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Purpose Most people who are now advocatingglligent design

This paper provides a critique of Intelligent Design (ID)—ID) claim that only the operation of an intelligence could have
the claim that evolution is inadequate to explain some of theought about the functional complexity which is observed in today’s
structures of organisms as well as the phylogenetic patterndidfig organisms. Their requirement of an intelligence which is
the species that we observe on Earth, and that thereforaeither observable nor testable, but which nevertheless operates on
designing intelligence was required to produce them. Thise natural world, results in the entangling of the natural and the
paper provides a summary of the objectives, tactics, asdpernatural. Both M. Behe (Ph.D. in biochemistry) and W. A.
arguments of ID advocates and responses to their argument®bynbski (Ph.D. in mathematics and philosophy, and masters degree
biologists. | hope that it will provide high school biologyin theology), who clearly are major leaders in this area, claim a
teachers, school administrators, and members of the pubyBquirement for an intelligent designer (although in slightly different
with information which will be helpful in understanding theways). These two men have written books and articles about ID,
fallacies of major ID claims as well as in answering argumerdad participate in active lecture and debate circuits. Along with

which ID advocates often make. Behe and Dembski, there are a number of others who also speak
and write extensively in support of the overall idea of ID, usually
Outline under the umbrella of the Discovery Institute, a west coast
« Preamble —A summary of the objectives and tactics of  organization with considerable financial and other support from
advocates of ID. the religious right.
« Biological Evolution — Defined They (and others supporting this view) appear to hope
e A Summary of the Arguments— Resources providing that some central aspects of their concept of this supernatural entity
arguments of Idvocates and responses by biologists.  will override some of the science that represents the empirically
* Intelligent Design (ID) — general —Why ID is religion, based view of the natural world.
not science. In public, especially in meetings which include people
« Intelligent Design (ID) — specific —The essential they know to be interested in science education, they refer to an
arguments of ID. intelligent designer but are willing to specify little about that entity.
* Irreducible Complexity — Definition; claimed examples  If pressed, some will admit that although it might be God, it also
refuted. could be very advanced aliens or Réelians, presuming that, by this
* The mousetrap —Might look irreducibly complex but isn’'t. dodge, they avoid bringing in the supernatural (religion). Invoking
*«  The eye— Might look irreducibly complex but isn't. either aliens or Raelians, however, is a smoke screen which simply
« Complexity Specification— The arguments and their takes us back a step to ask: Who or what is the intelligent designer
flaws. who/which designed the aliens or Raelians?
¢ Some of Wells’ Claimed Weaknesses in Textbooks Most religious organizations in our country accept that
The Miller-Urey experiment the up-to-date theory of evolution is a reasonable description of
The Cambrian explosion how the variety of organisms that we see on earth got to be the way
Comparative embryology that they are. They (and this includes many scientists) have a deep
Peppered Moths and serious belief in the supernatural nature of their God, but they
¢ Modern Evolutionary Theory (neoDarwinism) do not find that this interferes with the acceptance of a naturalistic
e Summary process as the producer of the living plants and animals that we see
« Annotated Bibliography around us. On the other hand, those committed to ID find that the
* Appendix science expressed by the theory of evolution is particularly
« Responses to Jonathan Wells's Ten Questions to Ask distasteful, apparently largely because it ignores any need for a
Your Biology Teacher. designer. Therefore, they attack it most vigorously.
Because of the requirement in this country that church
Preamble and state be kept separate in our public schools, these people, the

Science is concerned exclusively with the natural worleieocreationists, generally will not directly admit that what they
it does not, cannot, and should not deal with any part of a summe doing is actually an attempt to bring an untestable hypoth-
natural world. Stephen J. Gould called these two worlds, the natesik into schools (mostly via textbooks). Instead they take two
and the supernatural, “The Twdon-OverlappingMagisteria” approaches: 1. To weaken the presentation of evolution in the
[my emphasis]. textbooks, and 2. To (eventually) add some consideration of



intelligent design, while denying itie factoreligious aspect, into sometimes called stealth candidates).
those textbooks (as a parallel and competing theory to that Neocreationists are aware that most of the textbooks used
of naturalistic evolution). in science classes in Texas are both pretty good in explaining the

In the literature of their own organizations, away frortheory of evolution and in providing the empirical evidence and
the view of the general public, they say and write that their explitite scientific method which supports it. In addition to their attempts
goal is to introduce religious supernaturalism into our schools. Theydiscourage discussion of this theory within local classrooms by
have made no headway within the scientific community, thus theimcouraging parents and students to complain to teachers and school
strategy is to target the public at large and politicians in particuladministrators, they also provide susceptible parents and children
and to affect high school biology teaching in the process. They aiith “scientific” questions to ask teachers and administrators. These
very skillful in public relations and in their use of the media to dguestions are often worded in rather challenging terms, and if the
this. teacher does not immediately have a really good answer to some

In some parts of Texas, addition of ID to the curriculurtbolt out of the blue” question (which may be timed such that it
is already being attempted through public relations, and politidsars little relationship to what is being discussed in the class), it
and parental pressure by ID activists. Later, this article providesdercuts the authority of the teacher and the quality of the
critiques by active research scientists of some of the erroneedsicational process. This kind of pressure and challenge is
arguments that these people are using. especially difficult for the many teachers in this state who have

In response to pressures applied by a small group of ti2en put into biology classes even though their training in this
activists (and strongly opposed by the scientific community), @iscipline is limited. Inevitably, it cheats the students and makes
August of 1999, the State Board of Education of Kansas voted@aching more difficult for the teachers.
remove consideration of the “big bang”, the age of the Earth, and Jonathan Wells, who has written an error filled bddie
any reference to descent from common ancestors (which reddlgns of Evolution (parts of which will be critiqued below) has
meant biological evolution to them) from state requirements pfovided a set of ten such “out of the blue” questions. These
subject matter to be covered. They also dictated that future statewjdestions, along with answers developed by biologists, can be seen
exams in science would not include any questions on biologigalthe article “Responses to Jonathan Wells's Ten Questions to
evolution. Ask your Biology Teacher” by Alan Gishlick of the National

This resulted in major criticisms from most of the presSenter for Science Education (NCSE); this article is reprinted in
and all of the scientific community; in addition, several larghe appendix below. It also can be found on the web at:
corporations canceled plans to set up some new operation$tip://www.ncseweb.org/resources/articles/
Kansas. These corporations would not accept an educational system The NCSE is a national organization of scientists and
so degraded. This board of education decision was rescindedthrers dedicated to helping to improve science education in America.
2001, after some of the members who had pushed hardest famiey perform an exceedingly valuable service, and | urge you to
were defeated in the next election. use their outstanding websit@viw.ncseweb.aj). Other articles

In Texas, where high school biology textbooks are noat the NCSE website provide extremely valuable resources of
being considered for adoption, the short-term goal of tligformation about creationist efforts and questions, as well as correct
neocreationists is to convince the elected State Board Of Educatiad effective counters to what the neocreationists say.
(some members of which are neocreationists) to provide a more Neocreationists, in general, do not attempt to convince
“fair and balanced” presentation of evolution. Some particularbgientists who study evolution of the reality and value of ID because
want more consideration of what they call the “weaknesses” their attempts in the past have failed so miserably. The primary
evolution included in the books. reason for this failure is that the neocreationists do not use the

Neocreationists also almost succeeded in getting tkeientific approach of acquiring empirical evidence about nature,
Santorum amendment, which supports the teaching of ID, inseréed! then proposing logical hypotheses (which are open to
into the federal No Child Left Behind Act of 2001. While removethlsification) based on these data (along with data and ideas of
in conference and not included in the Act, it is nevertheless in thibers).
official records of the Senate and is being used by some ID people
in their attempts to get ID into schools and textbooks. Biological Evolution

In another approach, some neocreationists are Biological evolution, because of its explanatory,
encouraging people in local communities to complain about tmegrative, and predictive powers, is accepted and used by the vast
high school science textbooks that their children are using, andjority of practicing biological scientists today. This theory of
especially about various aspects of the theory of evolution as iei®lution adheres to the fundamental requirements of science:
discussed in those books. This produces community pressures on 1. It is comprised of a set of logical, explanatory
high school teachers and administrators. In some areas, this pressypetheses which have been constructed using data from
has produced a measurable reduction in the attention paicbbservations of the natural world (observations which can be
evolution in biology classes. Not only does this short change tiepeated by others), and,
students, but it also increases the difficulty they will confront when 2. It, and its parts are testable and open to falsification
they attend college. | have seen unmistakable evidence of thithimugh the use of additional or better empirical data (and then may
my over 40 years of teaching biology at The University of Texasta replaced by better hypotheses based on these additional data
Austin. and/or better logic). This testing, with the potential for falsification

In addition, these neocreationists work to elect peopésd replacement by a better, data- supported explanation, is another
who share their anti-evolution views, and, in a number of instancesy of pointing out one of science’s strongest characteristics —
the voting public is unaware of these candidates’ stance (they stcience is self-correcting.



NeoDarwinism, as | use the term, refers to the entipeople pose very serious dangers to the teaching of “naturalistic”
current contents of modern evolutionary theory, with its importaatience (as if there were any other) in public schools, and could
components of geology, chemistry, biology, and other fields. Thdsad to adoption of ID into the curriculum if we are not vigilant,
include many recent pertinent developments, which are now integfiéctive, and forceful in opposing them.
parts of this theory, some of which were mostly, if not totally,
unknown during Darwin’s time. Entire fields have developed sintetelligent Design (ID) - Specific

his day, including, the often overlapping areas of cell biology, ID people do not do research for data to support their
genetics, genomics, several branches of molecular biologyguments, instead they use, and sometimes abuse, several
evolution-development (evo-devo), and so on. arguments and probability calculations in attempts to show that
evolution can not happen (except in “small and minor” instances
A Summary of the Arguments such as the evolution of antibiotic resistance in some bacteria). They

A small and excellent set of brief articles whichuse these arguments mostly to sway the public (non-scientists); they
summarize a few of the most important disagreements betwémve been unsuccessful with most scientists, and especially
neocreationists and neoDarwinists can be fouhthiaral History  unsuccessful with biologists who know of the immense amount of
the magazine published by the American Museum of Natugdta which supports neoDarwinism.

History. The April 2002 issue of this magazine provides three short In the nearly 200 years since William Paley wrote
articles, one by each of three major leaders of the ID movemeéatgument from Design,” with his conclusion that only a designer
and a reply to each of these by a scientist who is a major playetGwod) could have produced the organisms observed on Earth, other
the fight against the adoption of ID and the weakening of tleeeationists have come up with arguments, some new and some
coverage of evolution in school textbooks. In addition, there is alu, to support their claims that neoDarwinian evolution cannot
introduction by senior editors dfatural History and also a telling explain the complexity of life now on earth.

final comment by a philosopher-historian. This set of articles can Stripped to its essence, the modern claim of the
be found at the websit@itp://www.actionbioscience.org/evolution/neocreationists comes down to their assertion neoDarwinian
nhmag.html and also at the website of the National Center favolution could not have produced the organisms that we see.

Science Education attp://www.ncseweb.org/resources However, because we do see these organisms there must be an
alternative, and because it could not be simple chance alone along
Intelligent Design (ID) - General with the laws of physics, it must be the only possibility that remains
— intelligent design.
ID is not science because: This kind of claim is contrary to science — science never
1. Its core conclusion (a designing intelligence) is not based orfinds “theonly alternative model”. Instead it is always open to the
empirical data. development of additional evidence that could lead to other

2. lIts core conclusion (a designing intelligence) is not testablepossibilities. Science is open-ended in this way, ID is not. In
(falsifiable). Therefore, it is not open to the self-correcting addition, the ID alternative, the theory of an intelligent design(er)
mechanisms that must be available within any science. is not testable (falsifiable) as no direct empirical evidence can be
obtained to provide such atest. ID relies on the supernatural; science
It is clear that the proponents of ID want to destroselies on natural, empirical evidence.
Darwinism and bring religion into science. They express this in An older approach, and one some still use, is essentially:
different ways: Dembski writes, “As Christians, we know naturalistih don't see any way that it could have happened — you've got to
is false. Nature is not self-sufficient;” Wells says that he wishes “thow me.” Then they say that there are still gaps in the evidence,
devote my life to destroying Darwinism;” and Behe says, “I arind sometimes bring up a challenge such as; “You say that whale’s
hopeful that the scientific community will eventually admit the@ncestors were once terrestrial - show me the transition fossils.”
possibility of intelligent design...” Behe provides only this modeJthe problem with this challenge is that often, and sometimes almost
hope in things that he has written (and | have seen), althoughirhemediately, the requested evidence is discovered and reported on
has been reported to say that he believes the intelligence of ID td¢d=it was with the whales — with three different examples). Then
God. there was more evidence supportive of evolution. The still older
The three men just quoted are Fellows of the Center fargument;’| can't imagine how the organisms observed on Earth
the Renewal of Science and Culture, now sponsored by twild be produced by naturalistic processes,” is weak enough that
Discovery Institute. An early mission statement of theseis little used any more.
organizations includes the stated goal of “nothing less than the In 1996, Behe wrote his bookarwin’s Black Boxin
overthrow of materialism and its damning cultural legacies.” Thehich he developed his argument concerning what is called
political and public relations thrust of this (which they call theifintelligent design” (ID). This idea was derived from earlier writing
“Wedge” strategy) “aims to ‘renew’ American culture by groundingy P. E. Johnson (see Forrest, 2002, for some of the history).
society’s major institutions, especially education, in evangelicdbhnson'’s idea and claim was that there are lifeforms observed in
religion.” (Forrest, 2002) our world that naturalistic evolution, as described by neoDarwinists,
The Discovery Institute people are smart, well-funde@annot have produced. The core of Behe’s particular claim is his
and have very well-developed political connections. Their activitiesncept of what he calls “irreducible complexity”.
in Kansas, Michigan, Ohio, Texas, and other states have made
headlines. As outlined above, in 1999, they succeeded in getting
the Kansas Board of Education to remove references to evolution
in the list of required content of textbooks. The activities of these



Irreducible complexity the mousetrap is much simpler than biological the systems it is
“Irreducible complexity” is one of the central assertionsupposed to analogize, that a mousetrap does only one simple thing
of ID. It is that some of the complex subsystems observed(and there are other ways of doing that thing), and there is no
organisms, especially at the sub-cellular lewefrinciple and in  opportunity for a mousetrap to “try out different variations.”
fact cannot have been produced through any combination of the And it gets worse for Behe’s analogy than that. For one
naturalistic mechanisms of mutation and natural selection. Beheng, John H. McDonald of the University of Delaware has
(correctly) claims that these mechanisms are central to thiegggested a very nice 15 stage model, which by starting with a
neoDarwinian evolutionary process. He then rightly states thasimple bent wire, can be changed through a series of small
these mechanisms are shown to be unable to produce evolutioimasements into a regular hardware store mousetrap. Each stage
change in one or more living systems, it would mean failure of th@uld be able to catch a mouse, and throughout the series there is

theory of evolution. Darwin himself said this. a progressive increase in the mouse catching efficiency of the
Then things begin to go wrong with Behe’s claim. Heevice.
says that, for the evolution of some living systems, a failure of this Itis a very nice demonstration, and McDonald has it up

kind will occur because at some necessary stage of the evolutiomemhis website: http://udel.edu/~mcdonald/mousetrap.html. Not
chain required to reach the current condition, these systems cauity does McDonald provide diagrams of all of the steps from a
not have been functional. And if the system can’t work at all, stngle simple bent wire up to the “complete” trap, but he also shows
can't be subject to positive natural selection. In other words, inregat little animations which illustrate the trapping operation at each
least one of the stages required in the evolutionary constructiorobthe stages of its “evolution.” This is really a site worth visiting.
some system, the system simply will not work. When it does nihd McDonald makes clear that his exercisedsintended as an
work, it will be disadvantageous, and therefore, by evolutionaapalogy of how evolution works; its intent he says is “to point out
theory, it will be selected against. It follows then, Behe says, thairge of the logical flaws in the intelligent design argument.”
completed system which has this problem in one or more of the Behe’s weak response to this devastating example is
evolutionary stages leading to its present condiiannotbe something like “ but he didn’t go backwards, which is what | was
constructed by naturalistic evolution. Therefore, it must have hiatking about with my mousetrap model.” But naturalistic evolution
an intelligent designer. does not usually go backwards either (and does not go very far
Systems that fit into this category of impossibility ofvhen it does). Also, in historical reconstruction, absolute certainty
evolution, Behe callgreducibly complex. He chooses severaldown to the finest detail is never possible.
biological systems which he claims fit into this category, and we In his discussion of subcellular parts, Behe talks about
will return to them after we examine his main introductory sellingjfficulties in the construction and operation of the flagellum of
spiel: It is his mousetrap analogy, which has been quite succesbadteria (or cilium of eukaryotes), the chemical system which
with those who are uninformed in evolutionary dynamics qroduces clotting in blood, and the Krebs cycle, which is a chemical
philosophical argumentation. He claims that a spring mousetrapstem central to cellular respiration. He claims that these, as well
as he defines it, could not have been constructed without a pamany others, represent irreducibly complex systems.
(intelligence) because it would not work at all until all the proper A number of active research biochemists have commented
parts were put together in the proper way. He calls systems withBehe’s claims in these examples. They have pointed to scientific
this characteristic “irreducibly complex.” He then analogizes thidoservations showing that there are many “intermediate” parts and
“irreducibly complex” mousetrap to some living systems (especiakyages of each. Also, as mentioned above, it is impossible to know
sub-cellular components), and claims that these living systewery step of change which has occurred so there will always be
components are “irreducibly complex” because they also could gatps in any reconstruction. Creationists have been talking about
have been constructed without the aid of a designer. (This mousetrase kinds of “gaps” for years — there is a never ending supply

has become quite famous in some circles.) of them. For one example, if a fossil turns up in a gap between
two other fossils in some lineage, they say that now there are two

The mousetrap gaps!
The mousetrap that Behe delights in talking about has all When Behe chooses the bacterial flagellum as being

of the “necessary” parts in the “necessary” relationship with ofiereducibly complex,” Miller points out a number of intermediates
another. The trap will not work if this is not true. The necessargtween a completed flagellum and other pertinent aspects of the
parts he lists are: A flat wooden platform or base, a metal hamnieology of many bacterial cells. He cites many papers in the recent
a spring which provides power to the hammer, a catch which releasgsntific literature having to do with the proteins and genes known
the spring, and a metal bar that connects to the catch which haetdbe important to the structure and the function of the flagellum.
the hammer back. He then claims that “[a]ll the pieces have toSwrprisingly, it turns out that a number of bacteria have secretory
in place before you catch any mice.” This is true bylaffition,  systems which allow them to inject toxins into other cells. And the
but as Pennock 1999 (p. 267) points out, “He then switches topmateins of this system are “directly homologous to the proteins in
empiricalconclusion, that any irreducibly complex system that lothe basal portion of the bacterial flagellum.” What this illustrates
a part would be nonfunctional.” is that this natural system contains a hnumber of subsystems which
Behe is right in that superficial examination of a can take advantage of the “opportunism of evolutionary process
mousetrap suggests that it is irreducibly complex (Pigliucci, 2002§9) mix and match proteins,” and, in doing this, to produce protein
but recall that ivasmade by an intelligence (a point that Behassemblages which can have “new and novel functions” and perhaps
emphasizes). In addition, as Pennock (1999) points out, Behe distier functions. (See the citation below, and a guide to Miller’s
builds constraints into his mousetrap model that are unwarranteddbsite, where you can see a preprint of his paper which will be
itis to be a reasonable analog of a biological system: The facts fhailished in 2004). Miller and others have provided equivalent



discussions and information for other biochemical systems, in whiatided because it helps A. This new part isn’t essential, it merely
striking chemical homology is observed between the “irreducibignproves things. But later on, A (or something else) may change in
complex” systems chosen by Behe and other systems within seh a way thaB now becomes indispensabl&his process
cell. continues as further parts get folded into the system. And at the end
In one of the more striking examples, Miller points oudf the day, many parts mayl be required.”
that “Russell Doolittle has shown how evolution duplicated, This has been a very abbreviated consideration of this
retargeted, and modified these proteins [of the digestive systemptoblem; for more information see some of the references provided
produce the vertebrate blood-clotting system.” in the annotated bibliography at the end of this article (a suggestion
Weare in the middle of an information and understandinghich applies to all of the discussions provided here).
explosion in molecular and genetic biology, with new empirical The neo-creationists in the past often have used the
information being published at ever increasing rates. Simpmrample of gross anatomy of the camera-type eye that humans have,
extrapolation from the kinds and rates of recent scientific discover@aiming that this eye is irreducibly complex because all of its parts
in these areas suggests that there is an inevitability to the rapigst be present before it will function. Presumably, the reason that
extension of this kind of our knowledge and understanding. Tligy now use this example much less often is that biologists have
clearly will include much more evidence of the kind of cross systgminted out to them that there are light sensitive structures of many
provision of building parts and of the development of new and uselevels of complexity, from a simple sensitive spot in the cytoplasm
functions to which Miller and others allude. of some single celled organisms, to a small group of light sensitive
In addition to this, there is fascinating evidence froroells in other simple organisms, and then up, with many variations,
laboratory work on the construction of subcellular elements. Surteythe “complete” camera-type eyes of vertebrates and cephalopods.
et al. (2001) report on their results in the development ¢Fhere is even an eye with lens, capsule, and sensitive surface in
microtubules and (cellular) motors. They have found that theresiagle-celled dinoflagellates.) With all of these working models
considerable self-organization in their very siniplgtro laboratory available, displaying an immense range and variety of eye
systems, and provide photographs of complex self-assembiedrphologies, it is easy to imagine how eyes could become more
microtubule structures which automatically formed in theind more effective through time as mutation and natural selection
experiments. increased quality (because of their selective advantages). Keep in
To return to Behe’s famous mousetrap model, problemsind that even a very poor eye is much better than none.
have been mentioned concerning using a wood and metal human- There is another example, this one supported by data in
constructed system as an analog of a living system. What wobtith the fossil record and in the pattern of embryological
happen if Behe had chosen a living model which traps its preydevelopment in mammals. It has to do with the evolutionary
much the same way? Some living systems already come closéntoease of acuteness of hearing in animals which live in air instead
the structure of a mousetrap than it might at first seem. All one ledisvater, and gives a powerful instance of structures which originally
to do is to examine a Venus Fly Trap and the Bladderwort (boths&rved one function but through evolution took on another
which are very efficient, rapidly functioning, “mechanical” traps);ompletely different function.
not to mention the Sundew’s insect trapping (and digesting) leaves, The problem was, as some animals left the water for life
the Pitcher Plant, and even the fungus which catches nematodemiland, that the ease with which sound vibrations get into the inner
nooses which it constructs. Note that the Venus Fly Trap (Slaelay was diminished by their movement from liquid to air as the
1980) has essentially the same functional parts as does the mousstmapunding medium. Arelatively early evolutionary development
(although it is more complete than the mousetrap because it hapritgluced a tympanic membrane (eardrum) which helped with the
own nectar which functions as an insect attractant). There are seya@blem and is today found in amphibians, reptiles, and mammals.
of its parts that today’s Venus Fly Trap (a result of evolutionaty a later development, two of the smaller jaw bones of the early
processes) could loose or become damaged, and the plant woddhmals lost their function as part of the lower jaw as the large
still be able to catch insects. It is not difficult, however, to imagirdentary bone evolved, became stronger, and in the process “took
evolution of this system to the state of supposed irreducildeer” their previous function (and did a better job of it). These two
complexity. In parallel to this story, there are several ways in whibbnes which were no longer useful as jaw bones, were “released”
the mousetrap could loose or have damaged parts and still cétom their function as jaw bones and could have either simply
mice; a number of people have suggested some of them. disappeared or taken on another function. What happened was that
There are several ways in which “irreducible complexitythey then evolved and became an additional two small bones in the
might evolve through natural processes. Orr (2002) points out thater ear, the malleus (hammer) and the incus (anvil). They are
Behe's claim is directly refuted “in at least two ways. Both show(eddw associated with the stapes (stirrup) which was already present
how irreducibly complex systems could be reached via gradualreptiles and amphibians. Together these three small bones, along
Darwinian paths. Dembski calls the first path “scaffolding”: “Awith other features of the ears anatomy, provide a better than 30
each step, a part gets added that improves a structure’s functiortimMs amplification of the sound which reaches the outer surface of
some point, however, a substructure might appear that no lonthereardrum. In addition, hearing is improved by this development
needs the remaining parts. These useless parts could then fall amsaghe auditory apparatus became more effectively isolated from
The key point is that the substructure we'’re left with might iee noise made by the chewing actions of the jaw. This example
irreducibly complex. Remove any pamdw and all hell breaks shows how the “irreducibly complex” structure of the inner ear
loose.” evolved (take one of these small bones away without replacement
In addition, according to Orr, Dembski calls the secormhd deafness results). It also provides a very nice example of how
path “incremental indispensability.” Here “some part (A) initiallystructures which originally carried out one function can be
does some job (not very well, perhaps). Another part (B) later gtleased” and then evolve to operate in a very different way to and



perform a very different function from their original one. Sethe choosing of some particular outcome(s) from a large number of
Freeman and Herron, 2001, for more detail. alternatives, &nd doing this by foresight and not by hindsight.”

Behe’s claims about the importance of irreducible | suspect that it is unlikely that Dembski’s category of
complexity in attempting to counter evolutionist’s claims arthecessity” includes chaos and the self-organization which may
countered by evidence from the natural world. As the active reseaadBe within chaotic systems (as the production of a tornado within
workers in biological/biochemical world add to our understandirgychaotic weather system). If he does not, his list of three kinds of
of subcellular systems, the problems that he raises, which depewents is inadequate; also, even if he does include chaos and self-
(essentially) on our current limitations with respect to understandiogyanization as parts of physics, | suspect that these raise additional
these systems, will decrease. Scientists working in the field agpeeblems for him.

that his claims have little evidentiary support. Recent scientific literature contains many peer reviewed
papers which discuss this phenomenon of self-organization and its
Complexity Specification products (in addition to the paper by Surrey, et al. mentioned above

A related approach to Behe’s ID challenge tithis article). The general scientific jourratiencefor example,
neoDarwinism is made by William Dembski using what he caltontains 17 papers between 1995 and September 2003 that have
complex specified information The irreducible complexity of the phrase “self-organization” in the title, and there are many more
Behe, Dembski claims, is a special case of his specified complexithich discuss this process but do not have this phrase in the title.
I will briefly consider two of Dembski's approaches. In another part of his effort to discredit neoDarwinism,

In one he plays a probabilistic numbers game that looRembski uses some other complex mathematical models, and with
impressive and formidable until you realize what he is up to. Fithe results claims that evolution is formally incapable of explaining
of all, in his model, he in effect isolates the various “irreduciblgertain features of organisms. H. Alan Orr (2002) points out that
complex” sub-systems of a cell one from another. This is a majbis kind of claim will really make an impression, “(e)specially if
violation of the natural situation where sub-systems interact gredtiys claim gets dressed up in fancy mathematics of the sort that
with one another. Nevertheless, using this flawed model, Dembgkésumably intimidates biologists but snows the general reader.”
then calculates the probability of all of the appropriate parts of l@sr goes on to say: “this is precisely how Dembski dresses his
chosen system (a flagellum) coming together at once, by chantzms. Borrowing results from computing theory — the so-called
alone, and forming the finished product. He makes assumptiddsFree Lunch theorems, Dembski claims to prove that Darwinism
concerning the necessary number, kinds, and order of the anigatterly impotent before organismic complexity. Hence a designer.
acids required to produce the appropriate proteins, and then ddefortunately (for him) Dembski’'s proof has nothing whatsoever
his quick calculation. He then comes up with a probability &6 do with Darwinism and his claim to the contrary [is completely
10**"that chance alone could produce a flagellum. This probabilityrong].”
is so low that the everdis he modeled ityould not occur, on the The argumentation becomes too elaborate and drawn out
average, in time much greater than the age of our universe. toinclude here, so | will only provide a few small pieces to give the

Therefore, Dembski claims, chance clearly won't workKJavor of its content (for more see Orr, 2002, and also see Pennock,
and the only feasible remaining hypothesis is that the structure26D2, for a somewhat different but no less critical analysis).
the flagellum was designed by some intelligence who/which knew In addition to all of this, the “complexity specification”
ahead of time what was wanted and how it would work. (Alsof Dembski has an additional problem when applied to the process
what about the actual production of this “artifact” (flagellum) bgf evolution. According to Dembski (2002), “Intelligence leaves
this designer, who is/was who/what?) behind a characteristic trademark or signature —what | call ‘specified

This argument of Dembski has at least two major flawspmplexity.” An event exhibits specified complexity if it is
The first is that, as mentioned, he isolates his subsystem from at@fitingent and therefore not necessary [by the laws of physics], if
the other subsystems of the cell. You will recall, from Miller'#t is complex and therefore not easily repeatable by chance, and if it
discussion in the section on irreducible complexity, outlined above,specified in the sense of exhibiting an independently given
the great importance of interactivity among sub-cellular componeptstern... The important thing about specifications is tihey be
in the evolution of the flagellum (or other sub-cellular component)bjectively given and not just imposed on events after thé fact

To put this another way, the development of the various My question here is: How does one choose some objective
parts of a system does not depend on their simultaneous produdtjgercification (morphological, chemical, or other targefpre the
together. Different parts often develop in different systems fact for living organisms?
subsystems, often partaking in different functions, and then they Specified complexity, claims Dembski, exists in
(or “twins” easily derived from them) become combined (witbbrganisms, and that chance and necessity (laws of physics) are
perhaps some changes) in such a way that they carry out some unitgdficient to produce that specified complexity in organisms (and,
new structure which carries out a new and useful function. Attterefore, there needs to be room left for design). The problem
remember that “perfection” is not needed for natural selectionwith this, as Orr points out, is that for specification (as in Dembski's
occur — all that is necessary is that there is some (perhaps \@rgte in the last part of the preceding paragraph) there must be a
small) improvement in the ability of the organism to compete apdeviously specified target or set of criteria to be riiweverin
to reproduce. natural selection, the only thing that counts is relative reproductive

In another approach, Dembski claims that explanatiosgccess. There are no long term goals. To put it simply, | (my line)
must invoke chance, necessity, or design. By this he means thiltwin if | have more kids than you do. Evolution does not have
there are three kinds of events: randomevents such as getting aa goal. If an organism happens to be especially successful in its
heads when flipping a coib, necessityvhich includes the laws reproduction compared to its competitors, its genome will play a
of physics which must be obeyed, and specification which is  greater role in fashioning future members of the species population.



Physicist Tanner Edis (2001) also examined Dembsktearings). For Hillis’ full [brief] text, as well as for other testimony
extensive mathematical (and logical) arguments and fougiven to the SBOE, go to: <http://www.tea.state.tx.us/textbooks/
fundamental flaws in how they were applied. He agrees with Guoptprocess/index.html>
and others that Dembski’'s analysis does not, in spite of his claims, With the above as context, | will briefly examine four of
have any negative impact on the neoDarwinian theory of evolutidhe “icons” that Wells attacks, and rely on the analyses of submitted
Edis ends his paper saying: “Confronting the information-basbiblogy textbooks presented to the Texas State Board Of Education
arguments of ID is especially helpful in revealing how profound §¢8BOE) in the spring of 2003 by scientists actively carrying on
idea evolution is. As ID proponents suspect, Darwinian thinkingrissearch in their fields (see citations below).
not confined to biology; it anchors a naturalistic understanding of The Discovery Institute is an anti-evolution think tafk
all complex order, even including our own intelligence. Hencehich Wells is a leading member. A number of its members
today, Darwinism is central to a thoroughly naturalistic picture pfesented critiques of the textbooks at the SBOE hearings, critiques
our world...Defenders of evolution can now allow themselveswaich were largely based on Wellsbns of Evolutior{published
wry smile. Intelligent Design is as close to respectable as aimi-2000); the 4 topics which they have most strongly attacked are
evolution intuitions are likely to get, and Dembski has made a goozhsidered below:
stab at making ID rigorous. And what we end up with is a Darwin 1. The Miller-Urey experiment was a breakthrough
detector.” experimental approach to the origin of life, and has been the stimulus

There are other places where Behe's and Demskfsr a number of later experiments (variously designed to be
suggestions can be shown to be wrong, but space constraints seithewhat different, and which are reported on in the more recent
not allow further exploration of their faults. There is a lot more iliterature). Miller, in 1953, used an electric spark in an atmosphere
the literature which is cited below. However, of the many scientigisH,, CH,, NH,, H,0 and demonstrated the abiotic production of
who have criticized the ID claims, Kenneth R. Miller of Browramino acids. Wells is correct when he claims that the early
University has written what may be a couple of the most accessiaimosphere of the earth was different (less reducing) than that which
(and relatively short) anti-ID arguments, especially concentratiMjller used. However, he is wrong in his claim that when
on subcellular systems. You can access them on the wetpdt: atmospheres closer to what we now believe existed on the early
www.millerandlevine.com/km/evol/designl/article.html http:// earth are used, the experiments fail. What actually happens in an
www.millerandlevine.com/km/evol/design2/article.html experiment depends on the kinds and relative amounts of the initial

These discussions concentrate on the biochemical andterials, the conditions (pressure and temperature, for example),
flagellar arguments of the ID people and do a wonderful and vemyd on the experimental energy source. In many experiments since
understandable job of showing why they are wrong. Miller's groundbreaking contribution, whatever the experimental

conditions (within a wide range of estimated possible early
Some of Wells’ Claimed Weaknesses in Textbooks atmospheres), organic molecules (almost always including amino

In Icons of EvolutionJonathan Wells lists a large numbeacids) were produced.
of what he calls “weaknesses” of the modern theory of evolution 2. The Cambrian explosionis the phrase used to
and its presentation in high school biology textbooks. If one includgsscribe a rapid increase in the number of fossils and kinds of fossils
awkward and poorly worded statements, he is very occasiondtiynd in rocks of the early Cambrian around 560 million years ago.
correct — some textbook accounts should be better. Most of Meocreationists claim that the various groups of organisms appeared
time, however, he is talking about something that he appears nadhtthe fossil record over much too short a period for evolution to
understand or appears to wish to confuse the reader about (Wikie produced them, and that the pattern of the appearance of the
respect to the Neo-Darwinian theory of evolution). various groups is counter to what evolution would have produced.

Wells is a fierce anti-evolution activist, and frequentl{However, according to geology professor Long’s testimony, which
misinterprets, for the sake of supporting his anti-evolutionahe provided for the September 2003 hearings of SBOE, this “so
argument, what some evolutionary research scientists have writtsiled explosion” took at “least 50 million years, possibly much
For example, in his testimony about textbooks before the Texamger”. (Professor Long is a highly regarded geochronologist at
State Board Of Education on June 9, 2003, David Hillis, a vetye University of Texas at Austin.) Furthermore, he added, “it was
highly respected evolutionary biologist, pointed out this about oaa explosion of fossil preservation, not necessarily an explosion of
of Wells’ discussions of what he, Hillis, had published in thether aspects of life’s development.” He goes on to point out that
scientific literature: “My son’s high-school biology teacher firs0 million or more years is a very long time, and that the problems
pointed out to me that Jonathan Wells quotes me extensively inthigt neocreationists have with the “sudden” appearance of many
booklcons of Evolutionmplying that | do not think that the conceptkinds of animals are not reasonable.
of homology can be applied to molecular biology, a point which he In my own testimony at these hearings, | referred to a
then uses to dismiss molecular studies of phylogeny. In fact, thpsger in the July'52003 issue of the journ&lature written by
quotes are taken completely out-of-context from a chapter in whighen, et al. In their paper, based on data which they provided, they
| discussed exactly the opposite point: namely that all of molecutstimated the amounts and distribution of oxygen in the ocean about
biology can be understood only in the light of homology, and that billion years ago. They conclude, using their data and empirical
the phylogenetic relationships among all living organisms are cleaglyidence from the papers of others (which they cite), that following
recorded in the genomes of those organisms. No one could havesarlier increase, there was an additional rise in oxygen levels
read my writings and thought that | supported Wells’ argumeluring the period from about 800 to 580 million years ago. This
and yet he presents my quotes as if | had. His arguments are clagaly just before the Cambrian explosion, and it has been postulated
meant to confuse and misinform the public, not to inform them pf a number of scientists (including Shen, et al) that this increase
the scientific literature.” (This is from the official record of thef available oxygen may have made conditions more favorable for




both increased evolutionary rates and for the production of hdadd there, they light on tree branches and leaves which also will be
parts by the animals. Because hard parts fossilize much more reattifkened by the soot, and therefore the darker color of a moth will
than do the soft parts of organisms, there are greater practteal to protect it from predation of birds which are visual predators).
difficulties with respect to fossils of organisms that did not ha\&eceptions of this kind above are common in Wells’ writing (recall
hard parts. Furthermore, scientists actually doing the work on #iso the deception that Hillis reports on).
fossil record of this early time do not see that their evidence Professor Linder’s later testimony to SBOE, on 10
contradicts the widely held current view of the origination of anBleptember 2003, corroborated my earlier discussion and nicely
evolution of the major groups of organisms (which Discovemxpanded on it (see it on the state of Texas website: <http://
Institute people often dispute). www.tea.state.tx.us/textbooks/adoptprocess/index.html> ).
3. Comparative embryology. Martin Shankland, who He is on the faculty of The University of Texas at Austin,
is a professor in the section of Molecular, Cell and Developmengaid he also provided a useful summary of the nature of the scientific
Biology at the University of Texas at Austin, says that embryologgethod and pointed out that there was experimental verification of
provides compelling evidence of evolution. With respect to thiee hypothesis that the degree of match of a moth to its background
idea that there is a common ancestor of a number of now differientorrelated with its survival.
groups, he points out that the early embryos of humans, mice, and
chickens have “rudimentary gills that are anatomically similar volutionary Theory
those found in the embryos of fish.” He then explains that this The neo-Darwinian theory of evolution is supported by
simply shows that “modern species have arisen by the modificatmmimmense amount of observational data which has produced a
of ancient species, and the early embryos of existing species stilbng group of interlocking and mutually-supporting, falsifiable
manifest many of the traits of their ancient ancestry, even thougfpotheses about how the living world has developed. One of the
some of those traits are then lost or obscured prior to birth.” Thi®at strengths of this theory is not only that the parts of it come
is in answer to Wells’ diatribe against embryological evidence fimom all of the subdisciplines of biology, from chemistry and
evolution. geology, and other fields, but additionally that they fit so well
Wells concentrates his attack orf't@ntury embryologist together and into it. Each part is strong in itself, and together they
Ernst Haeckel, emphasizing that Haeckel made some incorrgiet major support to each other and to the entire theoretical structure
drawings of embryos. The problem with Haeckel has been welflwhich they have become parts. This still growing and changing
known for some time, and is given nothing more than an historicglentific edifice provides us with an awesome view of life on Earth
note in embryological literature. The previous use of some of laisd an explanation of how it got to be what it is today. It also gives
drawings in a few high school text books is unfortunate, but thase an expanded view of the magnificence and beauty of the
few are now being replaced by better illustrations, In any evehiplogical enterprise in many of its areas and at the various levels
Wells’ extended fury against a historical figure, instead of effectié its organization.
attempts to discredit modern embryology’s large contribution to This modern theory of evolution also provides great
our understanding of evolution, appears to be another exampl®m@fanizational and predictive power. One of the many ways to think
the “bait and switch” tactics that Wells and other associates of thfets usefulness is to liken real world data and hypotheses within
Discovery Institute frequently employ. this theory to pieces of a picture puzzle. Consider how much more
4. Peppered Moths. Wells and company complain atmeaningful the pieces are when they are arranged together to show
length about the fact that many high school biology textbook®e puzzle's picture than they are when scattered haphazardly across
contain photographs showing melanistic (darker) and non melanigiie table. In an assembled puzzle, remembering all or part of the
peppered moths near to each other on a tree trunk. The point ofib&ire is easy and meaningful. On the other hand, when the pieces
photographs, which is explained in the books, is to show the studemts scattered across the table it is difficult to remember each piece
how much easier it is to see one form of the moth compared to éimel to appreciate its relationships to the others.
other, depending on the degree of melanism (darkness) of the moth With respect to prediction, examination of the structure
and the amount of soot-caused darkness and lichen patchiness ofodern evolutionary theory provides important clues as to what
the bark of the trees. These photographs provide the students wathtinuation of observed evolutionary processes will produce.
direct visual evidence that visual predators would be expected, ofBeamples include the evolution of antibiotic resistance in many
things being equal, to prey on those moths which had greatdisease-causing bacteria (a dynamic that the creationists have finally
contrast with the background on which they rested. been reluctantly driven to accept — by the hard facts of recent real
Wells’ complaints about the photographs are largely trweorld events). Similar to this in much of its fundamental
but irrelevant. That the moths are dead and glued or pinned torttechanism, is the predicted development of pesticide resistance
tree has no bearing on this visual difference, as it is well knowg a number of insect species. Some of the important insects in
that moth’s and butterfly’s wings keep their color and pattern foméhich this has been observed are disease vectors, and examples
long time after the animal is dead (after all, most of these colamslude mosquitoes that have become resistant to the insecticides
and patterns are produced by large numbers of minute scalesoowhich they previously were sensitive. The recent disastrous
their wings, and these scales are dead even on a living animalnciease in the frequency of malaria in many tropical regions of the
included this in my testimony to the SBOE at their 9 June 200®rld is one result. The death rate from malaria, which generally
meeting, and then went on to point out that Wells abuses thas quite low before the development of this insecticide resistance,
scientific literature when he writes that “peppered moths in the wiklnow up to a million people per year, and possibly appreciably
don’t even land on tree trunks” . Some of the works that he citesyasre. In this all too real world example, a species made up of very
sources for this statement, however, provide data showinththatcomplex organisms has demonstrated, as expected, the same kind
moths do naturally land on tree trunfand even when they don't of evolution that disease-causing bacteria have shown in the past



and unfortunately continue to show.

To return to the picture puzzle analogy for anoth
important point: The neoDarwinian model can be viewed as a lar
fitted together, complex, and multi-dimensional picture puzz
which has (and always will have) missing pieces within it, and al
will have many unfinished edges. These missing pieces a
unfinished edges provide research scientists with very importz
guides concerning what observations, experiments, and hypothe
might be most useful towards gaining more understanding of t
structure and dynamics of our biological world. Neocreationis
often claim that some of the things that we don’t know ar
weaknesséds our theory of evolution. They are indeed things the
we do not know, but when we know what we do not know, al
know where in the great pattern of evolution that we do not kng
it, in a very real sense these are not weaknesses, treyeaigths!
They provide some of the best guides concerning where useful
rewarding effort can be spent in improving our view an
understanding of nature’s complex evolutionary dynamics.

Another frequent claim of some ID people is that nd
enough “new” information can be generated by mutation to prod
the rise of species and larger systematic groups claimed
Darwinists. They ask, how could a new species arise? There
many well known and often observed acquisitions of gene
chromosomes, and other information-bearing genetic material
organisms through a variety of mechanisms which answer t
question. For elaboration of this point, see any of the more compl
modern textbooks of genetics now in print.

For a specific example, the paper Reiseberg et al in t
29 August 2003 issue &ciencaeports on the hybridizations of
two sunflower species which produced entirely new speci
containing the genetic materiallwdthparents. Totally new species
have been produced (both by natural and by in-the-le
hybridization). Figure 1 provides a photograph of one of the hybri
which was produced in nature without human help.

There are thousands of peer-reviewed, scientific pape -
published each year which support and add to this huge, excitifitg, 1- _ _ S
and beautiful puzzle which represents our continuously growin Halianthus anomalysa hybid sunflower species living on sand
understanding of what life on earth is like and how it has develop;(%ai{es of Utah and northern Arizona, was produced by the natural crossing

to be what we see today. There are no peer reviewed papers i . Annuswith H. petiolarris some 60,000 to 200,000 years ago (long
. W .W S . Y- peer reviewed papers "?)é%:'re humans arrived in North America). There are also two other
scientific literature which support ID.

- . . naturally occuring hybrid specied.(deserticoleandH. paradoxuywhich
_ For an up-to-dated, technical discussion of the pattern\gére produced by the natural crosses of these same parents. Photograph
life as we understand, see the section “The Tree of Liftiance, provided by H. Rieseberg.

13 June, 2003, Vol. 300, pp. 1691-1709. (See also a comment on p.
1621.)

Note the recent dates of publication of the papers @re peer reviewed. (Peer review is where the editor of a scientific
scientific journals which are cited in this article. This is a reasonafyirnal sends submitted manuscripts to scientists who are specialists
fair sample of recent papers related to this topiblaure and in the subject of the manuscript, and these scientists critically review
Science-it illustrates the great amount of interesting activity goingand advise the editor concerning the scientific quality of the work
on with respect to the scientific examination and extension of thied the desirability of its publication. The manuscript’s author(s)

theory of neoDarwinism. are not told who the reviewers were.)
ID advocateswish to degrade the quality of science in
Summary high school textbooks, particularly that which discusses biological

Scienceis based on data obtained by repeatabkvolution. They also are making efforts to add supernatural
observations of the natural world (universe). Empirical informati@momponents (ID)which are unobservablego the teaching of
so obtained is organized into logical hypotheses and theories wtdctence. They do not gather data from the natural world to support
provide insight into how the world is structured, how its dynamid¢keir claims. They do not publish in peer revievgsientific
operate, and how various components interact with other partgafrnals.
the world. They have failed to make any headway with scientists
Scientists do research following these precepts amtho gather data to study nature. They now attempt to find success
publish the results of their investigations in scientific journals whidhr their supernatural claims, not with science, but with public



relations, and with pressures that they and of some of their followbftdler, K. R. 2004 (a preprint) The Flagellum Unspun; the

apply to state and local school boards, and to high school Collapse of “Irreducible Complexity”. Available on

administrators and teachers. They use arguments that may sound Miller’s website: http://millerandlevine.com/km/evol/

scientific, and are sometimes dauntingly complex, but their design2/article.html

arguments contain fundamental argument-destroying flaws when (An excellent discussion of structural and chemical

they are carefully examined by someone who is knowledgeable in properties of flagella and of other structures which

the appropriate field. have some great similarities to these but which carry
In their own writing, some ID supporters often cite proper out very different cellular dynamics.)

scientific papers without providing reference to their content. This
gives a facade of legitimacy to their articles — it looks ve®rr, H. A. 1996/1997 (Dec./Jan.) Darwin v. Intelligent Design

impressive to have a citation list which includes many illustrious (Again); The latest attack on evolution is cleverly
authors and scientific journals. Some of these neocreationists argued, biologically informed-and wrongoston
pervert the meanings of scientist’s papers so that the reader is directly Review.

given the impression that a particular scientist believes the opposite (The best discussion of the fatal weakness of Behe’s
of what his scientific paper actually says (see Hillis' comments irreducible complexity argument that I've found [and it
above). is quite short and to the point].)

It is very important to our schools, to our economy, and
to our country that science in our high school (and other) textbodBs, H. A. 2002. Evolutionary pressure on creationigaston

remain about science, and is not contaminated by the supernatural Review 31 Oct.
ingredients which the ID advocates wish to insert. (A relatively short but effective, and scathing comment
on neocreationist's arguments and tactics.)

Annotated Bibliography (http://www.geocities.com/Iclane2/
(Some web citations are given above in the text.) evolutionofcreationism.html)

Behe, M. J. 1991Darwin’s Black Box The Free Press. NY. Pennock, R. T. 1999The Tower of Babel; evidence against the
(The book that got “irreducible complexity” off to its new creationismMIT Press.
modern start.) (A thorough analysis of neocreationism [now in

paperback].)
Behe, M. J. 2002. The Challenge of Irreducible Complexity.

Natural History Vol. 111. Pennock, R. T. (ed.) 2001ntelligent Design Creationism and
(A short presentation by Behe about irreducible its Critics.MIT Press
complexity.) (A huge compendium of neocreationist statements,
analyses of them, and effective answers to them. Now
Dembski, W. 2002. Detecting Design in the Natural Sciences. also in paperback, but still rather expensive.)

Natural History Vol. 111.
(A short presentation about detecting intelligent desigfPennock, R. T. 2002. Mystery Science Thedtktural
by Dembski.) History. \ol. 111.
(A short discussion of why Dembski is totally wrong.)
Edis, T. 2001. ‘Intelligent Design’ Meets Artificial Intelligence.
What's Wrong with the Information Argument Against Pigliucci, M. 2002 Denying Evolution: Creationism, Scientism,

Evolution? Skeptical InquirerMarch/April issue. and the Nature of Scienc&inauer Associates.
(A very effective critique of ID and its claims by a (A thorough dissection of neocreationism [in
physicist.) paperback).)
Freeman, S., and Herron, J. C. 20&Volutionary Analysis.2®  Rieseberg, L. H et al. 2003. Major Ecological Transitions in
ed. Prentice-Hall. Wild Sunflowers Facilitated by Hybridization.
(This is an excellent book on evolution, how it Science.(29 Aug. issue) Vol. 301, pp. 1211-1216. (see
happens, and what many of the current day results are. also comment pp. 1189-1190.)
See pp. 271-276 for the ear evolution story.) (A technical paper discussing an event of hybridization
in sunflowers which instantaneous produced a new
Miller, K. R. 2002. The Flaw in the Mousetrap Natural species.)

History. \ol. 111.
(A quick dismembering of the mousetrap analogy andRuse, M. 2003 Darwin and Design: Does evolution have a

of irreducible complexity. purpose?Harvard University Press.
(A large consideration of the history and philosophy of
Miller, K. R. 2003(?) Answering the Biochemical Argument creationism.)

from Design. InGod and DesignB, Manson (ed.)
Routledge Press.

(This is an excellent discussion of some of the major
problems of ID.)



Shen, Y., Knoll, H. A,, and Walter, M. R. 2003. Evidence for Wells is wrong to think that his questions pose any
low sulphate and anoxia in a mid-Proterozoic marine challenge to evolution. In the interest of responding to Wells’s
basin. Nature. (5 June issue) vol. 423, pp. 632-635. erroneous claims and setting the record straight, NCSE has prepared

(see also comment on pp. 592-593.) answers to his ten questions. Please feel free to copy and distribute
(A technical paper on the oxygenation of the seas ovethis document to teachers, students, parents, and any interested
more than a billion years.) parties.

Slack, A. 1980.Carnivorous Plants.MIT Press. (Wells’'s questions appear in italics with our response

(A book full of gorgeous photographs of a variety of immediately below in bold.)
carnivorous plants.)
Q: ORIGIN OF LIFE. Why do textbooks claim that the
Surrey, T. et al. 2001. Physical Properties Determining Self- 1953 Miller-Urey experiment shows how life’s building blocks may

Organization of Motors and MicrotubuleScience. have formed on the early Earth — when conditions on the early
292:1167-1171. (11 May) Earth were probably nothing like those used in the experiment, and
(Microtubule and motor self assembly in vitro.) the origin of life remains a mystery?

Wells, J. 2000.Icons of Evolution: Science of MyttRegnery A: Because evolutionary theory works with any model
Publishers.. of the origin of life on Earth, how life originated is not a question

(The ID group’s popularized attack on neoDarwinism. about evolution. Textbooks discuss the 1953 studies because they
Full of misdirection. Many authors of scientific paperswere the first successful attempt to show how organic molecules
say that while the (usually short) quotations that Wellsmight have been produced on the early Earth. When modern
extracts from their papers are in themselves generallyscientists changed the experimental conditions to reflect better
accurate, they are often: 1. taken out of context, andkhowledge of the Earth’s early atmosphere, they were able to
that the meanings that Wells attaches to them in his produce most of the same building blocks. Origin-of-life remains a
associated text are totally wrong. A number of the  vigorous area of research.

authors are very angry with Wells for doing this. Any

scientists who did this in a journal paper would soon be Q: DARWIN'S TREE OF LIFE. Why don’t textbooks
prohibited from publishing in reputable scientific discuss the “Cambrian explosion,” in which all major animal groups
journals. Science relies on honesty!) appear together in the fossil record fully formed instead of branching
from a common ancestor — thus contradicting the evolutionary
SBOE testimony: tree of life?
(All of these testifiers supported the theory of evolution and the
nature of science; the topics of the particular points made, in addition A: Wells is wrong: fish, amphibians, reptiles, birds, and

to those, are indicated.) Testimony by each of the people listadmmals all are post-Cambrian - aren’t these “major groups™? We
below will be on the web page the State of Texasvwould recognize very few of the Cambrian organisms as “modern”;
<http://www.tea.state.tx.us/textbooks/adoptprocess/index.htnthrey are in fact at the roots of the tree of life, showing the earliest

Testimony of July 9, 2003 appearances of some key features of groups of animals - but not all
Hillis (Discovery Institute perversion of Hillis’ homology/molecularfeatures and not all groups. Researchers are linking these Cambrian
biology/phylogeny discussion in his scientific writings.) groups using not only fossils but also data from developmental
Maguire (Peppered moth) biology.

Testimony of September 10, 2003

Linder (written), Linder (spoken) (Peppered moth) Q: HOMOLOGY. Why do textbooks define homology
Long (Geochronology and Cambrian explosion) as similarity due to common ancestry, then claim that it is evidence
Maguire (Cambrian explosion) for common ancestry — a circular argument masquerading as
Shankland (Embryology and evolution) scientific evidence?

Appendix A: The same anatomical structure (such as a leg or an
From the National Center for Science Education antenna) in two species may be similar because it was inherited
(www.ncse.org) from a common ancestor (homology) or because of similar adaptive

pressure (convergence). Homology of structures across species is
Responses to Jonathan Wells’s Ten Questions to Ask Your not assumed, but tested by the repeated comparison of numerous
Biology Teacher features that do or do not sort into successive clusters. Homology
is used to test hypotheses of degrees of relatedness. Homology is
Jonathan Wells, the author of Icons of Evolutiomot “evidence” for common ancestry: common ancestry is inferred
composed “Ten questions to ask your biology teacher abdiatsed on many sources of information, and reinforced by the patterns
evolution”, based on the antievolutionary claims he makes in liEsimilarity and dissimilarity of anatomical structures.
book. However, many of Wells’s claims are incorrect or misleading;
Icons of Evolution and “Ten questions” are intended only to create Q: VERTEBRATE EMBRYOS. Why do textbooks use
unwarranted doubt in students’ minds about the validity of evolutidinawings of similarities in vertebrate embryos as evidence for their
as good science. common ancestry — even though biologists have known for over a



century that vertebrate embryos are not most similar in their early Q: MUTANT FRUIT FLIES. Why do textbooks use fruit
stages, and the drawings are faked? flies with an extra pair of wings as evidence that DNA mutations
can supply raw materials for evolution — even though the extra

A: Twentieth-century and current embryological researaliings have no muscles and these disabled mutants cannot survive
confirms that early stages (if not the earliest) of vertebrate embrynaside the laboratory?
are more similar than later ones; the more recently species shared a
common ancestor, the more similar their embryological A: In the very few textbooks that discuss four-winged
development. Thus cows and rabbits - mammals - are more simiitait flies, they are used as an illustration of how genes can reprogram
in their embryological development than either is to alligators. Cowarts of the body to produce novel structures, thus indeed providing
and antelopes are more similar in their embryology than either iStaw material” for evolution. This type of mutation produces new
rabbits, and so on. The union of evolution and developmensaluctures that become available for further experimentation and
biology - “evo-devo” - is one of the most rapidly growing biologicgbotential new uses. Even if not every mutation leads to a new
fields. “Faked” drawings are not relied upon: there has been pleatyolutionary pathway, the flies are a vivid example of one way
of research in developmental biology since Haeckel - and in fattytation can provide variation for natural selection to work on.
hardly any textbooks feature Haeckel’'s drawings, as claimed.

Q: HUMAN ORIGINS. Why are artists’ drawings of ape-

Q: ARCHAEOPTERY X. Why do textbooks portray thislike humans used to justify materialistic claims that we are just
fossil as the missing link between dinosaurs and modern birdsarimals and our existence is a mere accident — when fossil experts
even though modern birds are probably not descended from it, aadnot even agree on who our supposed ancestors were or what
its supposed ancestors do not appear until millions of years aftettigy looked like?

A: The notion of a “missing link” is an out-of-date A: Drawings of humans and our ancestors illustrate the
misconception about how evolution works. Archaeopteryx (am@neral outline of human ancestry, about which there is considerable
other feathered fossils) shows how a branch of reptiles graduatreement, even if new discoveries continually add to the
acquired both the unique anatomy and flying adaptations founccomplexity of the account. The notion that such drawings are used
all modern birds. Itis a transitional fossil in that it shows both reptile “justify materialistic claims” is ludicrous and not borne out by
ancestry and bird specializations. Wells’s claim that “supposad examination of textbook treatments of human evolution.
ancestors” are younger than Archaeopteryx is false. These fossils
are not ancestors but relatives of Archaeopteryx and, as everyone Q: EVOLUTION A FACT? Why are we told that
knows, your uncle can be younger than you! Darwin’s theory of evolution is a scientific fact — even though

many of its claims are based on misrepresentations of the facts?

Q: PEPPERED MOTHS. Why do textbooks use pictures
of peppered moths camouflaged on tree trunks as evidence for A: What does Wells mean by “Darwin’s theory of
natural selection — when biologists have known since the 1989lution”? In the last century, some of what Darwin originally
that the moths don’t normally rest on tree trunks, and all the pictupgeposed has been augmented by more modern scientific
have been staged? understanding of inheritance (genetics), development, and other

processes that affect evolution. What remains unchanged is that

A: These pictures are illustrations used to demonstratsianilarities and differences among living things on Earth over time
point - the advantage of protective coloration to reduce the danged space display a pattern that is best explained by evolutionary
of predation. The pictures are not the scientific evidence usedheory. Wells’'s “10 Questions” fails to demonstrate a pattern of
prove the point in the first place. Compare this illustration to tleolutionary biologists’ “misrepresenting the facts.” The National
well-known re-enactments of the Battle of Gettysburg. Does tlenter for Science Education is a nonprofit organization, based in
fact that these re-enactments are staged prove that the battle n@ad&tand, California, dedicated to defending the teaching of
happened? The peppered moth photos are the same somveofution in the public schools. For more information, visit us on
illustration, not scientific evidence for natural selection. the web at www.ncseweb.org or call 510-601-7203.

Alan Gishlick, Postdoctoral Scholar at NCSE.

Q: DARWIN'’S FINCHES. Why do textbooks claim thatNovember 28, 2001.
beak changes in Galapagos finches during a severe drought can
explain the origin of species by natural selection — even thou@his article was published in the October 2003 isstéefTexas
the changes were reversed after the drought ended, and noSeétnce Teachepp 7 - 16)
evolution occurred?

A: Textbooks present the finch data to illustrate natural
selection: that populations change their physical features in response
to changes in the environment. The finch studies carefully -
exquisitely - documented how the physical features of an organism
can affect its success in reproduction and survival, and that such
changes can take place more quickly than was realized. That new
species did not arise within the duration of the study hardly
challenges evolution!



