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Although turtles have been evolving for over 200 million
years, the phylogenetic relationships among them have been
discussed for less than 200 years, and most of the resolution
of relationships has been provided in the last 20 years. The
oldest hierarchical classification of turtles appears to be that
of Dumeril (1806: Fig. 1), although it enumerated only four
genera and was not intended to represent an explicitly
historical perspective. Many other hierarchical classifications
of turtles appeared in the 1800s (reviewed by Gaffney,
1984), but the first explicit phylogenetic tree for the major
groups of fossil and living turtles was published by Hay
(1908; Fig. 2). However, despite the increasing acceptance
of Darwin’s theory of evolution by natural selection, and
even the rise of the “modern synthesis” in the 1930s and
1940s, explicit phylogenetic hypotheses for turtles in the
form of branching diagrams (or phylogenetic trees) were

nearly absent before the 1970s (for early exceptions see Zug,
1966; Pritchard, 1967).

Fueled by the insights on phylogenetic systematics
provided by Hennig (1966), and the associated emergence of
cladistic methodology (reviewed by Nelson and Platnick,
1981), Gaffney (1972, 1975a,b, 1976, 1977, 1979a,b) pio-
neered the application of those techniques to the phylogenetics
of both extant and fossil turtles. The emergence and devel-
opment of DNA sequencing techniques and methods for the
analysis of molecular and morphometric data (Felsenstein,
2003) has led to an exponential increase in the number of
papers that have included phylogenetic trees for various
turtle groups (Fig. 3; see also Fig. 2 in FitzSimmons and
Hart, 2007). As a result of this activity, the phylogenetic
relationships among the families of living turtles have been
fairly well resolved (Fig. 4), although some controversy

ABSTRACT. – Based on a thorough review of the literature, we provide a bibliography of papers
featuring phylogenetic hypotheses for living turtles, a composite tree of all turtle species based on
those hypotheses, a compilation of the most rigorously derived trees from those papers (i.e., using
contemporary methods with bootstrapping), and supertrees for selected families of turtles using
input trees from those most rigorous trees. These outputs allow us to identify the branches of the tree
of life for turtles that are best supported as well as those most in need of study. With the exception
of the Platysternidae and Chelydridae, the phylogenetic relationships among turtle families seem to
be well-resolved and well-supported. Within families, the relationships among most genera are also
well-resolved; however, the reciprocal monophyly of the South American and Australian chelids, the
relationships among the genera allied to the chelid genera Batrachemys and Mesoclemmys, and the
monophyly of the emydid genus Trachemys remain problematic. The relationships among species of
trionychids, geoemydids, and testudinids are best resolved (since they are based on morphology,
multiple mitochondrial genes, and at least one nuclear gene), and those for the podocnemids and
pelomedusids are the least understood (with no complete published tree for either). The relationships
among species in the following genera are most in need of additional phylogenetic study (highest need
first): Pelusios, Podocnemis, Testudo, Kinosternon, Batrachemys (and close relatives), Elseya, Trachemys,
Graptemys, and Pseudemys. Future work should endeavor to include the broadest taxonomic and
geographic sampling possible (including type specimens) in order to maximize our understanding of
the evolution of modern turtle diversity. A comprehensive multilocus approach (with numerous
mtDNA and nDNA genes) will clearly be the best strategy for fully resolving the tree of life for turtles.
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remains (Krenz et al., 2005; Parham et al., 2006a; see
below). Progress at lower taxonomic levels has been sub-
stantial, though significant gaps still exist in coverage. For
example, in Iverson’s (1992) checklist of turtles, of 87
recognized genera, 26 (30%) contained more than two
species, but only 18 of those (69%) had a published phylo-
genetic hypothesis for most of the included species. How-
ever, at the end of 2005, about 104 genera were recognized,
the increase due primarily to taxonomic splitting (only two
previously unknown genera, Elusor and Leucocephalon,

have been described since 1992; see TTWG, 2007b). Of
those, 35 (34%) included more than two species, and at least
one published phylogenetic hypothesis is available for all
but 4 of those 35 (89%; not Pelochelys [3 species],
Batrachemys [6 species], Pelusios [18 species], or
Podocnemis [6 species]).

Despite this demonstrated proliferation in phylogenetic
hypotheses for most clades of turtles, an attempt to produce
an all-inclusive tree of all recognized living chelonian taxa
has not been forthcoming (but see Gaffney and Meylan,
1988; Cracaft and Donoghue, 2004; Moen, 2006). Such a
tree for turtles is desperately needed in order to 1) provide a
working hypothesis of higher and lower level relationships
among turtles; 2) identify the turtle taxa most in need of
additional phylogenetic attention; 3) facilitate the
identification of appropriate outgroups for future phylogenátic
studies of turtles (e.g., compare Honda et al., 2002a, with
Spinks et al., 2004); 4) facilitate studies of character evolution
in turtles (e.g., Stephens and Wiens, 2003b); 5) facilitate
phylogenetic approaches to the study of zoogeography in
turtles (e.g., Ronquist, 1998; Ree et al., 2005; Stephens and
Wiens, 2003a); and 6) direct the appropriate setting of

Figure 1. Phylogenetic “hypothesis” derived from Dumeril’s (1806)
hierarchical classification of turtles.
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Figure 2. Earliest explicit phylogeny of higher taxa of living and
extinct turtles, published by Hay (1908).

Figure 3. Publication dates of papers that included phylogenetic trees
for turtle taxa at or above the species level. Dissertations and theses
were excluded. Top: total frequency by year. Bottom: proportion of
total papers that were primarily molecular (excluding karyotype
papers). Key stimuli for increases were the synthesis of phylogenetic
systematic philosophy by Hennig (1966), the first turtle cladistics
paper by Gaffney (1972); the development of DNA sequencing
methods (Sanger et al., 1977; Maxam and Gilbert, 1977); the pioneer-
ing of computer-based methods of phylogenetic reconstruction in the
early 1980s (perhaps the biggest stimulus; reviewed by Swofford and
Olsen, 1990); the development of Polymerase Chain Reaction meth-
ods (Mullis and Faloona, 1987; Saiko et al., 1988); and the develop-
ment of Bayesian algorithms for phylogenetic reconstruction (Li,
1996; Mau, 1996). Only papers published through 2005 are plotted.
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priorities for conservation initiatives (i.e., to conserve
maximum genetic diversity of turtles; e.g., Krajewski, 1994;
Engstrom et al., 2002; Fritz et al., 2005; Georges and
Thomson, 2006).

With the intent of addressing the first two of these
deficiencies, and further stimulating the investigation of the
others, we provide herein our current best synthesis of the
relationships among all recognized turtle species, and iden-
tify the clades with the weakest support (and hence most in
need of further study).

METHODS

We reviewed the literature and compiled a bibliography
of all locatable papers containing phylogenetic trees (or
networks) that included turtles as terminal taxa (Appendix
A). Based on the phylogenetic hypotheses generated in those
papers, we identified the most recent and strongly supported
trees for each family clade, giving preference to those with
the most extensive character and taxon sampling (Appendix
B). We then generated a compiled tree for all extant turtle
species by concatenating this phylogenetic information (e.g.,
see Beck and Beck, 2005, and Jonsson and Fjeldsa, 2006, for
justifications of this method).

For comparison with the compiled tree, we undertook a
supertree analysis (Bininda-Emonds, 2004b) based on the
“best” (see below) available trees. First, we compiled a list
of candidate trees by higher taxon and tallied the character

of the input data set and the methods of analysis (Appendix
C). From that subset of potential input trees, in an attempt to
maximize independence of our selected trees (Bininda-
Emonds, 2004b:363), we first discarded redundant trees
(e.g., trees in the same or different papers based on data
partitions when a combined analysis was also available), as
well as those based strictly on morphological characters. We
next gave preference to trees with extensive character and
taxon sampling and that used maximum parsimony analysis
that included bootstrap values for nodes (or where those
values could be calculated by our reanalysis of the reported
data). We also discarded as redundant trees from separate
papers that exhibited extensive overlap in genetic markers.
Our purpose in doing so was to prevent disproportionate
representation of any one kind of genetic data that might bias
a supertree analysis if the majority of input trees were
derived from the same class of DNA sequence data (see
Bininda-Emonds, 2004c, for a discussion of issues relevant
to data quality in supertree construction). An unfortunate
consequence of this necessary approach was that an adequate
sample of input trees (only 22 total) was available for only
five families (Cheloniidae, Kinosternidae, Geoemydidae,
Emydidae, and Testudinidae). For simplicity, we have
included only extant taxa in this first supertree analysis for
turtles.

Although there is considerable discussion about the most
robust method for supertree construction (Wilkinson et al.,
2005), we used matrix representation with parsimony (MRP),
because it is generally accepted as one of the best current

Figure 4. Current phylogenetic hypotheses of the relationships
among the families of turtles. Ambiguity is illustrated by multiple
placements of the families Chelydridae (in Fig. 4A, A after Cervelli
et al., 2003 [ML], Near et al., 2005; B after Cervelli et al., 2003 [MP],
Shaffer et al., 1997; C after Krenz et al., 2005; and in Fig. 4B, after
Parham et al., 2006a) and Platysternidae (in Fig 4A, A after Krenz et
al., 2005, Near et al., 2005; and B after Parham et al., 2006a).

Figure 5. Current phylogenetic hypothesis of the relationships within
the turtle family Chelidae.

[Note that pallidipectoris is misspelled and will be changed in final
draft.]

[Note that Podocnemididae and Cheloniidae
are misspelled.]
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methods (Sanderson et al., 1998; Bininda-Emonds, 2004a,b;
Burleigh et al., 2004), and because it has been applied produc-
tively in a number of recent studies (Salamin et al., 2002; Ruta
et al., 2003; Davies et al., 2004; Kerr, 2005).

Exploratory MRP matrices for this study were initially
constructed using SuperTree 0.85b (Salamin et al., 2002;

http://www.tcd.ie/Botany/NS/SuperTree.html), and the
Baum/Ragan coding scheme was used with nodes weighted
by bootstrap support values (Davies et al., 2004). Final MRP
matrices were constructed using r8s (Sanderson, 2004). For
trees published without bootstrap support, we reanalyzed the
original dataset to obtain those values with 1000 MP replicates
using PAUP 4.0B (Swofford, 2001). Weights were calculated
following Farris (in Salamin et al., 2002) and manually input
into PAUP files using TreeEdit (evolve.zoo.ox.ac.uk/
software/TreeEdit/main.html).

The binary matrices were analyzed with PAUP 4.0B
using weighted parsimony. We performed heuristic searches
with 250 replicates of random taxon addition, subtree prun-
ing-regrafting and branch swapping, holding 10 trees at each
replicate. These saved trees served as starting trees in a
second search using tree bisection-reconnection with a tree

Figure 6. Current phylogenetic hypothesis of the relationships within
the turtle family Pelomedusidae.

Figure 7. Current phylogenetic hypotheses of the relationships
within the turtle family Podocnemididae. Ambiguity is illustrated by
the double placement of Erymnochelys (A after Meylan, 1996, and
Starkey et al. unpublished; and B after Georges et al.. 1998, Noonan,
2000, and Noonan and Chippindale, 2006).

[Note that A & B after E. madagascariensis are missing]

Figure 8. Current phylogenetic hypothesis of the relationships within
the turtle family Trionychidae. The monotypic genus Carettochelys
is included as the only representative of the family Carettochelyidae.

Figure 9. Current phylogenetic hypothesis of the relationships within
the turtle family Cheloniidae. The monotypic genus Dermochelys is
included as the only representative of the family Dermochelyidae.
The topology of the single perfect supertree was identical to that
illustrated here.
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limit of 10,000 equally most parsimonious trees (Davies et
al., 2004). Majority rule (50%) and strict consensuses (both
constrained so that previously recognized families were
monophyletic) were used to explore agreement between
saved tree populations.

Finally, we have attempted to match names at the tips of
our trees to those recognized through late 2006 by the Turtle
Taxonomy Working Group (TTWG, 2007b). However,
undescribed taxa are included in some trees (e.g., Chelidae,
Testudinidae), because the additional forms have been iden-
tified in the literature, and more recent taxonomic changes
have been included in the published list by the TTWG
(2007b) since we performed our supertree analysis.

RESULTS AND DISCUSSION

Although phylogenetic trees including living turtle taxa
have appeared in at least 142 publications (Appendix A),
relatively few have included more than a few species,
applied rigorous methods of phylogenetic reconstruction,
provided support values for nodes using multiple recon-
struction algorithms, and made objective comparisons of
trees based on individual data partitions (e.g., cytb vs. ND4
vs. 12S/16S rRNA vs. Rag1 vs. morphology; see Table 1).
In addition, there has been an obvious increase in the number
of studies based primarily on molecular work, whereas the
numbers of primarily morphology-based papers has re-
mained fairly constant (Fig. 3). Nevertheless, we were able
to compile at least preliminary trees for all living turtle
families and species (Figs. 4-14)  However, because of

incomplete taxon sampling, the paucity of trees for several
families, and discordance among trees within several fami-
lies, our attempt to generate a single supertree for all turtle
taxa was not successful (in that most families were not
resolved as monophyletic). Appropriate input trees (in num-
ber and taxonomic diversity) were available for supertree
analysis within only five families: the Cheloniidae (Fig. 9),
Kinosternidae (Fig. 11B), Geoemydidae (Fig. 13B),
Emydidae, and Testudinidae (Fig. 14B).

Compiled Trees

Inter-Familial Relationships. — The monophyly of
each of the two living subclasses of turtles (Cryptodira and
Pleurodira) is well-supported in nearly all recent phylogenetic

Figure 10. Current phylogenetic hypothesis of the relationships
within the turtle family Chelydridae.

Figure 11. Current phylogenetic hypotheses (A = compiled tree; B = single perfect supertree) of the relationships within the turtle family
Kinosternidae. The monotypic genus Dermatemys is included as the only representative of the family Dermatemydidae.

A B
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reconstructions, whether based on morphologic or molecular
data (Gaffney and Meylan, 1988; Shaffer et al., 1997;
Cervelli et al., 2003; Fujita et al., 2004; Krenz et al., 2005:Fig.
5B; Near et al., 2005; Parham et al., 2006a; but see Wu et al.,
1999; and Krenz et al. 2005:Fig. 5B [?]). Furthermore, with
the exception of the placement of the Chelydridae and the
Platysternidae, the phylogenetic relationships among most
of the rest of the families is also well-resolved (Fig. 4).

Once considered to be closely related to the
Chelydridae (e.g., Gaffney and Meylan, 1988; Shaffer et
al., 1997), the monotypic family Platysternidae has
recently (Krenz et al., 2005; Near et al., 2005) been
considered to be sister to the Testudinoidea (= Emydidae
+ Geoemydidae + Testudinidae) based on combined
nuclear (RAG-2) and mitochondrial (cytochrome b and
12S) DNA sequence data. However, based on the entire
mitochondrial genome, Parham et al. (2006a) found
support for the Platysternidae as sister to the Emydidae
(Fig. 4). In addition, that study also revealed a novel

Figure 12. Current phylogenetic hypothesis of the relationships within the turtle family Emydidae.

placement for the sea turtles (Cheloniidae) and the
snapping turtles (Chelydridae) (Fig. 4, inset). As is evident
from the various positions (A-C) of the Chelydridae in
Fig. 4, its phylogenetic position among the Cryptodira is
the least resolved of all turtle families. Final resolution of
the phylogenetic position of these two families will
require broader taxon and character sampling (i.e., from
both the nuclear and mitochondrial genomes, as well as
from morphology). A reconsideration of the shared
morphology of chelydrids and platysternids in light of
recent paleontological data may also prove useful.

Although there is no recent disagreement that the
testudinids and geoemydids are closely related (i.e., belong
to the monophyletic Testuguria; e.g., Parham et al., 2006a),
recent analysis by Spinks et al. (2004:Fig. 3) reconstructed
the Geoemydidae as paraphyletic with respect to the
testudinids (though with low support), suggesting that the
genus Rhinoclemmys might deserve familial status in order
to preserve a monophyletic taxonomy. However, Le and
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McCord (in review) resolved Rhinoclemmys as sister to the
rest of the geoemydids, and recommended its recognition as
a subfamily of the Geoemydidae.

At this time five family pairs appear to be firmly
supported as sister taxa: Podocnemididae–

Pelomedusidae, Carettochelyidae–Trionychidae;
Cheloniidae–Dermochelyidae; Dermatemydidae–
Kinosternidae; and Testudinidae–Geoemydidae. The
Chelidae is strongly supported as the sister group of the
Podocnemididae–Pelomedusidae (= Pelomedusoides) as

Figure 13. Current phylogenetic hypotheses (A = compiled tree; B = 50% majority rule supertree based of 3186 equally parsimonius trees in
second search; 461 trees revealed by initial search) of the relationships within the turtle family Geoemydidae.

[Note that Leucocephalon and Notochelys should be sister taxa in Fig. 13A, and this will be corrected in final draft]

A B
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a monophyletic Pleurodira, and the Trionychidae–
Carettochelyidae (= Trionychia) is strongly supported as
the sister group of the other living Cryptodira. The major
remaining higher level questions for turtles are the phy-
logenetic relationships among the three other cryptodire
family pairs and the Emydidae, Chelydridae, and
Platysternidae.

Chelidae. — Resolution of the relationships among
most of the chelids in Fig. 5 should be considered tentative,

because of incomplete taxon sampling (Georges et al.,
1998), reduced character sets (Seddon et al., 1997; McCord
et al., 2002; Bour and Zaher, 2005), disagreements over
character scoring (compare McCord et al., 2002; and Bour
and Zaher, 2005), unreported bootstrap support for resolved
nodes (Georges et al., 1998), and considerable undescribed
(Georges and Thomson, 2006) and recently described (Bour
and Zaher, 2005; Thomson et al., 2006) diversity. Particu-
larly problematic are the relationships within the polyphyl-

Figure 14. Current phylogenetic hypotheses (A = compiled tree; B = 50% majority rule supertree based on 10,000 equally parsimonious trees;
325 trees revealed by initial search) of the relationships within the turtle family Testudinidae.

A B
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etic genus Elseya (Georges and Thomson, 2006) and the
clade including the older genera Batrachemys and
Mesoclemmys and the recently described or resurrected
monotypic genera Rhinemys, Ranacephala, and Bufocephala
(McCord et al., 2002). Despite this uncertainty, a consensus
does appear to be emerging that the family includes three
monophyletic groups, the Australasian long-necked turtles
(Chelodina and Macrochelodina), the Australasian short-
necked turtles (Elseya and relatives), and the South Ameri-
can species (with Hydromedusa as sister to the other South
American forms; compare Gaffney and Meylan, 1988).
However, the reciprocal monophyly of the Australian and
South American taxa is still not resolved. Work currently
underway should soon resolve the relationships among at
least the Australian species (A. Georges, N. FitzSimmons,
pers. comm.).

Pelomedusidae. — The genus Pelomedusa has been
considered to be sister to the genus Pelusios by all recent
authors (Fig. 6); however, no rigorous phylogenetic study to
date has included Pelomedusa along with reasonable sam-
pling within the speciose genus Pelusios (with at least 18
species; TTWG, 2007b). In fact, no phylogenetic hypothesis
has previously been published for the species of the genus
Pelusios. The tree provided in Fig. 6 is based entirely on
morphology, as hypothesized by Roger Bour (unpubl. data).
In addition, the description of two new cryptic species of
Pelusios in the last six years (Appendix B) suggests that
undescribed diversity remains in this genus [only the genus
Testudo potentially includes more diversity; but see below].
Even a preliminary molecular phylogeny within this genus
is sorely needed.

Podocnemididae. — Recognition of this clade as a
separate family is a relatively recent concept (following
de Broin, 1988), but well-supported phylogenetically
(see references above under inter-family relationships).
However, resolution among the genera and species is
still unclear (Fig. 7). The position of Erymnochelys as
sister to Peltocephalus is supported by Meylan (1996)
and Starkey et al. (unpubl. data), but placement of
Erymnochelys as sister to Podocnemis is supported by
Georges et al. (1998), Noonan (2000), and Noonan and
Chippindale (2006). A well-supported tree for the mem-
bers of the genus Podocnemis is needed, and is currently
underway (Starkey et al., unpubl. data).

Trionychidae and Carettochelyidae. — Following the
work of Meylan (1987; based on morphology) and Engstrom
(Engstrom et al., 2002, 2004; based on nuclear and
mitochondrial DNA sequences and morphology), resolution
of the relationships among the softshell turtles and their
sister relationship to the monotypic family Carettochelyidae
are quite well supported (Fig. 8). However, despite these
comprehensive analyses, one clade remains poorly resolved,
that including the genera Aspideretes and Nilssonia. Broader
genomic sampling might clarify that last problematic softshell
clade.

Cheloniidae and Dermochelyidae. — The position of
Dermochelys as sister to the rest of the living marine turtles has

long been supported (e.g., Gaffney and Meylan, 1988). In
addition, the three most recent phylogenetic analyses of sea
turtle species all supported the tree illustrated in Fig. 9 (Bowen
and Karl, 1997; Dutton et al., 1996; Parham and Fastovsky,
1997). Nevertheless, additional genomic sampling (since only
mtDNA data are currently available), analyzed by algorithms
developed after those studies were published, should provide
the definitive test of this hypothesis.

Chelydridae. — The relationships among the taxa in
this family (Fig. 10) are well-resolved (Phillips et al., 1996;
Shaffer et al., 2007), and additional cryptic diversity seems
unlikely to emerge (Shaffer et al., 2007).

Kinosternidae and Dermatemydidae. — No recent dis-
agreement exists concerning the relationships among the gen-
era in these two families (Fig. 11A), whether based on mor-
phology (Hutchison, 1991; Iverson, 1991, 1998) or molecules
(Iverson, 1998; Krenz et al., 2005; Fujita et al., 2004). How-
ever, published phylogenetic studies to date either had reason-
ably comprehensive taxon sampling but minimal character
sampling (Iverson, 1998) or minimal taxon sampling and only
slightly better character sampling (Serb et al., 2001; Walker et
al., 1998). In addition, to date only mitochondrial DNA has
been sampled. As a result, there is considerable uncertainty in
the relationships within even the two best-studied clades,
Sternotherus (compare Iverson, 1998 and Walker et al., 1998)
and the Kinosternon flavescens species complex (compare
Iverson, 1998, Walker et al., 1998, and Serb et al., 2001).
Because of this poor resolution, a more comprehensive study
of nuclear and mitochondrial genes and morphology is under-
way (Iverson and Le, unpubl. data).

Emydidae. — Except for the genus Trachemys, the
monophyly of and the relationships among the other genera
in this family appear well resolved (Fig. 12), despite the fact
that no data are yet available from the nuclear genome. As is
evident from the compiled tree, Trachemys as currently
constituted appears to be paraphyletic, and the relationships
among the included species are tentative at best (compare
Seidel, 2002 versus Stephens and Wiens, 2003b). Resolu-
tion among species in the genera Pseudemys and Graptemys
is also unclear and will require extensive intraspecific (i.e.,
geographic) and interspecific sampling. For example, the
tree generated by Stephens and Wiens (2003b) did not
include all recognized taxa in the genus Pseudemys, and
Graptemys o. ouachitensis and G. o. sabinensis were resolved
in separate clades in that paper. Finally, although there is some
agreement (Minx, 1996; Feldman and Parham, 2002; among
others) that the genus Terrapene includes two monophyletic
clades (ornata/nelsoni and carolina/coahuila/mexicana/
yucatana), the relationships among the taxa in the latter clade
are poorly resolved (Stephens and Wiens, 2003) and will also
require extensive geographic sampling to clarify.

Geoemydidae. — Several taxa of geoemydid turtles
were described in the 1990s based on turtles supplied by
animal dealers. Despite their being morphologically distin-
guishable and purportedly field-collected (with some of
them being shipped in large numbers and capable of produc-
ing fertile, identical F1 offspring), six have been shown to be
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of hybrid origin (see Parham et al., 2001; Spinks et al., 2004,
and Stuart and Parham, 2006; and papers cited therein).
Whether those hybridizations were the result of human
husbandry or natural events (or both) remains to be deter-
mined definitively. Three other new taxa appear to be valid
species based on genetic and morphological analysis, but
have not yet been field collected (Stuart and Parham, 2006).
Further study of the propensity of turtles in this family to
hybridize, even between members of distant clades (e.g.,
Sacalia and Cuora), will be essential for a full understanding
of the evolution of the turtles in this family.

Despite the confusion caused by the hybrid descrip-
tions, the relationships among most of the genera and species
of geoemydid turtles have been well resolved (Fig. 13A;
Spinks et al., 2004; Le, 2006; and other references in
Appendix B). Nevertheless, several problematic clades do
remain (e.g., the genera Cyclemys, Cuora, and Mauremys,
each sensu lato). Recent morphological and molecular work
(e.g., Guicking et al., 2002; and references therein) has
suggested that instead of including only two species (Iverson,
1992), the genus Cyclemys may include as many as nine
species (note that only five of these are included in Fig. 13A,
because the species boundaries are so unclear). Only thor-
ough geographic and genetic sampling can clarify the actual
number of species in this genus. However, their historic
transport in the food and pet trades, and hence opportunity
for genetic contamination through escape and hybridization,
may complicate those efforts.

Within the genus Cuora, molecular sampling within C.
amboinensis will no doubt reveal that it is a species complex
(C. Ernst, pers. comm.), and more complete taxon and
geographic sampling will be necessary to sort out relation-
ships within the C. trifasciata/C. cyclornata complex (com-
pare Blanck et al., 2006, and Spinks and Shaffer, 2006). The
fact that C. trifasciata hybridizes easily with at least six other
species (Vetter and van Dijk, 2006) complicates this work,
as does the very recent evidence for mitochondrial introgres-
sion and nuclear-mitochondrial pseudogenes in that species
(Spinks and Shaffer, 2006).

Finally, within the genus Mauremys, the relationships
among the European species have been the only significant

area of recent contention (Spinks et al., 2004; Feldman and
Parham, 2004; Fritz et al., 2006; Le, 2006). Thorough
geographic and molecular sampling will be necessary to test
the most parsimonious biogeographic hypothesis of mono-
phyly of the European taxa (e.g., see Le, 2006). Resolution
of this problem has significant taxonomic implications (e.g.,
compare Spinks et al., 2004, and Vetter and van Dijk, 2006).

Testudinidae. — As a result of the recent work by Le et
al. (2006), Parham et al. (2006b) and other sources cited in
Appendix B, the phylogenetic relationships among the gen-
era of tortoises are quite well resolved in the compiled tree
(Fig. 14A), even if the generic nomenclature is not (see
TTWG, 2007b). However, rigorous phylogenetic hypoth-
eses for species in several problematic genera (e.g., Homopus,
Kinixys, Psammobates, Aldabrachelys/Dipsochelys, and
especially Testudo) are still lacking. Because of the tremen-
dous uncertainty surrounding species boundaries in the
genus Testudo (five species recognized in Iverson, 1992; 22
recognized in Guyot Jackson, 2004), and concern for conser-
vation in that genus (e.g., Ballasina, 1995), a thorough
molecular phylogenetic study of that genus is desperately
needed.

Supertree Analyses

Our attempt to produce a single informative supertree
for all turtles was unsuccessful. This was in large part due to
the necessary restriction of input trees to those produced by
maximum parsimony analysis, with reported bootstraps,
and to those with minimal redundancy in character sets, but
also to the dearth of published trees for several families and
the fact that most molecular phylogenies are based on only
a few mitochondrial genes (Table 1). Hence, well-resolved
supertrees could not be generated for all families. However,
for the cheloniids the supertree and compiled trees were
identical (Fig. 9), reflecting the concordance of all three
input trees. Unfortunately, as mentioned previously, the
nuclear genome has not been sampled for marine turtles.

For the kinosternids, the single perfect supertree (Fig.
11B) differed from the compiled tree in suggesting a
paraphyletic genus Kinosternon, the placement of the K.

Table 1. Summary of primary data partitions on which published trees for turtle families have been based. See Appendix C for full source
material. Available but yet unpublished data are indicated with an x.

           Mitochondrial genes                                   Nuclear genes

 Family Morphology cytb ND4 12/16S rRNA Control CO1 cmos R35 Rag1 Rag2

 Chelidae + - - + - + + - - -
 Pelomedusidae - - - - - - - - - -
 Podocnemididae - x x - - - - - - -
 Trionychidae + + + - - - - + - -
 Kinosternidae + + + - + - - - - -
 Cheloniidae + + + - + - - - - -
 Emydidae + + + + + - - - - -
 Geoemydidae + + + + - + x + x -
 Testudinidae + + + + + + + - - +
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herrerai clade with the K. leucostomum clade, alternative
relationships among the species of Sternotherus, the incor-
poration of the K. hirtipes group within the K. scorpioides
group, and alternative relationships among the members of
the latter two groups. These disparities apparently reflect the
differences between the cytb (Iverson, 1998), ND4 (Starkey,
1997), and control region (Walker et al., 1998; Serb et al.,
2001) gene trees included in the supertree analysis. The
inclusion of additional genetic data (especially from nuclear
genes) will most likely be necessary to resolve these con-
flicts.

The majority rule supertree for the geoemydids (Fig.
13B) is generally very similar to the compiled tree, with the
primary differences being the placement of R. areolata
within the genus Rhinoclemmys; the placement of the mono-
typic genera Hardella, Notochelys, and Leucocephalon; the
basal relationships within the genus Mauremys; and the
positions within the genus Cuora of C. mccordi, C.
amboinensis, and C. flavomarginata. Most of the discrep-
ancy between the compiled and supertree was a result of
basing the former primarily on published and unpublished
multi-locus studies with extensive taxon and character sam-
pling (Spinks et al, 2004; Diesmos et al., 2005; Le, 2006; Le
and McCord, in review), whereas the latter was based
entirely on three published studies with minimal overlap in
gene sampling (Honda et al., 2002a; Spinks et al., 2004;
Parham et al., 2004), only one of which (Spinks et al., 2004)
included a nuclear gene. Publication of the work by Le
(2006) and Le and McCord (in review) may provide nearly
complete resolution of the relationship within this family.

Both the consensus and 50% majority rule supertrees
produced for the family Emydidae were nearly completely
unresolved. For example, neither was able to resolve even
the genus Graptemys as monophyletic. Hence, those trees
are not illustrated nor discussed further.

The input trees for the supertree analysis of the
Testudinidae were based primarily on 12S and 16S rRNA
and cyt b mtDNA (only Le et al., 2006 included nuclear
data), and the resulting majority rule tree was quite different
from the compiled tree (Fig. 14A vs. 14B). In addition to not
being fully resolved, the majority rule did not recognize the
genera Homopus, Geochelone, or Chelonoidis as mono-
phyletic. It also differed from the compiled tree in the
placement of Agrionemys, Eurotestudo, and Aldabrachelys;
the relationships within Kinixys; and the poor resolution
among the more derived genera. Additional taxon sampling
to supplement that of Le et al. (2006) should clarify these
uncertainties.

These preliminary supertree analyses for turtles gen-
erally corroborated the results of the compiled tree ap-
proach. Discrepancies apparently reflected the incon-
gruence among input trees which were based on variable
gene partitions (sometimes overlapping and sometimes
not). Our complied tree approach had the possible advan-
tage of relying more heavily on the most recent, most
inclusive phylogenetic analyses, whereas by default the
supertree analyses often included trees based on a single

gene alongside trees based on multiple genes (sometimes
both mitochondrial and nuclear). In any case, the exer-
cise did demonstrate that most recent phylogenetic stud-
ies of turtles have focused on but a few mitochondrial
genes (Table 1; Appendix C). This has produced some
disparity in the resulting trees, particularly among poorly
supported nodes. The more recent inclusion of multiple
gene datasets (both mt and nDNA; e.g., Engstrom et al.,
2004; Spinks et al., 2004; Deismos et al., 2005; Le et. al.,
2006) has produced better resolution in trees, although
evaluation of individual gene trees is needed in order to
determine which genes contributed most strongly to that
resolution. Once both taxon and gene sampling are more
complete for turtles, comparisons among single gene trees,
trees based on total evidence, and supertrees based on
individual gene trees as input should be very informative.

Conclusions

The last decade has seen amazing progress in the search
for the “tree of life” for turtles, and this progress has had
many ancillary benefits to turtle taxonomy and conserva-
tion. However, for this progress to continue, the next decade
must see greater attention paid to comprehensive sampling
of both markers and taxa in molecular studies (including
subsampling within species). The value of many otherwise
excellent studies over the past decade has been diminished
because closely related taxa were not adequately sampled,
because outgroups were inappropriately chosen, or because
analysis relied too heavily on small regions of the genome.
Emerging genetic resources show promise in overcoming
the marker limitation issue. Engstrom et al. (this volume)
compiled all known primer pairs for turtles and found that
many mtDNA primer pairs are known to be useful across
turtles, but that nuclear sequence markers are in short supply.
A bacterial artificial chromosome (BAC) library was re-
cently constructed for Chrysemys picta bellii and has been
employed to develop a set of 96 new nuclear markers, many
of which appear to be useful across turtles (Shaffer and
Thomson, in review; R.C. Thomson et al., unpubl. data).
These resources, coupled with increasing cooperation in
assembling tissue banks within the academic and
herpetocultural communities, make an attempt at recovering
the tree of life for all turtle species using a comprehensive
multi-marker approach a reasonable goal in the near future.
We hope that this summary of current phylogenetic hypoth-
eses for turtles will guide future investigators appropriately.

We also conclude by offering two comments con-
cerning the impact of phylogenetics on turtle taxonomy.
First, we understand the temptation of authors to propose
taxonomic changes (sometime extensive) whenever a
new well-resolved tree is at variance with current tax-
onomy (e.g., see the discussion regarding the genus name
Emys by the Turtle Taxonomy Working Group, 2007a).
However, for the sake of nomenclatural stability, we
recommend restraint in proposing taxonomic changes
until taxon and character sampling are adequate to pro-
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vide robust support for such changes. To do otherwise
will add confusion to an already complex literature (see
Frazier, 2006, and Bour, 2006, for one example), and
may even hamper conservation efforts for this unique
and imperiled clade of vertebrates (TTWG, 2007a).

Second, because zoological taxonomy is still operat-
ing under the rules of ICZN (but see TTWG, 2007a),
binomial nomenclature is ultimately based on type speci-
mens. It is therefore essential that future workers take
seriously the goal of including type specimens in their
analyses, if for no other reasons than to be sure that
taxonomic names are being applied appropriately (e.g.,
see Guicking et al., 2002; Parham et al., 2004; Blanck et
al., 2006 and Lehn et al., this volume) and that we are not
overlooking cryptic diversity in turtles.

ACKNOWLEDGMENTS. — This material is based upon
work supported by the NSF under grant # DEB-0507916 for
the Turtle Genetics Workshop held from 7 - 12 August 2005
at Harvard University. Additional financial support for the
workshop came from the Museum of Comparative Zoology
(Harvard University), the Chelonian Research Fund, and
Conservation International. We particularly thank Jim
Hanken, the Museum of Comparative Zoology, and Harvard
University for hosting the workshop. Peter Meylan kindly
drew our attention to pertinent literature and Roger Bour
generously provided his unpublished hypothesis of
pelomedusid relationships. Comments on early drafts by N.
FitzSimmons, A. Georges, P. Meylan, J. Parham, and B.
Shaffer are appreciated.

LITERATURE CITED

BALLASINA , D [Ed.]. 1995. Red Data Book on Mediterranean Chelo-
nians. Bologna, Italy, Edagricole-Edizioni Agricole. 190 pp.

BECK, C.W., AND BECK, R.E. 2005. The effect of packing constraints
on optimal investment in offspring. Evolutionary Ecology Re-
search 7:1077-1088.

BININDA-EMONDS, O.R.P. 2004a. The evolution of supertrees. Trends
in Ecology and Evolution 19:315-322.

BININDA-EMONDS, O.R.P (Editor). 2004b. Phylogenetic supertrees:
Combining information to reveal the tree of life. Dordecht, The
Netherlands, Kluwer Academic Publishing, 550 pp.

BININDA-EMONDS, O.R.P, K. E. JONES, S. A. PRICE, M. CARDILLO, R.
GRENYER, AND A. PURVIS. 2004C. Garbage in, garbage out: data
issues in supertree construction. In: BININDA-EMONDS, O.R.P (Edi-
tor). Phylogenetic supertrees: Combining information to reveal the
tree of life. Dordecht, The Netherlands: Kluwer Academic Pub-
lishing, pp. 267–280.

BLANCK, T., MCCORD, W. P., AND LE, M. 2006. Data on distribution,
habitat, vulnerability and variability of Cuora trifasciata (Bell,
1825); rediscovery of the type; description of a new species and
subspecies with molecular support (Reptilia: Testudines:
Geoemydidae). Frankfurt, Germany: Edition Chimaira.

BOUR, R. 2006. Identity of Testudo gigantea Schweigger 1812 and
rediscovery of the type specimen. Emys 13:12-23.

BOUR, R., AND ZAHER, H. 2005. A new species of Mesoclemmys, from
the Open Formations of Northeastern Brazil (Chelonii, Chelidae).
Papéis Avulsos de Zoologia, Museu de Zoologia da Universidade

de São Paulo 45:295-311.
BOWEN, B.B., AND KARL, S.A. 1997. Population genetics,

phylogeography, and molecular evolution. In: Lutz, P.L., and
Music, J. A. (Eds.). The Biology of Sea Turtles. Boca Raton,
Florida: CRC Press, pp. 29-50.

BURLEIGH, J.G, EULENSTEIN, O., FERÁNDEZ-BACA, D., AND SANDERSON, M.J.
2004. MRF supertrees. In: BININDA-EMONDS, O.R.P (Editor). Phyloge-
netic supertrees: Combining information to reveal the tree of life.
Dordecht, The Netherlands: Kluwer Academic Publishing, pp. 65-85.

CERVELLI, M., OLIVERIO, M., BELLINI , A., BOLOGNA, M., CECCONI, F.,
AND MARIOTTINI, P. 2003. Structural and sequence evolution of U17
small nucleolar RNA (snoRNA) and its phylogenetic congruence
in chelonians. Journal of Molecular Evolution 57:73-84.

CRACRAFT, J. AND M.J. DONOGHUE. 2004. Assembling the tree of life.
Oxford University Press, 516 pp.

DAVIES, T.J., BARRACLOUGH, T.G., CHASE, M.W., SOLTIS, P.S., SOLTIS,
D.E., AND SAVOLAINEN , V. 2004. Darwin’s abominable mystery:
Insights from a supertree of the angiosperms. Proceedings of the
National Academy of Sciences 101:1904-1909.

DE BROIN, F. 1988. Les Tortues et le Gondwana: Examen des rapports
entre le fractionnement du Gondwana et la dispersion géographique
des tortues pleurodires á partir du Crétacé. Studia Geologica
Salmanticensia, Studia Palaeocheloniologica 2:103-142.

DIESMOS, A.C., PARHAM, J.F., STUART, B.L., AND BROWN, R.M. 2005.
The phylogenetic position of the recently rediscovered Philippine
Forest Turtle (Bataguridae: Heosemys leytensis). Proceedings of
the California Academy of Sciences 56:31-41.

DUMERIL, A.M.C. 1806. Zoologie analytique ou Méthode naturelle de
Classification des Animaux, rendue plus facile à l’aide de Tableaux
synoptiques: I-XXXIII. Paris: Allais Libraire, 344 pp.

DUTTON, P.H., DAVIS, S.K., GUERRA, T., AND OWENS, D. 1996. Molecu-
lar phylogeny for marine turtles based on sequences of the ND4-
Leucine rRNA and control regions of mitochondrial DNA. Mo-
lecular Phylogenetics and Evolution 5:511-521.

ENGSTROM, T.N., SHAFFER, H.B., AND MCCORD, W.P. 2002. Phyloge-
netic diversity of endangered and critically endangered southeast
Asian softshell turtles (Trionychidae: Chitra). Biological Conser-
vation 104:173-179.

ENGSTROM, T.N., SHAFFER, H.B., AND MCCORD, W.P. 2004. Multiple
data sets, high homoplasy, and the phylogeny of softshell turtles
(Testudines, Trionychidae). Systematic Biology 53:693-710.

ENGSTROM, T.N., EDWARD, T., OSENTOSKI, M.F., AND MYERS, E.N.
2007. This A compemdium of PCR primers for mtDNA,
microsatellite and othe nuclear loci for freshwater turtles and
tortoises. Chelonian Research Monographs in press.

FELDMAN, C.R., AND PARHAM, J.F. 2002. Molecular phylogenetics of
emydine turtles: taxonomic revision and the evolution of shell
kinesis. Molecular Phylogenetics and Evolution 22:388-398.

FELDMAN, C.R., AND PARHAM, J.F. 2004. Molecular systematics of Old
World stripe-necked turtles (Testudines: Mauremys). Asiatic Her-
petological Research 10:28-37.

FELSENSTEIN, J. 2003. Inferring phylogenies. Sunderland, Massachu-
setts: Sinauer Associates. 664 pp.

FITZSIMMONS, N., AND K. M. HART. 2007. Genetic studies of freshwa-
ter turtles and tortoises: A review of the past 70 years. This volume.

FRAZIER, J. 2006. A neotype for the Aldabra Tortoise, Testudo
gigantea Scweigger, 1812. Herp. Review 37:275-280.

FRITZ, U., BARATA, M., BUSACK, D.D, FRITZSCH, G., AND CASTIHO, R. 2006.
Impact of mountain chains, sea straits and peripheral populations on
genetic and taxonomic structure of a freshwater turtle, Mauremys leprosa
(Reptilia, Testudines, Geoemydidae). Zoologica Scripta 35:97-108.

FRITZ, U., FATTIZZO, T., GUICKING, D., TRIPEPI, S., PENNISI, M. G., LENK, P.,
JOGER, U., AND WINK, M. 2005. A new cryptic species of pond turtle



13IVERSON ET AL. – Supertrees

from southern Italy, the hottest spot in the range of the genus Emys
(Reptilia, Testudines, Emydidae). Zoologica Scripta 34:351-371

FUJITA, M.K., ENGSTROM, T.N., STARKEY, D.E., AND SHAFFER, H.B.
2004. Turtle phylogeny: insights from a novel nuclear intron.
Molecular Phylogenetics and Evolution 31:1031-1040.

GAFFNEY, E.S. 1972. The systematics of the North American family
Baenidae (Reptilia, Cryptodira). Bulletin of the American Mu-
seum of Natural History 147:241-320.

GAFFNEY, E.S. 1975a. A phylogeny and classification of the higher
categories of turtles. Bulletin of the American Museum of Natural
History 155:387-436.

GAFFNEY, E.S. 1975b. Phylogeny of the chelydrid turtles: A study of shared
derived characters of the skull. Fieldiana Geology 33(9):157-178.

GAFFNEY, E.S. 1976. Cranial morphology of the European Jurassic
turtles Portlandemys and Plesiochelys. Bulletin of the American
Museum of Natural History 157:487-544.

GAFFNEY, E.S. 1977. The side-necked turtle family Chelidae: A
theory of relationships using shared derived characters. American
Museum Novitates 2620:1-28.

GAFFNEY, E.S. 1979a. The Jurassic turtles of North America. Bulletin
of the American Museum of Natural History 162:91-136.

GAFFNEY, E.S. 1979b. Comparative cranial morphology of recent and
fossil turtles. Bulletin of the American Museum of Natural History
164:65-376.

GAFFNEY, E.S. 1984. Historical analysis of theories of chelonian
relationship. Systematic Zoology 33:283-301.

GAFFNEY, E.S., AND MEYLAN, P.A. 1988. A phylogeny of turtles. In:
Benton, M.J. (Ed.). The phylogeny and classification of tetrapods.
Vol. 1. Oxford: Clarendon, pp. 157-219.

GEORGES, A., AND THOMSON, S. 2006. Evolution and Zoogeography of
Australian freshwater turtles. In: Merrick, J.R., Archer, M., Hickey, G.,
and Lee, M. (eds.), Evolution and Zoogeography of Australasian
Vertebrates. Sydney: Australian Scientific Publishing, pp. 281-299.

GEORGES, A., BIRRELL, J., SAINT, K.M., MCCORD, W., AND DONNELLAN,
S.C. 1998. A phylogeny for side-necked turtles (Chelonia:
Pleurodira) based on mitochondrial and nucleolar gene sequence
variation. Biological Journal of the Linnean Society 67:213-246.

GUICKING, D., FRITZ, U., WINK, M., AND LEHR, E. 2002. New data on
the diversity of the Southeast Asian leaf turtle genus Cyclemys
Bell, 1834: Molecular results (Reptilia: Testudines: Geoemydidae).
Faunitische Abhandlungen Staatliches für Museum Tierkunde
Dresden 23:75-86.

GUYOT JACKSON, G. [ED.] 2004. Numéro Spécial Testudo. Manouria
7(22):1-54.

HAY, O.P. 1908. The fossil turtles of North America. Publications of
the Carnegie Institution 75:1-568.

HENNIG, W. 1966. Phylogenetic Systematics. Urbana, Illinois: Uni-
versity of Illinois Press. 263 pp.

HONDA, M., YASUKAWA, Y., AND OTA. H. 2002. Phylogeny of Eurasian
freshwater turtles of the genus Mauremys Gray 1869 (Testudines),
with special reference to a close affinity of Mauremys japonica
with Chinemys reevesii. Journal of Zoological Systematics and
Evolutionary Research 40:195-200.

HUNTER, R.L., AND MARKERT, C.L. 1957. Histochemical demonstra-
tion of enzymes separated by zone electrophoresis in starch gels.
Science 125:1294-1295.

HUTCHISON J.H. 1991. Early Eocene Kinosternidae (Reptilia:
Testudines) and their phylogenetic significance. Journal of Verte-
brate Paleontology 11:145-167.

IVERSON, J.B. 1992. A revised checklist with distribution maps of the
turtles of the world. Richmond, Indiana: privately published, 374 pp.

IVERSON, J.B. 1998. Molecules, morphology, and mud turtle
phylogenetics (Family Kinosternidae). Chelonian Conservation

and Biology 3: 113-117.
JONSSON, K.A., AND FJELDSA, J. 2006. A phylogenetic supertree of oscine

passerine birds (Aves: Passeri). Zoologica Scripta 35:149-186.
KERR, A.M.T. 2005. Molecular and morphological supertree of stony

corals (Anthozoa: Scleractinia) using matrix representation parsi-
mony. Biological Reviews 80:543-558,

KRAJEWSKI, C. 1994. Phylogenetic measures of biodiversity: A com-
parison and critique. Biological Conservation 69:33-39.

KRENZ, J.G., NAYLOR, G.J.P., SHAFFER, H.B., AND JANZEN, F.J. 2005
Molecular phylogenetics and evolution of turtles Molecular
Phylogenetics and Evolution 37:178-191.

LE, M., AND MCCORD, W. P. In review. Phylogenetic relationships and
biogeographic history of the genus Rhinoclemmys Fitzinger 1835,
and the monophyly of the turtle family Geoemydidae (Testudines:
Testudinoidea). Zoological Journal of the Linnean Society.

LE, M.D. 2006. Systematics, Biogeography, and Conservation Status
of the Turtle Family Geoemydidae. Ph.D. dissertation. Columbia
University, New York.

LE, M., RAXWORTHY, C.J., MCCORD, W.P., AND MERTZ, L. 2006. A
molecular phylogeny of tortoises (Testudines: Testudinidae) based
on mitochondrial and nuclear genes. Molecular Phylogenetics and
Evolution 40:517-531.

LEHN, C., DAS, I., FORSTNER, M.R.J., AND BROWN, R. 2007. Respon-
sible Vouchering in Turtle Research: An Introduction and Recom-
mendations . This volume.

LI, S. 1996. Phylogenetic tree construction using Markov chain Monte
Carlo. Ph.D. dissertation. Ohio University, Columbus, Ohio.

MADDISON, W.P. 1993. Missing data versus missing characters in
phylogenetic analysis. Systematic Biology 42:576-581.

MADDISON W.P., AND MADDISON, D.R. 1992. MacClade. Version 3.0.
Analysis of phylogeny and character evolution. Sunderland, Mas-
sachusetts: Sinauer Associates.

MAU, B. 1996. Bayesian phylogenetic inference via Markov chain
Monte Carlo methods. Ph.D. dissertation. University of Wiscon-
sin: Madison.

MAXAM, A., AND GILBERT, W. 1977. A new method for sequencing DNA.
Proceedings of the National Academy of Sciences 74:560-564.

MCCORD, W.P., JOSEPH-OUNI, M., AND LAMAR, W.W. 2002. A taxo-
nomic reevaluation of Phrynops (Testudines: Chelidae) with the
description of two new genera and a new species of Batrachemys.
Revista Biologica Tropical 49:715-764.

MEYLAN, P.A. 1987. The phylogenetic relationships of soft-shelled
turtles (family Trionychidae). Bulletin of the American Museum
of Natural History 186:1-101.

MEYLAN, P.A. 1996. Skeletal morphology and relationships of the
early Cretaceous side-necked turtle Araripemys barretoi
(Testudines: Pelomedusoides: Araripemydidae), from the Santana
Formation of Brazil. Journal of Vertebrate Paleontology 16:20-33.

MINX, P. 1996. Phylogenetic relationships among the box turtles,
genus Terrapene. Herpetologica 52:584-597.

MOEN, D.S. 2006. Cope’s Rule in cryptodiran turtles: Do the body
sizes of extant species reflect a trend of phyletic size increase?
Journal of Evolutionary Biology 19:1210-1121.

MULLIS, K., AND FALOONA, F. 1987. Specific synthesis of DNA in vitro
via a polymerase catalyzed chain reaction. Methods of Enzymol-
ogy 155:335-350.

NEAR, T.J., MEYLAN, P.A., AND SHAFFER, H.B. 2005. Assessing
concordance of fossil calibration points in molecular clock studies:
an example using turtles. The American Naturalist 165:137-146.

NELSON, G. AND PLATNICK, N. 1981. Systematics and biogeography:
cladistics and vicariance. New York: Columbia University Press.

NOONAN, B.P. 2000. Does the phylogeny of pelomedusoid turtles
reflect vicariance due to continental drift? Journal of Biogeogra-



14 Defining Turtle Diversity  •  Chelonian Research Monographs, No. 4 – 2007

phy 27:1245-1249.
NOONAN, B.P., AND CHIPPINDALE, P.T. 2006. Vicariant origin of

Malagasy reptiles supports Late Cretaceous Antarctic land bridge.
American Naturalist 168:730-741.

PARHAM, J.F., AND FASTOVSKY, D.E. 1997. The phylogeny of cheloniid sea
turtles revisited. Chelonian Conservation and Biology 2:548-554.

PARHAM, J.F., FELDMAN, C.R., AND BOORE, J.L. 2006a. The complete
mitochondrial genome of the enigmatic bigheaded turtle
(Platysternon): Description of unusual genomic features and the
reconciliation of phylogenetic hypotheses based on mitochondrial
and nuclear DNA. Evolutionary Biology 6:xx-xx.

PARHAM, J.F., MACEY, J.R., PAPENFUSS, T.J., FELDMAN, C.R., TURKOZAN,
O., POLYMENI, R., AND BOORE, J. 2006b. The phylogeny of Mediter-
ranean tortoises and their close relatives based on complete mito-
chondrial genome sequences from museum specimens. Molecular
Phylogenetics and Evolution 38:50-64.

PARHAM, J.F., SIMISON, W.B., KOZAK, K.H., FELDMAN, C.R., AND SHI, H.
2001. New Chinese turtles: endangered or invalid? A reassessment of
two species using mitochondrial DNA, allozyme electrophoresis and
known-locality specimens. Animal Conservation 4:357-367.

PERALA, J. 2004. Tortoise Systematics: A critique of a recent paper by
Van Der Kuyl et al. (2002). Herpetological Journal 14:51-53.

PHILLIPS, C.A., DIMMICK , W.W., AND CARR, J.L. 1996. Conservation
genetics of the common snapping turtle (Chelydra serpentina).
Conservation Biology 10:397-405.

PRITCHARD, P.C.H. 1967. Living Turtles of the World. Jersey City,
New Jersey: TFH Publishing.

REE, R.H., MOORE, B.R., WEBB, C.O., AND DONOGHUE, M.J. 2005. A
likelihood framework for inferring the evolution of geographic
range on phylogenetic trees. Evolution 59:2299-2311.

RONQUIST, F. 1998. Phylogenetic approaches in coevolution and
biogeography. Zoologica Scripta 26:216-243.

RUTA, M., JEFFERY, J.E., AND COATES, M.I. 2003. A supertree of early
tetrapods. Proceedings of the Royal Society of London 270B:2507-2516.

SAIKO, R.K., GELFAND, D.H., STOFFEL, S., SCHARF, S., HIGUCHI, R.,
HORN, G.T., MULLIS, K.B., AND ERLICH, H.A. 1988. Primer-directed
enzymatic amplification of DNA with a thermostable DNA poly-
merase. Science 239:487-491.

SALAMIN , S., HODKINSON, T. R., AND SAVOLAINEN, V. 2002. Building
supertrees: An empirical assessment using the grass family
(Poaceae). Systematic Biology 51:136-150.

SANDERSON, M.J., PURVIS, A., AND HENZE, C. 1998. Phylogenetic
supertrees: Assembling the trees of life. Trends in Ecology and
Evolution 13:105-109.

SANGER, F., NICKLEN, S., AND COULSON, A.R. 1977. DNA sequencing
with chain terminating inhibitors. Proceedings of the National
Academy of Sciences 74:5463-5467.

SEDDON, J.M., GEORGES, A., BAVERSTOCK, P.R., AND MCCORD, W.
1997. Phylogenetic relationships of chelid turtles (Pleurodira:
Chelidae) based on mitochondrial 12S rRNA gene sequence
variation. Molecular Phylogenetics and Evolution 7:55-61.

SEIDEL, M.E. 2002. Taxonomic observations on extant species and
subspecies of slider turtles, genus Trachemys. Journal of Herpetol-
ogy 36:285-292.

SERB, J.M., PHILLIPS, C.A., AND IVERSON, J.B. 2001. Molecular phylog-
eny and biogeography of Kinosternon flavescens based on com-
plete mitochondrial control region sequences. Molecular
Phylogenetics and Evolution 18:149-162.

SHAFFER, H.B, AND THOMSON, R.C. 2007. Species, SNPs, and system-
atics: Defining species in a post-genomic age. Systematic Biology
in review.

SHAFFER, H.B., MEYLAN, P., AND MCKNIGHT, M.L. 1997. Tests of turtle
phylogeny: molecular, morphological, and paleontological ap-

proaches. Systematic Biology 46:235-268.
SHAFFER, H.B., STARKEY, D.E, AND FUJITA, M.K. 2007. In press.

Molecular insights into the systematics of the snapping turtles
(Chelydridae). In: Biology of the Snapping Turtle, Smithsonian
Press, Washington.

SMITHIES, O. 1955. Zone electrophoresis in starch gels: Group varia-
tions in serum proteins of normal individuals. Biochemistry Jour-
nal 61:629-641.

SPINKS, P.Q., AND SHAFFER, H.B. 2006. Conservation phylogenetics of
the Aaian box turtles (Geoemydidae: Cuora) using non-traditional
biological materials in species conservation. Conservation Genet-
ics xx. xxx.

SPINKS, P.Q., SHAFFER, H.B., IVERSON, J.B., AND MCCORD, W.P. 2004.
Phylogenetic hypotheses for the turtle family Geoemydidae. Mo-
lecular Phylogenetics and Evolution 32:164-182.

STEPHENS, P.R. AND WIENS, J.J. 2003a. Explaining species richness
from communities to communities: The time-for-speciation effect
in emydid trurtles. The American Naturalist 161:112-128.

STEPHENS, P.R. AND WIENS, J.J. 2003b. Ecological diversification and
phylogeny of emydid turtles. Biological Journal of the Linnean
Society 79:577-610.

STUART, B.L., AND PARHAM, J.F. 2007. Recent hybrid origin of three
rare Chinese turtles. Conservation Genetics 8:169-175.

SWOFFORD, D.L., AND OLSEN, G.J. 1990. Phylogeny reconstruction.
IN: Hillis, D.M., and Moritz, C. (Eds.). Molecular Systematics.
Sunderland, Massachusetts, Sinauer Associates, pp. 411-501.

SWOFFORD, D.L. 2001. PAUP*: Phylogenetic Analysis using Parsi-
mony (*and other methods), version 4. Sunderland, Massachu-
setts: Sinauer Associates.

THOMSON, S., GEORGES, A., AND LIMPUS, C. J. 2006. A new species of
freshwater turtle in the genus Elseya (Testudines: Chelidae) from
central coastal Queensland, Australia. Chelonian Conservation
and Biology 5:74-86.

TTWG (TURTLE TAXONOMY WORKING GROUP). 2007a. Turtle tax-
onomy: Methodology, recommendations, and guidelines. Chelo-
nian Research Monographs. This volume.

TTWG (TURTLE TAXONOMY WORKING GROUP). 2007b. A list of
modern turtle terminal taxa (with comments on areas of instability
and recent changes). Chelonian Research Monographs. This vol-
ume.

VAN DER KUYL, A.C., BALLASINA , D.L.PH., DEKKER, J.T., MAAS, J.,
WILLEMSEN, R.E., AND GOUDSMIT, J. 2002. Phylogenetic relation-
ships among the species of the genus Testudo (Testudines:
Testudinidae) inferred from mitochondrial 12S rRNA gene se-
quences. Molecular Phylogenetics and Evolution 22:174-183.

VETTER, H., AND VAN DIJK, P.-P. 2006. Terralog: Turtles of the World.
Vol 4. East and South Asia. Frankfurt am Main, Germany: Chimaira
Buchhandelsgesellschaft mbH. 161 pp.

WALKER, D., MOLER, P.E., BUHLMANN, K.A., AND AVISE, J.C. 1998.
Phylogeographic patterns in Kinosternon subrubrum and K. baurii
based on mitrochondrial DNA restriction analysis. Herpetologica
54:174-184.

WILKINSON, M., COTTON, J.A., CREEVEY, C., EULENSTEIN, O., HARRIS,
S.R., LAPOINTE, F.-J., LEVASSEUR, C., MCINERNEY, J.O., PISANI, D.,
AND THORLEY, J.L. 2005. The shape of supertrees to come: Tree
shape related properties of fourteen supertree methods. Systematic
Biology 54:419-431.

WU, P., ZHOU, K.-Y, .AND YANG, Q. 1999. Phylogeny of Asian
freshwater and terrestrial turtles based on sequence analysis of 12S
rRNA gene fragment. Acta Zoologica Sinica 45:260-267.

ZUG, G.R. 1966. The penial morphology and the relationships of
cryptodiran turtles. Occasional Papers of the Museum of
Zoology, University of Michigan 647:1-24.



15IVERSON ET AL. – Supertrees

APPENDIX A

Literature that includes phylogenetic trees for Recent taxa of
turtles. Paleontological papers with minimal focus on living taxa
are excluded (including a number by Auffenberg and Gaffney).
Papers reporting networks of relationships are also included.

ALVAREZ, Y., MATEO, J.A., ANDREU, A.C., DÍAZ-PANIAGUA, C., DIEZ,
A., AND BAUTISTA, J.M. 2000. Mitochondrial DNA haplotyping of
Testudo graeca on both continental sides of the straits of Gibraltor.
Journal of Heredity 91:39-41.

ANTUNES, M.T., AND DE BROIN, F. 1988. Le Crétacé terminal de Beira
Litoral, Portugal: Remarques stratigraphiques et écologiques, étude
complémentaire de Rosasia soutoi (Chelonii, Bothremydidae).
Ciências de Terra 9:153-200.

ASHTON, K.G., AND FELDMAN, C.R. 2003. Bergmann’s rule in nonavian
reptiles: Turtles follow it, lizards and snakes reverse it. Evolution
57:1151-1163.

AUFFENBERG, W. 1966. The carpus of land tortoises (Testudinidae).
Bulletin of the Florida State Museum 19:159-191.

AUFFENBERG, W. 1971. A new fossil tortoise, with remarks on the
origin of South American Testudinines. Copeia 1971:106-117.

AUSTIN, J.J., ARNOLD, E.N., AND BOUR, R. 2003. Was there a second
adaptive radiation of giant tortoises in the Indian Ocean? Using
mitochondrial DNA to investigate speciation and biogeography of
Aldabrachelys (Reptilia, Testudinidae). Molecular Ecology
12:1415-1424.

AVISE, J.C., BOWEN, B.W., LAMB, T., MEYLAN, A.B. AND BERMINGHAM,
E. 1992. Mitochondrial DNA evolution at a turtle’s pace: evidence
for low genetic variability and reduced microeveolutionary rate in
Testudines Molecular Biology and Evolution 9:457-473.

BAARD, E.H.W. 1990. Biological aspects and conservation status of
the geometric tortoise, Psammobates geometricus (Linnaeus, 1758)
(Cryptodira: Testudinidae). Ph.D. Dissertation. University of
Stellenbosch, South Africa.

BARTH, D., BERNHARD, D., FRITZSCH, G., AND FRITZ, U. 2004. The
freshwater turtle genus Mauremys (Testudines, Geoemydidae) - a
textbook example of an east-west disjunction or a taxonomic
misconcept? Zoologica Scripta 33:213-221.

BARTH, D., BERNHARD, D., GUICKING, D., STÖCK, M., AND FRITZ, U.
2002. Is Chinemys megalocephala Fang, 1934 a valid species?
New insights based on mitochondrial DNA sequence data.
Salamandra 38:233-244.

BEHEREGARAY, L.B., CIOFI, C., CACCONE, A., GIBBS, J.P. AND POWELL,
J.R. 2003. Genetic divergence, phylogeography and conservation
units of giant tortoises from Santa Cruz and Pinzón, Galápagos
Islands. Conservation Genetics 4:31-46.

BEHEREGARAY, L.B., GIBBS, J.P., HAVILL , N., FRITT, T.H., POWELL, J.R.,
AND CACCONE, A. 2004. Giant tortoises are not so slow: Rapid
diversification and biogeographic consensus in the Galápagos.
Proceedings of the National Academy of Sciences 101:6514-6519.

BICKHAM, J.W. 1981. Two-hundred-million-year-old chromosomes:
Deceleration of the rate of karyotypic evolution in turtles. Science
212:1291-1293.

BICKHAM, J.W., AND BAKER, R.J. 1976. Chromosome homology and
evolution of emydid turtles. Chromosoma (Berlin) 54:201-219.

BICKHAM, J.W., AND CARR, J.L. 1983. Taxonomy and phylogeny of the
higher catagories of cryptodiran turtles based on a cladistic analy-
sis of chromosomal data. Copeia 1983:918-932.

BICKHAM, J.W., LAMB, T., MINX, P., AND PATTON, J.C. 1996. Molecular
systematics of the genus Clemmys and the intergeneric relation-
ships of the emydid turtles. Herpetologica 52:89-97.

BLANCK, T., MCCORD, W. P., AND LE, M. 2006. Data on distribution,
habitat, vulnerability and variability of Cuora trifasciata (Bell,
1825); rediscovery of the type; description of a new species and
subspecies with molecular support (Reptilia: Testudines:
Geoemydidae). Frankfurt, Germany: Edition Chimaira.

BONA, P. AND DE LA FUENTE, M.S. 2005. Phylogenetic and
paleobiogeographic implications of Yaminuechelys maior
(Staesche, 1929) new comb., a large long-necked chelid turtle from
the early Paleocene of Patagonia, Argentina. Journal of Vertebrate
Paleontology 25:569-582.

BOUR, R. 1984(1985). Les tortues terrestres géantes des îles de
l’Ocean Indien Occidental: Données géographiques, taxinomiques
et phylogénétiques. Studia Geologica Salmanticensia, Studia
Palaeochelonologica 1:17-76.

BOUR, R., AND ZAHER, H. 2005. A new species of Mesoclemmys, from
the Open Formations of Northeastern Brazil (Chelonii, Chelidae).
Papéis Avulsos de Zoologia, Museu de Zoologia da Universidade
de São Paulo 45:295-311.

BOWEN, B.B., NELSON, W.S., AND AVISE, J.C. 1993. A molecular
phylogeny for marine turtles: Trait mapping, rate assessment, and
conservation relevance. Proceedings of the National Academy of
Science 90:5574-5577.

BOWEN, B.B., AND KARL, S.A. 1997. Population genetics,
phylogeography, and molecular evolution. In: Lutz, P.L., and
Music, J. A. (Eds.). The Biology of Sea Turtles. Boca Raton,
Florida: CRC Press, pp. 29-50.

BRINKMAN, D.B, AND WU, X.C. 1999. The skull of Ordosemys, an
early Cretaceous turtle from Inner Mongolia, People’s Republic of
China, and the interrelationships of Eucryptodira (Chelonia,
Cryptodira). Paludicola 2:134-147.

BRINKMAN, H., DENK, A., ZIZTLER, J., JOSS, J.J., AND MEYER, A. 2004.
Complete mitochondrial genome sequences of the South American
and Australian lungfish: Testing of the phylogenetic performance of
mitochondrial data sets for phylogenetic problems in tetrapod relation-
ships. Journal of Molecular Evolution 59:834-848.

BRINKMANN, H., VENTATESCH, B., BRENNER, S., AND MEYER, A. 2004.
Nuclear protein-coding genes support lungfish and not the coela-
canth as the closest living relatives of land vertebrates. Proceedings
of the Narional Academy of Sciences 101:4900-4905.

BROADLEY, D.G. 1981. A review of the genus Pelusios Wagler in southern
Africa (Pleurodira: Pelomedusidae). Occasional Papers of the Natlional
Museum of Rhodesia, B, Natural Sciences 69:633-686.

BURBIDGE, A.A., KIRSCH, J.A.W., AND MAIN, A.R. 1974. Relationships
within the Chelidae (Testudines: Pleurodira) of Australia and New
Guinea. Copeia 1974:392-409.

BURKE, R.L., LEUTERITZ, T.E., AND WOLF, A.J. 1996 Phylogenetic
relationships of emydine turtles. Herpetologica 52:572-584.

BURNS, C.E., CIOFI, C., BEHEREGARAY, L.B., FRITSS, T.H., GIBBS, J.P.,
MÁRQUEZ, C., MILINKOVITCH , M.C., POWELL, J.R., AND CACCONE, A.
2003. The origin of captive Galápagos tortoises based on DNA
analysis: Implications for the management of natural populations.
Animal Conservation 6:329-337.

CACCONE, A., AMATO, G., GRATRY, O.C., BEHLER, J., AND POWELL, J.R.
1999. A molecular phylogeny of four endangered Madagascar
tortoises based on mtDNA sequences. Molecular Phylogenetics
and Evolution 12:1-9.

CACCONE, A., GENTILE, G., GIBBS, J.P., FRITTS, T.H., SNELL, H.L.,
BETTS, J., AND POWELL, J.R. 2002. Phylogeography and history of
giant Galápagos tortoises. Evolution 56:2052-2066.

CACCONE, A., GENTILE, G., BURNS, C.E., SEZZI, E., BERGMAN, W.,
RUELLE, M., SALTONSTALL, K., AND POWELL, J.R.. 2004. Extreme
difference in rate of mitochondrial and nuclear DNA evolution in
a large ectotherm, Galápagos tortoises, Molecular Phylogenetic
and Evolution 31:794-798.

CANN, J., AND LEGLER, J.M. 1994. The Mary River Tortoise: A new
genus and species of short-necked chelid from Queensland, Aus-
tralia (Testudines: Pleurodira). Chelonian Conservation and Biol-
ogy 1:81-96.

CAO, Y., SORENSON, M.D., KUMAZAWA , Y., MINDELL, D.P., AND

HASEGAWA, M. 2000. Phylogenetic position of turtles among
amniotes: Evidence from mitochondrial and nuclear genes. Gene
259:139-148.

CARR, J.L. 1991. Phylogenetic analysis of the Neotropical turtle genus
Rhinoclemmys Fitzinger (Testudines: Emydidae). Ph.D. disserta-
tion. Southern Illinois University, Carbondale, Illinois.

CARR, J.L., AND BICKHAM, J.W. 1986. Phylogenetic implications of
karyotypic variation in the Batagurinae (Testudines: Emydidae).
Genetica 70:89-106.

CASPERS, G.-J., REINDERS, G.-J., LEUNISSEN, J.A., WATTEL, J., AND DE

JONG, W.W. 1996. Protein sequences indicate that turtles branched
off from the amniote tree after mammals. Journal of Molecular
Evolution 42:580-586.

CERVELLI, M., OLIVERIO, M., BELLINI , A., BOLOGNA, M., CECCONI, F.,
AND MARIOTTINI, P. 2003. Structural and sequence evolution of U17
small nucleolar RNA (snoRNA) and its phylogenetic congruence
in chelonians. Journal of Molecular Evolution 57:73-84.

CHIEN, J.-T., SHEN, S.-T., LIN, Y.-S., AND YU, J. Y.-L. 2005. Molecular
cloning of the cDNA encoding follicle-stimulating hormone b subunit
of the Chinese soft-shell turtle Pelodiscus sinensis and its gene expres-
sion. General and Comparative Endocrinology 141:190-200.



16 Defining Turtle Diversity  •  Chelonian Research Monographs, No. 4 – 2007

CIOFI, C., MILINKOVITCH , M.C., GIBBS, J.P., CACCONE, A., AND POWELL,
J.R. 2002. Microsatellite analysis of genetic divergence among
populations of giant Galápagos tortoises. Molecular Ecology
11:2265-2283.

CLAUDE, J., PARADIS, E., TONG, H., AND AUFFRAY, J.-C. 2003. A
geometric morphometric assessment of the effects of environment
and cladogenesis on the evolution of the turtle shell. Biological
Journal of the Linnean Society 79:485-501.

CRACRAFT, .J., AND DONOGHUE, M.J. 2004. Assembling the tree of life.
Oxford: Oxford University Press, 516 pp.

CRUMLY, C.R. 1982. A cladistic analysis of Geochelone using cranial
osteology. Journal of Herpetology 16:215-234.

CRUMLY, C.R. 1984a. The evolution of land tortoises (family
Testudindae). Ph.D. dissertation. Rutgers University, Newark,
New Jersey.

CRUMLY, C.R. 1984b (1985). A hypothesis for the relationship of land
tortoise genera (family Testudinidae). Studia Geologica
Salmanticensia, Studia Palaeochelonologica 1:115-124.

CRUMLY, C.R. 1993. Phylogenetic systematics of North American
tortoises (genus Gopherus): Evidence of their classification. In:
Bury, R. B., and Germano. D.J. (Eds.). Biology of North American
Tortoises. Washington DC: U.S. Dept. Interior, National Biologi-
cal Survey, Fish and Wildlife Research 13:7-32.

CRUMLY, C.R., AND SÁNCHEZ-VILLEGRA, M.R. 2004. Patterns of varia-
tion in the phalangeal formulae of land tortoises (Testudinidae):
Developmental constraint, size, and phylogenetic history. Journal
of Experimental Zoology 302B:134-146.

CUNNINGHAM, J. 2002. A molecular perspective on the family
Testudinidae Batsch, 1788. Ph.D. dissertation. University of Cape
Town, South Africa.

DE BROIN, F. 1988. Les Tortues et le Gondwana: Examen des rapports
entre le fractionnement du Gondwana et la dispersion géographique
des tortues pleurodires á partir du Crétacé. Studia Geologica
Salmanticensia, Studia Palaeocheloniologica 2:103-142.

DE QUEIROZ, A., AND ASHTON, K.G. 2004. The phylogeny of a species-
level tendency: Species heritability and possible deep origins of
Bergmann’s rule in tetrapods. Evolution 58:1674-1684.

DERR, J.N., BICKHAM, J.W., GREENBAUM, I.F., RHODIN, A.G.J., AND

MITTERMEIER, R.A. 1987. Biochemical systematics and evolution
in the South American turtle genus Platemys (Pleurodira: Chelidae).
Copeia 1987:370-375.

DIESMOS, A.C., PARHAM, J.F., STUART, B.L., AND BROWN, R.M. 2005.
The phylogenetic position of the recently rediscovered Philippine
Forest Turtle (Bataguridae: Heosemys leytensis). Proceedings of
the California Academy of Sciences 56:31-41.

DUTTON, P. H., BOWEN, B.W., OWENS, D.W., BARRIGAN, A., AND DAVIS,
S.K. 1999. Global phylogeography of the leatherback turtle
(Dermochelys coriacea). Journal of Zoology (London) 248:397-409.

DUTTON, P.H., DAVIS, S.K., GUERRA, T., AND OWENS, D. 1996. Molecu-
lar phylogeny for marine turtles based on sequences of the ND4-
Leucine rRNA and control regions of mitochondrial DNA. Mo-
lecular Phylogenetics and Evolution 5:511-521.

ENGSTROM, T., AND MCCORD, W.P. 2002. Molecular support for the
taxonomic conclusions of McCord and Pritchard (2002), regard-
ing Chitra. Hamadryad 27:57-61.

ENGSTROM, T.N., SHAFFER, H.B., AND MCCORD, W.P. 2002. Phyloge-
netic diversity of endangered and critically endangered southeast
Asian softshell turtles (Trionychidae: Chitra). Biological Conser-
vation 104:173-179.

ENGSTROM, T.N., SHAFFER, H.B., AND MCCORD, W.P. 2004. Multiple
data sets, high homoplasy, and the phylogeny of softshell turtles
(Testudines, Trionychidae). Systematic Biology 53:693-710.

FELDMAN, C.R., AND PARHAM, J.F. 2001. Molecular systematics of
emydine turtles: Linnaeus fund research report. Chelonian Con-
servation and Biology 4:224-228.

FELDMAN, C.R., AND PARHAM, J.F. 2002. Molecular phylogenetics of
emydine turtles: taxonomic revision and the evolution of shell
kinesis. Molecular Phylogenetics and Evolution 22:388-398.

FELDMAN, C.R., AND PARHAM, J.F. 2004. Molecular systematics of Old
World stripe-necked turtles (Testudines: Mauremys). Asiatic Her-
petological Research 10:28-37.

FORSTNER, M.R.J., DIXON, J.R., GUERRA, T.M., MCKNIGHT, J.L.,
STUART, J., AND DAVIS, S.K. 2007(in press). Status of U.S. popula-
tions of the Big Bend slider (Trachemys gaigeae). Proceedings of
the 6th Symposium of the Chihuahuan Desert Research Institute.

FRAIR, W. 1982. Serum electrophoresis and sea turtle classification.

Comparative Biochemical Physiology 72B:1-4.
FRITZ, U. 1996. Zur innerartlichen Variabilität von Emys orbicularis

(Linnaeus, 1758); 5b. Intraspezifische Hierarchie und Zoogeographie
(Reptilia: Testudines: Emydidae). Zoologische Abhandlungen
Staatliches für Museum Tierkunde Dresden 49:31-71.

FRITZ, U., BARATA, M., BUSACK, D.D, FRITZSCH, G., AND CASTIHO, R.
2006. Impact of mountain chains, sea straits and peripheral popu-
lations on genetic and taxonomic structure of a freshwater turtle,
Mauremys leprosa (Reptilia, Testudines, Geoemydidae). Zoologica
Scripta 35:97-108.

FRITZ, U., CADI, A., CHEYLAN, M., COÏC, C., DÉTAINT, M., OLIVIER, A.,
ROSECCHI, E., GUICKING, D., LENK, P., JOGER, U., AND WINK, M.
2005a. Distribution of mtDNA haplotypes (cytb) of Emys orbicu-
laris in France and implications for postglacial recolonization.
Amphibia-Reptilia 26:231-238.

FRITZ, U., FATTIZZO, T., GUICKING, D., TRIPEPI, S., PENNISI, M.G., LENK, P.,
JOGER, U., AND WINK, M. 2005b. A new cryptic species of pond turtle
from southern Italy, the hottest spot in the range of the genus Emys
(Reptilia, Testudines, Emydidae). Zoologica Scripta 34:351-371.

FRITZ, U., GUICKING, D., LENK, P., JOGER, U., AND WINK, M. 2004.
When turtle distribution tells European history: mtDNA haplotypes
of Emys orbicularis reflect in Germany former division by the Iron
Curtain. Biologia, Bratislavia 59 (Supplement 14):19-25.

FRITZ, U., AND OBST, F.J. 1996. Zur Kenntnis der Celebes-
Erdschildkröte, Heosemys yuwonoi (McCord, Iverson & Boeadi,
1995). Herpetofauna 18:27-34.

FRITZ, U., SIROKY, P., KAMI , H., AND WINK, M. 2005c. Environmen-
tally caused dwarfism or a valid species — Is Testudo weissingeri
Bour, 1996 a distinct evolutionary lineage? New evidence from
mitochondrial and nuclear genomic markers. Molecular
Phylogenetics and Evolution 38:60-74.

FUJITA, M.K., ENGSTROM, T.N., STARKEY, D.E., AND SHAFFER, H.B.
2004. Turtle phylogeny: insights from a novel nuclear intron.
Molecular Phylogenetics and Evolution 31:1031-1040.

GAFFNEY, E.S. 1975. A phylogeny and classification of the higher
categories of turtles. Bulletin of the American Museum of Natural
History 155:387-436.

GAFFNEY, E.S. 1975. Phylogeny of the chelydrid turtles: A study of shared
derived characters of the skull. Fieldiana Geology 33:157-178.

GAFFNEY, E.S. 1976. Cranial morphology of the European Jurassic
turtles Portlandemys and Plesiochelys. Bulletin of the American
Museum of Natural History 157:487-544.

GAFFNEY, E.S. 1977. The side-necked turtle family Chelidae: A
theory of relationships using shared derived characters. American
Museum Novitates 2620:1-28.

GAFFNEY, E.S. 1979. Comparative cranial morphology of recent and
fossil turtles. Bulletin of the American Museum of Natural History
164:65-376.

GAFFNEY, E.S. 1984a. Historical analysis of theories of chelonian
relationship. Systematic Zoology 33:283-301.

GAFFNEY, E.S. 1984b (1985). Progress towards a natural hierarchy of
turtles. Studia Geologica Salmanticensia, Studia
Palaeocheloniologica 1:125-131.

GAFFNEY, E.S. 1988. A cladogram of the pleurodiran turtles. Acta
Zoologica Cracov 30(15):487-492.

GAFFNEY, E.S. 1996. The postcranial morphology of Meiolania
platyceps and a review of the Meiolaniidae. Bulletin of the Ameri-
can Museum of Natural History 229:1-165.

GAFFNEY, E.S., KOOL, L., BRINKMAN, D.B., RICH, T.H., AND VICKERS-
RICH, P. 1998. Otwayemys, a new cryptodiran turtle from the Early
Cretaceous of Australia. American Museum Novitates 3233:1-28.

GAFFNEY, E.S., AND MEYLAN, P.A. 1988. A phylogeny of turtles. In:
Benton, M.J. (Ed.). The phylogeny and classification of tetrapods.
Vol. 1. Oxford: Clarendon, pp. 157-219.

GAFFNEY, E.S., AND MEYLAN, P.A. 1992. The Transylvanian turtle,
Kallokibotion, a primitive cryptodire of Cretaceous age. American
Museum Novitates 3040:1-37.

GAFFNEY, E.S., MEYLAN, P.A, AND WYSS, A.R. 1991. A computer
assisted analysis of the higher categories of turtles. Cladistics
7:313-335.

GAUR, A., REDDY, A., ANNAPOORNI, S., SATYAREBALA , B., AND SHIVAJI,
S. 2006. The origin of Indian Sate Tortoises (Geochelone elegans)
based on nuclear and mitochondrial DNA analysis: A story of
rescue and repatriation. Conservations Genetics 7:231-240.

GEORGES, A., AND ADAMS, M. 1992. A phylogeny for the Australian
chelid turtles based on allozyme electrophoresis. Australian Jour-



17IVERSON ET AL. – Supertrees

nal of Zoology 40:453-76.
GEORGES, A., BIRRELL, J., SAINT, K.M., MCCORD, W., AND DONNELLAN,

S.C. 1998. A phylogeny for side-necked turtles (Chelonia:
Pleurodira) based on mitochondrial and nucleolar gene sequence
variation. Biological Journal of the Linnean Society 67:213-246.

GEORGES, A., ADAMS, M., AND MCCORD, W. 2002. Electrophoretic
delineation of species boundaries within the genus Chelodina
(Testudines: Chelidae) of Australia, New Guinea and Indonesia.
Zoological Journal of the Linnean Society 134:401-421.

GEORGES, A., AND THOMSON, S. 2006. Evolution and Zoogeography of
Australian freshwater turtles. In: Merrick, J.R., Archer, M., Hickey,
G., and Lee, M. (eds.), Evolution and Zoogeography of Australasian
Vertebrates. Sydney: Australian

GERLACH, J. 2001. Tortoise phylogeny and the ‘Geochelone’ prob-
lem. Phelsuma 9A:1-24.

GERLACH, J. 2004. Giant Tortoises of the Indian Ocean. The genus
Dipsochelys inhabiting the Seychelles Islands and the extinct
giants of Madagascar and the Mascarenes. Frankfurt, Germany:
Edition Chimaira.

GMIRA, S. 1993. Une nouvelle espèce de tortue Testudininei (Testudo
kenitrensis n. sp.) de l’inter Amirien-Tensiftien de Kénitra (Maroc).
Comptes Rendu de Académie des Sciences, Paris 316:701-707.

GUICKING, D., FRITZ, U., WINK, M., AND LEHR, E. 2002. New data on
the diversity of the Southeast Asian leaf turtle genus Cyclemys
Bell, 1834: Molecular results (Reptilia: Testudines: Geoemydidae).
Faunitische Abhandlungen Staatliches für Museum Tierkunde
Dresden 23:75-86.

HAIDUK, M.W., AND BICKHAM, J.W. 1982. Chromosomal homologies
and evolution of testudinoid turtles with emphasis on the system-
atic placement of Platysternon. Copeia 1982:60-66.

HAY, O.P. 1908. The fossil turtles of North America. Publications of
the Carnegie Institution 75:1-568.

HEDGES, S.B., MOBERG, K.D., AND MAXSON, L.R. 1990. Tetrapod
phylogeny inferred from 18S and 28S ribosomal RNA sequences
and a review of the evidence for amniote relationships. Molecular
Biology and Evolution 7:607-633.

HEDGES, S.B., AND POLING, L.L. 1999. A molecular phylogeny of
reptiles. Science 283:998-1001.

HERREL, A., O’REILLY, J.C., AND RICHMOND, A.M. 2002. Evolution of
bite performance in turtles. Journal of Evolutionary Biology
15:1083-1094.

HILL , R. V. 2005. Integration of morphological data sets for phyloge-
netic analysis of Amniota: The importance of integumentary
characters and increased taxonomic sampling. Systematic Biology
54:530-547.

HIRAYAMA , R. 1984 (1985). Cladistic analysis of batagurine turtles
(Batagurinae: Emydidae: Testudinoidea); A preliminary result.
Studia Geologica Salmanticensia, Studia Palaeocheloniologica
1:141-157.

HIRAYAMA , R. 1991. Phylogenetic relationships of Chinemys nigricans
(Family Bataguridae; Superfamily Testudinoidea): An example of
cladistic analysis. Journal of the Teikyo University of Technology
3:63-69.

HIRAYAMA , R. 1994. Phylogenetic systematics of chelonioid sea
turtles. The Island Arc 3:270-284.

HIRAYAMA , R. 1998. Oldest known sea turtle, Nature 392:705-708.
HIRAYAMA , R., BRINKMAN, D.B., AND DANILOV , I.G. 2000. Distribution

and biogeography of non-marine Cretaceous turtles. Russian
Journal of Herpetology 7:181-198.

HIRAYAMA , R., AND CHITOKU, T. 1996. Family Dermochelyidae (Su-
perfamily Chelonioidea) from the Upper Cretaceous of North
Japan. Transactions and Proceedings of the Palaeontological So-
ciety of Japan, new series, 184:597-622.

HONDA, M., YASUKAWA, Y., AND OTA. H. 2002a. Phylogeny of
Eurasian freshwater turtles of the genus Mauremys Gray 1869
(Testudines), with special reference to a close affinity of Mauremys
japonica with Chinemys reevesii. Journal of Zoological Systemat-
ics and Evolutionary Research 40:195-200.

HONDA, M., YASUKAWA, Y., HIRAYAMA , R., AND OTA, H. 2002b.
Phylogenetic relationships of the Asian box turtles of the genus
Cuora sensu lato (Reptilia: Bataguridae) inferred from mitochon-
drial DNA sequences. Zoological Science 19:1305-1312.

HUTCHISON J.H. 1991. Early Eocene Kinosternidae (Reptilia:
Testudines) and their phylogenetic significance. Journal of Verte-
brate Paleontology 11:145-167.

HUTCHISON, J.H., AND BRAMBLE, D.M. 1981. Homology of the plastral

scales of the Kinosternidae and related turtles. Herpetologica
37:73-85.

IVERSON, J.B. 1991. Phylogenetic hypotheses for the evolution of
modern kinosternine turtles. Herpetological Monographs 5:1-27.

IVERSON, J.B. 1992. A revised checklist with distribution maps of the turtles
of the world. Richmond, Indiana: privately published, 374 pp.

IVERSON, J.B. 1998. Molecules, morphology, and mud turtle
phylogenetics (Family Kinosternidae). Chelonian Conservation
and Biology 3: 113-117.

IVERSON, J.B., AND MCCORD, W.P. 1994. Variation in East Asian
turtles of the genus Mauremys (Bataguridae: Testudines). Journal
of Herpetology 28:178-187.

IVERSON, J.B., SPINKS, P., SHAFFER, H.B., MCCORD, W.P., AND DAS, I.
2001. Phylogenetic relationships among the Asian tortoises of the
genus Indotestudo (Reptilia: Testudines: Testudinidae). Hamadryad
26:271-274.

IWABE, N., HARA, Y., KUMAZAWA , Y., SHIBAMOTO, K., SAITO, Y.,
MIYATA , T., AND KATOH, K. 2005. Sister group relationships of
turtles to the bird-crocodilian clade revealed by nuclear DNA-
coded proteins. Molecular Biology and Evolution 22:810-813.

JAMNICZKY , H.A., AND RUSSELL, A.P. 2004. Cranial arterial foramen
diameter in turtle: A quantitative assessment of size-independent
phylogenetic signal. Animal Biology 54:417-436.

JANZEN, F.J., AND KRENZ, J.G. 2004. Phylogenetics. IN: Valenzuela,
N., and Lance, V., Temperature-dependent Sex Determination in
Vertebrates. Washington, D.C.: Smithsonian Books, pp. 121-130.

KARL, S.A., AND BOWEN, B.W. 1999. Evolutionary significant units versus
geopolitical taxonomy: Molecular systematics of an endangered sea
turtle (genus Chelonia). Conservation Biology 13:990-999.

KARL, S.A., AND WILSON, D.S. 2001. Phylogeography and systematics
of the mud turtle, Kinosternon baurii. Copeia 2001:797-801.

KOJIMA, K.K., AND FUJIWARA, H. 2005. Long-term inheritance of the
28S rDNA-specific retrotransposon R2. Molecular Biology and
Evolution 22:2157-2165.

KORDIKOVA, E.G. 2002. Heterochrony in the evolution of the shell of
Chelonia. Part 1: Terminology, Cheloniidae, Dermochelyidae,
Trionychidae, Cyclanorbidae, and Carettochelyidae. N. Jahrbuch
Paläontology Abhandlungen 226:343-417.

KRENZ, J.G., NAYLOR, G.J.P., SHAFFER, H.B., AND JANZEN, F.J. 2005.
Molecular phylogenetics and evolution of turtles Molecular
Phylogenetics and Evolution 37:178-191.

LAHANAS, P.N., MIYAMOTO, M.M., BJORNDAL, K.A., AND BOLTEN, A.B.
1994. Molecular evolution and population genetics of Greater
Caribbean green turtle (Chelonia mydas) as inferred from mito-
chondrial DNA control region sequences. Genetica 94:57-67.

LAMB, T., AND LYDEARD, C. 1994. A molecular phylogeny of the gopher
tortoises, with comments on familial relationships within the
Testudinoidea. Molecular Phylogenetics and Evolution 3:283-291.

LAMB, T., AVISE, J.C., AND GIBBONS, J.W. 1989. Phylogeographic
patterns in mitochondrial DNA of the desert tortoise (Xerobates
agassizii), and evolutionary relationships among the North Ameri-
can gopher tortoises. Evolution 43:76-87.

LAMB, T., LYDEARD, C., WALKER, R.B., AND GIBBONS, J.W. 1994.
Molecular systematics of map turtles (Graptemys): a comparison
of mitochondrial restriction sites versus sequence data. Systematic
Biology 43:543-559.

LAMB, T., AND OSENTOVSKI, M.F. 1997. On the paraphyly of
Malaclemys: a molecular genetic assessment. Journal of Herpetol-
ogy 31:258-265.

LAPPARENT DE BROIN, F. 2000. The oldest pre-Podocnemidid turtle
(Chelonii, Pleurodira), from the early Cretaceous, Ceará state
Brasil, and its environment. Treballs del Museu de Geologia de
Barcelona 9:43-95.

LAPPARENT DE BROIN, F., AND MURELAGA, X. 1999. Turtles from the
Upper Cretaceous of Laño (Iberian Peninsula). Estudios del Museo
de Ciecnias Naturales de Alava 14(Número especial 1):135-211.

LE, M., AND MCCORD, W. P. In Review. Phylogenetic relationships and
biogeographic history of the genus Rhinoclemmys Fitzinger 1835, and
the monophyly of the turtle family Geoemydidae (Testudines:
Testudinoidea). Zoological Journal of the Linnean Society.

LE, M.D. 2006. Systematics, Biogeography, and Conservation Status
of the Turtle Family Geoemydidae. Ph.D. dissertation. Columbia
University, New York.

LE, M., RAXWORTHY, C.J., MCCORD, W.P., AND MERTZ, L. 2006. A
molecular phylogeny of tortoises (Testudines: Testudinidae) based
on mitochondrial and nuclear genes. Molecular Phylogenetics and



18 Defining Turtle Diversity  •  Chelonian Research Monographs, No. 4 – 2007

Evolution 40:517-531.
LEGLER, J.M., AND GEORGES, A. 1993. Biogeography and phylogeny

of the Chelonia. In: Glasby, C.J., Ross, G.J.B., and Beesely, P.L.
(Eds.). Fauna of Australia, Vol 2A. Amphibia & Reptilia. Canberra:
Australian Government. Publishing Service, pp.129-132.

LENK, P, FRITZ, U., JOGER, U., AND WINK, M. 1999a. Mitochondrial
phylogeography of the European pond turtle, Emys orbicularis
(Linnaeus 1758). Molecular Ecology 8:1911-1922.

LENK, P, JOGER, U., FRITZ, U., HEIDRICH, P., AND WINK, M. 1999b.
Phylogenetic patterns in the mitochondrial cytochrome b gene of
the European pond turtle (Emys orbicularis): First results.
Proceeedings of the EMYS Symposium Dresden, Mertensiella
10:159-175.

LESIA, M.G.A., HOFMEYR, M.D., AND D’A MATO, M.E. 2003. Genetic
variation in three Chersina angulata (Angulate Tortoise) popula-
tions along the west coast of South Africa. African Zoology
38:109-117.

LIAO, C-H., HO, W.-Z., HUANG, H-W., KUP, C.-H., LEE, S.-C., AND LI,
S. S.-L. 2001. Lactate dehydrogenase genes of caiman and Chinese
soft-shelled turtle, with emphasis on the molecular phylogenetics
and evolution of reptiles. Gene 279:63-67.

LIEB, C.S., SITES, J.W., AND ARCHIE, J.W. 1999. The use of isozyme
characters in systematic studies of turtles: Preliminary data for Austra-
lian chelids. Biochemical Systematics and Ecology 27:157-183.

LIMPUS, C.J., GYURIS, E., AND MILLER, J.D. 1988. Reassessment of the
taxonomic status of the sea turtle genus Natator McCulloch 1908
with a redescription of the genus and species. Transactions of the
Royal Society of South Australia 112(1/2):1-10.

LINDEMAN, P.V. 2000a. Evolution of the relative width of the head and
alveolar surfaces in map turtles (Testudines: Emydidae: Graptemys).
Biological Journal of the Linnean Society 69:549-576.

LINDEMAN, P.V. 2000b. Resource use of five sympatric turtle species:
Effects of competition, phylogeny, and morphology. Canadian
Journal of Zoology 78:992-1008.

LINDEMAN, P.V., AND SHARKEY, M.J. 2001. Comparative analyses of
functional relationships in the evolution of trophic morphology in the
map turtles (Emydidae: Graptemys). Herpetologica 57:313-318.

LO, C.-F., LIN, Y.-R., CHANG, H.-C., AND LIN, J.-H. 2006. Identifica-
tion of turtle shell and its preparations by PCR-DNA sequencing
method. Journal of Food and Drug Analysis 14:153-158.

LOVERIDGE, A., AND WILLIAMS , E.E. 1957. Revision of the African
tortoises and turtles of the suborder Cryptodira. Bulletin of the
Museum of Comparative Zoology, Harvard 115:163-557.

MANNEN, H., AND STEVEN, S.S.-L. 1999. Molecular evidence for a clade of
turtles. Molecular Phylogenetics and Evolution 13:144-148.

MARLOW, R.W., AND PATTON, J.L. 1981. Biochemical relationships of
the Galápagos giant tortoises (Geochelone elephantopus). Journal
of Zoology, London 195:413-422.

MCCORD, W.P., IVERSON, J.B., SPINKS, P., AND SHAFFER, H.B. 2000. A
new genus of geoemydid turtle from Asia (Testudines). Ha-
madryad 25:86-90.

MCCORD, W.P., IVERSON, J.B., AND BOEADI. 1995. A new batagurid
turtle from northern Sulawesi, Indonesia. Chelonian Conservation
and Biology 1:311-316.

MCCORD, W.P., JOSEPH-OUNI, M., AND LAMAR, W.W. 2002. A taxo-
nomic reevaluation of Phrynops (Testudines: Chelidae) with the
description of two new genera and a new species of Batrachemys.
Revista Biologica Tropical 49:715-764.

MCCORD, W.P., AND PRITCHARD, P.C.H. 2002. A review of the
softshell turtles of the genus Chitra, with the description of new
taxa from Myanmar and Java. Hamadryad 27:11-56.

MEGIRIAN, D., AND MURRAY, P. 1999. Chelid turtles (Pleurodira,
Chelidae) from the Miocene Camfield Beds, Northern Territory of
Australia, with a description of a new genus and species. Beagle
15:75-130.

MEYER, A., AND ZARDOYA, R. 2003. Recent advances in the (molecu-
lar) phylogeny of vertebrates. Annual Review of Ecology, Evolu-
tion, and Systematics 34:311-338.

MEYLAN, P.A. 1984(1985). Evolutionary relationships of Recent trionychid
turtles: Evidence from shell morphology. Studia Geologica
Salmanticensia, Studia Palaeocheloniologica 1:169-188.

MEYLAN, P.A. 1986. New land tortoises (Testudines: Testudinidae)
from the Miocene of Africa. Zoological Journal of the Linnean
Society 86:279-307.

MEYLAN, P.A. 1987. The phylogenetic relationships of soft-shelled
turtles (family Trionychidae). Bulletin of the American Museum

of Natural History 186:1-101.
MEYLAN, P.A. 1988. Peltochelys Dollo and the relationships among

the genera of the Carettochelyidae (Testudines: Reptilia).
Herpetologica 44:440-450.

MEYLAN, P.A. 1996. Skeletal morphology and relationships of the
early Cretaceous side-necked turtle Araripemys barretoi
(Testudines: Pelomedusoides: Araripemydidae), from the Santana
Formation of Brazil. Journal of Vertebrate Paleontology 16:20-33.

MEYLAN, P.A., AND GAFFNEY, E.S. 1989. The skeletal morphology of
the Cretaceous cryptodiran turtle, Adocus, and the relationships of
the Trionychoidea. American Museum Novitates 2941:1-60.

MEYLAN, P.A., MOODY, R.T.J., WALKER, C.A., AND CHAPMAN, S.D.
2000. Sandownia harrisi, a highly derived trionychoid turtle
(Testudines: Cryptodira) from the early Cretaceous of the Isle of
Wight, England. Journal of Vertebrate Paleontology 20:522-532.

MEYLAN, P.A., AND STERRER, W. 2000. Hesperotestudo (Testudines:
Testudinidae) from the Pleistocene of Bermuda, with comments
on the phylogenetic position of the genus. Zoological Journal of the
Linnean Society 128:51-76.

MEYLAN, P.A., WEIG, B.S., AND WOOD, R.C. 1990. Fossil soft-shelled
turtles (family Trionychidae) of the Lake Turkana basin, Africa.
Copeia 1990:508-528.

MILSTEAD, W.W. 1969. Studies on the evolution of box turtles (genus
Terrapene). Bulletin of the Florida State Museum, Biological
Sciences 14:1-113.

MINX, P. 1996. Phylogenetic relationships among the box turtles,
genus Terrapene. Herpetologica 52:584-597.

MLYNARSKI, M. 1976. Testudines. In: Kuhn, O. (Ed.), Handbuch der
Paaoherpetologie Part 7. Stuttgart: Gustav Fisher Verlag, pp. 1-130.

MOEN, D.S. 2006. Cope’s Rule in cryptodiran turtles: Do the body
sizes of extant species reflect a trend of phyletic size increase?
Journal of Evolutionary Biology 19:1210-1121.

MOODY, R.T.J. 1984. The relative importance of cranial/post cranial
characters in the classification of sea turtles. Studia Geologica
Salmanticensia, Studia Palaeocheloniologica 1:205-213.

MORAFKA, D.J., AGUIRRE, G., AND MURPHY, R.W. 1994. Allozyme
differentiation among gopher tortoises (Gopherus): Conservation
genetics and phylogenetic and taxonomic implications. Canadian
Journal of Zoology 72:1665-1671.

MÜHLMANN-DIAZ, M.C., ULSH, B.A., WHICKER, F.W., HINTON, T.G.,
CONGDON, J.D., ROBINSON, J.F., AND BEDFORD, J.S. 2001. Conserva-
tion of chromosome 1 in turtles over 66 million years. Cytogenetics
and Cell Genetics 92:139-143.

NEAR, T.J., MEYLAN, P.A., AND SHAFFER, H.B. 2005. Assessing
concordance of fossil calibration points in molecular clock studies:
an example using turtles. The American Naturalist 165:137-146.

NOONAN, B.P. 2000. Does the phylogeny of pelomedusoid turtles
reflect vicariance due to continental drift? Journal of Biogeogra-
phy 27:1245-1249.

NOONAN, B.P., AND CHIPPINDALE, P.T. 2006. Vicariant origin of
Malagasy reptiles supports Late Cretaceous Antarctic land bridge.
American Naturalist 168:730-741.

OKAYAMA , T., DIAZ-FERNANDEZ, R., BABA, Y., HALIM , M., ABE, O.,
AZENO, N., AND KOIKE, H. 1999. Genetic diversity of the hawksbill
turtle in the Indo-Pacific and Caribbean regions. Chelonian Con-
servation and Biology 3:362-367.

PALKOVACS, E.P., GERLACH, J., AND CACCONE, A. 2002. The evolution-
ary origin of Indian Ocean tortoises (Dipsochelys). Molecular
Phylogenetics and Evolution 24:216-227.

PARHAM, J.F., AND FASTOVSKY, D.E. 1997. The phylogeny of cheloniid sea
turtles revisited. Chelonian Conservation and Biology 2:548-554.

PARHAM, J.F., AND FELDMAN, C.R. 2002. Generic revisions of emydine
turtles. Turtle and Tortoise Newsletter 6:30-32.

PARHAM, J.F., FELDMAN, C.R., AND BOORE, J.L. 2006a. The complete
mitochondrial genome of the enigmatic bigheaded turtle
(Platysternon): Description of unusual genomic features and the
reconciliation of phylogenetic hypotheses based on mitochondrial
and nuclear DNA. Evolutionary Biology 6:xx-xx.

PARHAM, J.F., MACEY, J.R., PAPENFUSS, T.J., FELDMAN, C.R., TURKOZAN,
O., POLYMENI, R., AND BOORE, J. 2006b. The phylogeny of Mediter-
ranean tortoises and their close relatives based on complete mito-
chondrial genome sequences from museum specimens. Molecular
Phylogenetics and Evolution 38:50-64.

PARHAM, J.F., SIMISON, W.B., KOZAK, K.H., FELDMAN, C.R., AND SHI,
H. 2001. New Chinese turtles: endangered or invalid? A reassess-
ment of two species using mitochondrial DNA, allozyme electro-



19IVERSON ET AL. – Supertrees

phoresis and known-locality specimens. Animal Conservation
4:357-367.

PARHAM, J. F, STUART, B.L., BOUR, R., AND FRITZ, U. 2004. Evolution-
ary distinctiveness of the extinct Yunnan box turtle (Cuora
yunnanensis) revealed by DNA from an old museum specimen.
Proceedings of the Royal Society, London B (Biology Letters
Supplement) 271:S391-S394.

PENG, Q.-L, PU, Y.-G., WANG, Z.-F., AND NIE, L.-W. 2005. Complete
mitochondrial genome sequence analysis of Chinese softshell
turtle (Pelodiscus sinensis). Chinese Journal of Biochemistry and
Molecular Biology 21:591-596.

PERALA, J. 2002. The genus Testudo (Testudines: Testudinidae):
Phylogenetic inferences. Chelonii 3:32-39.

PHILLIPS, C.A., DIMMICK , W.W., AND CARR, J.L. 1996. Conservation
genetics of the common snapping turtle (Chelydra serpentina).
Conservation Biology 10:397-405.

PRITCHARD, P.C.H. 1967. Living Turtles of the World. Jersey City,
New Jersey: TFH Publishing.

PRASCHAG, P., SCHMIDT, C., FRITZSCH, MÜLLER, A., GEMEL, R., AND

FRITZ, U. 2006. Geoemyda silvatica, an enigmatic turtle of the
Geoemydidae (Reptilia, Testudines), represents a distinct genus.
Organisms, Discovery and Evolution 6:151-162.

PRITCHARD, P.C.H. 1979. Taxonomy, evolution and zoogeography.
In: Harless, M., and Morlock, H. (Eds.). Turtles: Perspectives and
Research. New York: Wiley, pp. 1-42.

REST, J.S., AST, J.C., AUSTIN, C.C., WADDELL, P.J., TIBBETTS, E.A.,
HAY, J.M., AND MINDELL, D.P. 2003. Molecular systematics of
primary reptilian lineages and the tuatara mitochondrial genome.
Molecular Phylogenetics and Evolution 29:289-297.

REYNOSO, V.-H., AND MONTELLANO-BALLESTEROS, M. 2004. A new
giant turtle of the genus Gopherus (Chelonia: Testudinidae) from
the Pleistocene of Tamaulipas, Mexico, and a review of the
phylogeny and biogeography of gopher tortoises. Journal of Ver-
tebrate Paleontology 24:822-837.

RHODIN, A.G.J. 1994a. Chelid turtles of the Australasian archipelago:
I. A new species of Chelodina from southeastern Papua New
Guinea. Breviora 497:1-36.

RHODIN, A.G.J. 1994b. Chelid turtles of the Australasian archipelago:
II. A new species of Chelodina from Roti Island, Indonesia.
Breviora 498:1-31.

ROBERTS, M.A., SCHWARTZ, T.S., AND KARL, S.A. 2004. Global
population genetic structure and male-mediated gene flow in the
green sea turtle (Chelonia mydas): Analysis of microsatellite loci.
Genetics 166:1857-1870.

ROMAN, J., SANTHUFF, S.D., MOLER, P.E., AND BOWEN, B.W. 1999.
Population structure and cryptic evolutionary units in the Alligator
snapping turtle. Conservation Biology 13:135-142.

RUSSELLO, M.A., GLABERMAN, S., GIBBS, J., MARQUEZ, C., POWELL, J.,
AND CACCONE, A. 2005. A cryptic taxon of Galápagos tortoise in
conservation peril. Proceedings of the Royal Society of London B
(Supplement), Biology Letters 1:287-290..

SASAKI, T., TAKAHASHI , K., NIKAIDO, M., MIURA, S., YASUKAWA, Y.,
AND OKADA, N. 2004. First application of the SINE (Short Inter-
spersed Repetitive Element) method to infer phylogenetic rela-
tionships in reptiles: An example from the turtle superfamily
Testudinoidea. Molecular Biology and Evolution 21:705-715.

SEDDON, J.M., GEORGES, A., BAVERSTOCK, P.R., AND MCCORD, W.
1997. Phylogenetic relationships of chelid turtles (Pleurodira:
Chelidae) based on mitochondrial 12S rRNA gene sequence
variation. Molecular Phylogenetics and Evolution 7:55-61.

SEIDEL, M.E. 1988. Revision of the West Indian Emydid turtles
(Testudines). American Museum Novitates 2918:1-41.

SEIDEL, M.E. 1994. Morphometric analysis and taxonomy of cooter
and red-bellied turtles in the North American genus Pseudemys
(Emydidae). Chelonian Conservation and Biology 1:117-130.

SEIDEL. M.E. 1996. Current status of biogeography of the West Indian
turtles in the genus Trachemys (Emydidae). In: Powell, R., and
Henderson, R. W. (Eds.). Contributions to West Indian Herpetology:
A Tribute to Albert Schwartz. Society for the Study of Amphibians and
Reptiles, Contributions to Herpetology 12:169-174.

SEIDEL, M.E. 2002. Taxonomic observations on extant species and
subspecies of slider turtles, genus Trachemys. Journal of Herpetol-
ogy 36:285-292.

SEIDEL, M.E., IVERSON, J.B., AND ADKINS, M.D. 1986. Biochemical
comparisons and phylogenetic relationships in the family
Kinosternidae (Testudines). Copeia 1986:285-294.

SEIDEL, M.E., AND LUCCHINO, R.V. 1981. Allozymic and morphologi-
cal variation among the musk turtles Sternotherus carinatus, S.
depressus, and S. minor (Kinosternidae). Copeia 1981:119-128.

SEIDEL, M.E., REYNOLDS, S.L., AND LUCCHINO, R.V. 1981. Phylogenetic
relationships among musk turtles (genus Sternotherus) and genetic
variation in Sternotherus odoratus. Herpetologica 37:161-165.

SEMYENOVA, S.K., KORSUNENKO, A.V., VASILYEV, V.A., PERESCHKOLNIK,
S.L., MAZANAEVA , L.F., BANNIKOVA , A.A., AND RYSKOV, A.P. 2004.
RAPD variation in Mediterranean turtle Testudo graeca L.
(Testudinidae). Genetika 40:1628-1636. [Russian Journal of Ge-
netics 40:1348-1355]

SERB, J.M., PHILLIPS, C.A., AND IVERSON, J.B. 2001. Molecular phylog-
eny and biogeography of Kinosternon flavescens based on com-
plete mitochondrial control region sequences. Molecular
Phylogenetics and Evolution 18:149-162.

SHAFFER, H.B., MEYLAN, P., AND MCKNIGHT, M.L. 1997. Tests of turtle
phylogeny: molecular, morphological, and paleontological ap-
proaches. Systematic Biology 46:235-268.

SHAFFER, H.B., STARKEY, D.E, .AND FUJITA, M.K. 2007. In press.
Molecular insights into the systematics of the snapping turtles
(Chelydridae). In: Biology of the Snapping Turtle. Washington,
D.C.: Smithsonian Press.

SHI, H., PARHAM, J.F., SIMISON, W.B., WANG, J., GONG, S., AND FU, B.
2005. A report on the hybridisation between two species of
threatened Asian box turtles (Testudines: Cuora) in the wild on
Hainan Island (China) with comments on the origin of ‘serrata’-
like turtles. Amphibia-Reptilia 26:377-381.

SHISHIKAWA, F. 2002. The primary structure of hemoglobin D from
the Aldabra Giant Tortoise, Geochelone gigantea. Zoological
Science 19:197-206.

SHISHIKAWA, F, AND TAKAMI , K. 2001. The amino acid sequences of the
a- and b-globin chains of hemoglobin from the Aldabra Giant
Tortoises, Geochelone gigantea. Zoological Science 18:515-526.

SITES, J.W., BICKHAM, J.W., PYTEL, B.A., GREENBAUM, I.F., AND BATES,
B.A. 1984. Biochemical characters and the reconstruction of turtle
phylogenies: Relationships among batagurine genera. Systematic
Zoology 33:137-158.

SITES, J.W., GREENBAUM, I.F., AND BICKHAM, J.W. 1981. Biochemical
systematics of Neotropical turtles of the genus Rhinoclemmys
(Emydidae: Batagurinae). Herpetologica 37:256-264.

SOUZA, F.L., CUNHA, A.F., OLIVEIRA, M.A., PEREIRA, A.G., AND DOS

REIS, S.F. 2003. Preliminary phylogeographic analysis of the
neotropical freshwater turtle Hydromedusa maximilani (Chelidae).
Journal of Herpetology 37:427-433.

SOUZA, F.L., CUNHA, A.F., OLIVEIRA, M.A., PEREIRA, A.G., PINHEIRO,
H.P., AND DOS REIS, S.F. 2002. Partitioning of molecular variation
at local spatial scales in the vulnerable Neotropical freshwater
turtle, Hydromedusa maximilani (Testudines, Chelidae): implica-
tions for the conservation of aquatic organisms in natural hierarchi-
cal systems. Biological Conservation 104:119-126.

SPINKS, P.Q., SHAFFER, H.B., IVERSON, J.B., AND MCCORD, W.P. 2004.
Phylogenetic hypotheses for the turtle family Geoemydidae. Mo-
lecular Phylogenetics and Evolution 32:164-182.

SPINKS, P.Q., AND SHAFFER, H.B. 2005. Range-wide molecular analy-
sis of the western pond turtle (Emys marmorata): Cryptic varia-
tion, isolation by distance, and their conservation implications.
Molecular Ecology 14:2047-2064.

SPINKS, P.Q., AND SHAFFER, H.B. 2006. Conservation phylogenetics of
the Asian box turtles (Geoemydidae: Cuora) using non-traditional
biological materials in species conservation. Conservation Genet-
ics xx. xxx.

SQALLI-HOUSSAINI, H., AND BLANC, C. P. 1990. Genetic variability of
four species of the genus Testudo (Linnaeus, 1758). Journal of the
Herpetological Assocation of Africa 37:1-12.

STARKEY, D. 1997. Molecular systematics and biogeography of the
New World turtle genera Trachemys and Kinosternon. Ph.D.
dissertation. Texas A&M University, College Station.

STARKEY, D.E., SHAFFER, H.B., BURKE, R.L., FORSTNER, M.R.J., IVERSON,
J.B., JANZEN, F.J., RHODIN, A.G.J., AND ULTSCH, G.R. 2003. Mo-
lecular systematics, phylogeography, and the effects of Pleis-
tocene glaciation in the painted turtle (Chrysemys picta) complex.
Evolution 57:119-128.

STEPHENS, P.R., AND WIENS, J.J. 2003. Ecological diversification and
phylogeny of emydid turtles. Biological Journal of the Linnean
Society 79:577-610.

STUART, B.L., AND PARHAM, J.F. 2004. Molecular phylogeny of the



20 Defining Turtle Diversity  •  Chelonian Research Monographs, No. 4 – 2007

critically endangered Indochinese box turtle (Cuora galbinifrons).
Molecular Phylogenetics and Evolution 30:164-177.

STUART, B.L., AND PARHAM, J.F. 2006. Recent hybrid origin of three
rare Chinese turtles. Conservation Genetics 8:169-175.

TAKAHASHI , A., OTSUKA, H., AND HIRAYAMA , R. 2003. A new species
of the genus Manouria (Testudines: Testudinata) from the Upper
Pleistocene of the Ryukyu Islands, Japan. Paleontological Re-
search 7:195-217.

TESSIER, N., PAQUETTE, S.R., AND LAPOINTE, F.J. 2005. Conservation
genetics of the wood turtle (Glyptemys insculpta) in Quebec,
Canada. Canadian Journal of Zoology 83:765-772.

TINKLE, D.W. 1958. The systematics and ecology of the Sternothaerus
carinatus complex (Testudinata, Chelydridae). Tulane Studies in
Zoology 6:1-56.

VAN DER KUYL, A.C., BALLASINA , D.L.PH., DEKKER, J.T., MAAS, J., WILLEMSEN,
R.E., AND GOUDSMIT, J. 2002. Phylogenetic relationships among the
species of the genus Testudo (Testudines: Testudinidae) inferred from
mitochondrial 12S rRNA gene sequences. Molecular Phylogenetics
and Evolution 22:174-183. [but see Perala, J. 2004. Tortoise System-
atics: A critique of a recent paper by Van Der Kuyl et al. (2002).
Herpetological Journal 14:51-53].

WALKER, D., AND AVISE, J.C. 1998 Principles of phylogeography as
illustrated by freshwater and terrestrial turtles in the southeastern
United States. Annual Review of Ecology and Systematics 29:23-
58.

WALKER, D., BURKE, V.J., BARAK, I., AND AVISE, J.C. 1995. A compari-
son of mtDNA restriction sites vs. control region sequences in
phylogeographic assessment of the musk turtle (Sternotherus
minor). Molecular Ecology 4:365-373.

WALKER, D., MOLER, P.E., BUHLMANN, K.A., AND AVISE, J.C. 1998a.
Phylogeographic patterns in Kinosternon subrubrum and K. baurii
based on mitrochondrial DNA restriction analysis. Herpetologica
54:174-184.

WALKER, D. NELSON, W.S., BUHLMAN, K.A., AND AVISE, J.C. 1997.
Mitochondrial DNA phylogeography and subspecies issues in the
monotypic freshwater turtle Sternotherus odoratus. Copeia
1997:16-21.

WALKER, D., ORTI, G., AND AVISE, J.C. 1998b. Phylogenetic distinc-
tiveness of a threatened aquatic turtle (Sternotherus depressus).
Conservation Biology 12:639-645.

WEISROCK, D.W., AND JANZEN, F.J. 2000. Comparative molecular
phylogeography of North American softshell turtles (Apalone):
Implications for regional and wide-scale historical evolutionary
forces. Molecular Phylogenetics and Evolution 14:152-164.

WHETSTONE, K.N. 1978. A new genus of cryptodiran turtles
(Testudinata, Chelydridae) from the Upper Cretaceous Hell Creek
Formation of Montana. University of Kansas Science Bulletin
51(17):539-563.

WILLIAMS , E.E. 1950. Testudo cubensis and the evolution of western
hemisphere tortoises. Bulletin of the American Museum of Natural
History 95:1-36.

WINK, M., GUICKING, D., AND FRITZ, U. 2001. Molecular evidence for
hybrid origin of Mauremys iversoni Pritchard et McCord, 1991,
and Mauremys pritchardi McCord, 1997 (Reptilia: Testudines:
Bataguridae). Zoologische Abhandlungen Staatliches für Mu-
seum Tierkunde Dresden 51:41-49.

WOOD, R.C. 1997. Turtles. In: Kay, R.F., Madden, R.H., Cifelli, R.L.,
and Flynn, J.J. Vertebrate Paleontology in the Neotropics: The
Miocene Fauna of La Venta, Colombia. Washington, D.C.:
Smithsonian Institution Press, pp. 155-170.

WOOD, R.C., JOHNSON-GOVE, J., GAFFNEY, E.S., AND MALEY, K.F.
1996. Evolution and phylogeny of leatherback turtles
(Dermochelyidae), with descriptions of new fossil taxa. Chelonian
Conservation and Biology 2:266-286.

WU, P., ZHOU, K.-Y, .AND YANG, Q. 1999. Phylogeny of Asian
freshwater and terrestrial turtles based on sequence analysis of 12S
rRNA gene fragment. Acta Zoologica Sinica 45:260-267.

YASUKAWA, Y., OTA, H., AND IVERSON, J.B. 1996. Geographic variation and
sexual size dimorphism in Mauremys mutica (Cantor, 1842) (Reptilia:
Bataguridae), with description of a new subspecies from the southern
Ryukyus, Japan. Zoological Science 13:303-317.

YASUKAWA, Y., HIRAYAMA , R., AND HIKIDA , T. 2001. Phylogenetic
relationships of geoemydine turtles (Reptilia: Bataguridae). Cur-
rent Herpetology 20:105-133.

ZANGERL, R. 1980. Patterns of phylogenetic differentiation in the toxochyid
and cheloniid sea turtles. American Zoologist 20:585-596.

ZANGERL, R., HENDRICKSON, L.P., AND HENDRICKSON, J.R. 1988. A
redescription of the Australian flatback sea turtle, Natator depressus.
Bishop Museum Bulletin in Zoology 1:1-69.

ZARDOYA, R., MALAGA-TRILLO, E., VEITH, M., AND MEYER, A. 2003.
Complete nucleotide sequence of the mitochondrial genome of a
salamander, Mertensiella luschani. Gene 317:17-27.

ZARDOYA, R., AND MEYER, A. 1998. Complete mitochondrial genome
suggests diapsid affinities of turtles. Proceedings of the National
Academy of Sciences 95:14226-14231.

ZHU, X.-P., DU, H.-J., ZHOU, L., LI, M.-Y., AND GUI, J.-F. 2005. Genetic
diversity analysis of Chinese three-keeled pond turtle (Chinemys
reevesii) by RAPD. Acta Hydrobiologica Sinica 29:167-171.

ZUG, G.R. 1966. The penial morphology and the relationships of
cryptodiran turtles. Occasional Papers of the Museum of Zoology,
University of Michigan 647:1-24.

ZUG, G.R. 1971. Buoyancy, locomotion, morphology of the pelvic
girdle and hindlimb, and systematics of cryptodiran turtle. Miscel-
laneous Publications, Museum of Zoology, University of Michi-
gan 142:1-98.

APPENDIX B

Literature sources on which the complied trees for turtles were
based. Most full citations appear in Appendix A; those listed here
lacked phylogenetic trees.

Family level (based primarily on Near et al., 2005; Fujita et al., 2004;
Shaffer et al., 1997; and Noonan, 2000; but see Krenz et al., 2005,
and Parham et al., 2006a, for the positions of the Chelydridae and
Platysternidae, respectively).

Chelidae (based primarily on Georges and Thomson, 2006, McCord
et al., 2002, and a 50% majority rule tree based on a parsimony
analysis of the data matrix in Bour and Zaher, 2005). Additional
sources included Derr et al. (1987), Georges et al. (1998), and the
following:

THOMSON, S., GEORGES, A., AND LIMPUS, C.J. 2006. A new species of
freshwater turtle in the genus Elseya (Testudines: Chelidae) from
central coastal Queensland, Australia. Chelonian Conservation
and Biology 5:74-86.

Pelomedusidae (based primarily on a preliminary interpretation of
morphology from Bour, 1983 and unpublished). Additional sources
included Noonan (2000), and the following:

BOUR, R. 1983. Trois populations endémiques de genre Pelusios
(Reptilia, Chelonii, Pelomedusidae) aux îles Seychelles; relations
avec les especes africaines et malgaches. Bull. Mus. Natl. Hist.
Natur. Paris 4(5):343-382.

BOUR, R. 1986. Notes sur Pelusios adansonii (Schweigger, 1812) et
sure une nouvelle espèce affine du Kenya (Chelonii,
Pelomedusidae). Studia Geologica Salmanticencsia. Studia
Palaeocheloniologica 2(2):23-54.

BOUR, R. 2000. Une nouvelle espèce de Pelusios du Gabon (Reptilia,
Chelonii, Pelomedusidae). Manouria 3(8):1-32.

BOUR, R., AND MARAN, J. 2003. Une nouvelle espèce de Pelusios de
Côte d’Ivoire (Reptilia, Chelonii, Pelomedusidae). Manouria
6(21):24-43.

Podocnemididae (based mainly on Starkey et al., unpublished MS;
Noonan, 2000; and Noonan and Chippindale, 2006).

Trionychidae (based on Engstrom et al., 2002 and 2004).
Cheloniidae (based primarily on Bowen and Karl, 1997); additional

sources included Dutton et al. (1996), and Parham and Fastovsky
(1997).

Chelydridae (based on Phillips et al., 1996; and Shaffer et al., 2007).
Kinosternidae (based primarily on Iverson, 1998); additional sources

included Hutchison (1991); Serb et al. (2001); and Walker et al.
(1998).

Emydidae (based primarily on Stephens and Wiens, 2003b); addi-
tional sources included Fritz et al. (2005); Seidel (2002); Starkey
(1997); and Starkey et al. (2003).

Geoemydidae (based primarily on Spinks et al., 2004; Le, 2006; Le
and McCord, in review); additional sources included Barth et al.,
(2004); Diesmos et al. (2005); Feldman and Parham (2004);
Guicking et al. (2002); Parham et al. (2004); Praschag et al. (2006);
Stuart and Parham (2004), and the following:

MOLL, E.O. 1986. Survey of the freshwater turtles of India. Part I: The
genus Kachuga. Journal of the Bombay Natural History Society
83:538-552. [Kachuga]
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MOLL, E.O. 1987. Survey of the freshwater turtles of India. Part II:
The genus Kachuga . Journal of the Bombay Natural History
Society 84:7-25. [Kachuga]

Testudinidae (based primarily on Le et al., 2006); additional sources
included Baard (1990); Cunningham (2002); Fritz, et al. (2005);
Iverson et al. (2001); Loveridge and Williams (1957); Parham et
al. (2006b); Reynoso and Montellano-Ballesteros (2004); and the

following:
BROADLEY, D.G. 1993. A review of the southern African species of

Kinixys Bell (Reptilia: Testudinidae). Annals of the Transvaal
Museum 36(6):41-52.

PERÄLÄ, J. 2001. A new species of Testudo (Testudines: Testudinidae)
from the Middle East, with implications for conservation. Journal
of Herpetology 35:567-582.

APPENDIX C

Compilation of candidate trees for supertree analysis. These studies each involved extensive character and taxon sampling, and either
reported bootstraps or included raw data that allowed us to calculate bootstraps by resubmitting the data to maximum parsimony analysis
(“reran”). For each entry, citation is followed by the text figure depicting the tree, a summary of the data set on which the tree was based, and
the method of phylogenetic anlysis used (MP = maximum parsimony; ML = maximum likelihood; NJ = neighbor joining; and MB = MrBayes).
Figure numbers in bold are those chosen as input trees for the supertree analyses. Some trees were collapsed to species level (so indicated).

Family level
    Shaffer et al. (1997) Fig. 4a 892 cytb MP

Fig. 4b 325 12S rDNA MP
Fig. 4c 892 cyt b and 325 12S rDNA MP
Fig. 4d 115 morphology MP
Fig. 5a 892 cytb, 325 12S rDNA, 115 morphology MP
Fig. 5b 115 morphology with fossils MP
Fig. 5c 115 morphology with fossils MP
Fig. 5d 892 cytb, 325 12S rDNA, 115 morphology with fossils MP

    Cervelli et al. (2003) Fig. 7 right 270 U17 snoRNA MP (bootstraps w and w/o indels)
    Fujita et al. (2004) Fig. 4 1093 R35 nuclear intron ML/ML/MP/MP
    Krenz et al. (2005) Fig. 4A 2793 RAG-1 MP

Fig. 4B 2793 RAG-1 MB
Fig. 5A 2793 RAG-1, 892 cyt b, 325 12S rDNA MP
Fig. 5B 2793 RAG-1, 892 cyt b, 325 12S rDNA MB (Note: Fig 1 is Shaffer et al., 1997

     with bootstraps)
    Near et al. (2005) Fig A1 892 cytb, 2790 RAG-1, 1009 R35 MB (bootstraps only >95%)
    Parham et al. (2006a) Fig. 3 7.2-16.2kb mtDNA MP
Chelidae
    Seddon et al. (1997) Fig. 3 411 12S rRNA MP
    Georges et al. (1998) Fig. 1 394 12S rRNA, 474 16S rRNA, 345 CO1, 365 c-mos MP weight/MP not/ML (only >70%

 bootstraps)
Fig. 2 12S rRNA, 474 16S rRNA MP weight/MP not/ML (only >70%

 bootstraps reported)
Fig. 3 394 12S rRNA, 474 16S rRNA, 345 CO1 MP weight/MP not/ML (only >70%)
Fig. 4 consensus of Figs 1-3 MP weight/MP not/ML (no bootstraps)

    McCord et al. (2001) Fig. 2 18 morphological MP (no bootstraps; JBI reran)
    Bour and Zaher (2005) Fig. 7 19 morphological MP (no bootstraps; JBI reran)
Pelomedusidae/Podocnemididae
    Noonan (2000) Fig. 1 921 12S and16S rRNA MP (and ML)
    Starkey et al. (unpubl.) Fig. cytb and ND4 MB
Trionychidae
    Meylan (1987) Figs. 31-34 no bootstraps, but see Engstrom et al 2004
    Weisrock and Janzen (2000) Fig. 1 806-811 cytb MP (collapsed)

Fig. 2 806-811 cytb NJ
    Engstrom and McCord (2002) Fig. 1 731 ND4/Hist ML/MP
    Engstrom et al. (2004) Fig. 1 reanalysis of Meylan 1987 with bootstraps MP

Fig. 4 735 ND4/His, 1144 cyt b, 1063 R35 separate & combined MB
Fig. 5a 3 genes plus morphology MP
Fig. 5b DNA data only ML
Fig. 5c DNA data only MB
Fig. 5d DNA plus morphology MB

Kinosternidae
    Starkey (1997) Fig. 19 992 ND4-Leu NJ (“leucostomum” sample is bad)

Fig. 20 992 ND4-Leu MP (“leucostomum” sample is bad)
    Walker et al. (1998) Fig. 2 402 control region Min evol method (but MP bootstraps)
    Iverson (1998) Fig. 2 290 cytb, 34 protein, 27 morphological MP
    Serb et al. (2001) Fig. 2 1158 control region MP

Fig. 3 1158 control region NJ
Cheloniidae/Dermochelyidae
    Bowen et al. (1993) Fig. 1 right 503 cytb MP bootstraps (but only > 85%)

  (collapsed)
    Dutton et al. (1996) Fig. 3a. 907 ND4-LEU MP

Fig. 3b 526 control region MP
Fig. 4b ND4-LEU, cytb (from Bowen et al. 1993) MP
Fig. 4a ND4-LEU, cytb, control MP

    Bowen and Karl (1997) Fig. 2.1 top repeat of Dutton et al 1996 MP
Fig. 2.1 low “anonymous mtDNA” (Karl et al. unpublished) MP

    Parham and Fastovsky (1997)Fig. 4 24 morphological MP no bootstraps (JBI reran)
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Emydidae
    Lamb et al. (1994) Fig. 6 74 restriction sites, 380 cytb, 344 control region MP
    Bickham et al. (1996) Fig. 3 556 16S rRNA MP

Fig. 4 top 556 16S rRNA MP
Fig. 4 bottom 556 16S rRNA MP

    Starkey (1997) Fig. 15 992 ND4-Leu MP
Fig. 16 992 ND4-Leu NJ
Fig. 17 992 ND4-Leu MP (positions weighted)

    Lamb and Osentoski (1997) Fig. 3 386-440 cytb, 216-246 control region MP
    Feldman and Parham (2001)Fig. 2 (left) 1200 cytb/threonine, 900 ND4/His/Ser/Leu MP
                                   (and 2002)
    Seidel (2002) Fig. 2 23 morphological MP  (collapsed)
    Stephens and Wiens (2003b) Fig. 7 225 morphological, 345 control region, 1181 cytb MP
                [Note: this paper includes 12 other trees with bootstraps for small partitions of overall data set, e.g. a gene at a time]
Geoemydidae
    Yasukawa et al. (2001) Fig. 3 35 morphological MP (no bootstraps; JBI reran)

Fig. 4 35 morphological NJ (no bootstraps)
    Parham et al. (2001) Fig. 3 top 700 CO1, 900 ND4/His/Ser/Leu MP (lower: ML w/o bootstraps)
    Honda et al. (2002a) Fig. 2a 410 12S, 472 16S rRNA NJ (all with bootstraps > 50%)

Fig. 2b 410 12S, 472 16S rRNA ML (all with bootstraps > 50%)
Fig. 2c 410 12S, 472 16S rRNA MP (all with bootstraps > 50%)

    Guicking et al. (2002) Fig. 2 982 cytb MP (collapsed)
    Spinks et al. (2004) Fig. 2 1140 cytb ML (but MP bootstraps)

Fig. 3 1140 cytb, 400 12S rDNA, 1000 R35 ML (but MP bootstraps / MB >95%)
    Parham et al. (2004) Fig. 1 831 CO1, 892 ND4/His/Ser/Leu (mtDNA) MP
    Feldman and Parham (2004) Fig. 1A 831 CO1, 892 ND4/His/Ser/Leu (mtDNA) MP  (collapse)

Fig. 1B 831 CO1, 892 ND4/His/Ser/Leu (mtDNA) MB
    Stuart and Parham (2004) Fig. 1 831 CO1, 892 ND4/His/Ser/Leu (mtDNA) MP

Fig. 2 831 CO1, 892 ND4/His/Ser/Leu (mtDNA) ML
    Barth et al (2004) Fig. 2 1080 cytb/threonine MP/ML/NJ

Fig. 3A 1080 cytb/threonine MP/ML (different taxa)
Fig. 3B 1080 cytb/threonine ML/MB/NJ

    Diesmos et al. (2005) Fig. 2 cytb, 12S, R35 from Spinks et al (2004) with leytensis MP
    Le and McCord (in review) Fig. 5 1140 cytb, 409 12S, 580 16S, 602 cmos, 642 Rag1 MP
Testudinidae
    Lamb and Lydeard (1994) Fig. 3A 352 cytb MP (unweighted)

Fig. 3B 352 cytb MP (transversions weighted)
    Caccone et al. (1999) Fig. 2 top left 401 12S rRNA MP

Fig. 2 top rt 568 16S rRNA MP
Fig. 2 low left 386 cytb MP
Fig. 2 low rt combined MP (bootstraps in Table 3)

    Meylan and Sterrer (2000) Fig. 8 28 morphology MP (no bootstraps; ML reran)
    Gerlach (2001) Fig. 5 66 morphological MP (bootstraps “92-100%”; JBI reran)
    Iverson et al. (2001) Fig. 1 1094 cytb MP/NJ
    van der Kuyl (2002) Fig. 2A 404 12S rRNA MP (collapsed)

Fig. 2B4 404 12S rRNA ML (no bootstraps)
Fig. 2C 404 12S rRNA NJ

    Palkovacs et al. (2002) Fig. 2A 386 cytb, 403 12S rRNA, 568 16S rRNA MB
Fig. 2B 386 cytb, 403 12S rRNA, 568 16S rRNA ML
Fig. 3A 386 cytb, 403 12S rRNA, 568 16S rRNA MP
Fig. 3B 386 cytb, 403 12S rRNA, 568 16S rRNA NJ

    Caccone et al. (2002) Fig. 4 430 12S, 553 16S, 416 cytb, 934 control, 1790 ND5, 520 ND6ML/MP/NJ/MB
    Cunningham (2002) Fig. 5.8 1167 cytb+ND4 MP
    Perälä (2002) Fig. 3 61 morphological MP

Fig. 4 61 morphological MP (only outgroup differs from Fig. 3)
    Semyenova et al. (2004) Fig. 5 213 RAPD fragments UPGMA
    Fritz et al. (2005) Fig. 2 1124 cytb NJ

Fig. 3 1124 cytb MP (collapsed)
Fig. 5 84 ISSR fingerprints NJ

    Le et al. (2006) Fig. 2 1140 cytb, 408 12S, 583 16S, 602 cmos, 654 Rag2 MP
Fig. 3 1140 cytb, 408 12S, 583 16S, 602 cmos, 654 Rag2 ML/MB

    Parham et al. (2006b) Fig. 3 14858 complete mtDNA MP/ML/MB


