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Paleogene dermochelyid species richness far exceeded that of today. Leatherback sea turtles were most species rich in
the Paleogene, but their richness declined sharply during the Neogene with only one species existing today, Dermochelys
coriacea. We describe the fossil remains of three leatherback genera (Natemys, Psephophorus, and Egyptemys) from the
upper Oligocene Chandler Bridge Formation and two (Natemys and Psephophorus) from the lower Oligocene Ashley
Formation of South Carolina, USA. The fossils consist of isolated and some associated carapacial ossicles. Several ossi-
cles are referred to Natemys sp. because their scalloped edges are indicative of the carapacial sunflower pattern specific
to this genus. Additionally, two Natemys morphotypes (Natemys sp. 1 and 2) are distinguished based on differences in
ossicle thickness and internal structure. We refer two ossicles to cf. Psephophorus sp. because of their internal diploic
structure and because one has a dorsal radial pattern while the other has a prominent ridge that exhibits strong visceral
concavity. Finally, we refer one ossicle to cf. Egyptemys sp. because it has a shallow keel that shows little expression
on the visceral surface, although we also acknowledge the ossicle’s similarity to some ridged ossicles of the genus
Psephophorus. These ossicles represent the first multispecies assemblage of leatherback fossils reported worldwide.
Furthermore, the specimens fill both temporal and geographic gaps for extinct leatherback genera and represent the first
formally described dermochelyids from South Carolina and the Oligocene of the Atlantic Coastal Plain.
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Introduction

The leatherback sea turtle Dermochelys coriacea Vandelli,
1761 is one of the most iconic marine organisms. With a
carapace comprised of a mosaic of bony ossicles covered in
a leathery dermis, D. coriacea is unique among all living
marine turtles—the rest of which bear a rigid shell (Eckert
and Luginbuhi 1988; Magwene and Socha 2013; Frazier et
al. 2018). Dermochelys coriacea is the only surviving rep-
resentative of the family Dermochelyidae and thus exploits
niches that hard-shelled turtles cannot. It is known to dive
over 1000 meters, thrive in high latitude (up to ~71°N and
47°S) waters, and feed principally on jellyfish, minimiz-
ing its competition with other sea turtles that cannot toler-
ate cold and low-resource environments (Eggleston 1971;
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Carriol and Vader 2002; Doyle et al. 2008; Fossette et al.
2010; Eckert et al. 2012; Heaslip et al. 2012; Curtis et al.
2015). Despite this, D. coriacea is listed as endangered in
the United States and as vulnerable around the world, facing
population declines resulting from bycatch and plastic pol-
lution (Wallace et al. 2013).

As one of the largest, globally occurring reptiles, the
modern leatherback is well studied but its ancestral forms
are not (Matthews et al. 1994). Leatherback fossils have been
reported from the margins of nearly all Cenozoic ocean ba-
sins including the Atlantic, Pacific, Indian, Southern Ocean,
Paratethys, and Tethys (Andrews 1919; Gilmore 1937; de la
Fuente et al. 1995; Kohler 1996; Wood et al. 1996; Tong et al.
1999; Karl 2002; Lynch and Parham 2003; Chesi et al. 2007,
Karl et al. 2012). Leatherback richness has declined over
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time with the greatest richness occurring in the Eocene,
and slowly diminishing throughout the Neogene, leaving
only a single species today (Wood et al. 1996; Fallon and
Boessenecker 2019).

Though leatherback fossils have been reported from
throughout the Cenozoic, few have been described from
the Oligocene (Wood et al. 1996; Kohler 1996; Karl 2002;
Karl 2014). Karl (2002) reported leatherback fossils from
Oligocene formations in western Europe, but no other der-
mochelyid fossils have been confidently reported from this
epoch. Still, Wood et al. (1996) referred leatherback fos-
sils from close to the Oligocene (upper Eocene of Egypt
and lower Miocene of Oregon) to a new genus, Egyptemys
Wood, Johnson-Gove, Gaffney, and Maley, 1996. They also
proposed an Oligocene age for their newly named Natemys
peruvianus Wood et al., 1996 from southern Peru, but it
is possible that this specimen is actually Miocene in age
(Cadena et al. 2018).

Oligocene strata in South Carolina have produced a di-
verse assemblage of marine vertebrates including four ex-
tinct hard-shelled sea turtle genera, Ashleychelys Weems and
Sanders, 2014, Procolpochelys Hay, 1908, Carolinachelys
Hay, 1923, and likely Euclastes Cope, 1870 but no leather-
back fossils have been formally described from this assem-
blage (Weems and Sanders 2014; Weems and Brown 2017).
The Oligocene Chandler Bridge and Ashley formations near
Charleston, South Carolina, have produced fifteen leather-
back carapacial ossicles that are described for the first time.
The ossicles are referred to Natemys sp., cf. Psephophorus
sp. Meyer, 1847, and cf. Egyptemys sp. and represent the
first confidently-identified multispecies leatherback assem-
blage in the world.

Taxonomic note: Some confusion exists regarding the
taxonomy of leatherback turtles from the Oligocene of
Germany. A leatherback skull from an Oligocene (Chattian)
formation in Doberg, Germany was first described as
Chelonia ingens by Koenen (1891) and was later renamed
Pseudosphargis ingens by Dames (1894). The skull was
then referred to “Psephophorus” rupeliensis by Karl (1993).
However, “Psephophorus” rupeliensis lacks a cranium and
the holotype consists of vertebrae, a coracoid, an ilium,
and five ossicles from a separate locality (Rupelian Clay
near Rupelmonde) in Belgium (Van Beneden 1883; Kohler
1996). Karl (2014) later proposed that “Psephophorus”
rupeliensis and Pseudosphargis ingens were conspecific,
recombining them as Pseudosphargis rupeliensis. However,
fossils from the German assemblage are still referred to
“Psephophorus” rupeliensis by Zvonok and Danilov (2019)
and Peters et al. (2019), while the Belgian holotype for this
species is lost (Kohler 1996). Because the hypodigm of
“Psephophorus” rupeliensis lacks a skull and the hypodigm
of Pseudosphargis ingens lacks a shell, the two cannot be
considered conspecific until overlapping material is dis-
covered. Wood et al. (1996) cautioned that “Psephophorus”
rupeliensis likely did not belong to the genus Psephophorus
owing to many similarities with Natemys peruvianus (e.g.,
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carapacial sunflower pattern consisting of enlarged ossicles
with scalloped margins) and a sister taxon relationship be-
tween the two in their cladistic hypothesis (to the exclusion
of Psephophorus). However, they stopped short of assigning
“Psephophorus” rupeliensis to Natemys owing to the hy-
pothesized presence of a plastron in Natemys peruvianus.
Natemys peruvianus may not actually have a plastron, as the
specimen may just be an empty flexible carapace that was
folded over between decomposition and burial (Wood et al.
1996: 272). Until a more complete specimen of this taxon
with a more clearly preserved plastron is discovered, this
could be a taphonomic artifact. Owing to the similarity of
the shells of Natemys peruvianus and “Psephophorus” rupe-
liensis as well as the sister taxon relationship between them
(Wood et al. 1996), we provisionally consider the species as
assignable to Natemys and use the binomial Natemys rupe-
liensis in this study. While this is justified based on present
evidence, more complete specimens of either species are
needed to test this hypothesis.

Institutional abbreviations—CCNHM, Mace Brown Mu-
seum of Natural History, Charleston, South Carolina, USA;
ChM, Charleston Museum, Charleston, South Carolina,
USA.

Material and methods

Leatherback carapacial ossicles reported in this study were
collected from the lower Oligocene Ashley Formation (Rupe-
lian, 29.0-26.57 Ma) and the upper Oligocene Chandler
Bridge Formation (Chattian, 24.7-23.5 Ma) from scattered
localities (irrigation canals and active construction sites
in the Coosaw Preserve, McKewn and Wescott Plantation
subdivisions) in the vicinity of Ladson and Summerville,
Dorchester County, South Carolina, USA (Fig. 1). Further
detailed locality information is available upon request
from CCNHM. The ossicles were prepared and curated at
CCNHM. All specimens were measured using digital cali-
pers and were photographed with a Canon Rebel EOS DSLR
camera with a 100 mm macro lens.

Geological setting

Specimens were collected from the Oligocene Ashley and
Chandler Bridge formations in the vicinity of Charleston,
South Carolina (Fig. 1). The Ashley Formation consists of
10-25 meters of lightly indurated, tan-olive, fossiliferous,
massively bedded calcarenite; this unit overlies the Eocene
Tupelo Bay and Harleyville formations and is in turn over-
lain by the Chandler Bridge Formation and younger strata
within the vicinity of Summerville and Ladson, South
Carolina. Several phosphatic intraformational bonebeds
have permitted the subdivision of the Ashley Formation
into three members: the Gettysville Member (recorded
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Fig. 1. The Ashley and Chandler Bridge formations and geologic context of CCNHM ossicles. A. Map of the southeastern United States. B. Map of Ashley
and Chandler Bridge formation exposures on the coast of South Carolina. Stars denote Oligocene dermochelyid localities. C. Stratigraphic column of the

Ashley and Chandler Bridge formations.

only in a single core), the Runnymede Marl Member, and
the Givhan’s Ferry Member. The Runnymede Marl and
Givhan’s Ferry members are frequently exposed by canal
excavations and stormwater pond excavations at construc-
tion sites. The Runnymede Marl is virtually free of quartz
while the Givhan’s Ferry Member is quartz rich (Weems et
al. 2016). In pond excavations in the McKewn subdivision
in Ladson, the contact between these upper members is
exposed, and the Runnymede Marl consists of a massively
bedded, pale grayish-green calcarenite with abundant ver-
tical burrows up to 5 cm in diameter, occasionally infilled

with pods (sensu Kidwell et al. 1986) of shell fragments,
phosphate pebbles, and vertebrate skeletal material. This
member is overlain by a patchy bonebed manifested as a
horizon of abundant pods of phosphate pebbles, shells, shell
fragments, and vertebrate skeletal elements, and occasion-
ally as a shelly pavement dominated by oysters and bar-
nacles. The Givhan’s Ferry Member locally consists of a
relatively more fossiliferous, massively bedded olive-olive
brown glauconitic calcarenite (RWB personal observations
2020). The Ashley Formation yields frequent invertebrates
including the gastropod Epitonium Roding, 1798, the oyster
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Cubitostrea sp. Sacco, 1897, and the balanid barnacle Con-
cavus sp. Newman, 1982. Other vertebrate fossils include
sea turtles, whales, dolphins, and sea cows (Kellogg 1923;
Domning 1997; Weems and Sanders 2014; Sanders and Gei-
sler 2015; Boessenecker and Fordyce 2017; Geisler et al.
2017; Albright et al. 2019; Domning and Beatty 2019). The
marine invertebrate, shark, and bony fish assemblages from
this unit are virtually unstudied. Pervasive bioturbation,
phosphatic bonebeds, and grain size suggest middle shelf
deposition. 37Sr/%6Sr ratios from the Ashley Formation indi-
cate an age of 29-26.57 Ma for the entire unit (Boessenecker
and Fordyce 2017).

The Chandler Bridge Formation overlies the Ashley
Formation and is thin (typically 30—100 cm, but up to 2.5 m
in the McKewn subdivision) and patchy, likely the result of
Neogene erosion (Katuna et al. 1997). Unlike the Ashley
Formation, the Chandler Bridge Formation is non-calcar-
eous and consists of massively bedded and richly fossil-
iferous phosphatic siltstone and fine sandstone with oc-
casional discoidal quartz pebbles. This unit is subdivided
into four beds (Sanders et al. 1982; Katuna et al. 1997).
Bed 0 (sensu Boessenecker and Geisler 2018) is patchy and
infrequently preserved and consists of 10—15 cm of un-
consolidated olive-brown sand, silt and clay and is rich in
phosphatic nodules and vertebrate fossils. Bed 1 is moder-
ately well sorted and consists of unconsolidated light yel-
lowish-brown silt with very fine-grained quartz sandstone
and it is also rich in vertebrates. Bed 2 is a poorly sorted,
brown to light tan unconsolidated silty sandstone that is
rich in phosphate nodules and marine vertebrate fossils.
Bed 3 is a compact, light olive-gray to dark bluish-gray,
poorly sorted, silty fine-grained quartz sand with phos-
phate pebbles and quartz discoids. A rich vertebrate as-
semblage has been established including sharks, bony fish,
an estuarine crocodile, sea turtles, marine birds, whales,
dolphins, and sea cows (Sanders et al. 1982; Boessenecker
and Geisler 2018). Dinoflagellates led to an interpretation
that the Chandler Bridge Formation was initially deposited
under shelf settings and transitioned towards estuarine
and eventually nonmarine deposition, reflecting regressive
deposition (Katuna et al. 1997). However, marine verte-
brate fossils are common throughout the unit (Sanders et
al. 1982; RWB personal obserwations 2020). Aside from
plant debris (Sanders et al. 1982) and a single nonmarine
turtle (Weems and Knight 2009), vertebrate fossil evi-
dence (particularly sharks and fish) suggests continuous
open marine deposition (Cicimurri and Knight 2009) with
uncertain changes in relative sea level. The shark and ray
assemblage from the Chandler Bridge Formation is indic-
ative of inner to middle shelf environments with tempera-
tures ranging from 20-25°C (Cicimurri and Knight 2009).
Similarly, the billfish Aglyptorhynchus Casier, 1966 sug-
gests temperatures ranging from 20-24°C (Fierstine and
Weems 2009). 37Sr/%Sr ratios from oyster shells indicate
an age of 24.7-23.5 Ma (Weems et al. 2016; Boessenecker
and Fordyce 2017).
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Systematic paleontology

Testudines Linnaeus, 1758 (sensu Joyce et al. 2004)
Cryptodira Duméril and Bibron, 1835

Chelonioidea Baur, 1893

Dermochelyidae Gray, 1825

Genus Natemys Wood, Johnson-Gove, Gaftney, and
Maley, 1996

Type species: Natemys peruvianus Wood, Johnson-Gove, Gaftney, and
Maley, 1996, southern coast of Peru, late Oligocene.

Natemys sp. 1
Fig. 2.

Material —CCNHM 4405.1-4405.5, five associated non-
ridged carapacial ossicles collected by Steve Hildenbrandt
in July 2017 from an unnamed upper unit (potentially Bed
3 correlative) of the Chandler Bridge Formation, Coosaw
Preserve Subdivision; CCNHM 4288, a non-ridged cara-
pacial ossicle collected by RWB on June 14, 2018 from the
Givhan’s Ferry Member of the Ashley Formation, McKewn
Subdvision, Ladson, SC; CCNHM 5540, 5541, and 5542,
three non-ridged carapacial ossicles collected by Steven
Miller from Bed 1 (Fig. 1) of the Chandler Bridge Formation,
locality uncertain. All Oligocene of South Carolina, USA.

Description—CCNHM 4405.1 is elongate (40.9%23.0 mm)
and tabular in cross section (see Table 1 for size dimensions
of all ossicles). The dorsal surface is smooth with seven
foramina near the center (Fig. 2C;). The visceral surface is
scattered with minute pores and five foramina (Fig. 2C,).
The sutural margins are straight with six shallow notches
(Fig. 2C). The sutural surface reveals three distinct internal

Table 1. Size dimensions (in mm) of leatherback sea turtle ossicles
from the Ashley and Chandler Bridge formations, Charleston, South
Carolina, USA.

Taxon Specimen Thickness| Length | Width
CCNHM 4405.1 10.8 409 | 23.0
CCNHM 4405.2 8.7 36.5 | 275
CCNHM 4405.3 9.9 31.0 | 225
CCNHM 4405.4 6.3 29.9 18.0
Natemys sp. 1 CCNHM 4405.5 9.0 24.5 15.1
CCNHM 4288 5.8 232 17.9
CCNHM 5540 11.1 555 | 37.8
CCNHM 5541 8.8 21.9 18.4
CCNHM 5542 10.2 43.0 | 40.1
CCNHM 4287.1 18.0 749 | 44.1
Natemys sp. 2 CCNHM 4287.2 15.4 549 | 37.8
CCNHM 4910 14.8 36.8 | 284
cf. Egyptemys sp. CCNHM 4289 9.0 43.1 37.9
CCNHM 5460 8.9 447 | 34.7
cf. Psephophorus sp.
CCNHM 5543 14.0 393 | 342
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Fig. 2. Ossicles of leatherback turtle Natemys sp. 1 from Oligocene of South Carolina, USA. CCNHM 5542 (A), CCNHM 5540 (B), CCNHM 4405.1-
4405.5 (C—G, respectively), CCNHM 4288 (H), and CCNHM 5541 (I), in dorsal (A;—I;), visceral (A,—1,), and sutural (A3—I3) views.
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layers: a dense dorsal layer, a thick and highly vascularized
middle layer, and a thin, compact visceral layer (Fig. 2C3).
CCNHM 5540 is also elongate and has seven deep sutural
notches. It has similar dimensions and surface textures com-
pared to CCNHM 4405.1 and a roughly similar internal
structure (Table 1, Fig. 2).

CCNHM 4405.2, 4405.3, 4405.4, 4405.5, 5541, and 5542
are all polygonal and approximately tabular in cross sec-
tion, although CCNHM 4405.3 has a single rounded peak on
the visceral surface (Fig. 2A,—1,). They have smooth dorsal
surfaces with one to three scattered foramina (Fig. 2A,-1)).
CCNHM 4405.2 and 4405.3 have smooth and round sutural
margins, CCNHM 4405.4 has one crescent-shaped margin,
and CCNHM 4405.5 has straight sutural margins (Fig. 2A—
I)). The six ossicles have visceral surfaces that are compa-
rable to CCNHM 4405.1 and have one to sixteen scattered
foramina (Fig. 2A,—1,). All have internal structures that are
comparable to CCNHM 4405.1 as revealed by their sutural
surfaces (Fig. 2A3—15). CCNHM 5541 has a fractured edge
that reveals its internal structure, which is indeed comprised
of the three described layers. CCNHM 4288 is comparable to
the CCNHM 4405.1-4405.5 ossicles, is the thinnest (5.8 mm)
of all the ossicles reported here, and is one of the thinnest
non-ridged fossil leatherback ossicles reported to date. The
thicknesses of these ossicles do not exceed 11.1 mm.

Remarks.— Specimens are assigned to Natemys sp. 1 owing
to (i) the scalloped edges of some associated ossicles, (ii)
to their triple-layered internal structure, and (iii) to their
thinness.

The nine carapacial ossicles from the Chandler Bridge
and Ashley formations (CCNHM 4405.1-4405.5, 4288,
5540, 5541, and 5542) are referred to the genus Natemys,
which is historically represented by only one species,
Natemys peruvianus. Wood et al. (1996) first identified
this species based on a partial carapace that exhibits a dis-
tinct sunflower pattern. This pattern is defined by a lin-
ear series of enlarged ossicles with deeply scalloped edges
that are surrounded by smaller, elongate “petal” ossicles
arranged in a radial pattern (Wood et al. 1996). Natemys
peruvianus is one of three leatherback species that exhibit
such a pattern, the others being Natemys rupeliensis and
Psephophorus polygonus Meyer, 1847 (Wood et al. 1996;
Karl et al. 2012; Karl 2014; Peters et al. 2019; see taxonomic
note in Introduction).

CCNHM 4405.1 and 5540 resemble the central ossicles
of the sunflower pattern because they have deeply scalloped
edges. As such, we refer these and their associated ossicles
to Natemys sp. 1 (Peters et al. 2019; see taxonomic note).
However, we differentiate these nine ossicles (Natemys
sp. 1) from those we refer to Natemys sp. 2 based on os-
sicle thickness and internal structure. Natemys sp. 1 ossi-
cles are thinner (5.8—11.1 mm) than Natemys sp. 2 ossicles
(14.8—18.0 mm). Additionally, Natemys sp. 1 ossicles have a
relatively thick middle internal layer whereas Natemys sp. 2
ossicles have a relatively thick visceral-most internal layer
(see below for description).
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Natemys sp. 2
Fig. 3.

Material—CCNHM 4287.1 and 4287.2, a pair of associated
non-ridged carapacial ossicles collected on different dates
but within about a meter of each other by Shaun Coates
on August 11, 2018 from the ?Givhan’s Ferry Member of
the Ashley Formation, Chandler Bridge Creek; CCNHM
4910, a non-ridged ossicle collected by Shaun Coates on
April 1, 2018 from the ?Runnymede Marl member of the
Ashley Formation, Sawmill Branch Canal, Summerville.
All Oligocene of South Carolina, USA.

Description—CCNHM 4287.1 is the largest ossicle reported
here, measuring 74.9 mm in length and 18.0 mm in maxi-
mum thickness. The fragment measures 44.1 mm in width
and appears to be fractured in half, revealing its internal
structure (Fig. 3A). The original dimensions may therefore
be projected to be approximately 88x74.9 mm. CCNHM
4287.1 is slightly curved in cross section (Fig. 3Aj3). The
dorsal surface is smooth and imperforate (Fig. 3A;). The
visceral surface is also smooth, but has many small, dis-
persed pores (Fig. 3A,). The non-fractured sutural surfaces
are highly vascularized and are heavily scalloped with four
distinct notches (Fig. 3A,). The ossicle fragment is divided
into three distinct internal layers that differ from the internal
layers of Natemys sp. 1 ossicles (Figs. 2A3—15, 3A3). The
dorsal layer of CCNHM 4287.1 is thin (~3 mm) and com-
pact with no discernable vascularization. The middle layer
is thicker (~4 mm) and is moderately vascularized and the
visceral-most layer is highly vascularized and is the thickest
(~11 mm) internal layer (Fig. 3A;).

CCNHM 4287.2 is another large (54.9x37.8 mm) ossicle
that is approximately tabular. Its dorsal, visceral and sutural
surfaces are comparable to those of CCNHM 4287.1 (Fig. 3).
These shared surface textures suggest CCNHM 4287.2 may
also exhibit a stratified internal structure. CCNHM 4287.2
most notably differs from all other ossicles in having a fis-
sure that runs along the visceral surface, splitting the ossicle
approximately in half (Fig. 3B,). This fissure expands about
halfway into the ossicle laterally (i.e., toward the dorsal sur-
face) as revealed by its sutural surface (Fig. 3B;). CCNHM
4910 is a third, very thick (14.8 mm) carapacial ossicle. It is
tabular in cross section, and has dorsal, visceral and sutural
surfaces comparable to those of CCNHM 4287.1 and 4287.2
(Fig. 3).

Remarks.— Specimens are assigned to Natemys sp. 2 owing
to (i) the scalloped edges of some of the ossicles, (ii) to their
triple-layered internal structure, and (iii) to their thickness.

CCNHM 4287.1 and 4287.2 have scalloped edges that
are reminiscent of the central ossicles of the carapacial sun-
flower pattern unique to Natemys peruvianus and Natemys
rupeliensis, leading us to refer these ossicles to the ge-
nus Natemys. We also refer CCNHM 4910 to Natemys sp.
2 because its thickness is most comparable to CCNHM
4287.1 and 4287.2. As mentioned, we distinguish these three
Natemys sp. 2 ossicles from the Natemys sp. 1 ossicles be-
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Fig. 3. Ossicles of leatherback turtle Natemys sp. 2 from Oligocene of South Carolina, USA. CCNHM 4287.1 (A), CCNHM 4287.2 (B), and CCNHM
4910 (C), in dorsal (A;—C;), visceral (A,—C,), and sutural (A;—C;) views. Arrows indicate the fissure on the visceral and sutural surfaces of CCNHM

4287.2, and note the stratified internal structure of CCNHM 4287.1.

cause they are considerably thicker (14.8—18.0 mm) than the
Natemys sp. 1 ossicles and because they have a relatively
thick visceral-most, not middle, internal layer.

Ossicle thickness, size and internal structure have his-
torically been helpful in distinguishing ossicles of the ge-
nus Natemys from those of other leatherback genera. The
triple-layered internal stratification of our Natemys sp. 1
and 2 ossicles is consistent with that of ossicles described by
Kohler (1996: figs. 82, 83) and by Karl et al. (2012), which we
consider to be Natemys (Fallon and Boessenecker 2019; see
taxonomic note). Furthermore, Peters et al. (2019) noted that
Natemys peruvianus and Natemys rupeliensis have consider-
ably thickened ossicles when compared to other leatherback
species like Cosmochelys dolloi Andrews, 1919, Egyptemys
eocaenus Andrews, 1901, E. oregonensis Packard, 1940,
Psephophorus polygonus, and “Psephophorus calvertensis”
Palmer, 1909. CCNHM 4287.1, 4287.2, and 4910 are some
of the thickest non-ridged ossicles reported to date (Fallon
and Boessenecker 2019), which supports their identification
as Natemys sp. 2. Peters et al. (2019) also used ossicle size
to distinguish between leatherback genera even though this
trait is ontogenetically variable and depends on the ossicle’s
original position in the shell. They noted that N. peruvianus
and N. rupeliensis ossicles tend to be larger than the ossicles
of the genera Cosmochelys, Egyptemys and Psephophorus
(Peters et al. 2019). This finding further supports our identi-
fication of CCNHM 4287.1 and 4287.2 as Natemys sp. 2 since
they are some of the largest (88 and 54.9 mm, respectively)
leatherback ossicles recorded (Wood et al. 1996; Peters et al.
2019). Moreover, CCNHM 4287.1 (Natemys sp. 2) is larger

(88%74.9 mm) than the enlarged ossicles of Natemys peruvi-
anus, which are 40—65 mm in maximum length, and is more
comparable to the enlarged ossicles of Natemys rupeliensis,
which measure up to 102 mm in maximum length (Wood et
al. 1996). Therefore, we note that Natemys sp. 2 compares
well with N. rupeliensis in terms of having very large os-
sicles. Furthermore, Natemys sp. 2 and N. rupeliensis both
date to the early Oligocene and both are found in the North
Atlantic Ocean basin (Koéhler 1996; see taxonomic note in the
Introduction). In the future, it is possible that Natemys sp. 2
may prove to be synonymous with N. rupeliensis. However,
we advise caution against such a determination until more
complete specimens of Natemys sp. 2 are discovered and de-
scribed. Still, the differences in thickness, size and internal
structure between Natemys sp. 1 and 2 highlight the neces-
sity in reporting such features in future work.

Interestingly, CCNHM 4287.2 preserves a fissure that
runs along its mid-visceral surface. This is the first for-
mal report of a leatherback ossicle exhibiting such a trait.
The only other mentions of a visceral fissure-like feature
on leatherback ossicles are from a “Psephophorus calver-
tensis” (synonymy P. polygonus sensu Peters et al. 2019)
shell fragment found in the Calvert Formation of Maryland,
USA, and from unpublished Belgian fossils (Kéhler 1996;
Roger Wood personal communication to Peters et al. 2019).
While Kohler (1996) attributed this feature to an infection,
we agree with Roger Wood that this is likely a fusion of two
ossicles due to an individual’s ontogenetic aging process.
The expansion of this fissure about halfway to the dorsal
surface suggests the ossicle may have resulted from the
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Fig. 4. Ossicle of leatherback turtle cf. Egyptemys sp. (CCNHM 4289) from Oligocene of South Carolina, USA, in dorsal (A), visceral (A,), and sutural

(A3) views.

incomplete fusion of two separate ossicles late in ontogeny.
Such a fusion raises the possibility that the enlarged ossicles
of Natemys (and perhaps Psephophorus) may have been
formed by the coalescence of smaller ossicles.

cf. Egyptemys sp. Wood, Johnson-Gove, Gaffney,
and Maley, 1996
Fig. 4.

Material —CCNHM 4289, a ridged carapacial ossicle col-
lected by RWB on June 26, 2018 from Bed 1 of the Chandler
Bridge Formation, McKewn Subdivision, Ladson; Oligo-
cene of South Carolina, USA.

Description—CCNHM 4289 is one of two (see below) ossi-
cles that exhibits a keel, or ridge. The ossicle has a shallow,
transverse arch and a weak middorsal keel that is ~2 mm
in height (Fig. 4A;). The dorsal surface is smooth but is
scattered with shallow linear depressions (Fig. 4A;). The
visceral surface shows little concavity corresponding to the
dorsal keel, is weakly dimpled, and has several small pores
(Fig. 4A,). The sutural margins are smooth and scalloped
with eight notches (Fig. 4A,). The sutural surface suggests
an internal structure that is comparable to that of the five
CCNHM 4405.1-4405.5 ossicles (Natemys sp. 1).

Remarks.—Specimen is assigned to cf. Egyptemys sp. ow-
ing to (i) its weakly keeled, dorsal ridge that (ii) shows little
expression on the visceral surface, and (iii) to its thickness.

CCNHM 4289 is referred to cf. Egyptemys sp. Leather-
back fossils now referred to this genus were originally re-
ferred to the species Psephophorus eocaenus and Psepho-
phorus oregonensis by Andrews (1901) and Packard (1940).
However, Wood et al. (1996) revised this classification based
on carapacial ridge distinctions between the two genera. The
genus Egyptemys is distinct in having weakly keeled ridges
that lack a corresponding trough on the visceral surface, are
semi-circular in cross section, and are confined to a nar-
row middorsal band on ridge-bearing ossicles (Wood et al.
1996). Kohler (1996) supported this anatomical distinction
in his depiction of E. eocaenus keels. Parmley et al. (2006)
noted that indeterminate dermochelyid ossicles from the late
Eocene of Georgia (USA) share these ridge characteristics,
and tentatively compared these ossicles to those of the genus

Egyptemys. Furthermore, CCNHM 4289 does not compare
well with most Psephophorus-type ossicles. The ridges on
ossicles referred to the genus Psephophorus are very prom-
inent, may or may not show a visceral concavity, and ap-
pear on ossicles that are usually anteroposteriorly elongated
(Kohler 1996; Wood et al. 1996; Chesi et al. 2007; Delfino et
al. 2013). CCNHM 4289 has a weak ridge that is semi-circu-
lar in cross section, is confined to a narrow middorsal band, is
transversely wide, and mostly lacks visceral expression. This
specimen is therefore best identified as cf. Egyptemys sp.
based on its ridge characteristics. However, recent work sug-
gests that weakly ridged ossicles with slight visceral concav-
ity also exist on the accessory ridges of Psephophorus-type
shells. Furthermore, the scalloped margins of CCNHM 4289
also mark it as a candidate for the sunflower pattern that has
been reported in shells assigned to the genus Psephophorus
(Peters et al. 2019). As such, our assignment of CCNHM
4289 to Egyptemys is tentative.

The geochronological age and thickness of CCNHM
4289 also support its identification as cf. Egyptemys sp. This
genus is known from the late Eocene of northern Egypt and
the early Miocene of Oregon and California, USA (Andrews
1901; Packard 1940; Mitchell and Tedford 1973; Kohler 1996;
Wood et al. 1996). With an age of 24.7-23.5 Ma, CCNHM
4289 compares well with the geochronological ages of other
Egyptemys fossils (Table 2). Although CCNHM 4289 falls
within the thickness range recorded for Psephophorus ossi-
cles, the substantial variation in Psephophorus ossicle thick-
ness (4.8—19.9 mm) offers little help in identification (Chesi
et al. 2007; Delfino et al. 2013; Fallon and Boessenecker
2019). Still, Wood et al. (1996) noted that the ridged ossicles
of Egyptemys eocaenus are no thicker than 12 mm, which
is consistent with the 9.0 mm thickness of CCNHM 4289.

cf. Psephophorus sp. Meyer, 1847

Fig. 5.

Material —CCNHM 5460, an isolated non-ridged carapa-
cial ossicle collected by Sarah J. Boessenecker on September
4, 2019 from the Givhan’s Ferry Member of the Ashley
Formation, Wescott Plantation Subdivision, Summerville;
CCNHM 5543, an isolated ridged ossicle collected by Steven
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Taxon

Geologic age

Location

Material

References

Arabemys crassiscutata

late Paleocene—early
Eocene

Northern Saudi Arabia

isolated bony ossicles

Tong et al. 1999

humeri, skull,

Owen 1850; Owen 1880;

Eosphargis gigas early-middle Eocene England shell fragments Kéhler 1996
Eosphargis breineri Eocene Denmark humeri, skull, plastron Nielsen 1959, 1963
) . Southern Nigeria; . Andrews 1919; Zvonok et al.
gosmocZeﬁy s dolloi and Eocene Southern Crimea; and carap acllatl t("iragn'leilts and 2013; Zvonok and Danilov
osmochelys sp. Ukraine isolated ossicles 2019
Maorichelys wiffeni Eocene South Island, humerus fragment Karl and Tichy 2007
»s WY New Zealand & Y
South Island, New shell fragments, ribs, ..
. Kohler 1995;
Psephophorus terrypratchetti Eocene Zealand; and Seymour vertebrae, and .
. . . Albright et al. 2003
Island, Antarctica many isolated ossicles
South Carolina and Miiller 1847; Thurmond and
Alabama, USA; carapacial fragments and Jones 1981; de la Fuente et
Psephophorus sp. Eocene g ’ P & al. 1995; Charleston Museum

Seymour Island,
Antarctica

isolated ossicles

(Roger Wood, personal
communication 2019)

Egyptemys eocaenus
(sensu Wood et al. 1996)

late Eocene

Northern Egypt

humeri, carapacial
fragment, neural arch and
spine and dorsal vertebra

Andrews 1901; Wood et al.
1996

Dermochelyidae indet.

late Eocene

Georgia, USA

articulated and isolated
ossicles

Parmley et al. 2006

Natemys rupeliensis

Oligocene

Niel and Terhaege,
Belgium; and Doberg,
Germany

limb, rib, scapula, skull and
plastron fragments, cervical
centrum, ossicles, vertebrae

Kohler 1996; Karl 2014

CCNHM 4405, 4288, 5540,

Natemys sp. 1 early—late Oligocene | South Carolina, USA 5541, and 5542 this paper

Natemys sp. 2 early—late Oligocene | South Carolina, USA | CCNHM 4287 and 4910 this paper

cf. Egyptemys sp. late Oligocene South Carolina, USA CCNHM 4289 this paper

cf. Psephophorus sp. early—late Oligocene | South Carolina, USA | CCNHM 5460 and 5543 this paper
ChM PV 4892 Charleston Museum

Psephophorus sp.

late Oligocene

South Carolina, USA

(carapacial fragment)

(Matthew Gibson, personal
communication 2019)

Dermochelyidae indet.

early Miocene

East Pisco Basin, Peru

carapacial fragment and
partial forelimb

Bianucci et al. 2018

Natemys peruvianus

Oligocene or Miocene

Pisco Basin, Peru

partial carapace and
plastron

Wood et al. 1996; Cadena et
al. 2018

Egyptemys oregonensis (sensu
Wood et al. 1996)

early Miocene

Oregon and California,
USA

skull, small shell fragment

Packard 1940; Kohler 1996;
Wood et al. 1996

Psephophorus calvertensis
(synonymy P. polygonus
sensu Peters et al. 2019)

early-middle Miocene

Maryland, USA

carapacial and scapular
fragments, humerus

Palmer 1909; Kohler 1996

“Psephophorus”
californiensis (may be

synonymous with P. calvertensis
sensu Lynch and Parham 2003)

middle Miocene

California, USA

femur

Gilmore 1937; Lynch and Par-
ham 2003; Delfino et al. 2013

cf. Dermochelys sp.

Miocene

Virginia, USA

juvenile humerus

Fabian et al. 2018

Psephophorus polygonus

late Miocene

Southern Italy;
Slovakia; Westerschel-
de, Netherlands

carapacial fragments and
isolated ossicles

Chesi et al. 2007; Delfino et
al. 2013; Peters et al. 2019

Natemys (sensu this paper)

late Miocene

Denmark

carapacial fragments, costal
bone fragments

Karl et al. 2012

cf. Psephophorus sp.

early Pliocene

California, USA

isolated carapacial ossicle

Fallon and Boessenecker 2019

Psephophorus sp.

early Pliocene

Florida, USA

isolated ossicle

Dodd and Morgan 1992

Psephophorus sp.

carly Pliocene

North Carolina, USA

one ridged and
one non-ridged ossicle

Kohler 1996; Frazier et al.
2018

Dermochelys coriacea

middle—late Holocene

Coastal, Oman

isolated ossicles

Frazier et al. 2018
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Fig. 5. Ossicles of leatherback turtle cf. Psephophorus sp. from Oligocene of South Carolina, USA. CCNHM 5460 (A) and CCNHM 5543 (B), in dorsal

(A4, B)), visceral (A,, B,), and sutural (As, B3) views.

Miller from Bed 1 of the Chandler Bridge Formation, local-
ity uncertain. All Oligocene of South Carolina, USA.

Description—CCNHM 5460 is a polygonal ossicle that is
approximately tabular (Fig. 5A3). It is distinguished from
the other ossicles in having shallow radial grooves on its
otherwise smooth, slightly convex dorsal surface (Fig. 5A)).
Its slightly concave visceral surface is ornamented with
a woven lacework pattern of shallow ridges and grooves,
and its sutural surface reveals an internal structure con-
sisting of a dense dorsal layer and a vascularized visceral
layer (Fig. 5A,, Az). CCNHM 5543 is thicker (14.0 mm)
than CCNHM 5460 (8.9 mm), but is otherwise similar in
length and width (Table 1). It has a smooth dorsal surface
and a somewhat smooth visceral surface that is crossed by
four deep grooves intersecting in the center of the ossicle
(Fig. 5B,). CCNHM 5543 has a broad, low ridge that spans
the entire width of the ossicle and is pronounced on the vis-
ceral surface (Fig. 5B5). Its internal structure is comparable
to CCNHM 5460 as revealed by its sutural surface.

Remarks.—Specimens are assigned to cf. Psephophorus sp.
owing to (i) the dorsal, radial ornamentation on CCNHM
5460, (ii) the presence of a broad ridge with prominent vis-
ceral expression on CCNHM 5543, and (iii) to the ossicles’
diploic internal structure.

CCNHM 5460 is referred to the genus Psephophorus
based on its dorsal surface texture and internal structure.
Most notably, it has a dorsal, radial ornamentation that has

also been described for the genera Arabemys Tong, Buffetaut,
Thomas, Roger, Halawani, Memesh, and Lebret, 1999, Cos-
mochelys and Dermochelys, though the ornamentation is
much less pronounced in CCNHM 5460 when compared to
that of the former extinct genera (Andrews 1919; de la Fuente
et al. 1995; Tong et al. 1999; Zvonok et al. 2013; Zvonok and
Danilov 2019). Albright et al. (2003) also noted this dis-
tinction, and tentatively assigned Antarctic Eocene ossicles
discussed in their study to cf. Psephophorus sp. Finally, the
diploic internal structure of CCNHM 5460 also resembles
ossicles of the genus Psephophorus as outlined by Delfino et
al. (2013) and Fallon and Boessenecker (2019).

We assign CCNHM 5543 to cf. Psephophorus sp. based
on the presence and structure of its ridge. Like other ridged
ossicles referred to the genus Psephophorus, CCNHM 5543
has a ridge that is very prominent, demonstrates visceral
concavity, and spans the entire width of the ossicle (Kohler
1996; Wood et al. 1996; Chesi et al. 2007; Delfino et al. 2013).

Discussion

South Carolina leatherbacks.—These newly reported os-
sicles represent the first published occurrences of leather-
back sea turtle fossils from South Carolina. Their identi-
fications are based on thickness, presence and structure of
dorsal ridges, internal structure and geochronological age.
CCNHM 4405.1-4405.5, 4288, 5540, 5541, 5542, 4287.1,
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4287.2, and 4910 are referred to the genus Natemys because
several of the associated ossicles exhibit heavily scalloped
margins that are indicative of the sunflower pattern unique
to the shells of this genus. There are differences in thick-
ness and internal structure between some of these ossi-
cles, however, leading us to recognize two morphotypes:
Natemys sp. 1, and Natemys sp. 2, the latter of which re-
sembles Natemys rupeliensis in size. CCNHM 4289 is ten-
tatively referred to cf. Egyptemys sp. based on the presence
of a weak dorsal ridge that is semi-circular in cross-section
and is confined to a narrow band along the middle of the
ossicle. Further, the ossicle is similar to those of the genus
Egyptemys in thickness and geochronological age, but we
also recognize its anatomical similarities to those of the
genus Psephophorus. CCNHM 5460 and 5543 are referred
to cf. Psephophorus sp. based on the radial ornamentation
of CCNHM 5460 and on the dorsal ridge characteristics of
CCNHM 5543.

First Oligocene leatherback record from the Atlantic
Coastal Plain.—These ossicles are also the first formally
described leatherback remains from the Oligocene of the
Atlantic Coastal Plain. Other leatherback remains have
been reported from the Atlantic Coastal Plain but they do
not include fossils that date to the Oligocene. Wood et al.
(1996) and Kohler (1996) mentioned Eocene Psephophorus
sp. carapacial fragments from South Carolina. Miiller (1847)
and Thurmond and Jones (1981) reported hundreds of late
Eocene Psephophorus sp. shell fragments from Alabama.
There are also several articulated and isolated late Eocene
dermochelyid ossicles from Georgia (Parmley et al. 2006),
as well as “Psephophorus calvertensis” (synonymy P. poly-
gonus sensu Peters et al. 2019) carapacial fragments, scapular
fragments, and a humerus from the Miocene Calvert Cliffs
in Maryland, USA (Palmer 1909; Weems 1974). Fabian et
al. (2018) also described a juvenile cf. Dermochelys sp.
humerus from the Miocene Calvert Formation of Virginia
while Dodd and Morgan (1992) reported a Psephophorus sp.
isolated ossicle from the Pliocene Bone Valley Formation
in Florida. Four Psephophorus sp. and Dermochelys sp.
shell fragments have also been recorded from the Pliocene
Yorktown Formation of North Carolina (Koéhler 1996; Zug
2001). Here, we report fossils that date to the Oligocene,
thus filling a geochronological gap that existed for the leath-
erback fossil record of the Atlantic Coastal Plain.

As mentioned by Kohler (1996) and Wood et al. (1996,
2009), other leatherback remains from the Oligocene Atlantic
Coastal Plain exist, but have not been formally described.
A Psephophorus-like partial carapace is known from the
Oligocene Chandler Bridge Formation, but the carapacial
fragment (ChM PV 4892) currently housed at the Charleston
Museum awaits study pending completion of preparation
(Weems 1988; Wood et al. 1996, 2009). Additionally, a sec-
ond Oligocene specimen consists of a partial carapace ex-
cavated from the Ashley Formation that is now housed at
the South Carolina State Museum and awaits further study

(Wood et al. 2009; Paul Bailey and Mark Bunce personal
communication 2016).

First multispecies leatherback assemblage.—This paper
reports the first multispecies leatherback assemblage re-
ported in the fossil record. As Cenozoic dermochelyid rich-
ness was highest during the Eocene and Oligocene (Table 2),
the existence of a multispecies assemblage is not surprising
(Wood et al. 1996; Fallon and Boessenecker 2019). A similar
assemblage may be mirrored in the Oligocene of western
Europe, consisting of Belgian and German fossils of various
leatherback remains, including vertebral, limb, cranial and
shell specimens (Table 2). However, these fossils are from
different localities and their taxonomic assignments are
debatable as discussed in our taxonomic note (see above).
Although a multispecies assemblage from the Oligocene of
Europe would not be surprising, taxonomic uncertainty pre-
cludes such a conclusion and further study is needed.

Newly reported leatherback fossils from the Oligocene
of South Carolina consist of carapacial ossicles representing
three to four distinct leatherback morphs: Natemys sp. 1 and
2, cf. Psephophorus sp. and potentially cf. Egyptemys sp.
Fossil remains of the genus Natemys have only been reported
confidently from South America (and potentially Denmark,
see Karl et al. 2012) while fossils of the Psephophorus have
never been described from the Oligocene anywhere in the
world (Wood et al. 1996; Table 2). Egyptemys fossils have
only been formally reported from Eocene and Miocene for-
mations in Africa and northwest North America, respec-
tively (Table 2). As such, the South Carolina Oligocene fos-
sils we describe fill a geographic gap for the genus Natemys
and a temporal gap for the Psephophorus. Further, the os-
sicle we refer to cf. Egyptemys sp. potentially fills both a
geographical and geochronological gap for this genus. Our
findings thus suggest that extinct leatherbacks had a cosmo-
politan distribution, not unlike their modern counterpart, D.
coriacea (Wood et al. 1996; Karl 2002; Fossette et al. 2010;
Karl 2014; Curtis et al. 2015).

Conclusions

Potentially three leatherback genera are represented in
the Oligocene Ashley and Chandler Bridge formations of
Charleston, South Carolina, USA. Identifications of fifteen
carapacial ossicles as Natemys sp. 1 and 2, cf. Egyptemys
sp. and cf. Psephophorus sp. are based on ossicle thickness,
internal structure, presence and type of ridge, and geo-
chronological age. These are the first leatherback sea turtle
remains to be formally described from South Carolina and
from the Oligocene of the Atlantic Coastal Plain. They
represent the first confidently-identified multispecies
leatherback assemblage known worldwide. They also fill
geographical and temporal gaps in the leatherback fossil
record as they date to the Oligocene and were found in
eastern North America. While these ossicles offer insight
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into the evolutionary history of extinct dermochelyids, our
findings highlight the need for formal study of abundant
unpublished leatherback remains as well as the continued
discovery of dermochelyid fossils.
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