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Abstract
Baraminology is a biosystematic discipline for reclassifying organisms within the young-earth creation model.

The method is presently dependent on 15 theoretically-defined membership criteria that are designed to reveal
patterns of phylogenetic discontinuity in nature. This survey examines the utility of the molecular criterion for
resolving phyletic divisions. As a case study, the non-trionychoidea cryptodires (turtles with hard shells and
retractable necks) have been analyzed with a panel of nine mitochondrial genes. Sequence comparisons with
non-testudines supported a previous hypothesis that the turtles were apobaraminic or phylogenetically distinct
from other vertebrates. Analyses within the testudines suggested the non-trionychoidea cryptodires were composed
of at least two monobaramins including the Cheloniidae family and Gopherus genus.

Introduction
The theory of special creation suggests the biota is

composed of phylogenetically distinct units. Marsh
(1941) proposed the word baramin as a technical term
for these groups. He hypothesized the baramin could
be identified as a reproductively isolated and morpho-
logically distinct entity. The observable processes of
organic evolution were interpreted as a mechanism for
propagating diversity within the baramin (Marsh, 1976).
Jones (1972) and Siegler (1974; 1978) concluded such
biological distinctions generally occur at the family
level of taxonomic classification. A framework for sys-
tematically characterizing baraminic boundaries was
provided by the introduction of discontinuity system-
atics (Remine, 1990; 1993). The method was offered as
an alternative to traditional systematic approaches,
which are inherently incapable of recognizing phyletic
divisions. Bartz (1991) encouraged the adoption of
discontinuity systematics, and Wise (1990) incorporated
its terms and methods into the young-earth creation
model.

A battery of membership criteria have been offered
to elucidate the baramin (Wise, 1992a). The molecular
criterion is of special interest because it allows the
investigator to quantify phylogenetic gaps at a funda-
mental level. For years creationists have suggested such
analyses could provide powerful evidence for their
position. Marsh (1971) stated:

One basic kind is unlike all other basic kinds be-
cause of its peculiar internal chemistry, the DNA
of its genes. If different kinds are present we
know these different chemistries are present also
and effectively isolate one kind from another by
bridgeless chemical abysses.

Denton (1985) demonstrated that the nested pattern of
protein sequence diversity among major taxonomic
assemblages was more consistent with a typological
rather than macroevolutionary origin. Wise (1992b)
suggested molecular similarities among adult organisms
was evidence of a common Creator, much like a char-
acteristic style is evidence of a certain artist. The current
survey was designed to explore the utility of the molecu-
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lar criterion for identifying phyletic divisions. In order
to test previous systematic hypotheses the study has
been placed within the context of turtle baraminology.

The history of turtle systematics has been marked
by a long search for natural groups (Gaffney, 1984).
Since the baramin is hypothesized to be a real biological
entity it is possible that turtle phylogeny can be more
accurately understood in terms of discontinuity. The
current viewpoint of Frair (1991) is that all turtles form
a single phylogenetically related baramin. A hypothesis
by Wise (1992a) is that turtles are composed of two
unrelated baramins including the pleurodires (side-
necked), the cryptodires (hidden-necked). An earlier
suggestion of Frair (1984) and the recent conclusion of
Wise (1992a) suggests turtles form four baramins in-
cluding the pleurodires (side-necked), the trionychoids
(soft-shells), the chelonioids (marine), the remaining
cryptodires (an assortment of terrestrial and aquatic
species).

Materials and Methods
Successive Approximation

Baraminology research involves a unique nomencla-
ture that can be used to communicate the phylogenetic
status of an organism or group of organisms. Since the
goal of baraminic research is to recover the identity of
phyletically distinct baramins it is necessary to prune
an evolutionary tree. The tree can be approached from
two directions (Figure 1). The root of a tree involves a
unit called the apobaramin, which is defined as a group
of organisms that may contain unrelated subgroups.
Subtractive criteria such as stratomorphologic gaps are
used to split these groups into smaller apobaramins.
The tips of a tree involve the monobaramin, which is
defined as a group of organisms related by common
descent. Additive criteria such as the ability of organ-
isms to hybridize are used to lump these phylogenet-
ically related groups into larger monobaramins. The
taxonomic distance between the apobaramin and
monobaramin will decrease as the tree is pruned with
more efficient criteria. The process of successive ap-
proximation theoretically will lead to an overlap in the
apobaramin and monobaramin. The taxon constructed
by this juncture is called the holobaramin, and is de-
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Figure 1. An illustrated description of successive approximation
using baraminology nomenclature. The apobaramin is defined as a
group of organisms containin phylogenetically unrelated subgrougs.
Subtractive criteria are used to split an apobaramin into smaller
apobaramins (A). The monobaramin is defined as a group of organ-
isms related by common descent. Additive criteria are used to lump
monobaramins into larger monobaramins (B). The taxon constructed
by the juncture or overlap of an apobaramin and monobaramin is
called the holobaramin, which is defined as a complete set of organ-
isms related by common descent (C).

fined as a complete set of organisms related by com-
mon descent. It is the primary goal of baraminology to
identify the holobaramin, which is an estimate of a
created biological unit. One advantage of identifying
holobaramins by successive approximation is that the
technique allows for incomplete knowledge regarding
the organism’s biology. Researchers are not obligated
to hypothesize beyond the resolving power of their
criteria.

Character Selection
The interest in understanding biological phenomena

from a molecular perspective has led to exponential
growth in the number of reported DNA and protein
sequences. The availability of this information through
the internet provides baraminologists with a rich source
of comparative data. It is suggested that DNA sequences
have a greater baraminic utility than protein sequences.
Due to the degeneracy of the genetic code a pair of
identical protein sequences can have a divergent under-
lying DNA sequence (Figure 2). This property makes
DNA a preferable molecule for biosystematic studies,
which are designed to measure differences among
organisms.

In the 1950s mitochondrial DNA (mtDNA) was dis-
covered. Avise et al. (1987) noted that mtDNA was an
ideal molecule for biosystematic analyses. It generally
contains no pseudogenes, introns, or highly repetitive
sequences, which tend to complicate biosystematic
studies. For most organisms mtDNA was found to be
maternally inherited, and did not undergo recombina-
tion or other genetic rearrangements. Due to its mode
of inheritance mtDNA would be especially sensitive to
population bottlenecks. Wilson et al. (1985) stated:

Sequence 1: Thr Arg Leu Gly
ACC CGA UUA GGG

Sequence 2: Thr Arg Leu Gly
ACG AGG CUC GGA

Figure 2. DNA sequences are more powerful for resolving subtle
differences between molecules. In this example the protein sequences
are identical, but the underlying DNA is 50% divergent.

Because a single breeding pair of diploid animals
contains four nuclear genomes and one transmis-
sible mtDNA, a population that goes through an
extreme bottleneck could lose all of its mtDNA
variability and retain a significant fraction of its
nuclear variability.

The young-earth creation model assumes at least one
extreme population bottleneck during the Flood. This
catastrophic event would have reduced most terrestrial
vertebrates to two or seven representatives per holo-
baramin. Thus, for holobaramins with strict maternal
inheritance of mtDNA one might expect more vari-
ability to exist across the member’s nuclear genomes
rather than their corresponding mitochondrial genomes.
It is possible that such a pattern could be blurred due
to the higher mutation rate of mtDNA. However, turtles
are noted for having extremely slow mtDNA mutation
rates (Bowen, Nelson, and Avise, 1993; Avise, Bowen,
Lamb, Meylan, and Bermingham, 1992).

Sequence Acquisition
Mitochondrial DNA sequences were extracted from

the GenBank and European Molecular Biology Labo-
ratories (EMBL) databases via the internet and from
the literature. All available testudine sequences were
reviewed, and those representing the most taxa (Table
I) and containing the most characters were used for
analysis. Two protein coding genes (PC: cytochrome
b, NADH dehydrogenase subunit II) and seven non-
protein coding genes (NPC: 12S-rRNA, tRNAs for
tryptophan, alanine, asparagine, cysteine, tyrosine, pro-
line) were selected. The gene map (Figure 3) depicts
the relative positions of sampled molecules within the
human mitochondrial chromosome (Anderson et al.,
1981).

Systematists frequently employ outgroup taxa to
polarize their taxonomic characters against a presump-
tive ancestral state. Since baraminologists have not
widely identified monobaramins it would be premature
to focus on ancestral versus descendant characters.
Outgroup taxa in this survey are defined as organisms
that are taxonomically distinct from the group of in-
terest. For example, to explore turtle/non-turtle rela-
tionships, sequences from five of the major vertebrate
classes were accrued including: common carp (Cyprin-
us carpio), chicken (Gallus gallus), human (Homo
sapiens), African clawed frog (Xenopus laevis), (Gen-
Bank/EMBL accession numbers: X02890, X52392,
J01415, X61010). A variety of reptilian outgroups were
chosen because no single reptile was represented by
the selected molecules. These included: American
alligator (Alligator mississippiensis), whiptail lizard
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Table I. List of turtles included in this study.

aBowen et al., 1993; bHedges, 1994; cLamb and Lydeard, 1994; dLamb et al., 1994;eKumazawa and Nishida, 1995; fSeutin et al., 1995.
*Taxon selected for dendrogram construction.

(Cnemidophorus uniparens), western landed gecko
(Coleonyx variegatus), Hydrophiid sea snake (Emydo-
cephalus ijimae), tuatara (Sphenodon punctatus), (Gen-
Bank/EMBL accession numbers: D31621, S71826; Ref-
erences: Kumazawa and Nishia, 1995; Seutin, Lang,
Mindell, and Morais, 1994). Chimpanzee (Pan troglo-
dytes) sequences were selected for comparisons with
human mtDNA (GenBank/EMBL accession number:
D38113).

Sequence Alignment
In order to quantify differences among molecules

their sequences must be properly aligned. This task
was accomplished with the computer program CLUS-
TAL W (Thompson, Higgins, and Gibson, 1994). Many
of the problems encountered with sequence alignmen
have been reviewed by DeSalle, Wray, and Absher

Figure 3. Gene map of human mitochondrial DNA showing relative
positions of sampled genes.

(1994) and Wheeler (1994). Sequence alignment in-
volves the identification of homologous nucleotide
positions within homologous molecules, and is used as
a basis for phylogenetic comparison. Some have sug-
gested that sequence alignment cannot be treated sep-
arately from the construction of phyletic trees (Mindell,
1991; Feng and Doolittle, 1987; Hogeweg and Hesper,
1984). Since creationists do not assume all organisms or
homologous molecules are related this approach has
not been considered.
Sequence Analysis

When comparisons of nucleotide sequences are made,
various differences can exist including substitutions
and insertion/deletions or indels (Figure 4). Substitu-
tions can be further divided into transition and trans-
version differences. A transition exists when a pyri-
midine (T or C) is substituted by another pyrimidine;
or a purine (A or G) is substituted by another purine. A
transversion exists when a pyrimidine (T or C) is sub-
stituted by a purine (A or G) and vice versa. An indel
exists when a nucleotide is inserted or deleted, which
results in a longer or shorter sequence respectively.
The relationship between transition differences and
taxonomic distance is especially interesting. Substitu-
tions between similar organisms are mostly transitions,
and as taxonomic distance increases the proportion of
transition differences decrease (Holmquist, 1983). Many

Figure 4. Diagram of three aligned DNA sequences illustrating
nucleotide substitutions and indels.
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explain this phenomena as homoplasy, and suggest that
the genomes of divergent organisms are saturated with
back mutations (Kraus and Miyamoto, 1991). Homo-
plasies are defined as similarities between organisms
that are not a result of common descent. Wise provided
a hypothesis for interpreting homoplasy within a bara-
minic context (1990, p. 351):

When a large number of characters is examined
cladistically in a polybaraminic group of organ-
isms, a young-earth creationist would expect that
homoplasies would be unavoidable and frequent
between organisms of different holobaramins.
Conversely, for the organisms in the group which
are part of the same holobaramin, it should be
possible to construct a cladogram with few or no
homoplasies.

Another explanation for the high proportion of transi-
tions among similar organisms rests on the molecular
structure of purines and pyrimidines. Since transitions
involve the substitution of structurally similar molecules,
perhaps the bias towards similar organisms is indicative
of a baramin-specific mutation. Members of a baramin
are hypothesized to be morphologically and physio-
logically similar, though not identical (Marsh, 1976).
Transitional mutations may reflect a process of limited
variation at the molecular level.

Sequence differences are commonly corrected for
the unequal occurrence of transitions and transversions
(Kimura, 1980). Since these assumptions deserve more
study from the creationist perspective this survey uses
raw uncorrected sequence differences calculated as
the number of differences divided by the total sequence
length. The program CLUSTAL W was used to calcu-
late total sequence differences, and the differences
attributable to transitions and transversions. As a meth-
od of summarizing the diversity of sequence differ-
ences among taxonomic groups, a plot of taxonomic
rank versus average percent sequence difference was
constructed. The percent sequence difference for spe-
cies was calculated as the average difference for a
subspecies and geographical variants within a given
species. Genus differences were calculated as the aver-
age difference of species within a given genus, and so
on for higher taxonomic levels. Class differences were
calculated as interorder comparisons of turtles with
the reptilian outgroups. Subphylum differences repre-
sent turtle comparisons with the four remaining verte-
brate outgroups. For taxonomic rank the classification
of Gaffney (1988) was used.

Hierarchical patterns encoded in turtle mtDNA were
illustrated with unrooted dendrograms for cytochrome
b using distance and parsimony methods. A variety of
clustering techniques exist for analyzing sequence data
(Felsenstein, 1988), and a given topology (i.e. branching
pattern) should be considered a hypothesis. Congru-
ence among topologies using several techniques indi-
cates the pattern is supported by the data. Statistical
confidence can be assigned to a topology using the
bootstrap resampling method (Felsenstein, 1985). The

data set is randomly resampled and patterns that cannot
be attributed to chance are recovered. Branches ap-
pearing at least 95% of the time are considered signifi-
cant, but Hillis and Bull (1993) have noted that boot-
strap proportions of 70% can be significant. The
neighbor-joining algorithm (Saitou and Nei, 1987) was
selected as the distance method because it is free from
the assumptions of an evolutionary clock. CLUSTAL
W was used to calculate neighbor-joining distances
and evaluate the taxonomic patterns with 200 bootstrap
iterations. Parsimony analysis was accomplished using
the PAUP 3.1.1 computer package (Swofford, 1993).
The aligned sequences were evaluated with a boot-
strapped (200 iterations) 50% majority rule consensus
tree using the heuristic search option, random addition
of taxa, and TBR branch swapping. A pairwise matrix
of homoplasies was calculated from the cladogram.
The number of homoplasies divided by the total se-
quence length was used to explore the diversity of
homoplasies among taxonomic levels. Since the com-
puter time required to generate a dendrogram increases
dramatically with the number of species involved, only
one species from each genus that contained a cyto-
chrome b sequence was selected for dendrogram con-
struction (see Table I).

Scriptural Considerations
In baraminology the Scriptures can be used to generate
biosystematic hypotheses. The Authorized Version
mentions a tortoise min in Leviticus 19:29-30. Jones
(1972) has argued that the Hebrew does not refer to
the modern tortoise, but actually indicates a variety of
lizard species. Regardless of the implied species, char-
acteristics of the testudine baramin can be inferred
from other Scripture. The ecological and morphological
requirements that clean water swarmers contain fins
and scales would categorize aquatic and marine turtles
as unclean. The requirement that clean land swarmers
have split hooves and display rumination would like-
wise categorize the terrestrial turtles as unclean. From
Genesis 6 and 7 it is learned that unclean land verte-
brates, such as the terrestrial turtle baramin, were pre-
served on the Ark in pairs. Many organisms including
fish, invertebrates, and some amphibians were not re-
quired to be taken on the Ark (Jones, 1973; Wood-
morappe, 1994). Marine turtles are designed to survive
at sea, which indicates they would be excluded from
the Ark. However, the geophysical upheavals associated
with the Flood would have caused high mortality in
free swimming marine turtle populations. It is doubtful
that aquatic turtles could have survived an extended
period outside the Ark. These species are much smaller
than marine turtles and are weaker swimmers.

The diversity of turtle mtDNA from different habi-
tats can be evaluated for patterns consistent with
Biblical history. If modern turtles are monobaraminic
and descended from a single pair preserved on the
Ark, we might expect to observe an even distribution
of mtDNA variability among the various aquatic,
marine, and terrestrial species. In contrast, if modern
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Table II. Summary of mitochondrial DNA sequence
data used in this study.

Gene

Cytochrome b

NADH dehydrogenase
subunit II

Sequence Number of Number of
Lengtha Variable Sitesb Comparisons

213 b.p. 128 (0.60) 980

164 b.p. 141 (0.86) 11

125-rRNA

WANCYc

tRNAproline

ab.p. = base pairs.
b(proportion of variable sites).

64 b.p.

355 b.p.

52 b.p.

47 (0.73) 11

204 (0.57) 26

49 (0.94) 18

cGene cluster of five tRNAs with single-letter abbreviation of amino acid anticodon (W =
Tryptophan, A = Alanine, N = Asparagine, C = Cysteine, Y = Tyrosine). Spacer sequences
were not included in the analysis.

turtles are polybaraminic and descended from several
pre-Flood monobaramins the mtDNA might reflect
differing degrees of variability. Specifically, we would
expect the marine turtles to display more mtDNA vari-
ability because the population bottleneck in these spe-
cies could have been less extensive than in terrestrial
species.

It has been asked whether thresholds in overall DNA
similarity exist, which could be used to consistently
identify baraminic boundaries (Remine, 1990). To ex-
plore this question the sequence differences among
monobaraminic turtles have been compared with a
biologically similar but baraminically distinct standard,
human-chimpanzee sequences. Scriptures indicate these
taxa are phylogenetically unrelated even though they
share many similarities. Thus, if thresholds in overall
DNA similarity exist we would expect sequence differ-
ences between humans and chimpanzees to be greater
than or equal to the differences between monobara-
minic turtles.

Results
Sequence Variation

The mtDNA sequences averaged a length of 169
bases with 113 variable positions (Table II). The
WANCY gene cluster generated the longest sequence
alignment, but was the least variable. Alternatively,
tRNAProline was the shortest sequence and the most
variable. Cytochrome b was the most speciose gene
available with 980 comparisons. It is preferable to
analyze sequences at least several hundred bases in
length (Graybeal, 1994) because longer sequences are
analogous to larger sample sizes. The relatively short
sequences used in this survey would indicate the data
set was of minimal baraminic utility.

A plot of taxonomic rank versus average percent
sequence difference summarizes the nucleotide com-
parisons (Figure 5). Four patterns are notable. First,
NPC genes are more divergent at higher taxonomic
levels (i.e. subtractive comparisons between turtles and
outgroups), whereas PC genes are more divergent at
lower taxonomic levels (i.e. additive comparisons with-
in turtles). The large standard deviations associated
with higher-level comparisons indicates an excess of

Figure 5. Sequence differences averaged (±SD) across taxonomic
ranks for non-protein coding (A) and protein coding (B) mitochon-
drial genes.

variation at these levels. Secondly, for PC genes the
transition and transversion lines intersect near the turtle
outgroup boundary. Thirdly, for both PC and NPC
genes there are two areas of large sequence divergence,
which will be designated the tribe “hill” and class
“mountain.” Finally, the sequence differences attributa-
ble to homoplasies remain relatively constant beyond
the level of subfamily.

Subtractive Comparisons
Holobaramin identification is accomplished by suc-

cessive approximation of apobaramins and monobara-
mins (see Figure 1). The outgroups in this analysis
were chosen to assess the relationship of turtles to non-
turtles, which is a subtractive comparison for approxi-
mating apobaramins. The sequence differences be-
tween turtles and outgroups for cytochrome b and the
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Figure 6. Sequence differences averaged (±SD) for turtle-turtle
and turtle-outgroup comparisons using WANCY (A) and cytochrome
b (B) genes.

WANCY gene cluster demonstrates a gap between these
taxa (Figure 6). It is noted that for cytochrome b the
turtle-reptile comparisons were more divergent than
the other outgroup comparisons. Denton (1985, p. 293)
noted such phylogenetic discrepancies commonly occur,
“the molecules provide little support for this ‘sequential’
interpretation of the vertebrate classes.” Both baramin-
ologists and macroevolutionists have suggested that
the differences between genes might not coincide with
the differences between species, but given enough
gene comparisons the historical patterns would become
apparent (Patterson, 1987; Wise, 1992a). In this study
nearly one-fourth (9/37) of the mitochondrial genes
were sampled and macroevolutionary relationships
were still not revealed.

As previously noted total sequence difference can
be partitioned into transition and transversion differ-
ences. When these components are plotted against each

Figure 7. Transition versus transversion sequence differences for
WANCY (A) and cytochrome b (B) genes.

other an intriguing pattern emerges (Figure 7). In addi-
tion to the two obvious clusters (one purely turtle, one
purely outgroup) note the absence of transitory data
points. There is a definite chemical abyss separating
these two groups. In addition to the previously men-
tioned outgroups, 21 other vertebrates were compared
to determine if the pattern was merely an artifact of
small sample size. All comparisons confirmed the
validity of the pattern (data not shown).
Additive Comparisons

The hybridization criterion has been emphasized for
grouping phylogenetically related taxa (Scherer, 1994).
For n species in a given taxon there are (n2 - n)/2
possible hybrids. Approximately 236 extant turtle spe-
cies have been identified (Pritchard, 1979a), which
amounts to 27,730 possible hybrids for the testudine
order. A list of 84 turtle crosses has been compiled by
Frair, but only 42 of these experiments involve inter-
specific comparisons or higher (Frair, personal com-
munication). Among the turtles included in this study
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Figure 8. Hybridogram characterizing the Cheloniidae and Gopherus
monobaramins.

six species are accurately known to hybridize: Caretta
caretta x Chelonia mydas, Eretmochelys imbricata,
Lepidochelys kempi; Chelonia mydas x Eretmochelys
imbricata; Gopherus berlandieri x Gopherus agassizii
(Conceicao, Levy, Marins, and Marcovaldi, 1990; Karl,
Bowen, and Avise, 1995; Shaw, 1946; Wood, Wood, and
Critchley, 1983; Woodbury, 1952). Turtles that are not
known to hybridize, but fall within the range of cyto-
chrome b sequence variation of hybridizing turtles can
be lumped to form larger monobaramins. This ap-
proach was originally proposed by Remine (1990) and
expounded by Wise (1970, 1992a) as the experimental
or artificial variation criterion. Using this technique,
two monobaramins were constructed including the
complete Cheloniidae family, and the Gopherus genus
(Figure 2). Among these turtles the distribution of
cytochrome b sequence variation is peculiar (Figure
9). The bimodal appearance suggests two distinct as-
semblages of turtles can hybridize.

Clustering
The neighbor-joining dendrogram for cytochrome b

DNA (Figure 10a) depicts branches that are propor-
tional to total sequence differences. Turtles and out-
group taxa cluster as separate units with long branches
leading to the later. The cladogram (Figure 10B) was
notably congruent with the neighbor-joining dendro-
gram. The Testudinoidea cluster (i.e. Bataguridae +
Testudinidae + Emydidae) was more highly resolved
in the cladistic analysis, but received little bootstrap
support. The Dermochelydae + Chelydridae cluster is
probably artificial since the group received negligible
bootstrap support for both dendrograms. A homoplasy
index can be calculated for parsimony-based dendro-
grams as 1 - R/L, where R is the minimum number of
synapomorphies and L is the length of the dendrogram
(Kluge and Farris, 1969). The value has a range of 0 to
1 in order of increasing homoplasy, and is a goodness-
of-fit measure indicating convergence in the data set.

Figure 9. Frequency distribution of cytocbrome b sequence differ-
ences for monobaraminic turtles.

Table III. Comparisons of sequence differences among
turtles, hybridizing turtles, and human-chipanzees.

Average Sequence Difference (%)a

Comparison Cytb ND2 12S WANCY tRNApro

All turtles 12.34 (4.67) 16.77 (0) 12.07 (0)   7.97 (2.08)   6.41 (5.55)

Hybridizing
terrestrial
turtles 3.99 (2.03) —  —  —  —

Hybridizing
marine
turtles 7.38 (4.30) —  — 5.92 (0) 6.41 (5.55)

Human-
chimpanzee 9.39 (0) 8.54 (0) 4.69 (0)  2.93 (0) 3.92 (0)
a(±SD).

The cladogram in Figure 10B required 467 steps and
generated a homoplasy index of 0.597 as calculated by
PAUP Excluding the outgroup taxa from the data set
reduced the cladogram to 261 steps, but still maintained
a large homoplasy index of 0.586.

Similarity Thresholds
Sequence comparisons between humans and chim-

panzees are summarized in Table III. Only cytochrome
b differences between monobaraminic turtles were
less than human-chimpanzee differences. The variation
among marine turtle WANCY and tRNAProline sequences
was approximately twice the value of human-chimpan-
zees. This data indicated that NPC genes may be un-
suitable for evaluating threshold similarities, but a larger
sample is necessary to make generalizable conclusions.
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A B

Figure 10. Unrooted dendrograms of cytochrome b constructed by distance (a) and parsimony (b) methods. The branch lengths are
proportional to sequence differences in the neighbor-joining dendrogram. Numbers at nodes refer to bootstrap proportions. Only nodes
recovered at least 50% of the time are reported. The ellipses denote natural groups within the testudine apobaramin.

Discussion
Systematic Hypotheses

Subtractive comparisons provided four lines of evi-
dence supporting the hypothesis that turtles are apo-
baraminic:
(1) The class “mountain” of Figure 5 is indicative of a

large gap between the PC and NPC mtDNA genes
of turtles and other vertebrates.

(2) The transition and transversion intersection for PC
genes between turtles and reptiles (Figure 5). Nu-
cleotide substitutions between similar organisms
are largely transitions, but transversions are pre-
dominant when turtles and outgroups are compared.

(3) Clearly definable gaps between turtles and out-
groups as revealed by total sequence differences
(Figure 6) and transition/transversion sequence
differences (Figure 7). The data in Figure 6 also
implies discordance between the mtDNA sequences
of turtles and the supposed phylogenetic lineage
of the vertebrates. If turtles had evolved from
reptilian ancestry the reptilian sequences should
have been more similar to the turtles than the other
vertebrates.

(4) Topological congruence and strong bootstrap sup-
port for the separation of turtles and outgroups
(Figure 10). The large homoplasy index calculated
for the cladogram in Figure 10b was also supportive
of phylogenetic discontinuity.

The exclusion of outgroup taxa from the parsimony
analysis only reduced the homoplasy index by 0.011.

The remaining high degree of convergence indicated
that additional apobaraminic boundaries existed within
the testudine apobaramin, and further challenged Frair’s
hypothesis (Frair, 1991) that turtles are holobaraminic.
The gaps identified by the molecular data are corrobo-
rated by morphological and paleontological criteria.
Pritchard stated:

The first unquestionable turtles are of Triassic age,
but despite the numerous primitive features of
these early representatives, they shed little light
on the evolution of the Order Testudines from its
presumed cotylosaurian ancestors (1979a, p. 5).
One can only speculate how the Proganocheiy-
idae evolved from the primitive reptile stem
(1979b, p. 73)

In a cladistic survey of turtle morphology Gaffney and
Meylan (1988, p. 160) noted, “Although there have
been efforts to discover the ‘ancestor’ or closest relative
of turtles, no consensus has been reached.”

Hybridization is considered one of the most reliable
additive membership criteria (Wise, 1992a). Since only
0.15% (42/27,730) of the possible turtle crosses have
been reported it is likely that current turtle monobara-
min estimates are very conservative. The Cheloniidae
and Gopherus monobaramins were constructed based
on reasonably strong data:
(1) Hybridization and cytochrome b sequence varia-

tion (Figure 8).
(2) Bootstrap supported clusters based on phenetic

(Figure 10A) and cladistic (Figure 10B) dendro-
grams.
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Monobaramin Characteristics
The increase in cytochrome b homoplasies at the

level of subfamily suggested an appreciable amount
of homoplasy can exist within monobaramins, which
questions the hypothesis of Wise (1990). Separate anal-
yses of marine turtle and Gopherus mtDNA yielded
homoplasy indices of 0.230 and 0.159 respectively
(Dutton, Davis, Guerra, and Owens, 1996; Lamb and
Lydeard, 1994). The latter index is probably inflated
because the study included the genus Manouria as an
outgroup, which in this survey was 8.72% (± 0.97%)
divergent from Gopherus. These data clearly indicate
that convergent evolution can occur within the mono-
baramin.

Wise (1992a) postulated that members of a holobara-
min might occupy similar habitats and trophic levels.
Species of the Cheloniid monobaramin share a marine
environment by partitioning its resources through
different migratory patterns and food preferences
(Hendrickson, 1980). Diverse trophic categories such
as herbivory, omnivory, and carnivory are represented
by the marine turtles. Conversely, the gopher tortoises
occupy a more diverse habitat from the humid south-
eastern United States to the arid highlands of central
Mexico. All taxa comprising the Gopherus monobara-
min are herbivorous (Bury, 1982). These conflicting
data indicate the ecologic and trophic membership
criteria may be of little significance for defining bara-
mins. However, these criteria can be used to provide a
better understanding of monobaramin biology. Tyler
(1996, p. 1) recently raised important questions regard-
ing the range, of trophic variation within baramins:

we are only beginning to address the question of
how much variation can occur within a created
Kind and, in particular, whether the genotype car-
ries the information necessary for a herbivorous
ancestor to develop a carnivorous descendant.

All members of vertebrate holobaramins were original-
ly created as herbivores (see Genesis 1:30). The expres-
sion of carnivorous behavior appeared later, either after
the Fall (Stambaugh, 1991) or after the Flood (Lambert,
1983). The observation that the Cheloniid monobara-
min exhibits a variety of trophic categories is supportive
of a large amount of created diversity within the holo-
baraminic gene pool.

The hypothesized turtle monobaramins are composed
of endangered and threatened species (Bury, 1982;
Bowen, Nelson, and Avise, 1993). Human activities are
responsible for a majority of the excess mortality, but
natural factors are also involved. This observation is
significant in light of the fact that modern conservation
measures discourage the production of interspecific
hybrids (O’Brien and Mayr, 1991). Hybridization tends
to obscure the boundaries of biological species, and

modern conservation biology aims to protect species.
The creationist position suggests that holobaramins
have historically been the units of natural conservation,
since the min not the species was preserved during the
Flood (see Genesis 6:20, 7:14). Biologists have tradi-
tionally viewed hybrids in a negative context as unfit
mutants, but recent data challenges this approach.
Hybridization can result in rapid microevolution
(Arnold, 1992) and increased fitness (Arnold and
Hodges, 1995). If hybridization is a natural mechanism
for generating diversity within the holobaramin, then
the preservation of monobaramins could prove more
efficient and successful than current procedures

Cytochrome b sequence variation was consistent with
a polybaraminic origin for post-Flood turtles (Table
III). The variation within monobaraminic marine turtles
was nearly twice that for terrestrial species, which
could indicate the population bottleneck caused by the
Flood was more severe in terrestrial turtles. Alterna-
tively, it could be argued that the observed sequence
diversity is an artifact caused by taxonomic structure.
Since comparisons within the Cheloniidae monobara-
min (i.e. family) involve greater taxonomic distances
than comparisons within the Gopherus monobaramin
(i.e. genus) one would naturally expect a larger degree
of sequence variation among the marine turtles.

Method Reliability
Wise (1992a; 1992b) noted that not all molecules

would be useful for identifying phylogenetic discon-
tinuity. The effects of a common Creator, optimally
efficient structural and functional motifs, common
metabolic needs, etc. would tend to reduce a molecule’s
holobaramin specificity. The baraminic utility of a mo-
lecular data set is dependent on several factors includ-
ing: the type of molecule selected, sequence length,
and the proportion of variable sites within the molecule.
When these parameters are maximized the efficiency
of the molecular discontinuity criterion should increase.

It is crucial to develop a statistical framework for
evaluating molecular data from a baraminic perspec-
tive. Wise (1992a) had suggested ANOVA and principal
components analysis, but these techniques are not used
in molecular studies. A related technique called ordina-
tion analysis (Higgins, 1992) might prove useful, and a
least-squares method for evaluating the statistical sig-
nificance of sequence differences has been published
(Tyson and Fieldes, 1992; Tyson, 1992). While multi-
criterial approaches for resolving baraminic relation-
ships should prove most efficient, molecular data sets
will be of prime importance. Fitch and Atchley (1987)
documented that among life history, molecular, and
morphological characters the molecules recovered the
correct phylogeny for a group of laboratory mice of
known geneaology.
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Summary
Successive approximation has been shown to be a

conservative approach for identifying holobaramins
that is limited by the baraminic utility of the data set.
In this study holobaraminic relationships were unre-
solved because there was no juncture of the apobaramin
with the monobaramin. Further research with more
powerful data will be required to accurately approxi-
mate the holobaramin. An apobaraminic boundary was
characterized, which separated the turtles from other
vertebrates. Two biologically significant monobaramins
have been identified including: the Cheloniidae or
marine turtle monobaramin and the Gopherus or desert
tortoise monobaramin. The boundaries elucidated by
molecular data suggested the homoplasy criterion was
sensitive to monobaraminic divisions, while the bara-
minic utility of the ecologic and trophic criteria was
questioned. Several practical techniques have been out-
lined for analyzing sequence data, which are widely
available through the internet. The application of these
methods to a variety of organisms will advance our
knowledge about a creation shaped in perfection, but
now marred in decay.
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