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ABSTRACT

Turtles of the total clade Pan-Kinosternoidea have a relatively poor fossil record that extends back

to the Late Cretaceous (Campanian). The clade is found only in North America during its early

history, but dispersed to Central America no later than the Miocene and to South America no

later than the Pleistocene. Ancestral pan-kinosternoids were likely aquatic, bottom-walking om-

nivores or carnivores that preferred low-energy freshwater habitats. The Pan-Dermatemys lineage

is often recovered in more fluvial habitats, and some are specialized to feed on aquatic vegetation.

Alternatively, many representatives of Kinosternon evolved specializations (e.g., plastral lobe kine-

sis) that allowed them to successfully inhabit and disperse across more terrestrial habitats such as

savannas and floodplains. A taxonomic review of the group concludes that of 42 named taxa, 27

are nomina valida (including two species of the controversial taxon Planetochelys), 14 are nomina

invalida and only one a nomen dubium.
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Introduction

The term Pan-Kinosternoidea refers to the total

clade of Kinosternoidea, which originates from the

common ancestor of the mud turtle Kinosternon

scorpioides (Linnaeus, 1766), the Mexican musk

turtle (or Guao) Staurotypus triporcatus (Wieg-

mann, 1828) and the Central American river tur-

tle (or Hicatee) Dermatemys mawii Gray, 1847.

The two primary crown clades within Kinoster-

noidea are Kinosternidae and D. mawii, and their

total clades are referred to as Pan-Kinosternidae

and Pan-Dermatemys (Joyce et al. 2004). We

herein informally name representatives of the lat-

ter clade “pan-dermatemydids.”

The increasingly more inclusive sister group

relationship between kinosternines and staurotyp-

ines, between kinosternids and dermatemydids

and between kinosternoids and chelydrids has

only been recognized relatively recently, although

parts of these were recognized throughout the his-

tory of research. The first meaningful global clas-

sifications of turtles proposed during the second

half of the 19th century surprisingly resemble the

current consensus, although notable differences

persist. Gray (1869) grouped chelydrids, stau-

rotypines and Sternotherus into the paraphyletic

“Crucisterna” and all Kinosternon into “Kinos-

terna” and then united these two groups into the

paraphyletic “Chelydradae,” which essentially

includes all then-known chelydroids, with the

notable exception of Dermatemys mawii. Subse-

quently, Boulenger (1889) provided a close varia-

tion of this classification that recognizes

chelydrids and kinosternines as two natural

groups, but furthermore grouped staurotypines

and D. mawii into an intermediate “dermatemy-

did” family. Siebenrock (1909) later united D.

mawii with kinosternids into his “Kinosternidae,”

but this taxon also includes the aberrant Asian

big-headed turtle Platysternon megacephalum

Gray, 1831. The modern consensus for classifying

these turtles was first recognized by Baur (1893),

who united chelydrids, dermatemydids, stau-

rotypines and kinosternines into “Chelydroidea,”

but this arrangement was not widely recognized,
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perhaps because Baur (1893) died soon after and

was not able to further publish his insights in

additional publications.

Hay (1908a) provided an extensive classifica-

tion that was the first to include all fossil and living

turtles. The arrangement that Hay (1908a) pro-

posed greatly resembles that of Boulenger (1889)

by recognizing chelydrids and kinosternines, but

greatly expanded the concept of “Dermatemydi-

dae” through the inclusion of an eclectic assortment

of fossil turtles, in particular adocids, nanhsi-

ungchelyids, carettochelyids and the pleurosternid

Compsemys. This polyphyletic wastebasket taxon

was primarily united in Hay’s (1908a) diagnosis by

a complete row of inframarginal scutes, a charac-

ter now considered to be symplesiomorphic (Mey-

lan and Gaffney 1989), and all other characters are

noted to occur only sometimes. The polyphyletic

nature of “Dermatemydidae” was later further cir-

cumscribed to include lindholmemydids, “sino-

chelyids” and solemydids (e.g., Romer 1956; Kuhn

1964; Mlynarski 1976; Carroll 1988). The close rela-

tionships of the remaining chelydroids was never-

theless recognized in these classifications (e.g.,

Williams 1952; Kuhn 1964; Mlynarski 1976),

though sometimes still to the inclusion of Platys-

ternon megacephalum (Romer 1956).

The close relationship of Dermatemys mawii

with kinosternids was highlighted in a series of

morphological studies (e.g., Williams 1950;

McDowell 1961; Zug 1966; Albrecht 1967), but

this did not result in a change in the prevailing clas-

sifications. Using cranial characters and cladistic

arguments, Gaffney (1975) finally united D. mawii

and Kinosternidae to the exclusion of the broad set

of fossil taxa listed above, but furthermore grouped

these with Trionychia to form the clade “Triony-

choidea.” The clade consisting of D. mawii and

Kinosternidae was later named “Kinosternoidae”

(Gaffney and Meylan 1988), but subsequently

renamed “Kinosternoidea” (Joyce et al. 2004).

The monophyly of Kinosternoidea was more

recently corroborated by a series of increasingly

complete studies using molecular data (e.g., Shaf-

fer et al. 1997; Krenz et al. 2005; Barley et al. 2010;

Crawford et al. 2015), but these studies also high-

lighted that kinosternoids are not closely related

to trionychians, but rather to chelydrids, as had

been proposed throughout the 19th century.

Although numerous morphological characters

exist that could unite this highly inclusive clade,

named Chelydroidea following Baur (1893)

(Knauss et al. 2011), current morphological stud-

ies still fail to retrieve this clade (e.g., Joyce 2007;

Anquetin 2012; Sterli et al. 2013; Rabi et al. 2014).

Nevertheless, the fossil record is more consistent

with the molecular arrangement in that all pan-

trionychian clades can be traced back to the Early

Cretaceous of Asia, whereas all chelydroid clades

only emerged during the Late Cretaceous of

North America (Crawford et al. 2015), and

because early representatives of the chelydroid lin-

eage are difficult to distinguish from one another.

We therefore speculate that it is only a matter of

time until new fossil finds will support the emerg-

ing molecular consensus.

For institutional abbreviations see Appendix

1. Named pan-kinosternoid genera are listed in

Appendix 2.

Skeletal Morphology

Cranium
Bienz (1895) described the cranial morphology of

Dermatemys mawii in detail, and McDowell

(1964), Meylan and Gaffney (1989) and Legler and

Vogt (2013) provided additional figures for that

taxon. Among kinosternids, we are aware of origi-

nal cranial figures of decent quality for Claudius

angustatus (Gaffney 1979), Kinosternon leucosto-

mum (Boulenger 1889; Legler and Vogt 2013), K.

scorpioides (Pritchard and Trebbau 1984; Legler and

Vogt 2013), K. subrubrum (Gaffney 1979), Stauroty-

pus salvinii (Gray 1869; Boulenger 1889; Williams

1952), S. triporcatus (Legler and Vogt 2013) and Ster-

notherus odoratus (Gaffney 1979; Bever 2009). Of

these, Bienz (1895), Gaffney (1979) and Bever (2009)

provide the most meaningful insights into the cra-

nial anatomy of the group. Among unambiguous

fossil pan-kinosternoids, cranial material has been

reported for the Late Cretaceous (Maastrichtian)

Emarginachelys cretacea (Whetstone 1978), the early

Eocene Baptemys garmanii (Estes 1988) and Bapte-

mys wyomingensis (Hay 1908a), the late Eocene

Xenochelys formosa (Williams 1952), the late

Oligocene Xenochelys floridensis (Bourque 2013),

and the middle Miocene Kinosternon skullridgescens

(Bourque 2012b), Kinosternon pojoaque (Bourque

2012a) and Kinosternon rincon (Bourque, in press).

The skulls of pan-kinosternoids are gener-

ally broad and triangular in shape, the eyes are

mostly oriented laterally and the interorbital
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area is broad. With few exceptions (e.g., some

Kinosternon such as K. flavescens), extant kinos-

ternoids have a protruding nose and this is also

apparent in the skull in lateral view. The upper

temporal emargination is typically deep, but 

the lower temporal emargination only shallow

(Figure 1).

The prefrontals are large, cover much of the

interorbital area, have broad midline contact with

one another and form a broad descending process

that contacts the vomer and palatines distally and

defines a narrow keyhole fissura ethmoidalis (see

Figure 1). The frontals are typically reduced in size

relative to the prefrontals and either only con-

tribute to the orbit along a narrow process, as in

Emarginachelys cretacea and Dermatemys mawii

(Figure 1A), or not at all, as in kinosternids (Fig-

ure 1B, C). The parietals are large elements that

contribute little to the dorsal skull roof and only

contact the postorbitals laterally. The parietals

form broad descending processes that contact the

palatines, pterygoids and epipterygoids ventrally,

but do not contribute directly to the otic trochlear

processes. The postorbitals are relatively small

bones that are broadly overlain by the postorbitals,

but always contact the squamosals posteriorly.

The paired premaxillae, together with the

vomer, hinder medial contact of the maxillae in ven-

tral view, even in taxa with extremely deep triturat-

ing surfaces (see Figure 1). The maxillae are large

elements that symplesiomorphically lack a posterior

contact with the quadratojugal in Emarginachelys

cretacea or Dermatemys mawii (see Figure 1A), but

often broadly contact this element in kinosternids

(see Figure 1B, C). The jugals broadly overlap the

postorbitals, but never contribute to the upper tem-

poral emargination. The quadratojugals are

enlarged elements that narrowly contact the postor-

bitals anteriorly and the squamosals posteriorly, and

broadly frame the cavum tympani. The squamos-

als contact the quadratojugals anteriorly and define

the typically voluminous cavum postoticum.

The broad secondary palate of Dermatemys

mawii is formed by only the maxilla and consists

of a serrated lingual ridge and several accessory

ridges (see Figure 1A). By contrast, the expan-

sive palate of many kinosternids often shows a

broad contribution from the palatine, but lacks

any accessory ridges or teeth (see Figure 1B, C).

The vomer is an unpaired element that clearly

contacts the prefrontal anteriorly and completely

separates the maxillae and palatines from paired

contact along the midline. The foramina palat-

inum posterius are present, but typically highly

reduced in size. An ascending process of the

palatine contributes to the lateral braincase wall.

This process ranges in size from small in D.

mawii, to intermediate in kinosternines, to enor-

mous in staurotypines. The pterygoids are large

elements that contact one another along the

midline, floor the otic area and broadly contact

the basioccipital posteriorly. The external

processes are minute and lack a vertical flange.

The basisphenoid contributes little to the ventral

surface of the skull.

The quadrates form enlarged cavum tympani

and fully define the anterior limits of the volumi-

nous antrum postoticum. The incisura columella

auris is a deep notch that remains open in all

kinosternoids. The trochlear process is formed by

the prootic and quadrate and overhangs the

enclosed trigeminal foramen. Although the

trochlear process is indistinct in Emarginachelys

cretacea and Dermatemys mawii (see Figure 1A),

it greatly protrudes into the temporal fossa in

kinosternids (see Figure 1B, C). The stapedial

foramen has a regular size in E. cretacea, but is

greatly reduced in kinosternids and fully lost in D.

mawii (see Figure 1). The supraoccipital forms an

elongate crista that protrudes posteriorly well

beyond the posterior margin of the skull.

The pterygoid forms the floor of a groove into

which the internal carotid artery enters at the back

of the skull. The posterior jugular foramen is well

defined, but only sometimes fully enclosed by

contact of the exoccipital with the opisthotic. The

remainder of the fenestra postotica, however,

remains wide open. The basioccipital and exoc-

cipitals enclose two pairs of hypoglossal foramina.

The basioccipital is a large element in Dermate-

mys mawii (see Figure 1A), but relatively small in

kinosternids (see Figure 1B, C).

The mandibles of kinosternoids are generally

low and lack splenials and distinct retroarticular

processes. The triturating surface mirrors that of

the upper triturating surfaces and is therefore

highly variable, ranging from very narrow to

extremely broad in kinosternids, to highly orna-

mented with accessory ridges in Dermatemys

mawii. The breadth of the triturating surfaces is

typically correlated with head to body size and

diet.
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FIGURE 1. Cranial morphology of Pan-Kinosternoidea as exemplified by three species. A, Dermatemys mawii
(USNM 66669). B, Staurotypus triporcatus (UF 3472). C, Sternotherus carinatus (USNM 59959). Abbreviations:
bo, basioccipital; bs, basisphenoid; ex, exoccipital; fpcci, foramen posterius canalis carotici interni; fpp, foramen
palatinum posterius; fr, frontal; fst, foramen stapedio-temporale; ju, jugal; mx, maxilla; op, opisthotic; pa, pari-
etal; pal, palatine; pf, prefrontal; pm, premaxilla; po, postorbital; pr, prootic; pt, pterygoid; qj, quadratojugal; qu,
quadrate; so, supraoccipital; sq, squamosal; vo, vomer. Scale bars approximate 1 cm.
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Shell
We are only aware of few illustrations of the com-

plete shell of extant kinosternoids, in particular

those of Dermatemys mawii (Boulenger 1889),

Kinosternon flavescens (Joyce 2007), K. leucosto-

mum (Boulenger 1889), K. scorpioides (Pritchard

and Trebbau 1984) and Staurotypus salvinii

(Boulenger 1889). Given that the vast majority of

named fossil pan-kinosternoids are based on rel-

atively complete shell material, we here refrain

from listing all illustrations of fossil pan-kinoster-

noids and refer the reader to the Systematic Pale-

ontology below.

The shells of pan-kinosternoids are typically

oval and often intermediately to highly domed,

with some exceptions such as Claudius angustatus

which has a relatively flat carapace. The shell of

basal pan-kinosternoids was tricarinate (e.g., Fig-

ure 2A, C). This morphology was later amplified

among representatives of the fossil Hoplochelys and

the extant Staurotypus, but strongly suppressed or

lost in adult Dermatemys mawii (Figure 2B) and

FIGURE 2. Shell morphology of Pan-Kinosternoidea. A, Baptemys nanus (redrawn and idealized from Bourque et
al. 2014). B, Dermatemys mawii (USNM 66669). C, Staurotypus salvinii (UF 165992). Abbreviations: Ab, abdom-
inal scute; An, anal scute; Ce, cervical scute; co, costal; cost. proc., costiform process; ent, entoplastron; epi, epi-
plastron; Fe, femoral scute; Gu, gular scute; Hu, humeral scute; hyo, hyoplastron; hyp, hypoplastron; IG, intergular
scute; IM, inframarginal scute; Ma, marginal scute; ne, neural; nu, nuchal; per, peripheral; Pl, pleural scute; py,
pygal; spy, suprapygal; Ve, vertebral scute; xi, xiphiplastron. Scale bars approximate 5 cm.
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some kinosternines (Figure 3). The surface of the

shell is typically smooth in adults. The carapace of

basal pan-kinosternoids consists of a nuchal, a con-

tinuous row of 8 neurals, 8 pairs of costals, 11 pairs

of peripherals, 2 suprapygals, and a pygal (Figure

2A, B). Kinosternids possess only 10 pairs of

peripherals, kinosternines only a single suprapygal

(Figures 2C, 3), and a reduction of the neural series

and associated midline contact of some posterior

costals is apparent in the pan-dermatemydid (see

Figure 2B) and kinosternine lineages (see Figure 3).

The nuchal exhibits a pair of well-formed costiform

processes that at most insert distally into peripheral

II (Figures 2, 3) and appear to be homologous with

those of pan-chelydrids (Knauss et al. 2011). In

some specimens of D. mawii, the costiform process

inserts deeply into the peripheral and therefore

appears to be absent in ventral view. A single cervi-

cal, five vertebrals and four pairs of pleurals cover

the carapace of all pan-kinosternoids. The carapace

of basal pan-kinosternoids has 12 pairs of margin-

als (see Figure 2A, B), but is reduced to 11 pairs in

FIGURE 3. Shell morphology of Pan-Kinosterninae. A, Xenochelys lostcabinensis (redrawn from Hutchison 1991).
B, Kinosternon baurii (UF 165988). C, Sternotherus odoratus (UF 135153). Abbreviations: An, anal scute; Ce, cer-
vical scute; co, costal; ent, entoplastron; epi, epiplastron; Fe, femoral scute; Gu, gular scute; Hu, humeral scute;
hyo, hyoplastron; hyp, hypoplastron; IG, intergular scute; IM, inframarginal scute; Ma, marginal scute; ne, neu-
ral; nu, nuchal; per, peripheral; Pl, pleural scute; py, pygal; spy, suprapygal; Ve, vertebral scute; xi, xiphiplastron.
Scale bars approximate 5 cm.
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kinosternids with 10 pairs of peripherals (see Fig-

ures 2C, 3). The anterior peripherals are incised on

their visceral side by a groove of varying length that

houses elongate axillary musk ducts. The carapace

of kinosternines may have inguinal musk duct

foramina adjacent to the inguinal buttresses,

whereas Kinosternon subrubrum and Kinosternon

baurii additionally have caudal musk duct pores

above the tail on peripheral X between marginals

X–XI (Bourque 2012b).

The plastron of pan-kinosternoids ranges

from being extremely reduced and cruciform to

extremely broad (see Figures 2, 3). The extremely

reduced plastron of Claudius angustatus possesses

poorly developed buttresses that lack well-formed

bony sutural contact with the carapace, contacts

only peripherals V and VI laterally and lacks infra-

marginals. By contrast, the plastron of Dermate-

mys mawii is very broad, has extensive axillary

buttresses that terminate distally on the costals,

contacts peripherals II–VIII and is covered by four

to five large inframarginals (see Figure 2B). The

plastron of pan-kinosternoids basally consists of

an entoplastron and a pair each of epi-, hyo-, hypo-

and xiphiplastra and is greatly thickened. However,

the entoplastron was lost in the kinosternine line-

age, which is highly unusual among turtles. Plastral

lobe (and sometimes midline) kinesis is present in

many pan-kinosternoids, and most Kinosternon

show well-developed anterior and posterior plas-

tral hinges that allow fully encapsulating the

extremities for protection. The forelobe hinge is

situated between the epiplastra and hyoplastra, and

the hindlobe hinge between the hypoplastra and

xiphiplastra (Bramble et al. 1984).

The plastron of cryptodires, particularly pan-

kinosternoids, is covered by an array of plastral

scales that have historically been difficult to inter-

pret. Using a set of clearly stated assumptions,

Hutchison and Bramble (1981) elegantly tackled

this problem and proposed a system of primary

homology statements that has been accepted and

tested by subsequent phylogenetic analyses (e.g.,

Hutchison 1991; Joyce 2007; Knauss et al. 2011).

Hutchison and Bramble (1981) furthermore pro-

posed a unifying nomenclatural system for the

plastral scales of turtles, which is unfortunately

not always utilized consistently in the turtle com-

munity, but is implemented here.

The plastron of the ancestral pan-kinosternoid

appears to have been covered by paired gulars,

humerals, abdominals, femorals and anals, but to

have symplesiomorphically lacked extragulars and

pectorals. The abdominals symplesiomorphically

lacked midline contact, but whereas this contact

was reacquired in the pan-dermatemydid lineage,

the abdominals were fully lost in the pan-kinos-

ternid lineage. The humeral is secondarily split

into an anterior and posterior humeral in the pan-

kinosternine lineage in concert with the acquisi-

tion of full anterior plastral lobe kinesis. Finally, a

new unpaired scute, the intergular, developed sec-

ondarily along the anterior margin of pan-der-

matemydids and pan-kinosternines together with

the expansion of the plastron. In Sternotherus car-

inatus and some Sternotherus minor the intergular

is secondarily lost. Additionally, in some Ster-

notherus and Kinosternon the plastral scutes are

reduced and expansive gaps of skin are present

along the interplastral scute seams, particularly

along the midline and in males (Figure 3C).

Postcranium
We are not aware of any publications that docu-

ment the nonshell postcranial anatomy of any

extant or fossil pan-kinosternoid in any detail,

with the exception of Emarginachelys cretacea

(Whetstone 1978) and Baptemys wyomingensis

(Hay 1908a). The holotypes of the fossil kinos-

ternines Kinosternon skullridgescens, Kinosternon

pojoaque and Kinosternon rincon are preserved

with numerous nonshell postcranials intact; how-

ever, these were not described in any detail in

Bourque (2012a, 2012b, in press). We are unaware

of any additional fossil taxa with substantial asso-

ciated nonshell postcranials.

The vast majority of pan-kinosternoids pos-

sesses a cervical formula of (2((3))4))5))6}}7}}8),

with the exception of Dermatemys mawii, which

typically expresses (2))3))4))5))6}}7}}8) (Williams

1950). The ventral processes are well developed,

as in most durocryptodires, but the ventral

process of cervical VIII is split lengthwise in

kinosternids (Hutchison 1991). The tail is rela-

tively short, lacks chevrons, and all caudals are

procoelous.

The pectoral girdle of pan-kinosternoids dis-

plays the triradiate morphology typical of all tur-

tles, but representatives of the pan-dermatemydid

lineage possess an unusual process at the base of

the scapular process. The anterior rim of the ilium

of all pan-kinosternoids is adorned by an anteri-
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orly protruding process, the thelial process, which

serves as the attachment site for the iliotibialis

muscle, but this process is nonhomologous with a

less-pronounced process in trionychid turtles

(Zug 1971; Joyce 2007). The ilium exhibits a

notable posterior kink at the level of the thelial

process and lacks the distal fanning typical of

other turtles. The acetabulum is not round, but

rather exhibits a distinct posterior notch. The

manus has five claws and are relatively short to

intermediate in length, depending on habitat pref-

erences (Joyce and Gauthier 2004). The pes corre-

sponds in length to the hands, but only has four

claws.

Phylogenetic Relationships

The shells of kinosternoid turtles exhibit an abun-

dance of distinct characters, and it has therefore

been possible to reconstruct the phylogeny of the

group with confidence. The pioneering studies of

Hutchison and Bramble (1981) and Hutchison

(1991) synthesized the basal framework of kinos-

ternoid evolution through the fossil record, and

later studies have been able to add little more.

These studies formed the basis for later analyses,

in particular Knauss et al. (2011) and Bourque et

al. (2014) and also informed global studies of tur-

tle relationships (e.g., Joyce 2007; Anquetin 2012;

Joyce et al. 2013; Sterli et al. 2013; Rabi et al. 2014).

Iverson (1991) in parallel provided a detailed mor-

phological analysis that attempts to resolve the

phylogenetic relationship of all extant kinostern-

ids at the species level. Although Iverson (1991)

retrieved a paraphyletic Sternotherus, subsequent

studies built upon this initial character/taxon

matrix (Bourque 2012a, 2012b, in press; Bourque

and Schubert 2014) retrieve Sternotherus and

Kinosternon as monophyletic.

The most important comprehensive studies

utilizing molecular data include Rogers (1972),

Seidel et al. (1986), Iverson (1991, 1998), Iverson

et al. (2013) and Spinks et al. (2014). Although

these analyses generally confirm the monophyly

of Kinosternidae and Kinosterninae, some fail to

produce a monophyletic Kinosternon or Ster-

notherus (e.g., Rogers 1972; Seidel et al. 1986; Iver-

son 1991; Iverson et al. 2013). However, it appears

that better sampling and more refined tree-find-

ing techniques retrieve the traditional arrange-

ment (e.g., Iverson 1998; Spinks et al. 2014).

Although the recognition of a monophyletic

Kinosternoidea is a relatively recent development

(see Introduction), there is strong agreement regard-

ing the list of fossil turtles that are associated with

this crown clade (Hutchison 1991; Knauss et al.

2011; Bourque et al. 2014). However, the turtles

populating the stem are more controversial. The

Late Cretaceous (Maastrichtian) Emarginachelys

cretacea was originally described as a pan-chelydrid,

but has repeatedly been addressed as a pan-kinos-

ternoid, though without explicit justification (e.g.,

Meylan and Gaffney 1989; Holroyd and Hutchison

2002; Holroyd et al. 2014). We here agree with this

assessment, using a list of synapomorphies diagnos-

tic for this clade. The Late Cretaceous (Maastricht-

ian) to Paleocene Tullochelys montana was similarly

described as a pan-chelydrid (Hutchison 2013), but

we believe this to be a pan-kinosternoid as well. We

provide explicit justifications for the inclusion of

both taxa in Pan-Kinosternoidea below (see System-

atic Paleontology).

We here finally add two additional, controver-

sial fossil turtles to this list of species being dis-

cussed herein, Planetochelys savoiei and P. dithyros.

These two Paleogene turtles are known from rel-

atively complete remains from Virginia and

Wyoming, respectively, and at first sight greatly

resemble testudinoid box turtles such as the extant

North American Terrapene or the Asian Cuora in

having a domed carapace and fully developed

midplastral hinge. Planetochelys was originally

assigned to the Asian family Sinemydidae (Weems

1988), but Hutchison (2013) convincingly dis-

missed this claim and suggested affinities with

“Trionychoidea” instead on the basis of the pres-

ence of costiform processes, presence of extragu-

lars and a broad plastron. This most recent

assessment is somewhat dubious, as increasing

amounts of molecular evidence are casting doubt

on the existence of a trionychoid clade (see Intro-

duction above). We note that extragulars found in

some specimens of Planetochelys appear to be

scute anomalies, not regularly formed features,

and that a broad plastron is homoplastically

acquired in many groups of turtles. The sole char-

acter to remain is therefore the costiform process,

which recent studies have shown to be a unique

synapomorphy of the clade Chelydroidea. Until

more character evidence is accrued, it might be

prudent to refer Planetochelys to Pan-Chely-

droidea, as it reasonably could be situated along
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the stem lineage of Chelydroidea, Chelydridae or

Kinosternoidea. However, using temporal consid-

erations, we herein assign Planetochelys to the total

group of Kinosternoidea.

The phylogenetic hypothesis presented (Fig-

ures 4–6) herein is a consensus of recent studies

(Hutchison 1991; Knauss et al. 2011; Bourque

2012a, 2012b, in press; Bourque and Schubert

2014; Bourque et al. 2014). Fossil taxa that have

not yet been included in phylogenetic studies were

added through the use of diagnostic characters.

Only a selection of characters is mapped onto the

tree. The diagnoses of all taxa similarly list only

the most conspicuous characters. For a complete

list of phylogenetically informative characters and

more rigorous taxon diagnoses, we ask the reader

to refer to the appropriate literature. We here uti-

lize two genera currently thought to be para-

phyletic (i.e., Baptemys and Xenochelys), because

we find it useful to group species of similar evolu-

tionary development into such taxonomic units

and because we find the creation of countless

monotypic genera of little added value. However,

as these taxa are thought to be paraphyletic, we do

not provide formal diagnoses for them or treat

them as evolutionary units.

Paleoecology

The ancestral pan-kinosternoid can be hypothe-

sized as a highly aquatic, bottom-walking turtle

that preferred low-energy freshwater aquatic habi-

tats, such as ponds, oxbow lakes and swamps, as

this is the predominant habitat preference among

extant chelydrids and kinosternoids (Zug 1971;

Ernst and Barbour 1989). The fossil record con-

firms this assertion, as Late Cretaceous kinoster-

noids are generally associated with chelydrids,

plastomenids or Compsemys victa in low-energy

environments, in contrast to baenids and tri-

onychines, which are typically found in high-

energy channel deposits (Joyce and Lyson 2011,

2015; Lyson and Joyce 2011). In concert with

increasing aridity during the Neogene, represen-

tatives of Kinosternon secondarily adapted to

more terrestrial habitat preference. Extant repre-

sentatives of the clade readily venture over land

for extended periods of time. These turtles never-

theless require habitats that maintain water for at

least some time of the year. The ancestral pan-

kinosternoid can furthermore be inferred to have

been an omnivore with strong preference for ani-

mal protein as this, once again, is the predominant

diet of extant chelydrids and pan-kinosternoids.

An exception to this is the extant Dermatemys

mawii, which is an aquatic herbivore (Ernst and

Barbour 1989). Although the skull remains poorly

described (Hay 1908a), it is apparent that Bapte-

mys wyomingensis had broad triturating surfaces

that were adorned with numerous accessory

ridges that correspond closely to its extant sister

taxon D. mawii. It is therefore reasonable to infer

that the pan-dermatemydid lineage acquired its

unusual diet no later than the Eocene.

In contrast to the vast majority of other line-

ages, pan-kinosternoids retain their cruciform plas-

tron for much of their evolutionary history,

although this leaves much of their underside

unprotected. This trend quickly reverses in the pan-

dermatemydid lineage during the Eocene, with the

acquisition of a broad plastron that convergently

resembles that of extant pleurodires or testudinoids

in its gestalt. The expansion of the plastron coin-

cides with the acquisition of a herbivorous diet, and

we speculate that this may not be accidental. The

reduced cruciform plastron is lost in most Kinos-

ternon through expansion of the plastral lobes and

development of anterior and posterior hinges, and

it seems plausible that these are adaptations for use

of more terrestrial habitats (Bramble et al. 1984).

Paleobiogeography

The entire pre-Pleistocene fossil record of Pan-

Kinosternoidea is restricted to North America

(Figure 7; Appendix 4), and it therefore appears

certain that the group originated on that conti-

nent. The earliest pan-kinosternoids have been

reported from the Late Cretaceous (Campanian)

of Coahuila, Mexico (Rodriguez-de la Rosa and

Cevallos-Ferriz 1998; Brinkman and Rodriguez

de la Rosa 2006), and New Mexico (Sullivan et al.

2013) and Utah, USA (Hutchison et al. 2013). The

majority of these remains are isolated shell bones

of small smooth-shelled pan-kinosternids, but

rare finds attributable to Hoplochelys are present

as well, thereby revealing that the two primary lin-

eages of crown Kinosternoidea were established by

the Campanian (Joyce et al. 2013). Pan-kinoster-

noid remains are notably missing from well-

exposed Campanian deposits in southern Alberta,

indicating a preference for subtropical latitudes
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FIGURE 4. A phylogenetic hypothesis of valid pan-kinosternoid taxa, with diagnostic characters for the most impor-
tant clades, including select extant taxa for reference. The topology is a composite of Knauss et al. (2011), Bourque
(2012a, 2012b, in press), Bourque et al. (2014), and Bourque and Schubert (2014). Dashed lines highlight taxa that
were not included in these analyses and that were secondarily inserted using diagnostic characteristics.
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(Brinkman 2003). However, by the late Maas-

trichtian, both primary kinosternoid lineages are

reported from the northern deposits of Montana,

North Dakota and Wyoming, USA, including

Emarginachelys cretacea, Hoplochelys clark and

Tullochelys montana, though they remain rare

(Whetstone 1978; Holroyd and Hutchison 2002;

Knauss et al. 2011; Hutchison 2013).

Directly following the Cretaceous/Tertiary

(K/T) extinction event, only Tullochelys montana

is reported from the northern basins (Hutchison

2013; see Figure 7). We agree with Hutchison and

Holroyd (2003) that the early Paleocene “Agom-

phus caelata” Hay 1908b from the early Paleocene

of Montana is not a pan-kinosternoid, but rather

a pan-chelydrid (Joyce 2016).

An extremely rich fauna attributable to the

pan-dermatemydid Hoplochelys crassa has been

recovered from the early Paleocene of the San

Juan Basin, New Mexico (see Figure 7), but pan-

kinosternids are lacking from these deposits

(Cope 1888; Hay 1908a, 1911; Gilmore 1919b).

Isolated fragments attributable to Hoplochelys

have otherwise been reported from the early Pale-

ocene of Colorado (Hutchison and Holroyd 2003)

and Texas (Tomlinson 1997).
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A number of historic quarries yielded contem-

poraneous finds of Agomphus pectoralis in New

Jersey (Cope 1868, 1869/70; Wieland 1905; see Fig-

ure 7), but the morphology of this taxon is still

poorly understood and its phylogenetic affinities

therefore uncertain. We agree with Hutchison and

Weems (1998) that Emys firmus Leidy, 1856 repre-

sents an adocid, not a representative of Agomphus,

and this taxon will therefore be discussed else-

where. Outcrops in Alabama, Georgia and Vir-

ginia have yielded “Agomphus” alabamensis

(Gilmore 1919a), Agomphus oxysternum (Cope

1877) and the potential pan-kinosternoid Plane-

tochelys savoiei, but these taxa are in need of better

description and/or character analysis to rigorously

assess their validity and phylogenetic affinities (see

Systematic Paleontology below). A rich Paleocene

fauna from South Carolina is unique by including

remains of pan-kinosternids, but given the lack of

detailed descriptions for other taxa, we find it dif-

ficult to reconstruct most of the taxonomic attribu-

tions of Hutchison and Weems (1998) beyond

Pan-Kinosternoidea and Agomphus indet.

Abundant remains from early to middle

Eocene exposures throughout Wyoming have

provided rich insights into the evolution of pan-

FIGURE 6. The stratigraphic and biogeographic distribution of valid kinosternid taxa. Black lines indicate tempo-
ral distribution based on type material, including select extant taxa for reference. Gray lines indicate temporal dis-
tribution based on referred material.
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kinosternoid turtles (see Figure 7). The pan-der-

matemydid lineage is represented by Baptemys

nanus, B. garmanii and B. wyomingensis (Cope

1872, 1873; Leidy 1869; Hay 1908a; West and

Hutchison 1981; Zonneveld et al. 2000; Holroyd et

al. 2001; Bourque et al. 2014), and these three tem-

porally nonoverlapping species may well represent

an anagenetic lineage consisting of chronotaxa.

Additional material referable to this lineage has

otherwise been reported from the early Eocene of

New Mexico, North Dakota and throughout

Wyoming (Cope 1875; Estes 1988; Lucas et al. 1989;

Bourque et al. 2014). We cannot confirm reports of

Baptemys from Texas (Westgate 1989) as no speci-

mens have been figured or referred.

Early to middle Eocene sediments securely

document the kinosternid stem lineage in the

form of Baltemys staurogastros from the early

Eocene of Wyoming and Colorado (Hutchison

1991; Lichtig and Lucas 2015), Xenochelys lostcab-

inensis from the early Eocene of Wyoming

(Hutchison 1991) and X. formosa from the late

Eocene of South Dakota (Hay 1906; Williams

1952; see Figure 7). Fragmentary remains attribut-

able to Baptemys, Xenochelys or Pan-Kinosterni-

nae have otherwise been reported from the

Eocene of Arkansas, Colorado, New Mexico,

South Dakota, Texas, Wyoming and as far north

as Ellesmere Island, Canada (Hutchison 1991;

Holroyd et al. 2001). Early Eocene sediments in

Wyoming preserve the earliest western records of

the enigmatic turtle Planetochelys dithyros

(Hutchison 2013). We here readily highlight that

the phylogenetic affinities of these taxa are 

FIGURE 7. The geographic distribution of figured pan-kinosternoids from the Cretaceous and Paleogene. Stars
mark the type localities of valid taxa. Locality numbers are cross-listed in Appendix 3. Abbreviations: AL,
Alabama; AR, Arkansas; CA, Coahuila; CO, Colorado; EI, Ellesmere Island; FL, Florida; GA, Georgia; MT, Mon-
tana; ND, North Dakota; NJ, New Jersey; NM, New Mexico; SC, South Carolina; SD, South Dakota; TX, Texas;
UT, Utah; VA, Virginia; WY, Wyoming.
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controversial, but characters reminiscent of pan-

kinosternoids compel us to discuss them here (see

Systematic Paleontology below).

Following a trend typical for so many other

groups of North American turtles during the

Arikareean North American Land Mammal Age

(NALMA) (Hutchison 1996), pan-kinosternoids

almost vanish from the North American fossil

record, with the exception of the fragmentary

record of Xenochelys floridensis from the late

Oligocene of Florida (Bourque 2013; see Figure 7).

The Neogene record of the pan-dermatemy-

did lineage consists only of fragmentary remains

from the early Miocene of Texas (Albright 1994;

Figure 8). The Neogene pan-kinosternid record

had historically been similarly poor, but recent

studies have shed some light on this lineage,

based primarily on specimens that languished in

FIGURE 8. The geographic distribution of pan-kinosternoids from the Neogene. Stars mark the type localities of
valid taxa. Locality numbers are cross-listed in Appendix 3. Abbreviations: AZ, Arizona; DE, Delaware; FL,
Florida; IN, Indiana; KS, Kansas; MO, Missouri; NE, Nebraska; NM, New Mexico; OK, Oklahoma; SC, South Car-
olina; TN, Tennessee; TX, Texas.
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museum drawers for decades. In particular,

Miocene sediments have yielded the remains of

Kinosternon pojoaque (Bourque 2012a), K. skull-

ridgescens (Bourque 2012b) and K. rincon

(Bourque, in press) from New Mexico, K. wakee-

niense from Kansas and Nebraska (Bourque, in

press), K. pannekollops from Texas (Bourque, in

press), Sternotherus palaeodorus from Tennessee

(Bourque and Schubert 2014) and K. notolophus

and S. bonevalleyensis from Florida (Bourque and

Schubert 2014; Bourque, in press). Pliocene sed-

iments have yielded Kinosternon arizonense from

Arizona (Gilmore 1923). Phylogenetic analyses

firmly place all within the crown of Kinosterni-

nae, often close to extant taxa or small species

groups (Bourque 2012a, 2012b, in press; Bourque

and Schubert 2014). A number of Miocene to

Pliocene remains have previously been referred

to extant taxa, in particular K. flavescens (e.g.,

Fichter 1969; Rogers 1976; Holman and

Schloeder 1991; Parmley 1992), but these univer-

sally have not been demonstrated to have apo-

morphic traits and were likely assigned using

geographic considerations. Given that the two

primary kinosternine lineages (Kinosternon and

Sternotherus) are apparent by the Miocene, we

here refer all fragmentary remains from Delaware

(Holman 1998), Kansas (Fichter 1969), Florida

(Becker 1985; Bryant 1991; Bourque 2013, in

press), Nebraska (Hutchison 1991; Holman and

Schloeder 1991; Parmley 1992) and Texas

(Rogers 1976) to Kinosternon indet. or Ster-

notherus indet. We cannot confirm the plausible

presence of Kinosternon indet. from the Pliocene

of Michoacán, Mexico (Brattstrom 1955b), as no

material has been figured or described.

Fragmentary kinosternine remains have been

reported from the Pleistocene of Aguascalientes,

Mexico (Mooser 1980), Indiana (Holman and

Richard 1993), Florida (Weigel 1962; Meylan

1995; Bourque 2013), Kansas (Holman 1972,

1987; Preston 1979), Missouri (Parmalee and

Oesch 1972), Nebraska (Fichter 1969), Oklahoma

(Preston 1979), South Carolina (Bentley and

Knight 1998) and Texas (Holman 1963; Johnson

1974; Preston 1979; Holman and Winkler 1987;

see Figure 8). Although attribution of this material

to currently existing taxa may often yield reason-

able results, we here refer all of these once again to

Kinosternon indet. and Sternotherus indet. pend-

ing more detailed morphological analysis.

The invasion of Central and South America

by kinosternines is documented by isolated finds

of Staurotypus moschus from the early Miocene of

Panama (Cadena et al. 2012), Kinosternon indet.

from the late Miocene of Honduras (Bourque

2012b) and of Kinosternon indet. from the Pleis-

tocene of El Salvador (Cisneros 2005) and Colom-

bia (Cadena et al. 2007; see Figure 8). About 26

species of kinosternid turtles currently inhabit

North and South America, ranging from south-

ern Canada to northern Argentina, from desert to

wet tropical and wet temperate regions.

Systematic Paleontology

Valid Taxa
See Appendix 4 for the hierarchical taxonomy of

Pan-Kinosternoidea as described in this work.

Pan-Kinosternoidea Joyce et al., 2004

Phylogenetic definition. Following Joyce et al. (2004), the term

Pan-Kinosternoidea is herein referred to the total clade of Kinos-

ternoidea (see below).

Diagnosis. Representatives of Pan-Kinosternoidea are currently

diagnosed relative to other turtles by the symplesiomorphic

presence of a slightly tricarinate carapace, costiform processes,

a cruciform plastron, the lack of extragulars and pectorals, and

midline contact of the abdominals, and the derived presence of

a thickened plastron, a thelial process, an iliac notch, an angled

ilial shaft and the lack of a distal iliac fan.

Emarginachelys cretacea Whetstone, 1978

Taxonomic history. Emarginachelys cretacea Whetstone, 1978

(new species); Emarginochelys cretacea Holroyd and Hutchison,

2002 (genus name misspelled).

Type material. KU VP23488 (holotype), a heavily crushed, near-

complete skeleton primarily lacking the mandible, various dig-

its and most of the tail (Whetstone 1978, figs. 5–8, 10–18).

Type locality. Traweek Ranch, SW1/4, NW1/4, Section 35, T 21

N, R 37 E, Garfield County, Montana, USA (Figure 7); Hell Creek

Formation, Maastrichtian, Late Cretaceous (Whetstone 1978).

Referred material and range. No material is herein referred to

this taxon (see Comments below).

Diagnosis. Emarginachelys cretacea can be diagnosed as a pan-

kinosternoid by the full list of characters listed for that clade

above and can be distinguished from all crown kinosternoids

by the full list of characters listed for that clade below. Emargin-

achelys cretacea is differentiated from Tullochelys montana by

having more elongate costiform processes that almost insert in

peripheral III and by lacking an overlap of the anal onto the

hypoplastron.
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Comments. Emarginachelys cretacea is based on a heavily frac-

tured, but near-complete skeleton from the Hell Creek Formation

of Montana (Whetstone 1978). The validity of this taxon has

never been in doubt, but its phylogenetic affiliations remain con-

tentious. Whetstone (1978) originally diagnosed this taxon as a

pan-chelydrid on the basis of the presence of a cruciform plas-

tron, long costiform processes, a ligamentous bridge, elongate

jugals and narrow pectineal pubic processes. Meylan and Gaffney

(1989) later interpreted E. cretacea as the most basal pan-kinos-

ternoid within the clade Trionychoidea, but this analysis is highly

suboptimal, as pan-chelydrids were omitted a priori. This result

was nevertheless replicated by the global analyses of Shaffer et al.

(1997) and Joyce (2007). Given that it is becoming increasingly

evident that kinosternids and chelonioids are the successive out-

groups of chelydrids (see Phylogenetic Relationships above), it is

not surprising that the morphology of all three groups converges

further back in time. For instance, of the impressive list of char-

acters that Whetstone (1978) listed to support the placement of

E. cretacea as a pan-chelydrid, all should now be viewed as sym-

plesiomorphies as they also occur in kinosternids or/and chelo-

nioids. A substantial list of newly recognized synapomorphies,

however, places E. cretacea within Pan-Kinosternoidea, but out-

side crown Kinosternoidea (see Diagnosis above).

Holroyd and Hutchison (2002) attributed a number of

specimens from the Hell Creek Formation of North Dakota to

Emarginachelys cretacea, but they did not provide an explicit

rationale for diagnosing these fragments relatively to coeval

pan-kinosternoids, especially the recently named Hoplochelys

clark Knauss et al., 2011. We therefore herein disregard this ma-

terial until more details are available.

Planetochelys Weems, 1988

Type species. Planetochelys savoiei Weems, 1988.

Diagnosis. Planetochelys can only be diagnosed as a pan-kinos-

ternoid by the presence of costiform processes, a plesiomorphy

inferred to be present in the ancestral chelydroid, and the

absence of extragulars, a plesiomorphy found in all durocryp-

todires. Another character that may hold taxonomic significance

is the presence of notably low marginal scutes similar to those

seen in kinosternids (D. Brinkman, pers. comm., 2015). Plane-

tochelys differs substantially from other pan-kinosternoids by

having pectorals, midline contact of the abdominals and a well-

developed, flat plastron, characters more typical of testudinoids,

and by possessing a fully developed hinge between the hyo- and

hypoplastra and having costals I–V insert distally in two periph-

erals. See Phylogenetic Relationships above for problematic rela-

tionships of this taxon.

Planetochelys dithyros Hutchison, 2013

Taxonomic history. Planetochelys dithyros Hutchison, 2013 (new

species).

Type material. UCMP 120000 (holotype), an incomplete skele-

ton consisting of an incomplete shell, partial skull and mandible

and isolated vertebrae and limb bones (Hutchison 2013, figs.

26.4b, 26.5a, b); UCMP 125005 (paratype), nearly complete shell

and limb bones; UCMP 130896 (paratype), partial shell.

Type locality. UCMP locality V77050, Sweetwater County,

Wyoming, USA (see Figure 7); Wasatch Formation, Wasatchian

NALMA, Ypresian, early Eocene (Woodburne 2004). The

paratypes originate from early Eocene (Ypresian, Wasatchian

NALMA), Willwood Formation, UCMP locality V81045, Big

Horn County, Wyoming, USA (Hutchison 2013).

Referred material and range. Early Eocene (Ypresian),

Wasatchian NALMA of the Big Horn (including paratypes),

Green River and Wind River basins (Hutchison 2013).

Diagnosis.Planetochelysdithyros can be diagnosed as Planetochelys

by the full list of characters listed above. Planetochelys dithyros is

differentiated relative to P. savoiei, among others, by being larger,

having wedge-shaped costals III–VI, upturned posterior peripher-

als and by lacking a lateral carina along the bridge peripherals.

Comments. Planetochelys dithyros is based on a rich collection

of remains from early Eocene (Ypresian) sediments throughout

Wyoming. This taxon was referred to with various informal

names for nearly half a century (see Hutchison 2013 for list of

informal synonyms), but no voucher specimens were listed.

The documented morphology of P. dithyros is highly apo-

morphic among turtles from the Eocene of North America,

most notably in its convergences with extant box turtles, and

the validity of this taxon is therefore uncontroversial. For the

problematic attribution of this taxon to Pan-Kinosternoidea,

however, see Phylogenetic Relationships above.

Planetochelys savoiei Weems, 1988

Taxonomic history. Planetochelys savoiei Weems, 1988 (new

species).

Type material. USNM 412107 (holotype), the posterior half of

a carapace (Weems 1988, figs. 5–8; Hutchison 2013, fig. 26.3).

Type locality. West bank of Aquia Creek, Stafford County, Vir-

ginia, USA (Weems 1988; see Figure 7); Piscataway Member,

Aquia Formation, Thanetian, late Paleocene (Hutchison 2013).

Referred material and range. No specimens have been referred

to date.

Diagnosis. Planetochelys savoiei can be diagnosed as Planetochelys

by the inferred presence of a plastral hinge and the distal inser-

tion of the anterior costals in two peripherals. Planetochelys

savoiei is differentiated relative to P. dithyros by being smaller,

having less wedge-shaped costals III–VI, flat posterior peripher-

als and a distinct lateral carina along the bridge peripherals.

Comments. Planetochelys savoiei is based on a well-preserved

partial carapace from the late Paleocene of Virginia, USA

(Weems 1988). The validity of this taxon is uncontroversial, as

the holotype displays an unusual array of unique characters,

especially among Eocene turtles. However, given that the type

specimen lacks the diagnostic plastron and nuchal region,

assessing the phylogenetic relationships of this taxon was 

historically difficult. Ironically, the finding of more complete

remains of the closely related P. dithyros, including the 

nuchal region and plastron, has only added complexity to this
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conundrum. For a more extensive discussion, see Phylogenetic

Relationships above.

Tullochelys montana Hutchison, 2013

Taxonomic history. Tullochelys montana Hutchison, 2013 (new

species).

Type material. UCMP 136481 (holotype), a crushed partial skele-

ton consisting of the posterior two-thirds of the shell and associ-

ated with disarticulated limb bones and vertebrae (Hutchison

2013, figs. 26.6a–c, 26.7); UCMP 107791 (paratype), left periph-

eral I; UCMP 117434 (paratype), articulated left right peripheral

XI and suprapygal; UCMP 123314 (paratype), partial carapace;

UCMP 129189 (paratype), left peripheral I–II, peripheral frag-

ments, costal I fragment; UCMP 129693 (paratype), fragmen-

tary carapace, most of plastron, limb fragments; UCMP 154567

(paratype), partial shell of a juvenile (Hutchison 2013, fig. 26.6d);

UCMP 158704 (paratype), peripheral I–II and partial costal I.

Type locality. UCMP locality V90001, McCone County, Mon-

tana, USA (see Figure 7); Hell Creek Formation, Puercan

NALMA (Hutchison 2013), Danian, Early Paleocene (Wood-

burn 2004). The paratypes originate from the Lancian (Maas-

trichtian) to Puercan (Danian) Hell Creek and Fort Union

Formations of Garfield and McCone counties, Montana, USA.

Referred material and range. No material has been referred to

date beyond the paratypes.

Diagnosis. Tullochelys montana can be diagnosed as a pan-kinos-

ternoid and differentiated from crown kinosternoids by the full

lists of shell characters listed for those clades above and below. 

Tullochelys montana is differentiated from Emarginachelys cre-

tacea by having shorter costiform processes that only insert in

the middle of peripheral II and by exhibiting a broad overlap of

the anal onto the hypoplastron.

Comments. Tullochelys montana was recently described as a new

species of pan-chelydrid (Hutchison 2013). In contrast to

Hutchison (2013), we interpret the presence of short costiform

processes (i.e., costiform processes that do not insert in periph-

eral III), a cruciform plastron, loss of the extragulars and the

retention of ventrally exiting musk ducts, as chelydroid symple-

siomorphies, not synapomorphies of Pan-Chelydridae, as they

broadly occur among pan-kinosternoids as well. However, we

agree that the overlap of the anal onto the hypoplastron is a char-

acter reminiscent of pan-chelydrids. However, we note the pres-

ence of a greatly thickened plastron, a character otherwise

restricted to Pan-Kinosternoidea, and a general resemblance with

Emarginachelys cretacea, a taxon that exhibits numerous addi-

tional synapomorphies of Pan-Kinosternoidea. We therefore ten-

tatively place Tullochelys montana within Pan-Kinosternoidea

but await more detailed future analysis, especially more detailed

description of the available material.

Kinosternoidea Hutchison and Weems, 1998

Phylogenetic definition. Following Joyce et al. (2004), the term

Kinosternoidea is herein referred to the clade arising from the

last common ancestor of Dermatemys mawii Gray, 1847, Stau-

rotypus triporcatus (Wiegmann, 1828) and Kinosternon scorpi-

oides (Linnaeus, 1766). Kinosternoidea is the crown clade of

Pan-Kinosternoidea.

Diagnosis. Representatives of Kinosternoidea can be diagnosed

as pan-kinosternoids by the full list of characters listed for that

clade above. Kinosternoidea is differentiated relative to other

pan-kinosternoids by the reduction of the size of the stapedial

artery, the presence of an overlap of the hyo-hypoplastral suture

by the inguinal, the common presence of an intergular, presence

of a medial pectoral process and the presence of an enlarged

entoplastron.

Comments. Joyce et al. (2004) were somewhat inconsistent

when they referred authorship of Kinosternoidea to Gaffney and

Meylan (1988), as these authors did not use this name with that

spelling. As far as we can tell, Dobie (1980) was the first to use

the name Kinosternoidea, but we disregard this contribution

because it is an abstract. Meylan and Gaffney (1989) use this

name as well, but this is probably a misspelling, as they otherwise

use the term Kinosternoidae in the same publication. The first

formal use of the spelling “Kinosternoidea” is therefore that of

Hutchison and Weems (1998), and we therefore confer author-

ship to the latter following the rationale employed by Joyce et al.

(2004). Following the rules of the ICZN (1999), incidentally,

authorship should be accorded to Agassiz (1857), because he

was the first to create a family group taxon typified by Kinoster-

non (then Cinosternon).

Pan-Dermatemys Joyce et al., 2004

Phylogenetic definition. Following Joyce et al. (2004), the name

Pan-Dermatemys is herein referred to the total-clade that

includes Dermatemys mawii Gray, 1847, but no other extant tur-

tle species.

Diagnosis. Representatives of Pan-Dermatemys are currently

diagnosed as kinosternoids by the full list of characters listed for

that clade above. Pan-Dermatemys is currently diagnosed rela-

tive to other kinosternoids by the derived presence of contact of

the inguinal buttresses with peripheral VIII.

Agomphus Cope, 1871

Type species. Emys turgidus Cope, 1869/70.

Diagnosis. Agomphus can be diagnosed as a kinosternoid by the

presence of a costiform processes, a thickened, cruciform plas-

tron and the lack of extragulars and as a pan-dermatemydid by

the contact of the inguinal buttress with peripheral VIII. Agom-

phus is currently differentiated from all other pan-dermatemy-

dids by the presence of short axillary buttresses, a highly domed

carapace and wide neurals.

“Agomphus” alabamensis Gilmore, 1919a

Taxonomic history. Agomphus alabamensis Gilmore, 1919a

(new species).
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Type material. USNM 8806 (holotype), the anterior half of a

shell (Gilmore 1919a, fig. 5, pl. 35).

Type locality. Moscow Landing, Marengo County, Alabama,

USA (see Figure 7); Midway Formation (Gilmore 1919a), Dan-

ian, early Paleocene (Huddlestun et al. 1974).

Referred material and range. We do not refer any specimens to

this taxon (see Agomphus pectoralis below for discussion regard-

ing material referred by Hutchison and Weems 1998).

Diagnosis. “Agomphus” alabamensis can be diagnosed as a

kinosternoid by the presence of a thickened, cruciform plastron

and the lack of extragulars. It furthermore resembles Agomphus

and Hoplochelys by being large and high domed. The poor state

of preservation and description prohibits rigorously diagnosing

this taxon for the moment, but the presence of three low cara-

pacial keels is more reminiscent of Hoplochelys than of Agom-

phus. We retain this taxon in Agomphus for convenience only.

Comments. “Agomphus” alabamensis is based on a large, partial

shell from central Alabama (Gilmore 1919a). The specimen has

initially been reported as being Eocene in age (Gilmore 1919a),

but more recent insights into the stratigraphy of the southeastern

United States revealed the type strata to be early Paleocene (Dan-

ian) in age (Huddlestun et al. 1974). This specimen therefore cor-

responds in age to Hoplochelys crassa from New Mexico and

Agomphus pectoralis from New Jersey (see below). The shell is

highly worn and in need of additional preparation, but we never-

theless agree with Gilmore (1919a) that the carapace is decorated

by three tightly placed sagittal keels. Gilmore (1919a) only com-

pared this specimen to A. pectoralis and failed to see similarities

with Hoplochelys crassa, which is particularly strange given that

Gilmore (1919b) soon after described numerous new species of

Hoplochelys from New Mexico. We note that “A.” alabamensis

resembles A. pectoralis by being extremely highly domed and by

having a wide plastron, while at the same time having the three

broad midline keels typical of H. crassa. Until the type specimen

has received additional preparation and description, it will be dif-

ficult to resolve this character conflict with confidence. Until this

has been achieved, we retain this taxon in Agomphus, but highlight

the preliminary nature of this attribution by placing the genus in

quotation marks similar to Hutchison and Weems (1998).

Agomphus oxysternum (Cope, 1877)

Taxonomic history. Amphiemys oxysternum Cope, 1877 (new

species); Agomphus oxysternum Hay, 1902 (new combination).

Type material. GSG uncat. (holotype), a partial shell primarily

lacking much of the peripheral series (Hay 1908a, fig. 320).

Type locality. Near Flint River, Montezuma, Macon County,

Georgia, USA (see Figure 7); Midway Formation (Hay 1908a),

Danian, Paleocene (Huddlestun et al. 1974).

Referred material and range. No specimens have been referred

to date.

Diagnosis. Agomphus oxysternum can be diagnosed as a repre-

sentative of Agomphus by the full list of characters listed for that

clade above. A rigorous differentiation is currently not possible

relative to Agomphus pectoralis, but the complete absence of keels

clearly distinguishes this taxon from “Agomphus” alabamensis

(see Comments below).

Comments. Agomphus oxysternum is based on a relatively com-

plete shell from central Georgia (Cope 1877). Given that the Pale-

ocene had not yet been formally defined when this taxon was

named, the type locality was originally reported to be Eocene,

but has since been shown to be early Paleocene (Danian) in age

(Huddlestun et al. 1974). Cope (1877) originally assigned oxys-

ternum to its own genus, Amphiemys, but Baur (1888) noted that

Amphiemys is identical to Agomphus and Hay (1902) therefore

transferred oxysternum to the latter taxon. Cope (1877) high-

lighted a number of unusual morphologies to the plastron of this

taxon, but Hay (1908a) noted that the plastron actually corre-

sponds to that of A. crassa. However, given that the plastron was

never figured, we are not able to reproduce either observation.

The carapace of A. oxysternum generally resembles that of A. pec-

toralis, but comparison is made difficult by the fragmentary

preservation of all available A. pectoralis material. Given that both

taxa originate from the early Paleocene (Danian) of the eastern

US seaboard, the possibility remains that they are synonymous.

However, we here retain both as valid until the morphology of

Agomphus has been revised in greater detail.

Agomphus pectoralis (Cope, 1868)

(� Agomphus masculinus Wieland, 1905 �
Adocus petrosus Cope, 1868 � Agomphus tardus

Wieland, 1905 � Emys turgidus Cope, 1869/70)

Taxonomic history. Pleurosternum pectorale Cope, 1868 (new

species, misspelled genus name); Adocus pectoralis Cope,

1869/70 (new combination); Agomphus pectoralis Hay, 1908a

(new combination); Agomphus pectoralis � Adocus petrosus �

Agomphus masculinus � Agomphus tardus � Emys turgidus

Hutchison and Weems, 1998 (senior synonym).

Type material. AMNH 1478 (holotype), right and left hyoplas-

tron (Cope 1869/70, pl. 7.1; Hay 1908a, pl. 37.8, 9).

Type locality. Medford, Burlington County, New Jersey, USA

(see Figure 7); Hornerstown Formation, Danian, early Paleocene

(Miller 1955; Sugarman et al. 1995).

Referred material and range. Early Paleocene (Danian), Horner-

stown Formation of New Jersey, USA (hypodigm of Hutchison

and Weems 1998, including type material of Adocus petrosus,

Agomphus masculinus, Agomphus tardus and Emys turgidus).

Diagnosis. Agomphus pectoralis can be diagnosed as a represen-

tative of Agomphus by the full list of characters listed for that

clade above. A rigorous differentiation is currently not possible

relative to Agomphus oxysternum (see above), but the complete

absence of keels clearly distinguishes this taxon from “Agom-

phus” alabamensis.

Comments. The marl pits of New Jersey have yielded rich col-

lections of fossil vertebrates, particularly during the 19th cen-

tury, that span the K/T extinction event (Gallagher 1993).
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However, given that these deposits were accumulated in a near-

shore environment, most turtle finds are highly fragmentary and

represent marine groups. A total of five turtle taxa were named

from New Jersey that closely resemble one another in being

medium-sized to small turtles with highly domed thick shells

and cruciform plastra. These include Pleurosternon pectorale

Cope, 1868, Adocus petrosus Cope, 1868, Emys turgidus Cope,

1869/70, Agomphus masculinus Wieland, 1905 and Agomphus

tardus Wieland, 1905. Given that the stratigraphy of the US

Atlantic Coast was not fully understood at the beginning of the

19th century, most of these taxa were noted as originating from

the “Upper Green Sands” of New Jersey and presumed to be

Cretaceous in age (Hay 1908a). The Upper Green Sands have

since been renamed as the Hornerstown Formation and have

been shown to be early Paleocene (Danian) in age (Sugarman et

al. 1995). In his summary of the fossil record of New Jersey,

Miller (1955) listed pectorale, turgidus, masculinus and tardus as

originating from the Hornerstown Formation, but petrosus as

originating from the Campanian Matawan group. However, this

must be an error, given that Cope (1868) reported the holotype

of petrosus as having been collected from the Upper Green Sands

of West Jersey Marl Pits (Hay 1908a). All five taxa listed above

were therefore collected within close proximity of one another

and in sediments of equivalent age.

The name Agomphus was created by Cope (1871) to high-

light the distinct nature of turgidus, but by the time Hay

(1908a) revised the fossil turtles of North America, this taxon

included a total of six species from the Upper Green Sands of

New Jersey. Hutchison and Weems (1998) suggested that the

sixth taxon, Emys firmus Leidy, 1856, represents an adocid and

that the remaining five are synonymous with each other, as

they show only minor morphological differences. Given the in-

complete nature of all involved taxa, the tight temporal and ge-

ographic proximity, we agree with this taxonomic assessment.

There are some difficulties with establishing the senior

synonym among the five New Jersey Agomphus taxa. Cope ex-

plicitly described the new taxon petrosus in 1868, and only

mentioned the name pectorale in the same publication in an

offhand comment. In 1869, Cope (1869/70) then formally des-

ignated pectorale as a new taxon, after its first use. The rules of

the ICZN (1999) demand little for names published before

1931, including a description, definition or indication, and the

intention that the name is valid. Although Cope (1868) only

utilized pectorale to compare it with petrosus, some character

information can nevertheless be gleaned for pectorale. We

therefore conclude that Cope (1868) named both pectorale and

petrosus in the same publication. Hay (1908a) was the first to

suggest that pectorale and petrosus are synonyms, but for inex-

plicable reasons he chose pectorale as the senior synonym while

acknowledging the nomenclatural problems outlined above.

Like Hutchison and Weems (1998), we here follow this historic

precedence.

It is plausible that a sixth taxon, Agomphus oxysternum

(Cope, 1877), from the Paleocene of Georgia may be synony-

mous with Agomphus pectoralis as well, as its overall morphol-

ogy is reported to agree with Agomphus (Hay 1908a) and

because it is now understood to be equivalent in age (see

Agomphus oxysternum above). However, given that this taxon

is based on a relatively complete, though poorly described shell,

we maintain this taxon as valid until a better description of all

available Agomphus material is produced. Additionally, until

the morphology of Agomphus is better understood, we refer all

material from the Paleocene of South Carolina (Hutchison and

Weems 1998) to Agomphus indet. as well.

Baptemys Leidy, 1870

Type species. Emys wyomingensis Leidy, 1869.

Comments. Although current phylogenies suggest that Bapte-

mys is paraphyletic in its traditional conception (Bourque et al.

2014), we here retain this taxon because we regard it as useful in

referring to early Eocene dermatemydids from the western inte-

rior USA that may represent an anagenetic lineage. However,

given that this taxon is not monophyletic, we do not provide a

diagnosis.

Baptemys garmanii (Cope, 1872)

(� Baptemys tricarinata Hay, 1908a �
Dermatemys costilata Cope, 1875)

Taxonomic history. Notomorpha garmanii Cope, 1872 (new

species); Notomorpha gravis � Notomorpha garmanii Hay,

1908a (junior synonym); Baptemys garmanii � Baptemys tri-

carinata � Dermatemys costilata Lucas et al., 1989 (senior syn-

onym and new combination); Baptemys garmanii � Baptemys

tricarinata � Dermatemys costilata � Notomorpha gravis

Bourque et al., 2014 (senior synonym).

Type material. USNM 4129 (holotype, Bourque et al. 2014), shell

fragments (Cope 1884, pl. 23.14–16, labeled as Notomorpha

gravis).

Type locality. Near Bear River, 10 km north of Evanston, Uinta

County, Wyoming, USA (see Figure 7); Wasatch Formation

(Hay 1908a), Wasatchian NALMA, Ypresian, early Eocene

(Woodburne 2004).

Referred material and range. Early Eocene (Ypresian), middle

to late Wasatchian NALMA of New Mexico (including type of

Dermatemys costilata) and Wyoming (hypodigm of Bourque et

al. 2014, including type material of Baptemys tricarinata and

Dermatemys costilata).

Diagnosis. Baptemys garmanii can currently be diagnosed as a

representative of Kinosternoidea and Pan-Dermatemys by the

presence of a tricarinate carapace, short costiform processes,

absence of extragulars and contact of the inguinal buttresses with

peripheral VIII. Baptemys garmanii differs from Hoplochelys spp.

by having a midline contact of the abdominals, from Agomphus

spp. by being tricarinate, from B. nanus by being much larger,

having a more anteriorly situated gular-humeral sulcus on the

entoplastron and having a keeled pygal, from B. wyomingensis

and Dermatemys mawii by the development of three fully devel-

oped keels but only three inframarginals and from D. mawii by

a complete neural column.

Comments. Baptemys garmanii has a tortuous nomenclatural

history, which, as is often the case, is based on confusing state-

ments made by Cope (1872, 1884). In 1872, Cope reported sev-

eral new species of turtles from Wasatchian deposits of
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Wyoming, garmanii, gravis and testudinea, which he grouped

into the new pleurodiran taxon Notomorpha, but this descrip-

tion does not include any figures. In 1884, Cope reassigned tes-

tudinea to Emys, and synonymized garmanii and gravis under

the name Notomorpha gravis. Cope (1884) furthermore figured

some fragments, in particular an “epiplastron” that must repre-

sent the holotype of garmanii, given that no such element was

reported for gravis (Cope 1872). Hay (1908a) followed Cope

(1884) and also reported this taxon as Notomorpha gravis, while

noting that the holotype of gravis had been lost. More recently,

Bourque et al. (2014) outlined in detail the nomenclatural his-

tory of various Baptemys taxa and declared gravis to be a nomen

dubium, because the type was never figured and has long since

been lost. However, they incorrectly listed this taxon as a junior

synonym of garmanii, which is inconsistent, as gravis has prior-

ity over garmanii, because Cope (1884) as the first reviser of the

group gave that taxon precedence. We here agree with the con-

clusion that gravis is a nomen dubium, because the type mate-

rial is lost and has never been figured and because the characters

listed by Cope (1872) are insufficient to diagnose a valid taxon.

The Wasatchian species should be called garmanii, but ques-

tions remain regarding its generic attribution.

In his description of Notomorpha garmanii, Cope (1872,

p. 477) compares the epiplastron of garmanii to the “type of

the genus,” which can only refer to the first listed Notomorpha

testudinea, as this is the only other species of Notomorpha re-

ported to have an epiplastron. Cope (1884) was therefore in

error in removing testudinea from Notomorpha and by im-

plicitly designating gravis as the type of this genus. Bourque

et al. (2014) were similarly in error in designating garmanii as

the type species, although they were correct that the figured

portion of the type of garmanii is not a plastron, but rather a

nuchal fragment. Notomorpha is therefore clearly typified by

testudinea, which is now agreed to be a testudinoid turtle

(Hay 1908a; Bourque et al. 2014) and this name therefore has

no nomenclatural relevance to kinosternoid turtles. Instead

of creating yet another monotypic genus name for this taxon,

we here recognize Baptemys as a paraphyletic taxon that in-

cludes all currently known Eocene taxa.

Although the holotype of Baptemys garmanii is highly

fragmentary, it displays enough characters to compare it with

the beautifully preserved holotype of B. tricarinata and to dis-

tinguish it from all other pan-dermatemydids. The validity of

this taxon is therefore uncontroversial.

Baptemys nanus (Bourque et al., 2014), comb. nov.

Taxonomic history. Gomphochelys nanus Bourque et al., 2014

(new species).

Type material. UF 225761 (holotype), a nearly complete shell

(Bourque et al. 2014, figs. 3–6, 8a).

Type locality. UF locality WY06111, near Cabin Fork, Washakie

County, Wyoming, USA (see Figure 7); Willwood Formation,

earliest Wasatchian NALMA, biohorizon Wa 0 (Bourque et al.

2014), Ypresian, early Eocene.

Referred material and range. Early Eocene (Ypresian), earliest

Wasatchian NALMA of Washakie County, Wyoming, USA

(hypodigm of Bourque et al. 2014).

Diagnosis. Baptemys nanus can be diagnosed as a representa-

tive of Kinosternoidea and Pan-Dermatemys by the presence of

a tricarinate carapace, short costiform processes, absence of

extragulars and contact of the inguinal buttresses with periph-

eral VIII. Baptemys nanus differs from Hoplochelys spp. by hav-

ing a midline contact of the abdominals, from Agomphus spp. by

being keeled, from B. garmanii, B. wyomingensis and Dermate-

mys mawii by being smaller in size, having thickened peripher-

als and a posteriorly situated gular-humeral sulcus on the

entoplastron, from B. wyomingensis and D. mawii by having only

three inframarginals and from D. mawii by a complete neural

column.

Comments. Baptemys nanus was only recently named based on

a highly fractured, but nearly complete shell from the earliest

Wasatchian of Wyoming (Bourque et al. 2014). A phylogenetic

analysis placed all three Eocene species of Baptemys into a para-

phyletic grade relative to the extant Dermatemys mawii (Bourque

et al. 2014). Given that these species do not show any temporal

overlap and that the oldest species show plesiomorphic charac-

ters relative to the later species, it appears plausible that they form

a single anagenetic lineage. Given that the name Notomorpha

cannot be applied to a pan-dermatemydid (see Baptemys gar-

manii above), we here return to a simplified taxonomy of pan-

dermatemydids by unifying all three named Eocene pan-

dermatemydid species into the paraphyletic genus Baptemys.

Baptemys wyomingensis (Leidy, 1869)

(� Baena ponderosa Hay, 1908a � Baptemys

fluviatilis Hay, 1908a)

Taxonomic history. Emys wyomingensis Leidy, 1869 (new

species); Baptemys wyomingensis Leidy, 1870 (new combina-

tion); Adocus wyomingensis Cope, 1869/70 (new combination);

Dermatemys wyomingensis Cope, 1872 (new combination);

Baptemys wyomingensis � Baena ponderosa Hay, 1908a (senior

synonym); Baptemys wyomingensis � Baptemys fluviatilis Lucas

et al., 1989 (senior synonym); Baptemys wyomingensis � Baena

ponderosa � Baptemys fluviatilis Bourque et al., 2014 (senior

synonym).

Type material. ANSP 10074 (holotype, Meylan and Gaffney

1989), a nearly complete shell primarily lacking some peripher-

als and the anterior plastral lobe (Leidy 1873, pl. 12).

Type locality. Near Fort Bridger, Wyoming, USA (Leidy 1869;

see Figure 7); Bridger Formation, Bridgerian NALMA (Hay

1908a), Ypresian–Lutetian, Eocene (Woodburne 2004).

Referred material and range. Early Paleocene (Ypresian–Lutet-

ian), Bridgerian NALMA, of the Green River Basin, Wyoming,

USA (Hay 1908a; Zonneveld et al. 2000; West and Hutchison

1981; Bourque et al. 2014; including Baena ponderosa of Cope

1873).

Diagnosis. Baptemys wyomingensis can currently be diagnosed

as a representative of Kinosternoidea and Pan-Dermatemys by

the presence short costiform processes, absence of extragulars

and contact of the inguinal buttresses with peripheral VIII. It

can furthermore be differentiated from other kinosternoids,
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with the exception of Dermatemys mawii, by a contribution of

the frontal to the orbit and the presence of accessory lingual

ridges in the palate. Among pan-dermatemydids, B. wyomin-

gensis differs from Hoplochelys spp. by having midline contact of

the abdominals, from Agomphus spp., B. nanus and B. garmanii

by having four inframarginals and a posteriorly positioned mid-

line keel only that extends onto the pygal and from D. mawii by

the development of a complete neural column.

Comments. Baptemys wyomingensis is known from relatively

rich material from the Green River Basin of southwestern

Wyoming, and this taxon is therefore well diagnosed relative

to other representatives of the pan-dermatemydid lineage

(Leidy 1869; Cope 1873; Hay 1908a; West and Hutchison

1981; Zonneveld et al. 2000; Bourque et al. 2014). Phyloge-

netic analysis suggests that the three herein recognized

species of Baptemys form a paraphyletic grade relative to Der-

matemys mawii, with B. wyomingensis being the most derived

(Bourque et al. 2014). In many aspects of the cranial and shell

morphology, B. wyomingensis already resembles its extant

cousin D. mawii, and it is therefore plausible that B. wyomin-

gensis already expressed the deviant ecology of this lineage,

by being an aquatic herbivore, in contrast to the highly car-

nivorous proclivities of many other pan-kinosternoids.

Hoplochelys Hay, 1908a

Type species. Chelydra crassa Cope, 1888.

Diagnosis. Hoplochelys can be diagnosed as a representative of

Kinosternoidea and Pan-Dermatemys by the full list of shell char-

acters listed above for those taxa. Hoplochelys can be distin-

guished from all other pan-dermatemydids by the development

of three broad carapacial keels combined with the absence of

medially contacting abdominals.

Comments. We recognize two species of Hoplochelys: the late

Cretaceous (Maastrichtian) H. clark and the early Paleocene

(Danian) H. crassa (see below). Given that these two species can

only be distinguished by nuances pertaining to the median keel

and the plastral scutes, we herein refer all fragmentary

Hoplochelys material reported outside of the type regions of these

taxa to Hoplochelys indet. This includes fragments from the Late

Cretaceous (Campanian) of Coahuila, Mexico (Rodriguez-de

la Rosa and Cevallos-Ferriz 1998; Brinkman and Rodriguez de

la Rosa 2006), and the early Paleocene (Danian) of Texas (Tom-

linson 1997) and Colorado (Hutchison and Holroyd 2003). We

agree with Hutchison and Holroyd (2003) that “Hoplochelys”

caelata is a pan-chelydrid.

Hoplochelys clark Knauss et al., 2011

Taxonomic history. Hoplochelys clark Knauss et al., 2011 (new

species).

Type material. PTRM 16173 (holotype), a nearly complete,

crushed shell, primarily lacking portions of the nuchal, the left

posterior peripherals and the pygal region (Knauss et al. 2011,

figs. 2, 3).

Type locality. PTRM site V95018, Slope County, North Dakota,

USA (see Figure 7); 21.10 m below pollen-defined K/T bound-

ary, Hell Creek Formation, Maastrichtian, Late Cretaceous

(Knauss et al. 2011).

Referred material and range. Late Cretaceous (Maastrichtian)

of Montana and North Dakota, USA (original hypodigm of

Knauss et al. 2011).

Diagnosis. Hoplochelys clark can currently be diagnosed as a rep-

resentative of Kinosternoidea, Pan-Dermatemys and Hoplochelys

by the full list of shell characters listed above for those taxa.

Hoplochelys clark is currently differentiated from H. crassa by

the presence of a subdivided median keel and placement of the

humeral-femoral sulcus posterior to the hyo-hypoplastral

suture.

Comments. Hoplochelys clark was only recently named based

on a relatively complete, though crushed shell from the Late

Cretaceous (Maastrichtian) of North Dakota (Knauss et al.

2011) and numerous fragments found in the vicinity of the

North Dakota–Montana border. Hoplochelys clark closely

resembles the slightly younger H. crassa from the early Pale-

ocene of New Mexico, but the Late Cretaceous material dif-

fers consistently from its southern congener by having

a continuous median keel and an overlap of the humeral-

femoral sulcus with the hyo-hypoplastral suture. It is plausi-

ble that H. clark and H. crassa are chronospecies (Knauss 

et al. 2011).

Hoplochelys crassa (Cope, 1888)

(� Hoplochelys bicarinata Hay, 1911 �
Hoplochelys elongata Gilmore, 1919b �
Hoplochelys laqueata Gilmore, 1919b �

Hoplochelys paludosa Hay, 1908a � Hoplochelys

saliens Hay, 1908a)

Taxonomic history. Chelydra crassa Cope, 1888 (new species);

Hoplochelys crassa Hay, 1905 (new combination); Hoplochelys

crassa � Hoplochelys bicarinata � Hoplochelys laqueata Hutchi-

son and Holroyd, 2003 (senior synonym); Hoplochelys crassa �

Hoplochelys bicarinata � Hoplochelys elongata � Hoplochelys

laqueata � Hoplochelys paludosa � Hoplochelys saliens Knauss

et al., 2011 (senior synonym and lectotype designation).

Type material. AMNH 6091 (lectotype), currently consisting of

the medial portion of two right costals, four peripherals, a par-

tial right hyoplastron and a partial left hypoplastron (Hay 1908a,

fig. 325, pl. 38.4–9), herein designated as the lectotype. The para-

lectotype has been reported lost (Hay 1908a).

Type locality. Inferred to be near Chaco Canyon, San Juan

County, New Mexico, USA (Hay 1908a; see Figure 7);

Nacimiento Formation, Puercan NALMA (Gilmore 1919b),

Danian, early Paleocene (Woodburne 2004).

Referred material and range. Early Paleocene (Danian), Puer-

can–Torrejonian NALMA of New Mexico, USA (hypodigm of

Knauss et al. 2011).
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Diagnosis. Hoplochelys crassa can currently be diagnosed 

as a representative of Kinosternoidea, Pan-Dermatemys and

Hoplochelys by the full list of shell characters listed above for

those taxa. Hoplochelys crassa is currently differentiated from H.

clark by the presence of a continuous median keel and place-

ment of the humeral-femoral sulcus along the hyo-hypoplastral

suture.

In contrast to all other deposits, material referable to

Hoplochelys appears to be relatively common in the early Pa-

leocene of the San Juan Basin of northwestern New Mexico.

Cope (1882) reported two fragmentary specimens from

these deposits under the name Dermatemys sp., but later felt

that these were a new species of chelydrid, which he named

Chelydra crassa. Hay (1905, 1908a) later referred crassa to

the new taxon Hoplochelys and noted that it is a “dermatemy-

did,” a taxon now recognized to be highly polyphyletic in its

traditional meaning. In a series of papers, Hay (1908a, 1911)

and Gilmore (1919b) reported more than a dozen, often rel-

atively complete specimens from the Puercan and Torrejon

of New Mexico and variously referred these to five newly

named taxa or previously named taxa. Hutchison and Hol-

royd (2003) suggested that crassa, bicarinata and laqueata

may be synonymous, but Knauss et al. (2011) went further

by suggesting that all five were synonymous, as the primary

differences used to separate these appear to be caused by

taphonomic crushing. This conclusion was later supported

by Holroyd et al. (2014). Knauss et al. (2011) furthermore

named H. clark on the basis of material from the Late Creta-

ceous (Maastrichtian) of North Dakota and Montana, but

differences between the two taxa are minute, though consis-

tent. It therefore appears plausible that H. clark and H. crassa

are chronospecies (Knauss et al. 2011). A detailed review of

the morphology of H. crassa is long overdue.

Kinosternidae Hay, 1892

Phylogenetic definition. Following Joyce et al. (2004), the term

Kinosternidae is herein referred to the clade arising from the last

common ancestor of Staurotypus triporcatus (Wiegmann, 1828),

and Kinosternon scorpioides (Linnaeus, 1766). Kinosternidae is

the crown clade of Pan-Kinosternidae.

Diagnosis. Kinosternidae is currently diagnosed to be part of

Kinosternoidea by the complete list of characters provided above

for that clade. Kinosternidae is differentiated from all other

kinosternoids by presence of anterior musk grooves, reduction

in peripherals to 10, reduction of marginals to 11, reduction of

the inframarginals to 2, absence of abdominals and absence of

a contact between costal rib VIII and its vertebra.

Comments. Given that no single fossil taxon is currently hypoth-

esized to be a stem-kinosternid, we herein do not list Pan-Kinos-

ternidae as a distinct taxon (Joyce et al. 2004), as it would fully

overlap with Kinosternidae in its content and diagnosis.

Baltemys staurogastros Hutchison, 1991

(� Baltemys velogastros Lichtig and Lucas, 2015)

Taxonomic history. Baltemys staurogastros Hutchison, 1991

(new species).

Type material. UCMP 127200 (holotype), nearly complete shell

(Hutchison 1991, figs. 2a, 3a, b).

Type locality. UCMP locality V81170 (� US Geological Survey

locality D-1162), Big Horn County, Wyoming, USA (see Figure

7); Lysitian subage, Willwood Formation, late Wasatchian

NALMA (Hutchison 1991), Ypresian, early Eocene (Wood-

burne 2004).

Referred material and range. Early Eocene (Ypresian),

Wasatchian NALMA, Big Horn and Washakie counties,

Wyoming, USA (original hypodigm of Hutchison 1991); Early

Eocene (Ypresian–Lutetian), Bridgerian NALMA, Huerfano

County, Colorado, USA (holotype of Baltemys velogastros).

Diagnosis. Baltemys staurogastros can be diagnosed as a kinos-

ternid based on the full list of characters provided above for that

clade and as a pan-kinosternine by the presence of a single

suprapygal. Baltemys staurogastros can be differentiated from all

other pan-kinosternines by the presence of a complete neural

series and a broad vertebral I, and by lacking an intergular, an

anal notch and a transverse epi-hyoplastral suture.

Comments. Baltemys staurogastros is based on a poorly pre-

served, but near-complete shell from the early Eocene of the

Bighorn Basin of Wyoming (Hutchison 1991). Its taxonomic

validity has never been questioned. We here refer slightly

younger material from the early Bridgerian of Colorado to this

taxon as well (see Baltemys velogastros below), thereby extend-

ing its range in space and time. Fragmentary remains reminis-

cent of B. staurogastros have otherwise been documented

throughout the Wasatchian and Bridgerian of Wyoming, but

these have universally been referred to Baltemys sp. as they are

insufficient for species attribution (Hutchison 1991; Holroyd et

al. 2001). Additional fragments have been reported from the

Chadronian of North America (Hutchison 1992), but no

voucher specimens were listed and we therefore cannot repro-

duce this claim.

Hutchison (1991) integrated Baltemys staurogastros into

his densely sampled analysis of fossil and recent kinosternid

turtles and retrieved it as the most basal known pan-kinoster-

nine. Many aspects of this analysis were later integrated into the

more global phylogenetic analysis of Knauss et al. (2011) and

Bourque et al. (2014), who retrieved the same phylogenetic po-

sition. However, the combination of the paleontological matrix

of Hutchison (1991) with the neontological matrix of Iverson

(1991), Bourque (2012a, 2012b) and Bourque and Schubert

(2014) retrieved B. staurogastros as a pan-staurotypine. Despite

this phylogenetic uncertainty, the placement of B. staurogastros

within the crown appears to be unambiguous and this taxon

can therefore be used for molecular calibration studies (Joyce 

et al. 2013).

Staurotypus moschus Cadena et al., 2012

Taxonomic history. Staurotypus moschus Cadena et al., 2012

(new species).

Type material. UF 242076 (holotype), left peripheral II (Cadena

et al. 2012, fig. 6).
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Type locality. Near the west side of the Centenario Bridge,

Panama Province, Panama (see Figure 8); Cucaracha Forma-

tion, early Miocene (Cadena et al. 2012; MacFadden et al. 2014).

Referred material and range. No specimens have been referred

to date.

Diagnosis. Staurotypus moschus can be diagnosed as a kinos-

ternid by the presence of musk duct groove. The musk duct

groove is well incised (as in Kinosterninae, but unlike Stauroty-

pus) and terminates on the anterior-most peripheral II to the

peripheral I–II suture (unlike Kinosterninae and Staurotypus).

Nevertheless, this taxon is assigned to Staurotypus on the basis

of overall morphological and size similarity as well as geographic

considerations, as Staurotypus occurs in part of Central Amer-

ica and is a large-bodied kinosternid.

Comments. Staurotypus moschus is based on a single, left

peripheral II from early Miocene sediments exposed in Panama

Canal Zone of Panama (Cadena et al. 2012). Although this taxon

is based only on a meager single peripheral, Cadena et al. (2012)

convincingly elaborate a number of differences between S.

moschus and the two extant representatives of the group. Stau-

rotypus moschus is notable by having been recovered far outside

the currently known range for extant Staurotypus species.

Xenochelys Hay, 1906

Type species. Xenochelys formosa Hay, 1906.

Comments. Current phylogenies agree that Xenochelys is para-

phyletic (Hutchison 1991). We here retain this taxon as we find

this solution preferable to naming multiple monotypic genera,

but we do not provide a diagnosis given that it is not mono-

phyletic.

Xenochelys bridgerensis Hutchison, 1991

Taxonomic history. Xenochelys bridgerensis Hutchison, 1991

(new species).

Type material. UCMP 121734, a partial shell consisting of

numerous carapacial fragments, a near-complete plastron and

an ilium (Hutchison 1991, fig. 8; Bourque 2013, fig. 25.7c).

Type locality. UCMP locality V76186, Uinta County, Wyoming,

USA (see Figure 7); Upper Bridger Formation, Twin Buttes

Member, Unit D, Bridgerian NALMA (Hutchison 1991), Lutet-

ian, middle Eocene (Woodburne 2004).

Referred material and range. Middle Eocene (Lutetian), Bridger-

ian NALMA, Uinta County, Wyoming, USA (original

hypodigm of Hutchison 1991).

Diagnosis. Xenochelys bridgerensis can be diagnosed as a kinos-

ternid by the full list of characters provided above for that clade

and as a pan-kinosternine by the presence of a single suprapy-

gal. Xenochelys bridgerensis can be differentiated from Baltemys

staurogastros by the presence of a reduced neural column, nar-

row vertebral I, an anal notch, a transverse epi-hyoplastral suture

and an intergular, from X. lostcabinensis by having a broader

anterior plastral lobe, from X. formosa and X. floridensis by hav-

ing a narrower anterior plastral lobe and from all kinosternines

by having an entoplastron and a single pair of humerals.

Comments. Xenochelys bridgerensis is based on a partial skele-

ton from the middle Eocene Bridger Formation of southwestern

Wyoming (Hutchison 1991), of which only the plastron has

been figured to date (Hutchison 1991; Bourque 2013). The phy-

logenetic analysis of Hutchison (1991) revealed that the three

then-known Eocene Xenochelys species represent the stem lin-

eage of crown Kinosterninae, a conclusion supported by subse-

quent analyses (e.g., Knauss et al. 2011; Bourque et al. 2014).

Although this indicates that Xenochelys may perhaps be para-

phyletic, we agree that it is prudent not to create additional gen-

era, as we herein do not support the notion that genera must be

monophyletic. The validity of this taxon is uncontroversial.

Xenochelys floridensis Bourque, 2013

Taxonomic history. Xenochelys floridensis Bourque, 2013 (new

species).

Type material. UF 150006/7 (holotype), associated partial

left and right hypoplastra (Bourque 2013, figs. 25.3f); UF

150001 (paratype), right peripheral VIII; UF 150002

(paratype), left costal III; UF 150005 (paratype), left

hypoplastron; UF 150008 (paratype), right hyoplastron frag-

ment; UF 150009 (paratype), entoplastron; UF 150017

(paratype), left peripheral I; UF 150018 (paratype), left

peripheral III; UF 150019 (paratype), right peripheral V; UF

150020 (paratype), neural I; UF 150021 (paratype), neural;

UF 150022 (paratype), left xiphiplastron; UF 150023

(paratype), mandible.

Type locality. Brooksville 2 Site, Hernando County, Florida,

USA (see Figure 7); sublocality 1B; early Arikareean NALMA

(Bourque 2013), Chattian, late Oligocene (Woodburne 2004).

Referred material and range. No material has been referred to

date beyond the original hypodigm of Bourque (2013).

Diagnosis. Xenochelys floridensis can be diagnosed as a kinos-

ternid by the full list of characters provided above for that clade.

Xenochelys floridensis can be differentiated from Baltemys stau-

rogastros by the presence of a narrow vertebral I, lack of a

femoral-anal notch, a transverse epi-hyoplastral suture and a

broader inguinal buttress, from X. lostcabinensis and X.

bridgerensis by lacking a femoral-anal notch, having a deep pos-

terior marginal to visceral step, and from X. formosa by having

a smaller body size, narrow dorsal femoral-anal margin and by

lacking overlap of vertebral I onto peripheral I.

Comments. Xenochelys floridensis is based on a series of frag-

ments from the late Oligocene of central Florida (Bourque

2013). As with any taxon based on fragments, there is legiti-

mate concern that X. floridensis could be a chimera. However,

given the lack of a second kinosternid taxon at the relevant

localities, lack of chelonian diversity from Brooksville 2 (only

two taxa represented) and the overall correspondence of 
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X. floridensis with other Xenochelys species, we herein support

the validity of this taxon. Although a phylogenetic analysis is

still outstanding, the placement of X. floridensis outside crown

Kinosterninae is strongly supported by the presence of an ento-

plastron, anterior position of the humeral-femoral sulcus on

the hypoplastron and insertion of the distal costal I rib end

into the posterior moiety of peripheral III. The referral of this

taxon to the paraphyletic stem taxon Xenochelys is therefore

justified.

Xenochelys formosa Hay, 1906

Taxonomic history. Xenochelys formosa Hay, 1906 (new species).

Type material. AMNH 1097 (holotype), a laterally crushed shell

primarily lacking much of the left peripheral series (Hay 1906,

figs. 2, 3; Hay 1908a, figs. 355, 356; Bourque 2013, fig. 25.7a, b).

Type locality. Quinn Draw, Oglala Lakota County (formerly

Shannon County, previously part of Washington County), South

Dakota, USA (see Figure 7); Chadron Formation, Chadronian

NALMA (Hutchison 1991), Priabonian, late Eocene (Wood-

burne 2004).

Referred material and range. Late Eocene (Priabonian),

Chadronian NALMA of South Dakota, USA (referred skull of

Williams 1952).

Diagnosis. Xenochelys formosa can be diagnosed as a kinos-

ternid by the full list of characters provided above for that

clade and as a pan-kinosternine by the presence of a single

suprapygal. Xenochelys formosa can be differentiated from

Baltemys staurogastros by the presence of a reduced neural

column, narrow vertebral I, an anal notch, a transverse epi-

hyoplastral suture and an intergular, from X. lostcabinensis

and X. bridgerensis by having a broader anterior plastral lobe,

lacking a femoral-anal notch, and presence of a deep marginal

to visceral step, and from X. floridensis by having larger body

size, broad dorsal femoral-anal margins and an overlap of ver-

tebral I onto peripheral I.

Comments. Xenochelys formosa is based on a slightly crushed,

but otherwise well-preserved shell from the late Eocene

Chadron Formation of Oglala Lakota County, North Dakota

(Hay 1906). As far as we are aware, no additional shell mate-

rial has ever been referred to this taxon, which underlines the

scarcity of Xenochelys remains in Eocene deposits. Williams

(1952) later described a turtle skull from the same county and

correctly deduced that it represents a kinosternid. Although

no shell elements are associated with this find, Williams

(1952) referred this skull to X. formosa and all following

authors have accepted this assessment (e.g., Hutchison 1991;

Joyce 2007; Knauss et al. 2011; Bourque 2013; Bourque et al.

2014). The phylogenetic analysis of Hutchison (1991) implies

that X. formosa is the most derived representative of the

kinosternine stem lineage, a conclusion supported by all fol-

lowing analyses with sufficient sampling (e.g., Joyce 2007;

Knauss et al. 2011; Bourque et al. 2014). Given that X. formosa

is the type species of Xenochelys, its inclusion in this taxon is

unproblematic.

Xenochelys lostcabinensis Hutchison, 1991

Taxonomic history. Xenochelys lostcabinensis Hutchison, 1991

(new species).

Type material. UCMP 112341 (holotype), a nearly complete

shell (Hutchison 1991, figs. 2, 7; Bourque 2013, fig. 25.7d).

Type locality. UCMP locality V74133, Natrona County,

Wyoming, USA (see Figure 7); Lost Cabin Member, Wind River

Formation, late Wasatchian NALMA (Hutchison 1991), Ypre-

sian, early Eocene (Woodburne 2004).

Referred material and range. Early Eocene (Ypresian),

Wasatchian NALMA, Wind River and Green River basins,

Wyoming, USA (referred material of Hutchison 1991).

Diagnosis. Xenochelys lostcabinensis can be diagnosed as a kinos-

ternid by the full list of characters provided above for that clade

and as a pan-kinosternine by the presence of a single suprapy-

gal. Xenochelys lostcabinensis can be differentiated from Balte-

mys staurogastros by the presence of a reduced neural column,

narrow vertebral I, an anal notch, a transverse epi-hyoplastral

suture and an intergular, and from all remaining pan-kinostern-

ines by having a narrow anterior plastral lobe, a residual midline

contact of the gulars and thick shell bones.

Comments. Xenochelys lostcabinensis is based on a near-com-

plete shell from the early Eocene (Wasatchian NALMA) of

Wyoming that is clearly reminiscent of the holotype of

Xenochelys formosa from the late Eocene (Chadronian

NALMA) of South Dakota (Hutchison 1991). Additional spec-

imens referable to this taxon were collected in Wasatchian

deposits in the Wind River and Green River basins of Wyoming

(Hutchison 1991). The phylogenetic analysis of Hutchison

(1991) revealed that all then-known Eocene Xenochelys species

form the paraphyletic stem lineage leading up to crown Kinos-

terninae and all sufficiently sampled matrices have confirmed

this assertion (e.g., Knauss et al. 2011; Bourque et al. 2014).

Although all evidence points toward the paraphyletic nature of

Xenochelys, we here retain lostcabinensis within this genus, as we

find the explicit paraphyly of select taxa preferable to the prolif-

eration of monotypic genera.

Kinosterninae Lindholm, 1929

Phylogenetic definition. We herein refer the term Kinosterninae

to the clade arising from the last common ancestor of Ster-

notherus odoratus (Latreille in Sonnini and Latreille, 1801) and

Kinosternon scorpioides (Linnaeus, 1766).

Diagnosis. Kinosterninae is currently diagnosed to be part of

Kinosternidae by the complete list of characters provided above

for that clade. Kinosterninae is differentiated from all other

kinosternids by the combined presence of a single suprapygal,

a reduced neural column, a narrow cervical and vertebral I,

distal costal I terminates in anterior-mid peripheral III, a trans-

verse epi-hyoplastral suture, an anal notch, an intergular, two

pairs of humerals and the lack of an entoplastron.
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Comments. Following the rationale outlined by Joyce et al.

(2004), we here refer authorship of Kinosterninae to Lindholm

(1929), as he was the first to use this name with this exact

spelling. Following the rules of the ICZN (1999), however,

authorship should be accorded to Agassiz (1857), because he

was the first to create a family group taxon typified by Kinoster-

non (then Cinosternon).

Kinosternon Spix, 1824

Type species. Testudo scorpioides Linnaeus, 1766.

Diagnosis. Kinosternon is currently diagnosed to be part of

Kinosterninae by the complete list of characters provided above

for that clade. Kinosternon is currently differentiated from Ster-

notherus by the development of large anterior and posterior plas-

tral lobes, posterior humeral-femoral sulcus situated posteriorly

on the hypoplastron, contact of the axillary and inguinal infra-

marginals contained on the hyoplastron, anteromedial bound-

ary of the fossa temporalis superior on the parietal reduced to a

weakly developed ridge, anterior humeral scutes medially

shorter than gular scutes and anterior and posterior plastral lobe

kinesis.

Kinosternon arizonense Gilmore, 1923

Taxonomic history. Kinosternon arizonense Gilmore, 1923 (new

species); Kinosternon ( flavescens) arizonense � Kinosternon

( flavescens) stejnegeri Iverson, 1979 (senior synonym).

Type material. USNM 10463 (holotype), a skeleton including

most of the shell, mandibles and isolated vertebrae and limb

bones (Gilmore 1923, figs. 1, 3, 5; pls. 1, 2); USNM 10462

(paratype), a near-complete shell (Gilmore 1923, figs. 2, 4, 6, 7;

pls. 3–5).

Type locality. Benson Locality, 3 km south of Benson, Cochise

County, Arizona, USA (Gilmore 1923; see Figure 8); late Blan-

can NALMA, Piacenzian, late Pliocene (Woodburne 2004; Mor-

gan and White 2005).

Referred material and range. Late Pliocene (Piacenzian), late

Blancan NALMA of type locality (Brattstrom 1955a); 111

Ranch, Arizona (McCord 2016).

Diagnosis. Kinosternon arizonense is currently diagnosed to

be part of Kinosternon by the complete list of characters pro-

vided above for that clade. Kinosternon arizonense is currently

differentiated from representatives of Kinosternon flavescens

by having a larger adult body size, medial femoral and anal

scutes nearly equal in length, gular length nearly half the ante-

rior plastral lobe length and the medial humeral length corre-

spondingly shorter, and a V-shaped anterior plastral forelobe

hinge suture.

Comments. Kinosternon arizonense is based on two well-pre-

served specimens from the late Pliocene Benson Locality of Ari-

zona (Gilmore 1923). Gilmore (1923) noted similarities with the

extant taxon K. flavescens, but nevertheless felt compelled that

sufficient characters were available to establish a new taxon. Iver-

son (1979) much later synonymized K. arizonense with the

extant taxon K. f. stejnegeri because he noted that they broadly

overlap in morphology and both occur in Arizona. Although

Iverson (1979) classified arizonense as a subspecies of K.

flavescens, most studies now regard it as a full species, as it

appears to be genetically distinct from K. flavescens (e.g., Spinks

et al. 2014). We nevertheless tentatively accept the recent conclu-

sion of McCord (2016) that the Piazanian material is distinct

from the extant K. stejnegeri and restrict K. arizonense to the

Pliocene. A more explicit study using phylogenetic methods will

hopefully clarify this persistent taxonomic conundrum.

Kinosternon notolophus Bourque, in press

Taxonomic history. Kinosternon notolophus Bourque, in press

(new species).

Type material. UF 43031 (holotype), a nuchal (Bourque, in press,

fig. 8.1, 2).

Type locality. Love Bone Bed, Alachua County, Florida, USA

(see Figure 8); Alachua Formation, late Clarendonian NALMA

(Bourque, in press), Tortonian, late Miocene (Woodburne

2004).

Referred material and range. Late Miocene (Tortonian), late

Clarendonian, Alachua County (including type locality) and

Hamilton County, Florida, USA (referred material of Bourque,

in press).

Diagnosis. Kinosternon notolophus is currently diagnosed to be

part of Kinosternon by the complete list of characters provided

above for that clade. Kinosternon notolophus is currently differ-

entiated from all other tricarinate representatives of Kinosternon

by having a pronounced flat crested medial keel on the nuchal

that is more developed than in extant kinosternines, costiform

processes short and nublike, posterior marginals thickened with

deep visceral step, broad nuchal to neural I contact, more pos-

teriorly situated nuchal horns, lack of an abrupt constriction pos-

terior to the nuchal horns, relatively narrow vertebral I that lacks

marginal II contact and broad marginal rim (comprising the

marginal I scute set and cervical scute) in relation to the overall

width of the nuchal.

Comments. Kinosternon notolophus is known only from a small

number of isolated remains from the late Miocene of northern

Florida, but it is easily diagnosed from coeval kinosternid turtles

by being notably thick shelled and tricarinate (Bourque, in

press). Given the fragmentary nature of the available material,

Bourque (in press) did not include this taxon in a phylogenetic

analysis, but preliminary character analysis indicates a potential

affiliation of K. notolophus with tricarinate kinosternines that

currently live in southern Arizona and northern Mexico (K.

sonoriense), and is somewhat morphologically intermediate

between those taxa and the K. subrubrum group.

Kinosternon pannekollops Bourque, in press

Taxonomic history. Kinosternon pannekollops Bourque, in press

(new species).
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Type material. AMNH FAM12778 (holotype), a nearly com-

plete shell (Bourque, in press, figs. 4–6).

Type locality. Lewis Quarry 7, Donley County, Texas, USA (see

Figure 8); Ogallala Formation, Clarendonian NALMA

(Bourque, in press), Serravallian–Tortonian, middle–late

Miocene (Woodburne 2004).

Referred material and range. No material has been referred to

date.

Diagnosis. Kinosternon pannekollops is currently diagnosed to

be part of Kinosternon by the complete list of characters pro-

vided above for that clade. Kinosternon pannekollops is cur-

rently differentiated from all remaining representatives of

Kinosternon by vertebrals I–IV being much longer than wide

and the vertebral III–IV sulcus crosses costal VI pair, thick

anteriorly extensive axillary buttressing on visceral peripher-

als III–IV (that terminates on peripheral II), deeply incised

anterior musk duct groove with its originating foramen on the

anterior of peripheral III and its terminus housed by a deep

foramen situated on the anterior-most peripheral II. It also

possesses a unique combination of symplesiomorphies and

synapomorphies with other Kinosternon spp. that distinguish

it as a species (Bourque, in press).

Comments. Kinosternon pannekollops is known from a single,

well-preserved specimen from the middle–late Miocene of

Texas that provides sufficient character information to diagnose

it as a valid taxon and to hypothesize a sister group relationship

with the extant K. subrubrum group (Bourque, in press). Given

the complete nature of the type specimen, the validity of this

newly described species will likely not be controversial.

Kinosternon pojoaque Bourque, 2012a

Taxonomic history. Kinosternon pojoaque Bourque, 2012a (new

species).

Type material. AMNH FAM12744 (holotype), a nearly com-

plete subadult skeleton (Bourque 2012a, figs. 4, 5).

Type locality. San Ildefonso Locality, Santa Fe County, New

Mexico, USA (see Figure 8); Pojoaque Member, Tesuque For-

mation, late Barstovian NALMA (Bourque 2012a), Serravallian,

middle Miocene (Woodburne 2004).

Referred material and range. A single specimen lacking detailed

locality information was referred by Bourque (2012a) to this

taxon (see Comments below).

Diagnosis. Kinosternon pojoaque is currently diagnosed to be

part of Kinosternon by the complete list of characters provided

above for that clade. Kinosternon pojoaque is currently differen-

tiated from all remaining representatives of Kinosternon by a

unique combination of characters that include an elevated mar-

ginal IX (a synapomorphy of the K. flavescens group), flattened

plastral buttresses that lack an inguinal groove, relatively squared

plastral forelobe with narrow hyoplastral contact (broad axillary

notches) and a small plastron to carapace length ratio.

Comments. Kinosternon pojoaque is based on a beautifully pre-

served, nearly complete skeleton from the middle Miocene of

New Mexico. The specimen clearly displays a number of diag-

nostic characters, and the most recent phylogenetic analyses

place it as sister to the K. flavescens group (Bourque and Schu-

bert 2014). Given the complete nature of the type specimen, the

validity of this taxon will likely remain uncontroversial.

Bourque (2012a) referred a single, nearly complete shell to

Kinosternon pojoaque, but the attribution of this specimen is

somewhat clouded by lacking locality data beyond New Mex-

ico. However, Bourque (2012a) noted that this specimen over-

laps with the morphology seen in the holotype, has similar

preservation, was encased in similar sediments and is part of

the same collection at the AMNH. It therefore appears likely

that the referred specimen originated from a locality close in

time and space to the type locality.

Kinosternon rincon Bourque, in press

Taxonomic history. Kinosternon rincon Bourque, in press (new

species).

Type material. AMNH FAM13822 (holotype), partial skeleton

including much of the shell and skull (Bourque, in press, figs. 

2, 3).

Type locality. Rincon Quarry, Sandoval County, New Mexico,

USA (see Figure 8); Cerro Conejo Formation, late Barstovian

NALMA (Bourque 2012a), Serravallian, middle Miocene

(Woodburne 2004).

Referred material and range. Middle Miocene (Serravallian),

late Barstovian NALMA of the type locality (referred material of

Bourque, in press).

Diagnosis. Kinosternon rincon is currently diagnosed to be part

of Kinosternon by the complete list of characters provided above

for that clade. Kinosternon rincon is differentiated by a unique

combination of symplesiomorphies and synapomorphies with

other species of Kinosternon that include lateral sulci of verte-

bral I do not extend onto peripheral I (shared with Kinosternon

wakeeniense, some of the K. subrubrum group such as Kinoster-

non steindachneri, and extant Sternotherus), costiform processes

moderately developed, axillary buttress contacts posterior

peripheral III, marginal IX moderately heightened and obtusely

angled in shape (shared with Kinosternon integrum and the

Kinosternon scorpioides complex and not as tall or wave-shaped

as Kinosternon pojoaque and the extant K. flavescens group),

crest of marginal IX sulcus intersects peripheral VIII–IX suture

(shared with the K. scorpioides complex), femoral scute broadly

overlaps approximately 40% of the hindlobe (shared with Kinos-

ternon arizonense and K. wakeeniense), anal scute short, approx-

imately 15% carapace length (shared with Kinosternon

angustipons, Kinosternon dunni, Kinosternon herrerai and Kinos-

ternon sonoriense longifemorale).

Comments. Kinosternon rincon is yet another newly described

kinosternid taxon based on a relatively complete fossil skele-

ton. The type specimen is from the middle Miocene Rincon

Quarry locality of New Mexico. Although it possesses a suite
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of diagnostic characters, it is temporally, geographically and in

some ways morphologically similar to Kinosternon pojoaque.

Phylogenetic placement of K. rincon does not affiliate this

taxon with any particular extant kinosternine, but rather out-

side a large clade consisting of the K. scorpioides and K. sub-

rubrum groups, and nested between this clade and stem and

crown members of the K. flavescens group (Bourque, in press).

However, given that the overall topology of this analysis does

not conform closely with recent molecular analyses (e.g.,

Spinks et al. 2014), this result should be viewed with caution

for the moment.

Kinosternon skullridgescens Bourque, 2012b

Taxonomic history. Kinosternon skullridgescens Bourque, 2012b

(new species).

Type material. AMNH FAM9090 (holotype), a nearly complete

skeleton (Bourque 2012b, figs. 2–4).

Type locality. North of White Operation Wash, Santa Fe County,

New Mexico, USA (see Figure 8); Skull Ridge Member, Tesuque

Formation, early Barstovian NALMA (Bourque 2012b),

Langhian, middle Miocene (Woodburne 2004).

Referred material and range. Middle Miocene (Langhian), early

Barstovian NALMA, Santa Fe County, New Mexico, USA

(referred material of Bourque 2012b).

Diagnosis. Kinosternon skullridgescens is currently diagnosed

to be part of Kinosternon by the complete list of characters pro-

vided above for that clade. Kinosternon skullridgescens is differ-

entiated from other representatives of Kinosternon by a unique

combination of characters that include a relatively broad and

blunt-snouted skull, distal protuberance of the processus

trochlearis oticum well developed and highly inflected dorso-

laterally (shared with K. herrerai), neural I contacts nuchal

(shared with other described Miocene Kinosternon and the K.

subrubrum and K. flavescens groups), marginal IX much lower

than marginal X and a narrow step formed by marginals

VIII–IX that protrudes laterally from the dorsal carapace

(shared with Sternotherus and K. herrerai).

Comments. Kinosternon skullridgescens is based on one well-

preserved partial skeleton and a fragmentary shell from the

middle Miocene of New Mexico (Bourque 2012b). This taxon

is well diagnosed relative to other kinosternids, and we there-

fore expect its validity to be uncontroversial. Phylogenetic

analyses have placed K. skullridgescens as sister to the slightly

younger taxon K. pojoaque and the extant K. flavescens group

(Bourque 2012b), but also as one of the most basal Kinosternon

nested between K. herrerai and stem and crown members of

the K. flavescens group (Bourque, in press). On the basis of

analyses of Bourque (2012b) and Bourque and Schubert

(2014), K. skullridgescens and K. pojoaque form the stem line-

age of the K. flavescens group radiation and are therefore

deeply nested within crown Kinosternon. As the oldest unam-

biguous representative of the clade, it is therefore possible to

utilize K. skullridgescens to date the divergence of crown Kinos-

ternon.

Kinosternon wakeeniense Bourque, in press

Taxonomic history. Kinosternon wakeeniense Bourque, in press

(new species).

Type material. MSU VP771 (holotype), a nuchal and right

xiphiplastron (Holman 1975, fig. 2a, a’; Bourque 2011, figs. 1a–d,

2c and f; Bourque, in press, fig. 7.1, 2).

Type locality. WaKeeney Local Fauna, Trego County, Kansas,

USA (see Figure 8); Ogallala Formation, middle–late Claren-

donian NALMA (Bourque, in press), Tortonian, late Miocene

(Woodburne 2004).

Referred material and range. Late Miocene (Tortonian), mid-

dle–late Clarendonian NALMA from the type locality; middle

Miocene (Serravallian), early Clarendonian NALMA, Nebraska,

USA (referred specimens of Bourque, in press).

Diagnosis. Kinosternon wakeeniense is currently diagnosed to

be part of Kinosternon by characters provided above for that

clade. Kinosternon wakeeniense is currently differentiated from

other representatives of Kinosternon by a unique combination of

characters that include vertebral I narrow with lateral sulci that

do not overlap onto peripheral I, nuchal broadly contacts neu-

ral I, nuchal horns reduced, costiform processes diminutive and

nublike, only contacting peripheral I viscerally, femoral scute

long at the midline and overlaps approximately 40% of the hind-

lobe, and plastral hindlobe lobate, lacking distinct caudal notch

(Bourque, in press).

Comments. Kinosternon wakeeniense is based on a collection

of isolated shell fragments from the late Miocene WaKeeney

local fauna of Kansas that are thought to represent a single

taxon that shows affinities with the K. flavescens and K. sub-

rubrum groups; however, a phylogenetic analysis was not per-

formed due to the incomplete nature of this taxon (Bourque,

in press). The type specimens, a partial nuchal and right

xiphiplastron, were originally identified as belonging to the

extant stinkpot Sternotherus odoratus (Holman 1975), but were

more recently recognized as the Kinosternon lineage (Bourque

2011). We anticipate that future finds will help test the taxo-

nomic validity of K. wakeeniense and more firmly establish its

phylogenetic relationships.

Sternotherus Gray, 1825

Type species. Testudo odorata Latreille in Sonnini and Latreille,

1801.

Diagnosis. Sternotherus is currently diagnosed to be part of

Kinosterninae by the complete list of characters provided above

for that clade. Sternotherus is currently differentiated from

Kinosternon by plastron 65–86% of carapace length, plastral

forelobe kinetic to akinetic, midline kinesis present to absent,

plastral hindlobe akinetic, moderate to no gular–anterior

humeral cusp along the outer margin of the epiplastron, perime-

ter length of nuchal longer to about equal to longest peripheral,

inguinal plastral buttress terminates in anterior one-third 

of peripheral VII, extensive interplastral scute skin sometimes
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present, plastral bridges relatively narrow, gular scutes with nar-

row contact at the midline, anterior humeral scutes with broad

midline contact, posterior humeral-femoral sulci situated

approximately midway on the hypoplastra and highly angled

posteriorly toward the midline, converging posteriorly near the

hypo-xiphiplastral sutures.

Sternotherus bonevalleyensis

Bourque and Schubert, 2014

Taxonomic history. Sternotherus bonevalleyensis Bourque and

Schubert, 2014 (new species).

Type material. UF TRO1964 (holotype), a left hyoplastron

(Bourque and Schubert 2014, figs. 9bb). Paratypes: UF 102655,

nuchal; UF TRO1934, right hypoplastron; UF TRO1939, left

peripheral III; UF TRO1946, left hypoplastron; UF TRO1947,

left hypoplastron; UF TRO1953, pygal; UF TRO1958, right

hypoplastron; UF TRO1963, pygal; UF TRO1967, right

hyoplastron; UF TRO1968, right hyoplastron; UF TRO1990,

right hyoplastral bridge fragment; UF TRO1991, left hypoplas-

tron; UF TRO1992, pygal; UF TRO1996, partial carapace

comprising left peripheral VII–IX and right peripheral VIII;

UF TRO2000, left peripheral X; UF TRO2001, right peripheral

IX; UF TRO2004, left peripheral II; UF TRO2009, left periph-

eral III; UF TRO2014, worn peripheral; UF TRO2068, left

peripheral II; UF TRO2073, left peripheral IV; UF TRO2094,

right peripheral IV; UF TRO3794, right peripheral I; UF

TRO3796, right xiphiplastron; UF TRO3797, left hypoplas-

tron; UF TRO3799, right hyoplastron; UF TRO25800, left epi-

plastron; UF 293900, partial left hyoplastron (Bourque and

Schubert 2014, fig. 9).

Type locality. Central Florida Phosphate District, Polk County,

Florida, USA (see Figure 8); Bone Valley Formation, late

Hemphillian NALMA (Bourque and Schubert 2014), Messin-

ian, late Miocene (Woodburne 2004).

Referred material and range. No material has been referred to date

beyond the original hypodigm of Bourque and Schubert (2014).

Diagnosis. Sternotherus bonevalleyensis is currently diagnosed to

be part of Sternotherus by characters provided above for that

clade. Sternotherus bonevalleyensis is currently differentiated from

all remaining representatives of Sternotherus by having the nar-

rowest axillary notch among congeners. It is further diagnosed by

a unique combination of synapomorphies and symplesiomor-

phies with other Sternotherus (Bourque and Schubert 2014).

Comments. Sternotherus bonevalleyensis is based on a collec-

tion of isolated shell elements from the late Miocene Bone Val-

ley Formation of central Florida (Bourque and Schubert 2014).

The majority of shell elements are represented in the original

hypodigm, and the shell morphology of this taxon is therefore

relatively well understood. Although S. bonevalleyensis was not

included in a phylogenetic analysis, Bourque and Schubert

(2014) note more similarities of S. bonevalleyensis with the

extant Sternotherus minor complex and Sternotherus depressus

than to the similarly aged S. palaeodorus from nearby Ten-

nessee. It is therefore plausible that this taxon represents a pro-

genitor of the Sternotherus minor group, while S. palaeodorus

is more basally positioned on the stem of the Sternotherus lin-

eage. We are optimistic that more complete future finds will

be able to test these assertions, but until the phylogenetic posi-

tion of this taxon has been further tested, we recommend that

it not be used to date the divergence of crown Sternotherus.

Sternotherus palaeodorus

Bourque and Schubert, 2014

Taxonomic history. Sternotherus palaeodorus Bourque and

Schubert, 2014 (new species).

Type material. ETMNH 13912 (holotype), a nearly complete

shell lacking most of the right half of the plastron (Bourque and

Schubert 2014, figs. 2, 3); ETMNH 3595 (paratype), partial cara-

pace and associated fragments (Bourque and Schubert 2014, fig.

4); ETMNH 4687 (paratype), nearly complete shell (Bourque

and Schubert 2014, fig. 5); ETMNH 4867 (paratype), a partial

shell (Bourque and Schubert 2014, fig. 6); ETMNH 10000

(paratype), nearly complete carapace and anterior plastral lobe

(Bourque and Schubert 2014, fig. 7).

Type locality. Gray Fossil Site, Washington County, Tennessee,

USA (see Figure 8); late Hemphillian NALMA (Bourque and

Schubert 2014), Messinian, late Miocene (Woodburne 2004).

Referred material and range. No material has been referred to date

beyond the original hypodigm of Bourque and Schubert (2014).

Diagnosis. Sternotherus palaeodorus is currently diagnosed to

be part of Sternotherus by the complete list of characters pro-

vided above for that clade. Sternotherus palaeodorus is currently

differentiated from all other representatives of Sternotherus in

having an enlarged intergular scute, wide vertebral I that is

broadly pointed to roundly squared (shared with S. odoratus and

Kinosternon) posteriorly at the vertebral I–II sulcus and over-

laps peripheral set I, posteriorly extensive hypoplastron–periph-

eral VII contact, elongate anal scute (approximately 22% of

carapace length) that is lobate along the posterior-most margin

and a posteriorly situated inguinal musk duct pore.

Comments. Sternotherus palaeodorus is based on beautifully

preserved partial to nearly complete shells from the late Miocene

Gray Fossil Site in eastern Tennessee. Phylogenetic analysis

places this taxon as sister to all extant Sternotherus, which is con-

sistent with the relatively recent diversification of the group

(Bourque and Schubert 2014). This taxon should therefore not

be used to date the divergence of crown Sternotherus. Given the

complete nature of the type material, the validity of this taxon is

likely to remain uncontroversial.

Invalid and Problematic Taxa

Agomphus masculinus Wieland, 1905

nomen invalidum

(junior synonym of Agomphus pectoralis 

(Cope, 1868))
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Taxonomic history. Agomphus masculinus Wieland, 1905 (new

species); Agomphus pectoralis � Adocus petrosus � Agomphus

masculinus � Agomphus tardus � Emys turgidus Hutchison

and Weems, 1998 (junior synonym).

Type material. YPM VP 000671 (holotype), a partial shell con-

sisting of a nuchal, fragmentary costals and peripherals, and a

complete plastron (Wieland 1905, fig. 8; Hay 1908a, fig. 319).

Type locality. West Jersey Marl Pits, Barnsboro, Gloucester

County, New Jersey, USA (Wieland 1905); Hornerstown For-

mation, Danian, early Paleocene (Miller 1955; Sugarman et al.

1995).

Comments. For an extensive discussion of all New Jersey Agom-

phus material, see Agomphus pectoralis (above).

Adocus petrosus Cope, 1868

nomen invalidum

(junior synonym of Agomphus pectoralis 

(Cope, 1868))

Taxonomic history. Adocus petrosus Cope, 1868 (new species);

Emys petrosus Cope, 1869/70 (new combination); Agomphus pet-

rosus Cope, 1871 (new combination); Agomphus pectoralis �
Adocus petrosus � Agomphus masculinus � Agomphus tardus �
Emys turgidus Hutchison and Weems, 1998 (junior synonym).

Type material. AMNH 1482 (holotype), a fragmentary skeleton

consisting of four costals, five peripherals, a right hyo- and

hypoplastron and a pelvic fragment (Hay 1908a, figs. 311–313,

pls. 36.4, 37.6, 7).

Type locality. West Jersey Marl Pits, Barnsboro, Gloucester

County, New Jersey, USA; Hornerstown Formation, Danian,

early Paleocene (Gallagher 1993, not Campanian sensu Miller

1955).

Comments. For an extensive discussion of all New Jersey Agom-

phus material, see Agomphus pectoralis (above).

Agomphus tardus Wieland, 1905

nomen invalidum

(junior synonym of Agomphus pectoralis 

(Cope, 1868))

Taxonomic history. Agomphus tardus Wieland, 1905 (new

species); Agomphus petrosus Cope, 1871 (new combination);

Agomphus pectoralis � Adocus petrosus � Agomphus masculi-

nus � Agomphus tardus � Emys turgidus Hutchison and

Weems, 1998 (junior synonym).

Type material. YPM VP 000774 (holotype), a partial shell con-

sisting of the partial nuchal, two neurals, five costal fragments,

eight peripherals, the left hyoplastron and the right hypoplas-

tron (Wieland 1905, figs. 1–7; Hay 1908a, figs. 314–318).

Type locality. Pemberton Marl Pits, Birmingham, Burlington

County, New Jersey, USA (Wieland 1905); Hornerstown 

Formation, Danian, early Paleocene (Miller 1955; Sugarman 

et al. 1995).

Comments. For an extensive discussion of all New Jersey Agom-

phus material, see Agomphus pectoralis (above).

Baena ponderosa Cope, 1873

nomen invalidum

(junior synonym of Baptemys wyomingensis

(Leidy, 1869))

Taxonomic history. Baena ponderosa Cope, 1873 (new species);

Baptemys wyomingensis � Baena ponderosa Hay, 1908a (junior

synonym); Baptemys wyomingensis � Baena ponderosa �

Baptemys fluviatilis Bourque et al., 2014 (senior synonym).

Type material. USNM 4056 (holotype), a highly fragmentary

shell (Cope 1884, pl. 17.3–8; Hay 1908a, fig. 345).

Type locality. Hams Fork, Green River Basin, Wyoming, USA;

unknown age, likely Eocene (Cope 1873, see Comments below).

Comments. Baena ponderosa is based on a highly fractured shell

collected along Hams Fork in the Green River Basin of

Wyoming. In the type description, Cope (1873) already noted

similarities with Baptemys wyomingensis, but he nevertheless

referred this taxon to Baenidae, because he believed vertebral V

to contribute to the posterior margin of the shell, a character still

used to diagnose the group (Joyce and Lyson 2015). After

restudying the holotype, Hay (1908a) noted that the margin of

the shell appears to be malformed, but that the fragments in

question actually document a complete marginal series. Hay

(1908a) therefore referred this taxon to Baptemys wyomingensis,

and we agree with this assessment.

Baltemys velogastros Lichtig and Lucas, 2015

nomen invalidum

(junior synonym of Baltemys staurogastros

Hutchison, 1991)

Taxonomic history. Baltemys velogastros Lichtig and Lucas, 2015

(new species).

Type material. UCM 32796 (holotype), a partial shell consist-

ing of neurals II–IV, parts of costals III–V, right peripherals I–IV,

V–X, left peripherals I, V–X, part of the nuchal and pygal and

part of the hyo- and hypoplastra (Lichtig and Lucas 2015, figs.

5, 6a).

Type locality. UCM locality 77032, E1/2, Section 3, T 26 S, R 70

W, Huerfano County, Colorado, USA; early Bridgerian NALMA

(Lichtig and Lucas 2015), Ypresian–Lutetian, early Eocene

(Woodburne 2004).

Comments. Baltemys velogastros was recently described based

on a relatively complete shell from Colorado. The type locality

is early Bridgerian in age and therefore only slightly younger

than the late Wasatchian type material of Baltemys staurogastros

from nearby Wyoming. Lichtig and Lucas listed three charac-
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ters to diagnose their taxon: (1) a narrower plastron with a wide

bridge; (2) a posteriorly pointing hypo-xiphiplastral suture; and

(3) contact of pleural IV with marginal XI. We are unable to see

any substantial differences in plastral lobe and bridge dimen-

sions between the type material of B. velogastros and B. stauro-

gastros and therefore disregard the first character. Additionally,

bridge width is sexually dimorphic for extant kinosternids, with

males having more narrow bridges across taxa (Iverson 1991).

The hypoplastral-xiphiplastral suture of Baltemys indeed

appears to be straight in ventral aspect when the hypoplastron

and xiphiplastron are articulated, but once the xiphiplastron is

removed, visceral processes formed by the hypoplastron, which

are normally covered by the xiphiplastron, create the illusion of

an oblique contact. These processes are also apparent in the type

material of B. velogastros, and we therefore disregard this sec-

ond character as a preservational artifact. The third character,

once again, appears to be substantial at first sight, but this appeal

is specious once again. Lichtig and Lucas (2015) clearly docu-

ment that pleural IV of the Colorado Baltemys broadly articu-

lates with marginal XI, and this indeed contrasts the condition

reconstructed by Hutchison (1991) for B. staurogastros. How-

ever, Hutchison (1991) clearly states that the type specimen of B.

staurogastros lacks both peripherals X, and we are unaware of

any peripheral X having since been reported. The only element

that could document the contact in question is therefore not

known for B. staurogastros, and this character therefore lacks

any basis. Given that we otherwise agree that the Colorado mate-

rial displays the diagnostic characters of B. staurogastros, we here

synonymize these two taxa.

Baptemys fluviatilis Hay, 1908a

nomen invalidum

(junior synonym of Baptemys wyomingensis

(Leidy, 1869))

Taxonomic history. Baptemys fluviatilis Hay, 1908a (new

species); Baptemys wyomingensis � Baptemys fluviatilis Lucas

et al., 1989 (junior synonym); Baptemys wyomingensis � Baena

ponderosa � Baptemys fluviatilis Bourque et al., 2014 (senior

synonym).

Type material. AMNH 4913 (holotype), a shell consisting of a

near-complete carapace and the imprint of the plastron (Hay

1908a, figs. 350, 351, pl. 42.1, 2).

Type locality. Rocky Mountains Region, USA; unknown age,

likely Eocene (Hay 1908a, see Comments below).

Comments. Hay (1908a) named Baptemys fluviatilis based on a

relatively complete shell that had been donated to the AMNH in

the late 19th century. The specimen had purportedly been col-

lected from Colorado, but Hay (1908a) already noted that this

locality information was highly dubious and that the shell may

very well have originated from a different state. Baptemys

wyomingensis has so far only been reported from the Green

River Basin of Wyoming (see above), but given the wide distri-

bution of the pan-dermatemydid lineage in other Eocene

deposits, this is likely a preservational artifact. Given that the

morphology of B. fluviatilis broadly corresponds to that of 

B. wyomingensis, we agree with Lucas et al. (1989) and Bourque

et al. (2014) that these taxa are synonymous, although the uncer-

tain locality information of B. fluviatilis prevents us from

expanding the spatial range of B. wyomingensis.

Baptemys tricarinata Hay 1908a

nomen invalidum

(junior synonym of Baptemys garmanii

(Cope, 1872))

Taxonomic history. Baptemys tricarinata Hay 1908a (new

species); Notomorpha garmanii � Baptemys tricarinata �

Dermatemys costilata Lucas et al., 1989 (junior synonym); Noto-

morpha garmanii � Baptemys tricarinata � Dermatemys costi-

lata � Notomorpha gravis Bourque et al., 2014 (junior

synonym).

Type material. AMNH 6109 (holotype), a shell consisting of the

central portion of the carapace and most of the plastron (Hay

1908a, figs. 346, 347; Bourque et al. 2014, fig. 7a).

Type locality. The mouth of Alkali Creek, Fremont County,

Wyoming, USA (Hay 1908a); Wind River Formation,

Wasatchian NALMA (Bourque et al. 2014), Ypresian, early

Eocene (Woodburne 2004).

Comments. See Baptemys garmanii above for a more extensive

discussion regarding this taxon.

Dermatemys costilata Cope, 1875

nomen invalidum

(junior synonym of Baptemys garmanii

(Cope, 1872))

Taxonomic history. Dermatemys costilata Cope, 1875 (new

species); Baptemys costilatus Hay, 1902 (new combination); Kalli-

stira costilata Hay, 1908a (new combination); Baptemys 

garmanii � Baptemys tricarinata � Dermatemys costilata Lucas

et al., 1989 (junior synonym); Notomorpha garmanii � Bapte-

mys tricarinata � Dermatemys costilata � Notomorpha gravis

Bourque et al., 2014 (junior synonym and lectotype designation).

Type material. USNM 1152, in part (lectotype), a costal frag-

ments (Cope 1877, figs. 21–22; Hay 1908a, fig. 330). The

remainder of USNM 1152 represents the polyphyletic paralec-

totype series (Bourque et al. 2014).

Type locality. San Juan Basin, New Mexico, USA; San Jose For-

mation, Wasatchian NALMA (Bourque et al. 2014), Ypresian,

early Paleocene (Woodburne 2004).

Comments. Cope (1875) based this taxon on a purported assem-

blage of six individuals. Bourque et al. (2014) note that all avail-

able material is now catalogued under the number USNM 1152

and it is not possible to rigorously reproduce the original esti-

mate of individuals reported by Cope (1875). However, Bourque

et al. (2014) were able to clarify that USNM 1152 consists of a

mixture of testudinoid and pan-dermatemydid remains, and they

designated one fragment as the paralectotype to clarify the taxo-

nomic application of the name. The selected fragment is a costal
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that clearly shows the keels diagnostic for the coeval Baptemys

garmanii from Wyoming. We therefore agree with Bourque et al.

(2014) that these two taxa are synonymous.

Emys turgidus Cope, 1869/70

nomen invalidum

(junior synonym of Agomphus pectoralis 

(Cope, 1868))

Taxonomic history. Emys turgidus Cope, 1869/70 (new species);

Agomphus turgidus Cope, 1871 (new combination); Agomphus

pectoralis � Adocus petrosus � Agomphus masculinus � Agom-

phus tardus � Emys turgidus Hutchison and Weems, 1998 (jun-

ior synonym).

Type material. AMNH 1481 (holotype), partial shell consisting

of neural IV, medial portions of left costals III–VI and right

costals III–VI, several peripherals, the entoplastron and both

hyoplastra (Hay 1908a, fig. 310, pl. 37.1–5).

Type locality. Mount Holly, Burlington County, New Jersey,

USA; Hornerstown Formation, Danian, early Paleocene (Miller

1955; Sugarman et al. 1995).

Comments. For an extensive discussion of all New Jersey Agom-

phus material, see Agomphus pectoralis (above).

Hoplochelys bicarinata Hay, 1911

nomen invalidum

(junior synonym of Hoplochelys crassa

(Cope, 1888))

Taxonomic history. Hoplochelys bicarinata Hay, 1911 (new

species); Hoplochelys crassa � Hoplochelys bicarinata �

Hoplochelys laqueata Hutchison and Holroyd, 2003 (junior syn-

onym); Hoplochelys crassa � Hoplochelys bicarinata �

Hoplochelys elongata � Hoplochelys laqueata � Hoplochelys palu-

dosa � Hoplochelys saliens Knauss et al., 2011 (junior synonym).

Type material. USNM 6549 (holotype), a partial shell consist-

ing of two neurals, one costal, eleven peripherals and the central

portion of the plastron (Hay 1911, figs. 20–23, pl. 12).

Type locality. Near Ojo Alamo, San Juan County, New Mexico,

USA (Hay 1911); Nacimiento Formation, Puercan NALMA

(Gilmore 1919b), Danian, early Paleocene (Woodburne 2004).

Comments. Hoplochelys bicarinata is based on a partial shell from

the early Paleocene of New Mexico (Hay 1911), and Gilmore

(1919b) later referred additional, more complete material from

equivalent strata in New Mexico to this taxon. For a complete

discussion regarding the validity of Hoplochelys taxa from the

early Paleocene of New Mexico, see Hoplochelys crassa (above).

Hoplochelys elongata Gilmore, 1919b

nomen invalidum

(junior synonym of Hoplochelys crassa

(Cope, 1888))

Taxonomic history. Hoplochelys elongata Gilmore, 1919b 

(new species); Hoplochelys crassa � Hoplochelys bicarinata �

Hoplochelys elongata � Hoplochelys laqueata � Hoplochelys palu-

dosa � Hoplochelys saliens Knauss et al., 2011 (junior synonym).

Type material. USNM 8553 (holotype), a partial shell lacking

much of the nuchal and pygal region and the tips of the anterior

and posterior plastral lobes (Gilmore 1919b, figs. 21, 22, pl. 16).

Type locality. 13 km northeast of Kimbetoh, Section 17, T 23 N,

R 8 W, San Juan County, New Mexico, USA; Nacimiento Forma-

tion, Torrejonian NALMA (Gilmore 1919b), Danian, early Pale-

ocene (Woodburne 2004).

Comments. For a complete discussion regarding the validity of

Hoplochelys taxa from the early Paleocene of New Mexico, see

Hoplochelys crassa (above).

Hoplochelys laqueata Gilmore, 1919b

nomen invalidum

(junior synonym of Hoplochelys crassa

(Cope, 1888))

Taxonomic history. Hoplochelys laqueata Gilmore, 1919b (new

species); Hoplochelys crassa � Hoplochelys bicarinata �

Hoplochelys laqueata Hutchison and Holroyd, 2003 (junior

synonym); Hoplochelys crassa � Hoplochelys bicarinata �

Hoplochelys elongata � Hoplochelys laqueata � Hoplochelys

paludosa � Hoplochelys saliens Knauss et al., 2011 (junior 

synonym).

Type material. USNM 8527 (holotype), a highly fractured shell

missing many small bits and pieces, but representing most ele-

ments (Gilmore 1919b, figs. 19, 20, pl. 15).

Type locality. 6 km east of Kimbetoh, Section 35, T 23 N, R 9 W,

San Juan County, New Mexico, USA; Nacimiento Formation,

Puercan NALMA (Gilmore 1919b), Danian, early Paleocene

(Woodburne 2004).

Comments. See Hoplochelys crassa above for a complete discus-

sion regarding the validity of Hoplochelys taxa from the early

Paleocene of New Mexico.

Hoplochelys paludosa Hay, 1908a

nomen invalidum

(junior synonym of Hoplochelys crassa

(Cope, 1888))

Taxonomic history. Hoplochelys paludosa Hay, 1908a (new

species); Hoplochelys crassa � Hoplochelys bicarinata � Hop-

lochelys elongata � Hoplochelys laqueata � Hoplochelys palu-

dosa � Hoplochelys saliens Knauss et al., 2011 (junior synonym).

Type material. AMNH 6079 (holotype), a peripheral (Hay

1908a, fig. 328).

Type locality. Escavada Wash, Rio Arriba County, New Mexico,

USA (Hay 1908a); Nacimiento Formation, Torrejonian
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NALMA (Gilmore 1919b), Danian, early Paleocene (Wood-

burne 2004).

Comments. For a complete discussion regarding the validity of

Hoplochelys taxa from the early Paleocene of New Mexico, see

Hoplochelys crassa (above).

Hoplochelys saliens Hay, 1908a

nomen invalidum

(junior synonym of Hoplochelys crassa

(Cope, 1888))

Taxonomic history. Hoplochelys saliens Hay, 1908a (new species);

Hoplochelys crassa � Hoplochelys bicarinata � Hoplochelys elon-

gata � Hoplochelys laqueata � Hoplochelys paludosa � Hop-

lochelys saliens Knauss et al., 2011 (junior synonym).

Type material. AMNH 1200 (holotype), a crushed shell prima-

rily lacking portions of the anterior and posterior neurals and

costals and of the plastral lobes (Hay 1908a, figs. 326, 327).

Type locality. At the head of Escavada Wash, Rio Arriba County,

New Mexico, USA (Hay 1908a); Nacimiento Formation, Torre-

jonian NALMA (Gilmore 1919b), Danian, early Paleocene

(Woodburne 2004).

Comments. Hoplochelys saliens is based on a crushed partial

shell from the early Paleocene of New Mexico (Hay 1911) to

which Gilmore (1919b) referred additional, more complete

material from equivalent strata in New Mexico. For a complete

discussion regarding the validity of Hoplochelys taxa from the

early Paleocene of New Mexico, see Hoplochelys crassa (above).

Notomorpha gravis Cope, 1872

nomen dubium

Taxonomic history. Notomorpha gravis Cope, 1872 (new

species); Notomorpha gravis � Notomorpha garmanii Hay,

1908a (senior synonym); Notomorpha garmanii � Baptemys tri-

carinata � Dermatemys costilata � Notomorpha gravis

Bourque et al., 2014 (junior synonym).

Type material. The type material is lost and has never been fig-

ured (Hay 1908a).

Type locality. Near Bear River, 10 km north of Evanston, Uinta

County, Wyoming, USA; Wasatch Formation (Hay 1908a),

Wasatchian NALMA, Ypresian, early Eocene (Woodburne 2004).

Comments. We consider this taxon to be a nomen dubium,

because the type material is lost and was never figured and

because the characters provided by Cope (1872) are insufficient

to diagnose a valid taxon. For a more extensive discussion, see

Baptemys garmanii above.
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Appendix 1
Institutional Abbreviations

AMNH American Museum of Natural His-
tory, New York, New York, USA

ANSP Academy of Natural Sciences,
Philadelphia, Pennsylvania, USA

ETMNH East Tennessee State University
Museum of Natural History, Gray,
Tennessee, USA

GSG Geological Survey of Georgia,
Atlanta, Georgia, USA

KU University of Kansas Natural History
Museum, Lawrence, Kansas, USA

MSU Michigan State University Museum,
East Lansing, Michigan, USA

PTRM Pioneer Trails Regional Museum,
Bowman, North Dakota, USA

UCM University of Colorado Natural His-
tory Museum, Boulder, Colorado,
USA

UCMP University of California Museum of
Paleontology, Berkeley, California,
USA

UF Florida Museum of Natural History,
University of Florida, Gainesville,
Florida, USA

USNM National Museum of Natural His-
tory, Smithsonian Institution, Wash-
ington, DC, USA

YPM VP Vertebrate Paleontology, Peabody
Museum of Natural History, Yale
University, New Haven, Connecticut,
USA

Appendix 2
Named Fossil Pan-Kinosternoid Genera

Agomphus Cope, 1871 (type species: Emys turgidus
Cope, 1869/70)

Amphiemys Cope, 1877 (type species: Amphiemys oxys-
ternum Cope, 1877)

Baltemys Hutchison, 1991 (type species: Baltemys stau-
rogastros Hutchison, 1991)
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Baptemys Leidy, 1870 (type species: Emys wyomingensis
Leidy, 1869)

Emarginachelys Whetstone, 1978 (type species: Emar-
ginachelys cretacea Whetstone, 1978)

Gomphochelys Bourque et al., 2014 (type species: Gom-
phochelys nanus Bourque et al., 2014)

Hoplochelys Hay, 1908a (type species: Chelydra crassa
Cope, 1888)

Kallistira Hay, 1908a (type species: Dermatemys costilata
Cope, 1875)

Tullochelys Hutchison, 2013 (type species: Tullochelys
montana Hutchison, 2013)

Planetochelys Weems, 1988 (type species: Planetochelys
savoiei Weems, 1988)

Xenochelys Hay, 1906 (type species: Xenochelys formosa
Hay, 1906)

Appendix 3
Biogeographic Summary 

of Fossil Pan-Kinosternoidea

Numbers in brackets reference Figures 7 and 8.
Holocene records and literature lacking vouched speci-
mens are omitted. Abbreviation: TL, Type locality.

Canada

[1] Early Eocene, Wasatchian NALMA, Ypresian;
Ellesmere Island; Pan-Kinosterninae indet. (Kinos-
terninae indet. of Estes and Hutchison 1980)

Colombia

[2] Late Pleistocene; Department of Cundinamarca;
Kinosternon indet. (Cadena et al. 2007)

El Salvador

[3] Pleistocene; Kinosternon indet. (Cisneros 2005)

Honduras

[4] Late Miocene, early Hemphillian NALMA; Kinoster-
non indet., cf. K. scorpioides group (Bourque 2012b)

Mexico

[5] Late Cretaceous, Campanian; Coahuila; Hoplochelys
indet. (Rodriguez-de la Rosa and Cevallos-Ferriz
1998; Brinkman and Rodriguez de la Rosa 2006),
Pan-Kinosternidae indet. (Kinosternidae of Brinkman
and Rodriguez de la Rosa 2006)

[6] Pleistocene; Aguascalientes; Kinosternon indet.
(Kinosternon scorpioides integrum of Mooser
1980)

Panama

[7] Early Miocene; Panama Province; Staurotypus
moschus (TL) (Cadena et al. 2012; MacFadden et al.
2014)

United States of America

[8] Late Cretaceous, Campanian; Utah; Pan-Kinostern-
idae indet. (Kinosternidae of Hutchison et al. 2013)

[9] Late Cretaceous, Campanian; New Mexico; Pan-
Kinosternidae indet. (Kinosternoidea of Sullivan et al.
2013)

[10] Late Cretaceous, Maastrichtian; Montana; Pan-
Kinosternoidea indet. (Kinosternoidea indet. of Hol-
royd and Hutchison 2002), Emarginachelys cretacea
(TL) (Whetstone 1978), Hoplochelys clark (Knauss et
al. 2011), Tullochelys montana (Hutchison 2013)

[11] Late Cretaceous, Maastrichtian; North Dakota;
Pan-Kinosternoidea indet. (Kinosternoidea indet. of
Holroyd and Hutchison 2002), Hoplochelys clark (TL)
(Knauss et al. 2011)

[12] Late Cretaceous, Maastrichtian; Wyoming; Pan-
Kinosternoidea indet. (Kinosternoidea indet. of Hol-
royd and Hutchison 2002)

[13] Late Cretaceous, Maastrichtian; San Juan Basin,
New Mexico; Hoplochelys indet. (Knauss et al. 2011)

[14] Early Paleocene, Puercan NALMA, Danian; Mon-
tana; Tullochelys montana (TL) (Hutchison 2013)

[15] Early Paleocene, Puercan NALMA, Danian; Col-
orado; Hoplochelys indet. (Hoplochelys crassa of
Hutchison and Holroyd 2003)

[16] Early Paleocene, Puercan–Torrejonian NALMAs,
Danian; San Juan Basin, New Mexico; Hoplochelys
crassa (TL) (Cope 1888; Hay 1908a, 1911; Gilmore
1919b; Knauss et al. 2011; including H. paludosa and
H. saliens of Hay 1908a, H. bicarinata of Hay 1911
and H. elongata and H. laqueata of Gilmore 1919b)

[17] Early Paleocene, Danian; Texas; Hoplochelys indet.
(Tomlinson 1997)

[18] Early Paleocene, Danian; New Jersey; Agomphus
pectoralis (TL) (Cope 1868; Wieland 1905; Hutchison
and Weems 1998; including Emys turgidus of Cope
1869/70, Adocus petrosus of Cope 1868 and Agomphus
tardus and Agomphus masculinus of Wieland 1905)

[19] Late Paleocene, Thanetian; Virginia; Planetochelys
savoiei (TL) (Weems 1988)

[20] Early Paleocene, Danian; Alabama; “Agomphus”
alabamensis (TL) (Gilmore 1919a)

[21] Early Paleocene, Danian; Georgia; Agomphus oxys-
ternum (TL) (Cope 1877)

[22] Paleocene; South Carolina; Pan-Kinosternoidea,
Pan-Kinosternidae indet., Agomphus indet. (Kinoster-
noid A + B, Kinosternidae indet., and Agomphus pec-
toralis, Agomphus alabamensis of Hutchison and
Weems 1998, respectively)

[23] Early Eocene, Wasatchian NALMA, Ypresian;
North Dakota; Baptemys garmanii (Baptemys tricar-
inata of Estes 1988)

[24] Late Eocene, Chadronian NALMA, Priabonian;
South Dakota; Xenochelys indet. (Hutchison 1991),
Xenochelys formosa (TL) (Hay 1906; Williams 1952)

[25] Early Eocene, Wasatchian NALMA, Ypresian;
Wyoming, Bighorn Basin; Baltemys staurogastros
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(TL), Baltemys indet. (Hutchison 1991; Holroyd et al.
2001), Baptemys garmanii (Bourque et al. 2014;
Baptemys indet. of Holroyd et al. 2001), Baptemys
nanus (TL) (Bourque et al. 2014), Planetochelys dithy-
ros (Holroyd et al. 2001; Hutchison 2013)

[26] Early Eocene, Bridgerian NALMA, Ypresian/Lutet-
ian; Wyoming, Bighorn Basin; Baltemys indet. (Kinos-
terninae indet. of Hutchison 1991)

[27] Early Eocene, Wasatchian NALMA, Ypresian;
Wyoming, Wind River Basin; Baltemys indet.,
Xenochelys indet., Xenochelys lostcabinensis (TL)
(Hutchison 1991), Baptemys garmanii (Bourque et al.
2014; Baptemys tricarinata of Hay 1908a), Plane-
tochelys dithyros (Hutchison 2013)

[28] Early Eocene, Wasatchian NALMA, Ypresian;
Wyoming, Powder River Basin; Pan-Kinosternidae
indet. (Kinosterninae indet. of Hutchison 1991)

[29] Early Eocene, Wasatchian NALMA, Ypresian;
Wyoming, Green River Basin; Baltemys indet.,
Xenochelys indet., Xenochelys lostcabinensis (Hutchi-
son 1991), Baptemys garmanii (TL) (Cope 1872;
Bourque et al. 2014), Planetochelys dithyros (TL)
(Hutchison 2013)

[30] Early Eocene, Bridgerian NALMA, Ypresian/Lutet-
ian; Wyoming, Green River Basin; Baltemys indet.,
Xenochelys indet., Xenochelys bridgerensis (TL)
(Hutchison 1991), Baptemys wyomingensis (Leidy
1869; Hay 1908a; Zonneveld et al. 2000; Bourque et al.
2014; Baena ponderosa of Cope 1873; West and
Hutchison 1981)

[31] Late Eocene, Chadronian NALMA, Priabonian;
Colorado; Xenochelys indet. (Hutchison 1991)

[32] Early Eocene, Bridgerian NALMA, Ypresian/Lutet-
ian; Colorado; Baltemys staurogastros (Baltemys velo-
gastros of Lichtig and Lucas 2015)

[33] Early Eocene, Wasatchian NALMA, Ypresian; San
Juan Basin, New Mexico; Pan-Kinosterninae indet.
(Kinosterninae indet. of Hutchison 1991), Baptemys
garmanii (Dermatemys costilata of Cope 1875)

[34] Early Eocene, Wasatchian NALMA, Ypresian; cen-
tral New Mexico; Baptemys indet. (Lucas et al. 1989)

[35] Middle Eocene, Uintan NALMA, Lutetian; Texas;
Xenochelys indet. (Hutchison 1991)

[36] Middle Eocene, Uintan NALMA, Lutetian;
Arkansas; Xenochelys indet. (Hutchison 1991)

[37] Late Oligocene, early Arikareean NALMA, Chatt-
ian; Florida; Xenochelys floridensis (TL) (Bourque
2013; Kinosternidae indet. of Hayes et al. 2000)

[38] Middle Miocene, early–late Barstovian NALMA,
Langhian–Serravallian; north-central New Mexico;
Kinosternon pojoaque (TL) (Bourque 2012a); Kinos-
ternon skullridgescens (TL) (Bourque 2012b); Kinos-
ternon rincon (TL) (Bourque, in press)

[39] Early–middle Miocene, late Hemingfordian–early
Clarendonian NALMA, Burdigalian–Serravallian;
northwestern Nebraska; Kinosternon indet. (Hutchi-
son 1991), Kinosternon wakeeniense (Bourque, in
press)

[40] Late Miocene, late Hemphillian NALMA; north-
eastern Nebraska; Kinosternon indet. (K. flavescens of
Parmley 1992)

[41] Late Miocene, middle/late Clarendonian NALMA,
Tortonian; central Kansas; Kinosternon wakeeniense
(TL) (Bourque, in press; Kinosternon indet. of Wilson
1968; Sternotherus indet. of Holman 1975)

[42] Late Miocene, late Hemphillian NALMA, Messin-
ian; southwestern Kansas; Kinosternon indet. (K.
flavescens and K. subrubrum of Fichter 1969)

[43] Middle–late Miocene, Clarendonian NALMA, Ser-
ravallian/Tortonian; Texas panhandle; Kinosternon
pannekollops (TL) (Bourque, in press)

[44] Early Miocene, late Arikareean, Aquitanian; south-
eastern Texas; Pan-Dermatemys indet. (Dermatemys
indet. of Albright 1994)

[45] Late Miocene/early Pliocene, late Hemphillian,
Messinian/Zanclean; Tennessee; Sternotherus pala-
eodorus (TL) (Bourque 2011, 2012a; Bourque and
Schubert 2014)

[46] Early Miocene, early Hemingfordian, Burdigalian/
Langhian; Delaware; Kinosternidae indet. (Bourque,
in press; Kinosternon of Holman 1998 and Weems
and George 2013)

[47] Early–late Miocene, late Hemingfordian–early
Hemphillian, Burdigalian–Messinian; northern
Florida; Kinosternidae indet., Kinosternon indet., Ster-
notherus indet., Kinosternon notolophus (TL) (Becker
1985; Bryant 1991; Bourque 2013, in press) (see
Bourque 2013, in press for great detail)

[48] Late Miocene, late Hemphillian NALMA, Messin-
ian; central Florida; Kinosternon indet., Sternotherus
bonevalleyensis (TL) (Bourque 2012b; Bourque and
Schubert 2014)

[49] Late Pliocene, late Blancan NALMA, Piacenzian;
Arizona; Kinosternon arizonense (TL) (Gilmore 1923)

[50] Pliocene, Blancan NALMA; Nebraska; Kinosternon
indet. (K. flavescens of Holman and Schloeder 1991)

[51] Late Pliocene, late Blancan NALMA, Piacenzian;
southwestern Kansas; Kinosternon indet. (K.
flavescens of Fichter 1969)

[52] Pliocene, Blancan NALMA; Texas; Kinosternon
indet. (K. flavescens of Rogers 1976)

[53] Late Pliocene, late Blancan NALMA, Piacenzian;
Florida; Sternotherus indet. (Bourque and Schubert
2014)

[54] Pleistocene; Nebraska; Kinosternon indet. (K.
flavescens of Fichter 1969)

[55] Pleistocene; central Kansas; Kinosternon indet. (K.
flavescens of Preston 1979), Sternotherus indet. (S.
odoratus of Holman 1972)

[56] Pleistocene; southwestern Kansas; Kinosternon
indet. (K. flavescens of Preston 1979), Sternotherus
indet. (S. odoratus of Preston 1979; Holman 1987)

[57] Pleistocene; Oklahoma; Kinosternon indet. (K.
flavescens of Preston 1979), Sternotherus indet. (S.
odoratus of Preston 1979)
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[58] Pleistocene; Texas panhandle; Kinosternon indet.
(K. flavescens of Johnson 1974)

[59] Pleistocene; north-central Texas; Sternotherus indet.
(S. odoratus of Holman 1963)

[60] Pleistocene; central Texas; Kinosternon indet. (K.
flavescens of Holman and Winkler 1987)

[61] Pleistocene; southern Texas; Kinosternon indet. (K.
flavescens of Preston 1979)

[62] Pleistocene; Missouri; Sternotherus indet. (S. odor-
atus of Parmalee and Oesch 1972)

[63] Pleistocene; Indiana; Sternotherus indet. (Ster-
notherus odoratus of Holman and Richards 1993)

[64] Pleistocene; South Carolina; Kinosternon indet. and
Sternotherus indet. (K. subrubrum and S. odoratus of
Bentley and Knight 1998)

[65] Pleistocene; northern Florida; Kinosternon indet.
(Meylan 1995; K. baurii and K. subrubrum of
Bourque 2013)

[66] Pleistocene; central Florida; Kinosternon indet. (K.
subrubrum and K. baurii of Weigel 1962), Ster-
notherus indet. (S. odoratus and S. minor of Weigel
1962)

Appendix 4
Hierarchical Taxonomy 
of Pan-Kinosternoidea

Pan-Kinosternoidea Joyce et al., 2004

Emarginachelys cretacea Whetstone, 1978

Planetochelys dithyros Hutchison, 2013

Planetochelys savoiei Weems, 1988

Tullochelys montana Hutchison, 2013

Kinosternoidea Hutchison and Weems, 1998

Pan-Dermatemys Joyce et al., 2004

“Agomphus” alabamensis Gilmore, 1919a

Agomphus oxysternum (Cope, 1877)

Agomphus pectoralis (Cope, 1868)

Hoplochelys clark Knauss et al., 2011

Hoplochelys crassa (Cope, 1888)

Baptemys garmanii (Cope, 1872)

Baptemys nanus (Bourque et al., 2014)

Baptemys wyomingensis (Leidy, 1869)

Pan-Kinosternidae Joyce et al., 2004

Kinosternidae Hay, 1892

Staurotypus moschus Cadena et al., 2012

Baltemys staurogastros Hutchison, 1991

Xenochelys bridgerensis Hutchison, 1991

Xenochelys floridensis Bourque, 2013

Xenochelys formosa Hay, 1906

Xenochelys lostcabinensis Hutchison, 1991

Kinosterninae Lindholm, 1929

Kinosternon arizonense Gilmore, 1923

Kinosternon notolophus Bourque, in press

Kinosternon pannekollops Bourque, in press

Kinosternon pojoaque Bourque, 2012a

Kinosternon rincon Bourque, in press

Kinosternon skullridgescens Bourque, 2012b

Kinosternon wakeeniense Bourque, in press

Sternotherus bonevalleyensis Bourque and Schu-
bert, 2014

Sternotherus palaeodorus Bourque and Schubert,
2014
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