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Coleoptera, Academic Press, New York, chap. 15.
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17. Hitching, F. (1982) The Neck of the Giraffe, Pan, London, p. 68.

18. Dawkins, R. (1985) The Blind Watchmaker, W. W. Norton, London,
pp. 86-87.

19. Eisner, T., Attygalle, A. B., Eisner, M., Aneshansley, D. J., and
Meinwald, J. (1991) «Chemical Defense of a Primitive Australian
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Blankespoor, C. L., and Meinwald, J. (1989) «Chemical Defense of an
Ozanine Bombardier Beetle from New Guinea,» Psyche, 96, 153.
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23. Dawkins, pp. 85-86.

24. Darwin, C. (1872) Origin of Species, 6th ed. (1988), New York
University Press, New York, p. 154.

25. Dawkins, R. (1995) River Out of Eden, Basic Books, New York, p. 83.
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1. A good general introduction to cilia can be found in Voet, D., and Voet,
J. G. (1995) Biochemistry, 2nd ed., John Wiley and Sons, New York, pp.
1253-1259.

2. There are also other connectors in this system. For example, the
contacts the dynein arm makes with the microtubule also serve as a
connector. As mentioned previously, a system can be more complex
than the simplest system imaginable, and the cilium is an example of
such a system.

3. Cavalier-Smith, T. (1978) «The Evolutionary Origin and Phylogeny of
Microtubules, Mitotic Spindles, and Eukaryote Flagella,» BioSystems,
10, 93-114.

4. Szathmary, E. (1987) «Early Evolution of Microtubules and
Undulipodia,» BioSystems, 20, 115-131.

5. Bermudes, D., Margulis, L., and Tzertinis, G. (1986) «Prokaryotic Origin
of Undulipodia,» Annals of the New York Academy of Science, 503, 187-
197.

6. Cavalier-Smith, T. (1992) «The Number of Symbiotic Origins of
Organelles», BioSystems, 28, 91-106; Margulis, L. (1992) «Protoctists
and Polyphyly: Comment on 'The Number of Symbiotic...'! by T.
Cavalier-Smith,» BioSystems, 28, 107-108.
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7. A search of Science Citation Index shows that each paper receives an
average of less than one citation per year.

8. A good general introduction to flagella can be found in Voet and Voet,
pp. 1259-1260. Greater detail about the flagellar motor can be found in
the following: Schuster, S. C., and Khan, S. (1994) «The Bacterial
Flagellar Motor,» Annual Review of Biophysics and Biomolecular
Structure, 23, 509-539; Caplan, S. R., and Kara-lvanov, M. (1993) «The
Bacterial Flagellar Motor,» International Review of Cytology, 147, 97-
164.

9. Voet and Voet, p. 1260.
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1. A good general introduction to blood coagulation can be found in
Voet, D., and Voet, J. G. (1995) Biochemistry, John Wiley & Sons, New
York, pp. 1196-1207. For more detailed descriptions see any of the
following: Furie, B., and Furie, B. C. (1988) «The Molecular Basis of
Blood Coagulation,» Cell, 53, 505-518; Davie, E. W., Fujikawa, K., and
Kisiel, W. (1991) «The Coagulation Cascade: Initiation, Maintenance,
and Regulation,» Biochemistry, 30, 10363-10370; Halkier, T. (1991)
Mechanisms in Blood Coagulation, Fibrinolysis and the Complement
System, Cambridge University Press, Cambridge, England.

2. The suffix -ogen designates the inactive progenitor of an active
molecule.

3. The word factor is often used during research when it is not certain
what the nature of a substance under investigation is—whether
protein, fat, carbohydrate, or something else. Even after its identity is
pinned down, however, sometimes the old name continues to be used.
In the blood-clotting pathway, all «factors» are proteins.

4. A gene is a portion of DNA that instructs the cell how to make a
protein.

5. Doolittle, R. F. (1993) «The Evolution of Vertebrate Blood Coagulation:
A Case of Yin and Yang,» Thrombosis and Haemostasis, 70, 24-28.

6. The proteins involved in blood clotting are frequently referred to by
Roman numerals, such as Factor V and Factor VIII. Doolittle uses that
terminology in his article in Thrombosis and Haemostasis. For clarity
and consistency | have used the common names of the proteins in the
quotation.
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7. TPA has a total of five domains. Two domains, however, are of the
same type.

8. The odds are not decreased if the domains are hooked together at

different times—with domains 1 and 2 coming together in one event,

then later on domain 3 joining them, and so on. Think of the odds of
picking four black balls from a barrel containing black balls and white
balls. If you take out four at once, or take two at the first grab and one
apiece on the next two grabs, the odds of ending up with four black balls
are the same.

9. This calculation is exceedingly generous. It only assumes that the four
types of domains would have to be in the correct linear order. In order
to work, however, the combination would have to be located in an
active area of the genome, the correct signals for splicing together the
parts would have to be in place, the amino acid sequences of the four
domains would have to be compatible with each other, and other
considerations would affect the outcome. These further considerations
only make the event much more improbable.

10. It is good to keep in mind that a «step» could well be thousands of
generations. A mutation must start in a single animal and then spread
through the population. In order to do that, the descendants of the
mutant animal must displace the descendants of all other animals.
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York, pp. 556-557.
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516.

4. Roise, D., and Maduke, M. (1994) «Import of a Mitochondrial
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Smith, T. (1987) «The Simultaneous Symbiotic Origin of Mitochondria,
Chloroplasts and Microbodies,» Annals of the New York Academy of
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Science, 503, 55-71; Cavalier-Smith, T. (1992) «The Number of
Symbiotic Origins of Organelles,» BioSystems, 28, 91-106; Hartl, F.,
Ostermann, J., Guiard, B., and Neupert, W. (1987) «Successive
Translocation into and out of the Mitochondrial Matrix: Targeting of
Proteins to the Inner Membrane Space by a Bipartite Signal Peptide,»
Cell, 51, 1027-1037.

5. Alberts et al., pp. 551-651.
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1. Good introductions to the immune system can be found in Voet, D.,
and Voet, J. G. (1995) Biochemistry, 2nd ed., John Wiley & Sons, New
York, pp. 1207-1234; and Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts,
K., and Watson, J. D. (1994) Molecular Biology of the Cell, 3rd ed..
Garland Publishing, New York, chap. 23.

2. The cells are actually called B cells because they were fast discovered
in the Bursa fabricius of birds.

3. The cell goes to enormous trouble to splice together gene pieces—
employing very complex machinery to align the ends properly and
stitch together the pieces. Except in the case of antibody genes,
however, the reason that «interrupted genes» exist at all is still a
mystery.

4. Except for cells that make special classes of antibodies. | won't discuss
that further complication.

5. Bartl, S., Baltimore, D., and Weissman, |. L. (1994) «Molecular
Evolution of the Vertebrate Immune System.» Proceedings of the
National Academy of Sciences, 91, 10769-10770.

6. Farries, T. C., and Atkinson, J. P. (1991) «Evolution of the Complement
System,» Immunology Today, 12, 295-300.

7. Examples include: DuPasquier, L. (1992) «Origin and Evolution of the
Vertebrate Immune System,» APMIS, 100, 383-392; Stewart, J. (1994)
The Primordial VRM System and the Evolution of Vertebrate Immunity,
R. G. Landes Co., Austin; Sima, P., and Vetvicka, V. (1993) «Evolution of
Immune Reactions,» Critical Reviews in Immunology, 13, 83-114.
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1. RNA is made of the four nucleotides A, C, G, and U.
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2. Several other simplifications will be used. The hydrogen atoms of the
molecule will not be discussed or indicated in Figure 7-1. Hydrogen
atoms for the most part just ride along with other atoms in the
synthesis of AMP so it really isn't necessary to pay attention to them to
get the idea across. Additionally, double bonds and single bonds will
not be distinguished, since we are only interested in connectivity.

3. Zubay, G., Parson, W. W., and Vance, D. E. (1995) Principles of
Biochemistry, Wm. C. Brown Publishers, Dubuque, IA, pp. 215-216.

4. Although it was previously thought that this step did not require ATP,
more recent work has shown that ATP is necessary for the reaction to
go at physiological concentrations of bicarbonate. Voet, D., and Voet, J.
G. 1995. Biochemistry, 2nd ed., John Wiley & Sons, New York, p. 800.

5. Hall, R. H. (1971) The Modified Nucleosides in Nucleic Acids, Columbia
University Press, New York, pp. 26-29.

6. 0r0, J. (1961) «Mechanism of Synthesis of Adenine from Hydrogen

Cyanide Under Plausible Primitive Earth Conditions,» Nature, 191, 1193-

1194. It should be kept in mind that just the base adenine is made by

reactions of ammonia and hydrogen cyanide. The nucleotide AMP is

extremely difficult to produce under plausible early earth conditions, as
noted in Joyce, G. F. (1989) «RNA Evolution and the Origins of Life,»

Nature, 338, 217-224.

7. Quoted in Joyce, G. F.,, and Orgel, L. E. 1993. «Prospects for
Understanding the Origin of the RNAWorld,» in The RNA World, ed. R.
F. Gesteland and J. F. Atkins, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, p. 18.

8. Except by the degradation of ATP, which must be made from AMP in
the first place.

9. Creighton, T. (1993) Proteins: Structure and Molecular Properties, W.
H. Freeman and Co., New York, p. 131.

10. Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K., and Watson, J. D.
(1994)Molecular Biology of the Cell, 3rd ed., Garland Publishing, New
York, p. 14.

11. Ferris, J. P, and Hagan, W. J. (1984) «HCN and Chemical Evolution:
The Possible Role of Cyano Compounds in Prebiotic Synthesis,»
Tetrahedron, 40, 1093-1120. It should be kept in mind that the
compounds described in this paper do not have the foundation
attached.
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12. Bloom, A. (1987) The Closing of the American Mind, Simon and
Schuster, New York, p. 151.

13. Horowitz, N. H. (1945) «On the Evolution of Biochemical Syntheses,»
Proceedings of the National Academy of Sciences, 31, 153-157.

14. For consistency with other descriptions, | have switched the letters A
and D in Horowitz's paper.

15. Kauffman, S. (1993) The Origins of Order, Oxford University Press,
New York, p. 344.

16. Smith, J. M. (1995) «Life at the Edge of Chaos?» New York Review,
March 2, pp. 28-30.
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1. The atmosphere of the early earth is now thought to have been quite
different from the one Miller assumed, and much less likely to produce
amino acids by atmospheric processes.

2. Dose, K. (1988) «The Origin of Life: More Questions than Answers,»
Interdisciplinary Science Reviews, 13, 348.

3. Shapiro, R. (1986) Origins: A Skeptic's Guide to the Creation of Life on
Earth, Summit Books, New York, p. 192.

4. Cech won the Nobel prize for his work. The awarding citation alludes
to the impact of Cech's work on origin-of-life studies. Cech himself
however, rarely mentions the origin of life in connection with his work.

5. Joyce, G. F., and Orgel, L. E. (1993) «Prospects for Understanding the
Origin of the RNA World» in The RNA World, ed. R. F. Gesteland and J.
F. Atkins, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
p. 19.

6. Joyce and Orgel, p. 13.

7. Although many statements within the scientific community's own
journals and books are pessimistic, public statements to the news
media tend to be of the everything-is-under-control variety. University
of Memphis rhetorician John Angus Campbell has observed that «huge
edifices of ideas—such as positivism—never really die. Thinking people
gradually abandon them and even ridicule them among themselves,
but keep the persuasively useful parts to scare away the uninformed.»
Campbell, J. A. (1994) «The Comic Frame and the Rhetoric of Science:
Epistemology and Ethics in Darwin's Origin,» Rhetoric Society Quarterly,
24, 27-50. This certainly applies to the way the scientific community
handles questions on the origin of life.
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8. Schlesinger, G. and Miller, S. L. (1983) «Prebiotic Syntheses in
Atmospheres Containing CH4, CO, and CO2,» Journal of Molecular
Evolution, 19, 376-382.

9. Niketic, V, Draganic, Z. D., Neskovic, S., Jovanovic, S., and Draganic, |.
G. (1983) «Radiolysis of Aqueous Solutions of Hydrogen Cyanide (pH 6):
Compounds of Interest in Chemical Evolution Studies,» Journal of
Molecular Evolution, 19, 184-191.

10. Kolb, V. M., Dworkin, J. P., and Miller, S. L. (1994) «Alternative Bases
in the RNA World: The Prebiotic Synthesis of Urazole and Its
Ribosides,» Journal of Molecular Evolution, 38, 549-557.

11. Hill, A. R., Jr., Nord, L. D., Orgel, L. E., and Robins, R. K. (1989)
«Cyclization of Nucleotide Analogues as an Obstacle to
Polymerization,» Journal of Molecular Evolution, 28, 170-171.

12. Nguyen, T., and Speed, T. P. (1992) «A Derivation of All Linear
Invariants for a Nonbalanced Transversion Model,» Journal of
Molecular Evolution, 35, 60-76.

13. Adell, J. C., and Dopazo, J. (1994) «Monte Carlo Simulation in
Phylogenies: An Application to Test the Constancy of Evolutionary
Rates,» Journal of Molecular Evolution, 38, 305-309.

14. Otaka, E., and Ooi, T. (1987) «Examination of Protein Sequence
Homologies: IV Twenty-Seven Bacterial Ferredoxins,» Journal of
Molecular Evolution, 26, 257-268.

15. Alexandraki, D., and Ruderman, J. V. (1983) «Evolution of a-and B-
Tubulin Genes as Inferred by the Nucleotide Sequences of Sea Urchin
cDNA clones,» Journal of Molecular Evolution, 19, 397-410.

16. Kumazaki, T., Hori, H., and Osawa, S. (1983) «Phylogeny of Protozoa
Deduced from 5S rRNA Sequences,» Journal of Molecular Evolution, 19,
411-419.

17. Wagner, A., Deryckere, F., McMorrow, T., and Gannon, F. (1994)
«Tail-to-Tail Orientation of the Atlantic Salmon Alpha-and Beta-Globin
Genes,» Journal of Molecular Evolution, 38, 28-35.

18. Indeed, some proteins we have discussed in this book have

sequences or shapes similar to other proteins. For example, antibodies

are shaped similarly to a protein called superoxide dismutase, which
helps protect the cell against damage by oxygen. And rhodopsin, which is
used in vision, is similar to a protein found in bacteria, called
bacteriorhodopsin, which is involved in the production of energy.
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Nonetheless, the similarities tell us nothing about how vision or the

immune system could develop step-by-step.

One would have hoped that finding proteins with similar sequences
would lead to the proposal of models for how complex biochemical
systems might have developed. Conversely, the fact that such sequence
comparisons do not help us understand the origins of complex
biochemical systems weighs heavily against a theory of gradual
evolution.

19. | have counted in this category papers that are listed in the journal
index under the titles «Molecular Evolution,» «Protein Evolution,» and
some miscellaneous topics.

20. Kimura, M. (1983) The Neutral Theory of Evolution, Cambridge
University Press, New York.

21. Kauffman, S. A. (1993) The Origins of Order: Self-Organization and
Selection in Evolution, Oxford University Press, New York.

22. Selander, R. K., Clark, A. G., & Whittam, T. S. (1991) Evolution at the
Molecular Level, Sinauer Associates, Sunderland, MA.

23. Cold Spring Harbor Symposia on Quantitative Biology (1987), vol. 52,
Evolution of Catalytic Function, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY.

24. Lehninger, A. L. (1970) Biochemistry, Worth Publishers, New York, p.
17.

25. Lehninger, A. L., Nelson, D. L., and Cox, M. M. (1993) Principles of
Biochemistry, 2nd ed., Worth Publishers, New York, p. viii.

26. Lehninger et al. (1993), p. 244.

27. Conn, E. E., Stumpf, P. K., Bruening, G., and Doi, R. H. (1987) Outlines
of Biochemistry, 5th ed., John Wiley & Sons, New York, p. 4.

28. Voet, D., and Voet, J. G. (1995) Biochemistry, 2nd ed., John Wiley &
Sons, New York, p. 19.

29. To its credit, the Voet and Voet text contains a disclaimer at the
beginning of the standard discussion of a Stanley Miller-like origin-of-
life scenario, which states that there are «valid scientific objections to
this scenario.»
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1. Kauffman, S. A. (1991) «Antichaos and Adaptation,» Scientific
American, August, p. 82.
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2. Kauffman, S. A. (1993) The Origins of Order, Oxford University Press,
Oxford, England.

3. Detecting design in patterns of coin flips or other systems that do not

physically interact is done in other ways. See Dembski, W. (1996) The

Design Inference: Eliminating Chance Through Small Probabilities, Ph.D.

dissertation, University of lllinois.

4. This is a judgment call. One can never prove that a particular function
is the only one that might be intended—or even that it is intended. But
our evidence can get pretty persuasive nonetheless.

5. It is hard to quantify design, but it is not impossible, and future
research should proceed in this direction. An excellent start has been
made by Bill Dembski in his dissertation (Dembski, 1996), which
attempts to quantify the design inference in terms of what he calls the
«probabilistic resources» of a system.

6. Dawson, K. M., Cook, A., Devine, J. M., Edwards, R. M., Hunter, M. G,,
Raper, R. H., and Roberts, G. (1994) «Plasminogen Mutants Activated
by Thrombin,» Journal of Biological Chemistry, 269, 15989-15992.

7. Reviewed in Gold, L., Polisky, B., Uhlenbeck, O. & Yams, M. (1995)
«Diversity of Oligonucleotide Functions,» Annual Review of
Biochemistry 64, 763-797.

8. Joyce, G. F. (1992) «Directed Molecular Evolution,» Scientific
American, December, p. 90.

9. Benkovic, S. J. (1992) «Catalytic Antibodies,» Annual Review of
Biochemistry 61, 29-54.

10. Dawkins, R. (1995) River Out of Eden, Basic Books, New York, pp. 17-
18.
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1. Cited in Barrow, J. D., and Tipler, F.J. (1986) The Anthropic
Cosmological Principle, Oxford University Press, New York, p. 36.

2. Barrow and Tipler, p. 36.

3. Paley, W. Natural Theology, American Tract Society, New York, pp. 9-
10.

4. Dawkins, R. (1985) The Blind Watchmaker, W. W. Norton, London, p.
5.

5. Paley, pp. 110-111.

6. Paley, pp. 199-200.

7. Paley, pp. 171-172.
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8. Paley, pp. 184-185.

9. Dawkins, p. 5.

10. Dawkins, p. 6.

11. Sober, E. (1993) Philosophy of Biology, Westview Press, Boulder, Co,
p. 34.

12. Sober, pp. 34-35.

13. Sober, p. 35.

14. Sober, pp. 37-38.

15. Shapiro, R. (1986) Origins: A Skeptic's Guide to the Creation of Life on
Earth. Summit Books, New York, pp. 179-180.

16. Miller, K. R. (1994) «Life's Grand Design,» Technology Review

February/ March, pp. 29-30.

17. Dyson, J. F. (1966) «The Search for Extraterrestrial Technology» in
Perspectives in Modem Physics, ed. R. E. Marshak, John Wiley and Sons,
New York, pp. 643-644.

18. Crick, F. H. C., and Orgel, L. E. (1973) «Directed Panspermia,» Icarus,

19, 344.

19. Futuyma, D. (1982) Science on Trial, Pantheon Books, New York, p.
207.

20. Miller, pp. 31-32.

21. Miller, p. 32.

22. Gould, S.J. (1980) The Panda's Thumb, W. W. Norton, New York.
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1. Shapiro, R. (1986) Origins: A Skeptic's Guide to the Creation of Life on
Earth, Summit Books, New York, p. 130.

2. Dickerson's essay can be found in Journal of Molecular Evolution, 34,
277 (1992), and Perspectives on Science & Christian Faith, 44, 137-138
(1992).

3. The reformulated rule is essentially identical to what a peripatetic
philosopher of science named Michael Ruse testified were the defining
characteristics of science during the 1981 trial to determine the
constitutionality of the Arkansas «Balanced Treatment for Creation-
Science and Evolution-Science Act.» Judge William Overton's opinion
overturning the law relied heavily on Ruse's ideas. The opinion has
been strongly criticized as inept by other philosophers of science. Many
relevant trial documents are collected in Ruse, M., ed. (1988) But Is It
Science? Prometheus Books, Buffalo, NY.
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Judge Overton, echoing Ruse, wrote of science that: «(1) It is guided by
natural law; (2) It has to be explanatory by reference to natural law; (3)
It is testable against the empirical world; (4) Its conclusions are
tentative; i.e., are not necessarily the final word; and (5) It is falsifiable
(Testimony of Ruse and other science witnesses).» Overton's opinion
was received with scorn by other philosophers of science. Philip Quinn
wrote, «Ruse's views do not represent a settled consensus of opinion
among philosophers of science. Worse still, some of them are clearly
false and some are based on obviously fallacious arguments» (in Ruse,
1988, p. 384). Larry Laudan ticked off the problems. «Some scientific
theories are well-tested; some are not. Some branches of science are
presently showing high rates of growth; others are not. Some scientific
theories have made a host of successful predictions of surprising
phenomena; some have made few if any such predictions. Some
scientific hypotheses are ad hoc; others are not. Some have achieved a
'consilience of inductions'; others have not» (in Ruse, 1988, p. 348).
Laudan cited many exceptions to Overton's opinion: «This requirement
[for explanation by natural law] is an altogether inappropriate standard
for ascertaining whether a claim is scientific. For centuries scientists
have recognized a difference between establishing the existence of a
phenomenon and explaining that phenomenon in a lawlike way. . . .
Galileo and Newton took themselves to have established the existence
of gravitational phenomena, long before anyone was able to give a
causal or explanatory account of gravitation. Darwin took himself to
have established the existence of natural selection almost a half-
century before geneticists were able to lay out the laws of heredity on
which natural selection depended» (in Ruse, 1988, p. 354). Laudan saw
no cause for rejoicing: «The victory in the Arkansas case was hollow,
for it was achieved only at the expense of perpetuating and canonizing
a false stereotype of what science is and how it works» (in Ruse, 1988,
p. 355).

4. Of course, whether «evolution» and «religion» are compatible
depends on your definitions of both. If one takes the position that
evolution not only occurred solely by uninterrupted natural law, but
that the process is «purposeless» and «unforeseen» in a metaphysical
sense, then that does place «evolution» on a collision course with
many religious denominations. Phillip Johnson has done an admirable
job of pointing out the many ways in which the word evolution is used,
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and how shifting definitions can confuse public discussion of the issue.
Johnson, P. E. (1991) Darwin on Trial, Regnery Gateway, Washington,
DC.

5. Simon, H. (1990) «A Mechanism for Social Selection and Successful
Altruism,» Science, 250,1665-1668.

6. The influence of various religious cultures on the development of
science is described in Jaki, S. (1986) Science and Creation, Scottish
Academic Press, Edinburgh.

7. The reaction of science to the Big Bang hypothesis, including
Eddington's and other prominent physicists, is recounted in Jaki, S.
(1980) Cosmos and Creator, Regnery Gateway, Chicago.

8. Jaki, S. (1986).

9. Dawkins, R. (1986) The Blind Watchmaker, W. W. Norton, London, p.
159.

10. Dawkins, R. (1989) New York Times, April 9, 1989, sec. 7, p. 34.

11. Maddox, J. (1994) «Defending Science Against Anti-Science,» Nature,
368, 185.

12. Dennett, D. (1995) Darwin's Dangerous Idea, Simon & Schuster, New
York, pp. 515-516.

13. Dawkins, R. (1986), p. 6.

dd)

1. What exactly is «intelligent design? In an article in 2001 in the
philosophy of science journal, Biology and Philosophy, | made an
important distinction: «By [intelligent designl someone might mean
that the laws of nature themselves are designed to produce life and the
complex systems that undergird it. Without commenting on the merits
of the position, let me just say that that is not the meaning | assign to
the phrase. By «intelligent design» (ID) | mean to imply design beyond
the laws of nature. That is, taking the laws of nature as given, are there
other reasons for concluding that life and its component systems have
been intentionally arranged, just as there are reasons beyond the laws
of nature for concluding a mousetrap was designed? [Unless stated
otherwise] whenever | refer to ID | mean this stronger sense of design-
beyond-laws.»

2. The term «irreducible complexity» occurred to me independently.
However, I've since learned that the phrase was used earlier in
Templets and the Explanation of Complex Patterns (Cambridge
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University Press, 1986) by Case Western Reserve University biologist
Michael J. Katz. He appeared to have in mind the same sorts of
phenomena as | did.

3. Pennock R. (1999). Tower of Babel: The Evidence Against the New
Creationism, MIT Press, Cambridge, Massachusetts, pp. 267-268.

4. Pennock, 269.

5. Pennock, 269.

6. Pennock doesn't bother to say how those suspiciously complex,
dumbbell-shaped balances and springs get added. Needless to say, a
chronometer is a very complex device. Pictures of several versions of
early chronometers built be John Harrison can be seen at
robens.anu.edu.au/student.projects97/naval/hl.htm. Try even turning
one into another by «numerous, successive, slight modifications».
Pennock doesn't.

7. «The most important prediction of the hypothesis of irreducible
complexity is that components of irreducibly complex structures should
not have functions that can be favored by natural selection.»
www.millerandlevine.com./km/evol/ designl/article.html That
«prediction,» however, was made up by Miller.

8. Begley. Sharon (2004), «Evolution Critics Come Under Fire for Flaws in

'Intelligent Design.'» Wall Street Journal, B.l. Feb. 13.
9. Suppose the separated holding bar that's being used as a toothpick
and the remainder of the trap that's being used as a paperweight were
recombined to make a working mousetrap. Doesn't that show we can
get an irreducibly complex mousetrap from parts being used for other
purposes? No, it doesn't. The example is artificial; like Robert
Pennock's chronometer breaking to give a watch, it doesn't reflect the
situation that would be expected to confront Darwinian evolution. The
example overlooks the fact that the parts were originally taken from
the mousetrap, and were already shaped to perform the job they do in
the mousetrap. But evolution would not be expected to pre-adapt
parts being used for one purpose to a wholly different, complex second
purpose. To see the difficulty, imagine trying to put together a
mousetrap from a real toothpick and real paperweight that you buy at
a discount store (without extensive re-arrangement and intelligent
intervention). And the difficulty gets much worse as the complexity of
the system increases beyond comparatively simple mousetraps.

10. Begley, 2004.
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11. www.millerandlevine.com/km/evol/design1/article.htm

12. Actually, microtubules are way cooler than «mere structural
supports.»
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wrote about in Behe M. J. (2004), «Irreducible Complexity: Obstacle to
Darwinian Evolution,» in: Dembski W. A., and Ruse M, eds., Debating
Design: From Darwin to DNA, Cambridge University Press, pp. 352-370.
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of the parts of an irreducibly complex molecular machine first had
other individual functions in the cell. Might the irreducible system then
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worked on their own, as some Darwinists have proposed?
Unfortunately this picture greatly oversimplifies the difficulty, as |
discussed in Darwin's Black Box (Behe 1996, p. 53) Here analogies to
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system have to automatically find each other in the cell. They can't be
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2. Originally, however, the individually acting components would not
have had complementary surfaces. So all of the interacting surfaces of
all of the components would first have to be adjusted before they
could function together. And only then would the new function of the
composite system appear. Thus, | emphasize strongly, the problem of
irreducibility remains, even if individual proteins homologous to system
components separately and originally had their own functions.»
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Review, Dec/Jan.

15. Orr

16. In one of many examples of the Darwinian echo chamber, in Tower of
Babel Robert Pennock approvingly quotes Orr's reasonsing about
hypothetical «part A» and «part (B),» but is equally reticent about
spelling out how such reasoning applies to real mousetraps or
biochemical examples.

A cartoonish effort to gradually construct a mousetrap while keeping
the function of trapping mice constant from the start was mounted on
the Internet by University of Delaware biologist John McDonald.
However, as | pointed out in a reply, the effort is steeped in intelligent
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guidance, which is fatal to any Darwinian claims. One could also ask, if
it's so difficult to see how a simple mousetrap could be put together by
a series of unguided small steps, how much more difficult would it be
to assemble the stupendously intricate molecular machinery of the

cell? (An animated version is available at
http://udel.edu/~mcdonald/mousetrap.html. His original version is at
http://udel.edu/~mcdonald/oldmousetrap.html. My response,

detailing the involvement of intelligence, is available at
www.arn.org/docs/behe/mb_mousetrapdefended.htm)

17. «But biologists have shown that direct paths to irreducible
complexity are possible, too. Suppose a part gets added to a system
merely because the part improves the system's performance; the part
is not, at this stage, essential for function.» Orr, H. A. Devolution
(2005), The New Yorker, May 30. Apparently in consideration of the
magazine's lay readership he left out the technical terms «part (A)»
and «part (B).»
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quite different for the general public.
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denunciations handily categorized by groups.
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96:691-696.

25. In arguing against intelligent design in his 1999 book Finding Darwin's
God, Ken Miller pointed to cilia which he said were simpler than the
common «9+2» cilium pictured in Chapter 3. The implication was that
perhaps such structures might somehow serve as intermediates on the
way to the common cilium. Besides being terminally vague and
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speculative (after all, the cilium is made of 200 parts), his story doesn't
even square with the data. As reported in the paper mentioned above
(Mitchell, 2004),

All present day cilia and (eukaryotic, not bacterial] flagella, motile or not,

clearly evolved from the 9+2 versions. The rarely encountered motile

14+0, 1240, 9+0, 6+0, or 3+0 axonemes 1/4, and the widespread non-

motile metazoan 9+0 axonemes, are all derived through loss and

modification from ancestral 9+2 organelles.
In other words, like Robert Pennock's less-complex watch that is
derived from a more-complex chronometer, variant less-complex cilia
appear to be derived from the standard more-complex kind of cilium.
Needless to say, it is no Darwinian explanation-not even a vague one-to
postulate derived, less-functional simplicity from unexplained, more-
functional complexity.

26. Macnab R. M. (2003), «How Bacteria Assemble Flagella,» Annual
Review Microbiology 57:77-100.

27. Pallen M. )., Beatson S. A, and Bailey C. M. (2005), «Bioinformatics,
Genomics and Evolution of Non-flagellar Type-Ill Secretion Systems: A
Darwinian Perspective.» FEMS Microbiol Rev. 29:201-229.

28. Klein J., and Nikolaidis N. (2005), «The descent of the antibody-based
immune svstem by gradual evolution,» Pro. National Academy of
Science USA 102:169-174.

29. The authors have an expansive idea of «gradual,» whereby they
count the first appearance of any category of protein as sufficient to
explain whatever activity a member of the category is now involved in.
That's kind of like saying that the springs in a mattress explain the
springs in a clock.

30. Davidson C. J., Hirt R. E, Lal K., Snell P. Elgar G., Tuddenham E. G., and
McVey J. H. (2003), «Molecular Evolution of the Vertebrate Blood
Coagulation Network,» Thromb Haemost 89:420-428.

31. Some commentators have claimed that evolutionary theory has
moved beyond Darwin, and that mechanisms other than natural
selection are operative in biology. Other mechanisms, however, are
irrelevant. In trying to explain apparent design, only natural selection
matters. Here's Jerry Coyne himself making that point:

Since 1859, Darwin's theories have been expanded, and we now
know that some evolutionary change can be caused by forces other
than natural selection. For example, random and non-adaptive changes
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in the frequencies of different genetic variants-the genetic equivalent
of coin-tossing-have produced evolutionary changes in DNA sequences.
Yet selection is still the only known evolutionary force that can produce
the fit between organism and environment (or between organism and
organism) that makes nature seem «designed» [emphasis added)].
Coyne, J. A. (2005), «The Case Against Intelligent Design. The Faith That
Dare Not Speak Its Name,» The New Republic, August 22.

32. Coyne.

33. Shapiro, J. (1996), «In the Details . . . What?» National Review, Sept.
16, 62-65. Shapiro's judgment is seconded by Colorado State University
emeritus professor of biochemistry Franklin Harold in his book The
Way of the Cell (Oxford, 2001): «. . .we must concede that there are
presently no detailed Darwinian accounts of the evolution of any
biochemical system, only a variety of wishful speculations.»

34. Abbott A. (2005), «Nobel laureates: Close encounters,» Nature

436:170-171.
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