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The first fossil of the extant leatherback sea turtle

Dermochelys coriacea

YI-LU LIAW and CHENG-HSIU TSAI

The leatherback sea turtle (Dermochelys coriacea) is the
largest living sea turtle, but their evolutionary history
remains poorly known due to the lack of any confirmed
fossil record of the extant species. Here we describe a fos-
sil humerus from the Pleistocene of Taiwan. Its preserved
morphology shows a close match to the extant leatherback
sea turtle, including the humeral head tilted to the inter-
tubercular side, a slightly-curved secondary deltopectoral
crest, and the absence of a deep intertubercular fossa. This
Pleistocene humerus from Taiwan then presents the first
fossil record of the extant leatherback sea turtle worldwide.
The record suggests that the modern global migration
pattern of the leatherback sea turtle has already included
the western North Pacific. Our discovery of the first fossil
leatherback sea turtle should encourage more fossil finds to
reveal the detailed evolutionary history of the leatherback
sea turtle and the ecosystem they utilize.

Introduction

Crown group sea turtles (Chelonioidea) include hard-shelled
sea turtles (Cheloniidae) and the leatherback sea turtles
(Dermochelyidae; see SOM 1: fig. S1, Supplementary Online
Material available at http://app.pan.pl/SOM/app71-Liaw Tsai
SOM.pdf). The leatherback sea turtle (Dermochelys coriacea)
is the only extant representative of Dermochelyidae and the
largest turtle (TTWG 2025). Dermochelyidae has a long evolu-
tionary history, which can be tracked back to Paleocene and di-
versified globally in the Eocene (Gentry et al. 2025). However,
the dermochelyid turtles experienced at least three extinction
events (at the Paleogene/Neogene boundary, end of the Early
Miocene, and end of the Miocene; Sterli et al. 2025). After
the last major extinction event of the dermochelyid turtles at
the end of Miocene, the fossil record of this lineage remains
extremely scarce globally, and there is no fossil of the only
extant survivor the leatherback sea turtle, which hinders our
understanding of their evolutionary history. Here we describe
the first confirmed fossil leatherback sea turtle. This fossil
specimen is represented by a well-preserved left humerus from
the Pleistocene of Taiwan.

Institutional abbreviations—NMMBA, National Museum of
Marine Biology and Aquarium, Pingtung, Taiwan, NMMST,
National Museum of Marine Science and Technology, Keelung,
Taiwan; NTM, National Taiwan Museum, Taipei, Taiwan;
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NTUM-VP, Vertebrate Paleontology (Laboratory of Evolution
and Diversity of Fossil Vertebrates), Museum of Zoology,
National Taiwan University, Taipei, Taiwan.

Other abbreviations.—cap, capitellum; CCL, curved carapacial
length; ecf, ectepicondylar foramen; hh, humeral head; if, inter-
tubercular fossa; Ip, lateral process; pcf, paracondylar fossa; scf,
subcapitular fossa; sdpc, secondary deltopectoral crest; sef, su-
praepicondylar fossa; tro, trochlea; uep, ulnar epicondyle; Wef,
width of the ectepicondylar foramen; WD, narrowest width of
distal portion; WL, width between lateral process to concavity
of ulnar side; WP, narrowest width of proximal portion.

Geological setting

The newly-discovered fossil NTUM-VP 250802 was dredged
from the sea bottom of the Taiwan Strait (commonly known
as Penghu Channel), between Penghu Islands and Taiwan (ap-
proximate coordinates: 22°40°-23°40’ N, 119°49°-119°50" E
according to Tsai et al. 2014). The bottom trawling operation
for the fishery of this area has yielded abundant fossils, in-
cluding an early hominin Denisovan (Tsutaya et al. 2025) and
more marine and terrestrial vertebrates (see Biswas et al. 2025
or Liaw and Tsai 2023). Without the stratigraphical informa-
tion, the precise geological age remains uncertain, but it can
be broadly dated to the Middle—Late Pleistocene (see Tsai and
Chang 2019). The average depth of the Taiwan Strait, for now,
is about 60 to 70 m (see Biswas et al. 2025 for the bathymetric
depth), and the sea bottom of this area had been land during
the glacial periods or submerged during the interglacial times.
Furthermore, the sea level mostly fluctuated between -100 to
-50 m (Siddall et al. 2003) during 0.78-0.01 Ma, which in-
dicates that this area had alternated between the grassland,
narrow and winding channel, and shallow sea strait (see Voris
2000; Ludt and Rocha 2015; Biswas et al. 2025).

Material and methods

We follow Hermanson et al. (2024) for the anatomical terms
of the humeri. For the size categories, we follow Eckert et al.
(2012), Dodge et al. (2014), and Girondot (2015) in recognizing
the subadult (CCL 100—-145 c¢m) and adult (CCL >145 cm) cat-
egories. The key comparison materials include three skeletal
specimens of adult and subadult Dermochelys coriacea. Two of
them are female (stranded at Gongliao District, New Taipei City
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in February 1, 2022 and April 9, 2023, respectively), and both
are currently on display at the two public museums (NMMST
and NTM) in Taiwan. The other one was stranded at the coast
of Mailiao Township, Yunlin County, Taiwan in November 30,
2020, and is now curated at NTUM for research (NTUM-VP
2011301). The CCL and curved carapacial width of NTUM-VP
2011301 are 124.5 cm and 96.5 cm, respectively. The measure-
ment for the humeral specimen is based on a 150 mm digital
sliding caliper and rounded to the nearest whole number.

Systematic palacontology

Testudines Batsch, 1788

Cryptodira Cope, 1868

Chelonioidea Oppel, 1811

Dermochelyidae Baur, 1888

Genus Dermochelys Blainville, 1816

Type species: Dermochelys coriacea (Vandelli, 1761), Italy, Recent.

Dermochelys coriacea (Vandelli, 1761)
Fig. 1A.

Material —NTUM-VP 250802, a well-preserved left humerus,
from the Pleistocene of Taiwan. The 3D model is freely avail-
able at: https://zenodo.org/records/18545763 (SOM 2).

Description—NTUM-VP 250802 is a large and robust hu-
merus (see SOM 1: fig. S2 and Table S1 for the dimensions)
and flattened in the capitular/intertubercular direction. The
humeral head is well developed and tilted to the intertuber-
cular side. The medial process is missing. The proximal view
of the humeral head shows numerous foramina as seen in the
vascularization of the bony tissue in the extant Dermochelys
coriacea. In the intertubercular view, the secondary deltopec-
toral crest is slightly curved proximally. A ridge connects the
humeral head and the secondary deltopectoral crest. Next to
the ridge includes three fossae: one radial to the ridge; two ul-
nar to the ridge (SOM 1: fig. S3). The capitular surface is over-
all smooth and flat but has the subcapitular fossa. The radial
epicondyle and part of the distal expansion are missing. The
proximal margin of the ectepicondylar foramen is preserved,
and the width of the ectepicondylar foramen (Wef) is 10 mm.
The ulnar epicondyle is well developed and shows a right-angle
shape. The distal view of the trochlea and capitellum includes
numerous foramina.

Remarks—The tilted humeral head in NTUM-VP 250802
differs from the Eocene dermochelyid from Tierra del Fuego
(Bona et al. 2024). The lack of a deep intertubercular fossa
in NTUM-VP 250802 differs from Zealosphargis terrypratch-
etti from the Eocene of New Zealand (Koéhler 1996; Karl and
Tichy 2007). The slightly-curved secondary deltopectoral
crest in NTUM-VP 250802 differs from fossil dermochelyids
(Kohler 1996; Karl and Tichy 2007; Bona et al. 2024), such
as Eophargis gigas from the Eocene of England (long and
proximally pointed), Eosphargis breineri from the Eocene of
Denmark (separated from the lateral process, see Nielsen 1963),
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Egyptemys eocaenus from the Eocene of Egypt (located more
proximally between the humeral head and the lateral process),
Psephophorus polygonus from the Miocene of Belgium and the
USA (disconnected to the lateral process and typically divided
into two), and Cardiochelys rupeliensis from the Oligocene
of Belgium (divided into two). NTUM-VP 250802 further
differs from Psephophorus from the Miocene of California,
USA, in the slightly concave connection between the humeral
head and medial process. In addition, the wide distal portion
of NTUM-VP 250802 and the thick lateral process in the ca-
pitular and intertubercular view are extremely different from
Psephophorus polygonus and Egyptemys eocaenus.

The morphology of the fossil NTUM-VP 250802 shows a
close match to extant Dermochelys coriacea, but three mor-
phological differences are identified. First, NTUM-VP 250802
shows a well-developed condition for the humeral head, ul-
nar epicondyle, and lateral process (Fig. 1), and this likely in-
dicates that NTUM-VP 250802 belongs to a physically ma-
ture and large individual (see Hermanson et al. 2024: fig. 18).
Second, the distal portion of NTUM-VP 250802 is slightly
wider than the proximal portion while both measurements in
extant Dermochelys coriacea (NTUM-VP 2011301, subadult
individual) are almost the same (SOM 1: table S1), and this may
result from intraspecific variation or even ontogenetic vari-
ation. Third, the ridge and fossae between the humeral head
and secondary deltopectoral crest in the intertubercular view
shows a mild ridge in extant Dermochelys coriacea, but this
feature is prominent in NTUM-VP 250802 (SOM I: fig. S3),
and we consider that this morphological difference also results
from intraspecific variation or ontogenetic variation. Given
the overall similarity between NTUM-VP 250802 and extant
Dermochelys coriacea, we conclude and identify NTUM-VP
250802 as an adult Dermochelys coriacea. Further, NTUM-VP
250802 shows a ridge and three fossae on the intertubercular
side of the proximal portion, and this feature seems to only
occur in female Dermochelys coriacea (SOM 1: fig. S4). If this
interpretation is correct, NTUM-VP 250802 may represent a
female individual.

Stratigraphic and geographic range—NTUM-VP 250802 rep-
resents the only known fossil record of the extant Dermochelys
coriacea from the Pleistocene of Taiwan (the western North
Pacific). The extant Dermochelys coriacea has a cosmopolitan
distribution, which is the most widespread among all the sea
turtles.

Concluding remarks

NTUM-VP 250802, from the Pleistocene of Taiwan, shows
a morphological combination that closely resembles extant
Dermochelys coriacea and then represents the first confirmed
fossil specimen of this living turtle species worldwide. The
Taiwan Strait (at the boundary of tropical and subtropical
waters) is far from the mating or nesting ground of extant
Dermochelys coriacea but this area is part of the route to the
foraging ground of the western Pacific population (Benson et
al. 2011; TTWG 2025). This population of extant Dermochelys
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Fig. 1. Photographs and anatomical interpretations of the left humeri of fossil (A) and extant (B) leatherback turtle Dermochelys coriacea (Vandelli, 1761).
A. NTUM-VP 250802, from the Pleistocene of Taiwan. B. NTUM-VP 2011301, from Yunlin, Taiwan. Intertubercular (A, A, B)), radial (A,, A, B,),
capitular (A, A, B,), ulnar (A, A , B,), proximal (A, A, B,) and distal (A, A ,, B,) views. Abbreviations: cap, capitellum; ecf, ectepicondylar foramen;
hh, humeral head; if, intertubercular fossa; lp, lateral process; pcf, paracondylar fossa; scf, subcapitular fossa; sdpc, secondary deltopectoral crest; sef,
supraepicondylar fossa; tro, trochlea; uep, ulnar epicondyle.
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coriacea has experienced a dramatic decline, in contrast to
the Atlantic population (Spotila et al. 2000; Tapilatu et al.
2013; Colman et al. 2019). During the Pleistocene glaciations,
the topography along the western North Pacific should have
been much different from the Present due to the sea level
fluctuations (see Geological setting). Our discovery of the
Pleistocene Dermochelys coriacea from Taiwan likely suggest
that Dermochelys coriacea had been foraging along the coastal
region of western North Pacific since Pleistocene, and future
discoveries of Pleistocene Dermochelys coriacea should help
to test this hypothesis.

According to molecular inferences, the global populations
of Dermochelys coriacea likely dispersed from the Indo-
Pacific Ocean within the past one million years during the
Pleistocene (Dutton et al. 1999; Dutton and Shanker 2015).
Our discovery of a Pleistocene Dermochelys coriacea from the
western North Pacific (Taiwan) seems to support this radiation
hypothesis. The distribution of extant Dermochelys coriacea
ranges across the global oceans, but the Pleistocene fossil re-
cord was zero until this discovery from Taiwan (Frazier et al.
2018: supplemental information 2). The lack of Pleistocene fos-
sils may in part result from the unusual morphology of extant
Dermochelys coriacea, including the absence of a bony shell
and keratinous scutes, as well as extremely reduced carapacial
and plastral bones (Pritchard 2007). An additional key fac-
tor likely includes the scarcity of Pleistocene marine deposits
worldwide. Pleistocene marine deposits in Taiwan are abun-
dant, and recent progress (including this study) has uncov-
ered more vertebrate fossils to reveal the previously unknown
history along the western North Pacific (e.g., Tsai and Chang
2019; Liaw et al. 2025; Sun et al. 2026). Our discovery of
the first fossil Dermochelys coriacea from the western North
Pacific should then encourage more discoveries and in-depth
analyses to understand the faunal turnover and evolution from
the Pleistocene to the Present.
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