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Creation science (CS) is a discipline in which practitioners seek evidence to support a 
literal interpretation of the opening chapters of Genesis. A study of CS literature from 
the past fi fty years reveals the following trends regarding the topics of natural selec-
tion (NS) and convergent evolution. Rejection of NS or some form of it has exceeded 
acceptance in both the twentieth and twenty-fi rst centuries. Through both centuries, 
CS authors have consistently accepted stabilizing selection, have rejected NS as a fac-
tor in prebiotic chemical evolution and the evolution of biological complexity, and have 
disagreed as to whether to accept convergent evolution, directional selection, sexual 
selection, and NS as a driver of biological diversity within “created kinds.” Acceptance 
of convergent evolution and directional selection within “created kinds” has risen in 
the twenty-fi rst century among CS authors.

Creation science (CS) is a disci-
pline in which practitioners seek 
extrabiblical support for the 

young-Earth creationist (YEC) world-
view. According to the (YEC) view, the 
literal wording of the book of Genesis 
accurately records past events, includ-
ing the independent creation of all kinds 
of organisms about 6,000 years ago. The 
YEC view remains popular,1 despite its 
contradiction by abundant physical evi-
dence that Earth is billions of years old 
and that all organisms evolved from a 
common ancestor,2 and despite biblical 
endorsement of a fi gurative rather than 
literal approach to Genesis and the rest of 
the Pentateuch.3

CS is voiced through its technical lit-
erature, which consists mainly of 
peer-reviewed journals that accept 
only manuscripts written from the 
YEC viewpoint. The earliest of these, 
Creation Research Society Quarterly, was 
launched in 1964. In a previous article,4 
Jared Mackey and I briefl y delineated 
the history of proliferation of CS techni-

cal journals, and this history will not be 
repeated here.5 CS technical literature has 
now become suffi ciently vast and long 
lived to test for the presence of tempo-
ral trends in positions on various topics. 
Previously, we reported investigations 
into such trends in the topics of vesti-
gial structures (as mainstream scientists 
understand them), biological degenera-
tion (as CS practitioners understand it),6 
and benefi cial mutations.7 Here, I report 
an investigation into temporal trends in 
positions on natural selection and con-
vergent evolution.

Natural selection (NS) is a type of biologi-
cal evolution in which heritable variation 
exists in a population, and some vari-
ants are more successful than others at 
survival and reproduction. Through the 
generations, the traits in a population 
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change as the more-successful variants produce more 
viable offspring than the other variants.8 The success 
of a variant is called its fi tness, which has led to the 
phrase “survival of the fi ttest” as a short description 
of natural selection. Traits that increase fi tness in one 
situation may reduce fi tness in other situations. For 
example, longer beak lengths once conferred greater 
fi tness in Hawaiian honeycreepers (Drepanis coc-
cinea), which consumed nectar from fl owers that had 
a tubular shape, because the long beak enabled the 
birds to reach the nectar at the bottom of the tube. 
However, after deforestation in Hawaii drastically 
reduced the availability of trees with tubular fl ow-
ers, forcing Hawaiian honeycreepers to glean nectar 
from nontubular fl owers, longer beaks became a lia-
bility; subsequently, shorter beaks conferred greater 
fi tness for Hawaiian honeycreepers.9

A few different kinds of NS exist. Directional selec-
tion is a form of NS in which a trait changes through 
the generations (e.g., horns are longer in later gener-
ations). Stabilizing selection is a form of NS in which 
a trait remains constant (e.g., horn length is the same 
in later generations as it was in earlier generations) 
by means of the elimination of less-fi t variants.10 
Sexual selection is a form of NS in which, within a 
given sex, certain variants have greater reproductive 
success than others.11 NS can lead to biological diver-
sity as different environments favor different traits in 
populations living in different areas.12 Mainstream 
scientists have documented13 and accept the exis-
tence of NS and the forms of it that are listed above, 
and they hypothesize that NS played a role in the 
early evolution of macromolecules before the advent 
of the living cell.14

Convergent evolution is the acquisition of simi-
lar traits in different lineages. It can occur when 
members of those lineages occupy similar environ-
ments; these conditions lead NS to favor similar 
traits. Convergent evolution is called parallel evolu-
tion when closely related species with an identical 
precursor structure independently evolve similar 
specializations of that structure.15

Some CS authors accept the existence of convergent 
evolution, NS, and the forms of NS listed above, 
and others do not (tables 1, 2). Some CS authors also 
dispute the idea that NS is capable of successfully 
producing biological diversity, complex biological 
systems (e.g., chemical pathways), or complex ana-
tomical structures. Some assert that NS should make 

all organisms identical, or that NS is based on circu-
lar reasoning or tautological error (“survival of the 
fi ttest,” with the fi ttest defi ned as those that survive). 
Some dispute that NS could have been involved 
in the evolution of prebiotic macromolecules, the 
advent of sexual reproduction, the advent of biologi-
cal symbioses, or the advent of human mental traits 
such as altruism and the ability to calculate.

Materials and Methods
I sought to determine whether temporal trends exist 
in CS technical literature in the topics and subtopics 
identifi ed in the previous two paragraphs. I used the 
methods described in our previous two articles, lim-
iting the analysis to technical articles in CS literature 
and to conference abstracts in CS journals in which 
lengthy, referenced abstracts function as stand-alone 
articles. I searched through available PDF fi les of CS 
technical literature and searched visually through 
paper copies of journal volumes for which PDFs are 
not available.16 For PDF searches, I used the search 
terms “natural selection,” “mutation and selection,” 
“survival of the fi ttest,” “sexual selection,” “con-
verge,” and “parallel.”

As in our previous articles, I divided the duration of 
the CS movement into ten periods: 1964–1970 and 
nine subsequent periods of fi ve years apiece from 
1971–1975 to 2011–2015. I then compared the number 
of articles and authors accepting or rejecting various 
positions on the chosen topics and subtopics through 
time.

I calculated the percentage of twentieth-century-
articles and authors accepting or rejecting each 
position, recording percentages with a precision of 
two signifi cant digits; I repeated the procedure for 
twenty-fi rst-century articles and authors. I then ran 
two-tailed z-tests on these proportions, to test for sig-
nifi cant differences in the proportions between the 
two centuries. The z-tests were run with alpha set at 
a stringent 0.01 and then repeated with alpha set at 
a less-stringent 0.05 and a lenient 0.1 to account for 
small sample sizes.

Results
I found 273 CS articles, by 132 authors, in which the 
authors took positions on NS (tables 1, 2). Rejection of 
NS in general or some form of it exceeded acceptance 
through all or most periods (fi gs. 1, 2). The predomi-
nant position (acceptance or rejection) fl ip-fl opped 
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three times for directional selection and for NS as 
a driver of biological diversity, and once for sexual 
selection (fi gs. 1, 2). Stabilizing selection was consis-
tently accepted. NS as a factor in prebiotic molecular 
evolution, and NS as a factor in the evolution of bio-
logical complexity, were consistently rejected. NS as 
a factor in the evolution of complex structures was 
consistently rejected, except for one instance in 2011 
(fi g. 2), in which an author accepted that antifreeze 
protein in eelpouts is a product of NS.17 Acceptance 
that NS had been observed, assertion that NS should 
make all organisms identical, and characterization 
of NS as based on circular reasoning or tautological 
error remained at low levels (usually < 5 authors) in 
all periods.

I found 55 articles by 34 authors, in which the authors 
took positions on convergent evolution (tables 1, 2). 
Rejection exceeded acceptance except in the period 
2010–2015 (fi g. 2).

With alpha set at 0.01, the two-tailed z-tests found 
a signifi cant difference between the two centuries 
in only one proportion: number of articles rejecting 
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directional selection (which dropped in the twenty-
fi rst century). With alpha set at 0.05, the tests found 
additional signifi cant differences between the two 
centuries in proportions of articles accepting direc-
tional selection (which rose), articles and authors 
rejecting sexual selection (which rose), authors 
accepting its existence (which dropped), and arti-
cles rejecting convergent/parallel evolution (which 
dropped) (fi g. 3). With alpha set at 0.1, the tests 
found additional signifi cant differences between the 
two centuries in proportions of authors accepting 
directional selection (which rose), authors rejecting it 
(which dropped), authors accepting NS as a driver 
of biological diversity (which dropped), articles 
accepting sexual selection (which dropped), authors 
rejecting convergent evolution (which dropped), and 
authors accepting it (which rose) (fi g. 3).

In some cases, the sum of the percentages of CS 
articles or authors accepting and rejecting a con-
cept exceeds 100% (table 1). This is due to occasional 
instances in which an author accepts a concept in one 
passage but rejects it in another passage in the same 
article (see table 2 for specifi c instances).

1964–
1970

1971–
1975

1976– 
1980

1981–
1985

1986–
1990

1991–
1995

1996–
2000

2001–
2005

2006–
2010

2011–
2015

NS or Some Form of It
Articles accepting 9 7 9 11 5 9 7 16 17 9
Authors accepting 7 7 7 11 5 11 7 11 15 7
Articles rejecting 19 14 10 16 7 15 19 34 33 19
Authors rejecting 11 12 10 10 6 14 11 26 25 11
% of articles accepting 36% 39% 60% 46% 42% 39% 29% 36% 36% 45%
% of authors accepting 54% 50% 54% 69% 45% 52% 44% 38% 48% 48%
% of articles rejecting 76% 78% 67% 67% 58% 65% 79% 77% 70% 55%
% of authors rejecting 85% 86% 77% 67% 55% 67% 69% 90% 81% 65%

NS in General
Articles accepting 0 1 0 1 1 0 1 0 1 1
Authors accepting 0 1 0 1 1 0 1 0 1 1
Articles rejecting 4 6 4 4 0 4 1 2 11 7
Authors rejecting 3 6 4 4 0 4 1 4 13 6
% of articles accepting 0% 12.5% 0% 25% 100% 0% 50% 0% 9.1% 14%
% of authors accepting 0% 12.5% 0% 25% 100% 0% 50% 0% 7.1% 17%
% of articles rejecting 100% 75% 100% 100% 0% 100% 50% 100% 100% 100%
% of authors rejecting 100% 75% 100% 100% 0% 100% 50% 100% 93% 100%

Table 1. Numbers and percentages of CS articles and authors rejecting or accepting concepts related to natural selection 
and convergent evolution, through 2015.
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Table 1 (cont’d)

1964–
1970

1971–
1975

1976– 
1980

1981–
1985

1986–
1990

1991–
1995

1996–
2000

2001–
2005

2006–
2010

2011–
2015

NS Has Been Observed
Articles accepting 5 3 1 1 2 2 2 2 5 5
Authors accepting 4 4 1 1 2 2 2 2 6 6
% of articles accepting 20% 17% 6.7% 4.2% 17% 8.7% 8.3% 4.5% 19% 42%
% of authors accepting 31% 29% 7.7% 6.7% 18% 9.5% 12.5% 6.9% 19% 55%

NS as a Driver of Biological Diversity
Articles accepting 1 2 1 1 1 4 1 1 3 5
Authors accepting 1 3 1 1 1 5 1 1 3 6
Articles rejecting 3 0 0 0 0 0 2 4 3 1
Authors rejecting 3 0 0 0 0 0 2 4 3 2
% of articles accepting 33% 100% 50% 100% 100% 100% 33% 50% 435 62.5%
% of authors accepting 33% 100% 50% 100% 100% 100% 33% 50% 43% 60%
% of articles rejecting 100% 0% 0% 0% 0% 0% 67% 80% 43% 13%
% of authors rejecting 100% 0% 0% 0% 0% 0% 67% 80% 43% 20%

Directional Selection
Articles accepting 1 2 1 2 0 5 0 5 4 8
Authors accepting 1 2 1 2 0 5 0 4 5 10
Articles rejecting 4 1 3 4 1 2 2 4 2 2
Authors rejecting 2 1 3 2 1 2 2 3 2 3
% of articles accepting 25% 67% 33% 29% 0% 83% 0% 71% 67% 100%
% of authors accepting 50% 65% 33% 40% 0% 83% 0% 67% 71% 100%
% of articles rejecting 100% 35% 100% 57% 100% 33% 100% 57% 33% 25%
% of authors rejecting 100% 33% 100% 40% 100% 33% 100% 50% 29% 33%

Sexual Selection
Articles accepting 1 1 2 1 0 0
Authors accepting 1 1 2 1 0 0
Articles rejecting 0 1 2 4 2 1
Authors rejecting 0 1 1 2 2 1
% of articles accepting 100% 50% 67% 25% 0% 0%
% of authors accepting 100% 50% 100% 33% 0% 0%
% of articles rejecting 0% 50% 67% 100% 100% 100%
% of authors rejecting 05% 50% 50% 67% 100% 100%

Convergent Evolution
Articles accepting 1 0 0 0 0 1 3 4 1 5
Authors accepting 1 0 0 0 0 1 3 3 1 4
Articles rejecting 5 3 2 1 5 4 5 6 8 2
Authors rejecting 3 2 1 1 5 6 5 3 10 1
% of articles accepting 17% 0% 0% 0% 0% 20% 43% 40% 11% 71%
% of authors accepting 25% 0% 0% 0% 0% 14% 43% 60% 10% 80%
% of articles rejecting 83% 100% 100% 100% 100% 80% 43% 60% 89% 29%
% of authors rejecting 75% 100% 100% 100% 100% 86% 43% 60% 100% 20%
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Table 2. CS articles that express acceptance or rejection of mutation, natural selection (NS), or convergent evolution. 

Author and year Position on natural 
selection

Position on 
convergent 
evolution

Lammerts, 19641 Reject (DS)
Tinkle, 19642 Accept (SS: Obs), Reject 

(Com)
Zimmerman, 19643 Reject (PCE)
Barnes, 19654 Reject (PCE)
Howe, 19655 Reject, CD
Lammerts, 19656 Reject (Sym)
Shute, 19657 Reject (CoS: numerous 

miscellaneous examples; 
Sym)

Howard, 19668 Accept (SS, DS)
Klotz, 19669 Reject (G) Accept
Lammerts, 196610 Reject (BD)
Armstrong, 196711 Accept (SS)
Armstrong, 196712 Reject (G), CR
Howe, 196713 Reject
Lammerts, 196714 Accept (SS: Obs), Reject 

(DS)
Armstrong, 196815 Reject (G), CR
Howe, 196816 Accept (BD)
Tinkle, 196817 Reject (CoS: fl owers)
Armstrong, 196918 Reject (Sym)
Howe, 196919 Accept (SS)
Lammerts, 196920 Reject (DS)
Marsh, 196921 Reject, EA
Shute, 196922 Reject, EA
Tinkle, 196923 Accept (SS: Obs)
Tinkle, 196924 Reject (CoS: spadix-and-

spathe structure of the 
jack-in-the-pulpit; diff er-
ences between larval and 
adult dragonfl y)

Williams, 196925 Reject (G)
Armstrong, 197026 Reject (CoS)
Cousins, 197027 Accept (Obs), Reject 

(PCE)
Mosher & Tinkle, 
197028

Accept (SS: Obs); Reject 
(CoS), CR

Shute, 197029 Reject, EA
Smith, 197030 Reject (BD)
Armstrong, 197131 Reject (G) Iden Reject
Armstrong, 197132 Reject (G)
Howe & Davis, 
197133

Accept (BD; G: Obs)

Ouweneel, 197134 Accept (BD, SS)
Tinkle, 197135 Reject (G)
Armstrong, 197236 Reject (Com), Iden
Holroyd, 197237 Reject (G), Iden
Morris, 197238 Reject (G)
Armstrong, 197339 Reject, EA

Author and year Position on natural 
selection

Position on 
convergent 
evolution

Garrido, 197340 Accept (SS), Reject (CoS)
McCone, 197341 Accept (DS: Obs)
Telfair, 197342 Accept (DS), Reject (G), 

CR
Lammerts & Howe, 
197443

Accept (SS: Obs)

Armstrong, 197544 Reject (DS)
Helmick, 197545 Reject (PCE)
Howe, 197546 Reject, EA
Lammerts, 197547 Reject (G)
Murphy & Howe, 
197548

Reject (Com, CoS: chemi-
cal pathways in photo-
synthesis; bat wing)

Ouweneel, 197549 Accept (SS), Reject 
(Com: genetic controls in 
homeotic phenomena)

Clark, 197650 Reject (HMT)
Davidheiser, 197651 Accept (SS: Obs)
Haines, 197652 Accept (SS), Reject 

(PCE)
Siegler, 197653 Reject (BD)
Smith, 197654 Reject (G)
Tinkle, 197655 Accept (SS)
Lammerts, 197756 Reject (G)
Ouweneel, 197757 Accept (SS)
Poettcker, 197758 Accept (SS), Reject (G)

Tinkle, 197759
Accept (SS), Reject (DS, 
SR)

Walton, 197760 Reject (G)
Howe, 197861 Accept (SS)

Smith, 197862 Reject (G)

Woodmorappe, 
197863

Reject, CD

Hedtke, 197964 Reject (DS)
Howe, 197965 Accept (BD)
Ancil, 198066 Accept (SS, BD)
Roth, 198067 Reject (CoS)
Tinkle, 198068 Reject (PCE)
Woodmorappe, 
198069

Reject

Wrangham, 198070 Accept (DS, SS)
Cheek, 198171 Accept (G: Obs)
Hedtke, 198172 Reject (G)
Howe, 198173 Accept (DS)
Lammerts, 198174 Reject (DS)
Tinkle, 198175 Reject (Com), Iden
Brown, 198276 Accept (SS)
Howe, 198277 Reject (Com: genes that 

help a plant re-spout after 
a fi re)

Key: BD = biological diversity as a product of NS. CD = assertion or implica-
tion that apparent convergent evolution is evidence of a common designer. 
Com = biological complexity as a product of NS. CoS = complex structures 
as products of NS. CR = assertion that NS or “survival of the fi ttest” is based 
on circular reasoning or tautological error. DS = directional selection. EA 
= assertion that the idea of convergent evolution is a way to explain away 
similarities in unrelated organisms. G = NS in general. HMT = human men-
tal traits as products of NS. Iden = assertion or implication that NS should 

make all organisms identical. Obs = acceptance that the phenomenon has 
been observed to occur. PCE = infl uence of NS on prebiotic chemical evolu-
tion. SR = sexual reproduction as a product of NS. SS = stabilizing selec-
tion. Sym = symbioses as products of NS. SxS = sexual selection. Note 
that authors who accept SS but reject G usually specify that they reject NS 
as a driver of macroevolution. Names of biological structures and processes 
listed after “Com” and “CoS” are those that the author(s) claimed are too 
irreducibly complex to have evolved by NS.

Philip J. Senter
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Author and year Position on natural 
selection

Position on 
convergent 
evolution

Jones, 198278 Reject (DS) Reject, CD
Lammerts, 198279 Reject (G)
Moore, 198280 Accept (SS)
Smith, 198281 Accept (SS)
Tinkle, 198282 Accept (SS)
Bluth, 198383 Accept (SS), Reject (DS)
Lambert, 198384 Accept (DS)
Lammerts, 198385 Reject (DS)
Riss, 198386 Reject (G)
Hedtke, 198487 Accept (SS), Reject (CoS)
Lammerts, 198488 Accept (SS), Reject (DS)
Hamilton, 198589 Reject (CoS: cephalopod 

eye; human eye)
Lammerts, 198590 Reject (Com)
Smith, 198591 Reject (G)
Hamilton, 198692 Reject (CoS: eye of 

jumping spider)
Leslie, 198693 Reject (DS)
Moore, 198694 Accept (SS)
Sanders & Howe, 
198695

Reject (CoS: food-
catching basket of 
dragonfl y; click apparatus 
of click beetle)

Butt, 198796 Accept (SS, SxS)
Hamilton, 198797 Reject (CoS: cephalopod 

eye; human eye)
Reject, CD

Glover, 198898 Reject, EA
Hamilton, 198899 Reject (CoS: tetrapod eye)
Mehlert, 1988100 Reject, EA
Williams, 1988101 Reject (CoS: spider 

web production and 
complexity)

Gish, 1989102 Accept (SS: Obs)
von Fange, 1989103 Reject
Arndts, 1990104 Reject, EA
Bergman, 1990105 Accept (SS)
Hedtke, 1990106 Reject (CoS)
Wise, 1990107 Accept (BD, G: Obs)
Bergman, 1991108 Reject (CoS)
Culp, 1991109 Accept (SS)
Davidheiser, 1991110 Accept (DS: Obs)
Hamilton, 1991111 Reject (CoS: fi sh eye; 

tetrapod eye), CR
Kouznetsov, 1991112 Accept (SS) (DS: Obs)
Williams, Howe & 
White, 1991113

Reject (Com: millipede 
defense system)

Reject, CD

Bergman, 1992114 Accept (SxS), Reject 
(CoS, PCE), CR

Brand & Carter, 
1992115

Accept (BD)

Crofut, 1992116 Reject (DS)
Kofahl, 1992117 Reject (G)
Bergman, 1993118 Accept (DS: Obs, SS), 

Reject (DS, SxS) Iden, CR
Brand & Gibson, 
1993119

Accept (BD, SS), Reject 
(CoS)

Hamilton, 1993120 Reject (CoS)

Author and year Position on natural 
selection

Position on 
convergent 
evolution

Hoff man, 1993121 Reject (G), CR
Lumsden, 1993122 Reject (CoS: plant 

alkaloids)
Mehlert, 1993123 Reject, EA
Armitage, 1994124 Reject (CoS: shapes of 

diatoms)
Gibson, 1994125 Accept
Kaufmann, 1994126 Reject (CoS: human 

body)
Lester, 1994127 Accept (BD, DS, SS)
ReMine, 1994128 Reject (G) Reject
Bergman, 1995129 Reject (G)
Lutz, 1995130 Reject (CoS: feathers)
Mehlert, 1995131 Accept (BD, SS)
Ulm, 1995132 Reject, CD
Wise, 1995133 Accept (DS)
Bergman, 1996134 Accept (SS: Obs), Reject 

(SR, SxS)
Calais & Mehlert, 
1996135

Accept (SS)

Colwell, 1996136 Reject (G) CR
Gibson, 1996137 Reject (BD)
Sarfati, 1996138 Reject (PCE)
Wieland, 1996139 Reject (CoS)
Armitage, 1997140 Reject (Sym)
Bergman, 1997141 Accept (SS)
Deckard, 1997142 Accept (G)
Robinson, 1997143 Accept
Sarfati, 1997144 Accept (BD)
Wieland, 1997145 Accept (SxS)
Armitage, 1998146 Reject (Com)
Batten, 1998147 Reject (Com, PCE)
Bergman, 1998148 Reject (Sym)
Bergman, 1998149 Reject (Sym)
Bergman, 1998150 Reject (CoS)
Howe, 1998151 Reject (Sym)
McGinley, 1998152 Accept (BD: Obs)
Oard, 1998153 Accept (SS), Reject (DS) Accept, 

Reject
Penrose, 1998154 Reject (DS)
Robinson & 
Cavanaugh, 1998155

Accept

Sarfati, 1998156 Reject (PCE)
Wise, 1998157 Reject
Woodmorappe, 
1998158

Reject, EA

Hedtke, 1999159 Reject (CoS)
Kaufmann, 1999160 Reject (PCE)
Sarfati, 1999161 Reject (CoS: double-sieve 

enzymes)
Armitage & 
Lumsden, 2000162

Reject

Bergman, 2000163 Reject (PCE)
Bergman, 2000164 Reject (SxS)
Woodmorappe, 
2000165

Reject
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Author and year Position on natural 
selection

Position on 
convergent 
evolution

Bergman, 2001166 Reject (CoS: 
transposons)

Bergman, 2001167 Accept (SS)
Bergman, 2001168 Reject, EA
Burgess, 2001169 Reject (SxS)
Gurney, 2001170 Reject (CoS: human eye)
Laughlin, 2001171 Accept (SS)
Mastropaolo, 
2001172

Reject (BD, CoS)

Oard, 2001173 Reject
Oard, 2001174 Reject, EA
Wood & 
Cavanaugh, 2001175

Accept

Batten, 2002176 Reject (Com: C4 
chemistry in plants)

Bergman, 2002177 Accept (SS), Reject (BD)
Bergman, 2002178 Reject (CoS: giraff e neck)
Bergman, 2002179 Reject, EA
Gurney, 2002180 Accept (SS)
Kofahl, 2002181 Reject (CoS)
Leyfi eld, 2002182 Accept (BD)
Wood, 2002183 Accept
Woodmorappe, 
2002184

Reject, EA

Batten, 2003185 Accept (DS)
Bergman, 2003186 Accept (DS: Obs; SS), 

Reject (DS)
Manning, 2003187 Reject (CoS: insect fl ight 

systems)
Swindell, 2003188 Reject (CoS, Com: pro-

teins; chemical pathways 
in photosynthesis)

Taylor, 2003189 Accept (DS: Obs), Reject 
(HMT)

Truman, 2003190 Reject (PCE)
Woodmorappe, 
2003191

Reject (CoS)

Woodmorappe, 
2003192

Reject (BD)

Woodmorappe, 
2003193

Accept (DS)

Wright, 2003194 Reject (SxS)
Armitage & Howe, 
2004195

Reject (Com: vegetative 
reproduction in lichens; 
lichens’ resistance to low 
temperatures)

Batten, 2004196 Reject (Com: protein 
editing; mRNA editing; 
the killer T-cell system)

Batten, 2004197 Reject (Sym)
Bell, 2004198 Accept (SS), Reject 

(Com)
Bergman, 2004199 Reject (SxS)
Bergman, 2004200 Accept (SS, SxS), Reject 

(SxS)
Bergman, 2004201 Accept (SS)
Harrub & 
Thompson, 2004202

Reject (SR)

Khomenko, 2004203 Accept (SS)

Author and year Position on natural 
selection

Position on 
convergent 
evolution

May, Thompson, & 
Harrub, 2004204

Reject (G)

Murdock, 2004205 Reject (DS)
Schragin, 2004206 Reject (Sym)
Thompson & 
Harrub, 2004207

Reject (HMT)

Thompson & 
Harrub, 2004208

Reject (SR)

Wilson, 2004209 Reject (G)
Woodmorappe, 
2004210

Accept

Bergman, 2005211 Accept (DS), Reject (DS)
Bergman, 2005212 Accept (SS), Reject 

(Com: genetic code; PCE)
Bergman, 2005213 Reject
Brand & Schwab, 
2005214

Reject (CoS: sensory 
structures)

Catchpoole, 2005215 Reject (Com: the process 
of producing fl attening in 
leaves)

DeWitt, 2005216 Reject (Com)
Sarfati, 2005217 Reject (Com: chemi-

cal pathways in 
photosynthesis)

Truman, 2005218 Reject (CoS: ubiquitin 
protein)

Williams, 2005219 Reject (SR)
Williams, 2005220 Accept (DS)
Wise, 2005221 Accept (SS), Reject (BD) Accept
Armitage & Howe, 
2006222

Reject (CoS)

Bergman, 2006223 Accept (SS)
Biswas, 2006224 Accept (SS)
Brand, 2006225 Reject (DS)
Demme, 2006226 Accept (G)
Henry, 2006227 Accept (BD)
Stoltzmann, 2006228 Reject (CoS: human eye)
Truman, 2006229 Reject (PCE)
Wise, 2006230 Accept
Armitage, 2007231 Accept (DS)
Bergman, 2007232 Reject (SxS)
Borger & Truman, 
2007233

Reject (Com: mRNA 
regulation)

Borger & Truman, 
2007234

Reject (G) Reject

Jaroncyk & Doyle, 
2007235

Reject, EA

Sarfati, 2007236 Reject (Com: DNA 
scrunching; PCE)

Truman & Borger, 
2007237

Reject (Com: the DNA 
code)

Truman & Borger, 
2007238

Reject (Com)

Truman & Borger, 
2007239

Reject

Smith, 2007240 Accept (SS), Reject 
(Sym)

Williams, 2007241 Reject (PCE)
Williams, 2007242 Reject (G)

Table 2 (cont’d)
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Hennigan, 2009263 Reject (Sym)
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Liu & Soper, 2009266 Reject
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Sarfati, 2009268 Reject (SxS)
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plus relevant cerebral 
circuitry

Wise, 2009270 Reject (G)
Woetzel, 2009271 Accept (SS)
Bartlett, 2010272 Reject (CoS: fl agellum)
Bergman, 2010273 Reject (G)
Bergman, 2010274 Reject
Lightner, 2010275 Reject (Com)
Oard, 2010276 Reject
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Catchpoole, 2011278 Accept (BD, DS)
Doyle, 2011279 Accept (BD)
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Lightner, 2011281 Reject (BD, Sym)
Oard, 2011282 Accept (BD) Reject
Oard, 2011283 Reject, EA
Pendragon, 2011284 Accept (DS)

Author and year Position on natural 
selection

Position on 
convergent 
evolution

Pendragon & 
Winkler, 2011285

Accept (BD)
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White, 2011287 Accept (DS)
Gaskill & Thomas, 
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Reject (BD, DS)
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Joubert, 2013293 Accept (BD)
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Reject (CoS): 
woodpecker beak
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Line, 2013296 Accept (BD)
Rupe & Sanford, 
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Reject (G)

Arment, 2014298 Accept
Carter, 2014299 Accept (G: Obs)
Guliuzza, 2014300 Reject (G)
Guliuzza, 2014301 Reject (G)
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Joubert, 2014303 Reject (G)
Lightner, 2014304 Reject (G)
Lightner, 2014305 Reject (Com: grass-

hopper mouse immunity 
to scorpion venom)

Lightner, 2014306 Reject (Com)
Bergman & Snow, 
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Reject (CoS: avian respi-
ratory system)

Cook, 2015308 Reject (HMT)
Gillen, Conrad, & 
Cargill, 2015309

Accept (DS: Obs)

Lightner, 2015310 Accept (SS: Obs)
Stoltzmann, 2015311 Reject (CoS: human eye)
Liu, 2015312 Accept (DS: Obs)
Liu, 2015313 Accept (DS: Obs)
Tan, 2015314 Reject (CoS): proteins Accept
Truman, 2015315 Accept
Williams, 2015316 Accept (DS)
Williams, 2015317 Accept (SS)
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Philip J. Senter

Figure 2. Temporal trends in the technical literature of creation 
science through 2015, regarding topics relating to natural selection 
and convergent evolution. 

Key for Figures 1 & 2: Solid lines indicate articles, and dashed lines indicate authors; where no dashed line is visible, the number of authors equals the 
number of articles. Gray indicates acceptance, and black indicates rejection. The absence of data on positions toward stabilizing selection in the period 
2010–2015 indicates a lack of authors taking a position on that topic during that period. NS = natural selection.

Figure 1. Temporal trends in the technical literature of creation 
science through 2015, regarding topics relating to natural selection. 
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Figure 3. Percentages of articles and authors accepting or rejecting natural selection and related phenomena in the technical literature of 
creation science in the twentieth and twenty-fi rst centuries, through 2015. 
Key: Solid lines indicate articles, and dashed lines indicate authors. Gray indicates acceptance, and black indicates rejection. Lines with a circled “au” 
(authors) or “ar” (articles) are cases in which two-tailed z-tests found a signifi cant diff erence in the proportion between the twentieth and twenty-fi rst centuries. 
For circled “au” and “ar,” a triple circle indicates that two-tailed z-tests found a signifi cant diff erence between centuries when alpha was set at 0.1, 0.05, and 
0.01; a double circle indicates that the tests found a signifi cant diff erence when alpha was set at 0.1 and at 0.05; a single circle indicates that the tests found 
signifi cance only with alpha set at 0.1. Data on acceptance vs. rejection of benefi cial mutations are from a previous study, in which the diff erence between 
centuries was described but not illustrated. See Philip J. Senter and Jared J. Mackey, “The Evolution of Creation Science, Part 2: Benefi cial Mutations,” 
Perspectives on Science and Christian Faith 69, no. 2 (2017): 87–97.

Discussion
NS in General and in 
Relation to Macroevolution
Through both centuries, more CS authors have 
rejected than have accepted NS. Often, rejection 
was based on nonsensical arguments. One author 
rejected NS on the basis that the concept of NS is 
not intuitively grasped by children,18 by which rea-
soning one ought also to reject higher mathematics, 
particle physics, and molecular genetics. Another 
argued that “selection would be by characteristics, 
but inheritance would occur by genes,”19 neglecting 
to recognize that genes produce characteristics, and 
therefore selection occurs on both simultaneously. 
One author asserted that NS should increase fecun-
dity, and rejected NS because simple organisms often 
have great fecundity, incorrectly equating “simple” 
with “less fi t.”20 According to another author, some 
animals have eyes that are better than they need, 
whereas NS (allegedly) should make only structures 
that are adequate for current needs.21 One author 
argued that the spread of antibiotic resistance in 
bacteria cannot be due to NS, because the transfer-
ence of R-plasmids between bacteria contradicts the 
(alleged) prediction by NS that an organism will not 

give an advantage to its competitors.22 However, that 
author failed to recognize that directional selection 
occurs when a trait increases within a population; 
this is exactly what happens when antibiotic resis-
tance is spread via the transmission of R-plasmids.

Two authors used scripture to justify their rejec-
tion of NS. According to one author, NS contradicts 
Ecclesiastes 9:11: “The race is not to the swift, nor 
the battle to the strong,”23 a passage that is a creative 
bemoaning of the observation that people often get 
rewards that they do not deserve; the passage is irrel-
evant to NS among nonhuman organisms. Another 
author correctly pointed out that NS requires death, 
and according to the literal sense of scripture, there 
was no death before the Fall of humans in the Garden 
of Eden, and so humans could not have evolved by 
NS if scripture is to be taken literally.24

In some cases, CS authors used misinformation to 
support denial of NS. One author claimed that NS 
could not have occurred, because no morphological 
intermediates are found in the fossil record,25 a false 
claim that is contradicted by enough examples to fi ll 
volumes.26 Another author claimed that, whereas NS 
theory predicts that predators will select for superior 
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prey by preying on the weak, in reality, predators 
select prey randomly.27 That claim is falsifi ed by 
data from numerous studies that show that preda-
tors do tend to preferentially target more-vulnerable 
prey (the young and the weak,28 eggs in nests that 
are easier to fi nd,29 etc.). In fact, numerous stud-
ies have documented NS-mediated enhancement 
of antipredator defenses in prey species as a result 
of selection pressure from predators.30 According 
to some, most or all mutations are deleterious, and 
NS would require too many benefi cial mutations 
to be plausible.31 However, recent research shows 
that benefi cial mutations occur suffi ciently often to 
drive NS.32

CS authors often rejected NS for contradictory rea-
sons. One author argued that NS would be too slow 
to account for macroevolution,33 whereas another 
argued that it would be too fast.34 One author 
asserted that NS would require mutations to accu-
mulate, but instead they get weeded out,35 whereas 
other authors claimed that NS requires mutations to 
get weeded out, but instead they accumulate.36 Some 
authors claimed that differences between organisms 
were evidence against NS,37 whereas others claimed 
that similarities between organisms were evidence 
against NS.38

Authors proffering the third pair of opposing posi-
tions often gave specifi c examples. One author 
argued that plants that give insects indigestion could 
not have evolved that defense by NS, because other 
plants that do not give insects indigestion do exist.39 
Another author denied NS because simple organ-
isms still exist, whereas NS (allegedly) should make 
all organisms complex.40 How, asked one author, 
could NS have produced 

the long neck of the giraffe and the short neck of 
the pig; the hard shells of some turtles and the soft 
shells of others; the great size of the whale and the 
small size of the shrew … the great speed of the 
jackrabbit and the slow speed of the woodchuck; 
and so on.41 

Summarizing the position, one author stated that 
“according to natural selection, all animals would 
eventually evolve a similar, best type which could 
survive in a variety of wild situations.”42 

Authors taking the opposite stance also cited specifi c 
examples, expressing doubt that NS could have pro-
duced the similarity between monarch and viceroy 
butterfl ies (Danaus plexippus and Limenitis archippus)43 

or the similar lifestyles of various lineages of fl ies 
that “live in similar ways on crabs.”44 One author 
even simultaneously took both opposing positions 
in a single article, citing similarities between ani-
mals (invertebrate and vertebrate eyes) as evidence 
against NS, and then citing differences between ani-
mals (some animals’ ears are small while others are 
large) as evidence against NS.45 

Numerous CS authors listed various symbiotic rela-
tionships as examples of phenomena that NS could 
not have produced (table 2). Such assertions are 
based on the implicit assumption that if two organ-
isms are mutually interdependent, then they must 
have been created at the same time, because neither 
could have survived if it came into being without 
the other. However, many examples exist of mutual 
interdependence in species that, demonstrably, were 
previously not mutually interdependent because 
they did not previously inhabit the same area.46 Such 
examples falsify this type of argument against NS.

The concept of irreducible complexity has been a 
popular argument against NS among CS authors. 
According to this concept, some biological struc-
tures or processes are too complex to have evolved 
by NS, because intermediate stages would not be 
viable or useful. Examples cited by CS authors are 
listed in table 2. It is noteworthy that for several of 
those examples, the hypothesis that the structure 
or process is irreducibly complex is falsifi ed by the 
known existence of intermediate forms, the existence 
of which demonstrates that intermediate forms are 
viable (appendix 1). 

CS authors who accept NS understandably accept 
that it has produced changes only within baramins 
(“created kinds” of organisms). Because CS authors 
do not accept macroevolution, they consistently deny 
that NS could have produced macroevolutionary 
phenomena such as prebiotic molecular evolution, 
sexual reproduction, complex biological processes 
and structures, and the evolution of human mental 
traits from precursor states in nonhuman ancestors. 
Arguments against NS in prebiotic molecules usu-
ally involve incorrect assumptions. Some CS authors 
asserted that NS can act only on living cells,47 an 
assertion that has been falsifi ed by experimental 
observations of NS acting on nucleic acids in vitro.48 
One author asserted that prebiotic molecules could 
not undergo NS because such molecules do not 
self-replicate, and NS can only act on self-replicat-
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ing entities.49 However, recent research shows that 
some such molecules—including examples of pep-
tides, double-stranded nucleic acids, and RNA—can 
accomplish self-replication.50

CS authors consistently reject NS as compatible 
with the origin of sexual reproduction. According 
to such authors, NS would weed out any mutation 
that caused an organism to undergo “the dilution 
of 50% of its genes.”51 As one pair of authors put it, 
“the Darwinian ‘survival of the fi ttest’ mantra does 
not compute with a sexual practice that selectively 
only passes one half of one’s genes to successive 
progeny.”52

However, dilution by 50% does not affect the entire 
genome but affects only those genes for which an 
organism is heterozygous. An allele for which an 
organism is homozygous is necessarily passed on by 
sexual reproduction. Moreover, recent research indi-
cates that sexual reproduction confers advantages 
upon offspring, in accordance with the naysayers’ 
expectations of a system that is a product of NS. 
Genetic recombination during sexual reproduction 
dramatically reduces the rate of accumulation of 
deleterious mutations53 and concentrates benefi cial 
mutations, increasing the rate of adaptation.54 It also 
appears to unlink deleterious mutations from benefi -
cial mutations, allowing those deleterious mutations 
to be selected out of the genome.55 In addition, sexual 
selection, which depends on the presence of sexual 
reproduction, is advantageous for gene propagation. 
It decreases mutation load and increases fi tness,56 
and traits that are favored by sexual selection often 
have survival value.57 

According to some CS authors, human mental 
traits could not have evolved by NS. One author 
claimed that if the mind is a product of NS, then 
its own conclusions—including the conclusion that 
NS exists—are unreliable.58 That argument is a non 
sequitur. Another author asserted that human altru-
ism was not a product of NS.59 However, recent 
research indicates that the specifi cally human forms 
of altruism confer selective advantages; 60 this is 
consistent with their having arisen via NS. Other 
authors claimed that musical ability, the ability to 
calculate, and consciousness could not be products 
of NS because they have no survival value.61

Recent fi ndings oppose such claims. By defi nition, 
NS can act upon a trait if the trait is heritable and 

adaptively relevant. A trait is heritable if it is a prod-
uct of an anatomical structure, which in turn is a 
product of genes. It is adaptively relevant if it confers 
an advantage, especially an increased likelihood of 
survival and/or reproduction. Human musical abil-
ity has functions that are adaptively relevant,62 and 
its association with specifi c brain regions shows that 
it has an anatomical basis.63 Consciousness64 and the 
ability to calculate65 are also adaptively relevant and 
associated with specifi c brain regions.

Moreover, potential evolutionary precursors for 
such “human” traits are known in nonhuman ani-
mals. Numerous animals—including even insects 66 
and fi shes 67—have the ability to count, and a rudi-
mentary ability to calculate is known in birds 68 and 
primates.69 Thus a potential evolutionary precursor 
to the human ability to calculate exists in nonhuman 
animals. Likewise, certain aspects of human con-
sciousness exist in some animals; 70 therefore, human 
consciousness could have evolved from a nonhuman 
precursor. In addition, altruism 71 and certain other 
traits associated with human mentality (e.g., tool 
use,72 cultures,73 planning ahead,74 sense of fairness,75 
theory of mind76) are present in other primates; these 
facts suggest that human mentality could have arisen 
from a precursor in nonhuman primates.

Some CS authors rejected NS as based on circular 
reasoning or tautological error (table 2), that is, “sur-
vival of the fi ttest,” with the fi ttest defi ned as those 
who survive. However, NS is not based on circular 
reasoning. The phrase “survival of the fi ttest” is a 
simplistic description of the theory of NS, not the basis 
of the theory of NS. The basis of the theory of NS is 
the pair of observations that heritable variation exists 
and that different variants have different chances of 
survival and reproduction. These observations are 
facts that have been documented 77 and do not relate 
to each other circularly.

One CS author who characterized NS as based on 
circular reasoning, applied circular reasoning of his 
own. His argument against NS that environmen-
tal pressure can create variation within “created 
kinds” but cannot produce new “kinds”78 is circu-
lar, because “created kinds” are defi ned as having 
arisen by special creation and not by NS or by evo-
lution.79 Using the same circular argument, some CS 
authors who accepted the existence of directional 
selection within baramins stated that the resulting 
changes were not evolution, because no new “kinds” 
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were produced.80 Such assertions demonstrate not 
only circular reasoning but also a difference in the 
use of the word “evolution” between CS authors 
and mainstream biologists. To the latter, heritable 
changes even within species fall under the umbrella 
of “evolution.”81

NS within Baramins
Through both the twentieth and twenty-fi rst centu-
ries, while most CS authors have denied NS, others 
have insisted that NS occurs and that instances of it 
have been observed and recorded within baramins 
(fi gs. 1, 2; table 2). In particular, there has been wide 
acceptance among NS authors that stabilizing selec-
tion occurs (fi g. 1; table 2) and prevents evolution 
by keeping organisms the same through the genera-
tions. One author even made the astute observation 
that artifi cial selection, which perpetuates lineages 
with traits that would be lethal in the wild, is the pre-
vention of stabilizing selection, which would have 
occurred in the absence of human interference.82

Numerous CS authors accepted stabilizing selection 
while denying directional or sexual selection or the 
role of NS in biological diversifi cation (table 2). To 
support denial of directional selection, one author 
argued that it would end all life on Earth, because 
eventually a superspecies would outcompete all the 
others and drive them to extinction, following which, 
competition within that species would eliminate all 
but one of its members, which would subsequently 
die.83

Other CS authors accepted a role of NS in diver-
sifi cation within baramins. Regarding plant 
diversifi cation, one author said that 

after the Flood the Creator may … have allowed 
such processes as gene mutation, natural selection, 
and polyploidy to equip these plants further for 
their new roles of clothing the earth with its diverse 
network of nascent habitats.84 

According to another author, directional selection by 
carnivory was probably necessary in the post-Flood 
world, to increase fi tness in a harsh environment.85 
Other CS authors asserted that directional selec-
tion had been documented, citing the examples of 
antibacterial resistance in bacteria,86 pesticide resis-
tance in insects,87 the favoring of the dark morph 
of the peppered moth (Biston betularia) during the 
Industrial Revolution,88 and changes in the genome 
of HIV.89 

Mainstream scientists have recorded a plethora of 
other examples of observed and documented direc-
tional selection that appear to have gone unnoticed 
by CS authors. Some particularly showy cases involve 
observed morphological changes in microbes 90 and 
multicellular organisms 91 in response to selection 
pressure. The latter include instances in which new 
ecotypes have appeared in recent decades,92 some-
times with reproductive isolation that defi nes the 
new ecotype as a new species, according to the bio-
logical species concept. Other cases involve observed 
physiological changes 93 in response to selection pres-
sure, or demonstrations from genetic studies that NS 
has recently occurred.94 Instances in which microbes 
have been observed to acquire endosymbiosis95 or 
multicellularity96 in the laboratory in response to 
selection pressure, provide support for the feasi-
bility of such events in the past macroevolution of 
eukaryotes.

Of seven CS authors who took a position on the exis-
tence of sexual selection, three accepted its existence 
(table 2) and proffered it as a potential explanation 
of specifi c biological phenomena: the preference of 
female crickets for males with larger nuptial offer-
ings,97 differences in vocalizations between two 
closely related bat species,98 and a recent increase in 
height among human males 99 (table 2). Four authors 
rejected sexual selection as an explanation for 
other specifi c phenomena (table 2), such as human 
schizophrenia and the peacock’s tail, citing work by 
mainstream biologists that casts doubt on the role of 
sexual selection in those cases.

The author who tentatively attributed the human 
male height increase to sexual selection later rejected 
the existence of sexual selection in general (table 2), 
arguing that “natural selection would select against 
sexual selection. Mates who are choosy about their 
mates are less likely to mate, and less likely to pass 
on their traits to their offspring.”100 Recent research 
indeed suggests that choosier females are likely to 
mate less often,101 but it also shows that female choos-
iness is a plastic trait that is reduced when conditions 
would prevent mating by overly choosy females, as 
for example when there is low mate availability,102 
immanence of oocyte release,103 or other conditions 
that make it costly to delay mating;104 this plasticity 
ensures that choosy genes do not prevent reproduc-
tion but instead get passed on. The same author also 
objected that “If sexual selection caused the devel-
opment of the male beard … why do women often 
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prefer clean-shaven males?”105 Inherent in that ques-
tion is the assumption that women generally do 
prefer clean-shaven males, an assumption that recent 
research shows is unlikely.106 Furthermore, rejec-
tion of the existence of sexual selection contradicts 
evidence from myriad examples in which sexual 
selection has been documented.107

Although some CS authors rejected NS as a con-
tributor to biological diversity, others accepted that 
NS contributes to diversifi cation within baramins. 
According to two authors, extinct hominid species 
may represent diversity generated by NS within 
the human baramin.108 According to others, NS is 
responsible for diversity among modern humans 109 
or within other baramins,110 including the fossil horse 
series 111 and the ceratopsian dinosaur clade.112

Convergent Evolution
Numerous CS authors dismissed convergent evo-
lution as an invention by evolutionists to explain 
away similarities in unrelated organisms (table 2). 
Some authors attributed such similarities to common 
design and claimed them as evidence of a common 
Designer (table 2). Others used arguments with 
unsupported assumptions, for example, 

Convergent evolution should be nearly impossible 
within the evolutionary paradigm, because no two 
environments remain the same for long periods 
to “evolve” similar structures in very different 
animals.113

Nonetheless, some authors recognized that within a 
given (alleged) baramin were organisms with simi-
larities that must have arisen in parallel and not by 
inheritance from the (alleged) originally created 
ancestor. Examples include parallel mutations of eye 
color in different lineages of fruit fl ies,114 parallel gene 
duplications in fl ies,115 parallel similarities in cyto-
chrome b genes in turtles,116 and various similarities 
between different species of the cat family.117 Others 
noted that organisms in different (alleged) baramins 
had independently acquired similar characteristics 
and that this must be called convergent evolution. 
Examples include the independent acquisition of C4 
physiology in sixteen plant families,118 saber-tooth 
morphology in four mammal families,119 similarities 
between elephant shrews and ruminants,120 and simi-
larities between Old and New World vultures.121 

One author argued that “shared mistakes” in pseu-
dogenes between humans and other primates were 
due to parallel molecular evolution rather than com-
mon ancestry.122 Another argued that Homo erectus 
represented ancestral human morphology, that H. 
erectus populations in different areas had conver-
gently evolved H. sapiens morphology, and that this 
was an example of a biological trajectory that had 
been programmed into genes at creation and which 
is evidence of common design.123 Another author 
even tried to have it both ways, explaining that the 
similarities between the dinosaur Deinonychus and 
the early bird Archaeopteryx were due to convergent 
evolution, so as to cast doubt upon the evolution of 
birds from dinosaurs, while denying—in the same 
 article—that convergent evolution exists.124

Final Thoughts
CS authors deny macroevolution. It is therefore 
unsurprising that they consistently deny that NS 
contributed to macroevolutionary processes such 
as the evolution of prebiotic molecules, the advent 
of complex biological structures and systems, 
and the advent of sexual reproduction. They also 
consistently deny that NS has contributed to sym-
bioses. However, CS authors cannot be said to have 
achieved consensus regarding other aspects of NS. 
Some CS authors deny the existence of NS in general, 
directional selection, sexual selection, convergent 
evolution, and/or a role for NS in biological diver-
sifi cation. Others accept that those phenomena and 
stabilizing selection exist—and in some cases have 
been observed—within “created kinds.” It will be 
interesting to see whether CS authors achieve agree-
ment on these topics in future decades, or whether 
disputation regarding these topics will continue to 
prevent consensus.

It is also important to note that for much of the twen-
tieth century, the naysaying CS authors had a point. 
The explosion in documentation of directional selec-
tion, sexual selection, and the infl uence of NS on 
biological diversifi cation is mostly a phenomenon of 
the most recent three decades. Therefore, in previous 
decades, deniers of these phenomena were correct in 
that there was minimal or no observational evidence 
for such phenomena. However, now that a plethora 
of instances of these phenomena have been observed 
and documented, there is no longer any excuse to 
deny them.
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Appendix 1: 
Falsifi cation of Claims of Irreducible Complexity

Philip J. Senter

The claim that a biological structure or system is 
irreducibly complex is falsifi ed if forms intermedi-
ate between the structure/system and its simpler 
counterpart(s) exist (hence, are viable) in extant or 
fossil organisms, or if viable counterparts with miss-
ing components exist in extant or fossil organisms.

a. Flagella
The proteins that compose and operate bacterial 
fl agella differ across taxa, with different proteins 
missing in different taxa, thus showing that bacte-
rial fl agella are not irreducibly complex.125 A simpler 
counterpart with homologous proteins exists: the 
bacterial type III secretion system.126

Unlike prokaryotic fl agella, eukaryotic fl agella con-
tain two-part (basal body and axoneme) skeletons 
of microtubules. The components of the basal body 
differ across taxa, with different components miss-
ing in different taxa,127 demonstrating that eukaryotic 
fl agella are not irreducibly complex. A simpler coun-
terpart exists: the pole of the mitotic spindle, which 
appears to have given rise to the eukaryotic fl agel-
lum by elongation.128

b. The Shapes of Diatoms
Diatoms exhibit a continuous spectrum of morphol-
ogy and therefore do not lack intermediate forms.129 
Aspects of diatom morphology are functionally sig-
nifi cant 130 and therefore subject to NS.

c. Chemical Pathways in Photosynthesis
Among prokaryotes is a spectrum of complexity—
from simple to complex—in the morphology and 
chemistry of photosynthetic housing structures, 
reaction centers, antennae, pigments, and electron 
transport chains.131 Also, in extant prokaryotes, sim-
pler counterparts to photosynthetic pathways exist: 
light-driven, ion-pumping systems that convert light 
into chemical energy but are not involved in carbon 
fi xation.132

d. C4 Chemistry
Numerous plant species exhibit photosynthetic 
physiology that is intermediate between the C3 and 
C4 types.133

e. The Flower
Fossil 134 and extant 135 plants are known that exhibit 
reproductive structures with morphology interme-
diate between gymnosperm strobilae and simple 
fl owers.

f. Spathe and Spadix of Jack-in-the-pulpit 
(Arisaema triphyllum)

A spectrum of morphology intermediate between 
unmodifi ed bracts and bracts that are modifi ed into 
a spathe exists among extant members of the family 
Araceae, to which the jack-in-the pulpit belongs.136 
Infl orescences with morphology intermediate be-
tween a simple branching pattern and a spadix are 
common among extant plants.137

g. Compound Eyes
A spectrum of complexity and morphology of omma-
tidia (the units of compound eyes)—from simple to 
complex, with numerous intermediate forms—is 
present across the phyla Mollusca, Annelida, and 
Arthropoda.138 Intermediate numbers of ommatidia 
also exist in compound eyes of different species, with 
the number varying from one to several thousand.139 

h. Jumping Spider Eyes
The anterior median eyes of jumping spiders possess 
a corneal lens, a multilayered retina, muscles that 
move the retina, ultraviolet photoreceptors, photore-
ceptors for colors that humans can see, a fovea, and 
an elongated shape.140 However, all but the last two 
traits are present in other spiders.141 Jumping spider 
eyes are therefore derivable from other spider eyes 
and are not too complex to have arisen from them 
by NS.

i. Spider Web Production and Complexity
Simpler precursor structures to spinnerets are known 
from early fossil arachnids.142 A spectrum with 
numerous intermediate forms exists between the 
simplest and most complex webs of extant spiders.143

j. Millipede Defense Systems
A variety of defense systems are present in extant 
millipedes, and intermediate states abound.144 
Defensive rolling-up varies from the production of a 
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sphere to a spiral, and the intermediate form (a pla-
nar disk) exists. Chemical defenses vary from none 
to multiple secreted compounds, and various inter-
mediate numbers and combinations of compounds 
exist. Defensive spines vary in thickness, complexity 
of branching, and number of rows, and intermediate 
combinations of these traits exist. 

k. Click Apparatus of Click Beetles
The apparatus that click beetles use to right 
themselves involves an enlarged muscle and a peg-
and-notch arrangement on two exoskeletal plates.145 
The bodies of most other insects possess the homolo-
gous muscle and the homologous exoskeletal plates 
and therefore possess counterparts with missing 
components (muscle enlargement and a peg-and-
notch shape).

l. Large Diff erence between Larval and Adult 
Dragonfl ies

The morphological difference between larva and 
adult in insects varies from almost none to extreme, 
with numerous intermediate magnitudes present—
and therefore viable—in various species.146

m. Food-Catching Basket of Dragonfl ies
The dragonfl y’s food-catching basket is simply the 
fi rst four legs. They are generic insect legs that lack 
the specializations present in other insects.147 Other 
than their close spacing,148 there is nothing particu-
larly remarkable about them, and they are no more 
complex than the legs of other insects.

n. Cephalopod Eyes
A nearly continuous spectrum, with numerous 
intermediate forms, exists between the simplest mol-
luscan photoreceptors and cephalopod eyes.149

o. Killer T-cell System
A comparison of protochordates, jawless fi shes, 
jawed fi shes, and tetrapods reveals a spectrum of 
complexity within the immune system and within 
its T-cell system. Fishes exhibit states intermediate 
between those of protochordates and tetrapods.150 

p. Eyes of Humans, Other Tetrapods, and 
Fishes

A nearly continuous morphological series links the 
simple photoreceptors of protochordates to human 
eyes via the extant diversity151 within mammals, non-

mammalian tetrapods, jawed fi shes, jawless fi shes, 
and recently discovered fossils that fi ll in morpho-
logical gaps between fi sh groups152 and between 
protochordates and jawless fi shes.153

q. Giraff e Neck
Fossil members of the giraffe family exhibit a spec-
trum of neck lengths and vertebral morphology 
intermediate between those of short-necked ungu-
lates and extant giraffes.154 

r. Avian Respiratory System
Recent research shows that various extant reptiles 
have respiratory systems that, in morphology and 
airfl ow, are intermediate between simple lungs with 
bidirectional fl ow and the complex, avian system of 
unidirectional fl ow-through lungs-plus-air-sacs.155

s. The Feather
Fossil precursors of avian feathers exhibit a spectrum 
of morphologies intermediate between a simple 
fi lament and a primary fl ight feather.156 Despite the 
erroneous claim that the simpler fossil “proto-
feathers” are actually degraded collagen fi bers from 
within the dermis,157 new research demonstrates that 
they contain melanosomes, the pigment-bearing 
organelles in the cells of feathers.158

t. The Human Musculoskeletal System
A long and detailed fossil series of intermedi-
ate forms shows the derivation of the location and 
arrangement of human muscle attachment sites from 
those of early tetrapods, via fossils of early amni-
otes, early synapsids, early mammals, and early 
primates.159
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