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Therc are few places on the
earth as spectacular as the
Grand Canyon. Appreciating and
understanding the stone formations
and their interactions with wind and
water would make a visit there a ver-
itable course in geology. We can see
the past record of the forces of
nature at work and also observe and
measure them at work today. It is no
wonder, then, that the Grand Canyon
is at the foundation of anti-evolution-
ary activity in the US. If one could
demonstrate how the sediments, val-
leys, uplifts, and intrusions were all
generated within a short period of
time, then one could hope to invali-
date the conclusion that the forma-
tion of this feature records the per-
sistent movement of earth, wind,
water, and fire over millions of years.

In this issue, our main feature is a
review essay by Wilfred Elders
exploring creationist claims about
the nature of the Grand Canyon, its
history, and its geology. Many of you
will recognize that Dr Elders will pro-
vide the "evolutionist" interpretation
of the Grand Canyon in NCSE's
upcoming creation/evolution trip to
the Grand Canyon,August 7-14,1999.
The book in question is Grand
Canyon: Monument to Catastrophe
edited by Steve Austin of the Institute
for Creation Research. Although
Elders points out that the errors in
fact and interpretation are too
numerous to detail even in a book-
length review, he focuses on a few of
the most dramatic to show how
poorly the evidence fits the conclu-
sions of Austin's book. He also points
out that all of Austin's book contains
references to only 4 pieces of origi-
nal research conducted by creation-
ists and interpreted as supporting
creationist claims about the recent
origin of the Grand Canyon after the
Noachian Flood.

A second essay by long-time member
Robert Siegfried examines the contri-
bution of evolutionary theory from a
historical perspective. As a comple-
ment to Karen Bartelt's recent article
on the Christian origins of evolution-
ary theory, Bob explores historical
documents and correspondence to
show us why evolution caught hold
and fired the imagination of scien-
tists beginning in the last century. He
argues that it is more than just evolu-
tion's ability to deliver a cogent
explanation. Instead, evolutionary
theory has succeeded in great part
because it generates both cogent
explanations and productive ques-
tions for future research. It is not so
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much the answers, he argues, as the
questions that make evolution a bet-
ter scientific theory than the cre-
ationism it replaced. Bob challenges
us all to share examples with each
other and with school boards, politi-
cal leaders and educators.

In a similar vein, David Kopaska-
Merkel reviews Teaching About
Evolution and the Nature of Science
edited by Donald Kennedy and pub-
lished by the National Academy of
Sciences. This book tells why and
how we ought to teach evolution.
David suggests that there should be a
copy in every school library and on
every science teacher's shelf. This
volume is also useful for anyone who
is likely to be discussing the issues
with school administrators and
school board members.

Another example of how our review-
ers go the extra distance is Richard
Sherwood’s review of Steven
Stanley's Children of the Ice Age:
How a Global Catastrophe Allowed
Humans to Evolve. Rich recom-
mends the book to our readers, but
also provides us with a table of up-to-
date information on human fossil
finds in Africa and Asia to keep us
abreast of this rapidly changing field.

IN THE NEws

Politics is always a fertile field for
anti-evolution activity. Our Updates
section follows the "Only a Theory"
disclaimers in Idaho and Louisiana
and the political fate of one support-
er of such disclaimers in Washington.
In Michigan a citizens' committee is
exploring resources with "non-reli-
gious" criticisms of evolution to put
in public school libraries. Finally,
Answers in Genesis is encouraging
students to establish school-based
"Creation Clubs" throughout the
country. We report on one such
effort in Boone County, Kentucky.

In research news, it takes a reptile to
prove a biogeographic hypothesis. A
recent report in Nature demonstrat-
ed that land- and treeliving verte-
brates can survive for extended peri-
ods of time at sea and ride "rafts" of
storm debris or other flotsam from
island to island.This sort of rafting is
still considered a rare event, howev-
er, eyewitness accounts of iguanas
from Guadeloupe departing their
rafts onto the island of Anguilla pro-
vide the sort of "proof" that anti-evo-
Iutionists often demand. Yes, some-
one was there and did see it happen!

And on the home front, there is news
from NCSE.In case you need or want
to write to us, Erik Wheaton has
plumbed the depths of the US Postal
System and come up with the prop-
er instructions to assure timely deliv-
ery to the NCSE office. And, if you
have ever wondered what a board of
directors actually does, Molleen
Matsumura reports on what some of
the members of NCSE's board have
been up to over the past year. In a
second report, Molleen also points
out how numerous volunteers per-
form many duties vital to NCSE's mis-
sion.

Finally, don't miss our Resources sec-
tion after the centerfold. Frank
Sonleitner has provided us with
another periodic bibliography of
what's new in fields that relate to
evolution. We also have a number of
short contributions from members
and others who share our interests
and concerns. This issue also con-
tains a short feature compiled by the
NCSE staff containing a variety of
resources for teaching about evolu-
tion—books, tapes, video, CD, inter-
net, and more. Check it out!

And to show that old dogs can learn
new tricks, we thank D Gary Grady
of Durham NC for his suggestion that
we add this note to each issue—
Volume 18, number 4 was printed in
December 1998.

Anj Petto

Correction

In "Creationism, A Trip to the Dark
Side" which appeared on page 22
in issue 2, we incorrectly reported
that the Answers in Genesis semi-
nar which Skip Evans attended was
held September 15-16, 1997. The
seminar at the Roswell Baptist
Church in Marietta, Georgia was
held on September 15-16, 1996.
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NCSE Board
Members: The
Active Type

Molleen Matsumura
Network Project Director

NCSE has received many
offers for books and semi-
nars that promise to help nonprofit
organizations get members of their
boards of directors to do something
besides lending their names. We skip
all that advice because we don't
need it! NCSE is blessed with com-
mitted and caring board members
who don't wait to be asked before
they swing into action. Here's just a
bit of what some of them have been
up to.

JoHN R CoLE

Since retiring as NCSE editor,
John has continued to serve as a con-
tributing editor and book reviewer;
he even returned as guest editor for
our last issue. He has been first to
find many of the news items and
reprints you see in these pages. He
has also

eserved as an advisor to many par-
ticipants of the Internet "anticre-
ationist" listserve who are coping
with evolution/creation conflicts
or seeking information on "cre-
ation science" arguments;

e conducted research on possible
investment opportunities as
NCSE seeks to build an endow-
ment fund;

e written press releases on the
activities of NCSE Board mem-
bers and others working on
NCSE issues;

e continued building a library of
evolution-related art from the
19th and early 20th centuries for
use in NCSE publications.

Jack FRIEDMAN

Jack Friedman has a long career
as a science educator and for the

past 22 years has been involved with
an annual conference for high
school students.With a committee of
15 college and high school teachers
he arranges a one-day meeting at
which approximately 70 "experts"
(college professors, physicians, and
others) speak on a scientific topic
that is of special interest to them. A
brochure is prepared and mailed to
schools located within an hour of
the college campus where the con-
ference will be held. Students pick
the sessions they wish to attend and
are grouped into classes of 25 which
meet during four "periods" on the
conference day. This is an enrich-
ment opportunity for above-average
high school students. And, he adds,
"If any college or high school teach-
er wishes to put on such a confer-
ence, I would be pleased to offer
advice and answer any questions
that they may have. Our conference
was awarded a state 'Program of

Excellence'.

MicHAEL MCILWRATH

Mcllwrath, the newest member
of NCSE's board (see RNCSE 7997;
17(5):4-5), generously makes him-
self available to answer inquiries
about case law affecting evolution
and creation controversies. Besides
having advised teachers who
appealed to NCSE for help with
problems arising from their commit-
ment to evolution, he submitted a
brief on NCSE's behalf in connection
with the Tangipahoa, LA oral dis-
claimer case. He is still working on
this case and will present oral argu-
ments if the appeals court decides to
hear further arguments (see Updates
p 7). Meanwhile, Mcllwrath is help-
ing NCSE staff explore the possibili-
ty of a special fund-raising event.

KEVIN PADIAN

Kevin Padian, the current NCSE
President, is a professor at the
University of California's Berkeley
campus, not far from NCSE's office.
This proximity is a big help when
NCSE staff want input from a board
member. He has been taking advan-

tage of a sabbatical this term to try
to catch up on a lot of projects. Of
these he comments, "Few of them
are directly related to the creation-
evolution issues at the moment.
However, one hopes that by getting
some science out to the public,
issues can be clarified that are often
misinterpreted or miscommunicat-
ed by anti-evolutionists. Primary
among these, perhaps, is the origin
of birds from small carnivorous
dinosaurs. I have just finished two
papers examining why this is a false
controversy."

He has also worked with a col-
league to write several papers sum-
marizing and clarifying the evidence
about bird origins for the public,
including the February 1998 cover
story of Scientific American and an
article in Biological Reviews. (This
topic is also covered in an entry in
The Encyclopedia of Dinosaurs
[Academic Press, 1997], a compre-
hensive and well-received book
which Padian co-edited with Phil
Currie.) He is also making progress
on a variety of more technical pro-
jects, such as research on theropod
dinosaur taxonomy and a paper on
Darwin's view of classification
which has just been accepted for
publication in Systematic Biology.

Padian has always taken a strong
interest in science education as
well, actively contributing to devel-
opment of science education stan-
dards in California. He has recently
written chapters on natural selec-
tion for a book on evolution for
teachers and on the origin of birds
for an ornithology textbook. He has
also given many public lectures at
universities and for other organiza-
tion, and been named a
Distinguished Lecturer for 1999 by
Sigma Xi, the Scientific Research
Society of North America. Details of
Sigma Xi's program selecting scien-
tists, engineers, technologists, and
public policy analysts for a special
lecture series are available in the
November-December  issue  of
American Scientist.




Then there are the things that get
done for fun. Padian reports: "I also
translated a very nice book by
Philippe Taquet, who has been
Director of the Institute of
Paleontology and of the National
Museums of Natural History in Paris,
recounting over thirty years of his
travels around the world in search of
dinosaurs and their world. Dinosaur
Impressions has just been published
by Cambridge University Press,and it
is a wonderful combination of pale-
ontology, travelogue, history of sci-
ence, and amusing stories. It provides
a nicely Gallic perspective on our
field and on science in general, and
this is why I thought it would be fun
to bring to an anglophonic audi-
ence."

ANDREW ] PETTO

Does the name sound familiar? It
should! Anj is the editor of Reports of
NCSE. But that's not all. Anj constant-
ly works for the improvement of evo-
lution education, both in the aca-
demic arena and as a citizen. So far in
1998, Anj

eworked with NCSE members and

friends in Wisconsin to respond
to a visit by Duane Gish and a
"seminar" series entitled
"Understanding the Times: A
Worldview Weekend" and spon-
sored by Summit Ministries and
the American Family Policy
Institute;

e worked with NCSE members for
final acceptance of the Wisconsin
Model Standards in Science (and
social science) which contained a
firm commitment to evolution in
all areas of the sciences. (It was in
the course of these efforts that
Anj heard a supporter of "creation
science" decry the influence of
evolution on the children's book
Horton Hatches The Egg (see
RNCSE 1998; 18[1]:24);

eran teacher workshops on "sci-
ence as a way of knowing" (and
evolution), including a half-day
session on the Afar hominid fossil
site with a featured speaker from
the University of Wisconsin at
Madison;

e worked with a committee from
the Society for the Study of
Evolution to plan and carry out a
workshop on teaching evolution
for the SSE meetings in June 1999;

e co-directed an invited workshop
at a series of "Communicating

Science" workshops at Hamilton
College in upstate New York;

e established a new course on
"Science and Pseudoscience at
the End of the 20th Century" at
Philadelphia's University of the
Arts;

)

e completed an application for a
Templeton grant for a new course
called "Place in the Universe"
which explores indigenous narra-
tives and scientific explanations,
discussing both cultural and cos-
mological implications;

eand last but not least, since his
move to Pennsylvania, Anj has
begun building a whole new net-
work of evolution supporters.

ELIZABETH STAGE

Elizabeth Stage is director of sci-
ence for New Standards, a partner-
ship of districts and states interested
in standards-based reform. Last aca-
demic year she worked with a group
of science educators from the
Chicago Public Schools, led by NCSE
member Melanie Wojtulewicz,
Manager of Science Support. This
group drafted programs of study for
high school science courses based
on the Chicago Academic Standards
and Framework for Science, to be
used as the basis for city-wide exam-
inations. The Biology Program of
Study has four areas of concentra-
tion, one of which is biological evo-
lution.

This year Elizabeth is working
with educators from New York City
to assemble a collection of student
work that shows teachers, students,
and parents the quality of work that
is expected at elementary, middle,
and high school levels. Five themes
have been selected for the life sci-
ences: interdependence, structure
and function, change over time,
responding to changes, and repro-
duction and heredity.

ROBERT M WEST

"Mac" West contributes a vital link
between NCSE and the world of
"informal science" — museums,
nature centers, and other science
education facilities that are not
school based. He reports that one of
his most significant recent activities
has been work on the "signature"
film for the 3-D IMAX theater at the
Smithsonian's National Museum of
Natural History. The film, to be com-
pleted in 1999, features the

Galapagos. West's consulting firm is
working on educational materials to
accompany the film.

He is also involved in the early
stages of planning the Space Science
Initiative at the Denver Museum of
_Natural History, helping both to
develop the storyline and to make
sure that a full spectrum of educa-
tional opportunities are available. He
comments, "An item of discussion
always is ultimate origins, extrater-
restrial life, and the statistical cer-
tainty that we are not alone."

A Little Help from
Our Friends

Molleen Matsumura
NCSE Network Project Divector

It is always a pleasure to
acknowledge the contribu-
tions of NCSE's members and
friends. Here are some off the won-
derful people who help out at NCSE
headquarters.

Yves Barbero and Lee Hartz:
We've mentioned these friends in
previous issues, but newer members
should hear about them too! Yves
Barbero has donated hardware, soft-
ware and countless hours of his time
to maintaining and updating NCSE's
computer network. Lee Hartz is
indispensable to maintaining our
library and resource files.

Tina Bhargava: When she volun-
teered as a student intern for sum-
mer, 1998, Tina performed heroic
labors developing a subject index for
issues 26-39 of Creation/Evolution,
the journal that was merged into
RNCSE. We're looking forward to
announcing the availability of the
completed index, which will make it
much easier to locate articles refut-
ing "evidences" against evolution.

Erica Cande: You're never too
young to help! This Berkeley high
school student, daughter of
University of California-Berkeley
biologist and NCSE member Zac
Cande, devoted part of her summer
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vacation to volunteering at NCSE,
updating databases, helping process
book orders and more. No task is too
menial...for Erica to make a good
joke about doing it!

Letizia Gasparetti: When our
friends at the Institute for Human
Origins moved from California to
Arizona, they advised one of their
volunteers that she could continue
to help increase public understand-
ing of evolution by volunteering
time at NCSE. Lee has done every-
thing from photocopying to
database work cheerfully and effi-
ciently. Thanks to her, we now have a
complete database indexing NCSE
Reports, which helps us better serve
members by quickly locating infor-
mation to share with them.

Richard Golden: A science edu-
cator with considerable experience
in providing resource and profes-
sional development materials for his
colleagues, Richard seems to be one
of those people who is busier than
ever after he "retires". Richard has
been helping us update our records
of evolution/creation controversies
around the country and to expand
our science textbook database.
Richard is also assisting with our Pre-
Publication Review Project.

And a Cast of Thousands...
Thanks to Jack Dohlinow, Gary
Glenn, Richard Golden, Kennan
Herrick, Bill Lidicker, Peg
Marshburn, Katharine Milton, Frank
Norick, Carole Segal, Leslie Morris,
Stephen Morris, Monroe
Strickberger, and John Zalabak for
staffing an NCSE booth at a regional
fair, and to John H Beyer and Vince
Sarich who would have if they could
have.

Cruising Iguanas
Demonstrate
Evolutionary
Mechanism

Andrew Petto
NCSE Editor

In a report in Nature Ellen
Censky and colleagues have
finally presented eyewitness evi-
dence for one mechanism of evolu-
tionary change. Fifteen iguanas rode
a "raft" of storm debris on a 320-km
trip from Guadeloupe to Anguilla. In
September 1995 Hurricanes Luis
and Marilyn struck the Caribbean
and apparently blew the trees to
which the reptiles were clinging
into the ocean.A month later fisher-
men noticed logs washing ashore
carrying the iguanas as passengers.
Such rafting has been proposed as a
plausible mechanism for the spread
of organisms along island chains and
between continents, but this is the
first time that humans have wit-
nessed the arrival of the colonizing
species.

It is fairly easy to explain the
movement over the open ocean of
swimming and flying animals and of
plants and fungi with airborne dis-
persal of seeds and spores. For pri-
marily terrestrial and arboreal ani-
mals—especially vertebrates—
extended trips without fresh food
and water were considered unlikely.

Iguanas from different islands
show physical features and col-
oration which are characteristic of
and limited to specific locales. So,
even if there had been no eyewit-
nesses, the sudden appearance of
the immigrants from Guadeloupe
would have been noticed. However,
to prove that they had rafted over
the ocean, scientists would have had
to rule out several competing
hypotheses—such as introduction
by humans via air or sea cargo, as
pets or contraband, and so on. It is
just all the better that someone did
see them arrive on a raft of logs,
because it demonstrates that rafting
can and does account for the spread
of some arboreal and terrestrial ver-
tebrates from island to island.

The geographical distribution of
the biological and behavioral varia-
tions found in living things is one of
the most interesting and engaging
subjects in scientific research today.
Local variations associated with spe-

cific islands, valleys, or even cave
environments have served as natural
laboratories for the study of evolu-
tion—from the Galapagos finches
and tortoises to the spread of
humans out of Africa to all other
continents. Now, thanks to Censky
and colleagues, we have an opportu-
nity to examine both the process
and the outcome of the spread of a
species between islands by rafting.

[The complete citation for the orig-
inal research report is Censky EJ,
Hodge K, Dudley J. Overwater dis-
persal of lizards due to burricanes.
Nature 7998; 395: 556. A news
report can also be found in Yoon
CK. Hapless iguanas float away
and voyage grips biologists. New
York Times 71998 Oct 8;A1.]

UPDATES

Idaho: While draft state
"Exiting Standards" in science
still include coverage of evolution,
some modifications have been made
in response to anti-evolution objec-
tions, according to an October 29,
1998 story in the Twin Falls Times-
News. The changes reflect the mis-
leading "fact vs. theory" strategy
often adopted in anti-evolution
efforts. The use of "theory" accom-
panying the word "evolution" is
viewed as a compromise and, the
article reports, Standards
Commissioner Tom Luna said that "it
left the door open for creationism
by using 'theories of origin' regard-
ing the beginning of the universe."
While NCSE members who spoke at
public hearings are concerned
about the effect of these changes,
opponents of evolution education
don't believe they go far enough.
Idaho: On November 13, 1998,
the Executive Board of the Idaho
School Boards Association rejected
an anti-evolution resolution submit-
ted by the Board of New Plymouth
School District. The resolution read



in part: "Whereas, common schools
should not teach or promote con-
cepts which tear at the fabric of
what  is being taught in
homes;...Mankind appearing on the
Earth, in his present form, shall not
be taught...to be a result of evolu-
tion, where evolution is accepted as
fact. ...This law shall extend to
library books and textbooks." In

RESOLUTION SUBMITTED
BY THE NEW PLYMOUTH
(ID) ScHOOL BOARD TO
THE IDAHO SCHOOL
BOARD ASSOCIATION,
1998

"CREATION VS. EVOLUTION IN
THE PUBLIC SCHOOLS"

Whereas, scientific theories
should be presented as theories,
not as fact; and

‘Whereas, leading scientists who
promote evolution recognize it as
a theory; and

Whereas, common schools should
not teach or promote concepts
which tear at the fabric of what is
being taught in homes;

Now, Therefore be it resolved:

Mankind appearing on the
earth, in his [sic] present form,
shall not be taught in K-12 public
schools to be a result of evolu-
tion, where evolution is accepted
as fact. Mankind appearing on the
earth in his present form as a
result of evolution may be pre-
sented as theory. This law shall
extend to library books and text-
books.

Statement of Purpose:

Even though evolution is a the-
ory, some schoolbooks on science
present the origin of mankind
through a process of evolution as
fact. This also happens at times in
classrooms.

Public schools are having a
hard time hanging onto students
whose parents believe in cre-
ation, and in keeping tuition tax
credits at bay. A resolution such as
this, if it became law, would
accomplish two purposes: 1) it
would be less likely that students
would be left with the wrong
impression regarding the validity
of evolution; and 2) parents
believing in Creation will be more
comfortable sending their chil-
dren to COMMON schools.

1997, a disclaimer resolution was
rejected by a 4-1 vote. The 1998 res-
olution was rejected 3-1. Proponents
say they will submit another resolu-
tion in 1999 and hope that removal
of references to library books will
improve chances of passage. While
some opponents of the resolution
framed the issue as one of local con-
trol, its backers argue that passage
would address many parents' dissat-
isfaction with public schools (see
sidebar; left).

Kentucky: Answers in Genesis
(AIG), the Kentucky-based "creation
science" ministry, announced the
launching of its nationwide
"Creation Club" campaign.
According to a report in the
Kentucky Post, AIG had already
received applications from many
would-be founders in Boone County,
Kentucky and elsewhere in the
Cincinnati area (September 22,
1998). The Boone County School
Superintendent told the Post that he
had not yet received any requests to
found such a club, which would have
to be school-sponsored and student-
initiated. NCSE members and friends
in Kentucky are monitoring the situ-
ation.

Louisiana: An oral disclaimer
case that originated in Louisiana's
Tangipahoa Parish has been
appealed to the Fifth Circuit Court of
Appeal. The Court will decide on
January 4 whether to hear oral argu-
ments in support of NCSE's amicus
brief (see RNCSE 17/5]:4).

Michigan, Melvindale: The
"Origins of Man" Science Sub-
Committee met on December 3,
1998 to consider recommendations
of books for possible placement in
school libraries as resources provid-
ing nonreligious criticisms of evolu-
tion. If they produce a final report, it
will be presented to the Melvindale
Board of Education on December 14.
The board's decision will be report-
ed in a future issue. NCSE submitted
evaluations of many of the proposed
books for school district staff to for-
ward to the sub-committee.

Washington, election news:
Harold Hochstatter, who introduced
an evolution disclaimer bill when he
was chair of the state's House
Education Committee in 1998, was
re-elected to his seat. However,
because his party lost the majority,
he was replaced as committee chair.
Even when he was chair, the bill was
defeated in committee (see RNCSE,
17(5):6,7), so without his leadership

it is unlikely that anti-evolution bills
will be introduced in this committee
during the next session.

[NCSE thanks Garvin Chastain,
Taner Edis, Michael Mcllwrath, Dan
Pbhelps, and Charles Reich for infor-
“mation used in this report.]

OFFICE BIZ
Writing to the NCSE

Ertk Wheaton
Office Manager

We have gotten a few letters
from members inquiring about our
mailing address and business reply
mail. When mailing to the NCSE use
this address:

NCSE

PO BOX 9477

BERKELEY CA 94709-0477

Using the all caps format with
no periods and commas helps the
USPS direct your mail to our PO
box more efficiently.

If you need to mail something
larger than a regular sized envelope
or need to use a delivery service
other than the USPS, please use our
street address:

NCSE

925 KEARNEY ST

EL CERRITO CA 94530-2810

Please note that the business
reply envelopes we send to mem-
bers have a different address, it is:

NCSE

PO BOX 9477

BERKELEY CA 94709-9953

These last 4 digits signify a code
used by the USPS to send reply
envelopes to a processing unit so it
can charge us for the postage.
Please don’t use this ZIP + 4 for any
mail to the NCSE; it is only for post
office use.

Omne Last Point

At the end of 1998, we mailed
several thousand letters to prospec-
tive new members, PLUS mailed
our fall fundraising request to all
our current members PLUS pub-
lished two issues of RNCSE, which
generated many renewals. I'm
delighted to say we are swamped
with mail - but because of our
small staff, we may not be able to
get your thank-you gifts to you as
promptly as we usually do. Please
have patience! We WILL catch up!
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ARTICLE

Austin has taken on
the daunting task of
using the spectacu-
lar geology of the
Grand Canyon as an
exemplar of a cre-
ationist world-view,
despite numerous
compelling argu-

ments to the con-

trary.
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Bibliolatry

in the

Grand Canyon

fter his heroic pioneering voyage in

1869 down the Colorado River through

he Grand Canyon, John Wesley Powell
wrote

[TThe thought grew in to my mind that the
canyons of this region would be a Book of
Revelations in the rock-leaved bible of geolo-
gv.The thought fructified and I determined to
read the book.

Powell recognized that there are few places on
the planet with such awe-inspiring beauty and with
such dramatic and continuous vertical exposures,
as can be seen in the colorful walls of the Grand
Canyon through which the
Colorado River flows for 450 km
from Lee's Ferry to Lake Mead.The
Canyon is more than 1600 m deep,
and ranges from 6 to 30 km wide.
Each year more than four million
visitors  visit Grand Canyon
National Park in Arizona. There is
perhaps no better place in all the
world to appreciate the grandeur
of geologic time (Calvin 1986;
Redfern 1980).

However, bibliolatry has come
to the Grand Canyon.The creation-
ist textbook, Grand Canyon:
Monument to Catastrophe (MTC),
has challenged the accepted inter-
pretations of geologic time and the
geology of the Grand Canyon
(Austin  1994). Heaton (1995)
warns, "Many readers may find this
book  especially threatening
because of its mix of scholarship
and creationist dogma, targeted to a
natural monument of great popu-
larity." My aims in writing this arti-
cle are to review creationist ideas on the geology of
the Grand Canyon and to encourage members of
the National Center for Science Education to
review the field evidence for themselves by partic-
ipating in the first NCSE "Creation/Evolution Grand
Canyon Raft Trip", a float trip through the spectac-
ular scenery and whitewater rapids of the Grand
Dr Wilfred A Elders is Professor Emeritus of Geology from the
University of California, Riverside. He will belp NCSE members
on our Creation/Evoution Grand Canyon Raft Trip to under-

stand and interpret the geologic features and formations they
will encounter in the Grand Canyon.

Wilfred A Elders

Canyon of Arizona, to be held in August 1999.

STRATIGRAPHY OF THE GRAND CANYON

Today the Grand Canyon is one of the best-
known and most spectacular paradigms of stratig-
raphy. The canyon walls reveal exposures repre-
senting a slice of earth-history, spanning 1700 mil-
lion years (Ma). Figure 1 shows the "classic" geolog-
ic section within the Grand Canyon as a block dia-
gram, viewed toward the north-west. The sequence
of strata exposed consists broadly of three major
packets of rocks, respectively of Early Proterozoic,
Late Proterozoic and Paleozoic age (Elston,
Billingsley and Young 1989; Beus and Morales
1990). The oldest rocks are an Early Proterozoic
(1700 Ma) crystalline basement (Vishnu Schists,
intruded by Zoroaster Granites). Above these are
Middle- to Late Proterozoic sedimentary and vol-
canic rocks, known as the Grand Canyon
Supergroup, which were tilted and eroded before
the deposition of the overlying Tapeats Sandstone
of Cambrian age (< 540 Ma).A major angular uncon-
formity, which Powell (1875) termed the "Great
Unconformity", separates these two formations.

The Tapeats Sandstone of the Tonto Group is the
oldest of the many sub-horizontal Paleozoic sedi-
mentary formations which occur above the
Precambrian rocks. Not so easily seen in Figure 1 is
another major unconformity occurring between
the Upper Cambrian Muav Limestone and the over-
lying Temple Butte Formation of Devonian age, so
that Ordovician and Silurian strata, between 515 Ma
and 385 Ma in age, are missing. The youngest rocks
shown in Figure 1 are basalts which erupted from
volcanoes on the Uinkaret region of the Colorado
Plateau and poured down the steep cliffs of the
north rim after the Grand Canyon was eroded.
During the last 0.7 Ma more than 150 lava flows
have cascaded down to form a series of lava dams
in the inner gorge of the Grand Canyon which tem-
porarily blocked the flow of the river (Dalrymple
and Hamblin 1998).

The broad stratigraphic sequence of Grand
Canyon rocks is well-established by numerous field
observations in Powell's "bible of geology" (Spamer
1989). Powell was, of course, writing figuratively.
His "bible" was the rock outcrops themselves.
However, Figure 1 is taken from MTC (Austin 1994).
Its contributors regard the King James version of
the Bible as the true "bible of geology”. At first
sight, MTC resembles a well-illustrated, geological
textbook, replete with maps, technical diagrams,
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Figure 1. Block diagram showing the sequence of geologic formations and topography below the north rim of the

Grand Canyon (Austin 1994: Fig. 2.5).

and references to scientific literature. However its
aim is to demonstrate unequivocally that the geolo-
gy of the Grand Canyon is the product of creation
week and Noah's flood, as determined by specific
"literal" interpretations of the Book of Genesis.

MOoNUMENT To NoAH's FLooD

The numerous modern scientific arguments
against Noah's flood have recently been discussed
by Isaak (1998) and Wise (1998) among many oth-
ers.Austin (1994) has taken on the daunting task of
using the spectacular geology of the Grand Canyon
as an exemplar of a creationist world-view, despite
numerous compelling arguments to the contrary.
The result is a detailed and comprehensive text,
covering a wide range of phenomena, which
demonstrates familiarity with (if not acceptance of)
much of the geological literature. The authors of
MTC were asked to write a creationist field guide-
book to the geology, biology, and human history of
"the world's greatest natural wonder" at the under-
graduate college level. However, the sections on
geology and radiometric dating, written by Austin
himself, are at a much more advanced, technical
level. On the other hand, the chapter dealing with
the atmosphere is very elementary. For example, the
explanation of the physics of Noah's flood is so
brief and qualitative as to be almost unintelligible to
me. Some clue to the anticipated readership of MTC
comes from the fact that Austin (1994) provides a
lengthy glossary of technical (mostly geological)
terms ranging from "abrasion" to "zonation".
However explanations of other kinds of specialist
"terms of art", with which MTC is replete, such as
"sin" and "the fall of Adam", are singularly lacking.

Evidently the authors of MTC anticipated that read-
ers would be better trained in the ICR brand of reli-

gion than in their brand of geol-
ogy.
THE GENESIS STORY

To understand the creation-
ist arguments propounded in
MTC, it was necessary for me
to refer frequently to the first
eight chapters of Genesis. 1
found that the so-called "literal"
interpretations at the ICR
involve enormous embellish-
ments of the basic story told in
that book, involving mountain
building, earthquakes, volcanic
eruptions, and so on.According
to Genesis 1:1-27, a creator-
God is said to have formed by
fiat the cosmos, the earth, and
its biota, in 6 working days.
Marine animals and birds
appeared on Day 5 (Gen 1:20-
1) and land animals, including
one male and one female
human, on Day 6 (Gen 1:24-7).
This initial breeding pair of
Homo sapiens and its progeny

MTC fails to mention
that the creationist
time scale violates
the first law of ther-
modynamics....Apply-
ing the laws of heat
transfer... indicates
that... it would take
at least 2 million
years for these forma-
tions to cool to the
boiling point of water.

had life spans of several hundreds of years.
After a lapse of 1656 years (Austin, 1994:65) the

creator-God re-appeared as a destroyer-God and
caused a world-wide flood that extirpated all living
things, except for a remnant which took refuge on a
boat called "the Ark", built expressly for that pur-
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pose (Gen 6:11-6). The remnant consisted of a
600-year-old human (named Noah) and 7 family
members, plus "two of every (other) sort of living
thing...male and female", and 7 breeding pairs of
"clean beasts" and "fowls of the air" (Gen 6:18-20;
7:1-3). The flood lasted less than a year before the
survivors left the ship for dry ground and migrated
throughout the world (Gen 8:14-9).

CREATIONIST STRATIGRAPHY

The essence of MTC is contained in Chapter 4
which divides the strata of the Colorado Plateau
into five major groups, according to the ICR reading
of the Genesis story (Austin 1994:57-82).These are

Fifth division:
The youngest group of strata includes river
gravels, lake sediments, and lava flows,
formed after the erosion of the Grand
Canyon, which in turn formed as Noah's
flood ended.

Fourth division:
The Mesozoic strata represent erosion and
deposition as floodwaters retreated.

Third division:
The Paleozoic strata comprising the
Canyon's characteristic, horizontal strata
formed in the early part of the flood.

Second division:
The Late Proterozoic Grand Canyon
Supergroup, the older tilted stratified rocks
below the 'Great Unconformity'. They
formed during and after Day Three of cre-
ation week. The Great Unconformity
formed by erosion during the onset of
Noah's flood.

First division:
The Zoroaster Granite and the Vishnu
Group, which formed during the first part
of creation week.

BRINGING YELLOWSTONE TO

A recent publication (Iig and
others 1996) used detailed map-
ping and radiometric dating to
divide the older Proterozoic
rocks of the Grand Canyon into
three mappable units—the
Rama, Brahma, and Vishnu
Schists, collectively named the
"Granite Gorge Metamorphic
Suite". This suite was intruded by
two distinct series of
Paleoproterozoic gabbro to gran-
ite intrusions, each of which is
now given an individual name,
rather than using the general
name Zoroaster Granite.
Temperatures of gabbro and
granite magmas (molten rocks)
exceed 1000°C and 750°C,

JUL/AUG 1998
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To evaluate and rebut the
numerous specific creationist
claims Austin presents, would
require a book many times
longer than MTC. Because
Austin (1994:136) repeats the
tired, erroneous argument that
evolution violates the second
law of thermodynamics, my
book would begin with ther-
modynamics — a word fre-
quently used by creationists to
impress untrained people.
MTC fails to mention that the
creationist time scale violates
the first and second laws of
thermodynamics (Wise 1998).
Austin (1994:69) indicates that
on Day 3 of creation week,

molten Zoroaster Granite was intruded into Vishnu

m Ilg and others (1996:1160) estimate that the

peak temperatures, associated with the emplace-
ment of granites into the Granite Gorge
Metamorphic Suite reached 650-725°C. Applying
the laws of heat transfer to the cooling of igneous
intrusions indicates that these features cool at rates
varying between 30 and 250°C per million years,
depending on the size and depth of the intrusion.
This means it would take at least 2 million years for
these igneous rocks to cool to the boiling point of
water.

Even if these intrusions were too deep to present
thermal problems during creation week, they are
widely exposed in the inner gorge of Grand
Canyon, only a "few thousand" ICR years later.Austin
(1994) provides no clue to what thermal insulation,
if any, organisms were using on Day 6 of creation
which allowed them to survive the heat. Will our
NCSE Creation/Evolution Grand Canyon Raft Trip
encounter geysers or similar intense, explosive
hydrothermal activity where the river enters the
Upper Granite Gorge? Has bibliolatry brought
Yellowstone National Park to Grand Canyon?

ATTACKING UNIFORMITARIANISM

A recurrent tactic in MTC is to state opposing
arguments in such a way that they are more easily
defeated. According to MTC, evolution depends on
"the extreme generalization that only known, mod-
ern processes, operating at modern rates, formed
strata (uniformitarianism)..." (Austin 1994:24,
emphasis in the original). However, few geologists
today would accept that only those geological pro-
cesses observed happening today have operated in
the past, and that they only did so at the rates cur-
rently observed. I believe that uniformitarianism,
certainly in the extreme version formulated in MTC,
is just like creationism; they are both concepts of
respectable ancestry which have been superseded.

Perhaps the most blatant example of a straw man
in MTC occurs in a discussion of the fate of the sed-
iment removed from the Colorado Plateau when
the Grand Canyon was eroded. Austin (1994:84)
makes the valid points that the Colorado River in
the Grand Canyon flows through the uplifted
Colorado Plateau, rather than around it. Initiation of
this uplift began in the eastern (Kaibab) part of the
plateau due to flexing during the Laramide Orogeny
(mountain-building episode) which geologists infer
to have happened between 80 and 64 Ma ago.
Austin (1994:87) cites data that the Colorado River
carried approximately 153 million tons of sediment
per year between 1926 and 1950. He then calcu-
lates that, at this rate, since the initiation of uplift in
the last 70 Ma, the river should have transported a
volume 1500 times greater than the volume of the
Grand Canyon. Why, he asks, have geologists failed
to locate anywhere near this amount of sediment
downstream on the delta of the Colorado River?

To the uninitiated this argument might seem
plausible, but a closer look reveals its flaws. First,
even the most ardent uniformitarian should have
qualms about extrapolating data from 25 years to 70
Ma. During this 70 Ma, there have been major
realignments of the interactions between the North
American and the Pacific tectonic plates, and dra-




matic changes in topography, climate and sea level.
Second, this calculation is an inappropriate act
because neither the Colorado River Delta nor the
Grand Canyon, has been in existence for 70 Ma; both
are no older than 4.5 Ma.

The Colorado River Delta partially fills the
depression known as the Salton Trough, an exten-
sion of the tectonic regime of the Gulf of California
(Elders and others 1972). It was formerly filled by
the waters of the gulf, as shown by the widespread
occurrence of the marine sediments of the Imperial
Formation (Lonsdale 1989). Drilling for geothermal
resources confirms that, along the axis of the
trough, these marine rocks are covered by younger
deltaic sediments more than 4 km thick. This sce-
nario is consistent with the dating of the onset of
erosion by the Colorado River in the western part of
the Grand Canyon. Luchitta (1990) shows that this
occurred in Pliocene times, 5 to 3.8 Ma ago. Prior to
that time the lower Colorado River system, as we
know it today, did not exist. Both the ages and the
volumes of the canyon and the delta are quite con-
sistent. The Delta contains roughly 270 000 cubic
kilometers of Pliocene to Recent sediments, equiva-
lent to a canyon measuring 450 X 37.5 X 1.6 km
deep—a volume somewhat larger than the Grand
Canyon proper.

IGNORING THE GEOLOGIC TIME SCALE

A major omission in MTC is any discussion of the
great synthesis of worldwide geologic observations
known as the Geologic Time Scale. Wise (1998)
pointed out that the creationist time scale ignores
the countless worldwide geological studies which
show that, on all continents, the same general
sequence of sedimentary rocks occurs, and that the
major and minor divisions in this sequence are char-
acterized by the specific assemblages of fossils they
contain. This overall scheme was essentially com-
pleted before 1859 when Darwin published his On
the Origin of Species by Means of Natural
Selection.No assumptions of organic evolution were
made in deriving the geologic column or in using
fossils for correlation of strata from continent to
continent. However, the eras and periods of the geo-
logic time scale, with which we divide geologic
time, reflect the dramatic changes which have
occurred in the history of life on earth recorded in
the rocks (Gould 1994). Because of these changes,
the fossil assemblages found in each geologic system
are distinct, permitting us to make worldwide strati-
graphic correlations. Today such correlations are
also made using non-paleontological criteria, such as
radiometric dating, and sequences of magnetic
reversals and of light stable isotope ratios, particu-
larly carbon isotopes (Bowring and Erwin 1998).

Sequences of strata occur everywhere in the
same order, with minor exceptions due to tectonic
disturbances. However, in many places (the Grand
Canyon is an example), parts of the sequence are
missing, due either to non-deposition, or to erosion
subsequent to deposition. However, in more than a
dozen deep sedimentary basins throughout the
world, the whole sequence of sedimentary rocks
bearing fossils is essentially complete. During the

last twenty years, stratigraph-
ic correlation of these sedi-
mentary rocks has been but-
tressed by the wuse of
"sequence-stratigraphy”,
developed largely by major
oil companies. The presence
of major "unconformities" or
ancient erosional surfaces can
be used to correlate rock
units over wide areas. Many of
these erosional surfaces are of
global extent because they
were formed during periods
of worldwide lowering of sea
level due to extensive glacia-
tions. The remarkable concor-
dance obtained between
these independent methods
gives powerful support to the
thesis that the Geologic Time
Scale records 3.8 billion years
of earth history (the age of
the oldest dated crustal
rocks) and that the sequence
of fossils these rocks contain
is the record of organic evolution.

Discussion of these issues is omitted in MTC. For
example Chapter 7, entitled "Fossils of Grand
Canyon", presents some of the weakest arguments
for the creationist position. The authors

produce."

The authors make the
astounding claim that
"[i]t is not clear
whether the order of
appearance of organ-
isms in Grand Canyon,
or anywhere on Earth,
for that matter, is nec-
essarily any different
than a random order
which a flood might

make the astounding claim that "[i]t is
not clear whether the order of appear-

ance of organisms in Grand Canyon, or || Sites in
where the geological
column is preserved in
its entirety. You can
find a list of these at
<http://www.
isource.net/~grmor-
ton/ geo.htm>.

anywhere on Earth, for that matter, is nec-
essarily any different than a random
order which a flood might produce"
(Austin 1994:147). Before creationists
recommend that oil companies shut
down their Departments of Stratigraphic
Paleontology, they should decide
whether they prefer to walk or to drive.

There are about 20

the world

THE PROBLEM OF SPACE FOR FoOsSILS

Another problem in MTC is where to put all the
organisms living in the world before the flood.
Geologists infer that the organisms in the fossil
record accumulated during a period longer than 500
Ma, but according to MTC, all these organisms were
alive during the 1656 years between the creation
and the Noachian flood. If we take the total biomass
represented by fossils when alive, and divide by the
number of years during which that biomass is
believed to have accumulated, the amount of living
matter would have to be over 30 000 times greater
in the creationist's pre-flood world than in the geol-
ogist's evolutionary world. Not only would the flora
and fauna have to be incredibly more abundant in
the pre-flood world but it also would have to be
incredibly more diverse than at present; all extinct
organisms would have to have been present at
roughly the same time. Were there no limits to the
carrying capacity of the ecological niches available
to these organisms in the pre-flood world?

To have accumulated in that time from the origi-
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In other locations

nal breeding pairs would require an enormous
reproductive success and survival rate by the
founding stock. If the human population before the
flood world grew at the same rate, there would
have to have been 1.8 X 10!5 people in Noah's
time—about 300 000 times the world population
of 5.9 billion humans alive today. After 1656 years
of the inevitable environmental
degradation which would
accompany such a prodigious
human population explosion, I
wonder that there was enough
wood left for Noah to build an

there are tens of
thousands of radio-
metric dates which

are consistent with

ark!

Another point not explained
in MTC is the paucity of fossils
in the Proterozoic sedimentary
rocks. Austin (1994:57) claims

the relative strati-
graphic positions of
the rocks dated. Why
should Grand Canyon
be different?
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that the uppermost strata of
the Proterozoic Grand Canyon
Supergroup "represent normal
sedimentation in the post-
Creation, but pre-flood ocean".
Considering the hyper-produc-
tivity of the pre-flood bio-
sphere required by the cre-
ationists' model, one would
expect that these rocks would
be the most highly fossiliferous
on the planet and that the
Proterozoic flora and fauna would be rich and
diverse, including representatives of both extinct
and extant taxa. Instead we see a very low abun-
dance of fossils consisting only of unicellular organ-
isms, cyanobacteria and stromatolites (algal mats).
There are no remains of coral reefs, trilobites,
ichthyosaurs, whales, nor shipwrecks in
Proterozoic marine sedimentary rocks.

ORIGINAL CREATIONIST RESEARCH

The scientific data and observations presented
in MTC are almost entirely re-interpretation and
attempted rebuttal of published main-stream sci-
ence. But what of original creationist research? The
appendix of MTC lists 18 "Questions for Discussion
and Study". The last of these reads, "What are four
research projects creationists have conducted on
Grand Canyon?" A careful reading of MTC reveals
that the author of this question expects students to
be diligent. In fact, I was able to find only four
examples of creationist research which could be
cited, plus one which the authors of MTC admit is
dubious.

Precambrian Pollen

This latter example is instructive because it
shows that even when "creation science" is refuted
there is an urge to cling to "evidence" favorable to
the cause (Austin 1994:137). Burdick (1966)
claimed to have isolated pollens of pine, juniper
and Mormon tea in samples of the Proterozoic
Hakatai Shales in the Grand Canyon, rocks much
older than the first appearance of vascular plants in
the geologic record. When later, more comprehen-
sive and careful studies failed to reproduce these

results, it was concluded that Burdick's work was
simply a case of contamination by modern pollens
(Chadwick 1981). MTC still leaves the door open by
concluding, "The possibility of pollen in
Precambrian rocks, no doubt, will remain contro-
versial among creationists."

Nautiloids

Original research by a creationist in Grand
Canyon first appears in MTC on page 26 where
Austin (1994) reports actual new data. In some
places in the Mississippian Redwall Limestone, fos-
sils of orthocone, chambered nautiloids (marine
mollusks differing from modern nautilus by having
straight, rather than coiled, shells) are abundant.
Austin measured the orientation of 12 examples of
these nautiloids in a single outcrop and showed
that 10 of them are aligned with their long axes
within an arc spanning 90°. He concludes that this
preferred orientation indicates that the nautiloids
received their alignments when dead, as lime mud
was moved by water currents. He concludes that
this is consistent with the flood hypothesis rather
than "the uniformitarian notion that fine-grained
limestone beds of Grand Canyon usually accumu-
lated...in a calm and placid sea" (Austin 1994:28).

Modern Squirrels

A second example in MTC of original data by a
creationist concerns modern populations of tassel-
eared squirrels (Sciurus aberti; Austin 1994:174).
Earlier work had suggested that two distinct races
of these squirrels have evolved on the plateaus
north and south of the Grand Canyon due to geo-
graphic isolation. However, after examining 94
museum specimens, Meyer (1988) concluded that
the two groups contain individuals showing close
enough resemblance so that, for all practical pur-
poses they form one continuous population. Thus,
in Meyer's opinion, although the two groups are
geographically isolated, divergent evolution is not
demonstrated by Sciurus aberti.

DEesSeRT DUNES AND FossiL FOOTPRINTS

The argument for a flood origin for Grand
Canyon rocks is particularly weak in the case of the
Permian Coconino Sandstone Formation which
consists of very pure sandstones with prominent
sets of cross-stratification dipping at high angles.
This formation is regarded as being the product of
extensive, Sahara-like sand dunes (McKee 1979).
The sandstone consists of fine-grained, well-sorted,
well-rounded, frosted and pitted grains, composed
almost entirely of quartz—features that are charac-
teristic of the effects of grain-to-grain impacts and
of winnowing during wind-borne sediment trans-
port. Other evidence which indicates that the
Coconino Sandstone was not formed in a catas-
trophic flood is the presence of raindrop impres-
sions and of abundant, well-preserved animal tracks
(McKee 1979). Of course, MTC does not accept the
view that the Coconino is an extensive desert dune
deposit and claims that the dunes are actually sub-
marine sand waves (Austin 1994:33).

The animal tracks in the Coconino Sandstone are



consistently preserved on steep, upwind, slopes of
the fossil dunes rather than on the lee sides, where
they would be destroyed by avalanching of dry
sand. They are interpreted as being produced by
invertebrates (similar to modern isopods, scorpions,
millipedes, or spiders) and by diverse four- or five-
toed vertebrates (Middleton and others 1990). The
nature of the animals responsible can only be
inferred from the trackways, as body fossils have not
been recognized in the Coconino Sandstone. This
leads us to the third example of original creationist
research, a study which re-interprets these track-
ways from the creationist viewpoint.

This study by Brand and Tang (1991) included
experiments on the track-making abilities of west-
ern newts walking on sand under 4 cm of flowing
water in an aquarium tank. They report that some
unusual tracks in the Coconino start and end abrupt-
ly and have individual prints oriented obliquely to
the general trend of the trackway. By analogy with
their tank experiments, they infer that such tracks
were formed by amphibians buoyantly supported in
flowing water. They conclude that these features,
"point to the subaqueous deposition for at least part
of the Coconino Sandstone" (Brand and Tang
1991:1204).

On the other hand, as part of an extensive review
of animal trackways, Lockley and Hunt (1995) decid-
ed that the vertebrate trackways in the Coconino
Sandstone were made by mammallike reptiles
(called caseids) rather than by amphibians.
Furthermore they record trackways made by ani-
mals moving with loping, trotting, or galloping gaits,
most often up slope, but occasionally horizontally or
obliquely to the slope.They also point to the prob-
lem of the many invertebrate traces. It is difficult to
imagine millipedes, scorpions and spiders making
prolific underwater tracks. Besides, the geological
evidence for the eolian origin of the Coconino
Sandstone is compelling.

RADIOISOTOPE DATING

The fourth example of original creationist
research is important enough to have been awarded
a chapter to itself in MTC (Austin 1994, Chapter 6).
It takes head-on one of the most difficult issues for
young-earth creationists—the problem of radiomet-
ric age measurements. The chapter begins with an
explanation of how radioactive isotope ratios are
used in dating and of the assumptions inherent in
the technique. This makes it all the more puzzling
when Austin perversely proceeds to misapply the
method by violating these assumptions. To help
understand the nature of this perversity, a short
review of radioactive isotope dating methods might
be helpful for some readers (see sidebar: right).

In Chapter 6 of MTC, Austin describes what he
claims was a systematic research project to test
isochron radiometric dating using rubidium and
strontium isotopes. The rubidium isotope 87Rb
decays to its daughter strontium 87Sr, whereas 86Sr is
the common non-radiogenic isotope of strontium.
Austin reports Rb/Sr data from whole-rock samples
of the Pleistocene volcanoes on the Uinkaret
Plateau, collected from five different basalt flows.

The 5 data points fall on a rea-
sonably straight line which he
claims defines an isochron giving
a common age of 1300 Ma years
(Austin 1994:124). For
Proterozoic rocks, he plotted an
isochron giving a common age of
1070 Ma (Austin "1994:122). He
triumphantly points out that it is
impossible for these rocks,
which are clearly older than the
formation of the Grand Canyon,
to be 270 Ma years younger than
the Pleistocene basalts, which
certainly formed after the
canyon was eroded. This leads
him to challenge the basic
assumptions of the radioactive
dating by asking, "Has any Grand
Canyon rock been successfully
dated?" (Austin 1994:129).

In other locations there are
tens of thousands of radiometric
dates which are consistent with
the relative stratigraphic posi-
tions of the rocks dated
(Dalrymple 1991). Why should
Grand Canyon be different? In
answer to Austin's rhetorical
question we can point to two
recent studies. In their work on
the oldest rocks of the Grand
Canyon, Ilg and others (1996)
used 238U/200Pb ratios in individ-
ual crystals of zircon and mon-
azite to derive a detailed chronol-
ogy for the Early Proterozoic
metamorphic and igneous crys-
talline rocks. Two different units
of the Granite Gorge
Metamorphic Suite gave ages of
1750 and 1742 Ma.Two different
members of the Zoroaster
Plutonic  Complex, which
intrude the Metamorphic Suite,
gave ages of 1740-1710 Ma and
1700-1660 Ma. These ages are
completely consistent with the
stratigraphic positions and cross-
cutting relations of these rocks.
The Late Proterozoic Rb/Sr
isochron age of 1070 Ma for the
Cardenas Basalt reported in
Austin is also consistent with its
stratigraphic position.

Radiometric dating of
rocks and minerals works by
modeling the time elapsed
since the formation of a
sample by measuring the
ratio of the abundance of a
parent isotope to the abun-
dance of its daughter iso-
tope produced by radioac-
tive decay.The rate at which
a radioactive parent isotope
decays to its daughter iso-
tope is well known. To cor-
rect for the ratio of this iso-
tope pair present at the time
of formation of the sample,

we use the so-called
"isochron" method
(Dalrymple 1991). This

requires that we analyze a
number of samples that geo-
logic criteria indicate were
cogenetic (that is, they
formed at the same time)
and from a medium which
had a common, uniform
ratio of the two isotopes. A
typical example would be a
sample of rocks and miner-
als extracted from a single
volcanic extrusion with a
common initial isotope ratio
acquired from that lava. For
samples which are cogenet-
ic, the isotope ratios of par-
ent to daughter, normalized
to a non-radiogenic isotope
of the daughter element,
plot on a straight line,
termed an isochron. This is
because, in each sample, the
parent isotope decreases
and the daughter isotope
increases at the same fixed
rate due to radioactive
decay. Having obtained an
isochron we can determine
the initial parent to daugh-
ter isotope ratio and correct
for it in calculating the time
elapsed since the formation
of the rock.

The 1300 Ma age for the Pleistocene basalts

determined by Austin from his data is clearly incon-
sistent with more recent work of Dalrymple and
Hamblin (1998). These workers measured 40K/40Ar
isotopic ratios in 65 whole rock samples from the
lavas which flowed into the canyon and temporarily
dammed the Colorado River at least 13 different
times.The ages obtained lie in the range 0.684 Ma to
0.443 Ma.With few exceptions, the relative ages of
the 65 samples analyzed are in the same order as
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that in which the lavas
erupted, determined by
superposition. These excep-
tions appear to have been
caused either by the pres-
ence of carbonate, which
interferes with the clean-up
process during Ar extrac-
tion, or by the presence of
"dunite xenoliths" which
contribute unknown and
varying amounts of inherited
40Ar (Dalrymple and
Hamblin 1998). Dunite xeno-
liths are are remnants of
unmelted older parent mate-
rial from which the basalt
magma (melt) was originally
formed and so are much
older than the lava flows.
Austin's "test" of Rb/Sr
isochron dating of these
same Pleistocene basalts has
been examined and thor-
oughly refuted by Stassen
(1997).In an earlier publication Austin (1988) used
data selectively from Leeman (1975) to plot a seem-
ingly reliable Rb/Sr isochron which gave an appar-
ent age of 1500 Ma for these Pleistocene lavas.In a
section of his paper headed "Fictitious Isochron
Ages", Austin (1988) noted that such "false Rb/Sr
isochrons" have been well documented in the sci-
entific literature. Citing this literature, Austin (1988)
explained that false isochrons are caused by iso-
topes such as 87Sr being "inherited from the molten
material's source at great depth in the earth"
Stassen (1997b) points out that this statement indi-
cates that Austin knew he would get a false
isochron long before collecting his own samples
from the Western Grand Canyon for Rb/Sr analysis.
The study of Pleistocene basalts described by Austin
in MTC, rather than being a true test of Rb/Sr
isochron dating, was an exercise in reproducing a
previously-determined false isochron.

CONCLUSIONS

My copy of Webster's dictionary defines bibliola-
try as, "absolute dependence on a group of sacred
writings as infallible". Where others have read the
"rock-leaved bible of geology", the authors of GTC
bring a different bibliolatry to the Grand Canyon.
The book presents a more detailed argument than
any previous creationist publication on geology. The
crux of the book is a lengthy and detailed, but ulti-
mately failed, attempt to rebut published accounts
of the geology, paleontology, and dating of the stra-
ta of Grand Canyon and to present re-interpreta-
tions consistent with the Genesis story. Such re-
interpretations are buttressed by some original cre-
ationist research. However, a case of contamination
of pollen samples, 12 oriented nautiloids, the tale of
94 squirrel skins, some experiments with tracks
made by newts in an aquarium, and wilful misinter-
pretation of radiometric dates based on five Rb/Sr
isotopic ratios scarcely constitute a deluge of new

compelling evidence for the flood of Noah.

In yet another sense I found it difficult to under-
stand for whom the book is intended. Creationists
relying on unquestioning faith do not need physical
evidence; the rest of us, particularly those more
technically trained, are likely to find that the close
examination of the evidence presented in MTC
leads us even further away from bibliolatry. In pre-
senting their strict, religiously-based, interpretation
of such a well-studied and spectacular region as the
Grand Canyon—an interpretation which is in stark
contrast to that of main-stream geologists—the
authors apparently willingly accept the risk of bring-
ing their fundamentalist religion into disrepute.
Presumably their expectations were otherwise.
Decide for yourself by joining us in the Grand
Canyon on the first NCSE Creation/Evolution
Grand Canyon Raft Trip! (See p. 25 for details!)
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APPENDIX 1
THE LAaws oF THERMODYNAMICS

The laws of thermodynamics describe the internal
energy in a system and how that energy may be
exchanged between the system and its surroundings.
The variables that describe the internal state of a sys-
tem concern the total energy of molecules making up
that system in terms of temperature, gas pressure, and
volume. The first law of thermodynamics describes
how work and heat change the internal state of the sys-
tem.The internal energy of a system can be lowered by
converting heat to work, just as the internal energy can
be raised by converting work to heat. The "conserva-
tion" of energy refers to the fact that internal energy
can and does change, and we can use the relationship
between heat and work to estimate the speed and
intensity of the change.

The second law of thermodynamics describes a pre-
ferred direction in the transfer of energy—from a state
of higher to lower internal energy. This means that, if
the energy of the surroundings is lower than that with-
in a system, then that system will gradually exchange
energy with its surroundings until the energy states
match. The second law also tells us that the conversion
of heat to work is not absolute; there is always some
heat that dissipates in the process, and this causes the
total energy available to the system to decrease. The
second law also tells us that the "tendency to entropy”
(or disorder) that seems to be inevitable can be
reversed simply by adding energy to the system from
another source; volcanic eruptions or solar radiation
are two of the more common sources of this added
energy on earth.

[From BW Tillery. Physical Science, 4th edition. New
York: WCB/McGraw-Hill. 1999; compiled by A] Petto.|

GLOSSARY

GETTING TO KNOw Rocks AND MINERALS

Mineral. A mineral is generally a solid, inorganic com-
pound. The atomic structures, chemical compositions,
and physical properties vary somewhat, but, for exam-
ple,all quartz crystals have the same properties whether
in sandstone or in granite or in lava.

Rock. A rock is a collection or aggregation of a number
of different minerals fused together in certain combina-
tions. Rock is classified into 1 of 3 groups depending on
how it is formed.

igneous. Igneous rock is formed as magma cools.This
type of rock may be produced as lava flows cool on the
surface (or the ocean floor) or as the molten rock
forces itself between other rock in the earth's crust.

sedimentary. Sedimentary rock is formed as mineral
particles are deposited in layers in lakes, river deltas,
dunes, or seabeds.The particles can be transported by
glaciers, wind, or water.

metamorphic. Metamorphic rock is formed as
igneous or sedimentary rocks are subjected to intense
pressure and/or heat.This causes the structure and the
properties of the rock to be changed. If enough heat
and pressure are applied, the rock melts to become
magma again.
The Rock Cycle. The rock cycle describes the various
stages in the building and remodeling of the rocks
which make up the earth. For convenience the cycle
starts with molten magma below the earth's crust. The
magma slowly rises to the surface on currents like those
we can see in boiling water. When it invades the solid
crust or reaches the surface, the magma cools and forms
solid rock. Movements in the earth's crust and erosion
by ice, wind, and water cause minerals to be worn out
of the rock and cause deeper rock to be exposed to the
surface. These minerals are transported and deposited in
layered sediments which solidify into rock.The intense
pressure and/or temperature applied to sedimentary
and igneous rock by geological processes transforms it
into metamorphic rock. Higher pressure and tempera-
ture can transform any solid rock back into molten
magma to complete the cycle.

Basalt. A fine-grained igneous rock—the most abundant
type of lava.
Dikes. Small intrusions by molten rock.

Gabbro. A course-grained rock common in plutonic
intrusions poor in quartz and silica.

Gneiss.A banded metamorphic rock rich in quartz and
feldspar and formed under high temperature and pres-
sure.

Intrusions. Cooled molten rock which has forced itself
between other cooled rocks in the earth's crust.

Plutons. Intrusions by molten rock which form large
masses.

Schists. A metamorphic rock rich in feldspar, quartz,
and mica formed under moderate pressure and low to
moderate temperature.

Shale. A fine-grained sedimentary rock rich in clay min-
erals and often containing fossils.

[From C Pellant. Rocks and Minerals. New York: Dorling
Kindersley, Inc. 1992; compiled by AJ Petto.]
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BOOKS FROM NCSE—AT THE
MEMBER’S DISCOUNT OF 25%!

EVOLUTION, HUMAN EVOLUTION, AND MORE

DiscouNT BOOKS FOR
NCSE MEMBERS

NCSE offers its members discount
prices on books on a wide variety of
topics, and in each issue we feature
a sampling of books with a common
theme—the history of the evolu-
tion/creation controversy, resources
for combating "creation science"
and other pseudoscience, books
about evolution, general-interest
books about science, humor and lit-
erature for the science-minded, and
children's books. For a complete list
of books available from NCSE, call us
at 1 (800) 290-6006, send a stamped,
self-addressed envelope, or visit our
on-line catalog at <http://www.
natcenscied.org/dbooks.htm>.

The Non-Darwinian Revolution:
Reinterpreting a Historical
Myth

by Peter ] Bowler

In this widely-praised contribution
to the history of ideas, Bowler
argues that major 19th-century
thinkers accepted evolution while
rejecting Darwin's central premise
of natural selection. Paper, 238
pages. List price $14.95, discount
price $11.20.

WE'RE MAKING RoomM!

NCSE is continuing the sale of
books in stock with extra dis-
counts for members. In this issue
we're featuring favorites on evo-
lution and human evolution, plus
one-of-a-kind specials with even
deeper discounts. But that's not
all: If there's an NCSE book you've
had your eye on, give us a call at
1 (800) 290-6006 and if it's still in
stock, it's yours for 25% off! ( For
other books, you will still receive
the normal 20% member dis-
count). So check those back
issues, view the complete book-
list online—and read on!

Witbout Miracles: Universal
Selection Theory and the Second
Darwinian Revolution

by Gary Cziko

Cziko presents a universal selection
theory that attempts to account for
all novel instances of adapted com-
plexity. He extends the evolutionary
process widely—from biology to
behavior, psychology, linguistics and
computer science. Cloth, 385 pages.
List price $30.00, discount price
$22.50.

Darwin's Dangerous Idea:
Evolution and the Meanings of
Life

by Daniel Dennett

This 1995 National Book Award
finalist was greeted with equal
enthusiasm by leading scientists and
by philosophers. In a readable, nar-
rative style, Dennett thoroughly
describes evolutionary science, then
spells out its implications for mod-
ern philosophy and modern life.
Paper, 587 pages. List price $16.00,
discount price $12.00.

The Biological Roots of Human
Nature

by Timothy H Goldsmith
Goldsmith draws examples from
neurobiology, psychology, and
behavioral evolution to delineate

the contribution of the biological
sciences to our understanding of
the evolution of human society,
behavior, and sense of identity.
Paper, 160 pages. List price $16.95,
discount price $12.70.

Digging Dinosaurs

by John R Horner

The real story of Horner's discovery
of the stupendous 10 000-specimen
Maiosaur site is, if anything, even
more impressive than the fictional
depiction in Jurassic Park. Science
writer Gorman keeps the prose
moving. Well-illustrated, 209 pages.
Cloth: list price $17.95, discount
price $13.50. Paper:list price $8.95,
discount price $6.70.




Blueprints: Solving the Mystery
of Evolution

by Donald C Johanson and Maitland
Edey

The history of the idea of evolution
is told through the stories of its dis-
coverers, from household names like
Gregor Mendel and Charles Darwin
to Matthew Meselson and Arthur
Kornberg. Praised by Paul Ehrlich for
"bring[ing] the essence of evolution
to the general reader..." Cloth, 418
pages. List price $19.95, Special dis-
count price $10.00.

From Lucy To Language

by Donald C Johanson and Blake
Edgar

Paleoanthropologist Johanson and
science writer Edgar discuss human

history from the appearance of

bipedal walking to the origin of lan-
guage in a volume lavishly illustrated
with original photographs of fossils
and artifacts. Cloth, 276 pages. List
price $50.00, discount price $37.50.

The Origins of Order: Self-
Organization and Selection in
Evolution

by Stuart A Kauffman

Can life self-organize? Kauffman pre-
sents a non-Darwinian explanation
for the origin of life and early molec-
ular systems. An answer to "design
theory"! Paper, 709 pages. List price
$35.00, discount price $26.25.

Evolution

by Monroe Strickberger

This lavishly illustrated college-level
textbook is excellent for teachers, or
anyone who wants an understand-
able introduction to the wide variety
of topics that make up evolution.
Cloth, 670 pages. List price $58.75,
discount price $44.00.

The Fossil Trail: How We Know
What We Think We Know about
Human Evolution

by Ian Tattersall

Tattersall interweaves the story of
major fossil discoveries with the
changing theoretical concerns of the
discoverers, how conflicting inter-
pretations changed with new discov-
eries and analytical techniques, and
what it all means for our understand-
ing of the human story. Cloth ("cof-
fee table" format), 276 pages. List
price $25.00, discount price $18.75.

The Human Odyssey: Four
Million Years of Human
Evolution

by Ian Tattersall

The Human Odyssey grew out of the
American Museum of Natural
History's "Hall of Human Biology and
Evolution" and the many illustrations
include photos of fossils and recon-
structions in that exhibit. Moves
from the origin of life to the expres-
sion of "The Human Spirit" in the last
Ice Age. Cloth ("coffee table" format),
190 pages. List price $27.50, dis-
count price $20.60.

ONE OF A KIND SPECIALS

Be first to order and get an extra
30% discount

Best of tbe Journal of Irrepro-
ducible Results

edited by George H Scherr
Science humor mostly written by
scientists who aren't afraid to
laugh at themselves and each
other. List price $10.95, SPECIAL
DISCOUNT PRICE $7.65.

Getting Here:The Story of Human
Evolution

by William Howells

The dean of American physical
anthropology reviews the path of
human evolution in his usual con-
versational style. An excellent
introduction to the topic, authori-
tative yet clear and understand-
able. Paper, illustrated, 261 pages.
List price $19.95, SPECIAL DIS-
COUNT PRICE $14.00.

The NCSE book catalog

is online at <http://www.
natcenscied.org/dbooks.htm>.
Order books or request copies
of the catalog by calling
(800)290-6006.

QUANTITY DESCRIPTION PRICE
ORDER FORM NCSE PO Box 9477, Berkeley CA 94709-0477 ;
|
Name T
Address
City State Zip
SUBTOTAL
Home Phone Work Phone
SHIPPING
Books each $2.00
METHOD OF PAYMENT Cassettes, transcripts, diskettes 1-3 $1.25
[] Check (U.S. Dollars) Made payable to NCSE 45 $1.75
O+ $2.00
Charge to [J VISA [J Mastercard Name as it appears on card
CA residents add 8.25% tax
Credit Card Number Exp Date Signature Foreign Orders: We will invoice shipping costs SUBTOTAL

TOTAL
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HELP FOR [EACHING EVOLUTION

We get a lot of calls and let-
ters from teachers looking for
resources for teaching evolu-
tion. Here are some sugges-
tions from the Web and other
sources we have found help-
ful.

Books

On the NCSE website, you can
find annotated bibliographies at
<http://www.natcenscied.org/
heenbib.htm> and <http://
www.natcenscied.org/dbooks.
htm> The latter is also our dis-
count book catalog, and if you
need to arrange bulk purchases
just call us at 1 (800) 290-6006.

MULTIMEDIA

The California Instructional
Technology Clearinghouse lists
instructional resources at its web
site. Point your browser to
<http://clearinghouse.k12.ca.
us>. The mission of the
Clearinghouse is to recommend
to California teachers high quali-
ty software and video programs.
Every recommended program
has been evaluated by at least
two classroom teachers using
the Clearinghouse's evaluation
rubrics.

You'll also find some multime-
dia materials, including an excel-
lent CD-ROM about Darwin, in
NCSE's book catalog.

The University of California
Extension Media Center, 2176
Shattuck Avenue, Berkeley CA

NCSE Staff

94704, supplies two videos for
teaching  evolution. "How
Scientists Know about Human
Evolution" (Catalog #38102) is
an 18minute color video for
middle school and high school
students. "How Scientists Know
about Punctuated Equilibria" is a
20-minute color video for high
school and college students. For
rental or preview information,
call (510) 642-0460. For pur-
chase information, call (510)
642-5578. NCSE can provide a
descriptive flyer.

In the summer 1995 issue of
NCSE Reports John Rebers from
Northern Michigan University
recommended two videotapes
that "give a good overview of
evolutionary ideas coupled with
a visually appealing presenta-
tion...suitable for the general
public, high school, or introduc-
tory college audiences." Both
can be previewed before rental
or purchase.

Order "The Evidence for
Evolution", produced by
Carolina Biological/BBC, from
CLEARVUE/eav at 1 (800) 253-
2788. Order "Evolution" from
Hawkhill Associates at 1 (800)
422-4295. To request a copy of
Rebers' complete review (about
1 page), send a self-addressed,
stamped envelope to NCSE, 925
Kearney St, El Cerrito CA 94530-
2810, or email your postal
address to us at <ncse@natcen-
scied.org>.

WEB LINKS TO SCIENCE AND
EDUCATION RESOURCES

Check links to educational
resources listed at <http://
www.natcenscied.org/edures.ht
m> and to scientific organiza-
tions and publications listed at
<http://www.natcenscied.org/li
nks.htm>. We'll soon be updat-
ing and expanding these lists.
You can also check out the sites
reviewed by Leslie Chan in a 2-
part series in NCSE Reports 16,
numbers 1 and 2. One of the
more interesting sites that Leslie
described is the "Tree of Life"
website at <http://phylogeny.ari-
zona.edu/tree/phylogeny. html>.

The National Association of
Biology Teachers maintains a list-
ing of on-line resources on their
website at <http://www.nabt.
org/resources_online.html>. You
can also check out the resources
at the National Science Teachers'
Association <http://www.nsta.
org/onlineresources/>.There are
some pre-college materials avail-
able from the National Science
Foundation <http://www.nsf.
gov/home/students/start.htm>,
and you should definitely visit
the National Institutes of Health
Office for Science Education
home page <http://
science-education.nih.gov/
homepage.nsf>.

The National Institute for
Science Education, a collabora-
tion between the National
Science Foundation and the
University of Wisconsin in
Madison, sponsors "The Why
Files" at  <http://whyfiles.
news.wisc.edu/>. The perfect
antidote to the "X Files" perhaps?
WGBH in Boston (producer of
NOVA) maintains a website for
teacher resources at <http://
www.wgbh.org/wgbh/learn/ind
ex.html#classroom>.

Finally, there are science "cor-
ners" and links in websites of
many state departments of edu-
cation or public instruction.
These and the websites of the



or of rare fossils, and other mate-
rials for use by their students.You
can select material that will be
useful and enjoyable for sec-
ondary students. For the adven-
turous at heart there is the wide
net cast by search engines such
as Yahoo and Altavista.

When you send a note to the list-
server, it is mailed to all mem-
bers, and their discussions are
emailed to you. To subscribe,
send email to this address: <LIST-
SERV@LISTSERV.KSU.EDU>; in
the body of your message, write
"subscribe BIOPI-L [your name]".

regional educational laboratories
affiliated with the UsS
Department of Education can
reached through <http://www.
nwrel.org/national/>. You will

also find links to the Eisenhower
National Clearinghouse for
Mathematics and Science
Education at <http://enc.org/>.
Meanwhile, be sure to check

‘ the very rich list of resources
offered by the Association for

| Supervision and Curriculum
| Development (ASCD) at
<http://www.ascd.org>. On

their top page, click on
"Educational Links" and then

click on links to "science" and

other keywords that seem
appropriate. It was there that we
discovered  the California

NETWORKING WITH OTHER
TEACHERS

WHAT ABoUT CHALLENGES TO
EvoLuTION EDUCATION?

NCSE has a large library of
information on this issue; if you
have additional questions after
exploring our site, feel free to
ask! (Be sure to check our lecture
schedule at  <http://www.
natcenscied.org/coming.htm>
for opportunities to attend pub-
lic lectures or workshops; also
check for answers to commonly
raised issues at <http://www.
natcenscied.org/broclist.htm>.

Besides using the resources of
your professional associations,
and continuing education, con-
sider exploring Internet news-
groups and other on-line discus-
sion sites. Explore discussion fora
offered by your service provider,
and be sure to follow the link
from NCSE's site to the Access
Excellence site where science
teachers exchange ideas. The
ASCD website mentioned above
also hosts some teacher forums.
The "Secondary Biology Teacher
Enhancement PI"'—BIOPI-L—is a
"listserve" which brings a discus-
sion forum to your email box.

resources site described above.
If you enjoy web-surfing, a
rich but changing resource can
be the sites of university anthro-
pology departments. Instructors
frequently use them to post bib-
liographies, photos of primates

Say What?

In the Introduction to his book Neglect of
Geologic Data, DA Wonderly says the following rela-
tive to evolution:

The Institute for Creation Research has
released a position statement on science educa-
tion written by Steve Deckard. It was published
in Impact number 306 and is also available on
the web at <http://www.icr.org/pubs/imp/imp-
306.htm>.

A great many evangelicals now rely on the pub-
lished works of prominent young-earth leaders who
are aware of only minor amounts of data relating to
some of the subjects with which they deal. ... The
immense amount of non-radiometric data which
indicates long periods of time prior to the creation
of man is almost totally neglected by these creation-
ist authors. They suppose that most geologic
research reports contain attempts to support evolu-
tionary theory, and thus avoid them. However, there
are many, many geologic publications, both old and
new, which show no detectable evolutionary pur-
pose.... The creationist leaders also frequently say
that those of us who recognize the evidences [sic]
for long periods of time which are found in the
earth's strata do so by relying on a stereotyped form
of uniformitarianism left over from the 18th and

Deckard writes that this statement is "...an
effort to...establish a firm Biblical base for the
discipline of science education...."

The "Game of the Year", according to the Dec
1998 Games magazine, is "Fossil'! (by Rio

Grande, about $30). Aside from the artwork on
the game pieces, it doesn't seem to have much
to do with paleontology; instead, it involves col-
lecting and trading pieces trying to form sets.

[Contributed by Mark Isaak.]

early 20th centuries.This is not at all the case.

Wonderly DA. Neglect of Geologic Data:
Sedimentary Strata Compared with Young Earth.
Hatfield (PA): Interdisciplinary Biblical Research
Institute, 1987.

[Contributed by Jim Moore]

VOL 18, NR 4 1998
REPORTS
15|



FEATURE

One of the major
factors in this rapid
transformation was /U
the recognition that
evolution provided a
more rational way
of organizing natu-
ral history than the
traditional view of

providential design.

€€ B f you will not let me
treat the Art of
Discovery as a kind of
Logic, I must make a new
name for it. Heuristic, for
example” (William Whewell,
quoted in Todhunter, 1970).

Creationists continue to claim
scientific validity for their version
of "scientific creationism" and to
demand its admission to the sci-
ence classrooms of the nation's
public schools. If both "models" are
fairly presented, they say, students
would overwhelmingly prefer the
creation model over the evolution-
ary view.

This may be
good propagan-
da, but the
claim ignores
the historical
fact that we had
such a
choice once
before, and we
chose evolu-
tion. What the
creationists
overlook is that
before the pub-
lication of
Origin of
Species nearly
everyone was a
creationist—
scientist and
layman alike—
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and that a few

years later, near-

ly everyone, scientist and layman
alike, had become an evolutionist.

One of the major factors in this

rapid transformation was the

recognition that evolution provid-

ed a more rational way of organiz-

ing natural history than the tradi-_

Robert Siegfried is a long-time member
of NCSE and Professor Emeritus of the
History of Science from the University of
Wisconsin, Madison. He has been active
in supporting evolution education and
confronting creationism nationally and
throughout the upper midwest for over
20 years.

Evolution as a Heuristic

Robert Siegfried

tional view of providential design.
In particular, as a whole new way
of looking at nature, it generated
vast new areas for investigation
not previously perceived. This
heuristic, or exploratory, advantage
of evolution has been little used in
current debates, yet evolution con-
tinues to be an excellent heuristic,
while creationism has no
exploratory consequences at all. It
is my purpose in outlining the
heuristic argument at Darwin's
time to provide additional per-
spective on today's debates.

The doctrine of special creation
that dominated biological thinking
in the century before Darwin was
not basically different from so-
called ‘'scientific creationism"
today. Both were derivatives of the
faith in the absolute validity of the
Genesis account of creation. But if
one has belief in a final truth, then
there is no need for further inves-
tigation, and this is the end of sci-
ence. Darwin and his colleagues
recognized this barrier to the
search for the enlargement of
human understanding of nature.

The capacity of evolutionary
thinking to elucidate the facts is
nowhere more effectively demon-
strated than in the Origin itself
where page after page is filled
with observations demonstrating
patterns and interrelationships of
facts that could hardly have been
noted without the guiding hypoth-
esis of evolution. In the final chap-
ter Darwin makes clear the heuris-
tic function of his theory which
will give a new sense of order to
what it already known, and open
vast prospects for new under-
standing.

[Wlhen we regard every
production of nature as one
which has had a history;
when we contemplate every
complex structure and
instinct as the summing up
of many contrivances, and
each useful to the posses-

sor...when we thus view
each organic being, how far
more interesting...will the
study of mnatural history
become!

A grand and almost untrod-
den field of inquiry will be
opened, on the causes and
laws of variation, on correla-
tion of growth, on the effects
of use and disuse, on the
direct action of external con-
dition, and so forth.The study
of domestic productions will
rise immensely in value. A
new variety raised by man
will be a far more important
and interesting subject for
study than one more species
added to the infinitude of
already recorded species.
Our classifications will come
to be, as far as they can be so
made, genealogies; and will
then truly give what may be
called the plan of creation (C
Darwin, p 486).

Rules of classification, he added,
will become simpler, embryology
will reveal structure, geographical
distribution will be illuminated by
increased geological knowledge,
changes of climate, and so on. All
these and many more areas of
human curiosity will be freshly per-
ceived through the perspective of
descent with modification.

In addition to listing the bene-
fits of his evolutionary perspective,
Darwin also noted the negative
effects of the prevailing doctrine of
special creation. For too many
years, naturalists had viewed
species as specially created to
occupy the niches into which they
are clearly adapted. But this tradi-
tional view could now be seen for
what it was, a way "to hide our
ignorance under such expressions
as the 'plan of creation', 'unity of
design', &c., and to think that we
give an explanation when we only



restate a fact." And the sterility of
such views is further disguised by
assuming a ‘'reverent silence"
instead of seeking causal explana-
tions (C Darwin, p 482-3).1t is, after
all, the office of science to investi-
gate nature, not merely to admire it.

Darwin's earliest confidant,
botanist Joseph Hooker, resisted for
14 years Darwin's arguments for
descent with modification. It was
only while Darwin was rapidly
writing Origin that Hooker indicat-
ed that he was going to organize
his "Essay on Australian Flora"
according to the new views.
Darwin was delighted and wrote to
Hooker, July 13, 1838 emphasizing
the opportunities the theory creat-
ed.

You cannot imagine how
pleased I am that the notion
of Natural Selection has
acted as a purgative on your
bowels of immutability.
Whenever naturalists can
look on species changing as
certain, what a magnificent
field will be open—on all the
lines of variation—on the
genealogy of all living
being—in their lines of
migration, &c., &c. (F Darwin
1837: 485).

And Hooker in turn expresses
the heuristic advantages of evolu-
tion when explaining his intentions
to his botanical colleague William
H Harvey.

What I shall try to do is, to
harmonize the facts with the
newest doctrines, not
because they are the truest,
but because they do give you
room to reason and reflect at
present, and hopes for the
future, whereas the old stick-
in-the-mud doctrines of abso-
lute creations, multiple cre-
ations...are all used up, they
are so many stops to further
enquiry; if they are admitted
as truths, why there is an end
of the whole matter, and It is
no use hoping ever to get to
any rational explanation of
origin or dispersion of
species—so I hate them
(Huxley 1918:481-2).

The deadening effects of a
strong commitment to special cre-
ation is nowhere more clearly illus-
trated than by Adam Sedgwick In
his 1860 review of Origin.

Change the conditions of life,
he admits, and old species
would die out, and new
species might have room to
come in and flourish. But
how, and by what causation?
I say by creation. But, what
do I mean by creation? I
reply, the operation of a
power quite beyond the
powers of a pigeon fancier, a
cross-breeder, or hybridizer;a
power I cannot imitate or
comprehend; but in which T
can believe. (Quoted by Hull
1973:161).

By declaring his faith in a
"power I cannot imitate or compre-
hend", Sedgwick has set the prob-
lem of species outside the scope of
human inquiry, and in Hooker's
words, "there is an end of the
whole matter."

In contrast to the stultifying
effects of creationism, Thomas
Huxley saw in Darwin's work the
fulfillment of the highest aims of
science and humanity itself.

The known is finite, the
unknown infinite; intellectu-
ally we stand on an islet in
the midst of an illimitable
ocean of inexplicability. Our
business in every generation
is to reclaim a little more
land, to add something to the
extent and the solidity of our
possessions. And even a cur-
sory glance at the history of
the biological sciences dur-
ing the last quarter of a cen-
tury is sufficient to justify the
assertion, that the most
potent instrument for the
extension of the realm of nat-
ural knowledge which had
come into men's hands, since
the publication of Newton's
"Principia," is Darwin's
"Origin of Species" (F Darwin
1887:557).

An additional century has not
altered the validity of Huxley's
assessment, and the creationism so
vigorously rejected then still has no

place in the intellectual toolbox of
science today.

SUMMARY

A good scientific theory pro-
vides not only a rational organiza-

tion of factual information, essen-

tial for effective pedagogy, but also
stimulates questions that lead to
further investigations, new factual
knowledge of nature, and modifica-
tion and expansion of the theory.
Evolution continues to do this even
as it has been modified.
Creationism has NO exploratory
consequence and thus has no justi-
fiable place in science classrooms.

CHALLENGE

If this heuristic function of evo-
lution and all scientific theories
can be conveyed to the general
public, surely evolution will be gen-
erally supported as good science,
and creationism recognized as not
science at all. To meet this chal-
lenge we need to develop and pre-
sent a series of specific examples
of how evolutionary thought has
led directly to the discovery of
valuable knowledge in the biologi-
cal sciences. Examples from agri-
culture and medicine would per-
haps be most persuasive to those
who determine classroom curricu-
la: school boards, school adminis-
trators, teachers, and parents. All of
us who support evolution in sci-
ence education should take up this
challenge.
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Children of the Ice Age: How a Global Catastrophe Allowed Humans to

Evolve

by: Steven M. Stanley, 1998.
New York: WH Freeman and
Company. 277 p.

Reviewed by Richard Sherwood,
Department of Anthropology,
University of  Wisconsin,
Madison, risherwood@fac-
staffwisc.edu.

As an anthropologist current-
ly working on issues concerning
the origin of our genus, I was
immediately intrigued when
Steven Stanley's Children of the
Ice Age arrived in my office.
While the title caught my eye, it
was the subtitle How a Global
Catastrophe Allowed Humans
to Evolve that caught my atten-
tion. In recent years the paleon-
tological community has been
replete with descriptions of
global climatic changes brought
on by asteroid impacts, volcanic
eruptions, or other such phe-
nomena. While climatic changes
have been discussed with regard
to human evolution for many
years, no one had really suggest-
ed a catastrophic origin for these
changes. T was curious to find
out if Stanley had identified such
an event.

The book begins by identify-
ing three mysteries: 1) Why had
the earliest hominids — the
Australopithecines — existed
for a million and a half years rel-
atively unchanged? 2) Why did
the Australopithecines disappear
rather rapidly? and 3) What was
the reason for the rather abrupt
appearance of early members of
our own genus, the genus
Homo?

Those familiar with Stanley's
work know that he is one of the
major proponents of the model
of punctuated equilibria which

states that species will endure
long periods of stasis "punctuat-
ed" by short periods of rapid,
often dramatic, change. By look-
ing at the three mysteries pro-
posed it is obvious that punctu-
ated equilibria will play a major
role in this investigation. As it is
fairly easy to explain why a
species would not change under
somewhat stable conditions, it is
the periods of punctuation
which require the most atten-
tion. In the introductory chapter
Stanley identifies a global climat-
ic change, specifically the begin-
ning of an ice age, which serves
as the answer to all three myster-
ies.

After setting the scene with
historical background and dis-
cussions of current interpreta-
tions of early hominids, Stanley
gets to the meat of his argument
that involves the mechanism for
onset of the ice age in ques-
tion—the uplift of the Isthmus of
Panama and the resulting shift in
oceanic currents. For an event of
such importance it is interesting
to note that discussion of this
event receives only 1 figure and
5 pages of discussion in a book
that is 277 pages long. I have to
admit it left me wanting.

If the discussion of the pivotal
event in human evolution is
reduced to only five pages, what
is covered in the rest of the
book? A great deal of time is
spent discussing the fossil evi-
dence, and this is where I begin
to have problems.The first prob-
lem is that historical information
is presented out of context. For
instance, the anthropological
community is criticized for hav-
ing accepted the single-species
hypothesis. According to this
view, only one species of early

human could exist at any one
time because competition
would be too great for multiple
species to co-exist. The single-
species hypothesis was most
popular prior to 1970, but the
subsequent, rapid increase in
the number of fossil specimens,
resulting from the work of
Richard Leakey at Koobi Fora,
put it to rest. In the 1960s it was
not unreasonable to believe in
the single-species hypothesis
given the available material.

The representation of the fos-
sil record is also a little biased.
Stanley presents Australo-
pithecus as a genus that under-
went little change for most of its
existence. In table 1,1 provide a
list of currently accepted
hominid species and their
chronology. There are currently
4 species of Australopithecus
recognized. While some species
appear to have existed for a con-
siderable period of time, it is
apparent Stanley's characteriza-
tion of this genus as "stable" may
not be warranted.

Another issue is that Stanley
continually focuses on early
hominids at the generic level,
that is Australopithecus. If we
take a step back and look at the
next higher taxonomic category,
the subfamily Australopithe-
cinae, the genera Paranthropus
and Australopithecus are now
included.This gives us a very dif-
ferent picture than the one
Stanley paints. We see a highly
variable lineage with multiple
speciation events. One part of
the lineage, species of the genus
Parantbropus, even arises after
the global event said to have
decimated Australopithecus.
Parantbropus  demonstrates
many of the defining characters



TABLE 1
TAXON COUNTRIES TiME
Ardipithecus ramidus Ethiopia 4.5 mya
Early australopithecines
Australopithecus anamensis Kenya 4.2-3.9 mya
Australopithecus afarensis Ethiopia, Tanzania, Kenya 4.0-3.0 mya
Australopithecus africanus South Africa 2.8-2.2 mya
Australopithecus babrelgazali Chad ~3.0-3.4 mya
Robust Australopithecines
Parantbropus aethiopicus Kenya, Ethiopia 2.7-2.3 mya
Parantbropus robustus South Africa 2-1.5 mya
Parantbropus boisei Kenya, Tanzania, Ethiopia 2.0-1.0 mya
Early Homo
Howmo habilis Kenya, Tanzania, South Africa 2.0-1.6 mya
Homo rudolfensis Kenya, Ethiopia 2.5-1.6 mya
Homo ergaster Kenya, Tanzania 2.0-1.6 mya
Homo erectus Kenya, Tanzania, South Africa, China, Java 1.8-0.5 mya
Mya=million years ago

Stanley uses for Australopithecus
(small brain and primitive limb
structure), yet discussion of this
group, and why they may have
survived this catastrophe, is
extremely limited.

Continuing towards our own
genus, Stanley claims that punc-
tuated equilibrium is obvious
because of the lack of intermedi-
ate fossils between Australo-
pithecus and Homo.This is large-
ly because he dismisses Homo
habilis from the possible inclu-
sion in either genus because of
its enigmatic anatomy. He admits
these specimens display traits
that may have been more
Australopitbecus-like, but
ignores the dental, basicranial,
and facial features linking these
specimens to the genus Homo.In
this light, Homo babilis may
serve as good evidence of an
intermediate form.

Do these differences affect the
thesis presented in the book? The
question becomes, "How do we
want to interpret the fossil
record?" Most anthropologists
will agree that hominid evolution
took a new turn 2.5 million years
ago resulting in a novel animal
which eventually led to humans.
Was this change the result of a
rapid catastrophic change in cli-
mate, or simply the inertia of a
continuing evolutionary trajecto-
ry? The purpose of a book like
this is to initiate such discussions
not only among researchers but

among all interested parties.

While disagreements between
researchers are not unexpected
in a work such as this, there is an
aspect of this book that is indis-
putably problematic. I believe
that one of the most dramatic
pictures available is the striking
visual image of these fossils. On a
scientific level the appearance of
fossils is obviously important to
me, but I also believe there is an
aesthetic beauty to these speci-
mens. Anyone familiar with the
photographs in National Geo-
graphbic,or in a number of coffee-
table books currently available, is
aware of this. Figures are very
rare in Children of the Ice Age
and, when present, are always
simple line drawings.These do lit-
tle to assist in understanding the
arguments presented and are of
no aesthetic value.

In the end I feel I should rec-
ommend the book. It is true
there are Dbetter historical
accounts, and certainly better
graphics, available. Ultimately,
though, this book is interesting
and important because it
addresses an issue of great conse-
quence to us all—why are we
here? It covers a large number of
issues ranging from aspects of
evolutionary theory to determi-
nants of global climate.All of this
is synthesized into a novel con-
clusion that leads us a step closer
to understanding a crucial period
in our evolutionary history.
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THE ESTHETICS OF FOSSIL
CRANIA

Just as we were finishing the lay-
out of this issue, Phillip Walker at
the University of California, Santa
Barbara emailed us with this offer:

NCSE members might be interest-
ed in our web site with 3D images
of the fossil evidence for human
evolution located at <http://www.
sscf.ucsb.edu/~hagen/crania/>.

You will need to download a plug-
in to take full advantage of the site,
but it is well worth the effort.
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Teaching About Evolution and the Nature of Science

edited by Donald Kennedy,
1998. Washington, DC:
National Academy Press, 140
p- ISBN 0-309-06364-7, per-
fect-bound 8 by 11 inch
paperback. $19.95 from
National Academy Press, 2101
Constitution Ave. NW,
Lockbox 285, Washington DC
20055. 1-800-624-6242;
<http://www.nap.edu/
bookstore>.

Reviewed by David Kopaska-
Merkel, Geological Survey of
Alabama, PO Box O, Tuscaloosa
AL 35480. Email:
<davidkm@ogb.gsa.tuscaloosa.
al.us>.

This attractive volume
explains why teachers should
teach about evolution, gives 8
sample activities that teach evolu-
tionary principles, and answers
frequently asked questions. The
book was written as a resource
for science teachers and also as a
primer for those required to
teach science who know little of
evolution. It succeeds admirably.
Every school library should have
a copy, and every science teacher
should read it. The book will also
be valuable for scientists who
wish to help teachers teach evo-
lution or who will be speaking
about evolution to non-scientists.
Scientists can use the book as a
resource to teach themselves
how to explain evolutionary and
scientific concepts so that teach-
ers and students can understand.
The book provides explanations
in clear and simple terms of
important concepts including the
nature of science and scientific
theories, and more specific topics
such as natural selection and
molecular evolution. Examples
are elegant and apt. For instance,
one example shows how more
than one hypothesis can be con-

sistent with a set of facts.

The explanations of the nature
of science and of scientific
inquiry may be some of the most
valuable parts of this book. In an
excerpt from Ernst Mayr's 1997
book This is Biology: The Science
of the Living World, science is dis-
tinguished from theology by the
following characteristics of sci-
ence:

(1) scientists do not invoke
the supernatural to explain
"the natural world";

(2) science is constantly open
to new ideas; and

(3) science employs first prin-
ciples very different from
those of religion.

The first principles of science
include the assumption that there
is a real world independent of
our perceptions, that the world is
structured and we can under-
stand most or all aspects of that
structure using scientific inquiry,
and "that there is historical and
causal continuity among all phe-
nomena in the material universe."
The domain of science includes
"everything known to exist or to
happen in [the material] uni-
verse," but does not include
supernatural constructions such
as spirits, angels, or gods. The
openness of science to new
ideas, and the testing of those
ideas to determine their validity,
is the essence of scientific
inquiry.

The book contains 7 chapters,
5 appendices, and 3 fictional
dialogs that illustrate some of the
problems science teachers face
in teaching evolution and how
those problems might be solved.
Chapter 1 is entitled "Why teach
evolution?" and it is followed by a
dialog that illustrates problems
that can arise when teaching evo-
lution and science. Chapter 2,

"Major themes in evolution", is
followed by a dialog about how
to teach the nature of science.
Chapter 3, "Evolution and the
nature of science", is followed by
a dialog about how to teach evo-
lution. Chapter 4 concerns evolu-
tion and the National Science
Education Standards, Chapter 5 is
a list of frequently-asked ques-
tions and answers, Chapter 6 is a
set of 8 evolution and science
activities, and Chapter 7 con-
cerns how to select instructional
mateifals. Appendices include
court decisions, statements about
the law and about why evolution
should be taught, references, and
a list of the book's pre-publica-
tion reviewers.

The book doesn't mince
words. The true status of evolu-
tionary science, as well as the sci-
entific meanings of "fact", "theo-
ry", and other words that have
colloquial meanings different
from their scientific ones, are
explained clearly and unequivo-
cally. Teaching about Evolution
brings up many of the arguments
creationists often use and shows
how to defuse them.The chapter
on frequently asked questions is
particularly useful because it pro-
vides concise, cogent answers
that ought to find good homes in
children's minds. I think teachers
will also find useful the eight
classroom activities presented in
Chapter 6, and the criteria for
selecting good instructional
materials presented in Chapter 7.
In particular, Chapter 7 discusses
how to analyze instructional
materials to determine whether
they truly further the aims of the
National Science Education
Standards and how well they do
this. Worksheets are provided to
assist teachers in systematically
and efficiently evaluating instruc-
tional materials.

There are places where the




book may be hard to follow. For
instance, a chart on page 4
explains the history of atmo-
spheric oxygen levels without
explaining how oxygen was
sequestered by reduced iron
after the first photosynthesizers
evolved. The breadth of the
book's subject requires that
many important details be omit-
ted. However, in the case of this
chart, one or two sentences
might have helped science teach-
ers with no geological training
(all too common). This is also
true of the fascinating missing-
link story presented by EO
Wilson, discoverer of a 90-mil-
lion-year old insect linking ants
and wasps. There is a beautiful
photograph, but what should
also be there is a line drawing
comparing wasps, ants, and the
so-called wasp ants.

I was impressed with how
well this book is written.
Whoever wrote most of the
prose fluently translates science
into plain English without sacri-
ficing technical points. Teaching
about Evolution is accurate and
to the point,and I believe any sci-
ence teacher will be able to
understand it. Teachers who
teach science but who have
essentially no training in science
(and there are many of these!)
should be able to use this book
with a little effort.
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NCSE

"Creation /Evolution”
Grand Canyon Trip
Challenge!

FEugenie C Scott
NCSE Executive Director

s readers of this issue

of RNCSE have

already discovered, a
major challenge has been hurled
at me by Dr Wilfred Elders (see
pp 8-15). He's clearly well-pre-
pared to rebut my arguments for
a "young-earth creationist" view
of Grand Canyon history on
NCSE's "Creation/Evolution" tour
of the Grand Canyon. After read-
ing his article, you can see that he
has made my job tougher.

But I remain undaunted! To
provide NCSE members with a
unique "Creation/Evolution"
experience, Wilf and I are leading
a tour down the Grand Canyon
August 7-14, 1999. My job will be
to explain how the layers of the
Canyon were formed during the
year of Noah's Flood and how the
Canyon itself was cut during a
few weeks by an enormous surge
of water—and many other
insights unfamiliar to geological
science. Now, even though I will
be presenting a "creation sci-
ence" view of the history of the
Canyon, there are major differ-

ences between NCSE's tour and
those led by the Institute for
Creation Research.

For one thing, these lucky 22
members will receive a solid,
accurate, scientifically-sound
depiction of the geological histo-
ry of the Canyon by my good
friend Dr Elders.

Of course, the rafters will also
get my version..., but I think they
will be able to exercise their crit-
ical thinking skills to choose
between us. We NCSE members
are keen on critical thinking,
right?!

I know 7 am going to have a lot
of fun on this trip (and Wilf is
going to have even more fun
showing why "my" view can't
hold water).

Join us! Call NCSE for more
information or to reserve a place
(the first boat is already full, so
don't wait too long!) By February
1, 1999, we will need a $500
deposit to hold your reservation.
You can reach us at 1-800-290-
6000, or scott@natcenscied.org.
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“Creationist beliefs, on the other hand, can never increase our understanding of the physical world because
what is not already known is the unknowable hand of God moving in his creation. People repeated the
Genesis story to each other for 3000 years and at the end of the day knew no more about biology that when
they started. In about 200 years of a scientific approach we have learned most of what we know about how

living things work.”

Comments by Rick Littrell on TalkOrigins available at <http://www.talkorigins/feedback/oct98.html>
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Ackerman J. Dinosaurs take wing.
National Geographic 1998 Jul;
194(1): 74-99. Beautifully illustrated
article on the finding of feathered
dinosaurs in China.

Alroy J. Cope's rule and the dynam-

ics of body mass evolution in North

American fossil mammals. Science

1998 May 1; 280: 731-4. See also:
Anonymous. Bigger is better. New
Scientist 1998 May 9; 158(2133):
24. Throughout the Cenozoic
large mammals tend to get larger
while small ones remain small—a
challenge to anti-evolutionary
scenarios of "degeneration" from
an age of giants.

Anonymous. Counting the fingers
of birds and dinosaurs. Science 1998
Apr 17; 280: 355. Summary of a dis-
cussion found on the internet at
<http:www.sciencemag.org/cgi/con
tents/full/280/5362/355a>. Are the
three digits in bird wings homolo-
gous to the three digits in a dinosaur
arm?

Anonymous. Earth shattering. New
Scientist 1998 Apr 18;158(2130): 23.
See also:
Anonymous. Surf's up, Dinos are
down. Discover 1998 Jul; 19(7):
20.The Cretaceous-Tertiary (K-T)
impact collapsed part of the con-
tinental shelf.

Anonymous. Fishy mystery. New

Scientist 1998 May 23; 158(2135):

27. See also:
Motani R, Minoura N, Ando T.
Ichthyosaurian relationships illu-
minated by new primitive skele-
tons from Japan. Nature 1998
May 21; 393: 255-7. Analysis of
Triassic specimens shows reten-
tion of features of terrestrial egg-
laying reptiles and indicate that
they belong in the Diapsida.

Aravalli RN, She Q, Garrett RA.
Archaea and the new age of microor-
ganisms. Trends in Ecology and
Evolution. 1998 May; 13(5): 190-4.
Summarizes new discoveries about
archaeans.

Balter M. Did life begin in hot
water? Science 1998 Apr 3; 280: 31.
Sequencing the entire genome of
heat-loving  (hyperthermophilic)
Archaea may provide evidence to
test the hypothesis that life arose
under high temperature conditions.

Bilardello N, Valdes L. Constructing
phylogenies. The American Biology
Teacher. 1998 May; 60(5): 369-73.
The authors describe a method of
constructing phylogenies based on
molecular traits using elementary
graph theory.

Bower B. Doubts aired over
Neandertal bone 'flute'. Science
News 1998 Apr 4; 153(14) 215.The
holes in the 'flute' may have been
made by carnivores chewing on the
bone.

Bower B. Cutting-edge pursuits in
Stone Age. Science News 1998 Apr
11; 153(15): 238. Stone tools were
being made over 200 000 years ago.

Bower B. Language origins may

reside in skull canals. Science News

1998 May 2; 153(18): 276. See also:
Anonymous. Not so dumb. New
Scientist 1998 May 2; 158(2132):
23; Motluk A. Early spinal cords
were a talking point. New
Scientist 1998 Apr 18;158(2130):
11; McDonald KA.An earlier evo-
lution for human speech? The
Chronicle of Higher Education
1998 May 8; XLIV(35): A20; Kay
RE Cartmill M, Balow M. The
hypoglossal canal and the origin
of human vocal behavior.
Proceedings of the National
Academy of Sciences USA 1998
Apr 28; 95(9): 5417-9. In human
fossils from the mid-Pleistocene
the size of the hypoglossal canal
which transmits the nerve that
supplies the muscle of the
tongue falls within the range of
modern Homo and may indicate
the appearance of human vocal
abilities.

Bower B. Early hominid rises again.
Science News 1998 May 16;153(20):
315. See also:
McDonald KA. More remains
found of human ancestor. The
Chronicle of Higher Education
1998 May 15; XLIV(36): A21;
Anonymous. The first man? New

Scientist 1998 Jun 6; 158(2137):
24; Leakey MG, Feibel CS,
McDougall I, Ward C, Walker A.
New specimens and confirma-
tion of an early age for
Australopithecus anamensis.
Nature 1998 May 17; 393: 62-6.
New fossils confirm that A ana-
mensis is intermediate in age
between A ramidus and A
afarensis.

Carpenter K, Miles C, Cloward K.
Skull of a Jurassic ankylosaur
(Dinosauria). Nature 1998 Jun 25;
393:782-3.

Coles P. The end of the old model
universe. Nature 393 Jun 25: 741-4.
Latest research on the Big Bang.

Cossins AR. Some like it hot. Book
review of Life on the Edge:Amazing
Creatures Thriving in Extreme
Environments, Gross M. Nature
1998 May 21;393: 227-8.

Balaavoine G, Adoutte A. One or
three Cambrian radiations? Science
1998 Apr 17; 280: 397-8. Molecular
systematics is changing our picture
of the base of the family tree of bilat-
eral animals.

Cowan R. Dust disks hint at baby

solar system. Science News 1998 Apr

25;153(17): 260. See also:
Mannings V. Grainy pictures of
new worlds. Nature 1998 May
14;393:117-8; Schilling G. Spying
on solar systems in the making.
Science 1998 Apr 24; 280: 523-4;
Holland WS, Greaves ]S,
Zuckerman B, Webb RA,
McCarthy C, Coulson IM, Walther
DM, Dent WRE Gear WK, Robson
I. Submillimetre images of dusty
debris around nearby stars.
Nature 1998 Apr 23;392: 788-90.
Images of several stellar dust
disks may provide indirect evi-
dence for forming planets.

Cowen R. Hubble takes first image

of possible planet. Science News

1998 Jun 6 153(23): 357. See also:
Kiernan V. Image may show plan-
et outside solar system. The
Chronicle of Higher Education
1998 Jun 5; XLIV(39):A16.

Davis EB. Debating Darwin: The
“Intelligent design" movement. The
Christian Century 1998 Jul 15-22;
115(20): 678-81. Davis is uncon-
vinced by authors Phillip Johnson,
Michael Behe and JP Moreland.



DeLong E. Archaeal means and
extremes. Science 1998 Apr 24; 280:
542-3. Summarizes recent research
on Archaea.

TRACE FossiLs AND PRE-
CAMBRIAN LIFE

Researchers working in India
reported what appear to be trace
fossils in pre-Cambrian sandstone.
Adolf Seilacher and colleagues
reported in Science that they
found burrows left from the move-
ment of worms under an algal mat
in sediments about 1 billion years
old. These predate the Cambrian
"explosion” by about 540 million
years and are in better agreement
with molecular data about the ori-
gin of animals than fossils found in
later strata. The authors also pro-
pose that it was the development
of the hardened skeleton which
made the rapid evolution of later
taxa possible.

Seilacher A, Bose PK, Pfluger E
Triploblastic animals more than 1
billion years ago: Trace fossil
Evidence from India. Science 1998;
282: 80-3.

See also: Kerr RA. Tracks of billion-
year-old animals? Science 1998;
282:19-21.

Dragon EA. Polymerase chain reac-
tion. Scientific American 1998 May;
278(5): 112. A brief explanation of
this important technique for study-
ing DNA.

Edwards MR. From a soup or a
seed? Pyritic metabolic complexes in
the origin of life. Trends in Ecology
and Evolution. 1998 May; 13(5): 178-
81. Did protocells evolve from sim-
ple biomolecules attached to mineral
surfaces?

Falk D. Hominid brain evolution:

Looks can be deceiving. Science

1998 Jun 12;280: 1714. See also:
Bower B. High-tech images shrink
fossil braincase. Science News
1998 Jun 13;153(24): 374; Conroy
GC, Weber GW, Seidler H, Tobias
PV, Kane A, Brunsden B.
Endocranial capacity in an early
hominid cranium from
Sterkfontein, South Africa. Science
1998 Jun 12; 280: 1730-1. Modern
techniques give different (small-
er) values for the cranial capacity
of ancient hominid fossils.

Foote M. Contingency and conver-
gence. Science 1998 Jun 26; 280:
20689. Review of The Crucible of
Creation, Simon Conway Morris'
new book on the Burgess Shale
fauna. See also RNCSE 18(3):30.

Gaut BS. Molecular clocks and
nucleotide substitution rates in high-
er plants. Evolutionary Biology
1998;30:93-120.A review of research
on molecular clocks based on plant
material.

Gee H.The eyes have it. Nature 1998

Apr 16; 392: 651.See also:
Monastersky R.A sea turtle's salty
tale. Science News 1998 May 30;
153(22): 351; Hirayama R. Oldest
known sea turtle. Nature 1998
Apr 16;392: 706-8.This specimen
from the early Cretaceous shows
primitive features.

Gibbons A. Genes put mammals in

age of dinosaurs. Science 1998 May 1;

280: 675-6. See also:
McDonald KA. Mammals diversi-
fied earlier than believed. The
Chronicle of Higher Education
1998 May 29; XLIV(38): A21;
Kumar S, Hedges SB. A molecular
timescale for vertebrate evolu-
tion. Nature 1998 Apr 30; 392:
917-20. New evidence that the
radiation of the mammalian
orders may have begun in the
Mesozoic.

Gibbons A. Young ages for
Australian rock art. Science 1998 May
29;280:1351. See also:

Bower B.Australian site jumps for-

ward in time. Science News 1998
May 30; 153(22) 343. Roberts R,
Bird M, Olley J, Galbraith R,
Lawson E, Laslett G, Yoshida H,
Jones R, Fullagar R, Jacobsen G,
Hua Q. Optical and radiocarbon
dating at Jimmium rock shelter in
northern Australia. Nature 1998
May 28; 393: 358-62. New studies
indicate that these carvings are
only 10 000 years old, not 116 000
to 176 000 years old.

Gibbons A. Old, old skull has a new
look. Science 1998 Jun 5; 280: 1525.
See also:

Bower B.Ancient skull fills big fos-
sil gap. Science News 1998 Jun 6;
153(23): 356. McDonald KA.
Million-year-old skull found in
East Africa. The Chronicle of
Higher Education 1998 Jun 12;

XLIV(40):A18.Abbate E,Albianelli
A, Azzaroli A, Benvenuti M,
Tesfamariam B, Bruni P, Cifriani N,
Clarke RJ, Ficcarelli G,
Macchiarelli R, Napoleone G,
Papini M, Rook L, Sagri M, Tecle
TM, Torre T, Villa I. A one-million-
year-old Homo cranium from the
Danakil (Afar) depression of
Eritrea. Nature 1998 Jun 4; 393:
458-60. Describes the find of a
1-million-year-old fossil with fea-
tures intermediate between
Homo erectus and H sapiens.

Glanz J. Cosmos in a computer.
Science 1998 Jun 5; 280: 1522-3.
Computer program reveals how
gravity might have made the large
scale structure of the visible uni-
verse.

Gould SJ. On embryos and ances-
tors. Natural History 1998 Jul/Aug;
107(6): 20-2, 58-65. The finding of
Precambrian embryo fossils and rein-
terpretation of the Cambrian "explo-
sion".

Grande L. This land: Fossil lake.
Natural History 1998 Jul/Aug;
107(6): 66-9. Fossil hunting in lake
deposits of the Green River
Formation.

Hall BK. Germ layers and the germ-
layer theory revisited: Primary and
secondary germ layers, neural crest
as a fourth germ layer, homology, and
demise of the germ-layer theory.
Evolutionary Biology 1998;30:121-
86.A review of historical and recent
research bearing on germ-layer theo-
ry in embryology.

Hazard EB. Teaching about "inter-
mediate forms". The American
Biology Teacher 1998 May; 60(5):
359-61.

Hecht J. Tilt-a-World. Earth 1998
Jun; 7(3): 34-7.Tells how the earth's
crust may have slid around the poles
in the early Cambrian period. The
original ~ research  report  is
Kirschvink JL, Ripperdan RL, Evans
DA. Evidence for a large-scale reorga-
nization of early Cambrian continen-
tal masses by inertial interchange
true polar wander. Science 1997 Jul
25;277:541-5.

Henry GL, Melton DA. Mixer, a
homeobox gene required for endo-

derm development. Science 1998
Jun 26; 281:91-6.

VOL 18, NR 4 1998
REerorts



JUL/AUG 1998
REerorTS
[ 28 |

Hicks JW, Farmer CG, Nassar PN,
Hengst R, Ruben JA, Jones TD, Geist
NR, Hillenius WJ. Lung ventilation
and gas exchange in theropod
dinosaurs [letters]. Science 1998 Jun
26; 281: 45-8. Criticism of the idea
that the lung of dinosaurs could not
sustain high oxygen exchange rates
and hence the dinosaurs could not
be the ancestors of birds.

Hughes DW. Wobbly pursuit of
extrasolar planets [book review].
Nature 1998 Feb 12; 391: 651-2.
Reviews books summarizing the
recent discoveries of extra-solar
planets.

Irion R. Parsing the trilobites' rise

and fall. Science 1998 Jun 19; 280:

1837. See also:
Adrain JM, Fortey RA, Westrop SR.
Post-Cambrian trilobite diversity
and evolutionary faunas. Science
1998 Jun 19; 280: 1922-5.
Extinction and diversification of
trilobite groups through the
Ordovician extinction.

Jensen S, Gehling JG, Droser ML.
Ediacara-type fossils in Cambrian
sediments. Nature 1998 Jun 11;393:
567-9. Some ediacarans survived into
the Cambrian period.

Kargel JS. The salt of Europa.

Science 1998 May 22; 280: 1211-2.

See also:
Anonymous. Salty moon. New
Scientist 1998 Mar 28;157(2127):
23; McCord TB, Hansen GB, Fanale
FP, Carlson RW, Matson DL,
Johnson TV, Smythe WD, Crowley
JK, Martin PD, Ocampo A, Hibbitts
CA, Granahan GC, and the NIMS
Team. Salts on Europa's surface
detected by Galileo's near
infrared mapping spectrometer.
Science 1998 May 22;280: 1242-5.
More evidence for an ocean on
Europa.

Kerr RA. Planetary scientists sample
ice, fire, and dust in Houston. Science
1998 Apr 3; 280: 38-9. Report on a
conference that,among other things,
discussed the age of Europa's
oceans. -

Kerr RA. Biggest extinction looks
catastrophic. Science 1998 May 15;
280:1007. See also:
Monastersky R. Death swept
earth at end of Permian. Science
News 1998 May 16; 153(20): 308;
Bowring SA, Erwin DH, Jin YG,

Martin MW, Davidek K, Wang W.
U/Pb zircon geochronology and
tempo of the end-Permian mass
extinction. Science 1998 May 15;
280: 1039-45.The Permian extinc-
tion event lasted less than 1 mil-
lion years.

Lenski RE. Get a life. Science 1998
May 8; 280: 849-50. Informative book
review on artificial life existing and
evolving in computers.

Maisey JG. Voracious evolution.
Natural  History 1998  Jun;
107(5):38-41. The diversity and evo-
lution of sharks.

Martinez DE, Bridge D, Masuda-
Nakagawa LM, Cartwright P
Cnidarian homeoboxes and the
zootype. Nature 1998 Jun 25; 393:
7489. Coelenterates apparently do
not possess a full complement of
Hox genes.

McInnis D. And the waters pre-

vailed. Earth 1998 Aug; 7(4): 46-54.

See also:
Kerr RA. Black Sea deluge may
have helped spread farming.
Science 1998 Feb 20; 279: 1132.
Ryan WBE Pitman WC, Major CO,
Shimkus K, Moskalenko V, Jones
GA, Dimitrov P, Gorur N, Sakinc
M,Yuce H.An abrupt drowning of
the Black Sea shelf. Marine
Geology 1997 Apr; 138 (1/2):119-
26. About 7500 years ago, the
Mediterranean overflowed into
the Black Sea, flooding the sur-
rounding area and possibly
becoming the basis for the story
of Noah's Flood.

Monastersky R. Flat-footed fossil of

former flyer. Science News 1998 Mar

14;153(11): 172. See also:
Clark JM, Hopson JA, Hernandez
RR, Fastovsky DE, Montellano M.
Foot posture in a primitive
pterosaur. Nature 1998 Feb 20;
391: 886-9. Anonymous. Of
pterosaur ptoes. Discover 1998
May; 19(5); 11. Pterosaurs walked
with flat foot.

Monastersky R. Dinosaurs kept
warm in the polar chill. Science
News 1998 May 30; 153(22): 351.
See also:
Anderson I. In from the cold.
New Scientist 1998 Apr 18;
158(2130): 13. Australian
dinosaur bones show no signs of
arrested growth although these
animals lived south of the
Antarctic circle.

Monastersky R. Getting the scoop
from the poop of T rex. Science
News 1998 Jun 20; 153(25):391. See
also:
Chin K, Tokaryk TT, Erickson GM,
Calk LC. A king-sized theropod
coprolite. Nature 1998 Jun 18;
393:680-2;Andrews P, Fernandez-
Jalvo Y. 101 uses for fossilzed fae-
ces. Nature 1998 Jun 18; 393:
629; Anonymous. Dino dung.
New Scientist 1998 Jun 20;
158(2139): 27.

Musser G. Inflation is dead; long
live inflation. Scientific American
1998 Jul; 278(7): 19-20. Newest ideas
about the universe.

Padian K. When is a bird not a bird?

Nature 1998 Jun 25;393:729-30.See

also:
Lemonick MD. Dinosaurs of a
feather. Time 1998 Jun 26;
151(26): 82-3; Gibbons A.
Dinosaur fossils, in fine feather,
show link to birds. Science 1998
Jun 26;280:2051; Monastersky R.
Feathered dinosaurs found in
China. Science News 1998 Jun
27; 153(26): 404; McDonald KA.
Dinosaurs with feathers suggest
links to birds. The Chronicle of
Higher Education 1998 Jul 3;
XLIV(43): A134; Ji Q, Currie PJ,
Norell MA, Ji S-A. Two feathered
dinosaurs from northeastern
China. Nature 1998 Jun 25; 393:
753-61.

Pendick D. When life got legs.
Earth 1998 Aug; 7(4): 26-33. Review
of the discovery that all animals
have the same basic tool kit of genes
that can be modified to produce
diverse body plans.

Pennisi E. Genome data shake tree
of life. Science 1998 May 1;280: 672-
4. New genome sequences reveal
unexpected connections between
diverse microbes.



ENSIWEB: Lessons for
Teaching Evolution and
the Nature of Science.

On 9 October 1998, ENSI-
WEB, a new web site for teach-
ers of biology, was announced
to science educators. The site
opened with 16 lessons on the
site and with immediate plans
to add another two or three
dozen more over the next sev-
eral months. The URL is
<http://www.indiana.edu/~en
siweb>.

These lessons were gath-
ered, created, developed, and
classroom-tested by many biol-
ogy teachers from across the
nation during nine years of
NSF-funded summer institutes.
They were designed to help
teach basic concepts in the
areas of evolution and the
nature of science (ENSI) more
realistically. These concepts
are treated as central to the
teaching of biology and, there-
fore, do a much better job at
communicating the fundamen-
tal character of the biological
sciences.

For more information, con-
tact Larry Flammer, ENSI web-
master, via email at <flam-
mer2@pacbell.net>.

Pennisi E. Females pick good genes

in frogs, flies. Science 1998 Jun 19;

280: 1837-8. See also:
Welch AM, Semlitsch RD, Gerhardt
HC. Call duration as an indicator
of genetic quality in male gray tree
frogs. Science 1998 Jun 19; 280:
1928-30. These findings support
the 'good genes' basis for female
sexual selection.

Petit CW.Touched by nature: Putting
evolution to work on the assembly
line. US News & World Report 1998
Jul 27; 125(4): 43-5. Review of the
application of genetic algorithms (a
simulation of Darwinian evolution) to
design engineering systems; directed
test tube evolution to produce new
drugs; and genetic programming to
evolve computer programs.

Ren D. Flower-associated Brachy-

cera flies as fossil evidence for

Jurassic angiosperm origins. Science

1998 Apr 3;280: 85-8. See also:
Labandeira CC. How old is the
flower and the fly? Science 1998
Apr 3; 280: 57-9. These pre-
Cretaceous pollinating flies indi-
cate an earlier appearance of
angiosperms.

Richardson MK, Hanken J, Selwood
L, Wright GM, Richards R]J, Pieau C,
Raymaud A. Haeckel, embryos, and
evolution. [letter.] Science 1998 May
15; 280: 983-5. Haeckel may have
been overzealous but he was basical-
ly right about the similarities of early
stages of vertebrate embryos.

Rosenthal GG, Evans CS. Female
preference for swords in
Xiphophorus belleri reflects a bias
for large apparent size. Proceedings
of the National Academy of Sciences
USA1998 Apr 14; 95((8): 4431-6.
Evidence for sexual selection of
males by females in the swordtail
fish.

Young DB. Blueprint for the white

plague. Nature 1998 Jun 11;393:515-

6.See also:
Cole ST, Brosch R, Parkhill J,
Garnier T, Churcher C, Harris D,
Gordon SV, Eiglmeier K, Gas S,
Barry CE III, Tekaia E Badcock K,
Basham D, Brown D,
Chillingworth T, Connor R, Davies
R, Devlin K, Feltwell T, Gentles S,
Hamlin N, Holroyd S, Hornsby T,
Jagels K, Krogh A, McLean J, Moule
S, Murphy L, Oliver K, Osborne ],
Quail MA, Rajandream M-A, Rogers
J, Rutter S, Seeger K, Skelton J,
Squares R, Squares S, Sulston JE,
Taylor K, Whitehead S, Barrell BG.
Deciphering the biology of
Mycobacterium tuberculosis
from the complete genome
sequence. Nature 1998 Jun 11;
393:537-43.

Sampson SD, Witmer LM, Forster
CA, Krause DW, O'Conner PM,
Dodson P, Ravoavy E Predatory
dinosaur remains from Madagascar:
Implications for the Cretaceous bio-
geography of Gondwana. Science
1998 May 15;280: 1048-51. See also:
McDonald KA. Dinosaur
unearthed in Madagascar. The
Chronicle of Higher Education
1998 May 22; XLIV(37): A22.
Evidence for prolonged links

between South America,

Madagascar, and India.

Sargent TD, Millar CD, Lambert DM.
The “classical” explanation of indus-
trial melanism: assessing the evi-
dence. Evolutionary Biology 1998;
30:299-322.

Schuller G. The long good-bye.
Earth 1998 Jun; 7(3): 16. The plank-
ton at the K-T boundary died out
slowly.

Stams T, Niranjanakumari S, Fierke
CA, Christianson DW. Ribonuclease P
protein structure: Evolutionary ori-
gins in the translational apparatus.
Science 1998 May 1; 280: 752-5.
Unusual topology shared by several
components of the RNA translational
apparatus.

Taubes G. Evolving a conscious
machine. Discover 1998 Jun; 19(6):
72-9. Evolving circuitry by Darwinian
evolution using field programmable
gate arrays.

Tyson N. Water, Water: Did cometary
impacts deliver earth's entire oceanic
supply? Natural History 1998 May;
107(4): 78-81.A brief survey of water
in the solar system.

Vogel G. Successful flies make love,
not war. Science 1998 Jul 2; 281: 25.
Experiments elucidate basis for male
rivalry in insects.

Welk TA, Tolleson WH, Gentry RV.
Creationism continued [Letters.]
American Scientist 1998 May/Jun;
86(3): 212-4. Comments on the cre-
ationist geologic time scale article by
DU Wise in the March-April 1998
issue.

‘Wu C. DNA scissors cleave their com-

rades. Science News 1998 Apr 4;

153(14): 223. See also:
Carmi N, Balkhi SR, Breaker RR.
Cleaving DNA with DNA.
Proceedings of the National
Academy of Sciences USA 1998
Mar 3; 95(5): 2233-7. DNA can act
as an enzyme.

Zimmer C. At the Water's Edge:
Macroevolution and the
Transformation of Life. New York:
The Free Press, 1998. Zimmer treats
in detail how fish become terrestrial
vertebrates and later how mammals
re-adapted again to water.
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National Academy Press Book Store
National Academy of Sciences
http://www.nap.edu/bookstore
Nov 1998

Position Statement on Science Education
Institute for Creation Research
http://www.icr.org/pubs/imp/imp-306.htm
Nov 1998

ENSIWeb—Evolution and the Nature of Science

http://www.indiana.edu/~ensiweb
Dec 1998

Multimedia Resources for Teaching Evolution
California Instructional Technology Clearinghouse
http://clearinghouse.k12.ca.us

Dec 1998

NCSE's Links to Education Resources
NCSE
http://www.natcenscied.org/edures.htm
Dec 1998

Tree of Life Web Site

David and Wayne Maddison
http://phylogeny.arizona.edu/tree/phylogeny.html
Nov 1998

Online Resources Guide

National Association of Biology Teachers
http://www.nabt.org/resources_online.html
Nov 1998

Online Resources Guide

National Science Teachers' Association
http://www.nsta.org/onlineresources/
Nov 1998

Why Files

University of Wisconsin
http://whyfiles.news.wisc.edu/
Nov 1998

WGBH Learn Site

‘WGBH-Boston
http://www.wgbh.org/wgbh/learn/index.html#classroom
Nov 1998

Eisenhower National Clearinghouse for Science and Mathematics
US Department of Education and Ohio State University
http://enc.org/”

Nov 1998




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 founda-
tion for the biological sciences, to
the place of evolution in the science
curriculum, or to the public percep-
tion of scientific method and prac-
tice.These contributions may be sub-
mitted 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 teach-
er groups, political or governmental
decisions and policies, first-person
accounts of experiences with anti-
evolutionist speakers, curriculum, or
present 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
related to the public understanding
of evolution. We also welcome case

reports

and classroom action

research that assess the outcome(s)
of strategies for strengthening the
understanding of evolution in educa-
tional practice.

All articles should be written for a

general audience, and authors should
provide definitions or descriptions
for technical terms and concepts
whose meanings might not be evi-
dent to the nonspecialist. Article

manuscripts are

submitted to

reviewers for comments on the tech-
nical content and the suitability for a
general audience. Acceptance for

publication does

not take into

account the author’s formal academ-
ic background or profession. We
encourage query letters from any
prospective author.

STYLE AND FORMAT

1.

Manuscripts must be typed dou-
ble-spaced, including inset quota-
tions and references. Margins must
be adequate for editorial notation.

. Manuscripts should not exceed 20

double-spaced typewritten pages
and must be accompanied by a
brief biographical statement iden-

oY

N

tifying the author and an address
where interested readers may con-
tact the author(s).

.A printed original and two copies

should be supplied by the author.
Names of the author(s) should
appear only on the cover page, if
blind review is desired.All submis-
sions will be sent to referees for
evaluation. Manuscripts submitted
on computer diskette will greatly
expedite the editing and publica-
tion process. Acceptable diskette
formats include (standard or high
density 3.5-inch) WordPerfect 5.1,
MS-Word, or ASCII formats in
DOS/Windows versions and MS-
Word 6.0, Claris Works 5.0, or plain
text for the Macintosh. Man-
uscripts and other notes submit-
ted by electronic mail should be in
plain text format. Please contact
the editorial office for information
about other word processing and
diskette formats that might be
acceptable.

. Citations within text referring to

reference section should be limit-
ed to author, date and (when
appropriate) page, for example
(Smith 1982, p 21). Multiple refer-
ences within 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. When appropriate to
include internet locations, these
should be enclosed in angle brack-
ets, for example <http://www.
natcenscied.org>.

.Reference sections are alphabeti-

cal and should conform to the
citation-sequence  format in
Scientific Style and Format: The
CBE Manual for Authors, Editors,
and Publishers, illustrated in the
following example for books and
periodicals.

Chan L. Exciting potential of
scholarly electronic journals.
Canadian Association of
University Teachers Bulletin
1996; 43(7):9. <http://www.
caut. ca/bull/ejournal.html>
Accessed April 17,1997.

Kehoe AB. Modern anti-evolu-
tionism:The scientific creation-
ists. In: Godfrey LR, ed. What
Darwin Began. Boston: Allyn
and Bacon; 1985. pp 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/ple-
sios.htm> Accessed 1997 Mar
28.

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 abbreviation
“nd” for undated material. Multiple
entries by the same author are listed
in the bibliography in chronological
order and those in same year are list-
ed 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
equivalent. For example, e.g.
should be rendered as for exam-

Dple.

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 pre-
sumes that authors have
obtained permission to use these
potentially copyrighted materials.
Photographs should be glossy
prints and should be accompa-
nied 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.

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