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Abstract

We review competing taxonomic classifications and hypotheses for the phylogeny of emydine turtles. The formerly rec-
ognized genus Clemmys sensu lato clearly is paraphyletic. Two of its former species, now Glyptemys insculpta and G
muhlenbergii, constitute a well-supported basal clade within the Emydinae. However, the phylogenetic position of the oth-
er two species traditionally placed in Clemmys remains controversial. Mitochondrial data suggest a clade embracing
Actinemys (formerly Clemmys) marmorata, Emydoidea and Emys and as its sister either another clade (Clemmys guttata
+ Terrapene) or Terrapene alone. In contrast, nuclear genomic data yield conflicting results, depending on which genes
are used. Either Clemmys guttata is revealed as sister to ((Emydoidea + Emys) + Actinemys) + Terrapene or Clemmys gut-
tata is sister to Actinemys marmorata and these two species together are the sister group of (Emydoidea + Emys); Terra-
pene appears then as sister to (Actinemys marmorata + Clemmys guttata) + (Emydoidea + Emys). The contradictory
branching patterns depending from the selected loci are suggestive of lineage sorting problems. Ignoring the unclear phy-
logenetic position of Actinemys marmorata, one recently proposed classification scheme placed Actinemys mar morata,
Emydoidea blandingii, Emys orbicularis, and Emys trinacris in one genus (Emys), while another classification scheme
treats Actinemys, Emydoidea, and Emysas distinct genera. The inclusion of Actinemys in the same taxon as Emydoidea +
Emys is unacceptable under a phylogenetic classification framework because there is evidence for the non-monophyly of
this clade. Moreover, Actinemys, Emydoidea, and Emys are morphologically highly distinct. Their morphological diver-
gence exceeds by far the differences that typically occur among species of the same genus, so that a continued usage of
the distinct genera Actinemys, Emydoidea and Emys is recommended.
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Prologos

While for many decades the generic arrangement of American emydid turtles was stable (Loveridge & Williams
1957; Ernst & Barbour 1972, 1989; Wermuth & Mertens 1977; Ernst et al. 2000), with the notable exception of
Chrysemys, Pseudemys and Trachemys (McDowell 1964; Seidel & Smith 1986), the situation changed in recent
years with the advent of molecular phylogenetics. In the present paper we review competing phylogenetic hypoth-
eses and the resulting contentious situation for genus delineation of the pond turtle complex (genera Actinemys,
Emydoidea, and Emys vs. an expanded genus Emys). The problem of generic assignment of these turtles was first
addressed by C. H. Ernst in a keynote lecture of a symposium on the former genus Clemmys at Pennsylvania State
University in 2000 (Ernst 2001).

Parodos

The genus Emys (ancient Greek éubg, freshwater turtle) was erected by André Marie Constant Duméril (1806) to
comprise a wide variety of freshwater turtles. During the 19" century, about 90 extant and many additional fossil
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species were assigned to this genus, among them representatives of the families Chelidae, Chelydridae, Dermat-
emydidae, Emydidae, Geoemydidae, Kinosternidae, Pelomedusidae, Platysternidae, Podocnemididae, and Testu-
dinidae (Fritz & Hava$ 2007). Only in the late 19" century, the usage of Emys became increasingly restricted, and
Boulenger (1889) placed only two species in this genus: E. orbicularis and E. blandingii, an arrangement that per-
sisted until Loveridge & Williams (1957) transferred the latter species in the genus Emydoidea, acknowledging its
highly divergent skull, neck and thoracic rib morphology which resembles that of Deirochelys reticularia. Many
other species that were previously in Emys were later placed in the genus Clemmys Ritgen, 1828. This genus
embraced for many years a number of Old and New World freshwater turtles (Wagler 1830; Strauch 1862; Bou-
lenger 1889; Siebenrock 1909; Wermuth & Mertens 1961), mostly generalized species without any obvious mor-
phological peculiarities. A prominent exception among the 19" century scholars was Louis Agassiz (1857), who
treated each of the New World species assigned to Clemmys by contemporary authors as a representative of a dis-
tinct genus (Actinemys marmorata, Calemys muhlenbergii, Glyptemys inscul pta, Nanemys guttata).

Epeisodion

After McDowell’s (1964) pioneering osteological study revising the ‘aquatic Testudinidae’, Clemmys was
restricted to the four Nearctic species Clemmys guttata, C. insculpta, C. marmorata and C. muhlenbergii, while the
remaining Old World species were transferred to the genera Mauremys and Sacalia. McDowell (1964) discovered
that most Old World and New World freshwater turtles represent highly distinct groups. Consequently, he placed
all Old World species plus the extraterritorial Neotropical genus Rhinoclemmys in the subfamily Batagurinae and
the New World species plus the Palaearctic genus Emys in the Emydinae. These two subfamilies constituted, along
with land tortoises (Testudininae), the family Testudinidae in McDowell’s (1964) classification. This general
scheme currently stands, although each of these groups is now treated as a full family and the name Geoemydidae
replaced Bataguridae because of priority reasons (Fritz & Hava$ 2007; Rhodin et al. 2010). McDowell (1964) real-
ized the close relationship of the four Nearctic Clemmys species, of Terrapene and the Old World species Emys
orbicularis, all of which were placed by him in the ‘Emys complex’. Yet, McDowell (1964) did not include Emy-
doidea blandingii in this group, but in the distinct ‘Deirochelys complex’, together with Deirochelys reticularia. In
doing so, McDowell followed Loveridge & Williams (1957), acknowledging that the morphological similarity of
skull, neck, and thoracic rib morphology of Deirochelys and Emydoidea reflects a close relationship.

However, as Bramble (1974) pointed out, the morphology of structures associated with the plastral hinge of
Emydoidea argues rather for a close relationship of Emydoidea with Emys and Terrapene, and not with Deiro-
chelys. The plastral hinge of Emys, Emydoidea and Terrapene consists of ligamentous tissue that constitutes a syn-
desmotic connection of carapace and plastron, but also between the hyo- and hypoplastral bones, enabling the
mobility of both plastral lobes and more or less complete closure of the shell. Shell closure is most perfectly devel-
oped in Terrapene species (Fig. 1), as reflected, not least, by their common name ‘box turtles’. Using Bramble’s
(1974) detailed description of the morphological structures associated with the plastral hinge, Gaffney & Meylan
(1988) concluded that Emys, Emydoidea and Terrapene represent a monophyletic group within the subfamily Emy-
dinae (as opposed to the subfamily Deirochelyinae within the family Emydidae). All three genera share not only a
plastral hinge, but also the peculiar morphology of a divided scapula, a unique character among extant chelonians.
Emys has a bipartite scapula, with a distinct distal bone element, the so-called suprascapula. In Emydoidea and Ter-
rapene a third scapular bone, the episcapula, occurs that is located on the tip of the suprascapula (Fig. 2). The tri-
partite scapula of Emydoidea and Terrapene plays an important role in stabilizing the opened shell (Bramble 1974;
see also Fig. 1). According to Gaffney & Meylan (1988), the suprascapula is a synapomorphy of Emys, Emydoidea
and Terrapene, and the episcapula a synapomorphy of Emydoidea and Terrapene (Fig. 3: top left). The morpholog-
ical similarity of these structures of Emydoidea, Emys and Terrapene is so compelling that Bramble (1974) con-
cluded “A multiple origin for the complex closing mechanism held in common by these box turtles appears
extremely remote”.

Gaffney & Meylan (1988) believed that the four Clemmys species, lacking not only the plastral hinge, but also
all of the complicated morphological structures associated with this character, have collectively a basal phyloge-
netic position within Emydinae (Fig. 3: top left), as implicitly already assumed by McDowell (1964) and explicitly
by Bramble (1974). Gaffney & Meylan (1988) placed all other emydid genera (Chrysemys, Deirochelys, Grapt-
emys, Malaclemys, Pseudemys, Trachemys) in another subfamily (Deirochelyinae) within the Emydidae. However,
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already previous and contemporary studies using morphological, cytosystematic and electrophoretic characters
suggested that relationships within Clemmys sensu stricto are not straightforward (see the reviews in Lovich et al.
1991 and Ernst 2001).

acromion

FIGURE 1. Longitudinal sections of a Terrapene shell (left) and cross sections of right scapulo-carapacial articulation of Ter-
rapene (right) to demonstrate relationships between scapula and carapace when shell is open (a), corresponding to a ‘locked’
scapulo-carapacial articulation (1), and when shell is closed (b), corresponding to a disengaged scapulo-carapacial articulation
(3). The medial figure right (2) shows the disengaging of the scapulo-carapacial articulation during shell closure. Abbrevia-
tions: esc: episcapula, ssc: suprascapula, sc: scapula, rs: recessus scapularis, Mts: Musculus testoscapularis, lig: ligament, dr:
dorsal rib, dv: dorsal vertebra. Redrawn and modified from Bramble (1974); reproduction from Fritz (2003) with permission of
Laurenti Verlag.

Later, the morphology-based phylogeny of emydine turtles of Gaffney & Meylan (1988) was not only chal-
lenged, but in part severely contradicted by molecular studies. Using sequences of the partial 16S rRNA gene,
Bickham et al. (1996) suggested that the long-recognized genus Clemmys is paraphyletic with respect to all other
genera of the subfamily Emydinae (Emys, Emydoidea, Terrapene; Fig. 3: top right). In their analyses, Clemmys
guttata was sister to all other emydines. A clade comprising C. insculpta and C. muhlenbergii was the sister group
to a major clade embracing a subclade with Emys orbicularis, Emydoidea blandingii, and C. marmorata, and
another subclade with all studied Terrapene species as its sister group. This topology conflicted with the previous
assumption that the genera with (Emys, Emydoidea, Terrapene) or without plastral hinge (Clemmys) constitute dis-
tinct groups (Bramble 1974; Gaffney & Meylan 1988). When Burke et al. (1996) combined the 16S rRNA data of
Bickham et al. (1996) with evidence from morphology, behavior and life history, a topology resulted with the
hinged taxa nested within Clemmys species (Fig. 3: bottom left). Based on these findings, Burke et al. (1996) con-
sidered expanding the genus Emysto include all emydine species except C. insculpta and C. muhlenbergii.
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FIGURE 2. Anterior views of (a) the right scapula of emydine turtle with ancestral character state as occurring in Actinemys,
Clemmys, and Glyptemys species, (b) bipartite scapula of Emys, (c) tripartite scapula of Emydoidea, and (d) tripartite scapula of
Terrapene. Abbreviations: esc: episcapula, ssc: suprascapula, sc: scapula, gl: glenoid, acr: acromion. Redrawn from Bramble
(1974); reproduction from Fritz (2003) with permission of Laurenti Verlag.
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FIGURE 3. Phylogenetic hypotheses for emydine turtles 1 (outgroups removed for clarity). Nomenclature follows the respec-
tive references. Top left: Phylogeny based on morphological evidence (Gaffney & Meylan 1988). Synapomorphies: (1) plastral
hinge and suprascapula present; (2) episcapula present. Top right: Phylogeny based on mitochondrial 16S rRNA sequences
(redrawn from Bickham et al. 1996). Bottom left: Phylogeny based on mitochondrial 16S rRNA sequences plus morphological,
ethological and life history evidence (redrawn from Burke et al. 1996). Bottomright: Phylogeny based on the mitochondrial cyt
b and ND4 genes and adjacent DNA coding for tRNAs (modified from Feldman & Parham 2002; weakly resolved relationships
of ‘Emys’ blandingii, ‘E.” marmorata, and E. orbicularis shown as polytomy).
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Later molecular studies using other mitochondrial genes and nuclear loci (Lenk et al. 1999; Feldman & Parham
2002; Spinks & Shaffer 2009; Wiens et al. 2010) corroborated the paraphyly of Clemmys. In the course of a phylo-
geographic study of Emys orbicularis based on cyt b sequences and using all other emydine genera as outgroups,
Lenk et al. (1999) found a well-supported clade containing Emys, Emydoidea and C. marmorata, albeit with
weakly resolved sister group relationships of these taxa. The same topology was confirmed by Feldman & Parham
(2002), who used in addition to the cyt b gene sequence data of the ND4 gene and flanking DNA coding for tRNAs
(Fig. 3: bottom right). Furthermore, the phylogenetic analyses of Feldman & Parham (2002) revealed, with weak
support, Clemmys guttata as sister of Terrapene, and this clade constituted the sister group of (C. marmorata, Emy-
doidea, Emys); C. insculpta + C. muhlenbergii were, as the sister group of the two other more inclusive clades, the
most basal group. This unexpected situation implied that the complicated morphological structures associated with
the plastral hinge were either developed twice in the lineages of Emys + Emydoidea and Terrapene, or lost twice in
C. guttata and C. marmorata.

Recognizing the paraphyly of Clemmys, two independent studies (Holman & Fritz 2001; Feldman & Parham
2002) suggested a revised classification to establish monophyletic genera. Holman & Fritz (2001) proposed to
transfer C. insculpta and C. muhlenbergii to the resurrected genus Glyptemys Agassiz, 1857 and C. marmorata in
the monotypic genus Actinemys Agassiz, 1857. In doing so, Holman & Fritz (2001) acknowledged the considerable
morphological differences between Actinemys, Emydoidea and Emys, exceeding by far the extent of the morpho-
logical distinctiveness as occurring among species of many other chelonian genera (Figs 4-7; Table 1). This taxo-
nomic scheme was later also endorsed by Ernst & Lovich (2009). In contrast, Feldman & Parham (2002) suggested
lumping C. marmorata with Emys orbicularis and Emydoidea blandingii in an expanded genus Emys. One of their
arguments, which was later repeated by others (Spinks & Shaffer 2009), was that with this arrangement not only a
phylogenetically informative nomenclature were achieved, but also that the historical allocation of all three species
in the genus Emys was reinstated. As outlined above, about 90 species representing 10 distinct families were
included in Emys during the 19" century, not necessarily supporting the logic of this historical argument.

TABLE 1. Significant morphological characters of Actinemys marmorata, Emys orbicularis, E. trinacris, and Emydoidea blan-
dingii.

Actinemys Emys Emydoidea
Plastral hinge - + +
Bridge bony, solid cartilaginous cartilaginous
Entoplastron roundish diamond-shaped with long posterior  diamond-shaped with long posterior

spine spine

Suprascapula - + +
Episcapula - - +
Skull not elongated not elongated elongated
Triturating surfaces broad broad narrow
Cervical vertebrae not elongated not elongated strongly elongated
Free thoracic rib heads ~ small small large, strongly bent

Like Holman & Fritz (2001), Feldman & Parham (2002) placed C. insculpta and C. muhlenbergii in a distinct
genus, but selected for it the name Calemys Agassiz, 1857. Since both Calemys (type species Testudo muhlenbergii
Schoepff, 1801) and Glyptemys (type species Testudo insculpta LeConte, 1830) were simultaneously published in
the same work (Agassiz 1857), the First Reviser Principle (ICZN 1999: Article 24) determined that the precedence
of Glyptemys was fixed by the earlier published paper by Holman & Fritz (2001). As a consequence, Glyptemys
became the valid name for the genus accommodating the species G. insculpta and G. muhlenbergii. The sister group
relationship of these two species, and a basal position of Glyptemys, was confirmed by all subsequent studies and,
therefore, is not discussed further below.

Using combined molecular and morphological data, Stephens & Wiens (2003) came to the same conclusions
with respect to the paraphyly of Clemmys, and endorsed a nomenclatural arrangement corresponding to that of Hol-
man & Fritz (2001), with Actinemys as a monotypic genus for the species A. marmorata, and with Emydoidea and
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Emys as distinct genera. Stephens & Wiens (2003) acknowledged in their study the morphological distinctiveness
of Emydoidea that achieved an amazing degree of convergent similarity to Deirochelys.

(&

Actinemys

Emydoidea

FIGURE 4. Dorsal and lateral views of skulls of Actinemys marmorata (Museum of Zoology Dresden, MTD 24914), Emy-
doidea blandingii (MTD 44419), and Emys orbicularis (MTD 44202). Note much elongated skull shape in Emydoidea. Draw-
ings: C. Schmidt.

Spinks & Shaffer (2009) found strong disagreement between mitochondrial and nuclear gene trees for Actin-
emys, Emydoidea, and Emys, even though their monophyly was well-supported. Sequence data of the mitochon-
drial cyt b gene weakly supported a sister group relationship of the North American taxa Actinemys + Emydoidea
(Fig. 8: top left), but three nuclear loci (non-coding introns: HNF-1a, RELN, R35) supported a sister group rela-
tionship of Emydoidea + Emys (Fig. 8: top right). These findings were interpreted as the result of an ancient hybrid-
ization event (12 million years ago), leading to mitochondrial introgression. In this study, nuclear data suggested
Clemmys guttata as sister to a clade ((Emydoidea + Emys) + Actinemys) + Terrapene. In contrast, mitochondrial
sequences favored with high support a sister group relationship of Clemmys guttata + Terrapene, and this clade
constituted the sister group of (Actinemys + Emydoidea) + Emys. Spinks & Shaffer (2009) concluded that the rec-
ognition of three genera (Actinemys for marmorata, Emydoidea for blandingii, and Emys for orbicularisand trina-
cris) obscures, rather than illuminates, the phylogenetic relationships of these turtles, but did not comment on the
contradictory situation with respect to C. guttata.
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FIGURE 5. Neck vertebrae of Actinemys marmorata (Museum of Zoology Dresden, MTD 24915), Emydoidea blandingii
(MTD 44419), and Emys orbicularis (MTD 44202). Note elongated vertebrae in Emydoidea. Drawings: C. Schmidt.

Actinemys

Emydoidea

FIGURE 6. Thoracic ribs of Actinemys marmorata (Museum of Zoology Dresden, MTD 24914), Emydoidea blandingii (MTD
8480), and Emys orbicularis (MTD 44202). Note enlarged, strongly bent thoracic ribs in Emydoidea serving for anchorage of

neck muscles. Drawings: C. Schmidt.
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Emys Terrapene

FIGURE 7. Visceral (dorsal) view of plastra top from left to right: Actinemys marmorata (Michigan State University Museum,
MSU 14447), Emydoidea blandingii (Museum of Zoology Dresden, MTD 8480), and bottom from left to right: Emys orbicu-
laris (MTD 12363), Terrapene carolina (MTD 8481). Grey bridge region in Actinemys indicates solid bone; in the other taxa,
the bridge region of adult turtles is a ligamentous connection between carapace and plastron. Arrows in Emydoidea, Emys and
Terrapene indicate plastral hinges. Note different shapes of entoplastra. Modified and reproduced from Holman & Fritz (2001).
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FIGURE 8. Phylogenetic hypotheses for emydine turtles 2 (outgroups removed for clarity). Nomenclature follows the respec-
tive references except for Emys orbicularis in the two upper trees. Here, the subspecies names and mitochondrial lineages
according to Lenk et al. (1999), Fritz et al. (2005, 2007, 2009) and Pedall et al. (2011) are given. Branch lengths in the upper
trees are Maximum Likelihood divergence estimates; bottom, Bayesian divergence estimates. Top left: Phylogeny based on the
mitochondrial cyt b gene (redrawn from Spinks & Shaffer 2009). Top right: Phylogeny based on three nuclear loci (non-coding
introns: HNF-1a, RELN, R35; redrawn from Spinks & Shaffer 2009). Note the short basal branch lengths of more inclusive
clades. Bottom left: Phylogeny based on the mitochondrial cyt b and ND4 genes (redrawn from Wiens et al. 2010; the sister
group relationship of Glyptemys and the Deirochelyinae is very weakly supported). Bottom right: Phylogeny based on six
nuclear loci (coding: NGFB; introns: ETS, GAPD, ODC, R35, Vim). Redrawn from Wiens et al. (2010).

Another study by Wiens et al. (2010) using mitochondrial and nuclear DNA sequences yielded different
results. Like Feldman & Parham (2002) and Spinks & Shaffer (2009), Wiens et al. (2010) found in their mitochon-
drial data set (cyt b, ND4) a sister group relationship of C. guttata and Terrapene spp., and this clade constituted
the sister group to (Emydoidea + Emys) + Actinemys (Fig. 8: bottom left). However, using six nuclear loci (coding:
NGFB; introns: ETS, GAPD, ODC, R35, Vim), Wiens et al. (2010) revealed a well-supported novel clade that
included C. guttata as sister species of Actinemys, and this clade was the sister group of Emydoidea + Emys and
Terrapene the successive sister of ((Actinemys + C. guttata) + (Emydoidea + Emys)) (Fig. 8: bottom right).

This situation suggests that the nuclear data sets of both author teams might be heavily impacted by lineage
sorting problems and that the phylogenetic resolution is still insufficient. When it is considered that mtDNA repre-
sents one and the same locus and that it is inherited only in maternal line, this could also apply to the conflicts
between mitochondrial and nuclear trees. We cite here Wiens et al. (2010): “Additional analyses, including more
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nuclear loci, may be necessary to resolve [the] relationships [of Actinemys]. Although Spinks & Shaffer (2009)
argue that Actinemys and Emydoidea should be placed within Emys, there is no phylogenetic justification for this
change, and it leads to unnecessary instability in the long-standing generic names Emys and Emydoidea. Most
importantly, our analyses of the combined nucDNA data show Emys (sensu Spinks & Shaffer, 2009) to be non-
monophyletic, given that Actinemys clusters with Clemmys guttata [...] with very strong support.”

Exodos

In conclusion, what remains well-supported among all phylogenetic hypotheses are three matters: (1) the paraphyly
of the former genus Clemmys sensu lato, (2) the basal position of the former Clemmys species insculpta and
muhlenbergii within the Emydinae, and (3) the monophyly of Emydoidea blandingii and Emys orbicularis + Emys
trinacris. In contrast, the phylogenetic position of the former Clemmys species guttata and marmorata varies con-
siderably among different phylogenetic scenarios (Figs 3 and 8), making the inclusion of marmorata in the same
taxon as Emydoidea + Emys unacceptable under a phylogenetic classification framework (cf. Wiens et al. 2010).

Epilogos: Are monotypic genera desirable?

Much of the recent discussion on generic delineation of emydine turtles centered around the question of whether
monotypic genera, i.e. comprising only a single species, should be recognized or not, and depending on the
authors’ personal positions the arguments put forward were either that such genera are not phylogenetically infor-
mative, and that Emys should therefore be expanded (Burke et al. 1996; Feldman & Parham 2002; Spinks & Shaf-
fer 2009), or that the deep morphological gaps between Actinemys, Emys, and Emydoidea justify their recognition
as distinct genera (Holman & Fritz 2001; Stephens & Wiens 2003). The insight that the phylogenetic position of
Actinemys is by far less clear than thought before (Wiens et al. 2010) made much of the arguments for an expanded
genus Emys obsolete.

In spite of what has just been said, we wish to explain that from a purely theoretical point of view the recogni-
tion of a monotypic genus is only unacceptable when it would cause the paraphyly of another genus. As long as this
is not the case, it is only convention whether monotypic genera are desired or not. Our opinion is that, when there is
a well-pronounced morphological gap separating a given species from the next monophyletic clade, only mono-
typic genera, or higher monotypic taxa, can indicate the extent of the morphological distinctiveness of the included
unique species.

Chelonians include a fair number of monotypic genera and families (cf. Fritz & Hava$ 2007; Rhodin et al.
2010). The taxonomic distinctness of most of these taxa has never been challenged, and appears unlikely to be
challenged in the future. Prominent examples on the family and genus level are the Carettochelyidae, with the
included monotypic genus Carettochelys, the Dermatemydidae, with the included monotypic genus Dermatemys,
the Dermochelyidae, with the included monotypic genus Dermochelys, and the Platysternidae, with the included
monotypic genus Platysternon. Examples among polytypic families are the monotypic genera Macrochelys (Cryp-
todira: Chelydridae), Clemmys sensu stricto, Deirochelys (Cryptodira: Emydidae), Geoclemys, Hardella, Leuco-
cephalon, Notochelys, Orlitia, Vijayachelys (Cryptodira: Geoemydidae), Claudius (Cryptodira: Kinosternidae),
Chersina, Malacochersus (Cryptodira: Testudinidae), Amyda, Dogania, Palea, Trionyx (Cryptodira: Trionychi-
dae), Chelus, Elusor, Platemys, Pseudemydura, Rheodytes (Pleurodira: Chelidae), Erymnochelys and Peltocepha-
lus (Pleurodira: Podocnemididae). Parenthetically it may be noted that one of the monotypic emydine genera,
Clemmys sensu stricto, is also explicitly recognized by Feldman & Parham (2002) and Spinks & Shaffer (2009).

Furthermore, in the discussion on the generic classification of emydines it was often not sufficiently acknowl-
edged that the monotypy of Emys sensu stricto and Actinemys is by far not axiomatic, rendering the debate also
under this aspect obsolete. It has been suggested that Actinemys could be composed of more than one species (Hol-
land 1994; Spinks & Shaffer 2005), and a second Emys species was described from Sicily, E. trinacris (Fritz et al.
2005). Population genetics confirmed the reproductive isolation of E. trinacris, and consequently its species status
(Pedall et al. 2011), making one of the genera in question polytypic. Restricted gene flow between several genetic
lineages within what is currently considered the polytypic species E. orbicularis (Pedall et al. 2011) resembles the

50 . Zootaxa 2791 © 2011 Magnolia Press FRITZ ETAL.



situation of other Palaearctic herp taxa that are now regarded as complexes of distinct species (e.g., Triturus crista-
tus complex: Wallis & Arntzen 1989; Véros & Arntzen 2010; Bufo viridis subgroup: Stock et al. 2006; Colliard et
al. 2010; Hyla arborea complex: Stock et al. 2008; Gvozdik et al. 2010; Lacerta viridis complex: Rykena 1991;
Bohme et al. 2007; Joger et al. 2007), so that it is likely that in future even more species of Emys will be recog-
nized.

In any case, Actinemys, Emydoidea and Emys represent three morphologically highly distinct, old evolutionary
lineages. The divergences among lineages within Actinemys marmorata (Spinks & Shaffer 2005; Spinks et al.
2009), between Emys orbicularis and Emys trinacris, and among lineages within Emys orbicularis (Lenk et al.
1999; Fritz et al. 2005, 2007, 2009) are distinctly younger than the basal split between Actinemys, Emydoidea, and
Emys (3-4 million years ago vs. 12-17 million years ago; Lenk et al. 1999; Spinks & Shaffer 2009; Spinks et al.
2009; but see Wiens et al. 2010). Even when all of these three genera were monophyletic, lumping them in one and
the same genus would mask that two lineages (Actinemys, Emys) include young radiations in western North Amer-
ica or the Western Palaearctic. When it is furthermore considered that the phylogenetic position of Actinemys is
unclear (Wiens et al. 2010) and that the morphological distinctiveness of the three genera exceeds by far the diver-
gence typically occurring among species of the same genus, a continued usage of the distinct genera Actinemys,
Emydoidea and Emys seems advisable.

Acknowledgements

Figures 1 and 2 of this paper were reproduced with permission of Laurenti Verlag, Bielefeld. Henry Heidecke and
Steffi Frohberg skeletonized several turtle specimens for this study. A special thank-you goes to our colleagues
Spinks and Shaffer who produced sequence data of a fair number of our samples of Emys orbicularis and E. trina-
cris, albeit without our consent and knowledge.

References

Agassiz, L. (1857) Contributions to the Natural History of the United Sates of America, Volumes | & I1I. Little, Brown and
Company, Boston, Volume I: pp. i-li + 1-452, Volume II: pp. 451-643, XVII pls.

Bickham, J.W., Lamb, T., Minx, P. & Patton, J.C. (1996) Molecular systematics of the genus Clemmysand the intergeneric rela-
tionships of emydid turtles. Herpetologica, 52, 89-97.

Bohme, M.U., Fritz, U., Kotenko, T., DZuki¢, G., Ljubisavljevi¢, K., Tzankov, N. & Berendonk, T.U. (2007) Phylogeography
and cryptic variation within the Lacerta viridis complex (Lacertidae, Reptilia). Zoologica Scripta, 36, 119-131.

Boulenger, G.A. (1889) Catal ogue of the Chelonians, Rhynchocephalians, and Crocodiles in the British Museum (Natural His-
tory). British Museum (Natural History), London, x + 311 pp., 6 pls.

Bramble, D.M. (1974) Emydid shell kinesis: biomechanics and evolution. Copeia, 1974, 707-727.

Burke, R.L., Leuteritz, T.E. & Wolf, A.J. (1996) Phylogenetic relationships of emydine turtles. Herpetologica, 52, 572-584.

Colliard, C., Sicilia, A. Turrisi, G.F., Arculeo, M., Perrin, N. & Stéck, M. (2010) Strong reproductive barriers in a narrow
hybrid zone of West-Mediterranean green toads (Bufo viridis subgroup) with Plio-Pleistocene divergence. BMC Evol ution-
ary Biology, 10, 232.

Duméril, A.M.C. (1806) Zoologie analytique, ou méthode naturelle de classification des animaux, rendue plus facile a I’ aide
de tableaux synoptiques. Allais, Paris, xxxii + 344 + (1) pp.

Ernst, C.H. (2001) An overview of the North American turtle genus Clemmys Ritgen, 1828. Chelonian Conservation and Biol-
ogy, 4, 211-216.

Ernst, C.H., Altenburg, R.G.M. & Barbour, R.W. (2000) Turtles of the World. World Biodiversity Database, Version 1.2. Biodi-
versity Center of ETI, Amsterdam, CD-ROM.

Ernst, C.H. & Barbour, R.W. (1972) Turtles of the United Sates. University Press of Kentucky, Lexington, Kentucky, x + 347
pp., 24 pls.

Ernst, C.H. & Barbour, R.W. (1989) Turtles of the World. Smithsonian Institution Press, Washington, D.C., xii + 313 pp., 16
pls.

Ernst, C.H. & Lovich, J.E. (2009) Turtles of the United Sates and Canada. Second Edition. The Johns Hopkins University
Press, Baltimore, Maryland, xii + 827 pp.

Feldman, C.R. & Parham, J.F. (2002) Molecular phylogenetics of emydine turtles: Taxonomic revision and the evolution of
shell kinesis. Molecular Phylogenetics and Evolution, 22, 388—398.

Fritz, U. (2003) Die Europaische Sumpfschildkréte. Laurenti Verlag, Bielefeld, 224 pp.

COMPETING GENERIC CONCEPTS FOR TURTLES Zootaxa 2791 © 2011 Magnolia Press - 51



Fritz, U., Ayaz, D., Hundsdorfer, A.K., Kotenko, T., Guicking, D., Wink, M., Tok, C.V., Cicek, K. & Buschbom, J. (2009)
Mitochondrial diversity of European pond turtles (Emys orbicularis) in Anatolia and the Ponto-Caspian Region: Multiple
old refuges, hotspot of extant diversification and critically endangered endemics. Organisms, Diversity & Evolution, 9,
100-114.

Fritz, U., Fattizzo, T., Guicking, D., Tripepi, S., Pennisi, M.G, Lenk, P., Joger, U. & Wink, M. (2005) 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., Kami, H., Arakelyan, M., Auer, M., Ayaz, D., Ayres-Fernandez, C., Bakiev, A.G,, Celani, A., DZuki¢,
G, Fahd, S., Havas, P, Joger, U., Khabibullin, V.F., Mazanaeva, L.F., éiroky, P., Tripepi, S., Valdedn-Vélez, A., Velo-
Anton, G. & Wink, M. (2007) Mitochondrial phylogeography of European pond turtles (Emys orbicularis, Emystrinacris)
— an update. Amphibia-Regptilia, 28, 418-426.

Fritz, U. & Havas$, P. (2007) Checklist of chelonians of the world. Vertebrate Zoology, 57, 149-368.

Gaffney, E.S. & Meylan, P.A. (1988) A phylogeny of turtles. In: Benton, M.J. (ed.), The Phylogeny and Classification of the
Tetrapods. Vol. 1, Amphibians, Reptiles, Birds. Clarendon Press/Systematics Association, Oxford, UK, pp. 157-2109.

Gvozdik, V., Moravec, J., Klitsch, C. & Kaotlik, P. (2010) Phylogeography of the Middle Eastern tree frogs (Hyla, Hylidae,
Amphibia) as inferred from nuclear and mitochondrial DNA variation, with a description of a new species. Molecular Phy-
logenetics and Evolution, 55, 1146-1166.

Holland, D.C. (1994) The Western Pond Turtle: Habitat and History. Final Report, U.S. Department of Energy, Bonneville
Power Administration. Project 92-068, Contribution DE-B179-92B62137, 302 pp.

Holman, J.A. & Fritz, U. (2001) A new emydine species from the Medial Miocene (Barstovian) of Nebraska, USA with a new
generic arrangement for the species of Clemmys sensu McDowell (1964). Zoologische Abhandlungen, 51, 321-343.

ICZN [International Commission on Zoological Nomenclature] (1999) International Code of Zoological Nomenclature. Fourth
Edition. International Trust for Zoological Nomenclature, London, XXI1X + 306 pp.

Joger, U., Fritz, U., Guicking, D., Kalyabina-Hauf, S., Nagy, Z.T. & Wink, M. (2007) Phylogeography of western Palaearctic
reptiles — Spatial and temporal speciation patterns. Zoologischer Anzeiger, 246, 293-313.

Lenk, P., Fritz, U., Joger, U. & Wink, M. (1999) Mitochondrial phylogeography of the European pond turtle, Emys orbicularis
(Linnaeus 1758). Molecular Ecology, 8, 1911-1922.

Loveridge, A. & Williams, E.E. (1957) Revision of the African tortoises and turtles of the suborder Cryptodira. Bulletin of the
Museum of Comparative Zoology, 115, 163-557, 18 pls.

Lovich, J.E., Laemmerzahl, A.F,, Ernst, C.H. & McBreen, J.F. (1991) Relationships among turtles of the genus Clemmys (Rep-
tilia, Testudines, Emydidae) as suggested by plastron scute morphology. Zoologica Scripta, 20, 425-429.

McDowell, S.B. (1964) Partition of the genus Clemmys and related problems in the taxonomy of the aquatic Testudinidae. Pro-
ceedings of the Zoological Society London, 143, 239-279.

Pedall, 1., Fritz, U., Stuckas, H., Valdedn, A. & Wink, M. (2011) Gene flow across secondary contact zones of the Emys orbic-
ularis complex in the Western Mediterranean and evidence for extinction and re-introduction of pond turtles on Corsica
and Sardinia (Testudines: Emydidae). Journal of Zoological Systematics and Evolutionary Research, 49, 44-57.

Rhodin, A.GJ., van Dijk, P.P., Iverson, J.B. & Shaffer, H.B. (2010) Turtles of the world, 2010 update: Annotated checklist of
taxonomy, synonymy, distribution, and conservation status. Chelonian Research Monographs, 5, 000.85-000.164.

Rykena, S. (1991) Kreuzungsexperimente zur Prifung der Artgrenzen im Genus Lacerta sensu stricto. Mitteilungen des Zoolo-
gischen Museums Berlin, 67, 55-68.

Seidel, M.E. & Smith, H.M. (1986) Chrysemys, Pseudemys, Trachemys (Testudines: Emydidae): Did Agassiz have it right?
Herpetologica, 42, 242-248.

Siebenrock, F. (1909) Synopsis der rezenten Schildkréten, mit Bericksichtigung der in historischer Zeit ausgestorbenen Arten.
Zoologisches Jahrbuch fir Systematik, Supplement 10, 427-618.

Spinks, P.Q. & Shaffer, H.B. (2005) Range-wide molecular analysis of the western pond turtle (Emys marmorata): cryptic vari-
ation, isolation by distance, and their conservation implications. Molecular Ecology, 14, 2047-2064.

Spinks, P.Q. & Shaffer, H.B. (2009) Conflicting mitochondrial and nuclear phylogenies for the widely disjunct Emys
(Testudines: Emydidae) species complex, and what they tell us about biogeography and hybridization. Systematic Biology,
58, 1-20.

Spinks, P.Q., Thomson, R.C. & Shaffer, H.B. (2009) Nuclear gene phylogeography reveals the historical legacy of an ancient
inland sea on lineages of the western pond turtle, Emys marmorata in California. Molecular Ecology, 19, 542-556.

Stephens, P.R. & Wiens, J.J. (2003) Ecological diversification and phylogeny of emydid turtles. Biological Journal of the Lin-
nean Society, 79, 577-610.

Stock, M., Dubey, S., Klitsch, C., Litvinchuk, S.N., Scheidt, U. & Perrin, N. (2008) Mitochondrial and nuclear phylogeny of
circum-Mediterranean tree frogs from the Hyla arborea group. Molecular Phylogenetics and Evolution, 49, 1019-1024.

Stock, M., Moritz, C., Hickerson, M., Frynta, D., Dujsebayeva, T., Eremchenko, V., Macey, J.R., Papenfuss, T.J. & Wake, D.B.
(2006) Evolution of mitochondrial relationships and biogeography of Palearctic green toads (Bufo viridis subgroup) with
insights in their genomic plasticity. Molecular Phylogenetics and Evolution, 41, 663-689.

Strauch, A. (1862) Chelonologische Studien, mit besonderer Beziehung auf die Schildkrétensammlung der Kaiserlichen Akad-
emie der Wissenschaften zu St.-Petersburg. Mémoires de I’ Académie impériale de S.-Pétersbourg, VII° Srie, 5(7), 1-196,
1pl

52 . Zootaxa 2791 © 2011 Magnolia Press FRITZ ETAL.



Vords, J. & Arntzen, J.W. (2010) Weak population structuring in the Danube crested newt, Triturus dobrogicus, inferred from
allozymes. Amphibia-Reptilia, 31, 339-346.

Wagler, J.G. (1830) Naturliches System der Amphibien. J.G. Cotta, Miinchen, Stuttgart, and Tbingen, vi + 354 pp., 1 pl., 1
folding table; atlas, 4 pp., 7 pls.

Wallis, GP. & Arntzen, J.W. (1989) Mitochondrial-DNA variation in the crested newt superspecies: limited cytoplasmic gene
flow among species. Evolution, 43, 88-104.

Wermuth, H. & Mertens, R. (1961) Schildkréten, Krokodile, Briickenechsen. VEB G. Fischer, Jena, xxvii + 422 pp.

Wermuth, H. & Mertens, R. (1977) Testudines, Crocodylia, Rhynchocephalia. Das Tierreich, 100, i—xxvii + 1-174.

Wiens, J.J., Kuczynski, C.A. & Stephens, P.R. (2010) Discordant mitochondrial and nuclear gene phylogenies in emydid tur-
tles: implications for speciation and conservation. Biological Journal of the Linnean Society, 99, 445-461.

COMPETING GENERIC CONCEPTS FOR TURTLES Zootaxa 2791 © 2011 Magnolia Press - 53



