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Chapter 1: Introduction

The opening quotations are from Linus Pauling, No More War! (New
York: Dod, Mead & Company 1958), p. 209; Bruce Alberts, "Science
and Human Needs," address delivered to the 137th Annual Meeting
of the National Academy of Sciences, Washington, DC, May 1, 2000,
which can be found online at www4.nationalacademies.org/nas/na;
Roger Lewin, Bones of Contention, Second Edition (Chicago: The
University of Chicago Press, 1997), p. 318.

The discipline of science

The quotations from the National Academy of Sciences booklet on
the nature of science are from Teaching About Evolution and the
Nature of Science (Washington, DC: National Academy Press, 1998);
the order in which they appear here is Chapter 5, p. 5; Chapter 4, p.
8; Chapter 3, p. 10. The booklet is available online at www.nap.
edu/readingroom/books/evolution98.

The Bacon reference is a paraphrase of Francis Bacon, Novum
Organum, or True Suggestions for the Interpretation of Nature,
Aphorisms, Book I, p. 129.

The need for public scrutiny

The quotations by and about Jefferson are from the National
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Academy's Teaching About Evolution and the Nature of Science
(1998), Preface, p. 1. The Graham quotation is from U.S. District
Judge James Graham, "Government Shouldn't Choose Sides in
Evolution Debate," The Columbus [Ohio] Dispatch (May 13, 2000),
p. 11A.

What is evolution?

Quotations from the National Academy's 1998 booklet that deal
with the meaning of evolution are from Chapter 5, p. 1. Despite the
prestigious auspices under which they wrote, the authors of the
National Academy booklet employed the usual evasions in their
defense of evolution. For example: "Evolution in its broadest sense
explains that what we see today is different from what existed in
the past?' And: "There is no debate within the scientific community
over whether evolution occurred, and there is no evidence that
evolution has not occurred." (Chapter 5, p. 1; Chapter 1, p. 3)

Biology students are sometimes encouraged to respond to critics of
Darwinian evolution by evading the issue: "When you hear
someone wonder about whether 'evolution' takes place," wrote
Cecie Starr and Ralph Taggart in their 1998 biology textbook,
"remind yourself that evolution simply means genetic change
through time. Selective breeding practices provide abundant,
tangible evidence that heritable changes do, indeed, occur" From
Cede Starr and Ralph Taggart, Biology: The Unity and Diversity of
Life, Eighth Edition (Belmont, CA: Wadsworth Publishing Company,
1998), p. 281. (emphasis in the original)

In this and subsequent chapters, all citations to Darwin's Origin of
Species and The Descent of Matt are from the Modern Library
Reprint Edition (New York: Random House, 1936). There were six
editions of The Origin of Species from 1859 to 1872, and differences
among them reveal interesting things about Darwin's intellectual
journey, but (except for a brief reference in the chapter on Haeckel's
embryos) this book does not deal with them. Since page numbers
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vary from edition to edition, all citations in this book list the chapter
as well as page number. The quotations in this Introduction (in the
order in which they appear) are from The Origin of Species,
Conclusion (Chapter XV), p. 373; Introduction, p. 14.

Icons of evolution

The Stephen Jay Gould quotation is from Wonderful Life (New York:
W. W. Norton, 1989), p. 28. This is part of the epigraph at the
beginning of this book.

Chapter 2: The Miller-Urey Experiment

Charles Darwin's comment about the "warm little pond" was in an
1871 letter, reprinted in Francis Darwin (editor), The Life and Letters
of Charles Darwin (New York: D. Appleton, 1887), Vol. 2, p. 202. See
also A. |. Oparin, Origin of Life (Moscow, 1924; translated by S.
Morgulis and published by Macmillan in 1938); J.B.S. Haldane,
Rationalist Annual 148 (1928), pp. 3-1D.

The Miller-Urey experiment

Harold Urey, "On the Early Chemical History of the Earth and the
Origin of Life," Proceedings of the National Academy of Sciences
USA 38 (1952), pp. 351-363; Stanley Miller, "A Production of Amino
Acids Under Possible Primitive Earth Conditions," Science 117
(1953), pp. 528-529. See also Stanley Miller and Harold prey,
"Organic Compound Synthesis on the Primitive Earth," Science 130
(1959), pp. 245-251.

Did the primitive atmosphere really lack oxygen?

On the source of the Earth's primitive atmosphere, see Harrison
Brown, "Rate Gases and the Formation of the Earth's Atmosphere,"
pp. 258-266 in Gerard P. Kuiper (editor), The Atmospheres of the
Earth and Planets, Revised Edition (Chicago: The University of
Chicago Press, 1952); Heinrich D. Holland, "Model for the Evolution
of the Earth's Atmosphere," pp. 447-477 in A. E. J. Engel, Harold L
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James, and B. 8 Leonard (editors), Petrologic Studies, A Volume in
Honor of A. E Buddington (Geological Society of America, 1962), pp.
448-449; Philip H. Abelson, "Chemical Events on the Primitive
Earth," Proceedings of the National Academy of Sciences USA 55
(1966), pp. 1365-1372.

For arguments based on theoretical consequences of pbotodis-
sociation, see L. V. Berliner and L. C. Marshall, "On the Origin and
Rise of Oxygen Concentration in the Earth's Atmosphere," Journal
of the Atmospheric Sciences 22 (1965), pp. 225-261; R. T.
Brinitmann, "Dissociation of Water Vapor and Evolution of Oxygen
in the Terrestrial Atmosphere," Journal of Geophysical Research 74
(1969), pp. 5355-5368; J. H. Carver, "Prebiotic atmospheric oxygen
levels," Nature 292 (1981), pp. 136-138; James F. Kasting, "Earth's
Early Atmosphere," Science 259 (1993), pp. 920-926. On the
uraninite evidence, see P. Ramdohr, "New observations on the ores
of the Witwatersrand in South Africa and their genetic significance,"
Transactions of the Geological Society of South Africa (Annexure) 61
(1958), pp. 1-50; P. R. Simpson and J. E W. Bowles, "Uranium
mineralization of the Witwatersrand and Dominion Reef systems,"
Philosophical Transactions of the Royal Society of London A 286
(1977), pp. 527-548; D. E. Grandstaff, "Origin of the Uraniferous
Conglomerates at Elliot Lake, Canada and Witwatersrand, South
Africa: Implications for Oxygen in the Precambrian Atmosphere,"
Precambrian Research 13 (1980), pp. 1-26. See also James C. G.
Walker, Cornelis Klein, Manfred Schidlowski, J. William Schopf,
David L. Stevenson, and Malcolm R. Walter, "Environmental
Evolution of the Archean—Early Proterozoic Earth," pp. 260-290 in
J. William Schopf (editor), Earth's Earliest Biosphere (Princeton:
Princeton University Press, 1983). On the significance of iron
deposits, see James C. G. Walker, Evolution of the Atmosphere
(New York: Macmillan, 1977), p. 262; Erich Dimroth and Michael M.
Kimberly, "Precambrian atmospheric oxygen: evidence in the
sedimentary distributions of carbon, sulfur, uranium, and iron,"
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Canadian Journal of Earth Sciences 13 (1976), pp. 1161-1185.

On the biochemical evidence, see J. Lumsden and D. 0. Hall,
"Superoxide dismutase in photosynthetic organisms provides an
evolutionary hypothesis," Nature 257 (1975), pp. 670-672. See also
Kenneth M, Towe, "Early Precambrian oxygen: a case against pho-
tosynthesis," Nature 274 (1978): 657-661; Robert M. Schwartz &
Margaret 0. Dayhoff, "Origins of Prokaryotes, Eulcaryotes, Mito-
chondria, and Chloroplasts," Science 199 (1978), pp. 395-403. Con-
troversy over the biochemical evidence has continued; see, for
example, Jose Castresana and Matti Saraste, "Evolution of energetic
metabolism: the respiration-early hypothesis," Trends in
Biochemical Sciences 20 (1995), pp. 443-448.

Declaring the controversy over

For arguments that the Miller-Urey experiment justifies assuming
that the primitive atmosphere lacked oxygen, see Sidney W. Fox and
Klaus Dose, Molecular Evolution and the Origin of LA Revised Edi-
tion (New York: Marcel Dekker, 1977), p. 44; James C. G. Walker,
Evolution of the Atmosphere (New York: Macmillan, 1977), p. 224;
S. M. Awramik et al., "Biogeochemical Evolution of the Ocean-
Atmosphere System State of the Art Report," pp. 309-320 in H. D.
Holland and M. Schidlowski (editors), Mineral Deposits and the
Evolution of the Biosphere (Berlin: Springer-Verlag, 1982), p. 310.
For the comment on "dogma" see Harry Clemmey and Nick
Badham, "Oxygen in the Precambrian atmosphere: An evaluation of
the geological evidence," Geology 10 (1982), pp. 141-146; Tome's
comment is from Kenneth M. Towe, "Environmental Oxygen
Conditions During the Origin and Early Evolution of Life," Advances
in Space Research 18 (1996), pp. (12)7—(12)15.

For a review of the controversy over primitive oxygen levels, see
Charles B. Thaxton, Walter L. Bradley, and Roger L. Olsen, The
Mystery of Life's Origin: Reassessing Current Theories (Dallas, TX:
Lewis and Stanley, 1984), Chapter 5.
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The Miller-urey experiment fails anyway

Heinrich D. Holland, "Model for the Evolution of the Earth's
Atmosphere," pp. 447-477 in A. E. J. Engel, Harold L. James and B. E
Leonard (editors), Petrologic Studies: A Volume in Honor of A. F.
Buddington (Geological Society of America, 1962), pp. 448-449;
Philip H. Abelson, "Chemical Events on the Primitive Earth,"
Proceedings of the National Academy of Sciences USA 55 (1966), pp.
1365-1372.

For growing skepticism about a primitive reducing atmosphere, see
Marcel Florkin, "Ideas and Experiments in the Field of Prebiological
Chemical Evolution," Comprehensive Biochemistry 29B (1975), pp.
231-260; Sidney W. Fox and Klaus Dose, Molecular Evolution and
the Origin of Life, Revised Edition (New York: Marcel Dekker, 1977),
pp. 43,74-76. See also James F. Kasting, "Earth's Early Atmosphere,"
Science 259 (1993), pp. 920-926; Jon Cohen, "Novel Center Seeks to
Add Spark to Origins of Life," Science 270 (1995), pp. 1925-1926;
Heinrich D. Holland, The Chemical Evolution of the Atmosphere and
Oceans (Princeton: Princeton University Press, 1984), pp. 99-100;
Gordon Schlesinger and Stanley L. Miller, "Prebiotic Synthesis in
Atmospheres Containing CH,, CO, and CO5: I. Amino Acids," Journal
of Molecular Evolution 19 (1983), pp. 376-382; John Horgan, "In the
Beginning...," Scientific American (February 1991), pp. 116-126; Joel
Levine, "The Photochemistry of the Early Atmosphere,"” pp. 3-38 in
Joel Levine (editor), The Photochemistry of Atmospheres (Orlando,
FL: Academic Press, 1985), Pp. 12-14.

An RNA world?

On the history of the RNA world hypothesis, see Kelly Kruger, Paula
J. Grabowski, Arthur J. Zaug, Julie Sands, Daniel E. Gottschling, and
Thomas R. Cech, "Self-Splicing RNA: Autoexcision and
Autocyclization of the Ribosomal RNA Intervening Sequence of
Tetrahymena," Cel131 (1982), pp. 147-157; Cecilia Guerrier-
Takada, Katheleen Gardiner, Terry Marsh, Norman Pace, and Sidney
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Altman, "The RNA Moiety of Ribonuclease Pis the Catalytic Subunit
of the Enzyme," Cell 35 (1983), pp. 849-857; Walter Gilbert, "The
RNA world," Nature 319 (1986), p. 618. On why RNA could not have
been the first biomolecule, see Klaus Dose, "The Origin of Life: More
Question than Answers," Interdisciplinary Science Reviews 13
(1988), pp. 348-356; Robert Shapiro, "Prebiotic Ribose Synthesis: A
Critical Analysis," Origins of Life and Evolution of the Biosphere 18
(1988), pp. 71-85; Norman Pace, "Origin of Life—Facing Up to the
Physical Setting," Cell 65 (1991), pp. 531-533; Leslie Orgel, "The
origin of life—a review of facts and speculations," Trends in
Biochemical Sciences (1998), pp. 491-495; Robert Shapiro,
"Prebiotic cytosine synthesis: A critical analysis and implications for
the origin of life," Proceedings of the National Academy of Sciences
USA 96 (1999), pp. 4396-4401. The Joyce quotations are from
Gerald F. Joyce, "RNA evolution and the origins of life," Nature 338
(1989), pp. 217-224; Robert Trion, "RNA Can't Take the Heat,"
Science 279 (1998), p. 1303.

Quotations about the current state of origin-of-Life research are
from Klaus Dose, "The Origin of Life: More Questions Than
Answers," Interdisciplinary Science Reviews 13 (1988), pp. 348-356;
Leslie E. Orgel, "The origin of life: a review of facts and specula-
tions," Trends in Biochemical Sciences 23 (1998), pp. 491-495;
Nicholas Wade, "Life's Origins Get Murkier and Messier," The New
York Times (Tuesday, June 13, 2000), pp. DI-D2. See also Gordon C.
Mills, Malcolm Lancaster, and Walter L. Bradley, "Origin of Life and
Evolution in Biology Textbooks—A Critique," The American Biology
Teacher 55 (February, 1993), pp. 78-83.

The Miller-Urey experiment as an icon of evolution

Magazine and textbook quotations are from Richard Monastersky,
"The Rise of Life on Earth," National Geographic 193 (March 1998),
pp. 54-81; Kenneth R. Miller and Joseph Levine, Biology, Fifth
Edition (Upper Saddle River, NJ: Prentice-Hall, 2000), pp. 343-344;

Y.0



William K. Purves, Gordon H. Orians, H. Craig Heller, and David
Sadava, Lift: The Science of Biology, Fifth Edition (Sunderland, MA:
Sinauer Associates, 1998), Vol. 2, pp. 519-520; Douglas J. Putuyma,
Evolutionary Biology, Third Edition (Sunderland, MA: Sinauer
Associates, 1998), pp. 167, 169; Bruce Alberts et al., Molecular
Biology of the Cell, Third Edition (New York: Garland Publishing,
1994), p. 4.

The quotation from the National Academy of Sciences booklet is in
Science and Creationism: A Viewfrom the National Academy of
Sciences, Second Edition (Washington, DC: National Academy Press,
1999), Chapter on "The Origin of the Universe, Earth, and Life," p. 2.

The "mythology" criticism is from Robert Shapiro, Origins: A
Skeptic's Guide to the Creation of Life on Earth (New York: Summit
Books, 1986), p. 112.

Chapter 3: Darwin's Tree of Life

Darwin, The Origin of Species, Chapter XV, pp. 373, 370; Chapter 1V,
pp. 99-100; Chapter XV, pp. 370, 373; Figure 3-1 is from Chapter IV,
p. 87. The Mayr quotation is from Ernst Mayr, One Long Argument
(Cambridge, MA: Harvard University Press, 1991), p. 24.

Darwin's tree of Life

Darwin, The Origin of Species, Chapter IV, pp. 99, 90, 91, 92-93;
Chapter 15, p. 361.

Darwin and the fossil record
Darwin, The Origin of Species, Chapter X, pp. 252, 254, 255, 239.
The Cambrian explosion

On three billion year-old tnicrofossils, see J. William Schopf, and
Bonnie M. Packer, "Early Archean (3.3-Billion to 3.5-BillionYear-Old)
Microfossils from Warrawoona Group, Australia," Science 237
(1987), pp. 70-73.



On Ediacaran fossils, see Martin F. Glaessner, The Dawn of Animal
Life (Cambridge: Cambridge University Press, 1984); Adolf Seilacher,
"Late Precambrian and Early Cambrian Metazoa: preservational or
real extinctions?" pp. 159-168 in H. D. Holland, and A. F. Trendall
(editors), Patterns of Change in Earth EV01116051 (Berlin: Springer
Verlag, 1984); Gregory J. Retallak, "Were the Ediacaran fossils
lichens?" Paleobiology 20 (1994), pp. 523-544; Stephen Jay Gould,
Wonderful Life (New York: W. W. Norton, 1989), pp. 58-59; Simon
Conway Morris, The Crucible of Creation (Oxford: Oxford University
Press, 1998), p. 30.

On the interpretation of Ediacaran fossils, see also James W.
Valentine and Douglas H. Erwin, "Interpreting Great Developmental
Experiments: The Fossil Record," pp. 71-107 in Rudolf A. Raff and
Elizabeth C. Raff (editors), Development as an Evolutionary Process
(New York: Alan R. Liss, 1987). On the dating of the Ediacaran
assemblage, see John P. Grotzinger, Samuel A. Bowring, Beverly Z.
Saylor, and Alan J. Kaufman, "Biostratigraphic and Geochronologic
Constraints on Early Animal Evolution," Science 270 (1995), pp. 598-
604.

Stephen Jay Gould's Wonderful Life and Simon Conway Morris's The
Crucible of Creation recount the story of the discovery and re-
analysis of the Burgess Shale fossils. See also Harry B. Whittington,
The Burgess Shale (New Haven, CT: Yale University Press, 1985); and
Simon Conway Morris and H. B. Whittington, "The Animals of the
Burgess Shale," Scientific American 241 (July, 1979), pp. 122-133.
For some recent reports of Chengjiang fossils, see D-G. Shu, H-L.
Luo, S. Conway Morris, X-L. Zhang, S-X. Hu, L. Chen, J. Han, M. Zhu,
Y. Li, and L-Z. Chen, "Lower Cambrian vertebrates from south
China," Nature 402 (1999), pp. 42-46; Jun-Yuan Chen, Di-Ying Huang
and Chia-Wei Li, "An early Cambrian craniate-like chordate," Nature
402 (1999), pp. 518-522; Fred Heeren, "A Little Fish Challenges a Big
Giant," The Boston Globe (May 30, 2000), p. El.

Y.V



For the dating of the Cambrian explosion, see Samuel A. Bowring,
John P Grotzinger, Clark E. Isachsen, Andrew H. Knoll, Shane M.
Pelechaty, and Peter Kolosov, "Calibrating Rates of Early Cambrian
Evolution," Science 261 (1993), pp. 1293-1298. A more recent
estimate puts the beginning of the Cambrian at 543 million years
ago, thus shortening the Cambrian explosion by a million years;
John P. Grotzinger, "The Tetminal Proterozoic Time Scale:
Constraints on Global Correlations and Rates of Early Animal Evo-
lution," American Association of Petroleum Geologists Bulletin 81
(1997), pp. 1954.

Quotations are from James W. Valentine, Stanley M. Awramik,
Philip W. Signor, and Peter M. Sadler, "The Biological Explosion at
the Precambrian-Cambrian Boundary," Evolutionary Biology 25
(1991), pp. 279-356, pp. 279, 281. For additional accounts of the
Cambrian explosion, see Mark A. S. McMenamin and Dianna L.
Schulte McMenamin, The Emergence of Animals: The Cambrian
Breakthrough (New York: Columbia University Press, 1990); Jere H.
Lipps and Philip W Signor (editors), Origin and Early Evolution of the
Metazoa (New York: Plenum Press, 1992); Jeffrey S. Levinton, "The
Big Bang of Animal Evolution," Scientific American 267 (November
1992), pp. 84-91; J. Madeleine Nash, "When Life Exploded," Time
(December 4, 1995), pp. 66-74.

Figure 3-4: The names of the major living animal phyla, listed in
alphabetical order, are:

a) Annelida (clamworms, earthworms, leeches)

b) Arthropoda (insects, crabs, centipedes, spiders)

c) Brachiopods (lamp shells)

d) Bryozoa (small aguatic animals with tentacle-ringed mouths)
e) Chaetognatha (arrow worms)

f) Chordata (tunicates, lancelets, vertebrates)

g) Cnidaria (corals, jellyfish, hydras)

h) Ctenophora (comb jellies, sea walnuts)
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i) Echinodermata (crinoids, sea urchins, starfish, sea
cucumbers)

j) Hemichorciata (acorn worms)

k) Molluscs (clams, octopuses, snails)

I) Nematoda (eelworms, roundworms)

m) Onychophora (small terrestrial worms with short legs)

n) Phoronida (tube-dwelling marine worms with tentacles)

o) Platyhelminthes (flatworms, flukes, tapeworms)

p) Pogonophora (giant deep-sea tube worms)

q) Porifera (sponges)

r) Rotifera (small animals with a crown of cilia)

Sponges (q) first appeared in the late Precambrian, and some
paleontologists believe that Cnidaria (g) and Mollusca (k) did, too.
Bryozoa (d) are first found in the Ordovician. All phyla shown as
appearing in the Cambrian occur in the Lower Cambrian except
Chaetognatha (e) and Hemichordata (j), which first appeared in the
Middle Cambrian.

The challenge to Darwin's theory

Quotation about the "head of Zeus" is from Jeffrey H. Schwartz,
"Homeobox Genes, Fossils, and the Origin of Species," Anatomical
Record (New Anatomist) 257 (1999), pp. 15-31. See also Robert L.
Carroll, "Towards a new evolutionary synthesis," Trends in Ecology
and Evolution 15 (2000), pp. 27-32.

On top-down evolution, see Valentine, et al., Evolutionary Biology
25 (1991), pp. 279-356. On "phylogenetic lawns," see Conway
Morris, The Cnscible of Creation, p. 176.

Saving Darwin’s theory

James W. Valentine and Douglas H. Erwin, "Interpreting Great
Developmental Experiments: The Fossil Record," pp. 71-107 in
Rudolf A. Raff and Elizabeth C. Raff (editors), Development as an
Evolutionary Process (New York: Alan R. Liss, 1987), p. 84-85;
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Valentine, et al., Evolutionary Biology 25 (1991), pp. 279-356, M. 3.
Benton, M. A. Wills, and R. Hitchin, "Quality of the fossil record
through time," Nature 403 (2000), pp. 534-536. See also Mark A.
Norell and Michael J. Novacek, "The Fossil Record and Evolution:
Comparing Cladistic and Paleontologic Evidence for Vertebrate
History," Science 255 (1992), pp. 1690-1693. On three billion year-
old microfossils, see Andrew H. Knoll and Elso S. Barghoorn,
"Archean Microfossils Showing Cell Division from the Swaziland
System of South Africa," Science 198 (1977), pp. 396-398; J. William
Schopf and Bonnie M. Packer, "Early Archean (33-Billion to 3.5-
Billion-Year-Old) Microfossils from Warrawoona Group, Australia,"
Science 237 (1987), pp. 70-73. Quotations are from Conway Morris,
The Crucihle of Creation, pp. 2,28.

J. William Schopf, "The early evolution of life: solution to Darwin's
dilemma," Trends in Ecology and Evolution 9 (1994), pp. 375-377.
See also Valentine, et al., Evolutionary Biology 25 (1991), pp. 279-
356; and Stefan Bengston, "The advent of animal skeletons," pp.
412-425 in Stefan Bengston (editor), Early Life on Earth (New York:
Columbia University Press, 1994).

Molecular phylogeny

Emile Zuckerkandl and Linus Fouling, "Molecular Disease, Evolution,
and Genetic Heterogeneity," pp. 189-225 in Michael Kasha and
Bernard Pullman (editors), Horizons in Biochemistry (New York:
Academic Press, 1962), pp. 200-201. See also Emile Zuckerkandl and
Linus Pauling, "Molecules as Documents of Evolutionary His-
tory,"Journal of Theoretical Biology 8 (1965), pp. 357-366; Emile
Zuckerkandi and Linus Pooling, "Evolutionary Divergence and
Convergence in Proteins," pp. 97-166 in Vernon Bryson and Henry
J. Vogel (editors), Evolving Genes and Proteins (New York: Academic
Press, 1965). Michael T. Ghiselin, "Models in Phylogeny," pp. 130-
145 in Thomas J. M. Schopf (editor), Models in Pakobiology (San
Francisco: Freeman, Cooper and Company, 1972), p. 145. On
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methodological problems with molecular sequence analyses, see
David P. Mindell, "Aligning DNA Sequences: Homology and
Phylogenetic Weighting," pp. 73-89 in Michael M. Miyamoto and
Joel Cracraft (editors), Phylogenetic Analysis of DNA Sequences
(New York: Oxford University Press, 1991); John Gatesby, Rob
DeSalle, and Ward Wheeler, "Alignment-Ambiguous Nucleotide
Sites and the Exclusion of Systematic Data," Molecular
Phylogenetics and Evolution 2 (1993), pp. 152-157; David M. Hillis,
John P. Fluelsenbeck, and Clifford W. Cunningham, "Application and
Accuracy of Molecular Phylogenies," Science 264 (1994), pp. 671-
677, Roderic Guigo, llya Muchnik, and Temple F. Smith,
"Reconstruction of Ancient Molecular Phylogeny," Molecular
Phylogenetics and Evolution 6 (1996), pp. 189-213; Arcady R.
Mushegian, James R. Gamy, Jason Martin, and Leo X. Liu, "Large-
Scale Taxonomic Profiling of Eukaryotic Model Organisms," Genome
Research 8 (1998), pp. 590-598; Laura E. Maley and Charles R.
Marshall, "The Corning of Age of Molecular Systematics,- Science
279 (1998), pp. 505-506.

Molecular phylogeny and the Cambrian explosion

On estimates of the date for the divergence of the animal phyla, see
Bruce R.unnegar, "A molecular clock date for the origin of the ani-
mal phyla:' Lefhaio 15 (1982), pp. 199-205; Russell E Doolittle, DaFei
Feng, Simon Tsang, Glen Cho, and Elizabeth Little, "Determining
Divergence Times of the Major Kingdoms of Living Organisms with
a Protein Clock," Science 271 (1996), pp. 470-477; Gregory A. Wray,
Jeffrey S. Levinton and Leo H. Shapiro, "Molecular Evidence for
Deep Precambrian Divergences Among Metazoan Phyla:' Science
274 (1996), pp. 568-573; Richard A. Fortey, Derek E. G. Briggs, and
Matthew A. Wills, "The Cambrian evolutionary ‘explosion’
recalibraced," BioEssays 19 (1997), pp. 429-434; Francisco Jose
Ayala, Andrey Rzhetslcy, and Francisco J. Ayala, "Origin of the
metazoan phyla: Molecular clocks confirm paleontological
estimates," Proceedings of the National Academy of Sciences USA
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95 (1998), pp. 606-611; Kenneth M. Halanych, "Considerations for
Reconstructing Metazoan History: Signal, Resolution, and
Hypothesis Testing," American Zoologist 38 (1998), pp. 929-941. For
a recent review, see Simon Conway Morris, "Evolution: Bringing
Molecules into the Fold:' Cell 100 (2000), pp. 1-11.

Lindell Bromham, Andrew Rambault, Richard Fortey, Alan Cooper,
and David Penny, "Testing the Cambrian explosion hypothesis by
using a molecular dating technique," Proceedings of the National
Academy of Sciences USA 95 (1998), pp. 12386-12389. See also
Andrew B. Smith, "Dating the origin of metazoan body plans,"
Evolution and Development 1 (1999), pp. 138-142; Simon Conway
Morris, "Early Metazoan Evolution: Reconciling Paleontology and
Molecular Biology," American Zoologist 38 (1998), pp. 867-877 (I
have changed Conway Morris's "artefact” to "artifact" to conform
to the American spelling and sharpen the contrast with Smith's
statement, above).

James W. Valentine, David Jablonski, and Douglas H. Erwin, "Fossils,
molecules and embryos: new perspectives on the Cambrian
explosion," Development 126 (1999), pp. 851-859. See also
Valentine et al., Evolutionary Biology 25 (1991), pp. 279-356; Simon
Conway Morris, "The Cambrian 'explosion': Slow-fuse or mega-
tonnage?" Proceedings of the National Academy of Sciences USA 97
(2000), pp. 4426-4429.

The growing problem in molecular phylogeny

For the classical view, see Carl R. Woese, "Bacterial Evolution,"
Microbiological Reviews 51 (1987), pp. 221-271. Quotations about
general problems are from James A. Lake, Ravi Jain, and Maria C.
Rivera, "Mix and Match in the Tree of Life," Science 283 (1999), pp.
2027-2028, p. 2027; Herve Philippe and Patrick Forterre, "The
Rooting of the Universal Tree of Life Is Not Reliable," Journal of
Molecular Evolution 49 (1999), pp. 509-523, p. 510; Carl Woese,
"The universal ancestor," Proceedings of the National Academy of
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Sciences USA 95 (1998), pp. 6854-6859, p. 6854; Michael Lynch,
"The Age and Relationships of the Major Animal Phyla," Evolution
53 (1999), pp. 319-325, p. 323. On problems with mammal
phylogenies, see Dan Graur, Laurent Duret, and Manolo Gouy,
"Phylogenetic position of the order Lagoinorpha (rabbits, hares and
allies)," Nature 379 (1996), pp. 333-335; Gavin J. P. Naylor and
Wesley M. Brown, "Amphioxus Mitochondrial DNA, Chordate
Phylogeny, and the Limits of Inference Based on Comparisons of
Sequences," Systematic Biology 47 (1998), pp. 61-76; Ying Cao, Axel
Janke, Peter J. Waddell, Michael Westerman, Osamu Takenaka,
Shigeriori Murata, Norihiro Okada, Svante Nib°, and Masami
Hasegawa, "Conflict Among Individual Mitochondrial Proteins in
Resolving the Phylogeny of Eutherian Orders," Journal of Molecular
Evolution 47(1998), pp. 307-322. See also Michael P. Cummings,
Sarah P Otto, and John Wakeley, "Genes and Other Samples of DNA
Sequence Data for Phylogenetic Inference," Biological Bulletin 196
(1999), pp. 345-350.

Uprooting the tree of life

Herve Philippe and Patrick Forterre, "The Rooting of the Universal
Tree of Life Is Not Reliable," puma/ of Molecular Evolution 49
(1999), pp. 509-523, p. 520; Herve Philippe and Andre Adoutte, "The
molecular phylogeny of Eukaryota: solid facts and uncertainties,"
pp. 25-56 in G. H. Coombs, et al. (editors), Evolutionary Rela-
tionships Among Protozoa (Dordrecht, Netherlands: Kluwer Acade-
mic Publishers, 1998); Herve Philippe and Jacqueline Laurent, "How
good are deep phylogenetic trees?" Current Opinion in Genetics
and Development 8 (1998), pp. 616-623; Patrick Forterre and Nerve
Philippe, "Where is the toot of the universal tree of life," BioEssays
21 (1999), pp. 871-879; Patrick Forterre and Herve Philippe, "The
Last Universal Common Ancestor (LUCA), Simple or Complex?" Bio-
logical Bulletin 196 (1999), pp. 373-377. See also Sarah A. Teich-
mann and Graeme Mitchison, "Is There a Phylogenetic Signal in
Prokaryote Proteins?" Journal of Molecular Evolution 49 (1999), pp.
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98-107; Laura A. Katz, "The Tangled Web: Gene Genealogies and the
Origin of Eukaryotes," The American Naturalist 154 Supplement
(1999), pp. 5137-S145; Andrew J. Roger. "Reconstructing Early
Events in Eukaryotic Evolution," The American Naturalist 154
Supplement (1999). pp. S146-5163.

Carl Woese, "The universal ancestor," Proceedings of the National
Academy of Sciences USA 95 (1998), pp. 6854-6859; quotations
(listed in the order in which they appear in the text) are from pp.
6854, 6855, 6858, 6856, 6854. See also Carl Woese, "Default
taxonomy: Ernst Mayes view of the microbial world," Proceedings
of the National Academy of Sciences USA 95 (1998), pp. 11043-
11046. W. Ford Doolittle, "Phylogenetic Classification and the
Universal Tree," Science 284 (1999), pp. 2124-2128; W. Ford
Doolittle, "Uprooting the Tree of Life," Scientific American 282
(February, 2000), pp. 90-95. See also W. Ford Doolittle, "Lateral
Genornies," Trends in Biochemical Sciences 24 (1999), M5-M8.

The fact of evolution?

For a photograph of the Hard Facts Wall see Teaching Science in a
Climate of Controversy (Ipswich, MA: American Scientific Affiliation,
1986), p. 61. The photograph is accompanied by a description and
explanatory drawings, pp. 56-63.

National Academy of Sciences, Teaching About Evolution and the
Nature of Science (Washington, DC: National Academy Press, 1998),
Chapter 5, pp. 2-3; Chapter 2, pp. 5-6. National Academy of Sci-
ences, Science and Creationism: A View from the National Academy
of Sciences, Second Edition (Washington, DC: National Academy
Press, 1999), "Evidence Supporting Biological Evolution," pp. 3, 6-7;
J. Madeleine Nash, "When Life Exploded," Time (December 4,
1995), pp. 66-74.

Textbook quotations are from Douglas Putuyma, Evolutionary
Biology, Third Edition (Sunderland, MA: Sinauer Associates, 1998),
p. 15; Neil A. Campbell, ane B. Reece, and Lawrence G. Mitchell,
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Biology, Fifth Edition (Menlo Park, CA: The Benjamin/Cummings
Publishing Company, 1999), pp. 419,426.

Quotations of dissenters from the "fact" of universal common
descent are from Harry Whittington, The Burgess Shale, p. 131;
Malcolm S. Gordon, "The Concept of Monophyly: A Speculative
Essay," Biology and Philosophy 14 (1999), pp. 331-348.

The Chinese paleontologist story has been making the rounds since
| first told it to some colleagues in 1999. Sadly, the principal reaction
from dogmatic American Darwinists has been to demand his name.
| refuse to give it to them, knowing what their colleagues have been
doing to critics since at least 1981, when British paleontologist Colin
Patterson, in a famous lecture at the American Museum of Natural
History in New York, openly questioned whether them is any
evidence for evolution. Afterwards, dogmatic Darwinists hounded
him relentlessly, and Patterson never again voiced his skepticism in
public. | fear they would do the same to the Chinese paleontologist
in my story, an excellent scientist who deserves to be protected
from heresy-hunters.

Chapter 4: Homology in Vertebrate Limbs

The terms "analogy" and "homology" did not actually originate with
Owen, but with William MaclLeay twenty years earlier (and the
concepts themselves were much older). For the history of the
concept, see Alec L. Panchen, "Richard Owen and the Concept of
Homology," pp. 21-62 in Brian K. Hall (editor). Homology: The
Hierarchical Basis of Comparative Biology (San Diego, CA: Academic
Press, 1994). See also Peter J. Bowler, Evolution: The History of an
Idea, Revised Edition (Berkeley: University of California Press, 1989).
Quotations are from Charles Darwin, The Origin of Species, Chapter
XIV, p. 335; Chapter XV, pp. 366,352.

Re-defining homology
Ernst Mayr, The Growth of Biological Thought (Cambridge, MA:
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Harvard University Press, 1982), pp. 232,465.
Homology and circular reasoning

J. H. Woodger, "On Biological Transformations," pp. 95-120 in W. E.
Le Gros Clark and P. B. Medawar (editors), Essays on Growth and
Form Presented to D'Arcy Wentworth Thompson (Oxford: Claren-
don Press, 1945), p. 109; Alan Boyden, "Homology and Analogy"
American Midland Naturalist 37 (1947), pp. 648-669. George
Gaylord Simpson's procedures are in his Principles of Animal Taxon-
omy (New York: Columbia University Press, 1961); Robert R. Sokal
and Peter H. A. Sneath criticize him for circularity in their Principles
of Numerical Taxonomy (San Francisco: Freeman, 1963), p. 21.

Michael T. Ghiselin, "An Application of the Theory of Definitions to
Systematic Principles," Systematic Zoology 15 (1966), pp. 127-130;
Michael T. Ghiselin, "Models in Phylogeny," pp. 130-145 in Thomas
J. M. Schopf (editor), Models in Paleobiology (San Francisco:
Freeman, Cooper and Company, 1972), p. 134; David L. Hull,
"Certainty and Circularity in Evolutionary Taxonomy," Evolution 21
(1967), pp. 174-189; N. lJardine, "The concept of homology in
biology," British Journal for the Philosophy of Science 18 (1967), pp.
125-139; Donald H. Colless, "The Phylogenetic Fallacy" Systematic
Zoology 16 (1967), pp. 289-295. The "method of successive
approximation," or "method of reciprocal illurnination;' was
proposed by Willi Hennig, founder of cladistics; for a review of the
"groping" criticism, see Sokal and Sneath, Principles of Numerical
Taxonomy, p. 21. Biologist Walter Bock attempted to solve the
problem in 1974 by embracing the neoDarwinian definition of
homology as common ancestry but specifying that "similarity
between features is the only method for recognizing homologues."
Walter]. Bock, "Philosophical Foundations of Classical Evolutionary
Classification," Systematic Zoology 22 (1974), pp. 375-392. But this
merely equivocated between two meanings of homology. On the
logical problem in separating "definition" from "recognition
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criteria," see Bruce A, Young, "On the Necessity of an Archetypal
Concept in Morphology: With Special Reference to the Concepts of
'Structure' and 'Homology'," Biology and Philosophy 8 (1993), pp.
225-248. Ronald H. Brady, "On the Independence of Systematics,"
aculistirs 1 (1985), pp. 113-126.

Breaking the circle

David B. Wake, "Homoplasy, homology and the problem of 'same-
ness' in biology," pp. 24-33 and 44-45 in Homology (Novartis
Symposium 222; Chichester, UK: John Wiley & Sons, 1999), pp. 45,
27.

Evidence from DNA sequences

David M. Hillis, "Homology in Molecular Biology," pp. 339-368 in
Brian K. Hall (editor), Homology: The Hierarchical Basis of
Comparative Biology, pp. 339-341, 359. Colin Patterson, David M.
Williams, and Christopher J. Humphries, "Congruence Between
Molecular and Morphological Phylogenies," Annual Review of
Ecology and Systematics 24 (1993), pp. 153-188. See also Colin
Patterson, 'Homology in Classical and Molecular Biology,"
Molecular Biology and Evolution 5 (1988), pp. 603-625; and Michael
S. Y. Lee, "Molecular phylogenies become functional," Trends in
Ecology and Evolution 14 (1999), pp. 177-178. On the growing
problems with DNA sequence comparisons, see the previous chap-
ter and the recent article by W. Ford Doolittle, "Uprooting the Tree
of Life," Scientific American 282 (February 2000), pp. 90-95.

The fossil record

Sokal and Sneath, Principles of Numerical Taxonomy, pp. 56-57;
Bruce A, Young, "On the Necessity of an Archetypal Concept in
Morphology: With Special Reference to the Concepts of 'Structure'
and 'Homology'," Biology and Philosophy 8 (1993), pp. 225-248, p.
231. See also Peter H. A. Sneath and Robert R. Sokal, Numerical

Taxonomy (San Francisco, CA: W H. Freeman and Company, 1973),
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p. 76; Elliot Sober, Reconstnicting the Past (Cambridge, MA: MIT
Press, 1988), p. 20.

For the Corvette analogy, see Tim Berra, Evolution and the Myth of
Creationism (Stanford, CA: Stanford University Press, 1990), pp.
117-119. Berra's analogy was anticipated at least as early as 1964,
but at that time it was used to illustrate the profilerms involved in
inferring evolutionary relationships from similarities! See Rolf
Sattler, "Methodological Problems in Taxonomy," Systematic Zool-
ogy 13 (1964), pp. 19-27. For a recent textbook use of Berra's Blun-
der, see T. Douglas Price and Gary M. Feitunan, Images of the Past,
Second Edition (Mountain View, CA: Mayfield Publishing, 1997), P.
3.

Phillip E. Johnson, Defeating Darwinism by Opening Minds
(Downers Grove, IL: Intervarsity Press, 1997), pp. 62-63; Darwin,
The Origin of Species, Introduction, p. 12; Chapter XIV, p. 343. Leigh
M. Van Valen, "Homology and Causes,"Journal of Morphology 173
(1982), pp. 305-312.

Evidence from developmental pathways

Edmund B. Wilson, The Embryological Criterion of Homology,"
pp.101-124 in Biological Lectures Delivered at the Marine Biological
Laboratory of Wood's Hole in the Summer Session of 1894 (Boston:
Ginn & Company, 1895), p. 107; Gavin de Beer, Embryos and
Ancestors, Third Edition (Oxford: Clarendon Press, 1958), p. 152.
Pere Alberch, "Problems with the Interpretation of Developmental
Sequences," Systematic Zoology 34 (1985), pp. 46-58; Rudolf Raff,
"Larval homologies and radical evolutionary changes in early
development,"” pp. 110-121 in Homology (Novartis Symposium 222;
Chichester, UK: John Wiley & Sons, 1999), p. 111.

On the differences between salamanders and other vertebrates,
see Neil H. Shubin and Pere Alberch, "A Morphogenetic Approach
to the Origin and Basic Organization of the Tetrapod Limb,"
Evolutionary Biology 20 (1986), pp. 319-387; and Neil H. Shubin,
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"History, Ontogeny, and Evolution of the Archetype," pp. 249-271
in Brian K. Hall (editor), Homology: The Hierarchical Basis of
Comparative Biology, pp. 264-266.

The Hinchliffe and Griffiths quotation is from J. R. Hinchliffe and P J.
Griffiths, "The prechondrogenic patterns in tetrapod limb devel-
opment and their phylogenetic significance," pp. 99-121 in B. C.
Goodwin, N. Holder and C. C. Wylie (editors), Development and
Evolution (Cambridge: Cambridge University Press, 1983), p. 118.
See also J. R. Hinchliffe, "Reconstructing the Archetype: Innovation
and Conservatism in the Evolution and Development of the
Pentadactyl Limb," pp. 171-189 in D. B. Wake and G. Roth (editors),
Complex Organismal Functions: Integration and Evolution in Verte-
brates (Chichester, UK: John Wiley & Sons, 1989); Neil H. Shubin,
"The Implications of 'The Bauplan' for Development and Evolu-
tion of the Tetrapod Limb," pp. 411-421 in J. R. Hinchliffe, J. M.
Hurle, and D. Summerbell (editors), Developmental Patterning of
the Vertebrate Limb (New York: Plenum Press, 1991).

The idea of an archetypal (ancestral) pattern common to all ver-
tebrate limbs was proposed by Nils Hohngren, "On the Origin of the
Tetrapod Limb," Arta Zoologica 14 (1933), pp. 185-295. Shubin and
Hinchliffe suggest that it is developmental processes, rather than
patterns, that are homologous. Brian Hall, however, argues that
"homology is a statement about pattern, and should not be con-
flated with a concept about processes and mechanisms;" see Brian
K. Hall, Evolutionary Developmental Biology (London: Chapman &
Hall, 1992), p. 194. Giinter Wagner maintains that the relevant
processes are those that maintain patterns rather than generate
them; see G. P. Wagner and B. Y. Misof, "How can a character be
developmentally constrained despite variation in developmental
pathways,"Journal of Evolutionary Biology 6 (1993), pp. 449-455.
The form-maintaining mechanisms, however, have yet to be iden-
tified. For a general review of the lack of correlation between
homology and developmental pathways see Rudolf Raft; The Shape
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of Life (Chicago: The University of Chicago Press, 1996).
Evidence from developmental genetics

For de Beer's comment about homology and genes, see Gavin de
Beer, Homology: An Unsolved Problem (London: Oxford University
Press, 1971), pp. 15-16. On homologous features not due to
homologous genes, see Gregory A. Wray and Ehab Abouheif, "When
is homology not homology?" Current Opinion in Genetics &
Development 8 (1998), pp. 675-680.

On developmental genes from mice functionally replacing their
counterparts in flies, see Georg Haider, Patrick Callaerts, and
Walter.) Gehring, "Induction of Ectopic Eyes by Targeted Expression
of the eyeless Gene in Drosophila," Science 267 (1995), pp. 1788-
1792. See also Jarenza Malicki, Klaus Shughart, and William
McGinnis, "Mouse Hox-2 .2 Specifies Thoracic Segmental Identity in
Drosophila Embryos and Larvae," Cell 63 (1990), pp. 961-967;
Nadine McGinnis, Michael A. Kuziora, and William McGinnis,
"Human Hox- 4,2 and Drosophila Deformed Encode Similar
Regulatory Specificities in Drosophila Embryos and Larvae," Cell 63
(1990), pp. 969-976; Jack Jiagang Zhao, Robert A. Lazzarini, and
Leslie Pick, "The mouse Hox-1.3 gene is functionally equivalent to
the Drosophila Sex combs reduced gene," Genes & Development 7
(1993), pp. 343-354. On Distal-less, see Grace Panganiban, et al.,
"The origin and evolution of animal appendages," Proceedings of
the National Academy of Sciences USA 94 (1997), pp. 5162-5166;
Gregory Wray, "Evolutionary dissociations between homologous
genes and homologous structures," pp. 189-203 in Homology
(Novartis Symposium 222; Chichester, UK: John Wiley & Sons,
1999), pp. 195-196.

On similar genetic networks, see Neil Shubin, Cliff Tabin, and Sean
Carroll, "Fossils, genes and the evolution of animal limbs," Nature
388 (1997), pp. 639-648; and Clifford). Tabin, Sean B. Carroll, and
Grace Panganiban, "Out on a Limb: Parallels in Vertebrate and

Y.



Invertebrate Limb Patterning and the Origin of Appendages,"
American Zoologist 39 (1999), pp. 650-663. See also Concepcion
Rodriguez-Esteban at al., "Radical fringe positions the apical
ectodermal ridge at the dorsoventral boundary of the vertebrate
limb," Nature 386 (1997), pp. 360-366; and Ed Laufer et al.,
"Expression of Radical fringe in limb-bud ectoderm regulates apical
ectodermal ridge formation," Nature 386 (1997), pp. 366-373.
Gavin de Beer, Homology: An Unsolved Problem (London: Oxford
University Press, 1971), p. 16.

Vertebrate limbs as evidence for evolution?

Teresa Audesirk and Gerald Audesirk, Biology: Life on Earth (Upper
Saddle River, NJ: Prentice Hall, 1999), p. 264; Sylvia S. Mader,
Biology, Sixth Edition (Boston: WCB/McGraw-Hill, 1998), p. 298;
Peter H. Raven and George B. Johnson, Biology, Fifth Edition
(Boston: WCB/McGraw-Hill, 1999), pp. 412, 416; Neil A. Campbell,
Jane B. Reece, and Lawrence G. Mitchell, Biology, Fifth Edition
(Menlo Park, CA: Addison Wesley Longman, 1999), p. 424. See also
Helena Curtis and N. Sue Barnes, Invitation to Biology, Fifth Edition
(New York: Worth Publishers, 1994), pp. 404-4.11 Interestingly,
Miller and Levine's Biology (Upper Saddle River, NJ: Prentice Hall,
2000) avoids circular reasoning by defining homologies as
"structures... which meet different needs but develop from the
same body parts" (pp. 283-284). Guttman's Biology (Boston:
WCB/McGtaw-Hill, 1999) makes a similar claim and throws in genes:
"Structures are said to be homologous if they have the same
embryonic origins and occupy similar positions in different
species.... [and] the information that specifies biological structure is
genetic information" (pp. 25, 42), Although these books avoid
circular reasoning, they misrepresent the evidence by attributing
homologous structures to similar developmental pathways or
genes.

Critical thinking in action
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The Gee quotations are from Henry Gee, In Search of Deep Time
(New York: The Free Press, 1999), pp. 9-10.

Chapter 5: Haeckel's Embryos

Darwin quotations (listed in order of their appearance in the text)
are from Darwin, The Origin of Species, Chapter XIV, pp. 346,338,
345, 333, 345; The Descent of Man, Chapter |, pp. 398, 411. The
guotation calling embryology "by far the strongest" evidence is
from a September 10, 1860, letter to Asa Gray, in Francis Darwin
(editor), The Life and Letters of Charles Darwin (New York: D.
Appleton & Company, 1896), Vol. Il, p. 131; the letter is cited in
Ernst Mayr, The Growth of Biological Thought (Cambridge, MA:
Harvard University Press, 1982), p. 470, and in Stephen Jay Gould,
Ontogeny and Phylogeny (Cambridge, MA: Harvard University
Press, 1977), p. 70.

Figure 5-1. This is the most widely used version of Haeckel's various
embryo drawings. It is from Figures 57 & 58 in George J. Romanes,
Darwinism lllustrated (Chicago: Open Court, 1892), pp. 42-43. It
appeared (with black and white reversed) as Tafel VI &VII in Ernst
Haeckel, Anthropogenie, oder Entwicklungsgeschichte des
Metuchen (Leipzig Verlag von Wilhelm Engelmann, 1877), following
p. 291; and in English translation as Plates VI & VIl in Ernst Haeckel,
The Evolution of Man (New York: D. Appleton and Company, 1896),
following p. 362.

My use of the term "dass" here is non-technical and traditional.
Cladists object to calling reptiles a class, bemuse they do not con-
sider them a natural group (i.e., one containing a common ancestor
and all its descendants). But I'm not a dadist (see the next chapter,
on Archaeopteryx), and in any case "class" will be more familiar to
most readers. The main point of this chapter—that vertebrate
embryos are not most similar in their earliest stages—does not
depend on the terminology.

Will the real embryologist please stand up?
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The quotations of von Baer's laws are from Arthur Henfrey and
Thomas H. Huxley (editors), Scientific Memoirs: Selected from the
Thnsaaions of Foreign Academies of Science and from Foreign
journals: Natural History (London, 1853; reprinted 1966 by Johnson
Reprint Corporation, New York), p. 214. The Lenoir quotation is
from Timothy Lenoir, The Strategy of Life (Chicago: The University
of Chicago Press, 1982), p. 258.

Darwin's misuse of von Baer

Darwin, The Orkin of Species, pp. 338,345. On Darwin's misuse of
von Baer, see Jane M. Oppenheimer, "An Embryological Enigma in
the Origin of Species," pp. 221-255 in Jane M. Oppenheimer, Essays
in the History of Embryology and Biology (Cambridge, MA: The
M.L.T. Press, 1967).

The Churchill quotation is from Frederick B. Churchill, "The Rise of
Classical Descriptive Embryology," pp. 1-29 in Scott F. Gilbert
(editor), A Conceptual History of Modern Embryology (Baltimore,
MD: The Johns Hopkins University Press, 1991), pp. 19-20.

Haeckel's biogenetic law

Gould, Ontogeny and Phylogeny, p. 168; Adam Sedgwick, "The
Influence of Darwin on the Study of Animal Embryology," pp. 171-
184 in A. C. Seward (editor), Darwin and Modern Science
(Cambridge: Cambridge University Press, 1909), pp. 174-176; Frank
R. Lillie, The Development of the Chick, Second Edition (New York:
Henry Holt, 1919), p. 6; Gould, Ontogeny and Phylogeny, p. 168;
Nicholas Rasmussen, "The Decline of Recapitulationism in Early
Twentieth-Century Biology: Disciplinary Conflict and Consensus on
the Battleground of Theory," Journal of the History of Biology 24
(1991), pp. 51-89.

Resurrecting recapitulation Frank R. Lillie, The Development of the
Chick, pp. 4-6; Walter Garstang, "The theory of recapitulation: a
critical restatement of the biogenetic law," Journal of the Linnean
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Society (Zoology), 35 (1922), pp. 81-101; Gavin de Beer, Embryos
and Ancestors, Third Edition (Oxford: Clarendon Press, 1958), pp.
10,164,172. See also Jane Maienschein, "Cell Lineage, Ancestral
Reminiscence, and the Biogenetic Law," journal of the History of
Biology 11 (1978), pp. 129-158.

Darwin, The Origin of Species, pp. 338,345. Stephen Jay Gould
claims that Darwin never advocated Haeckelian recapitulation, but
the plain meaning of Darwin's words belies the claim; see Robert
Richards, The Meaning of Evolution (Chicago: The University of
Chicago Press, 1992), pp. 169-174.

Haeckel's embryo drawings

Jane M. Oppenheimer, "Haeckel's Variations on Darwin," pp. 123-
135 in Henry M. Heonigswald and Linda F. Wiener (editors),
Biological Metaphor and Cladistic Classification (Philadelphia:
University of Pennsylvania Press, 1987), p. 134. See also "Accused
of Fraud, Haeckel Leaves the Church," The New York Times
(November 27, 1910), Part 5, p. 11; J. Assmuth and Ernest R. Hull,
Haeckel's Frauds and Forgeries (Bombay: Examiner Press, 1915);
Glinter Rager, "Human embryology and the law of biogenesis,"
Rivista di Biologia 79 (1986), pp. 449-465.

In Figure 5-2, the middle line (showing actual embryos) is based
largely on data from M. K. Richardson, J. Hanken, M. L. Gooneratne,
C. Pieau, A. Raynaud, L. Selwood, and G. M. Wright, "There is no
highly conserved embryonic stage in the vertebrates: implications
for current theories of evolution and development," Anatomy &
Embryology 196 (1997), pp. 91-106.

Michael K. Richardson, "Heterochrony and the Phylotypic Period,"
Developmental Biology 172 (1995), pp. 412-421; M. K. Richardson,
et al., "There is no highly conserved embryonic stage in the
vertebrates: implications for current theories of evolution and
development," Anatomy & Embryology 196 (1997), pp. 91-106. See
also Michael K. Richardson, Steven P. Allen, Glenda M. Wright,
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Albert Raynaud, and Junes Hanken, "Semite number and vertebrate
evolution," Development 125 (1998), pp. 151-160; Elizabeth
Pennisi, "Haeckel's Embryos: Fraud Rediscovered," Science 277
(1997), p. 1435. Stephen Jay Gould's quote is from his essay,
"Absc.heulich! (Atrocious!)," Natural History (March 2000), PP. 42-
49.

The earliest stages in vertebrate embryos are not the most similar

Lewis Wolpert, The Triumph of the Embryo (Oxford: Oxford Uni-
versity Press, 1991), p. 12. See also Jonathan Wells, "Haeckel's
Embryos and Evolution: Setting the Record Straight," The American
Biology Teacher 61 (May 1999), pp. 345-349.

In Figure 5-3, the data for earlier stages of zebrafish, frog, chick and
human are taken from a variety of standard sources; see Figure 3 in
Jonathan Wells, "Haeckel's Embryos and Evolution: Setting the
Record Straight," The American Biology Teacher 61 (May 1999), pp.
345-349. See also Richard P. Elinson, "Change in developmental
patterns: embryos of amphibians with large eggs," pp. 1-21 in R. A.
Raff and E. C. Raff (editors), Development as an Evolutionary
Process, Vol. 8 (New York: Alan R. Liss, 1987). The data for early
turtle development were compiled by Jody F. Sjogren from Louis
Agassiz, Contributions to The Natural History of the United States of
America, First Monograph, VoL 2 (Boston: Little, Brown and
Company, 1857); Oskar Hertwig, Handbuch der vergleichenden and
experimenteilen Entwicklungslehre der Wirbeltiere, Erster Band,
Zweiter Tell (Jena: Verlag von Gustav Fischer, 1906); I. Y. Mahmoud,
George L. Hess, and John Klicka, "Normal Embryonic Stages of the
Western Painted Turtle, Chrysernys pitta bellii," Journal of
Morphology 141 (1975), pp. 269-280; Michael A. Ewert
"Embryology of Turtles," pp. 75-267, and lJeffrey Dean Miller,
"Embryology of Marine Turtles," pp. 269-328, in Carl Gans, Frank
Billets, and Paul F A. Maderson (editors), Biology of the Reptilia, Vol.
14, Development A (New York: John Wiley & Sons, 1985); S. Renous,
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F Rimblot-Baly, J. Fretey, and C. Pieau, "Caracteristiques du
developpement embryonnaire de la Tortuc Lush, Dermochelys
coriacea (Vandelli, 1761)," Annales des Sciences Naturelles,
Zoologie, Pans, Series 13, Vol. 10 (1989), pp. 197-229; G. Guyot, C.
Pieau, and S. Renous, "Developpement embryonnaire d'une tortue
ter-rester, la tortue d'Hermann, 7bstudo hermanni (Gmelin, 1789),"
Annales des Sciences Naturelles, Zoologie, Paris, Series 13, Vol. 15
(1994), pp. 115-137; J. J. Pasteels, "Etudes sue la gastrulation des
vertebris meroblastiques. Il. Reptiles," Archive Biologique, Paris, 48
(1937), pp. 105-184; J. J. Pasteels. "Etudes sur la gastrulation des
vertebras meroblastiques. IV. Conclusions generales," Archive
Biologique, Paris, 48 (1937), pp. 463-488; J. ). Pasteels, "Developpe-
ment embryonnaire," pp. 893-971 in Pierre P. Grasse, editor, Traitd
de Zoologie (Paris: Masson, 1970), Vol. 14.

In Figure 5-3, the term "placental mammal" for humans is imprecise,
because marsupials have a kind of placenta; "eutherian" is the
correct term, but it seemed too technical to use here. The main
point of the figure is to show that Haeckel's drawings do not fit the
actual embryos, whatever they may be called.

The dissimilarity of early embryos is well-known

Adam Sedgwick, "On the Law of Development commonly known as
von Baer's Law; and on the Significance of Ancestral Rudiments in
Embryonic Development," QuarterlyJournal of Microscopical
Science 36 (1894), pp. 35-52; William W. Ballard, "Problems of
gastrulation: real and verbal," BioScience 26 (1976), pp. 36-39; Erich
Blechschmidt, The Beginnings of Human Life, translated by
Transemantics (New York: Springer-Verlag, 1977), pp. 29-30;
Richard P. Elinson, "Change in developmental patterns: embryos of
amphibians with large eggs," pp. 1-21 in R. A. Raff and E. C. Ralf
(editors), Development as an Evolutionary Process, Vol. 8 (New
York: Alan R. Liss, 1987), p. 3; Michael K. Richardson, "Vertebrate
evolution: the developmental origins of adult variation," BioEssays
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21 (1999), pp. 604-613.

On modern terminology for what Haeckel called the "first" stage of
development, see William W. Ballard, "Morphogenetic Movements
and the Fate Maps of Vertebrates," American Zoologist 21 (1981),
pp. 391-399, ("pharyn.gula"); Klaus Sander, "The evolution of
patterning mechanisms: gleanings from insect embryogenesis and
spermatogenesis,' pp. 137-159 in B. C. Goodwin, N. Holder, and C.
C. Wylie (editors), Development and Evolution, Sixth Symposium of
the British Society for Developmental Biology (Cambridge:
Cambridge University Press, 1983), p. 140 ("phylatypic stage"); J. M.
W. Slack, P W. H. Holland, and C. F. Graham, "The zootype and the
phylotypic stage," Nature 361 (1993), pp. 490-492 ("zootype").

Denis Duboule, "Temporal colinearity and the phylotypic pro-
gression: a basis for the stability of a vertebrate Bauplan and the
evolution of morphologies through heterochrony," Development
Supplement (1994), pp. 135-142; Michael K. Richardson, "Verte-
brate evolution: the developmental origins of adult variation,"
BioEssays 21 (1999), pp. 604-613; Rudolf A. Raff, The Shape of Life:
Genes, Development, and the Evolution of Animal Form (Chicago:
The University of Chicago Press, 1996), p. 197.

Vertebrates are not the only phylum that contradicts von Baer's
laws. Recent embryological research on worms, insects, and sea
urchins reveals many instances in which organisms in the same
group differ more in the early stages of development than in later
ones. Von Baer's laws are no more true for invertebrates than for
vertebrates. For example, see R. A. R_aff, G. Wray, and J. J. Henry,
"Implications of radical evolutionary changes in early development
for concepts of developmental constraint," pp. 189-207 in L. Warren
and H. Koprowski (editors), New Perspectives in Evolution (New
York: Wiley-Liss, 1991).

A paradox for Darwinian evolution

Gregory Wray, "Punctuated Evolution of Embryos," Science 267
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(1995), pp. 1115-1116; Raff, , The Shape of Life: Genes, Develop-
ment, and the Evolution of Animal Form, p. 211.

Haeckel is dead. Long live Haeckel.

The Balinsky quotation is from B. |. Balinsky, An Introduction to
Embryology, Fourth Edition (Philadelphia: W. B. Saunders Company,
1975), pp. 7-8 (emphasis in original); Douglas Futuyma, Evolutionary
Biology, Third Edition (Sunderland, MA: Sinauer Associates, 1998),
p. 653; Helena Curtis and N. Sue Barnes, Invitation to Biology, Fifth
Edition (New York: Worth Publishers, 1994), p. 405; Bruce Alberts,
Dennis Bray, Julian Lewis, Martin Raft; Keith Roberts, and James D.
Watson, Molecular Biology of the Cell, Third Edition (New York:
Garland Publishing, 1994) pp. 32-33; Peter H. Raven and George B.
Johnson, Biology, Fifth Edition (Boston: WCB/McGraw-Hill, 1999),
pp. 1181, 416; Cede Starr and Ralph Taggart, Biology: The Unity and
Diversity of Life, Eighth Edition (Belmont, CA: Wadsworth Publishing
Company, 1998), p. 317; James L. Gould and William T. Keeton (with
Carol G. Gould), Biological Science, Sixth Edition (New York: WW.
Norton, 1996), p. 347; Burton S. Guttman, Biology (Boston:
WCB/McGraw-Hill, 1999), p. 718; Sylvia Mader, Biology, Sixth
Edition (Boston: WCB/McGraw-Hill, 1998), p. 298; Neil A. Campbell,
Jane B. Reece, and Lawrence G. Mitchell, Biology, Fifth Edition
(Menlo Park, CA: The Benjamin/ Cummings Publishing Company,
1999), p. 424.

Is a human embryo dike a fish?

Kenneth Miller, "What Does It Mean To Be One Of Us?" Life
Magazine (November, 1996), pp. 38-56. Curtis & Barnes, Invitation
to Biology, p. 405; Gould & Keeton, Biological Science, pp. 10, 347;
Raven & Johnson, Biology, pp. 416, 1181; Futuyma, Evolutionary
Biology, p. 122.

"Gill slits" are not gill slits
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William W. Ballard, "Problems of gastrulation: real and verbal," Bio-
Science 26 (1976), pp. 36-39; Lewis Wolpert, The Triumph of the
Embryo (Oxford: Oxford University Press, 1991), p. 185; Giinter
Rager, "Human embryology and the law of biogenesis," Rivista di
Biologia 79 (1986), pp. 449-465.

Atrocious!

Douglas Futuyma's remarks were posted February 17, 2000, to the
Digital City-Kansas City public evolution board
(http://home.digitaldry.comikansascity); the Gould quotations are
from Stephen Jay Gould, "Abscheulich! Atrocious!" Natural History
(March, 2000), pp. 42-49.

Chapter 6: Archaeopteryx:The Missing Link

Darwin, The Origin of Species, Chapter X, pp. 235, 234, 255. The
discovery of Archaeopteryx has been recounted in several recent
books on the subject, including Alan Feduccia, The Origin and
Evolution of Birds (New Haven, CT: Yale University Press, 1996), and
Pat Shipman, Taking Wing (New York: Simon & Schuster, 1998.(

Figure 6-1: This photo of the Berlin Archaeopteryx is from Harry G.
Seeley, "On some Differences between the London and Berlin
Specimens referred to Archaeopteryx," The Geological Magazine,
Series 2, Vol. 8 (1881), pp. 454-455. Photo provided by the Linda
Hall Library, Kansas City, Missouri.

The "First Bird"

Lowell Dingus and Timothy Rowe, The Mistaken Extinction:
Dinosaur Evolution and the Origin of Birds (New York: W. H.
Freeman and Company, 1998), p. 116; Alan Feduccia, The Origin
and Evolution of Birds, p. 29; Pat Shipman, Taking Wing, pp. 14-16.
On Protoavis see Sankar Chatteijee, "Cranial anatomy and
relationships of a new Triassic bird from Texas," Philosophical
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Transactions of the Royal Society of London B 332 (1991), pp. 277-
342; Sankar Chatterjee, "Protoavis and the early evolution of birds,"
Palaeontognsphica 254 (1999), pp. 1-100. On the absence of
feathen in Protoavis fossils, see Roger L. DiSilvestro, "In quest of the
origin of birds," BioScience 47 (1997), pp. 481-485. Quotations from
paleontologists skeptical of Protoavis are in Pat Shipman, Taking
Wing, pp. 112-113. See also Edwin H. Colbert and Michael Morales,
Evolution of the Vertebrates, Fourth Edition (New York: Wiley-Liss,
1991), p. 183; Alan Feduccia, The Origin and Evolution of Birds, p.
38.

For the accusation that Archaeopteryx was a forgery, see Fred Hoyle
and Chandra Wickramasinghe, Archaeopteryx, the Primordial Bird:
A Case of Fossil Forgery (London: Christopher Davies, 1986). For the
refutation of this claim, see Alan J. Charig et al., "Archaeopteryx Is
Not a Forgery," Science 232 (1986), pp. 622-626; David Dickson,
"Feathers Still Fly in Row over Fossil Bird," Science 238 (1987), pp.
475-476; Giles Courtice, "Museum officials confident
Archaeopteryx is genuine... but opponents renew demands for
proof," Nature 328 (1987), p. 657. See also Peter Wellnhofer,
"Archaeopteryx," Scientific American 262 (May, 1990), pp. 70-77;
Feduccia, The Origin and Evolution of Birds, pp. 38-39; Shipman,
Taking Wing, pp. 141-148.

The missing link

On the original dinosaur theory of bird evolution see Thomas H.
Huxley, "On the Animals which are most nearly intermediate
between Birds and Reptiles," The Annals and Magazine of Natural
History, Vol. Il, Fourth Series (1868), pp. 66-75; Darwin, Origin of
Species, p. 266. See also John H. Ostrom, "Archaeopteryx and the
origin of birds," Biological Journal of the Littnean Society 8 (1976),
pp. 91-182; Adrian Desmond, Archetypes and Ancestors (Chicago:
The University of Chicago Press, 1982), pp. 124-131. On the
misidentification of Archaeopteryx as Compsognathus, see Dingus
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& Rowe, The Mistaken Extinction, pp. 120, 185; Shipman, Taking
Wing, pp. 44-45, 115.

Coelophysis, a two-legged dinosaur that preceded Archaeopteryx,
is not considered ancestral to Archaeopteryx because, like
Compsognathus, its features are not those one would expect in an
ancestor; see Robert L. Carroll, Vertebrate Paleontology and
Evolution (New York: W. H. Freeman, 1988), pp. 290-292, 303; and
Dingus and Rowe, The Mistaken Extinction, pp. 181-183.

The Mayr quotation is from Ernst Mayr, The Growth of Biological
Thought (Cambridge, MA: Harvard University Press, 1982), p. 430.

Quotations about Archaeopteryx not being the ancestor of modern
birds are from Larry D. Martin, "The Relationship of Archaeopteryx
to other Birds," pp. 177-183 in M. K. Hecht, J. H. Ostrom, G. Viohl,
and P. Wellnhofer (editors), The Beginnings of Birds (Eichstlitt:
Freunde des Jura-Museums, 1985), p. 182;

John Schwartz, "New Evolution Research Ruffles Some Feathers,"
The Washington Post (November 15, 1996), p. A3 (quoting Mark
Norell.(

The origin of flight

For discussions of the "trees down" and "ground up" theories of the
origin of flight, see Walter J. Bock, "The Arboreal Origin of Avian
Flight," pp.57-72, and John IL Ostrom, "The Cursorial Origin of Avian
Flight," pp. 73-81, in Kevin Padian (editor), The Origin of Birds and
the Evolution of Flight (San Francisco: California Academy of
Sciences, 1986), Memoir Number 8; Feduccia, The Origin and
Evolution of Birds, pp. 93-137; Shipman, Taking Wing, pp. 174-218.

Cladistics

Kevin de Queiroz, "Systematics and the Darwinian R.evolution,"
Philosophy of Science 55 (1988), pp. 238-259. See also Kevin de
Queiroz and Jacques Gauthier, "Toward a phylogenetic system of
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biological nomenclature,” Trends in Ecology and Evolution 9 (1994),
pp. 27-31; Henry Gee, In Search of Deep Time (New York: The Free
Press, 1999). On the application of cladistics to bird phylogeny, see
Jacques Gauthier, "Saurischian Monophyly and the Origin of Birds,"
pp. 1-55, in Kevin Padian (editor), The Origin of Birds and the
Evolution of Flight. The Shipman quotation is from Taking Wing, p.
33.

Re-arranging the evidence

The data for Figure 6-2 (Oladistic theory and the fossil record) are
from Kevin Padian and Luis M. Chiappe, "The origin and early
evolution of birds," Biological Reviews 73 (1998), pp. 1-42 (Figure
14). The figure had been previously published in Luis M. Chappe,
“The first 85 million years of avian evolution," Nature 378 (1995),
pp. 349-355. Quotations by Chiappe and Ruben are from Roger L
DiSilvestro, "In quest of the origin of birds," BioScience 47 (1997),
pp. 481-485.

Dethroning Archaeopteryx

Birds are dinosaurs: Dingus and Rowe, The Mistaken Extinction, pp.
205-206. See also Kevin Padian and Luis M. Chiappe, "The Origin of
Birds and Their Flight," Scientific American (February, 1998), pp. 38-
47.

Gee quotations are from Henry Gee, In Search of Deep Time (New
York: The Free Press, 1999), pp. 195-197.

The "Piltdown bird"

Christopher P. Sloan, "Feathers for T. Rex?" National Geographic
196 (November, 1999), pp. 98-107. National Geographic's web-site
retraction is at http://www.ngnews.com/ news/2000/01/
01212000/feathereddino_9321.txt. Rex Dalton, "Feathers fly over
Chinese fossil bird's legality and authenticity," Nature 403 (2000),
pp. 689-690; "Fossil smuggling unopposed," Nature 403 (2000), p.
687; William L. Allen, "Fooled, but not foolish," letter to Nature 404
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(2000), p. 541; Xu Xing, "Feathers for T. rex?" letter to National
Geographic (March, 2000), pp. Forum section. See also Constance
Holden, "Florida Meeting Shows Perils, Promise of Dealing for
Dinos," Science 288 (2000), pp. 238-239; Jeff Hecht, "Piltdown bird,"
New Scientist 165 (January 29, 2000), p. 12; Rex Dalton, "Fake bird
fossil highlights the problem of illegal trading," Nature 404 (2000),
p. 696.

The open letter from Storrs Olson to Peter Raven was dated
November 1,1999, and sent in eletronic form (as an email message)
and hard copy. The authenticity of the letter and its contents were
confirmed to me in a personal communication from Stern Olson on
April 24, 2000.

Feathers for Bambiraptor

The Florida Symposium on Dinosaur Bird Evolution, April 7 and 8,
2000, Ft. Lauderdale, Florida. Sponsored by the Florida Institute of
Paleontology and The Graves Museum of Archaeology and Natural
History. The original scientific description is David A. Burnham, Kraig
L. Derstler, Philip]. Currie, Robert T. Bakker, Zhonghe Zhou, and John
H. Ostrom, "Remarkable New Birdlike Dinosaur (Theropoda:
Maniraptora) from the Upper Cretaceous of Montana," The
University of Kansas Paleontological Contributions, New Series,
Number 13 (March 15, 2000). Paleontologists' quotes are from
"Another Birdlike Dino Unveiled," Science 287 (March 24, 2000), p.
2145; and David Burnham, in a videotape played in the exhibit room
at the Florida conference, April 7-8, 2000. See also Constance
Holden, "Florida Meeting Shows Perils, Promise of Dealing for
Dinos," Science 288 (2000), pp. 238-239.

Figures 6-3 and 6-4 are based on the reconstructed Bambiraptor
specimen displayed at the Florida Symposium on Dinosaur Bird
Evolution, April 7-8, 2000. See also David A. Burnham, Kraig L.
Derstler, Philip J. Currie, Robert T. Bakker, Zhonghe Zhou, and John
H. Ostrom, "Remarkable New Birdlike Dinosaur (Theropoda:
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Maniraptora) from the Upper Cretaceous of Montana," The
University of Kansas Paleontological Contributions, New Series,
Number 13 (March 15, 2000).

On feathered Velociraptors at the American Museum of Natural
History in New York, see Sharon Begley and Thomas Hayden, "When
Dinsoaurs Roamed the Earth;' Newsweek (May 15, 2000), pp. 66-
68. The quotations from Feduccia and Martin are from Pat Shipman,
"Birds do it... did dinosaurs?" New Scientist (February 1, 1997), pp.
27-31.

Turkey DNA from Triceratops?

Damien Marsic, Parker Carroll, Laura Heffelfinger, Tyler Lyson,
Joseph D. Ng, and William R. Garstka, "DNA Sequence of the
Mitochondrial 12S rRNA Gene from Triceratops Fossils: Molecular
Evidence Supports the Evolutionary Relationship between
Dinosaurs and Birds," Publications in Paleontology, No. 2, Graves
Museum of Archaeology and Natural History, Dania Beach, FL (April
7-8,2000), p. 19; Constance Holden, "Dinos and Turkeys: Connected
by DNA?" Science 288 (2000), p. 238.

On the inability to recover useful sequence information from DNA
older than a million years, see Tomas Lindahl, "Instability and decay
of the primary structure of DNA," Nature 362 (1993), pp. 709-715.

The "cracked kettle" approach to doing science

The title of Kevin Padian's talk was "Methods and Standards of
Evidence: Why the Bird-Dinosaur Controversy is Dead." The abstract
is in Publications in Paleontology, No. 2, Graves Museum of
Archaeology and Natural History, Dania Beach, FL (April 7-8, 2000),
p. 21.

Whatever happened to Archaeopteryx?

Textbook quotations are from Sylvia Mader, Biology, Sixth Edition
(Boston, MA: WCB/McGraw-Hill, 1998), p. 296; William D. Schraer
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and Herbert J. Stoltze, Biology: The Study of Life, Seventh Edition
(Upper Saddle River, NJ: Prentice Hall, 1999), p. 761.

Chapter 7: Peppered Moths

Darwin, The Origin of Species, Introduction, p. 14; the "imaginary
illustrations" quotation is from Chapter IV, p. 70; Hermon C.
Bumpus, The Elimination of the Unfit as lllustrated by the
Introduced Sparrow, Passer domesticus," pp. 209-226 in Biological
Lectures from the Marine Biological Laboratory, 1898 (Boston: Ginn
& Company, 1899). See also John Endler, Natural Selection in the
Wild (Princeton, NJ: Princeton University Press, 1986); Jonathan
Weiner, The Beak of the Finch (New York: Vintage Books, 1994). pp.
226-227; Ernst Mayr, The Growth of Biological Thought (Cambridge,
MA: Harvard University Press, 1982), p. 586; H. B. D. Kettlewell,
"Darwin's Missing Evidence," Scientific American 200 (March 1959),
pp. 48-53.

Industrial melanism

Most acounts of industrial melanism claim that the first melanic
moth was captured in 1848, but several writers refer to a collection
made before 1811; see E. B. Ford, Ecological Genetics, Fourth
Edition (London: Chapman and Hall, 1975), p. 329.

J. W. Tutt, British Moths (London: George Roudedge, 1896); J. W. H.
Harrison, "Genetical studies in the moths of the geometrid genus
Oporabia (Oporinia) with a special consideration of melanism in the
Lepidoptera," Journal of Genetics 9 (1920), pp. 195-280; J. W.
Heslop Harrison, "The Experimental Induction of Melanism, and
other Effects, in the Geometrid Moth Selenia bilunaria esp.,"
Proceedings of the Royal Society of London B 117 (1935), pp. 78-92;
E. B. Ford, "Problems of heredity in the Lepidoptera," Biological
Reviews 12 {1937), pp. 461-503; E. B. Ford, Ecological Genetics, pp.
319-321. See also Michael E. N. Majerus, Melanism: Evolution in
Action (Oxford: Oxford University Press, 1998).
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Kettlewell's experiments

H. B. D. Kettlewell, "Selection experiments on industrial melanism
in the Lepidoptera," Heredity 9 (1955), pp. 323-342; H. B. D.
Kettlewell, "Further selection experiments on industrial melanism
in the Lepidoptera," Heredity 10 (1956), pp. 287-301. See also
Bernard Kettlewell, The Evolution of Melanism (Oxford: Clarendon
Press, 1973.(

Darwin's missing evidence

Quotations are from H. B. D. Kettlewell, "Selection experiments on
industrial melanism in the Lepidoptera," Heredity 9 (1955), pp. 323-
342; H. B. D. Kettlewell, "Darwin's Missing Evidence," Scientific
American 200 (March 1959), pp. 48-53; P. M. Sheppard, Natural
Selection and Heredity, Fourth Edition (London: Hutchinson
University Library, 1975), p. 70; Sewall Wright, Evolution and the
Genetics of Populations, Vol. 4: Variability Within and Among
Natural Populations (Chicago: The University of Chicago Press,
1978), p. 186; J. S. Jones, "More to melanism than meets the eye,"
Nature 300 (1982), p. 109.

On the decline of melanism see C. A. Clarke and P. M. Sheppard, "A
local survey of the distribution of industrial melanic forms in the
moth Bitten betularia and estimates of the selective values of these
in an industrial environment," Proceedings of the Royal Society of
London B 165 (1966), pp. 424-439; Bernard Kettlewell, The
Evolution of Melanism; J. A. Bishop and Laurence M. Cook, "Moths,
Melanism and Clean Air," Scientific American 232 (1975), pp. 90-99.
See also D. R. Lees, "Industrial melanism: genetic adaptation of
animals to air pollution," pp. 129-176 in.". A. Bishop and L. M. Cook
(editors), Genetic Consequences of Man-made Change (London:
Academic Press, 1981.(

Problems with the evidence

J. A. Bishop, "An experimental study of the dine of industrial
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melanism in Biston betularia (L.) (Lepidoptera) between urban
Liverpool and rural North Wales," journal of Animal Ecology 41
(1972), pp. 209-243; D. R. Lees and E. R. Creed, "Industrial melanism
in Biston betularia: the role of selective predation," Journal of
Animal Ecology 44 (1975), pp. 67-83; R. C. Steward, "Industrial and
nonindustrial melanism in the peppered moth, Biston betularia
(L.)," Ecological Entomology 2 (1977), pp. 231-243; R. J. Berry,
"Industrial melanism and peppered moths (Biston betularia (L.)),"
Biological Journal of the Linnean Society 39 (1990), pp. 301-322. See
also J. A. Bishop and L. M. Cook, "Industrial melanism and the urban
environment," Advances in Ecological Research 11 (1980), pp. 373-
404; G. S. Mani, "Theoretical models of melanism in Biston
betularia—a review," Biological Journal of the Linnean Society 39
(1990), pp. 355-371.

The exaggerated role of lichens

Bernard Kettlewell, The Evolution of Melanism; D. R. Lees, E. R.
Creed, and L. G. Duckett, "Atmospheric pollution and industrial
melanism; Heredity 30 (1973), pp. 227-232; C. A. Clarke, G. S. Mani,
and G. Wynne, "Evolution in reverse: clean air and the peppered
moth," Biological Journal of the Linnean Society 26 (1985), pp. 189-
199; Bruce S. Grant and Rory J. Howlett, "Background selection by
the peppered moth (Biston betularia Linn.): individual differences,"
Biological Journal of the Linnean Society 33 (1988), pp. 217-232; B.
S. Grant, D. F. Owen, and C. A. Clarke, "Parallel Rise and Fall of
Melanic Peppered Moths in America and Britain," Journal of
Heredity 87 (1996), pp. 351-357; B. S. Grant, A. D. Cook, C. A. Clarke,
and D. F. Owen, "Geographic and Temporal Variation in the
Incidence of Melanism in Peppered Moth Populations in America
and Britain," Journal of Heredity 89 (1998), pp. 465-471. See also D.
E Owen, "The Evolution of Melanism. in Six Species of North
American Geomettid Moths," Annals of the Entomological Society
of America 55 (1962), pp. 695-703; Bruce S. Grant, Denis E Owen,
and Cyril A. Clarke, "Decline of melanic moths," Nature 373 (1995),
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p. 565.
Peppered moths don't rest on tree trunks

The one attempt to release moths before dawn is described in
Bernard Kettlewell, The Evolution of Melanism, p. 129; Kettlewell's
guotation about moths choosing positions higher in the trees is
from H. B. D. Kettlewell, "Selection experiments on industrial
melanism in the Lepidoptera," Heredity 9 (1955), pp. 323-342.

Research using dead specimens glued or pinned to tree trunks
included C. A. Clarke and P. M. Sheppard, "A local survey of the
distribution of industrial melanic forms in the moth Biston betu(aria
and estimates of the selective values of these in an industrial
environment," Proceedings of the Royal Society of London B 165
(1966), pp. 424-439; J. A. Bishop, "An experimental study of the
cline of industrial melanism in Biston betulan'a (L.) (Lepidoptera)
between urban Liverpool and rural North Wales,"Journal of Animal
Ecology 41 (1972), pp. 209-243; D. R. Lees and E. R. Creed,
"Industrial melanism in Biston betularia: the role of selective
predation," Journal of Animal Ecology 44 (1975), pp. 67-83; R. C.
Steward, "Melanism and selective predation in three species of
moths," Journal of Animal Ecology 46 (1977), pp. 483-496; N. D.
Murray, J. A. Bishop, and M. R. MacNair, "Melanism and predation
by birds in the moths Biston betularia and Phigalia pilosauria,"
Proceedings of the Royal Society of London It 210 (1980), pp. 277-
283.

Misgivings about the use of dead moths were expressed by
Kettlewell in his book, The Evolution of Melanism, p. 150; and by J.
A. Bishop and Laurence M. Cook, "Moths, Melanism and Clean Air,"
Scientific American 232 (1975), pp. 90-99.

For actual evidence regarding the moth's natural resting places, see
K. Mikkola, "On the selective forces acting in the industrial
melanism of Bitten and Oligia moths (Lepidoptera: Geometrid.ae
and Noctuidae)," Biological Journal of the Littman Society 21 (1984),
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pp. 409-421; C. A. Clarke, G. S. Mani, and G. 'Wynne, "Evolution in
reverse: clean air and the peppered moth," Biological Journal of the
Linnean Society 26 (1985), pp. 189-199; Rory]. Howlett and Michael
E. N. Majerus, "The understanding of industrial melanism in the
peppered moth (Biston betularia) (Lepidoptera: Geometridae),"
Biological Journal of the Linnean Society 30 (1987), pp. 31-44; Tony
G. Liebert and Paul M. Brakefield, "Behavioural studies on the
peppered moth Biston hetularia and a discussion of the role of
pollution and lichens in industrial melanism," Biological Journal of
the Linnean Society 31 (1987), pp. 129-150; M. E. N. Majerus,
Melanism: Evolution in Action, p. 116. For a short review, see
Jeremy Cherfas, "Exploding the myth of the melanic moth," New
Scientist (December 25, 1986-January 1, 1987), p. 25.

Staged photographs

A 1975 photo using torpid live moths is in J. A. Bishop and Laurence
M. Cook, "Moths, Melanism and Clean Air," Scientific American 232
(1975), pp. 90-99. (The procedure for making the photo was
confirmed to me in a personal communication from L. M. Cook,
1998, University of Manchester, Manchester, U.K.) The Sargent
statement is from Larry Witham, "Darwinism icons disputed:
Biologists discount moth study," The Washington Times (National
Weekly Edition) (January 25-31,1999), p. 28.

Doubts about the classical story

Giuseppe Sermonti and Paola Catastini, "On industrial melanism:
Kettlewell's missing evidence," Rivista di Biologia 77 (1984), pp. 35-
52; Atuhiro Sibatani, "Industrial Melanism Revisited," Rioista di
Biologia 92 (1999), pp. 349-356. See also David M. Lambert, Craig D.
Millar, and Tony G. Hughes, "On the classic case of natural
selection," Rivista di Biologia 79 (1986), pp. 11-49; Craig Millar and
David Lambert, "Industrial melanism—a classic example of another
kind?" a review of Michael Majerus's Melanism: Evolution in Action,
BioScience 49 (1999), pp. 1021-1023.
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Theodore D. Sargent, Craig D. Millar, and David M. Lambert, "The
'Classical' Explanation of Industrial Melanism: Assessing the
Evidence," Evolutionary Biology 30 (1998), pp. 299-322. See also
Jonathan Wells, "Second Thoughts about Peppered Moths," The
Scientist (May 24, 1999), p. 13.

On thermal melanism in ladybird beetles, see E. R. Creed,
"Geographic variation in the two-spot ladybird in England and
Wales," Heredity 21 (1966), pp. 57-72; Paul M. Brakefield,
"Polymorphic Mfillerian mimicry and interactions with thermal
melanism in ladybirds and a soldier beetle: a hypothesis;
Biologicallourrial of the Linnean Society 26 (1985), pp. 243-267. See
also E. B. Ford, Ecological Genetics. For recent defenses of the
classical story that acknowledge its complexities, see Michael E. N.
Majerus, Melanism: Evolution in Action (Oxford: Oxford University
Press, 1998); Laurence Cook, a review of Michael Majerus's
Melanism: Evolution in Action, Genetical Research, Cambridge 72
(1998), pp. 73-75; M. E. N. Majerus, C. F. A. Brunton, and J. Stalker,
"A bird's eye view of the peppered moth," Journal of Evolutionary
Biology 13 (2000), pp. 155-159; L. M. Cook, "Changing views on
molanic moths," Biological Journal of the Linnean Society 69 (2000),
pp. 431-441.

Science or alchemy?

Jerry Coyne, "Not black and white," a review of Michael Majerus's
Melartistn: Evolution in Action, Nature 396 (1998), pp. 35-36; Bruce
S. Grant, "Fine Tuning the Peppered Moth Paradigm," Evolution 53
(1999), pp. 980-984; John A. Endler, Natural Selection in the Wild
(Princeton, NJ: Princeton University Press, 1986), p. 164.

The peppered myth

Textbook quotations are from Kenneth R. Miller and Joseph Levine,
Biology, Fifth Edition (Upper Saddle River, NJ: Prentice Hall, 2000),
pp. 297, 298; Burton S. Guttman, Biology (Boston, MA:
WCB/McGraw-Hill, 1999), pp. 35-36; George B. Johnson, Biology:
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Visualizing lift, Annotated Teacher's Edition (Orlando, FL: Holt,
Rinehart and Winston, 1998), p. 182; Cede Starr and Ralph Taggart,
Biology: The Unity and Diversity of Life, Eighth Edition (Belmont, CA:
Wadsworth Publishing, 1998), p. 286.

One laudable exception to the widespread use of staged pictures is
Mark Ridley's textbook, Evolution, Second Edition (Cambridge, MA:
Blackwell Science, 1996), which carries photos of peppered moths
resting under horizontal branches on p. 104.

Other textbooks that feature the peppered myth include: Kenneth
R. Miller and Joseph Levine, Biology: The Living Science (Upper
Saddle River, NJ: Prentice Hall, 1998), p. 234; Eric Strauss and
Marilyn Lisowski, Biology: The Mb or Life, Second Edition (Glenview,
IL: Scott Foresman/Addison Wesley 2000), p. 250; Sylvia Mader,
Biology, Sixth Edition (Boston, MA:WCB/McGraw-Hill, 1998), p. 310;
Teresa Audesirk and Gerald Audesirk, Biology: Life on Earth, Fifth
Edition (Upper Saddle River, NJ: Prentice Hall, 1999), p. 268. The
Ritter quotation is from Carla Yu, "Moth-eaten Darwinism: A
disproven textbook case of natural selection refuses to die," Alberta
Report Newsmagazine Vol. 26, No. 15 (April 5, 1999), pp. 38-39. The
textbook in question is Bob Ritter, Richard F. Coombs, R. Bruce
Drysdale, Grant A. Gardner, and Dave T Lunn, Biology (Scarborough,
ONT: Nelson Canada, 1993), which deals with peppered moths on
pp. 109-110.

The Coyne quotations are from Jerry Coyne, "Not black and white,"
a review of Michael Majerus's Melanism: Evolution in Action,
Nature 396 (1998), pp. 35-36.

Chapter 8: Darwin's Finches
The legend of Darwin's finches

Sulloway's quotations ate from Frank J. Sulloway, "Darwin and His
Finches: The Evolution of a Legend," Journal of the History of
Biology 15 (1982), pp. 1-53; Sulloway, "Darwin and the Galapagos,"
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Biological Journal of the Linnean Society 21 (1984), pp. 29-59. See
also Sulloway, "Darwin's Conversion: The Beagle Voyage and Its
Aftermath,"Journal of the History of Biology 15 (1982), pp. 325-396;
and Sulloway, "The legend of Darwin's finches," letter to Nature 303
(1983), p. 372.

The first edition of Darwin's journal mentions that "in the thirteen
species of ground-finches, a nearly perfect gradation may be traced,
from a beak extraordinarily thick, to one an fine, that it may be
compared to that of a warbler. | very much suspect, that certain
members of the series are confined to different islands; therefore,
if the collection had been made on any one island, it would not have
presented so perfect a gradation." Charles Darwin, Journal of
Researches into the Geology and Natural History of the various
countries visited by H. M. S. Beagle, (1839), Facsimile Reprint of the
First Edition (New York: Hafner Publishing, 1952), p. 475. The fact
that Darwin referred to "thirteen" species, the number currently
recognized, is mere coincidence; his thirteen "species" are not the
modern thirteen. The expanded quotation from the second edition
of the journal is from Charles Darwin, Journal of Researches into the
Natural History and Geology of the Countries Visited during the
Voyage of H. M. S. Beagle Round the World, under the Command of
Capt. Fitz-Roy, R. N, Second Edition (London: John Murray, 1845), p.
380.

The finches were first called "Darwin's" in Percy Lowe, "The Finches
of the Galipagos in relation to Darwin's Conception of Species," Ibis
6 (1936), pp. 310-321. The name was popularized by David Lack,
Darwin's Finches (Cambridge: Cambridge University Press, 1947.(

Darwin's finches as an iron of evolution

Subway quotations are from Frank J. Sulloway; "Darwin and His
Finches: The Evolution of a Legend," Journal of the History of
Biology 15 (1982), pp. I-53.

Textbook selections are from James L. Gould and William T. Keeton,
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Biological Science, Sixth Edition (New York: W. W. Norton, 1996), p.
500; Peter H. Raven and George B. Johnson, Biology, Fifth Edition
(Boston: WCB/McGraw-Hill, 1999), p. 410; George B. Johnson,
Biology: Visualizing Life, Annotated Teacher's Edition (Orlando, FL:
Holt, Rinehart & Winston, 1998), p. 174.

Evidence for evolution?

On the genetics of finch beaks: There have been several studies on
the heritability of beaks, meaning the likelihood that offspring will
closely resemble their parents in this trait. Heritability of beak depth
in Geospiza firth, the species most intensely studied by the Grants,
is about 80 percent. Although this may point to a strong genetic (Le.,
DNA-encoded) component, it does not identify which genes might
be involved. See Peter T. Boag, "The Heritability of External
Morphology in Darwin's Ground Finches (Ceospiza) on Isla Daphne
Major, Galipagos," Evolution 37 (1983), pp. 877-894; Peter R. Grant,
Ecology and Evolution of Darwin's Finches (Princeton: Princeton
University Press, 1986), pp. 180-182; Peter T. Boag and Arie J. van
Noordwijk, "Quantitative Genetics," pp. 45-78 in E Cooke and P. A.
Buckley (editors), Avian Genetics: A Population and Ecological
Approach (London: Academic Press, 1987.(

A 1984 genetic study of Darwin's finches found little or no genetic
difference among several species; see James L. Patton, "Genetical
processes in the Galapagos;' Biological Journal of the Lin-near'
Society 21 (1984), pp. 91-111. A 1984 study which did not identify
any genes involved in determining beak morphology was T. D. Price,
P. R. Grant, and P. T. Boag, "Genetic Changes in the Morphological
Differentiation of Darwin's Ground Finches," pp. 49-66 in K.
Wolsrrnann and V. Loeschcke (editors), Population Biology and
Evolution Springer-Verlag, 1984). See also Peter R. Grant, Ecology
and Evolution of Darwin's Finches, pp. 177, 198-199, 281-283, 395,
399, 405-406.

On the lack of observable chromosome differences among the
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finches, see Nancy Jo, "Karyotypic Analysis of Darwin's Finches," pp.
201-217 in Robert L Bowman, Margaret Berson, and Alan E. Leviton
(editors), Patterns of Evolution in Galapagos Organisms (San
Francisco, CA: Pacific Division, AAAS, 1983.(

There have been a number of molecular phylogenetic studies of
Darwin's finches, but molecular phylogeny must, by its very nature,
rely on genes that are not subject to natural selection—otherwise
mutations would not accumulate merely as a function of time and
DNA sequence differences would not reflect divergence times. For
some recent studies, see Kenneth Petren, B. Rosemary Grant, and
Peter R. Grant, "A phylogeny of Darwin's finches based on
micnDsatelte DNA length variation," Proceedings of the Royal
Society of London B 266 (1999), pp. 321-329; Aide Sato, Cohn
O'hUigin,

Felipe Figueroa, Peter R. Grant, B. Rosemary Grant, Herbert Tichy,
and Jan Klein, "Phylogeny ofDarwin's finches as revealed by mtDNA
sequences," Proceedings of the National Academy of Sciences USA
96 (1999), pp. 5101-5106.

Peter and Rosemary Grant concluded in 1997: "The knowledge base
from which to generalize about the genetics of bird speciation is
precariously thin." Peter R. Grant and B. Rosemary Grant, "Genetics
and the origin of bird species," Proceedings of the National
Academy of Sciences USA 94 (1997), pp. 7768-7775.

The beak ethejinch

For the details of this famous story see Jonathan Weiner, The Beak
of the Finch (New York: Vintage Books, 1994); the quotations are
from pp. 9, 112. The Grant quotation is from Peter R. Grant,
"Natural Selection and Darwin's Finches," Scientific American 265
(October 1991), pp. 82-87. See also Peter T. Boag and Peter R. Grant,
"Intense Natural Selection in a Population of Darwin's Finches
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(Geospizinae) in the Galapagos," Science 214 (1981), pp. 82-85;
Peter R. Grant, Ecology and Evolution of Darwin's Finches
(Princeton: Princeton University Press, 1986).

When the rains returned

Quotations about the reversal of selection are from H. Lisle Gibbs
and Peter R. Grant, "Oscillating selection on Darwin's finches,"
Nature 327 (1987), pp. 511-513; Weiner, The Beak of the Finch, pp.
104-105, 176; Peter R. Grant, "Natural Selection and Darwin's
Finches," Scientific American 265 (October 1991), pp. 82-87. See
also Peter R. Grant, Ecology and Evolution of Darwin's Finches, pp.
184, 375, 395; Peter R. Grant and B. Rosemary Grant, "Predicting
Microeyolutonary Responses to Directional Selection on Heritable
Variation" Evolution 49 (1995), pp, 241-251.

A reversal of drought-induced selection after the rains returned was
also observed in the large cactus finch on Isla Genovesa; see B.
Rosemary Grant and Peter R. Grant, Evolutionary Dynamics of a
Natural Population (Chicago: The University of Chicago Press, 1989.(

According to paleobiologist Robert Carroll, oscillating natural
selection is the rule rather than the exception. See Robert L. Car-
roll, "Towards a new evolutionary synthesis," Trends in Ecology and
Evolution 15 (2000), pp. 27-32: "Over the duration of most species,
the intensity and direction of selection change repeatedly, either in
an oscillating manner or in what appears to be a random walk.... for
much of the duration of the majority of species there is relatively
little net change, even over hundreds of thousands of years".

Diverging or merging?

The Grant quotations are from B. Rosemary Grant and Peter R.
Grant, "Evolution of Darwin's finches caused by a rare climatic
event," Proceedings of the Royal Society of London B 251 (1993),
pp. 111-117; Peter R. Grant and B. Rosemary Grant, "Hybridization
of Bird Species," Science 256 (1992), pp. 193-197. Weiner's
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quotations are from his The Beak of the Finch, pp. 197,176. See also
B. Rosemary Grant and Peter R. Grant, "High Survival of Darwin's
Finch Hybrids: Effects of Beak Morphology and Diets," Ecology 77
(1996), pp. 500-509; B. Rosemary Grant and Peter R. Grant,
"Hybridization and Speciation in Darwin's Finches," pp. 404-422, in
Daniel J. Howard and Stewart H. Berlocher (editors), Endless Forms:
Species and Speciation (New York: Oxford University Press, 1998);
Peter R. Grant and B. Rosemary Grant, "Speciation and hybridization
of birds on islands," pp. 142-162, in Peter R. Grant (editor),
Evolution on Islands (Oxford: Oxford University Press, 1998).

Fourteen species, or six?

The Grant quotations are from Peter R. Grant and B. Rosemary
Grant, "Hybridization of Bird Species," Science 256 (1992), pp. 193-
197; Peter R. Grant, "Hybridization of Darwin's finches on Isla
Daphne Major, Galapagos," Philosophical Transactions of the Royal
Society of London B 340 (1993), pp. 127-139. See also P. Grant,
Ecology and Evolution of Darwin's Pinches, p. 206; B. Rosemary
Grant and Peter R. Grant, "Hybridization and Speciation in Darwin's
Finches," pp. 404-422, in Daniel J. Howard and Stewart H. Berlocher
(editors), Endless Forms: Species and Speciation (New York: Oxford
University Peen, 1998).

Exaggerating the evidence

The Grant quotations are from Peter R. Grant and B. Rosemary
Grant, "Speciation and hybridization in island birds," Philosoph-ical
Transactions of the Royal Society of London B 351 (1996), pp. 765-
772; Peter R. Grant and B. Rosemary Grant, "Speciation and
hybridization of birds on islands," pp. 142-162 in Peter P.. Grant
(editor), Evolution on Islands (Oxford: Oxford University Press,
1998), p. 155. The Ridley quotation is from Mark Ridley, Evolution,
Second Edition (Cambridge, MA: Blackwell Science, 1996), pp. 570-
571. National Academy of Sciences, Science and Creationism: A
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View from the National Academy of Sciences, Second Edition
(Washington, DC: National Academy of Sciences Press, 1999),
Chapter on "Evidence Supporting Biological Evolution," p. 2; except
for the "compelling example of speciation" hyperbole, the same
story was presented in the National Academy's booklet, Teaching
About Evolution and the Nature of Science (Washington, DC:
National Academy Press, 1998), Chapter 2, p. 10. The Johnson
guotation is from Phillip E. Johnson, "The Church of Darwin," The
Wall Street Journal (August 16, 1999), pp. Al14.

Chapter 9: Four-Winged Fruit Flies

Figure 9-1 based on E. B. Lewis, "Control of Body Segment
Differentation in Drosophila by the Bithorax Gene Complex," pp.
269-288 in Max M. Burger and Rudolf Weber (editors), Embryonic
Development, Part A: Genetic Aspects (New York, Alan R. Liss,
1982), Fig. 3, p. 274.

The origin of variations from Darwin to DNA

Darwin, The On'gin of Species, Chapter 1, p. 37. See also Ernst Mayr,
The Growth of Biological Thought: Diversity, Evolution and
Inheritance (Cambridge, MA: Harvard University Press, 1982);
Peter]. Bowler, Evolution: The History of an Idea, Second Edition
(Berkeley, CA: University of California Press, 1989). The Dobzhansky
guotation is from Theodosius Dobzhansky, Genetics and the Origin
of Species (New York: Columbia University Press, 1937), p. 13. The
Monod quotation is from Horace Freeland Judson, The Eighth Day
of Creation: The Makers of the Revolution in Biology (New York:
Simon and Schuster, 1979), p. 217.

Beneficial biochemical mutations

For an introduction to the enormous literature on antibiotic
resistance, see Harold C. Neu, "The Crisis in Antibiotic Resistance,"
Science 257 (1992), pp. 1064-1073; Julian Davies, "Inactivation of
Antibiotics and the Dissemination of Resistance Genes," Science
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264 (1994), pp. 375-382; Brian G. Spratt, "Resistance to Antibiotics
Mediated by Target Alterations," Science 264 (1994), pp. 388-393;
Martin C. J. Maiden, "Horizontal Genetic Exchange, Evolution, and
Spread of Antibiotic Resistance in Bacteria," Clinical Infectious
Diseases 27 Supplement 1 (1998): S12—S20. On enzymatic
inactivation as the most common cause of insecticide resistance,
see Michel Raymond, Amanda Callaghan, Phillipe

Fort, and Nicole Pasteur, "Worldwide migration of amplified
insecticide resistance genes in mosquitoes," Nature 350 (1991), pp.
151-153. For some general background on the role of muta-tions in
insecticide and pesticide resistance, see Richard T. Roush and John
A. McKenzie, "Ecological Genetics of Insecticide and Acaricide
Resistance," Annual Review of Entomology 32 (1987), pp. 361-380.

On sickle-cell anemia, see Anthony C. Allison, "Sickle Cells and
Evolution," Scientific American 195 (1956), pp. 87-94; F. Vogel and
A. G. Morulsky, Human Genetics, Third Edition (Berlin:
SpringerVerlag, 1997), pp. 299-301,520-528.

The four-wingedfnsitfly

Thomas Hunt Morgan, Calvin B. Bridges, and A. H. Sturtevant, The
Genetics of Drosophila, Reprint Edition (New York: Garland
Publishing, 1988; originally S'Gravenhage, Netherlands: M. Nijhoff,
1925), p. 79; F. H. C. Crick and P. A. Lawrence, "Compartments and
Polyclones in Insect Development," Science 189 (1975), pp. 340-
347; E. B. Lewis, "A gene complex controlling segmentation in
Drosophila," Nature 276 (1978), pp. 565-570; E. B. Lewis, "Control
of Body Segment Differentation in Drosophila by the Bithorax Gene
Complex," pp. 269-288 in Max M. Burger, and Rudolf Weber
(editors), Embryonic Development, Part A: Genetic Aspects (New
York, Alan R. Liss, 1982); E. B. Lewis, "Regulation of the Genes of the
Bithorax Complex in Drosophila," Cold Spring Harbor Symposia on
Quantitative Biology 50 (1985), pp. 155-164; Jordi Casanova,
Ernesto Sanchez-Herrero, and Gines Morata, "Prothoracic
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Transformation and Functional Structure of the Ultrabitlwrax Gene
of Drosophila," Cell 42 (1985), pp. 663-669; Philip A. Beachy, "A
molecular view of the Ultrabithorax homeotic gene of Drosophila,"
Bends in Genetics 6 (1990), pp. 46-51.

Figure 9-2 data are from Mark Peifer and Welcome Bender, "The
anterobithorax and bithorzx mutations of the bithorax com-plex,"
EMBOJournal 5 (1986), pp. 2293-2303; E. B. Lewis, "Genes and
Developmental Pathways," American Zoologist 3 (1963), pp. 33-56.

Four-avingedfruit flies and evolution

The textbook quotation is from Peter H. Raven and George B.
Johnson, Biology, Fifth Edition (Boston: WCB/McGraw-Hill, 1999), p.
334. See also William K. Purves, Gordon H. Orians, H. Craig Heller,
and David Sadava, Life: The Science of Biology, Fifth Edition
(Sunderland, MA: Sinauer Associates, 1998), pp. 508-509; Douglas
Futuyma, Evolutionary Biology, Third Edition (Sunderland, MA:
Sinauer Associates, 1998), pp. 48-49.

On the absence of flight muscles in the second pair of wings, see H.
H. El Shatoury, "Developmental Interactions in the Devel-opment of
the Imaginal Muscles of Drosophila," Journal of Embryology and
Experimental Morphology 4 (1956), pp. 228-239; Alberto Ferrus and
Douglas R. Kankel, "Cell Lineage Relationships in Drosophila
melanogaster The Relationships of Cuticular to Internal Tissues,"
Developmental Biology 85 (1981), pp. 485-504; M. David Egger,
Suzan Harris, Bonnie Peng, Anne M. Schneiderman, and Roberti.
Wyman, "Morphometric Analysis of Thoracic Muscles in Wildtype
and in Bithorax Drosophila," The Anatomical Record 226 (1990), pp.
373-382; J. Fernandes, S. E. Celniker, E. B. Lewis, and K.
VijayRaghavan, "Muscle development in the four-winged
Drosophila and the role of the Ultrallithorax gene," Current Biology
4 (1994), pp. 957-964; Sudipto Roy, L. S. Shashidhara, and K.
VijayRaghavan, "Muscles in the Drosophila second thoracic
segment are patterned independently of autonomous homeotic
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gene function," Current Biology 7 (1997), pp. 222-227.

For Mar's critique of macromutations, see Ernst Mayr, Popula-tions,
Species and Evolution, an abridgement of his 1963 book, Animal
Species and Evolution (Cambridge, MA: Harvard University Press,
1970), pp. 251-253. Mayr was criticizing the view of Berkeley
geneticist Richard Goldschmidt that major mutations—producing
what Goldschmidt called "hopeful monsters" —might overcome the
inability of small mutations to account for evolution. See Peter J.
Bowler, Evolution: The History of an Idea, Revised Edition (Berkeley,
CA: University of California Press, 1989), pp. 339-340.

Evolution in reverse?

National Academy of Sciences, Teaching About Evolution and the
Nature of Science (Washington, DC: National Academy Press, 1998),
Chapter 5, p. 2. See also National Academy of Sciences, Science and
Creationism: A View from the National Academy of Sciences,
Second Edition (Washington, DC: National Academy of Sciences
Press, 1999), Appendix, p. 1.

On the complex network of interactions controlled by Ultra-
bithorax, see Scott D. Weatherbee, Georg Halder, Jaeseob Kim,
Angela Hudson, and Sean Carroll, "Ultrabithoras regulates genes at
several levels of the wing-patterning hierarchy to shape the
development of the Drosophila haltere," Genes & Development 12
(1998), pp. 1474-1482.

Are DNA mutations the raw materials for evolution?

Textbook quotations are from Cede Starr and Ralph Taggart,
Biology: The Unity and Diversity of Life, Eighth Edition (Belmont, CA:
Wadsworth Publishing Company, 1998), p. 283; Burton S. Guttman,
Biology (Boston: WCB/McGraw-Hill, 1999), p. 470.

On saturation mutagenesis in fruit flies, see Christiane
NfissleinVolhard and Eric Wieschaus, "Mutations affecting segment
number and polarity in Drosophila," Nature 287 (1980), pp. 795-
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801; Daniel St. Johnston and Christiane NiissleinVolhard, "The
Origin of Pattern and Polarity in the Drosophila Embryo," Cell 68
(1992), pp. 201-219. On saturation mutagenesis in zebrafish, see
Peter Aldhous, "'Saturation screen' lets zebrafish show their
stripes," Nature 404 (2000), p. 910; Gretchen Vogel, "Zebrafish
Earns Its Stripes in Genetic Screens," Science 288 (2000), pp. 1160-
1161.

Beyond the gene

For recent publications questioning whether genes control
development, see B. C. Goodwin, "What are the Causes of
Morphogenesis?" BioEssays 3 (1985), pp. 32-36; J. M. Barry,
"Informational DNA: a useful concept?" Trends in Biochemical
Sciences 11 (1986), pp. 317-318; Michael Locke, "Is there somatic
inheritance of intracellular patterns?" Journal of Cell Science 96
(1990), pp. 563-567; H. E Nijhout, "Metaphors and the Role of Genes
in Development," BioEssays 12 (1990), pp. 441-446; Jonathan Wells,
"The History and Limits of Genetic Engineering," International
Journal on the Unity of the Sciences 5 (1992), pp. 137-150; Brian C.
Goodwin, How the Leopard Changed Its Spots (New York: Charles
Scribner's Sons, 1994.(

On the rise of the neo-Darwinian monopoly in genetics see Jan Sapp,
Beyond the Gene: Cytoplasmic Inheritance and the Struggle for
Authority in Genetics (Oxford: Oxford University Press, 1987);
guotations are from pp. 59, 81, 85.

The Conference on "Genes and Development" was sponsored by
the Institut fir Ethik and Geschichte der Mediain in Basel,

Switzerland, March 19-20,1999.1 am not mentioning the name of
the German participant who told me her story, for the same reason
I am withholding the name of the Chinese paleontologist mentioned
at the end of the Tree of Life chapter—to protect her from
Darwinian heresy-hunters.
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Chapter 10: Fossil Horses and Directed Evolution

Figure 10-1 is from William D. Matthew, "The Evolution of the
Horse," Supplement to American Museum of Natural HistoryJournal
3 (January 1903), Guide Leaflet No. 9, following p. 8.

Fossil hones and orthogenesis

On orthogenesis, see Ernst Mayr, The Growth of Biological Thought
(Cambridge, MA: Harvard University Press, 1982), pp. 528-531;
Peter J. Bowler, Evolution: The History of an Idea, Revised Edition
(Berkeley, CA: University of California Press, 1989), pp. 268-270;
Robert C. Richardson and Thomas C. Kane, "Orthogenesis and
Evolution in the 19th Century: The Idea of Progress in American
Neo-Lamarckism," pp. 149-167 in Matthew H. Nitecki (editor),
Evolutionary Progress (Chicago: The University of Chicago Press,
1988.(

The Schindewolf quotations are from Otto H. Schindewolf, Bask
Questions in  Paleontology (originally Grundfragen der
Palaontologie, 1950), translated by Judith Schaefer (Chicago: The
University of Chicago Press, 1993), p. 270,273.

The Simpson quotation is from George Gaylord Simpson, The
Meaning of Evolution (New Haven, CT: Yale University Press, 1949),
p. 159.

Revising the picture of horse evolution

The single most complete resource for information on horse
evolution is Bruce J. McFadden, Fossil Hones: Systematics,
Paleobiology, and Evolution of the Family Equidae (Cambridge:
Cambridge University Press, 1992). For an earlier summary, see
Bruce J. McFadden, "Horses, the Fossil Record, and Evolution,"
Evolutionary Biology 22 (1988), pp. 131-158. See also Roberti.. G.
Savage, Mammal Evolution: An lllustrated Guide (New York Sc
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Oxford: Facts on File and The British Museum [Natural History]:
1986), pp. 200-205.

The Simpson quotation is from George Gaylord Simpson, Tempo
and Mode in Evolution (New York, Columbia University Press, 1944),
p. 163.

Figure 10-2 data are from Bruce J. McFadden, Fossil Horses, pp.
99,194.

On Miohippus preceding Mesohsppus, see Donald R. Prather® and
Neil Shubin, "The Evolution of Oligocene Horses," pp. 142-175 in
Donald R. Prothero and Robert M. Schoch (editors), The Evolution
of Perissodactyls (New York: Oxford University Press, 1989), p. 151;
Bruce J. McFadden, Fossil Horses p. 176.

What does the evidence really show?

For Simpson's views, see George Gaylord Simpson, The Meaning of
Evolution (New Haven, CT: Yale University Press, 1949), p. 159;
Simpson, Horses (New York: Oxford University Press, 1951);
Simpson, The Major Features of Evolution (New York: Simon &
Schuster, 1953), pp. 260-265.

Undirected evolution from Darwin to Dawkins

Darwin's quotations are from Francis Darwin (editor), The Life and
Letters of Charles Darwin (New York: D. Appleton, 1887), Vol. | , pp.
278-279; Vol. I, pp. 105-106. See also Francis Darwin and A. C.
Seward (editors), More Letter of Charles Darwin (New York D,
Appleton, 1903), Vol. |, pp. 191-192, 321, 395; Francis Darwin
(editor), The LO and Letters of Charles Darwin, Vol. 11, pp. 97-98.
146, 169-170, 247.

On Darwin's opposition to directed evolution, see Neal C. Gillespie,
Charles Darwin and the Problem of Creation (Chicago: The
University of Chicago Press, 1979); Jonathan Wells, "Charles Darwin
on the Teleology of Evolution," International Journal on the Unity of
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the Sciences 4 (1991), pp. 133-156.

The Simpson quotations are from Simpson, The Meaning of EVOIna
on, pp. 132, 345. The Monod quotation is from Horace Freeland
Judson, The Eighth Day Of Creation (NewYork: Simon & Schuster,
1979), p. 217.

The blind watchmaker

William Paley, Natural Theology, Reprint of 1802 edition (Houston ,
TX: St. Thomas Press, 1972), p. 1; Richard Dawkins, The Blind
Watchmaker (New York: W. W. Norton, 1986), pp. x, 1, 5, 6, 287.
Teaching materialistic philosophy in the guise of science Textbook
quotations are from Kenneth R. Miller and Joseph S. Levine, Biology,
Fifth Edition (Upper Saddle River, NJ: Prentice-Hall, 2000), p. 658;
William K. Purves, Gordon H. Orians, H. Craig Heller, and David
Sadava, Life: The Science of Biology, Fifth Edition (Sunderland, MA:
Sinauer Associates, 1998), p. 10; Neil A. Campbell, Jane B. Reece,
and Lawrence G. Mitchell, Biology, Fifth Edition (Menlo Park, CA:
The Benjamin/Cummings Pub-lishing Company, 1999), pp. 412-413;
Peter H. Raven and George B.Johnson, Biology, Fifth Edition
(Boston: WCB/ McGraw-Hill, 1999), p. 15; Douglas J. Futuyma,
Evolutionary Biology, Third Edition (Sunderland, MA: Sinauer
Associates, 1998), pp. 8, 5.

Chapter 11: From Ape to Human: The Ultimate Icon

Darwin, The Origin of Species, Conclusion, p. 373; Stephen Jay
Gould, Wonderful Life (New York: W W. Norton, 1989), p. 28.

Are we (just) animals?

Darwin, The Descent of Man, pp. 395, 445, 446, 456, 494, 471-472,
469, 470. The Dawkins quotation is from Richard Dawkins,
"Darwinism and human purpose," pp. 137-143, in John R. Durant
(editor), Human Origins (Oxford: Clarendon Press, 1989), pp. 137-
138. Thomas Aquinas lists many senses and emotions that are
"common to men and other animals" in his Stoma nreologiae, First
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Part (Treatise on Man) and First Part of the Second Part (Treatise on
the Divine Government.(

Finding evidence to fit the theory

Thomas Henry Huxley, Evidence as to Man's Place in Nature, reprint
of 1863 edition (New York: D. Appleton, 1886); quotations are from
pp. 125 & 132 of the 1886 edition.

On Neanderthals, see Marcellin Boule and Henri V. Vallois, Fossil
Men: A Textbook of Human Palaeontology (London: Thames and
Hudson, 1957), originally Les Hommes Fossiles (1923); a comparison
of Bottle's stooped reconstruction of a Neanderthal skeleton and a
modern human is on p. 253. See also Niles Eldredge and lan
Tattersall, The Myths of Human Evolution (New York: Columbia
University Press, 1982), P. 76.

Excluding Neanderthal from the human lineage helped to pre-pare
the way for Piltdown. See Michael Hammond, "A Framework of
Plausibility for an Anthropological Forgery: The Pilrdown Case,"
Anthropology 3 (1979), pp. 47-58; Lewin, Bones of Contention, pp.
63-70; lan Tattersall, The Fossil Trail: How We Know What We Think
We Know About Human Evolution (New York Oxford Uni-versity
Press, 1995), pp. 20-24,36-39.

The Piltdown fraud

The original published report of Piltdown was C. Dawson and A. S.
Woodward, "On the discovery of a Palaeolithic human skull and
mandible in a flint-bearing gravel overlying the Wealden (Hastings
Beds) at Piltdown, Fletching (Sussex)," Quarterly Journal of the
Geological Society of London 69 (1913), pp. 117-151.

On the exposure of the Piltdown fraud, see J. S. Weiner, F. P.

Oakley, and W. E. Le Gros Clark, "The Solution of the Piltdown
Problem," Bulletin of the British Museum (Natural History), Geology
2 (1953), pp. 139-146; and J. S. Weiner, et al., "Further
Contributions to the Solution of the Piltdown Problem," Bulletin of
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the British Museum (Natural History), Geology 2 (1953), pp. 225-
287; ). S. Weiner and K. P. Oakley, "The Piltdown Fraud: Available
Evidence Reviewed," American Journal of Physical Anthropology 12
(1954), pp. 1-7; J. S. Weiner, The Piltdown Forgery (London: Oxford
University Press, 1955). Some theories as to who the perpetrators
might have been are in Ronald Millar, The Piltdown Men (London:
Victor Gollancz, 1972); Stephen Jay Gould, "The Piltdown
Conspiracy," Natural History 89 (August 1980), pp. 8-28; John
Hathaway Winslow and Alfred Meyer, "The Perpetrator at
Piltdown," Science 83 4 (September 1983), pp. 33-43.

Quotations are from Lewin, Bones of Contention, pp. 70, 73; Jane
Maienschein, "The One and the Many: Epistemological Reflections
on the Modern Human Origins Debate," pp. 413-422 in

G.A. Clark and C. M. Willermet (editors), Conceptual Issues in
Modern Human Origins Research (New York: Aldine de Gruyter,
1997), p. 415; John Napier, The Roots of Mankind (Washington, DC:
Smithsonian Institution Press, 1970), p. 139; Eldredge and
Tattersall, The Myths of Human Evolution, pp. 126-127.

How much can the fossils show us?

On the variable appearance of skull 1470, see Lewin, Bones of
Contention, p, 160; see also Tattersall, The Fossil Trail, p. 133. The
drawings of Homo habilis by four different artists are in "Behind the
Scenes," National Geographic 197 (March, 2000), p. 140. The
drawings are actually on an unnumbered page, buried among the
advertisements at the end of the issue; the page number cited here
was obtained by extrapolating horn the last numbered page.

On the difficulty of reconstructing evolutionary history, see
Constance Holden, "The Politics of Paleoanthropology," Science 213
(1981), pp. 737-740. The Gee quotations are from Henry Gee, In
Stank of Deep Time: Beyond the Fossil Record to a New History of
Life (New York: The Free Press, 1999), pp. 113, 23, 32, 202, 32, 116-
117.
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Paleoanthropology: science or myth?

On Durant's comments, see Lewin, Bones of Contention, p. 312;
John R. Durant, "The myth of human evolution," New Universities
Quarterly 35 (1981), pp. 425-438. For the report on Matt Cartmill's
remarks, April 13, 1984, see Lewin, Bones of Contention, p. 302.
Misia Landau, Narratives of Human Evolution (New Haven, CT: Yale
University Press, 1991), pp. ix—x, 148.

For the Tattersall and Clark quotations, see lan Tattersall,
"Paleoanthropology and Preconception," pp. 47-54 in W. Eric
Meikle, F Clark Howell and Nina G. Jablonski (editors),
Contemporary Issues in Human Evolution, Memoir 21 (San
Francisco, CA: California Academy of Sciences, 1996), p. 53;
Geoffrey A. Clark, "Through a Glass Darkly: Conceptual Issues in
Modern Human Origins Research," pp. 60-76 in G. A. Clark and C M.
Willermet (editors), Conceptual Issues in Modern Human Origins
Research (New York: Aldine de Gruyter, 1997), p. 76.

What do we know about human origins?

For good drawings of many of the major fossil skulls now known,
see lan Tattersall, The Fossil Trail; How We Know What We Think
We Know About Human Evolution (New York: Oxford University
Press, 1995). For a collection of essays by parties to recent
controversies over human origins, see Russell L. Ciochon and John
G. Fleagle, The Human Evolution Source Book (Englewood Cliffs, NJ:
Prentice Hall, 1993). See also other essays in the two collections
cited below. The quotation about 150 different views on
Neanderthals is from James Shreeve, The Neandertal Enigma (New
York: William Morrow, 1995), p. 252.

F. Clark Howell, "Thoughts on the Study and Interpretation of the
Human Fossil Record," pp. 1-39 in W. Eric Meikle, F. Clark Howell,
and Nina G. Jablonski (editors), Contemporary Issues in Human
Evolution, pp. 3,31.
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Geoffrey A. Clark, "Through a Glass Darkly: Conceptual Issues in
Modern Human Origins Research," pp. 60-76 in G. A. Clark and C.
M. Willermet (editors), Conceptual Issues in Modern Human Origins
Research, p. 60-62

Concepts masquerading as neutral descriptions of nature

Stephen Jay Gould, Wonderful Life (New York, W. W. Norton, 1989),
pp. 27-52. The Ruse quotations are from Michael Ruse, "How
evolution became a religion," National Post (May 13, 2000),
www.nationalpostcom/artslife.asp?f=000513/288424.html.  The
textbook interview with Gould is in Peter H. Raven and George B.
Johnson, Biology, Fifth Edition (Boston: WCB/ McGraw-Hill, 1999).
p. 14.

Chapter 12: Science or Myth?

The Mayr quotation is from Ernst Mayr, "Darwin's Influence on
Modern Thought," Sdentific American 283 (July 2000), pp. 79-83.

The "F" word

The Gould quotation is from Stephen Jay Gould, "Abscheulichl
Atrocious!" Natural History (March 2000), pp. 42-49.

The Ritter quotation is from Carla Yu, "Moth-eaten Darwinism: A
disproven textbook case of natural selection refuses to die," Alberta
Report Newsmagazine, Vol. 26, No. 15 (April 5, 1999), pp. 38-39. The
textbook in question is Bob Ritter, Richard F Coombs, R. Bruce
Drysdale, Grant A. Gardner, and Dave T. Lunn, Biology
(Scarborough, ONT: Nelson Canada, 1993), which deals with
peppered moths on pp. 109-110.

The impenetrable disclaimer about "conceptual integumentary
structures" on Barnbiraptor is from David A. Burnham, Kraig L.
Derstler, Philip J. Currie, Robert T. Bakker, Zhonghe Zhou, and John
H. Ostrom, "Remarkable New Birdlike Dinosaur (Theropoda:
Maniraptora) from the Upper Cretaceous of Mon-tana," The
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University of Kansas Paleontological Contributions, New Series, No.
13 (March 15, 2000), p 8.

Scientific misconduct and stock fraud

National Academy of Sciences, Teaching About Evolution and the
Nature of Science (Washington, DC: National Academy Press, 1998),
Chapter 2, p. 10; National Academy of Sciences, Science and
Creationism: A View from the National Academy of Sciences,
Second Edition (Washington, DC: National Academy of Sciences
Press, 1999), Chapter on "Evidence Supporting Biological
Evolution," p, 2, Phillip E. Johnson, "The Church of Darwin," The Wall
Street Journal (August 16, 1999), p. A14. On applying securities law
to scientific misconduct, see Securities Exchange Act of 1934, 17
C.F.R. 240.101a-5; Louis M. Guerin, "Expressing a consensus on
candour," Nature 402 (1999), pp. 577-578.

Dominion censorship

On efforts by the Baylor University faculty to silence criticism of
Darwinism, see Mark Wingfield, "Baylor faculty, administration
clash over center for creation study," Associated Baptist News (May
12, 2000); John Drake, "Sloan nixes decision to dissolve Polanyi,"
Baylor Lariat (Thursday, April 20, 2000). See also Ron Nissimov,
"Baylor professors concerned center is front for promoting
creationism," Houston Chronicle, July 3, 2000, p. 1
(www.chron.com/cs/CDA/story.hts/pagel). For information on the
Michael Polanyi Center check their web site, www.baylor.edu/ —
polanyi.

On efforts by the Melvindale, Michigan, school board to place books
critical of Darwinism in the high school library, see Jonathan Wells,
"Local book 'battle concerns academic liberty," The Detroit News
(March 14, 1999), p. 7B. The NCSE quotations are from Molleen
Matsumura, "Facing Challenges to Evolution Education,"
http://www.nateenscied.org/tenchal.html.
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The Roger DeHart story is summarized in a newspaper article by
Theresa Goffiredo, "School officials throw extra science materials
out of class," The [Burlington, WA] Skagit Valley Herald (May 28,
2000), p. Al Internet version: http://www.skagitvalleyherald.
com/daily/00/may/28/aldehart.html.

The standards actually adopted by Kansas are at the Board of
Education's internet web site:
http://www.ksbe.state.ks.us/outcomes/ science_12799.html. On
what really happened in Kansas, see Jonathan Wells, "Ridiculing
Kansas school board easy, but it's not good journalism," The
[Mitchell, SD] Daily Republic (October 14, 1999). The text of this op-
ed is reproduced here, by permission:

Wizard of Oz jokes are in vogue as the news media scram-ble to
ridicule Kansas for downplaying, eliminating, or even banning
evolution in its public schools. But the people who are writing such
stuff apparently haven't read the Kansas Science Education
Standards. The truth is that the August 11 School Board decision
actually increased public school emphasis on evolution.

The old science standards, in effect since 1995, devoted about 70
words to biological evolution. Standards proposed to the Board
earlier this year by a 27-member Science Education Standards
Writing Conainittee would have increased this to about 640 words.
The standards actually adopted by the Board on August 11 include
about 390 words on the subject. So the Kansas State School Board,
asked to approve a ninefold increase in the standards for evolution,
approved a fivefold increase instead.

Of course, word counts don't tell the whole story. But the 390 words
approved by the Board include many of the provisions
recommended by the Committee. For example, the Board adopted
verbatim the Committee's summary of Darwin's theory: "Natural
selection includes the following concepts: 1) Heritable variation
exists in every species; 2) some heritable traits are more
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advantageous to reproduction and/or survival than are others; 3)
there is a finite supply of resources available for life; not all progeny
survive; 4) individuals with advantageous traits generally survive; 5)
the advantageous traits increase in the population through time." It
would be difficult to find a better summary of Darwin's theory of
natural selection; Kansas students will now be tested on it.

The Board also required students to understand that
"microevolution... favors beneficial genetic variations and
contributes to biological diversity," and listed finch beak changes as
an example. The Board declined, however, to adopt the
Committee's proposal requiring students to under-stand that
microevolution leads to macroevolution—the origin of new
structures and new groups of organisms. The Board's reluctance is
understandable, since even some biolo-gists doubt that changes in
finch beaks can explain the origin of finches in the first place.

There were some other recommendations the Board did not follow,
as well. For example, the Committee would have required students
to understand: "The common ancestry of living things allows them
to be classified into a hierarchy of groups?' This requirement would
no doubt have come as a surprise to 18th century creationist
Carolus Linnaeus, who had no need of common ancestry when he
devised the hierarchical system of classification still used by modern
biologists. Even more interesting than the details, however, was the
Committee's bid to inject evolution into the very heart of science.
According to the 1995 standards, science embodies four general
themes: Energy/Matter, Patterns of Change, Systems and
Interactions, and Stability and Models. Furthermore, it is the nature
of science to "provide a means for producing knowledge," using
processes such as "observing, classifying, questioning, inferring,...
[and' collecting and recording data?' The Science Education
Standards Writing Committee proposed to add a fifth general
theme, "patterns of cumulative change," an example of which is
"the biological theory of evolution”.
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As a biologist myself, | find this strange. Why list a specific theory
such as biological evolution among general themes such as
"systems and interactions," or basic processes such as "collecting
and recording data"? That's like inserting a specific law into a
constitution designed to establish a framework for lawmaking.

Why did the 1995 standards have to be changed at all? The
Committee's proposal was a product of recent nationwide efforts
by people who believe that Darwinian evolution is indispensable to
biological science. A rallying cry for these efforts is Theodosius
Dobzhansky's famous maxim, "Nothing in biology makes sense
except in the light of evolution." But Dobzhansky was mistaken.
There are entire areas of biology that have no need for evolutionary
theory, and them is evidence that the most sweeping claims of
Darwinism are wrong. More importantly, there can be no such thing
as anindispensable theory in science. A true scientist would say that
nothing in biology makes sense except in the light of evidence. The
standards adopted by the Kansas State School Board are fax from
perfect. Biology education would have been better served if
students had been required to understand macroevolutionary
theory, though they should also be taught the scientific evidence
against it. Under the circumstances, how-ever, the Board may have
done the best it could. Faced with national pressure to include
Darwin's theory in its description of the very nature of science, the
Board courageously resisted, stocking the shelves with more
evolution but refining to hand over the store.

News commentators who ridicule Kansas for downplaying,
eliminating, or even banning evolution from its schools not only
misrepresent the truth, but they also miss the real story. Why do
Darwinists go ballistic at the thought of high school students
questioning their theory? Why do biology textbooks continue to cite
evidence for evolution that was long ago discredited? How many
qualified scientists have lost their teaching jobs or their research
funding just because they dared to criticize Darwinism? How many
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millions of your tax dollars will be spent this year by Darwinists
trying to find evidence for a theory they claim is already proven
beyond a reasonable doubt? There's enough here to keep a team of
investigative journalists busy for months.Years ago, when asked
why the media were spending so much time covering the 0. J.
Simpson trial, a news commentator said, "It's easy work." Ridiculing
Kansas is easy work, too. But it's not good journalism.

On denying Kansas schoolchildren admission to Darwinist-
controlled colleges, see Herbert Lin, "Kansas Evolution Ruling,"
Science 285 (1999), p. 1849; John Rennie, "A Total Eclipse of
Reason," Scientific American 281 (October 1999), p. 124; and John
Rennie, "Fan Mail from the Fringe," Scientfic American (February
2000), p. 4.

Bruce Alberts wrote the preface for the booklet, Science and
Creationism: A View from the National Academy of Sciences,
Second Edition (Washington, DC: National Academy of Sciences
Press, 1999); Alberts is also the fest author on Molecular Biology of
the Cell, Third Edition (New York: Garland Publishing, 1994), which
features the Miller-Urey experiment (p. 4) and Haeckel's embryos

(p. 33.(

It's your money

The information on federal science funding for 2000 is from David
Malakoff, "Balancing the Science Budget," Science 287 (February
11,2000), pp. 952-955. The Federation of American Societies for
Experimental Biology is lobbying Congress to double NIH funding in
2001; see FASEB News 33 (April 2000), p. 1. Funayma's "rumor" that
the NSF tells grant applicants to omit the word "evolution" is from
Douglas Futuyma, "Evolution as Fact and Theory," Bios 56 (1985),
pp. 3-13.

What can you do about it?

The Guenin quotation is from Louis M. Guenin, "Expressing a

yay



consensus on candour," Nature 402 (1999), pp. 577-578.
Information on funding sources for the National Academy is from
http://www.nationalacadernies.orgiabout/faq. U.S. Representative
Mark Souder's remarks are in the Congres-sional Record for June
14, 2000, p. H4480.

Nothing in biology makes sense except in the light of WHAT?

Theodosius Dobzhansky's maxim is from "Nothing in Biology Makes
Sense Except in the Light of Evolution," The American Biology
Teacher 35 (1973), pp. 125-129. Peter Grant's comment is from
"What Does It Mean to Be A Naturalist at the End of the Twentieth
Century?" The American Naturalist 155 (2000), pp. 1-12.
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