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The leatherback sea turtle family Dermochelyidae has an extensive evolutionary history, though it is rep-
resented by only one living species today, Dermochelys coriacea. Dermochelyid fossils occur worldwide
from upper Cretaceous to Pliocene marine strata. Herein described is the first occurrence of a sea turtle
from the lowermost Pliocene Purisima Formation of northern California, a single carapacial non-ridge
ossicle. The ossicle exhibits external morphological and internal structural characteristics (ossicle thick-
ness, internal layering, serrate margins) that are comparable to both the extinct genus Psephophorus and
to the extant genus Dermochelys. Identification of the ossicle as cf. Psephophorus is based on examination
of its thickness, internal structure, surface textures and geochronological age. This paper reports the
third occurrence of leatherback sea turtle fossils from the western coast of the United States.
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INTRODUCTION

Dermochelys coriacea Vandelli, 1761 is the only extant
species of the leatherback sea turtle family, Dermoche-
lyidae. The leatherback sea turtle is so named because
its carapace is comprised of thousands of bony ossicles
covered in thick, leathery tissue (Chen et al. 2015).
Growing to nearly 3.0 m long and weighing up to over
900 kg, D. coriacea is one of the largest living reptiles,
and is the largest turtle species (Matthews et al. 1994).
Found in temperate, tropical, and even subarctic waters,
D. coriacea has the widest distribution of all sea turtles,
and feeds almost exclusively on jellyfish (Fossette et al.
2010, Heaslip et al. 2012, Curtis et al. 2015). Listed as
endangered in the United States and as vulnerable inter-
nationally, D. coriacea faces anthropogenic threats from
fishery bycatch and plastic pollution (Wallace etal. 2013).

Though it is represented by only a single living spe-
cies, the family Dermochelyidae has a long evolutionary
history (Wood et al. 1996). Leatherback sea turtle fossils
have been reported from Cretaceous through Pliocene
strata from the North Sea, Tethys Sea, Mediterranean
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Sea, Equatorial Atlantic Ocean, Western North Atlantic
Ocean, Southern Ocean, Eastern South Pacific Ocean,
Eastern North Pacific and Western North Pacific Ocean
(Andrews 1919, Gilmore 1937, Packard 1940, de la
Fuente et al. 1995, K6hler 1996, Wood et al. 1996, Tong
et al. 1999, Karl 2002, Lynch and Parham 2003, Chesi
et al. 2007, Karl et al. 2012). With only one species re-
ported from the Paleocene, Arabemys crassiscutata (Tong
et al. 1999), leatherback sea turtles were most diverse
during the Eocene, from which seven species have been
reported: Cosmochelys dolloi Andrews, 1919, Egyptemys
oregonensis Packard, 1940, Eg. eoceanus Andrews, 1901,
Eosphargis gigas Owen, 1880, Eo. breineri Nielsen, 1959,
and two species of Psephophorus Meyer, 1847, Psep. ter-
rypratchetti Kohler, 1995, and an unnamed Psephophorus
species by de la Fuente etal. 1995 (Andrews 1919, Wood
etal. 1996, Tong et al. 1999). Dermochelyid richness di-
minished over time, with three species likely occurring
in the Oligocene: Natemys peruvianus Wood et al., 1996,
Pseudosphargis rupeliensis sensu Karl, 2014 and Pse-
phophorus sp.; two in the Miocene, Psep. polygonus Meyer,
1847 and Psep. calvertensis Palmer, 1909; and one from
the Pliocene, Psephophorus sp. (Dodd and Morgan 1992,
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Kohler 1996, Wood et al. 1996). This global and historical
distribution suggests ancestors of D. coriacea were both
cosmopolitan and more species rich than present.

The extinct genus Psephophorus has historically acted
as a taxonomic waste basket in which most fossil leath-
erback material was classified, until Wood et al. (1996)
reexamined the leatherback record and identified two
new genera, concluding that Psephophorus should no lon-
ger be used as a waste basket genus. Wood et al. (1996)
also suggested that the extant species D. coriacea did not
derive from the genus Psephophorus as previously sug-
gested by Broin and Pironon (1980), but rather is sister to
the extinct genus. The study proposed five morphological
trends in the evolution of shell structure, one of which is
the decrease in shell thickness over time. Delfino et al.
(2013) followed this study with a reexamination of the
neotype and topotype materials of Psep. polygonus, and
compared these materials with those of the extant genus
Dermochelys. This study provided parameters by which
the two genera may be distinguished, including the pres-
ence or absence of an internal diploic structure and the
presence or absence of sharply serrated sutural margins
in the shell ossicles (Delfino et al. 2013). These findings,
along with descriptions of other leatherback material,
allow for newly discovered leatherback fossils to be
taxonomically classified. The present study describes
the first occurrence of a sea turtle from the Miocene-
Pliocene Purisima Formation of northern California, an
ossicle with features similar to those of Psephophorus
and Dermochelys.

MATERIALS AND METHODS

Geological setting and available fossil record

UCMP 293839 is a single carapacial ossicle. It cur-
rently represents the only known remains of a sea turtle
collected from the Purisima Formation near Santa Cruz,
Santa Cruz County, California. The Purisima Formation
consists mainly of lightly consolidated to unconsolidated
mudrock, diatomites, sandstones and shell beds dating
from the late Miocene to the late Pliocene, and is located
in the counties of San Mateo, Marin, and Santa Cruz (Nor-
ris 1986, Powell et al. 2007, Boessenecker et al. 2014).
The Purisima Formation is richly fossiliferous and pre-
serves abundant mollusks, crustaceans, echinoderms and
vertebrates (Norris 1986, Powell 1998, Boessenecker
et al. 2014). Marine vertebrates reported from this unit
in Santa Cruz County include approximately 70 taxa of
bony fish, sharks, sea birds, fur seals, walruses, dolphins,
porpoises, sperm whales, baleen whales, a sea cow and

terrestrial mammals (Boessenecker et al. 2014).

UCMP 293839 was collected in 2015 from coastal
cliffs near Santa Cruz from the “Lower Shell Bed facies”
of Perry (1988), otherwise referred to as “Bonebed
5” (Boessenecker et al. 2014). This stratum is located
approximately 102 m above the base of the formation
(Fig. 1). Bonebed 5 is a 10-30 cm thick clast-supported
conglomerate dominated by phosphate pebbles, phos-
phatic steinkerns, teeth, bone fragments, rare mollusks
and terrigenous clasts with occasional tabular calcareous
siltstone nodules present. The lower contact is sharp
and expresses up to 20 cm of relief (Boessenecker et
al. 2014). Bonebed 5 has not yet been overprinted by
bioturbators and maintains a clast-supported fabric
and sharp lower erosional surface, and is approximately
50 cm above hummocky cross-stratified sandstone, all
pointing towards bonebed genesis occurring in the lower
shoreface, between fair weather and storm weather wave
base (Boessenecker et al. 2014). Bonebed 5 occurs ap-
proximately 20 m above the Miocene-Pliocene boundary
as identified by Powell et al. (2007), and is 25 m below
Bonebed 6, which marks a depositional hiatus corre-
sponding to Chrons C2Ar through C3N.3n (4.89-3.59
Ma, Madrid et al. 1986, Gradstein etal. 2012). These age
data indicate that Bonebed 5 is earliest Pliocene in age
(Zanclean correlative) and age control is 5.33-4.89 Ma.
Detailed locality information is available on request from
UCMP or the authors.

Measurements of maximum diameter and thickness
of UCMP 293839 and of the ossicles of a partial fossil
leatherback carapace (ChM PV 4892; cf. Psephophorus)
located at the Charleston Museum were taken using
digital calipers. UCMP 293839 was photographed with
a Canon Rebel EOS DSLR camera with a 100 mm lens.
When collected, UCMP 293839 was broken in half and
photographed prior to reassembly.

Institutional abbreviations—ChM, Charleston
Museum, Charleston, South Carolina, USA; UCMP, Uni-
versity of California Museum of Paleontology, Berkeley,
California, USA.

SYSTEMATIC PALEONTOLOGY

TESTUDINES LINNAEUS, 1758 (SENSU JOYCE ET AL., 2004)
CRYPTODIRA DUMERIL & BIBRON, 1835
CHELONIOIDEA BAUR, 1893
DERMOCHELYIDAE Gray, 1825
CF. PSEPHOPHORUS MEYER, 1847
FI1G. 2
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Figure 1A, B. The Purisima Formation and geologic context

of UCMP 293839. A. Map of Purisima Formation exposures in
northern California (modified from Boessenecker 2013). B.
Stratigraphic column of the middle part of the Purisima Forma-
tion (modified from Boessenecker et al. 2014 and Boessenecker
2017).

Referred specimen—UCMP 293839, an isolated
carapacial ossicle.

Occurrence—Bonebed 5 of the Purisima Formation
near Santa Cruz, California.

Description—UCMP 293839 is polygonal, slightly
longer than wide, and measures 22.61 mm long, 16.35
mm wide, and 5.56 mm thick. Itis approximately tabular
in cross section, but has a very slight concavity and con-
vexity on the dorsal and visceral surfaces, respectively.
The dorsal surface is scattered with shallow, circular pits
ranging in size from ~ 0.50-0.91 mm in diameter, which
are weakly radially oriented (Fig. 2A). The pits become
increasingly elongated toward the edges of the dorsal
surface, ranging in size from ~ 2.24-2.62 mm in length,
and are also radially oriented. The visceral surface is scat-
tered with slightly larger, more irregularly-shaped pits
ranging in size from ~ 0.68-1.67 mm and are not radially
oriented (Fig. 2B). Two different textures comprise the
sutural surface. A groove with rounded, worn projec-
tions runs parallel to the dorsal and visceral surfaces,
essentially dividing the ossicle in half. The groove ends
with an X-shaped depression. The non-groove sutural
surface is rugose with peaks and troughs that potentially
indicate the original presence of finger-like projections
(Fig. 2C). The internal structure of the ossicle, as revealed
by a fracture, is comprised of a compact layer extending
from the dorsal surface to just over half the thickness of
the ossicle. A porous, more vascularized layer extends
from this point to the visceral surface (Fig. 2D).

Remarks—UCMP 293839 is tentatively referred to
Psephophorus based on its morphological and internal
structural differences as compared to extant Dermochelys
and other Cenozoic dermochelyids. Its stratified internal
structure is characterized by dense dorsal bone and po-
rous visceral bone when viewed in cross section. These
features are unlike the thinner, non-stratified bone struc-
ture found in the ossicles of extant Dermochelys. UCMP
293839 is thinner than the ossicles of other Cenozoic
dermochelyids (e.g., Natemys, Egyptemys), and thus may
be distinguished from these genera.

DISCUSSION

Identification of UCMP 293839 is challenging because
it is a disarticulated non-ridge ossicle. It is identifiable
as a non-ridge ossicle based on its tabular shape (Table
1). UCMP 293839 has a thickness that falls within the
range recorded for Psephophorus (4.8-19.2 mm thick),
and that is close to the maximum thickness recorded
for Dermochelys (1.5-4.0 mm thick) (de la Fuente et al.
1995, Wood etal. 1996, Chesi etal. 2007, Karl etal. 2012,
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Figure 2A-D. The A. dorsal, B. visceral, C. sutural, and D. internal surfaces of the carapacial ossicle (UCMP 293839) from the Puri-
sima Formation.
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Figure 3. Thickness and maximum diameter measurements for the non-ridge carapacial ossicles of Oligocene cf. Psephophorus
(ChM PV 4892) and those for UCMP 293839. The blue and pink bands depict the reported ranges of non-ridge ossicle thicknesses
for Psephophorus and Dermochelys, respectively.
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Delfino et al. 2013).

Thickness

With a thickness of 5.56 mm, UCMP 293839 falls
within the range currently documented for non-ridge
ossicles of Psephophorus polygonus described by Del-
fino et al. (2013), 4.8-19.2 mm, but is thinner than the
Psephophorus non-ridge ossicles described by Koéhler
(1995), Chesietal. (2007),and Karl etal. (2012): 10-12,
10.5 and 6-11 mm, respectively (Table 1). However, Chesi
etal. (2007) described one specimen thatis only 4.2 mm
thick. UCMP 293839 is also thinner than the non-ridge
ossicles of Arabemys (6-20 mm), Cosmochelys (7-10
mm), and Egyptemys (7 mm) (Andrews 1919, Wood et al.
1996, Tong et al. 1999), and the Antarctic specimens ten-
tatively referred to Psephophorus (6-18 mm) described
by de la Fuente et al. (1995). UCMP 293839 is signifi-
cantly thinner than the non-ridge ossicles measured for
a partial dermochelyid carapace tentatively referred to
Psephophorus, ChM PV 4892 from the Oligocene Chan-
dler Bridge Formation of South Carolina, which range
between 9.72 and 19.90 mm thick (Fig. 3). It is thicker
than the non-ridge ossicles reported for Dermochelys,
which range between 1.5 and 4.0 mm thick (Wood et al.
1996, Delfino et al. 2013, Frazier et al. 2018). Though

much thinner than most extinct dermochelyid ossicles,
UCMP 293839 has a thickness that is most comparable
to the range reported for Psephophorus (Table 1).

Internal structure

UCMP 293839 demonstrates an internal structure that
is most comparable to Psephophorus. It clearly exhibits
adiploic structure that is characteristic of Psephophorus
as described by Delfino et al. (2013), being divided ap-
proximately in half by one layer that is very dense near
the dorsal surface and another that is markedly more
porous near the visceral surface. Karl et al. (2012) also
describes an ossicle tentatively referred to as Psephopho-
rus that has an internal basal compact layer, a middle
porous layer, and a dorsal cortical layer. However, Karl
et al. (2012) identifies this ossicle as Psephophorus,
along with two other specimens from a carapacial frag-
ment they describe as having a “sunflower pattern.”
This carapacial pattern is characterized by a series of
enlarged ossicles surrounded by smaller, radiating elon-
gated ossicles (Wood et al. 1996). Wood et al. (1996)
argues this “sunflower pattern” is characteristic of only
Natemys peruvianus and Pseudosphargis rupeliensis (syn.
Psephophorus rupeliensis and Pseu. ingens according to
Karl 2014). Thus, we tentatively compare the internal

Table 1. Thicknesses of non-ridge ossicles reported for leatherback genera to date.

Geologic Age Genus

Thickness (mm) Source

Late Paleocene - Early Eocene

Eocene
Eocene
Eocene
Late Eocene
Late Oligocene
Miocene
Miocene
Middle Miocene
Early Pliocene
Mid-Late Holocene
Modern

Modern

Arabemys crassiscutata

6-20

Tong et al. 1999

Cosmochelys dolloi 7-10 Andrews 1919
Psephophorus sp. 6-18 de la Fuente et al. 1995
Psephophorus terrypratchetti 10-12 Kohler 1995
Egyptemys eoceanus 7 Wood et al. 1996
cf. Psephophorus 9.7-19.9 ChM PV 4892
Psephophorus polygonus 10.5 Chesietal. 2007
Psephophorus polygonus 6-11 Karl etal. 2012
Psephophorus polygonus 4.8-19.2 Delfino et al. 2013
Psephophorus sp. 12.2 Dodd and Morgan 1992
Dermochelys coriacea 3-4 Frazier et al. 2018
Dermochelys coriacea 3-4 Wood et al. 1996
Dermochelys coriacea 1.5-5.0 Delfino et al. 2013
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structure of UCMP 293839 with that of the Psep. rupe-
liensis ossicle reported by Karl etal. (2012). Dermochelys
does not exhibit any stratification of internal structure,
having relatively uniform vascularization throughout
(Delfino et al. 2013, Frazier et al. 2018). Thus, UCMP
293839 may be aligned with the genus Psephophorus
based on examination of its internal structure.

Surfaces

The dorsal surface of UCMP 293839 is comparable to
that of Egyptemys, Natemys, Cosmochelys and Psephopho-
rus regarding its scattered dimpling (Andrews 1919,
Wood et al. 1996, Karl et al. 2012). The dorsal surface
does not compare well with Arabemys as the ossicles of
this genus are described as having deep wrinkles and
a bulging exterior surface (Tong et al. 1999), whereas
UCMP 293839 has shallow dimples with an approxi-
mately flat surface. The elongation and faint radiation
of the dorsal dimples on UCMP 293839 is also described
in Cosmochelys, Psephophorus and Dermochelys ossicles,
whereas its visceral dimples are also reported in these
genera except for Cosmochelys (Andrews 1919, de la
Fuente etal. 1995, Wood et al. 1996, Karl 2002, Karl et al.
2012, Delfino et al. 2013). The sutural surface of UCMP
293839 is comparable to Psephophorus and Dermochelys.
[t demonstrates reduced sutural structures similar to the
Psephophorus ossicles described by Delfino etal. (2013),
with all edges being roughly uniform and not deeply
scalloped. However, this sutural reduction may be due
to abrasion of the specimen, as the edges are rounded
and smooth, which is typical of preserved vertebrate
specimens from Bonebed 5 of the Purisima Formation.
The rugosity of the sutural surface is comparable to that
of Dermochelys (Delfino et al. 2013). This texture, along
with the groove present along half of the surface, may
indicate the original presence of finger-like projections
characteristic of Dermochelys ossicles. Though the dor-
sal and visceral surfaces of UCMP 293839 do not align
it directly with any one genus, the morphology of the
sutural surface is intermediate between Psephophorus
and Dermochelys.

Pliocene Dermochelyidae

Few records of leatherback sea turtles have been re-
ported from the Pliocene (Wood et al. 1996, Karl 2002),
and all are from the eastern coast of the United States.
Remains of Psephophorus and Dermochelys have been re-
ported from the Pliocene Yorktown Formation of the Lee
Creek Mine in North Carolina in a thesis by Kohler (1996),
though there is disagreement regarding the classification

of these specimens and they might represent both taxa,
a single undescribed species of Dermochelys, or per-
haps a leatherback distinct from Dermochelys (Frazier
et al. 2018: Supplemental Information 2). Regardless,
these specimens from the Lee Creek Mine have yet to be
formally published, hindering informed discussion of
late Neogene leatherback evolution. However, a single
Psephophorus ossicle has been reported from the lower
Pliocene Bone Valley Formation of Florida (Dodd and
Morgan 1992).

The ossicle reported herein, UCMP 293839, is earliest
Pliocene in age (5.33-4.89 Ma) and therefore one of the
geochronologically youngest dermochelyid specimens
reported to date, inviting comparison with extant Dermo-
chelys (see above). This specimen is best identifiable as cf.
Psephophorus, suggesting late survival of archaic dermo-
chelyids. Pending formal study of the material from the
Yorktown Formation, two dermochelyid genera appear
to be present in the Pliocene, and this study suggests a
late Cenozoic decrease in leatherback richness compared
to the high richness of the Paleogene (Dodd and Morgan
1992, Kohler 1996, Wood etal. 1996). Improved sampling
of Pliocene assemblages worldwide is needed in order
to elucidate the murky origin of Dermochelys and the
extinction of Psephophorus.
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