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ARTICLE

AN UPPER MIOCENE MARINE TURTLE FROM PANAMATHAT PRESERVES OSTEOCYTES
WITH POTENTIAL DNA
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ABSTRACT—Lepidochelys is a genus of extant marine turtles that includes the critically endangered Kemp’s Ridley turtle.
The evolutionary history of this genus is poorly understood due to the lack of an undisputed fossil record for the group.Here
we describe a partially preserved carapace from the Upper Miocene Chagres Formation of Panama, which represents the
oldest fossil record of Lepidochelys. The specimen has rectangular, anteroposteriorly short pleural scutes, a characteristic
shared with members of Lepidochelys. It is potentially closely related to L. olivacea because it shares a similar number of
pleurals, but its precise taxonomic status remains uncertain. We discuss the ecological role that a marine turtle played in
the paleoecosystem of the Chagres Formation. The new specimen exhibits exceptional preservation of bone sutures, sulci,
sculpturing, and bone microstructure, including remains of blood vessels, collagen fibers, and osteocytes. This is the first
time that a histochemical stain (DAPI) indicates preservation of a compound consistent with DNA in a fossil vertebrate
outside Dinosauria. These data demonstrate the potential for DNA to persist in specimens that are both millions of years
old and are from lower latitudes, which challenges traditional paradigms of biomolecular preservation.
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INTRODUCTION

Lepidochelys Fitzinger 1843 is a genus of extant marine turtles
that comprises two species. One of them, Kemp’s Ridley turtle, is
the most critically endangered of all marine turtles (Cáceres-
Farias et al., 2022; Wibbels & Bevan, 2019). However, our under-
standing of the evolution of these turtles is hindered by a lack of
undisputed fossils of the genus. Currently, the fossil record of
Lepidochelys consists of two dentary bones from the Lower Plio-
cene Bone Valley Formation of Central Florida (Dodd &
Morgan, 1992), the Lower Pliocene Yorktown Formation of
North Carolina (Zug, 2001), and with less taxonomic certainty,
a left femur from the Lower Miocene of New Zealand, referred
to as ?Lepidochelys waikatoica Buckeridge, 1981.
Although there is no reliable and precisely calibrated molecu-

lar study on the divergences among cheloniid genera, some
studies have suggested that the split between Lepidochelys

and Caretta occurred during the Early to Middle Miocene,
around 20– 12 million years ago (Naro-Maciel et al., 2008;
Thomson et al., 2021). Furthermore, it has been suggested
that the split between the two extant taxa of the genus,
L. olivacea and L. kempii, occurred during the Late Miocene,
approximately 7.5 million years ago (Torres-Vilaça et al.,
2022), prior to the final closure of the Isthmus of Panama. It
is in this region where we found a partially preserved carapace
in the Chagres Formation over the present-day intertidal zone.
The fossil locality is situated within the Chagres Sandstone
Member and is dominated by volcaniclastic sandstone, coqui-
nas, and intermittent mudstone horizons (Coates, 1999; Collins
et al., 1996). Depending on the proxy used, this member is con-
sidered to be an outer platform–upper slope (Carrillo-Briceño
et al., 2015; Collins et al., 1996; De Gracia et al., 2012) or a
shallow-marine sequence (Pyenson et al., 2015; Stiles et al.,
2022).

The Chagres Formation contains a diversity of fossil ver-
tebrates, including shark teeth, large fish, cetaceans, and abun-
dant fish otoliths and most of these fossils are from the
Chagres Sandstone Member (Carrillo-Briceño et al., 2015; De
Gracia et al., 2012, 2022a, b; Fierstine 1978; Perez et al., 2017;
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Pyenson et al., 2015; Schwarzhans and Aguilera, 2013; Velez-
Juarbe et al., 2015; Vigil & Laurito, 2014). The larger vertebrate
fossils exhibit excellent external bone surface preservation, the
enamel on the shark teeth shows exquisite preservation, and
many fish fossils are articulated and preserved in three dimen-
sions without crushing (De Gracia et al. 2022a, b; Fierstine
1978; Pyenson et al., 2015; Velez-Juarbe et al. 2015). The
quality of macroscopic preservation of these fossils motivated
us to explore, for the first time, the possible preservation of
bone microstructural elements, such as cells (osteocytes) and
blood vessels, in fossil turtle material preserved within the
Chagres Sandstone Member. Bone and cartilage microstructural
elements, including osteocytes, blood vessels, collagen fibers,
osteoblasts, and chondrocytes, have been widely documented in
different groups of fossil vertebrates, including dinosaurs (non-
avian and avian), fishes, turtles, and sauropterygians (Bailleul
et al., 2020; Cadena 2020; Schweitzer et al., 2013; Surmik et al.,
2021, and references therein).
In this study, we describe a partially preserved turtle carapace

found in a layer of the Chagres Sandstone Member of the
Chagres Formation, which represents the oldest fossil record of
Lepidochelys. Additionally, we discuss the evolutionary and
paleoecological implications of this fossil finding, and explore
the preservation of bone microstructural elements.
Institutional Abbreviations—MUPAN-STRI, Museo Paleon-

tológico de Panamá, Panama City, Panama Republic; QM,
Queensland Museum Herpetological Collection, Brisbane,
Australia.

MATERIAL AND METHODS

We carefully extracted the specimen (MUPAN-STRI-39311)
from the rock matrix using an air scribe and dental picks. Unfor-
tunately, some extremely delicate impressions of the costal ribs
were lost during this process. The fossil is housed in the Museo
Paleontológico de Panamá (MUPAN). For close-up images of
the bone surface sculpturing patterns, we used a Nikon
SMZ1270 stereomicroscope coupled with a DS-Fi3 camera at
the Core Lab of the Faculty of Natural Science at Universidad
del Rosario. We compared the specimen with a variety of
extant taxa (Supplementary Data 1 for list of extant specimens
analyzed) and consulted previous literature for comparisons
with fossil taxa.
For the study, we used small pieces of fresh bone (∼5 mm2),

ensuring they were free of any consolidation resin used to
stabilize the cracks within the specimen. We demineralized
the bone pieces using 0.5 M disodium ethylenediaminetetraace-
tic acid (EDTA, pH 8.0 filtered-sterilized using a 0.22 μm filter)
following previously used protocols (Cadena, 2020; Schweitzer
et al., 2013, and references therein). We changed the EDTA
every 48 hours, and after the fourth day, almost all the bone
was disaggregated, allowing us to collect and mount some
drops of the pellets on glass slides to be examined under trans-
mitted light microscopy to search for bone microstructures
using 40× and 60× objective lenses. We tested for the possible
preservation of chemical markers consistent with deoxyribonu-
cleic acid (DNA) in the preserved osteocytes, using 4’,6-diami-
dino-2-phenylindole, dihydrochloride (DAPI) from Thermo
Fisher Scientific, following the protocols previously used for
osteocytes and chondrocytes of dinosaurs (Bailleul et al.,
2020; Schweitzer et al., 2013), summarized as follows: (1) we
collected samples from the demineralizing solution in two
1.5 ml tubes, (2) centrifuged them at 400 relative centrifugal
force (rcf) for 2 minutes and discharged the EDTA, washing
them with 1× phosphate-buffered saline (PBS) three times,
allowing cell pellets to form at the bottom of the tubes, (3)
we removed the PBS from the tubes and added 100 µl of 300
nM DAPI, mixing the solution with the same tip that we

used to add the DAPI, (4) we covered the tubes with alumi-
num foil and left cells to incubate for 15 minutes in dark con-
ditions, (5) we washed them three times using PBS,
centrifuging the tubes every time as in step 2, (6) we trans-
ferred and mounted the cells in 6-well polytetrafluoroethylene
‘PTFE’ Printed Slides, (7) we observed and photographed the
samples using a Nikon Eclipse 80i fluorescence microscope
using 100× oil immersion objective at the Natural Science lab
of the Universidad del Rosario, Bogotá, Colombia, (8) we
used ImageJ 1.52q (Schneider et al., 2012) to merge DAPI
stain fluorescent photos with the photos of the samples seen
in bright-field.

GEOLOGICAL FRAMEWORK

The specimen (MUPAN-STRI 39311) comes from the F4
facies of the Chagres Sandstone Member, which is the upper
unit of the Upper Miocene Chagres Formation, which is
exposed on the Caribbean coast of Panama (Fig. 1A–C) (Stiles
et al., 2022). This facies is a bioturbated fine-grained sandstone
layer with abundant Thalassinoides ichnofossils. We found the
fossil in a tidal flat at the South section of Piña beach (Locality
620012, Piña Sur, 9°16′20.04′′N, 80°3′20.28′′W). The fossil
turtle was found very close to an articulated skull and a
rostrum from amarlin billfish and 168 m southwest of the locality
where the fossil cetacean Nanokogia isthmia was found (Velez-
Juarbe et al., 2015). An abundant record of shark teeth, large
fish and cetacean skeletal elements, as well as abundant fish oto-
liths, mollusks, trace fossils and wood remains have also been
found in the Chagres Sandstone Member (Benites-
Palomino et al., 2023; Carrillo-Briceño et al., 2015; De Gracia
et al., 2012, 2022a, b; Fierstine 1978; Pyenson et al., 2015;
Schwarzhans & Aguilera, 2013; Stiles et al., 2022, Velez-Juarbe
et al., 2015).

The depth and conditions of accumulation of the Chagres
Sandstone Member have been controversial. Rare Earth
Elements (REE) isotopic analyses of in situ fossil marlins col-
lected near the Piña Sur locality suggest accumulation in
water between ∼175–300 meters in depth (Macfadden et al.,
2015). Conversely, the abundance of the trace fossils Thallasi-
noides and Ophiophaga in the Chagres Sandstone Member
has been presented as evidence to suggest shallow-marine
conditions, which contrast with the deep-water accumulation
hypothesized by the REE results (Stiles et al., 2022). Recent
support for shallow marine conditions across the entire
Chagres Formation comes from the discovery of a diverse
assemblage of small-sized cetaceans (Benites-Palomino et al.,
2023).

SYSTEMATIC PALEONTOLOGY

TESTUDINES Batsch 1788 sensu Joyce, Parham, Anquetin,
Claude, Danilov, Iverson, Kear, Lyson, Rabi, & Sterli, (2020a)

CRYPTODIRA Cope 1868, sensu Joyce, Parham,
Anquetin, Claude, Danilov, Iverson, Kear, Lyson, Rabi, &

Sterli, (2020b)
CHELONIIDAE Cope 1867, sensu Joyce, Anquetin,

Cadena, Claude, Danilov, Evers, Ferreira, Gentry, Georgalis,
Lyson, Perez-García, Rabi, Sterli, Vitek, & Parham, (2021)

LEPIDOCHELYS Fitzinger 1843
LEPIDOCHELYS sp.

(Figs. 2, 3)

Referred Specimen—MUPAN-STRI-39311, partially pre-
served carapace.

Locality, Horizon, and Age—Piña beach, STRI locality
620012, 9°16′20.04′′N, 80°3′20.28′′W, Caribbean coast of

Cadena et al.—Miocene marine turtle from Panama (e2254356-2)



FIGURE 1. Maps, location, and stratigraphic context of the fossil. A, map of Panama with orange star indicates the region where Lepidochelys sp.
(MUPAN-STRI 39311) was found; B, geological map and exact location where the fossil was found near the town of Piña; C, Upper Miocene strati-
graphic units, indicating the vertebrate localities from the Chagres SandstoneMember of the Chagres Formation (modified from Pyenson et al., 2015);
D, view of the Piña beach locality and at the Caribbean Coast of Panama. Abbreviation: Lmst., limestone.

Cadena et al.—Miocene marine turtle from Panama (e2254356-3)



FIGURE 2. Lepidochelys sp. (MUPAN-STRI 39311) from the Upper Miocene of Panama, carapace views and comparisons. A, carapace in dorsal
view;B, outline of MUPAN-STRI 39311 indicating sutures (black), sulci (blue), and bone surface sculpturing close-ups areas shown in (E–H);C,Lepi-
dochelys olivacea (QM-J85565), carapace in dorsal view without the peripherals used for comparison with MUPAN-STRI 39311; D, carapace of five
extant marine turtle taxa indicating the scutes number and patterns, redrawn fromWyneken (2001); E–H, different patterns of bone surface sculptur-
ing in MUPAN-STRI 39311, red circles in (B). I, bone surface sculpturing in Lepidochelys olivacea (QM-J85565), red circle in (C). Abbreviation: co,
costal bone; M, marginal scute; ne, neural bone; P, pleural scute; pe, peripheral bone; sp, suprapygal bone; V, vertebral scute. Scale bar for A and B
equals 2 cm; for C equals 8 cm.

Cadena et al.—Miocene marine turtle from Panama (e2254356-4)



FIGURE 3. Lepidochelys sp. (MUPAN-STRI 39311) from the Upper Miocene of Panama in ventral view. A, B, carapace in ventral view before its
extraction from rock showing the lateral costal ribs of costal bones; C, posterior region of the carapace in ventral view including the suprapygals 1 and
2, as well as the costals 8, showing strong costal ribs;D, Lepidochelys olivaceaQM-J85565 specimen in ventral view showing similar pattern and shape
of suprapygals, costals 8 and costal ribs of Lepidochelys sp. MUPAN-STRI 39311.Abbreviations: co, costal bone; cor, costal rib; rom, rock matrix; sp,
suprapygal bone. Scale bar equals 2 cm.

Cadena et al.—Miocene marine turtle from Panama (e2254356-5)



Panama. Chagres Formation, Chagres SandstoneMember, which
is Messinian, between ∼6.4 and 5.8 Mya based on microfossils
(Collins et al., 1996).
Description—The specimen consists of a partial carapace that

preserves neural series 3–8, the most posterior portion of neural
2, suprapygals 1 and 2, right costals 5–8, the most medial portion
of right costal 3, and the most medial portion of left costals 3–8,
as well as one isolated peripheral, possibly from the lateral half of
the carapace (Fig. 2A, B). The specimen appears to have an
elliptical shape, with a maximum length of 19 cm and a
maximum width of 13.3 cm as preserved, suggesting that the
general shape of the shell was longer than wide. Taphonomic
crushing of the carapace has reduced the height of the specimen
(Fig. 2B).
Neurals 3–5 are hexagonal, longer than wide, with shorter

anterolateral edges. Neurals 6 and 7 are almost perfectly hexago-
nal, and neural 8 is slightly trapezoidal, being wider posteriorly.
Along the midline of the neurals, there is a pronounced dorso-
longitudinal keel, interrupted only by the sulci between vertebral
scutes (Fig. 2A, B). The right costal bones 4–6 are nearly rec-
tangular, slightly curved at their lateral edge. The right costal 7
is longer laterally than medially, and the right costal 8 is the smal-
lest of the preserved costals; having a curved anterior margin and
contacting neurals 7, 8 and both suprapygals medially (Fig. 2A,
B). There are two suprapygal bones in the specimen, the first
one having a convex boomerang-shape (suprapygal 1), while
the second (suprapygal 2) is trapezoidal, missing its most pos-
terior margins. An isolated and nearly complete peripheral
bone is also preserved, and is assumed to be from the carapace
due to its rectangular shape and the fact that it lacks a strong
indentation at the lateral contact between the marginal scutes
(Fig. 2A, B).
The carapace has deep and clearly defined sulci (Fig. 2A, B).

The sulci indicate that there were at least five vertebral scutes.
Sulci are only recognizable for vertebrals 2–5, due to the fact
that the anterior portion of the carapace is missing. All of the
vertebrals are narrower than the pleurals. The sulci of vertebral
2 suggest that this scute contacts vertebral 3 posteriorly and
pleurals 2–4 laterally on its right side. Vertebral 2 has an
almost straight lateral margin, with only a very narrow contact
with pleural 4 (Fig. 2A, B). Vertebral 3 is also much longer
than wide, slightly tapered posteromedially, and contacts pleurals
4 and 5 laterally with a sulcus between vertebrals 3 and 4 located
right over the sutural contact between neurals 6 and 7 (Fig. 2A,
B). Vertebral 4 is the smallest and narrowest of the vertebrals
and has an almost hexagonal shape with its anterior and posterior
margins slightly concave. Vertebral 4 contacts pleurals 5 and 6
laterally and its contact with vertebral 5 is positioned medially
over suprapygal 1 (Fig. 2A, B). Vertebral 5 is the widest of all
the vertebrals as indicated by its most anterolateral sulci, and it
contacts pleural 6 laterally.
The sulci between the pleural scutes suggests there are at least

six pleurals, considering that in the missing portion of the cara-
pace, there was space to accommodate another pleural (pleural
1) (Fig. 2A, B). Pleural 2 covers half of costals 3 and 4. Pleural
3 is located on top of the sutural contact between costals 4 and
5, and only contacts vertebral 3 medially. Pleural 4 is slightly
longer laterally and it contacts vertebrals 3 and 4 medially.
Pleural 5 covers the most posterior region of costal 6 and
almost entirely costal 7 and has a medial contact with vertebrals
4 and 5. Pleural 6 is the smallest of the pleurals and it covers most
of costal 8 and a narrow posterior portion of costal 7. Pleural 6
contacts vertebral 5 medially. The sulci on the preserved
peripherals indicate marginal scutes cover the peripherals (Fig.
2A, B).
On its dorsal surface, the carapace exhibits a variety of

sculptured patterns (Fig. 2A, E–H). The neurals and suprapy-
gals regions have a vermicular texture (Fig. 2E, F), while each

costal bone has a radial-anastomosed sculpture near the
sutures between each other. This pattern changes to slightly
pitted-vermicular towards its center of each bone (Fig. 2G).
A different sculpturing pattern is observed on neural 8 and
the medial region of the right costal 8. The sculpture on
these regions consists of a moderately pitted surface that
changes to slightly anastomosed at its lateral portion (Fig.
2H).

On its ventral surface, the costal bones of MUPAN-STRI-
39311 lack lateral ossifications, leaving the distal ends of the
ribs exposed. This condition occurs in costals 3–5 (Fig. 3A, B),
and continues in the posterior costals, including costal 8 (Fig.
3C), similar to that in Lepidochelys olivacea QM-J85565 speci-
men (Fig. 3D).

Comparative Remarks—MUPAN-STRI 39311 is referable to
Cheloniidae based on the following characteristics: (1) two
suprapygal bones, with suprapygal 1 being slightly larger than
suprapygal 2 (Fig. 2A, B) and (2) the costal bones lack lateral
ossification (ontogenetically conservative), allowing the dorsal
exposure of the distal end of ribs in all costal bones (Cadena &
Parham, 2015) (Fig. 3A, B). It differs from Eretmochelys,
Natator, and Chelonia genera in having more than four pleural
scutes (Wyneken, 2001) (Fig. 2C, D). The only two extant
genera with five or more pleural scutes are Lepidochelys and
Caretta. In Caretta, the pleurals are longer than wide, unlike in
Lepidochelys, where the opposite is true, resulting in proportion-
ally wider shells (Fig. 2C, D). MUPAN-STRI 39311 most closely
resemblesLepidochelys olivacea in having an extra pleural scutes
(more than five in each side), which causes some of the adjacent
costals to exhibit sulci between pleurals (Fig. 2C, D). This feature
is seen in L. olivacea (QM-J85565; Fig. 3C, D) and other speci-
mens of this taxon that we directly examined (Supplementary
File S1).

DISCUSSION

Taxonomic Identity

Although we have pointed out the similarity between
MUPAN-STRI 39311 and extant Lepidochelys olivacea, there
are four notable differences between the two. Firstly, the fossil
specimen has eight neural bones (Fig. 2B), rather than 12–15 as
in L. olivacea (Pritchard, 1988) (Fig. 2C). Secondly, the width
of all vertebral scutes is almost invariant in the fossil, whereas
the posteriormost vertebral scute (vertebral 6) of L. olivacea is
significantly wider than the others. Thirdly, pleurals 3–5 cover
half of two adjacent costals in MUPAN-STRI 39311 (Fig. 2B),
whereas pleurals 3 and 4 in L. olivacea cover three costals
(Fig. 2D). Fourthly, MUPAN-STRI 39311 has great variation of
sculpturing patterns, including different types of sculptures on
the same bone (Fig. 2B, E–H). In contrast, the bone surface of
the carapace in L. olivacea exhibits a more homogeneous anasto-
mosed sculpturing pattern (Fig. 2C, I).

At first glance, these differences seem sufficient to consider
MUPAN-STRI 39311 as representing a new fossil species.
However, due to the absence of other preserved parts of
the skeleton (such as the skull, plastron, and limb bones),
we refrain from doing so. Instead, we refer MUPAN-STRI
39311 to Lepidochelys sp., hoping that future discoveries of
more complete fossils in the Chagres Formation support this
possible new taxon.

Evolutionary History of Lepidochelys

The oldest putative fossil record of Lepidochelys is an isolated
left femur from the Lower Miocene of New Zealand (Bucker-
idge, 1981). The taxonomic placement of that specimen as
belonging to Lepidochelys is based on similarities of this femur

Cadena et al.—Miocene marine turtle from Panama (e2254356-6)



FIGURE 4. Osteocytes of Lepidochelys sp. (MUPAN-STRI 39311) from the Upper Miocene of Pamana showing DAPI (DNA staining) fluorescent
reaction. A–C, one of the osteocytes showing a ‘nucleus-like’ internal structure in: A, brightfield illumination; B, DNA traces in the ‘nucleus-like’
structure DAPI stain; C, overlay photo between the fluorescent DAPI stain and the brightfield photos. D–F, another of the osteocytes showing a
‘nucleus-like’ internal structure in:D, bright light; E, DNA traces in the ‘nucleus-like’ structure DAPI stain; F, overlay photo between the fluorescent
DAPI stain and the brightfield illumination photos. G, group of osteocytes showing ‘nucleus-like’ internal structure but not reaction to DNA DAPI
stain;H, group of osteocytes lacking ‘nucleus-like’ internal structures with no reaction to DNADAPI stain.Abbreviation: osn, osteocyte ‘nucleus-like’
internal structure. Scale bars equal 10 µm.

Cadena et al.—Miocene marine turtle from Panama (e2254356-7)



to those of extant marine turtles, and the differences with other
genera, with the primary distinction being the oval rather than
circular shape of the femoral head (Buckeridge, 1981). The
oval femoral head is indicative of marine adaptation, as it facili-
tates the vertical mobility of the hindlimb within the water
column (Zangerl, 1953). Thus, this feature serves to identify
fully marine-adapted turtles but lacks any further taxonomic
specificity. Taking this into account, the femur specimen
described by Buckeridge (1981), considered as ?Lepidochelys
waikatoica is unreliable and should be considered Pan-Chelo-
nioidea indet. In contrast, MUPAN-STRI 39311 is a fossil of
the genus Lepidochelys due to the presence of the same scute
patterns, not reported for any other pan-chelonioid. Therefore,
this fossil from the Late Miocene represents the oldest record
of Lepidochelys and has implications for understanding the evol-
ution of this genus.
Considering that the age of the upper part of the Chagres

Sandstone Member is Messinian, between ∼6.4 and 5.8 Ma
based on microfossils (Collins et al., 1996), the new specimen
of Lepidochelys sp. supports molecular studies (Naro-Maciel
et al., 2008; Torres-Vilaça et al., 2022) that infer the existence
of Lepidochelys during the Late Miocene in lower latitude
tropical conditions, similar to the current distribution of the
extant L. olivacea (Turtle Taxonomy Working Group, 2021).
Thus, the morphological differences between the two extant
species of Lepidochelys and MUPAN-STRI 39311 suggest a
higher diversity of species along the evolutionary history of
the genus.

Paleoecological Implications

As the extant representatives, extinct marine turtles should
have played a significant role in the interspecific interactions of
the marine ecosystems they inhabited (Bjorndal & Jackson,
2003). They function as consumers, prey, competitors, hosts for
parasites and pathogens, substrates for epibionts, nutrient trans-
porters, and landscape modifiers. They transfer energy within
and amongst ecosystems and consume species to a greater
extent than other organisms (Bjorndal & Jackson, 2003).

In order to establish the possible paleoecological significance
of the new Lepidochelys sp. specimen (MUPAN-STRI 39311)
within the tropical ecosystem it inhabited, we used its potential
closest living relative,Lepidochelys olivacea, as the most accurate
analog. L. olivacea individuals are tertiary consumers, opportu-
nistic foragers that primarily prey on crustaceans, jellyfish, and
fish; with fewer consumption records of mollusks, fish eggs, and
pyrosomes (urochordates) (Carpena-Catoira et al., 2022).
Based on this analogy, we hypothesize that the new Lepidochelys
sp. specimen likely had a similar diet and ecological role in tropi-
cal waters of Panama during the Late Miocene. It was likely an
opportunistic forager that migrated from open oceans to
shallow waters.

Lepidochelys sp. would have potentially been able to feed on
small or juvenile individuals of bentopelagic and pelagic fishes
that existed in this paleoecosystem, such as Squaliformes, Pristio-
phoriformes, Lamniformes, Carcharhiniformes, Myctophiformes
(lanternfish), istiophorids (billfishes) and the shark Isistius sp.

FIGURE 5. Blood vessels and collagen fibers of Lepidochelys sp. (MUPAN-STRI 39311) from the Upper Miocene of Panama. A, B, blood vessels in
brightfield illumination. C, D, collagen fibers in brightfield illumination. Scale bars equal 10 µm.
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(Carrillo-Briceño et al., 2015; De Gracia et al., 2012, 2022a, b;
Schwarzhans & Aguilera, 2013). It likely consumed crustaceans
and other kinds of invertebrates, following the coastal upwel-
lings, similar to its extant relatives. On the other hand, Lepido-
chelys sp. from the Chagres Sandstone Member may have
faced competition from larger, more active third-level consumers
such as billfishes, Kogiid sperm whales, delphinoids, and smaller
sharks found in the paleoecosystem. Lepidochelys sp. may also
have been susceptible to predation by large sharks.

Bone Microstructural Preservation

The bone microstructural elements in Lepidochelys sp. from
Panama are exquisitely preserved and include osteocytes that
vary between 20–30 µm in greatest diameter (Fig. 4), as well as
some blood vessels (Fig. 5A, B) and collagen fibers (Fig. 5C,
D). Some of the osteocytes exhibit an oval to circular internal
structure resembling the nucleus, and some of them react to
DAPI: BLUE staining (Fig. 4A–F). This is similar to the reaction
observed in osteocytes from extant mice (Dallas &Moore, 2020),
and previously reported osteocytes from two dinosaur species,
Tyrannosaurus rex and Brachylophosaurus canadensis (Schweit-
zer et al., 2013), as well as chondrocytes ofHypacrosaurus stebin-
geri (Bailleul et al., 2020). No reaction to DAPI was observed
outside the ‘nucleus-like’ structures of the osteocytes, supporting
the potential endogenous origin of these traces. However, not all
osteocytes that have this ‘nucleus-like’ internal structure show
reaction to DAPI (Fig. 4G). This may be because the cell body
is completely sealed, with no evidence of cracks along their mem-
brane surface or broken edges, making it difficult for DAPI to
reach or concentrate at the internal body of the cell. Inorganic
elements, such as iron and manganese, may have contributed to
this sealing, as they commonly occur in osteocytes from other
fossil turtles (Cadena, 2020, and references therein). Addition-
ally, it is also possible that DNA remains are not preserved in
all cells or have been highly degraded, preventing them from
reacting with DAPI. Furthermore, the ‘nucleus-like’ structure is
not present in all preserved osteocytes (Fig. 4H).
The occurrence of potential DNA in the osteocytes of Lepido-

chelys sp. from Panama represents the first report of this biomo-
lecule in a fossil vertebrate millions of years old other than
dinosaurs, and from a completely different sedimentological
environment (shallow marine) and age (Miocene, ∼6 Ma) than
for previous reports of ancient DNA. Future work with other
stains, for example PI (propidium iodide) can be used to test
our results. The excellent preservation of bone microstructures
in the new specimen of Lepidochelys sp. (MUPAN-STRI
39311) suggests that the Chagres Formation fauna could be a
good lower latitude site for molecular paleontology studies.
This could help explore not only the preservation of these micro-
structures in other vertebrates such as fishes and mammals but
also their potential original endogenous constituents (DNA
and proteins) in conditions different from those found at
higher latitudes. This could challenge traditional hypotheses
that consider the preservation of these biomolecules in deep-
time tropical environments (Demarchi et al., 2016; Orlando
et al., 2013, and references therein) as extremely unlikely.

CONCLUSIONS

A new specimen of Lepidochelys sp. (MUPAN-STRI 39311)
found in the Upper Miocene Chagres Formation in Panama
differs significantly from the extant Lepidochelys olivacea.
These differences include the number of neural bones, the
width of vertebral scutes, and bone sculpturing. However, due
to the absence of other preserved parts of the skeleton, we
refrain from naming it as a new species of Lepidochelys. The
fossil represents the oldest record of Lepidochelys, and its

morphological differences from the extant species suggest a
potentially higher diversity of species along its evolutionary
history. We hypothesize that Lepidochelys sp. played a key eco-
logical role in the past tropical ecosystem represented by the
Chagres Formation fauna, similarly to extant representatives of
the genus in the Caribbean Sea today. This could have included
opportunistic foraging on demersal fish, crustaceans, and other
kinds of invertebrates, as well as competing with other large
third trophic level consumers that were more active, such as bill-
fishes, Kogiid sperm whales, delphinoids, and smaller sharks. We
also demonstrate here the exceptional preservation of bone
microstructures in the new specimen, including blood vessels,
collagen fibers, and osteocytes, as well as traces of material con-
sistent with identification as DNA inside ‘nucleus-like’ structures
within osteocytes. This is the first time that likely DNA traces
(older than 5 Ma) are documented in a fossil turtle and in a
non-dinosaurian vertebrate.
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