
dent JT Thomas.JT tosses fluff-ball
questions at Josh, whose creation-
ist rhetoric flows in italics, metic-
ulously footnoted by Johns. Traci
Kilburn, the new and beautiful
love in Josh’s life, is responsible
for the completely unchallenging
cross-examination.

The book fails as literature
even more than it fails as science.
The dialog is so contrived that it
quickly became close to physical-
ly painful to read. Josh is
described by one of his professors
as speaking “the language of the
streets”. Apparently Johns has not
heard any “language of the
streets” since “blaxploitation”
films were big in the 1970s. Much
of the dialog strains at wit and
then gets sprinkled with some
“bros” to add that hip young atti-
tude: “What’s goin’ on, Bro? You
and the Montgomery County
Sheriff are the only people
cruisin’ the scene at this outra-
geous hour. You oughta’ be in
church with the rest of the sin-
ners... [Y]ou could use some of
your granddad’s preachin’ to rid
you of those lawyerlike flaws”
Who in the world talks like that?
Johns must have worn out the
apostrophe on his keyboard.

The characters in the book are
all completely 2-dimensional,

without the slightest bit of the
complexity and depth that draws
us to literary characters. Joshua
Chamberlain Ryan has a 4.0 grade-
point average and never a doubt
about his convictions or beliefs
enters his mind.Traci Kilburn and
JT Thomas are unfailingly witty
and charming. Dr Karl Striker,
“flamboyant campus scientist”and
Josh’s archnemesis, comes across
as gruff, authoritarian and, most
importantly, unbending in his reli-
giously dogmatic approach to
Darwinism. In fact, the contrast
between the supporters of evolu-
tion, Striker and his minions, and
the upholders of truth, Josh and
his buddies, is shallow and obvious
to the point of boredom.Two of
Striker’s underlings turn out to be
pathetically nefarious characters,a
drug addict and a would-be mur-
derer who attempts to kill Josh.

Josh Ryan appears virtually
faultless, which makes him unreal
and not the least bit sympathetic.
Likewise, Traci and JT are cut from
exactly the same mold, always
equipped with snappy little
comebacks for any situation.
When we read about fictional
characters, it is often more their
faults than their superlative
virtues that draw us to them,
because we can relate to fallible
characters — except for readers
who happen to be perfect them-
selves; but I would imagine that
that clientele is pretty small.

The plot is so predictable that I
began wishing I had taken some
speed reading courses.The reader
is pummeled, page after page,
with tiresome, strained dialog, and
such an easily predictable plot
that it is possible to anticipate the
story line 10, or even 100, pages
later. Each plot line proceeds
mechanically and unswervingly
so that the story wraps up at the
end like a television sitcom.

There is not space here to go
into the plot in any depth, but I
feel pretty sure that after the first
50 pages or so any reader can
guess how just about the whole
thing will turn out. Traci will
accept Josh’s proposal of mar-
riage; Josh will be reunited with




his grandmother, although she
dies trying to save his thorough-
bred horse from a barn fire set by
one of Striker’s minions (who
then dies in a minivan trying to
escape the scene);Josh becomes a
star after thoroughly refuting
Darwin’s theories in “Monkey II”;
and JT is promised a spot at a
major law firm upon his gradua-
tion from law school.

Though subtitled An American
Novel, from my experience study-
ing the former Soviet Union in
depth, I would say that the book
reads more like some kind of offi-
cial propaganda. The absolute
demarcation between the guys
wearing the white hats and the
guys wearing the black hats, and
the complete lack of human con-
flict on any true level, drag the
book to such a shallow level that
it quickly runs aground; just get-
ting to the end is a real chore.

By now you probably have the
idea that I am not going to recom-
mend that you rush right out and
buy Ride to Glory, but if you do
want to check out the story for
yourself, I recommend just getting
a copy of Jack Chick’s notorious
anti-evolution tract, Big Daddy. It
could have easily served as
Johns’s first draft.

[An excerpt from chapter 1 of Ride to
Glory may be found at <http.//www.
gtibooks.com/sample.htm>.]
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FROM THE BIG BANG T0 THE
HUMAN PREDICAMENT:
DUTLINE OF AN ULTIMATE
EVOLUTIONARY SYNTHESIS

By Nikolai Eberhardt. Raleigh
(NC): Pentland Press, 1998.
319 pages.

Reviewed by Andrew J Petto,
University of the Arts,
Philadelpbia PA.

After nearly 30 years I still
hear the admonition of
Professor George Armelagos to

our new class of PhD candidates
on the occasion of our first course
in research methods: “If the only
tool you have is a hammer, then
every problem looks like a nail”
Eberhardt’s book represents a
slightly more sophisticated exam-
ple of this problem — the tenden-
cy for us academics to view the
entire universe of scientific study
through the lens of our own disci-
plines. Eberhardt’s goal is to pro-
vide a “unified theory of our-
selves” in which the “relevant
results of the natural sciences are
the building blocks” (p x).A com-
puter scientist trained as an engi-
neer and physicist, he uses neuro-
biology as the ground on which to
unify the natural sciences, the
social sciences, and the humani-
ties in an effort to explain “the
human predicament” — the need
“to understand and explain things
as they really are” and not merely
as “a fabric of invented stories” (p
X). In particular, Eberhardt wishes
to understand emotions, the
mind, free will, our desire to
know, how and why we came to
be here,and so on — all of the ulti-
mate questions of our existence.

This book has 3 underlying
premises. First, Eberhardt is firmly
convinced that finding the
answers to these existential ques-
tions must begin with and be
based on our knowledge of the
physical universe. Everything,
including the way in which our
brains produce emotions and
desires, must proceed according
to the natural laws that govern the
universe. Second, Eberhardt is
convinced that intelligence as we
experience it is inevitable in the
universe. His weak version of the
anthropic principle assumes that
natural laws must produce the
self-conscious intelligence that
we possess. Third, Eberhardt pro-
poses that because the human
nervous system is the culmination
of this inevitable natural process,
the answers to life’s existential
questions will be uncovered in
the study of neurobiology.

The book begins with a review
of cosmology and focuses on the
emergent properties of natural

systems which promote self-orga-
nization. This discussion is fol-
lowed by a brief review of natural
selection and the role that cogni-
tive abilities may play in adapta-
tion and evolution.These sections
are adequate, though brief, but
tinged with a progressive view of
evolution that pervades the book.
For example, he writes that the
level of emergence of an evolved
life form is measured by “the
degree of adaptive modification
that can be accomplished by the
nervous system” (p 17). Eberhardt
does not shy away from the rank-
ings ascribed to organisms in the
Great Chain of Being and is not
reluctant to label organisms as
“higher” and “lower” on the scale;
we — Homo sapiens — are clear-
ly the “highest” in Eberhardt’s
scheme.

The greater part of the book is
an explanation of the history and
state of our knowledge in the cog-
nitive sciences. It mixes informa-
tion theory with current research
on artificial intelligence and
Eberhardt’s unique view of the
inevitable unfolding of the laws of
the universe. One of the book’s
great strengths is its treatment of
the physiology of the nervous sys-
tem and of recent research into
self-sustaining and self-organizing
artificial neural networks.
However, the intermingling of
Eberhardt’s philosophical views
and logical leaps is distracting.
The reader has to work hard to
reconstruct the pathway from the
research  results Eberhardt
describes to the conclusions he
draws; sometimes no amount of
work makes this pathway clear.
The reader feels like Indiana Jones
in search of the Holy Grail, leaping
onto an invisible bridge that he
must believe is there in order for
it to bear his weight.

The scaffolding that underlies
Eberhardt’s convictions is a vari-
ety of progressivism. For
Eberhardt, evolution means
progress, progress means organis-
mal complexity (read: multicellu-
larity and tissue specialization),
and complexity means above all
an advanced and highly coordi-
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nated neurological mechanism.
One can dispute this view in the-
oretical terms, but in practice the
view that less “complex” organ-
isms lack the essential emergent
properties of an evolved life form
would provoke vigorous disagree-
ment from a wide range of biolo-
gists — particularly botanists and
those who study protists and pro-
toctists. Eberhardt’s progressivist
views lead him to deny that
organisms can exhibit an
advanced degree of adaptive mod-
ification through some aspect of
organismal physiology other than
a complex nervous system.

Ultimately, it is the difficulty in
following Eberhardt’s unique line
of reasoning that undermines the
book. Readers can read elsewhere
more accessible treatments of the
evolution of nervous systems and
more lucid discussions of the evo-
lutionary implications of organis-
mal complexity and specialization
without all the tenuous connec-
tions to an idiosyncratic “ultimate
evolutionary synthesis” — and
they should.
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EVOLUTION (2ND EDITION)

by Colin Patterson.
Ithaca (NY): Cornell University
Press, 1999. 153 pages.

Reviewed by Karen Bartelt

n 1981, paleontologist Colin

Patterson spoke at the
American Museum of Natural
History. Later he said that in his
talk,“I put a case for [the] difficul-
ties and problems with evolution,
specifically in the field of system-
atics. I was too naive and foolish
to guess what might happen: the
talk was taped by a creationist
who passed the tape to [creation-
ist] Luther Sunderland. ...I was
putting a case for discussion, as T

thought off the record, and was
speaking only about systematics, a
specialised field” (Fezer 1984: 5).

Snippets from this unautho-
rized taping (of which no autho-
rized transcript exists; see Strahler
1987) have been making the
rounds of anti-evolutionist publi-
cations since Luther Sunderland
and Gary Parker’s 1982 Impact
article. They have popped up in
many subsequent issues of ICR’s
Impact (for example, Buckna and
Laidlaw 1996) and routinely
appear in anti-evolutionist articles
and web sites (for example,
Lenard 2000). Patterson was also
featured in a 1996 article in the
journal Origins and Design
(Nelson 1996),a venue devoted to
“intelligent design theory”, which
included 9 of his quotations that
supposedly manifest what Nelson
calls Patterson’s “agnosticism
about evolution”.

Fast forward to 1999; if ever he
was, Patterson is agnostic about
evolution no more. All opportuni-
ties for anti-evolutionist innuendo
and misstatements are put to rest
in the second edition of
Evolution. Sadly, Patterson died 3
days after delivering the manu-
script to the publisher; 2 of his
colleagues (Peter Forey and James
Mallet) made some minor revi-
sions and did the final editing.

The book is a concise, lucid
introduction to evolutionary biol-
ogy for the layperson. Among the
valuable resources is a discussion
of molecular biology that contains
references to 1996 and so is fairly
up to date. The drawings and
charts make the text easier for a
nonspecialist to follow.

I really appreciated the discus-
sion of hemoglobin. Patterson
reports that 550 mutations of
human hemoglobin have been
described (including substitu-
tions, deletions, and additions),
and that 1 human in 2000 carries
a mutant hemoglobin. The “Tak”
and “Saverne” mutations add 10
amino acids each to the beta
hemoglobin chain, while the
“McKees Rocks” mutation short-
ens the same chain by 2 amino

acids.This is a powerful argument
against the anti-evolutionist
mantra of “mutations are bad”,
because, as Patterson notes, “none
inhibits development and most
produce no detectable physical
symptoms” (p 29).

Patterson also focuses on
homology at the molecular level,
especially as it applies to the evo-
lution of hemoglobin. There is a
good discussion of gene duplica-
tion, the relationship of the hemo-
globin pseudogenes to the active
genes, and some nice gene histo-
ries showing hemoglobin rela-
tionships among primates and
other mammals. Patterson finds
Motoo Kimura’s neutral theory of
evolution quite appealing and
returns to it frequently. If one is
looking for a pithy comment to
counter anti-evolutionist claims,
try Patterson’s conclusion that
“[In genetic terms we are hardly
more distinct from chimpanzees
than are subspecies in other
groups of animals” (p 113).

Though an interesting intro-
duction to evolutionary biology,
the real strengths of this book are
in its final chapters and preface,
where Patterson explains his
ideas about evolution and com-
ments on creationism and (indi-
rectly) on the 1981 taping of his
talk. Clarifying his views on evolu-
tion in the preface to the second
edition, Patterson says:

The knowledge in my first
edition came from educa-
tion and indoctrination; it
was that neo-Darwinism is
certainty. The knowledge in
this second edition comes
more from working things
out for myself; it is that evo-
lution is certainty. And part
of the ignorance in the first
edition concerned the dif
ference between neo-
Darwinism and evolution,
whereas the ignorance in
this edition is of the com-
pleteness of neo-Darwinism
as an explanation of evolu-
tion ... I think that belief
[shared ancestry] is now
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confirmed as completely as
anything can be in the his-
torical sciences ... [but] ... I
am no longer certain that
natural selection is the com-
plete explanation... (p vii).

Although Patterson considers
the general theory of evolution
(“evolution has occurred”) to be a
historical theory and hence “by
some definitions” not a part of sci-
ence because it deals with unre-
peatable events, he acknowledges
that it does have rules, does make
general predictions, and is open
to disproof. Furthermore, evolu-
tion has survived a series of
severe tests unimaginable to
Darwin — including its consisten-
cy with genetics, the universality
of DNA, and “the evidence from
DNA sequences of innumerable
‘vestigial organs’ at the molecular
level” (p 117).

Patterson concludes, “[i]n
terms of mechanism ... the neutral
theory of molecular evolution is a

1549-4-998

scientific theory;it can be put into
law-like form: changes in DNA
that are less likely to be subject to
natural selection occur more
rapidly. This law is tested every
time homologous DNA sequences
are compared. ... But neutral theo-
ry assumes (or includes) [the]
truth of the general theory —
common ancestry or Darwin’s
‘descent with modification’ —
and ‘misprints’ shared between
species, like the pseudogenes or
reversed Alu sequences, are (to
me) incontrovertible evidence of
common descent” (p 119).
Creationism itself receives only
a few pages, which include
Patterson’s response to the taping:
“Because creationists lack scientif-
ic research to support such theo-
ries as a young earth ... a world-
wide flood ... or separate ancestry
for humans and apes, their com-
mon tactic is to attack evolution
by hunting out debate or dissent
among evolutionary biologists. ...
I learned that one should think

carefully about candor in argu-
ment (in publications, lectures, or
correspondence) in case one was
furnishing creationist campaign-
ers with ammunition in the form
of ‘quotable quotes’, often taken
out of context” (p 122).

Perhaps the best audience for
this book would be anti-evolu-
tionists. Not only could they learn
about the evidence for evolution
at the molecular level, but they
might be inspired to correct the
inaccuracies about the late Dr
Patterson that abound on their
web sites.
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Darwin and the Millennium

Compiled by Glenn Branch

illennia end neither with bangs nor with whimpers, neither in fire nor in ice, but with lists. Not
everyone is quite so enthusiastic about Darwin as is the philosopher Daniel C Dennett, who
memorably wrote: “If I were to give an award for the single best idea anyone has ever had, I'd give it
to Darwin” (Dennett 1995, 21). Darwin’s place in the millennial list-making frenzy is secure never-

theless, as the following lists suggest.

Amazon.com®: MILLENNIUM Books
(as voted by customers)

1. JRRTolkien, The Lord of the Rings
2. Margaret Mitchell, Gone With
the Wind
3. Harper Lee, To Kill a Mockingbird
4. JD Salinger, The Catcher in the Rye
5. JK Rowling, Harry Potter and the
Sorcerer’s Stone
6. Stephen King, The Stand
7. James Joyce, Ulysses
8. Ayn Rand, Atlas Shrugged
9. John Steinbeck, The Grapes of Wrath
10. George Orwell, 1984
11. F Scott Fitzgerald, The Great Gatsby
12. JRR Tolkien, The Hobbit
13. Ayn Rand, The Virtue of Selfishness
14. Frank Herbert, Dune
15. Jane Austen, Pride and Prejudice
16. William Shakespeare,
The Complete Works
17. William Shakespeare, Hamlet
18. Leo Tolstoy, War and Peace
19. Tim F LaHaye and Jerry B Jenkins,
Left Bebind
20. Joseph Heller, Catch-22
21. Charles Darwin,
The Origin of Species
22. John Irving, A Prayer for
Owen Meany
23. Frank McCourt, Angela’s Ashes
24. Ayn Rand, The Fountainhead
25. Douglas Adams, The Hitchhiker’s
Guide to the Galaxy

(Source: <http://www.amazon.com/exec/obidos/subst/
features/c/century/millennium-books-1-25.html>, last
accessed February 26, 2000.)

BBC Online: WHO WAS YOUR CHOICE
FOR THE GREATEST MAN OF THE LAST
1000 YEARS?

Mahatma Gandhi
Leonardo da Vinci
Jesus Christ

Nelson Mandela

Sir Isaac Newton
Albert Einstein
Martin Luther King
Sir Winston Churchill
Charles Darwin

10. Karl Marx

(Source: <http://news.bbe.co.uk/hi/english/static/
events/millennium/dec/winner.stm>, last accessed
February 26, 2000.)
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BBC Online: WHO WAS YOUR
CHOICE FOR THE GREATEST
THINKER OF THE LAST 1000 YEARS?

Karl Marx
Albert Einstein
Sir Isaac Newton
Charles Darwin
Thomas Aquinas
Stephen Hawking
Immanuel Kant
René Descartes
James Clerk Maxwell
Friedrich Nietzsche

(Source: <http://news.bbc.co.uk/hi/english/static/
events/millennium/sep/winner.stm>, last accessed
February 26, 2000.)
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BBC Radio: BRITISH PERSONALITY
OF THE MILLENNIUM

1. William Shakespeare — 11 717 votes
Winston Churchill — 10 957 votes
William Caxton — 7 109 votes
Charles Darwin — 6 337 votes
Isaac Newton — 4 664 votes

6. Oliver Cromwell — 4 653 votes

RS

N

(Source: <http://www.sunday-times.co.uk/news/
pages/tim/2000/01/01/timnwsnws06005.html?
1208683>, last accessed February 26, 2000.)

Biograpby: MosT INFLUENTIAL
PeoPLE OF THE PAsT 1000 YEARS

Johann Gutenberg
Isaac Newton

Martin Luther
Charles Darwin
William Shakespeare
Christopher Columbus
Karl Marx

Albert Einstein
Nicolaus Copernicus
Galileo Galilei

(Source: <http://www.biography.com/features/
millennium/>, last accessed February 26, 2000.)

SV XNV RPN

David Herbert Donald: THE TEN
MosT SIGNIFICANT EVENTS OF
THE SECOND MILLENNIUM

1. Invention of gunpowder
(in the West), early 1300s

2. The Black Death devastates Europe,
1347-51

3. Johann Gutenberg uses movable
type to print early Bibles, circa 1455

4. Christopher Columbus reaches
America, 1492

5. Watt perfects his steam engine, 1775

6. The American Revolution,
1775-1783

7. Charles Darwin publishes
The Origin of Species, 1859

8. Henry Ford begins commercial
development of the automobile,
1903

9. The First World War, 1914-1918

10. Dropping of the atomic bomb on

Japan, 1945

(Source: The World Almanac and Book of Facts 2000,
Mahwah (NJ): World Alamanac Books 1999, 35.)

Agnes Hooper Gottlieb, Henry
Gottlieb, Barbara Bowers and Brent
Bowers: THE MEN AND WOMEN
WHO SHAPED THE MILLENNIUM

Johannes Gutenberg
Christopher Columbus
Martin Luther

Galileo Galilei

William Shakespeare
Isaac Newton.

7. Charles Darwin

8. Thomas Aquinas

9. Leonardo da Vinci

10. Ludwig van Beethoven

(Source: 1000 Years, 1000 People: Ranking the Men
and Women Who Shaped the Millennium, New York:
Kodansha America, 1998).
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Michael H Hart: THE MosT
INFLUENTIAL 20 PERSONS IN
HisToRY

1. Muhammad

2. Isaac Newton

3. Jesus Christ

4. Buddha

5. Confucius

6. St Paul

7. Ts’ai Lun

8. Johann Gutenberg

9. Christopher Columbus
10. Albert Einstein

11. Louis Pasteur

12. Galileo Galilei

13. Aristotle

14. Euclid

15. Moses

16. Charles Darwin

17. Shih Huang Ti

18. Augustus Caesar

19. Nicolaus Copernicus
20. Antoine Laurent Lavoisier

(Source: The 100:A Ranking of the Most Influential
Persons in History, rev ed, Citadel Press, 1992.)




Life: Top 100 PEOPLE OF THE MSNBC: WHO ARE THE PEGPLE, FOR DARWIN REPLACES
MILLENNIUM GOOD OR ILL, WHO MADE US WHAT DICKENS ON THE
1. Thomas Edison WE ARE TODAY?
2. Christopher Columbus Of 16 895 total votes in the science and £10 NOTE
3. Martin Luther technology category:
i ilei The ank England
4. Galileo Galilei 1. Albert Einstein, 36% he B ol Ofl n8 o
2. Leonardo da Vinci 2. Thomas Edison, 18% announced that t e nevlv
: Isaac. Newton 3. Isaac Newton, 14% banknotes, to be issued in the
7. Ferdinand Magellan 4. Galileo Galilei, 6% autumn of 2000, feature the
8. Lodis Pastens . 5. Charles Darwin, 5% bearded visage of Charles
1(9)' ’([Z}lllarles Df:«flrwm 6. Louis Pasteur, 3% Darwin on the back. A spokes-
o lom?/s Jethr i(fmd - 7. Nicolaus Copernicus, 3% woman for the bank said that
ource: < ‘lt[pi \\"\W.pﬂl 1nder.com/Life, ” @
millennium/people/09.html> [for Darwin specifically], 8. Jonas Salk, 2% only portraits of people who
last accessed February 26, 2000.) 9. James Watson and Francis Crick, 2% are recognised for their contri-
3 . Q 0,
) 10. Hippoeates, 2% bution to their particular field”
Llf&' Top 100 EVENTS OF THE (Source:<http://www.msnbc.com/modules/ s
MILLENNIUM Millennium_Pcople/MillP_ SciTech.asp>, last a are chosen. Pictured on the old
ceessed February 26, 2000.) £10 banknote was Darwin’s
1. Gutenberg’s Bible, 1455
contemporary (and fellow
2. Columbus reaches the Arthur Schlesinger, Jr.: THE TEN
. %655 member of the Athenaeum
New World, 1492 MosT INFLUENTIAL PEOPLE OF ick
3. Luther posts the 95 Theses, 1517 THE SECOND MILLENNIUM club), Charles Dickens.
4. Watt perfects his steam engine, 1769 - [See <wwwitn.co.uk/Britain.brit20000517/
’ 1. William Shakespeare 0517 .
I3 . : 51714.btm>, last accessed May 18, 2000.]
5. Gah.leo d165c0vers the moons of 2. Isaac Newton
6 Jup 1tcr,'1 = . 3. Charles Darwin
. Koch dlS.COVCl'S the lrm.crobe 4. Nicolaus Copernicus
o causgs tul?ercu Osis, 1382 5. Galileo Galilei 9. Spacetime — Albert Einstein and
7 S’unll) owde.r vzzcl?j}l)ons'are o 6. Albert Einstein Hermann Minkowski
Tle;C op 'i m' lfairférca 1d . 7. Christopher Columbus 10. Cognitive dissonance —
L de Dedc aranéon ° cpencence.ls 8. Abraham Lincoln Leon Festinger
a .(;p teb g h I f 9. Johann Gutenberg 11.  Boolean logic — George Boole
9. Hitler becomes chancellor o 10. William Harvey (Source: Dallas Morning News, October 11, 1999.)
German) »1933 (Source: The World Almanac and Book of Facts 2000.
10. Corflpz_.sses'are u.SCd for Mahwah (NJ): World Alamanac Books 1999, 35.) The Sunday Times (London):
“a‘_"gﬂ“on_mcﬁma’“” _ MASTERWORKS FOR THE
11.  Edison builds his laboratory in Glenn T Seaborg: MILLENNIUM
Menlo Park, 1876 THE TEN GREATEST SCIENTISTS -
12.  The earliest African slaves arrive in OF THE SECOND MILLENNIUM L. Ham.let - W‘Hmm Shakespeare
the New World, 1509 (isted chronologically) ; ' f.";’fd _Mm;hflmg[do
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u all 1796 e 1. Leonardo da Vinci, 1452-1519 4. King Lear — William Shakespeare
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14 - 5. Sistine Chapel — Michelangelo
4. The first television broadcast, 1928 & ; 9_184
- N ; 3. Jons Jakob Berzelius, 1779-1848 6. On the Origin of Species —
15. Darwin publishes 4. Charles Darwin, 18091882 .
L . Charles Darwin
The Or: lgl.ﬂ of Sp(.?aes., 1859 5. Dmitri Mendeleyev, 1834-1907 7. The King James Bible
16. The bombing of Hiroshima 6. Ernest Rutherford, 1871-1937 ; B . g
d Nagasaki, 1945 8. The Ring Cycle — Richard Wagner
and Nagasaki, 7. Albert Einstein, 1879-1955 9. The Ninth Symphony —
17. Ford unveils the Model T, 1908 8. Niels Bohr, 1885-1962 : ympriony
; . 4 Ludwig van Beethoven
18. The First Crusade, 109_5 9. Werner Heisenberg, 1901-1976 10. The Taj Mahal
19. The Magna Carta, 1215 10. Enrico Fermi, 1901-1954 Source:: schittoswwssnmietite .
20. The first telephone ) ( ()Ul‘CL'. <http://ww ‘\.5.1m ay-times.co.uk/news/
(Source: The World Almanac and Book of Facts 2000, pages/tim/2000/01/01/timnwsnws06005.html?
transmission, 1876 Mahwah (N]):World Alamanac Books 1999, 36.) 1208683>, accessed February 26, 2000)
(Source: <http://www.pathfinder.com/Life/millennium/
events/15 html> [for Darwin specifically],last accessed Tom Siegfried: THE MILLENNIUM’S The Toronto Globe and Mail:
February 26, 2000.)
BRIGHTEST IDEAS THE MILLENNIUM 100
Pbhilip and Phylis Morrison: 1. (tie) Evolution — 1. Albert Einstein
100 oR so BOOKS THAT Laplace and Charles Darwin 2. Martin Luther
SHAPED A CENTURY OF SCIENCE 1. (tie) Conservation of energy — 3. Karl Marx (tie)
[in the biography section] Julius Mayer, Hermann Helmholtz, 3. William Shakespeare (tie)
1. Charles Darwin, Autobiography James Joule, and others 5. Isaac Newton
(1950) 3. The experimental method — 6. Adolf Hitler
2. [G] H Hardy, A Matbematician’s Francis Bacon 7. Christopher Columbus
Apology (1940) 4. Antimatter — Paul Dirac 8. Johannes Gutenberg
3. James Watson, The Double Helix 5. Fields — Michael Faraday and 9. Charles Darwin
(1968) James Clerk Maxwell 10. Galileo Galilei
4. Freeman Dyson, Disturbing the 6. Genes — Gregor Mendel 11. Mohandas Gandhi
Universe (1979) 7. Universal gravitation — i B ko e
5. Richard Feynman, Surely You're Isaac Newton
Joking, Mr: Feynman! (1985) 8. Non-Euclidean geometry — REFERENCES
(Source: <http://www.amsci.org/amsci/bookshelf/ Lobachevsky, Bolyai, Gauss, and Dennett DC. Darwin’s Dangerous Idea. VoL 20, Nr 3 2000
centurylist.html>, last accessed February 26, 2000.) Riemann New York: Simon & Schuster, 1995.
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INSTRUCTIONS FOR
CONTRIBUTORS

Reports of the National Center for
Science Education (RNCSE) wel-
comes contributions from its readers
and from anyone interested in issues
related to evolution as the foundation
for the biological sciences, to the
place of evolution in the science cur-
riculum, or to the public perception
of scientific method and practice.
These contributions may be submit-
ted in one of two forms.

News, commentaries, and fea-
tures describe events or experiences
that we wish to relate to our readers
and members. These may include
reports of school-board elections or
local organizing by parent and
teacher groups, political or govern-
mental decisions and policies, first-
person accounts of experiences with
anti-evolutionist speakers, curricula,
or organizations, other reports of
information related to our primary
concerns of promoting good science
in education and public life, and, of
course, humor related to
creation/evolution issues.

Articles include book reviews,
scholarly articles, and formal essays.
These may explore specific argu-
ments raised by anti-evolutionist
scholars, relate new information that
may be helpful in promoting evolu-
tion, or present original research relat-
ed to the public understanding of
evolution. We also welcome case
reports and classroom action research
that assess the outcome(s) of strate-
gies for strengthening the under-
standing of evolution in educational
practice.

All articles should be written for a
general audience, and authors should
provide definitions or descriptions
for technical terms and concepts that
might not be understood by a non-
specialist. All article manuscripts are
submitted to reviewers for comments
on their technical content and suit-
ability for a general audience.
Acceptance for publication does not
take into account the author’s formal
academic background or profession.
We encourage query letters from any
prospective author.

STYLE AND FORMAT

The following requirements apply
only to articles and major features
(longer than 4 manuscript pages):

1. Manuscripts must be typed double-
spaced, including inset quotations
and references. Margins must be
adequate for editorial notation.

2. Manuscripts should not exceed 20
double-spaced typewritten pages
and must be accompanied by a
brief biographical statement identi-
fying the author(s) and giving an
address where interested readers
may contact the author(s).

3.A printed original and two copies
should be supplied by the
author(s). Names of the author(s)
should appear only on the cover
page if blind review is desired.
Manuscripts submitted on comput-
er diskette will greatly expedite the
editing and publication process.
Acceptable  diskette  formats
include (standard or high density
3.5-inch) WordPerfect 5.1, MS-
Word, or ASCIl formats in
DOS/Windows versions and MS-
Word 6.0, Claris Works 5.0, or plain
text for the Macintosh. Manuscripts
and other notes submitted by elec-
tronic mail should be in plain text
format. Please contact the editorial
office for information about other
word processing and diskette for-
mats that might be acceptable.

4. Citations within text referring to
reference section should be limited
to author, date and (when appro-
priate) page, for example (Smith
1982: 21). Multiple references with-
in text appear in chronological
order, for example, (Thomas, Peters,
and others 1925; Smith 1943, 1947;
Smith and Jones 1983a, 1983b,
1984). Citations of electronic
resources should include author(s)
and date accessed. References to
internet locations should be
enclosed in angle brackets, for
example, <http://www.ncseweb.
org>.

5. Reference sections are alphabetical
and should conform to the citation-
sequence format in Scientific Style
and Format: The CBE Manual for
Authors, Editors, and Publishers,
6th ed., illustrated in the following
examples:

Kehoe AB. Modern anti-evolu-
tionism: The scientific creation-
ists. In: Godfrey LR, ed. What
Darwin Began. Boston: Allyn
and Bacon; 1985. p 165-85.

Kuban GJ. Sea-monster or shark?
An analysis of a supposed ple-
siosaur carcass netted in 1977.
1997; Available from <http://
members.aol.com/paluxy2/
plesios.htm>. Last accessed
March 28,-1997.

Smith FZ. Geocentrism re-exam-
ined. Journal of Nice Things
1985; 21 (3): 19-35.

Waters IC, Rivers HI, and others.
Swept away in a flood of
enthusiasm [editorial]. Reports
of the National Center for
Science Education 2995 Jan-
Feb; 1015 (1): 22-9.

Zubrow E. Archaeoastronomy.
Orlando (FL): Academic Press,
1985.

Do not abbreviate names of publi-
cations. Include location of book
publishers, and use the abbrevia-
tion “nd” for undated material.
Multiple entries by the same
author are listed in the bibliogra-
phy in chronological order and
those in same year are listed as:
1982a, 1982b, and so on.

6. Material formatted as footnotes or
endnotes should be incorporated
into the text or deleted.

7.Text abbreviations based on non-
English terms should be translated
into the appropriate English equiv-
alent. For example, e.g. should be
rendered as for example.

8.All measurements reported in
scholarly and scientific articles are
to be expressed in SI or “metric”
units.

9. Figures, plates, or diagrams should
be submitted in camera-ready
form or provided in that form
upon acceptance. Submission of
these materials and of quotations
by writers presumes that authors
have obtained permission to use
these potentially copyrighted
materials. Photographs should be
glossy prints and should be
accompanied by permissions
when appropriate.

10.Authors should retain copies of
all manuscripts, photographs, and
figures submitted; NCSE assumes
no responsibility for materials
submitted.

11.All submissions are subject to edi-
torial correction of grammar,
spelling, punctuation, and consis-
tency as per Scientific Style and
Format: The CBE Manual for
Authors, Editors, and Publishers,
6th ed. All manuscripts are edited
prior to publication

12. Manuscripts cannot be returned
unless accompanied by stamped,
return-addressed envelopes.
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