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Abstract The Antarctic Paleogene marine fossil record has been the key to reconstructing the evolution of the Weddellian Sea and
final dismemberment of Southern Gondwana. In this context, Eocene marine vertebrates from Seymour (Marambio) Island have
provided valuable information. We present the first Eocene record of marine reptiles from the southern Atlantic Coast of South
America. This corresponds to several postcranial turtle remains represented by a proximal end of the right humerus, three caudal and
one thoracic vertebrae, a fragment of the left pubis, and ten ossicles of the dorsal carapace, coming from the Leticia Formation
(late-mid Eocene) at Cabo Tiburones, Tierra del Fuego, Argentina. These materials show several features such as the size and general
morphology of the humerus and vertebrae, and the presence of relatively small, irregular, smooth, and unkeeled ossicles, which allow
us to assign them to Dermochelyidae indet. Dermochelyids are a cosmopolitan group of cryptodiran turtles, registered from the late
Cretaceous up to the recent, with some physiological-biological peculiarities (e.g., endothermy and an exclusive jellyfish-based diet)
and characterized by the presence of an osseous carapace formed by ossicles. The new finding from the Leticia Formation is an
addition to the scarce and extremely fragmentary record of Eocene dermochelyids from the southern seas like those from the La
Meseta and Submeseta formations (Antarctica) and the Waihao and Burnside formations (New Zealand). This new information allows
us to discuss the presence of these turtles in such high latitudes in the past and its implication in the evolution of the Weddellian fauna.
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1 Introduction

Dermochelyids are a peculiar group of turtles in which
their osseous carapace, contrary to all remaining turtles, is
formed by hundreds of relatively small, irregular ossicles.
In the fossil record, 16 species of dermochelyids (with up to
89 occurrences; Paleobiology Database: PBDB, accessed at
4 May 2022) are recognized from the late Cretaceous up to
the Holocene. However, nowadays, dermochelyids are a
relictual clade represented by only one extant species,
Dermochelys coriacea (Turtle Taxonomy Working Group,
TTWG, 2021). This species is cosmopolitan, being the
extant species with a broader latitudinal range. The carapace
of Dermochelys coriacea can reach up to 2 m in total length,
their diet is based on jellyfish, and they can dive up to 1000 m
(Bonin et al., 2006). Another peculiarity of D. coriacea is
the development of “gigantothermy”, where the body
temperature is regulated by a combination of large body
size, insulative tissue, low metabolic rate, and changes in
the blood flow (Paladino et al., 1990).

The Cenozoic dermochelyid record in Southern
Gondwana (South America, Antarctica, Australia, and New
Zealand) is scarce and represented by fragmentary remains.
Dermochelyids are known from the Eocene of the La
Meseta Formation (Seymour (Marambio) Island, Antarctica)
where Dermochelyidae indet. and cf. Psephophorus sp.
have been identified (Albright et al., 2003; de la Fuente et
al.,, 1995). In addition to this published material, other
dermochelyid ossicles that are currently under study were
found in the overlying levels of the Submeseta Formation
(Seymour (Marambio) Island, Antarctica). In the Southern
Island of New Zealand, Kohler (1995a, 1995b) reported the
presence of “Psephophorus” terrypratchetti from the
Waihao and Burnside formations. Some years later, Karl
and Tichy (2007), reassigned the humerus of P. terrypratchetti
coming from the Burnside Formation to a new species:
Maorichelys wiffeni. The Cenozoic record of dermochelyids
is completed by the late Oligocene Natemys peruvianus,
from the Pisco Formation (Peru, Pacific Ocean; Wood et al.,
1996), the Early Miocene Dermochelyidae indet. from the
Chilcatay Formation (Peru, Pacific Ocean; Bianucci et al.,
2018), the Early Miocene Dermochelyidae indet. from the
Gaiman Formation (de la Fuente and Vucetich, 1998; Sterli
et al., 2021), and the Late Miocene Dermochelyidae indet.
from the Pisco Formation (Peru, Pacific Ocean; Ochoa et al.,
2021).

In this contribution, we present and describe new
material of a dermochelyid coming from the Leticia
Formation (late-mid Eocene) at the Atlantic Coast of South
America, Tierra del Fuego Island, and we discuss its
implications for the evolution of the Weddellian fauna.

Institutional abbreviations as follows.

AMNH, American Museum of Natural History, New
York, United States of America.

BMNH R, British Museum of Natural History-Reptiles,
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London, United Kingdom.

CADIC, Centro Austral de Investigaciones Cientificas
del Consejo Nacional de Investigaciones Cientificas y
Técnicas, Ushuaia, Argentina.

CMM V, Calvert Marine
Maryland, United States of America.

IRSNB R, Royal Belgium Institute of Natural
Sciences-Reptiles, Brussels, Belgium.

LACM, Los Angeles County Museum, Los Angeles,
United States of America.

OU, University of Otago, Geology Museum, Dunedin,
New Zealand.

SMNS, Staatliches Museum fiir Naturkunde Stuttgart,
Stuttgart, Germany.

Museum-Vertebrates,

2 Geological setting

The fossil-bearing Leticia Formation is part of the
Austral foreland basin system that extends from
northwestern Santa Cruz (Argentina) and eastern
Magallanes-Ultima Esperanza (Chile) to Tierra del Fuego
Island and the South Atlantic Ocean (Figure la), where it
connects with the western Malvinas Basin (Biddle et al.,
1986; Galeazzi, 1998; Torres Carbonell and Olivero, 2019).
In Tierra del Fuego Island, the late Cretaceous to the
Oligocene-earliest Miocene sedimentary fill of the foreland
basin system includes four thick, unconformity-bounded,
syntectonic clastic wedges dominated by deep-marine
turbidite systems, which accumulated in successive
elongated depocenters oriented subparallel to the Fuegian
Andes. Within the thrust-fold belt, these depocenters
comprise late Cretaceous—Danian turbidites, the Paleocene
early to early-mid Eocene Rio Claro Group, and the
late-mid Eocene—Oligocene La Despedida Group. North of
the thrust-fold belt, Cenozoic sedimentary rocks consist
mostly of deep-marine subhorizontal turbidites of the Cabo
Domingo Group (Figure 1b, Malumian and Olivero, 2006;
Olivero and Malumian, 2008).

The studied area is located within the thrust-fold belt,
along the Atlantic coast between Cabo Campo del Medio
and Cerro Colorado, where an open anticline of 4-5 km in
wavelength is exposed (Figures 1b—Ic). To the south, a
major transform fault, the Fagnano Transform System,
active from the late Miocene (Torres Carbonell et al., 2008),
separates the South American Plate from the Scotia Plate
(Figure 1). At the Cabo Campo del Medio—Cerro Colorado
anticline, a marked angular, high-relief unconformity
separates the early-mid Eocene Punta Torcida Formation
(Rio Claro Group) from shallow-marine sandstones of the
late-mid Eocene Leticia Formation (La Despedida Group)
(Figure 1d). The intra Eocene unconformity marks a major
change of sedimentary facies and sedimentary petrography,
reflecting an important tectonic control on depositional
environments. Beneath the unconformity, the Punta Torcida
Formation consists of a deep-water turbidity system that
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Figure 1 Location map and geology of the study area. a, location of the studied area within the Austral-Malvinas basin; b, geology of the
southern Atlantic coast of Tierra del Fuego, showing areal distribution of the late Cretaceous—Miocene depocenters; ¢ and d, detailed
geological map (¢) and section (d) of the Leticia Formation at the Cabo Campo del Medio anticline, showing the geographic and

stratigraphic position of the dermochelyid fossil locality.

filled and elongated foredeep, the evolution of which is
intimately related to the northward propagation of the
thrust-fold belt during the early Eocene—early-mid Eocene
(Torres Carbonell and Olivero, 2012, 2019). The
sedimentary petrography of the Punta Torcida Formation is
dominated by volcaniclastic components derived from the
Fuegian—South Patagonian andesitic arc (Torres Carbonell
and Olivero, 2019). Radiometric ages from circon grains
recorded in one volcaniclastic package atop the Punta
Torcida Formation gave a U-Pb age of 46.3 + 0.4 Ma, early
Lutetian (Olivero et al., 2020).

The Leticia Formation is characterized by shallow-
water settings and both the base and top are marked by
unconformities. Its base is the angular unconformity eroded
into the Punta Torcida Formation and its top is defined by

the planar unconformity developed at the contact with the
mid-late Eocene interval of the Cerro Colorado Formation
(Lopez Cabrera et al., 2008; Olivero and Malumian, 2008;
Torres Carbonell and Olivero, 2012). The sedimentary
petrography of the Formation is dominated by quartz-lithic
components, mostly derived from older stratigraphic units
of the Fuegian Andes (Olivero, 2002; Torres Carbonell and
Olivero, 2019) that reflects a major orogenic exhumation of
the southernmost Andes and deposition in a newly formed
depocenter above the angular unconformity. This new
depocenter was interpreted as a wedge-top depocenter
denominated Maria Luisa sub-basin (Torres Carbonell et al.,
2008, 2009). At the top of the Leticia Formation, an
exceptional volcaniclastic package gave U-Pb ages of 41.9
+ 0.71 Ma (late Lutetian) to 39.6 + 0.82 Ma (Bartonian)
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ages (Olivero et al., 2020), which are consistent with the
ages of the NP16 calcarcous nannoplankton zone (Bedoya
Agudelo, 2019; Olivero and Malumian, 2008) and dinocyst
assemblages RTF 1 and RTF 2 (Amenabar et al., 2022),
recorded in the Leticia Formation.

The Leticia Formation displays variable thicknesses
and sedimentary facies on each limb of the Cabo Campo del
Medio—Cerro Colorado anticline (Figures 1c—1d, Olivero et
al., 2020). At the southern limb, the Formation is ¢. 520 m
thick and consists of three main facies associations: a lower
sandstone-dominated facies (Les); a middle very fine-
grained totally bioturbated sandstone facies (Leb); and an
upper volcaniclastic sandstone facies (Lev). At the northern
limb of the anticline, the Leticia Formation, with a
minimum thickness of 200 m, consists mostly of the Les
and Lev facies associations. The package including the
lower sandstone-dominated facies (Les) is recognized on
both southern (80 m thick) and northern (100 m thick) limbs
of the anticline (Figure 1b). The Les interval is dominated
by thick, up to 2-3 m, fine massive fine-grained sandstone
beds, with subordinated fine conglomerate lenses and
normally graded fine-sandstone beds. This thick-bedded
horizon is followed upwards by well-stratified, fine-grained,
glauconite sandstones with parallel lamination, sometimes
with dense concentrations of carbonaceous particles, current
and wave-ripple cross-laminae, herringbone cross-stratification,
and occasional large (1 m thick) dunes, with asymptotic
cross-bedding. Some beds bear relatively abundant trace
fossils, including the ichnogenera Curvolithus, Diplocraterion,
Euflabella, Gyrochorte, Macaronichnus, Ophiomorpha,
Patagonichnus, Schaubcylindrichnus, and Tasselia (Lopez
Cabrera et al., 2008; Olivero and Lopez Cabrera, 2013). In
the northern limb of the anticline, this lower sandstone-
dominated package is characterized by large channels.

The thick Leb interval (350 m) is restricted to the
southern limb of the anticline (Figure 1d) and consists
mostly of very fine-grained glauconitic sandstones, with the
original bedding obliterated by bioturbation, which is
characterized by a dense mottling with few recognizable
trace fossils (Lopez Cabrera et al., 2008; Olivero and Lopez
Cabrera, 2013). Near the level of 410 m above the base of
the Leticia Formation, the Leb interval records penguin
fossil bones assigned to Palaceudyptes gunnari (Acosta
Hospitaleche and Olivero, 2016; Clarke et al., 2003). This
specimen was originally described by Clarke et al. (2003)
and comes from Punta Torcida Locality (Figure 1).

The upper part of the Leticia Formation is dominated
by volcaniclastic, coarse-grained sandstone and fine breccia
(Lev facies), which are continuous across the Cabo Campo
del Medio Anticline reaching nearly 40-50 m in the south
and 60 m in the north (Figure 1d). Large channels
sometimes nested in successive levels recording heterolithic
bedding, epsilon cross-bedding, and trough cross-bedding
are typical for this interval. The fossil dermochelyd material
reported herein was found near the top of this interval
(Figure 1d).
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3 Systematic paleontology

Testudines Batsch, 1788

Cryptodira Cope, 1868

Durocryptodira Danilov and Parham, 2006

Americhelydia Joyce et al., 2013

Chelonioidea Baur, 1893

Dermochelyidae Lydekker, 1889

Dermochelyidae indet.

Referred specimens: CADIC 636, 10th thoracic
vertebra; CADIC 637, 10 ossicles, caudal vertebra (?6th),
caudal vertebra (8th or 9th), fragment of left pubis, and
proximal end of the right humerus.

Horizon: leticia Formation, late-mid Eocene (Figures 1b—
1d).

Location: all the postcranial material was found in
different rock blocks coming from Cabo Tiburones Locality,
at the Atlantic coast of Tierra del Fuego Province, Argentina
(Figure 1a).

3.1 Description

Below we describe all postcranial materials here
assigned to Dermochelyidae indet., coming from the same
stratigraphic level of the Leticia Formation. These materials
were not found articulated but rather associated, although
they probably could correspond to the same individual. The
thoracic vertebra CADIC P 636 was found in situ, while the
other material CADIC P 637 was included in two blocks of
rocks that had fallen from the original level (humerus vs.
the other remains).

3.1.1 Ossicles

There are 10 ossicles preserved. They are relatively
small (smaller than 35 mm) and thick (between 5.5 mm and
11.05 mm). They are irregular in shape, some more rounded
and others with more straight borders. Their surface is mainly
smooth with some small mammillae and pits. Most of them
are isolated, except for two pairs that are connected by suture.
None of the preserved ossicles are keeled (Figure 2).

3.1.2 Pubis

A fragment of the medial part of the left pubis is
preserved (Figure 3). It is a flat element, which gets thicker
towards the anterior.

3.1.3 Humerus

Only the proximal end of the right humerus is
preserved (proximal epiphysis; Figure 4). As in other
testudines, the general morphology of the humerus is
somewhat different from other reptiles, given that the dorsal
surface of the bone is directed slightly anteriorly (allowing
the humerus to be protracted but limiting its retraction;
Walker, 1971; Zangerl, 1953). This rotation of the
longitudinal axis of the humerus in turtles is the result of the
position of the humeral head and the arching of its shaft.
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3 cm

Figure 2 Dermochelyidae indet. CADIC 637, Leticia Formation, late-mid Eocene. Ossicles. a, two ossicles in dorsal (external) view; b—d,
ossicle in dorsal (external) (b), ventral (internal) (¢), and lateral views (d); e, ossicle in dorsal (external) view; f, ossicle in dorsal (external)
view; g, ossicle in dorsal (external) view; h, two ossicles in dorsal (external) view; i and j, ossicle in dorsal (external) and ventral (internal)
views; k, ossicle in dorsal (external) view. Abbreviations: m, mammilae; p, pits.

5cm

Figure 3 Dermochelyidae indet. CADIC 637, Leticia Formation, late-mid Eocene. Portion of left pubis. a, dorsal view; b, medial view;
¢, ventral view.
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Figure 4 Dermochelyidae indet. CADIC 637, Leticia Formation, late-mid Eocene. Proximal end of right humerus. a, posterior view;
b, dorsal view; ¢, ventral view; d, anterior view; e, proximal view; f, detail of the vascularization of the proximal end; g, distal view
(diaphysis). Abbreviations: hh, humeral head; itf, intertubercular fossa; mp, medial process.

The fragment of the humerus preserves only the humeral
head; as a consequence, it is not possible to estimate the
angle between the epiphysis and the diaphysis of the bone.
The articular surface of the humeral head is oval in
proximal view, more developed towards the dorsal side. In
the ventral view, the medial process and the intertubercular
fossa are recognized. The medial process is higher than the
head. Two muscles are attached to this process: the large m.
subscapularis that is a strong fin protractor, and the m.
coracobrachialis magnus, a ventral muscle, is seen
extending from the shoulder posteriorly, toward its origin,

the coracoid (Walker, 1973; Wyneken, 2001).

The lateral process is not preserved in the humerus
CADIC P 637 because in dermochelyids it has shifted distally
onto the shaft. In Dermochelys coriacea, this lateral process
is large and located about half away in the shaft (Figure 102
in Wyneken, 2001), forming a prominent transverse crest that
receives the insertion of the m. pectoralis and m.
supracoracoid (Figure 7A in Walker, 1973). The dorsal
process is homologous to the deltopectoral crest of other
reptiles (Walker, 1973). The intertubercular fossa is shallow
and located between the medial process and the humerus
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head. The humerus narrows distally to a sub-cylindrical shaft.
The total length of the humerus is estimated at 36 to 40 cm.

In the proximal end, vascular foramina are seen
(Figure 4f).

3.1.4 Vertebrae

Three vertebrae are preserved, one thoracic and two
caudals.

Thoracic vertebra. The preserved thoracic vertebra
(CADIC P 636) is identified as the last centrum, the 10th
because its anterior articulation is flat and the posterior one
is convex (Figures 5a—5f). Most of the left part of the
centrum is missing. The centrum is antero-posteriorly
elongated. Its anterior articulation has a subtriangular
contour, while the posterior one is oval (being taller than
wide). The base of the right transverse process is preserved
and is located at the anterior half of the centrum. As it is
also observed in the caudal vertebrae, the neural arches are
not fused with the centra (as in the extant Dermochelys
coriacea).

Caudal vertebrae. Both caudal vertebrae (CADIC P
637) are procoelous, have transverse processes located in
the anterior half of the centrum, and have articulations for
chevron bones. One caudal vertebra is identified as the 6th
caudal (Figures 5g—51) based on its relative size, shape,
proportions, and structures. The centrum of this vertebra is
slightly longer than the height. The cotyle seems to be
triangular and faces anteroventrally. The condyle is more
oval with the main axis located horizontally. The neural
arch is missing in this vertebra. The other caudal vertebra is
identified as the 8th or 9th in the series (Figures Sm—5r).
The centrum of this vertebra is much elongated than the
previously described vertebra, being longer than height. The
cotyle seems to be triangular and faces anteroventrally. The
condyle is more oval with the main axis located horizontally.
Most of the neural arch of this vertebra is missing, but the
base of the right prezygapophysis and the left
prezygapophysis are preserved.

3.2 Comparisons

The only known humerus from a Paleogene dermochelyid
from the southern latitudes, besides the one from the Leticia
Formation (Figure 6a), is Maorichelys wiffeni (Karl and
Tichy, 2007) from the Burnside Formation (mid-late Eocene)
near the city Dunedin in New Zealand (Kdohler, 1995a;
Figure 6b). Only the proximal end and part of the shaft of
the humerus of Maorichelys wiffeni (OU 22021) is
preserved. If we compare both humeri, their morphology is
similar regarding the shape and proportions of the head and
the medial process, being the medial process taller than the
head and forming a shallow V between them; however, the
humerus of Maorichelys wiffeni is 25% smaller than the one
from the Leticia Formation. Besides, the humeral head in
Maorichelys is a bit tilted to the ventral side. Other
dermochelyid humeri from the fossil record are known from
the northern hemisphere such as Fosphargis gigas, E. breineri,

Egyptemys eocaenus, Psephophorus polygonus, P. calvertensis,
and P rupeliensis. The humerus of Eosphargis gigas
(BMNH R 2717) from the early Eocene (Ypresian) of
England (Figure 6¢) also preserves the proximal and part of
the shaft (including the displaced lateral process and the
deltopectoral crest). The head and the medial process of E. gigas
is also robust as in Maorichelys and the new fragmental
humerus CADIC 637 here described, however its medial
process is not as tall as in M. wiffeni and CADIC 637. The
humerus of E. breineri from the early Eocene (Ypresian) of
Denmark (Nielsen, 1963) is complete, but only seen in
ventral view (Figure 6d). The angle between the medial
process and the head is around 160°, much wider than in
CADIC 637 and M. wiffeni. The humerus of Egyptemys
eocaenus (BMNH R 3017 and SMNS 11243) from the late
Eocene of Egypt (Figure 6e) has a more gracile proximal
end with a much taller medial process than in CADIC 637
and M. wiffeni. Besides, the humerus of P eocaenus is
smaller (19 cm long) than CADIC 637. Unfortunately, the
comparison of CADIC 637 with Psephophorus rupeliensis
(IRSNB R 14) from the Oligocene of Belgium is not
possible because both specimens do not preserve parts in
common (Figure 6f). The humerus of P. ?rupeliensis (I1G
8638) from the Oligocene of Belgium is almost complete,
however the surface is eroded (Figure 46 in Kohler, 1996),
consequently, the general shape is obscured. There is one
humerus from P. polygonus (IRSNB R 15) from the
Miocene of Belgium that is complete (Figure 6g).
Compared to CADIC 637 and M. wiffeni, the outline
between the head and the medial process is U-shaped
instead of a shallow V as in the former two. The same
outline between the medial process and the humeral head is
present in P. calvertensis (CMM V 12) from the Miocene of
the United States of America (Figure 6h), however in this
specimen, the medial process is taller making the outline
deeper. The outline between the medial process and the
humeral head in Psephophorus sp. (LACM 6688/44596)
from the Miocene of the United States of America (Figure 6i)
and the extant Dermochelys coriacea (Figure 6j) is an
inverted shallow V.

On the other hand, ossicles are a bit more abundant in
the Paleogene fossil record from the southern hemisphere.
In this regard, the Leticia Formation ossicles can be
compared with “Psephophorus” terrypratchetti found in the
late Lutetian—early Bartonian Waihao Greensand Formation
in New Zealand and with cf. Psephophorus sp. and
Dermochelyidae indet., both from the La Meseta Formation
(Seymour (Marambio) Island, Antarctica; de la Fuente et al.,
1995). “Psephophorus” terrypratchetti (Waihao Formation),
cf. Psephophorus sp. (La Meseta Formation), the
Dermochelyidae indet. (La Meseta Formation), and CADIC
637 (Leticia Formation) share the absence or paucity of
ossicle external sculpturing and the lack of keels (at least in
the preserved parts). These features are also similar to that
of the ossicles coming from the Antarctic Submeseta
Formation. Natemys peruvianus from the Oligocene of Peru



70 Bona P, et al. Adv Polar Sci March (2024) Vol. 35 No. 1

5cm

Figure 5 Dermochelyidae indet. CADIC 636 and 637, Leticia Formation, late-mid Eocene. Thoracic and caudal vertebrae. a—f, thoracic
vertebra, CADIC 636; g-1, caudal vertebra (6th; CADIC 636); m-r, caudal vertebra (8th to 9th; CADIC 636). a, g, m, left lateral view; b, h,
n, anterior view; ¢, i, o, right lateral view; d, j, p, posterior view; e, k, q, ventral view; f, I, r, dorsal view. Abbreviations: ca, chevron
articulation; nc, neural canal; prz, prezygapophysis; tp, transverse process; vr, ventral ridge.
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Figure 6 Comparison of left humeri in ventral view of different dermochelyid specimens since the Eocene until recent times.
a, Dermochelyidae indet., CADIC 637 (the image was reflected to make the comparison easier), Eocene, Tierra del Fuego, Argentina;
b, Maorichelys wiffeni OU 22021 (reflected), Eocene, New Zealand; ¢, Fosphargis gigas BMNH R 2717 (reflected), Eocene, England;
d, Eosphargis breinerii, Eocene, Denmark; e, Egyptemys eocaenus SMNS 11243 and BMNH R 3017, Eocene, Egypt; f, Psephophorus
rupeliensis sensu Dollo IRSNB R 14 (reflected), Oligocene, Belgium; g, Psephophorus polygonus IRSNB R 15, Miocene, Belgium;
h, Psephophorus calvertensis CMM V 12, Miocene, United States of America; i, Psephophorus sp. LACM 6688/44596, Miocene, United
States of America; j, Dermochelys coriacea AMNH 7161 (reflected), extant, United States of America. Abbreviations: dpc, delto-pectoral
crest; ecf, ectepicondylar foramen; ect, ectepicondyle; ent, entepicondylar; hh, humeral head; itf, intertubercular fossa; Ip, lateral process;

mp, medial process.

has relatively large ossicles arranged in a sunflower pattern
(Wood et al, 1996). As the external surface suffered
abrasion in the field, the eroded external surface makes it
difficult to interpret its external ornamentation.

The occurrence of humeri of a similar morphology in
the Leticia (Tierra del Fuego) and the Burnside (New
Zealand) formations and fragments of dermal ossicle
mosaics similar in the La Meseta/Submeseta (Antarctica)
and the Whaihao Greensand (New Zealand) formations
(Albright et al., 2003; Kohler, 1995b) suggest the presence
of at least one dermochelyid lineage (Wood et al., 1996) as
a member of the Weddellian fauna. This Weddellian
dermochelyid can be characterized by having the shell
composed by a mosaic of relatively small bony ossicles.
There are no keels or ridges, no linear arrangements of
enlarged ossicles, and no obvious differentiation in the size
or shape of individual ossicles.

4 Discussion

4.1 Size, metabolism, and paleobiological/
paleoenviromental implications of the
Weddellian dermochelyids

The extinct Eocene dermochelyids seem to have

similar unique anatomical and likely physiological
adaptations as the leatherback extant species. In
Dermochelys coriacea these include the absence of a
primary “thecal” shell, possession of an extensive layer of
peripheral of adipose tissue (Davenport et al.,, 1990),
proportionally larger fore flippers than other species of
Chelonioidea (Joyce and Gauthier, 2004). On this basis the
skeleton of Dermochelys coriacea remains extensively
cartilaginous even in adults (Pritchard, 1980; Pritchard and
Trebbau, 1984). The epiphyses are vascularised
perichondrially and transphyseally, and the medullary bone
is not remodeled, features that are unique among extant
reptiles (Figure 20.2 in Rhodin et al., 1981). These features
may reflect adaptation to a marine diving lifestyle, because
they occur also in cetaceans and sirenians, and to some
extent in extinct marine reptiles such as ichthyosaurs and
plesiosaurs (Rhodin et al., 1981). Dermochelys coriacea is
the largest living sea turtle in the world, reaching a length of
2.3 m and a weight of more than 600 kg (e.g., Fontanes,
2003). According to their fossil record, dermochelyids
would have reached similar or bigger sizes in the past. For
example, Kohler (1995b) estimated body lengths of 2.3 to
2.5 m for “P”. terrypratchetti. Skeletal growth in tetrapods
is allometric, so it is not correct to make linear
extrapolations when estimating the total size of a specimen
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with respect to the total size of the humerus. However, if we
assume that in dermochelyids the relationship between
limbs proportion with respect to total body size would have
been similar in the past, then we could propose that several
extinct forms of dermochelyids, with estimated humerus
lengths of 36— 40 cm (e.g., CADIC 637; Figure 6a) or up to
53 c¢m (e.g., Psephophorus calvertensis CMM V 12; Figure
6h), would have been much bigger than the living
Dermochelys coriacea.

As noted above the horizons where dermochelyid
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fossils were discovered in Tierra del Fuego Island, Seymour
(Marambio) Island (Antarctica), and New Zealand are
referred to as late—mid Eocene in age. According to
Porebski (2000), near the early middle Eocene boundary the
major sea-level low stand was recorded, and Southern
Ocean surface temperature had declined to about 10-11 C.
The climatic deterioration was perceptible by the late—mid
Eocene (Figure 7) because of major changes in ocean
circulation (with the opening of the Drake Passage and the
consequent development of the circum-Antarctic
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Figure 7 Figure showing stratigraphic and geographic distribution of Southern Gondwanan dermochelyids and 6'°0 and estimated
temperature curves during the Cenozoic. 6'°0 and temperature curves re-drawn from Bohaty and Zachos (2003) and Zachos et al. (2001).
The paleogeographic reconstruction was obtained using GPlates with Cao’s parameters. References: 1, This work; 2, Kohler (1995a, 1995b,
1996); 3, Kohler (1995a, 1995b, 1996) and Karl and Tichy (2007); 4, Albright et al. (2003); 5, de la Fuente et al. (1995); 6, unpublish

material (from Paula Bona).
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current, see below) as well as the onset of deep water
between Antarctica and Australia, and the closure of the
Tethyan seaway (Lawver and Gaghan, 1998; Lawver et al.,
1992). However, in contrast to Porebski (2000), and based
on seasonally resolved temperature and precipitation data
from the latest Lutetian (~42 Ma) from the eastern Antarctic
Peninsula, Judd et al. (2019) proposed warmer climatic
conditions for austral high-latitudes during the late-mid
Eocene. These authors also conclude that their results match
with the existence of closed or shallow Drake and Tasman
passages with middle Eocene austral high-latitude oceans
non-contiguous and suggest that the eastern margin of the
middle Eocene Antarctic Peninsula may have been kept
warmer than the rest of the Weddell basin by a subtropical
derived branch current, from either the South Atlantic Gyre
or frictional flow across a shallow Drake Passage. However,
whatever the paleoclimatic reconstructions are, the record
of dermochelyid fossils in high latitudes as a component of
the Weddellian fauna is compatible with a sea turtle that can
live in waters with a wide temperature gradient due to
anatomical and likely physiological adaptations, as occurs
with the extant Dermochelys coriacea (e.g., Frair et al.,
1972; Greer et al., 1973; Mrosovsky and Pritchard, 1971).

4.2 Eocene Weddellian fauna

The Weddellian Zoogeographic Province conceived by
Zinsmeister (1979, 1982) on marine molluscan, echinoderm
and arthropod faunas existed from the late Cretaceous
through the FEocene, when Australia, Antarctica, and
southernmost South America were in proximity (Woodburne
and Zinsmeister, 1984; Zinsmeister, 1979, 1982). This
Province is characterized as cool temperate, shallow waters
extending from southern South America (Austral-Magallanes
Basin: Tierra del Fuego and Santa Cruz provinces in
Argentina and the Magallanes Region in Chile), along the
Antarctic Peninsula and West Antarctica, to New Zealand,
Tasmania, and southeastern Australia (Figure 4 in Acosta
Hospitaleche et al., 2013). It is worth mentioning that Case
(1988) expanded this concept to a “biogeographic province”
with the inclusion of terrestrial plants and mammals. During
the late Cretaceous the Antarctic Peninsula and the rest of
Western Antarctica land masses were probably formed by a
series of discrete microcontinental blocks that formed a
single southern landmass extending from southern South
America (Figure 4 in Acosta Hospitaleche et al., 2013) to
Antarctica. At that time, the western sector of Gondwana
was apparently divided into a few distinct tectonic units:
South America, West Antarctica (comprising the Antarctic
Peninsula, Marie Byrd and Ellsworth lands), and Ellsworth
and Whitmore mountains (Dalziel and Elliot, 1982).
Although the Antarctic Peninsula has been at almost the
same paleolatitude (60°S—65°S) since the late early
Cretaceous (Lawver et al., 1992), the northern tip of the
Antarctic Peninsula and southernmost end of South
America (the Magallanes Region) were connected

facilitating both floristic and faunal interchange (Marenssi
and Santillana, 1994; Olivero et al., 1991; Reguero et al.,
1998, 2002; Reguero and Goin, 2021; Reguero and
Marenssi, 2010; Shen, 1995).

Assemblages of Eocene marine vertebrates registered
in different areas of the Weddellian Province (e.g., fishes,
whales, birds including penguins) show strong affinities in
their taxonomic composition. Although the remains of
dermochelyids described here have not been found
associated with other taxa, there are records of fossil
vertebrates from nearby locations that come from
comparable marine levels of the Leticia Formation. Among
these, the presence of penguins in the Eocene (Bartonian) in
Tierra del Fuego Province can be mentioned (e.g., Acosta
Hospitaleche and Olivero, 2016; Clarke, 2003). Particularly,
the species Palaeeudyptes gunnari (Wiman, 1905), was
redescribed by Acosta Hospitaleche and Olivero (2016) on
the basis of several postcranial elements coming from Punta
Torcida locality in the Leticia Formation (Figure 1).
Palaeeudyptes is widely recorded in the Eocene of
Antarctica (Seymour (Marambio) Island, Telm 7,
Submeseta Formation, late Eocene; Acosta Hospitaleche
and Reguero, 2014; Jadwiszczak, 2006), and Chile (Sierra
Dorotea, Puerto Natales, southernmost Chile, Rio Turbio
Formation, mid to late Eocene; Sallaberry et al., 2010),
reinforcing the idea that at high southern latitudes, the
Eocene was a time of diversification and abundance among
penguins, with Antarctic species likely dispersing
northwards along the South American coast (e.g., Acosta
Hospitaletche and Olivero, 2016; Acosta Hospitaletche and
Reguero, 2014; Acosta Hospitaleche et al., 2013). In this
sense, it has been mentioned that major Eocene penguin
speciation resulted in a diverse Antarctic assemblage that
probably expanded its range towards the South American
coasts (Acosta Hospitaleche et al, 2013).

4.3 Drake Passage opening and Antarctic Circumpolar
Current

The opening of the Drake Passage is probably one of
the most important events in the history of the actual global
oceanic and atmospheric circulation, given that its presence
is categorical for the existence of the Antarctic Circumpolar
Current (ACC). Since the breakup of Gondwana, this
gateway has been responsible for the free transfer of water
masses between the Atlantic and Pacific oceans. The timing
and manner of the opening of the central Scotia Sea,
responsible for the opening of the ocean floor of Drake
Passage, are still under discussion (e.g., Acosta
Hospitaleche et al, 2013; Eagles et al., 2006). Some authors
sustain that this opening and expansion of the ocean floor
would have occurred between 50 Ma and 41 Ma, causing
for the first time a shallow ocean circulation between the
Pacific and Atlantic oceans (e.g., Eagles et al., 2006).
Geophysical and paleontological data indicate that the
Antarctic Peninsula and southern South America (Patagonia
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+ Magallanes Region) disconnected probably before the end
of the early Eocene, and that by the mid-late Eocene the
continents were already separated by several hundred-
kilometer-wide marine gaps (e.g., Ksepka et al., 2006).
Unfortunately, age estimates for the onset of a seaway
through the Drake Passage between the Antarctic Peninsula
and southern South America range from the middle Eocene
(Livermore et al., 2005; Scher and Martin, 2006) to the
Oligocene (Lawver and Gahagan, 2003) or even the Early
Miocene (Barker, 2001), complicating interpretations of the
relation between ocean circulation and global cooling.

The subsequent development of a deep-water sea route
between southernmost South America and the Antarctic
Peninsula generated not only the final isolation of South
America during the Paleogene, but also accentuated the
development of different marine ecosystems characteristic
of the Weddellian Biogeographic Province. These marine
ecosystems show affinities in the taxonomic composition of
their vertebrate assemblages (Zinsmeister, 1979), as is the
case of sea turtles and penguins. Even more, in the case of
penguins, Acosta Hospitaleche et al. (2013) pointed out that
the evolution of the group was influenced by the opening of
the Drake Passage with the consequent development of the
ACC.

5 Conclusions

The dermochelyid turtle from the Leticia Formation
(Tierra del Fuego Island, Argentina), together with
Maorichelys wiffeni (Burnside Formation, New Zealand,
Karl and Tichy, 2007) is one of the most complete materials
known for the Eocene of the southern hemisphere. The
Leticia dermochelyid record is composed by caudal
vertebrae, a thoracic vertebra, ossicles and a proximal
humerus that could correspond to the same individual,
probably adult, with a forelimb stylopodium of an estimated
length of 3640 cm. The morphology of the proximal
humerus fragment is more similar to Maoricheys wiffeni,
from the mid-late Eocene of New Zealand, than to the
extant dermochelyid Dermochelys coriacea, and other
extinct (e.g., Eosphargis gigas, Egyptemys eocaenus)
dermochelyids. However, the humerus from the Leticia
Formation presents certain differences with respect to
Maoricheys wiffeni, such as the size of the bone and the
position of the proximal head, which is inclined more
ventrally in the New Zealand species (although these
differences could be related with ontogenetic variation).
The ossicles recovered in the Leticia Formation
resemble those found at different levels of the late-middle
Eocene of the La Meseta Formation and the uppermost
Eocene/? Oligocene Submeseta Formation (Antarctica),
and “Psephophorus” terrypratchetti from the Waihao
Greensand Formation (New Zealand). Weddellian
dermochelyids could be characterized by having the shell
composed by a mosaic of relatively small bony ossicles,
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without keels or ridges, no linear arrangements of enlarged
ossicles, and with no obvious differentiation in the size or
shape of individual ossicles. The presence of dermochelyids as
components of the Weddellian fauna of the middle to late
Eocene/? Oligocene in such high latitudes, is compatible
with both paleoclimatic scenarios proposed for the opening
of the Drake Passage (e.g., Judd et al., 2019; Porebski,
2000), since the possible anatomical and likely
physiological adaptations of these turtles would allow them
to inhabit waters with a wide temperature gradient, just as it
occurs with the living Dermochelys coriacea.
Acknowledgments To M. Buono and C. Acosta Hospitaleche for the
discussion on some of the issues discussed here, which improved the
quality of this work. Ariel Aresti (Museo Egidio Feruglio, Trelew,
Argentina) is thanked for the preparation of the thoracic vertebra. We
thank Dr. Daphne Lee and Marcus Richard (Geology Museum, University
of Otago, New Zealand) and Dr. Annelise Folie (Royal Belgian Institute of
Natural Sciences, Museum of Natural Sciences, Brussels, Belgium) for
providing photographs of the dermochelyid specimens under their care.
Eugenia Raffi is specially thanked for her help during the study of this
specimen in the CADIC. We also thank C. Acosta Hospitaleche for her
invitation to participate in the Special Volume of “Advances in Polar
Science”. We acknowledge the revision of one anonymous reviewer and
Dr. James Parham as reviewer whose comments help to improve the
quality of this manuscript. Finally, we want to thank M. Lopez Cabrera for
her collaboration in the field work and to Z. Gasparini for her valuable
contribution to this study. This research was partially funded by the
Agencia Nacional de Promocion Cientifica y Tecnologica—Proyectos de
Investigacion Cientifica y Tecnologica—PICT 2017-0607 (to M. Reguero)
and PICT 2019-00327 (to M. Buono).

References

Acosta Hospitaleche C, Olivero E. 2016. Re-evaluation of the fossil
penguin Palaeeudyptes gunnari from the Eocene Leticia Formation,
Argentina: additional material, systematics and palaeobiology.
Alcheringa Australas J Palaeontol, 40(3): 373-382, doi:10.1080/
03115518.2016.1144994.

Acosta Hospitaleche C, Reguero M. 2014. Palaeeudyptes klekowskii, the
best-preserved penguin skeleton from the Eocene—Oligocene of
Antarctica: taxonomic and evolutionary remarks. Geobios, 47(3):
77-85, doi:10.1016/j.geobios.2014.03.003.

Acosta Hospitaleche C, Reguero M, Scarano A. 2013. Main pathways in
the evolution of the Paleogene Antarctic Sphenisciformes. J S Am
Earth Sci, 43: 101-111, doi:10.1016/j.jsames.2013.01.006.

Albright L B III, Woodburne M O, Case J A, et al. 2003. A leatherback sea
turtle from the Eocene of Antarctica: implications for antiquity of
gigantothermy in Dermochelyidae. J Vertebr Paleontol, 23(4):
945-949, doi:10.1671/1886-19.

Amenabar C R, Guerstein G R, Alperin M I, et al. 2022. Eocene
palacoenvironments and palacoceanography of areas adjacent to the
Drake Passage: insights from dinoflagellate cyst analysis. Palacontology,
65(3): 12601, doi:10.1111/pala.12601.

Barker P F. 2001. Scotia Sea regional tectonic evolution: implications for
mantle flow and palaeocirculation. Earth Sci Rev, 55(1): 1-39, doi:10.



First record of dermochelyids in the Eocene of Tierra del Fuego Island 75

1016/S0012-8252(01)00055-1.

Batsch A J G K. 1788. Versuch einer Anleitung zur Kenntniss und
Geschichte der Thiere und Mineralien: fiir akademische Vorlesungen
entworfen, und mit den nothigsten Abbildungen versehen. Jena:
Akademischen Buchhandlung, 1788-1789, doi: 10.5962/bhl.title.
79854.

Baur G. 1893. Notes on the classification of the Cryptodira. Amer Nat, 27:
672-675.

Bedoya Agudelo E L. 2019. Asociaciones de nanofosiles calcareos del
Paleoceno-Mioceno de Tierra del Fuego. Bioestratigrafia, Paleoecologia y
Paleooceanografia. Ciudad Auténoma de Buenos Aires: Universidad
de Buenos Aires.

Bianucci G, Collareta A, Bosio G, et al. 2018. Taphonomy and
palaeoecology of the lower Miocene marine vertebrate assemblage of
Ullujaya (Chilcatay Formation, East Pisco Basin, southern Peru).
Palaeogeogr Palaeoclimatol Palacoecol, 511: 256-279, doi:10.1016/].
palaeo.2018.08.013.

Biddle K T, Uliana M A, Mitchum Jr. R M, et al. 1986. The stratigraphy
and structural evolution of the central and eastern Magallanes Basin,
southern South America//Allen P A, Homewood P. Foreland Basins.

Publication of the
Sedimentologists, 41-66.

Bonin F, Devaux B, Dupre A. 2006. Turtles of the world. Baltimore: Johns
Hopkins University Press.

Special International ~ Association  of

Case J A. 1988. Paleogene floras from Seymour Island, Antarctic
Peninsula//Feldman R M, Woodburme M O. Geology and paleontology of
Seymour Island, Antarctic Peninsula, Geological Society of America
Memoir, 169: 523-530, doi: 10.1130/mem169-p523.

Clarke J A, Olivero E B, Puerta P. 2003. Description of the earliest fossil
penguin from South America and first Paleogene vertebrate locality of
Tierra del Fuego, Argentina. Am Mus Novit, 3423(1): 1-18.

Cope E D. 1868. On the origin of genera. Proc Acad Nat Sci Philadelphia,
20: 242-300.

Dalziel I W D, Elliot D H. 1982. West Antarctica: problem child of
Gondwanaland. Tectonics, 1(1): 3-19, doi:10.1029/tc001i001p00003.

Danilov I G, Parham J F. 2006. A redescription of ‘Plesiochelys’ tatsuensis,
a turtle from the Late Jurassic of China, and its bearing on the
antiquity of the crown clade Cryptodira. J Vert Paleont, 26: 573-580.

Davenport J, Holland D L, East J. 1990. Thermal and biochemical
characteristics of the lipids of the leatherback turtle Dermochelys
coriacea: evidence of endothermy. J Mar Biol Ass, 70(1): 33-41,
doi:10.1017/s0025315400034172.

de la Fuente M S, Vucetich M G. 1998. Nuevos materiales de Tortugas
cryptodiras miocenas del Valle del Chubut, Argentina. Ameghiniana,
35(2): 211-215.

de la Fuente M S, Santillana S N, Marenssi S. 1995. An Eocene
leatherback turtle (Cryptodira: Dermochelyidae) from Seymour Island,
Antarctica. Stv Geol Salmanticensia, 31: 17-30.

Eagles G, Livermore R, Morris P. 2006. Small basins in the Scotia Sea: the
Eocene Drake Passage gateway. Earth Planet Sci Lett, 242(3/4):
343-353, doi:10.1016/j.epsl.2005.11.060.

Fontanes F. 2003. ADW: Dermochelys coriacea: Information. Animal
Diversity Web. University of Michigan Museum of Zoology. http://
animaldiversity.ummz.umich.edu/site/accounts/information/Dermoche
lys_coriacea.html.

Frair W, Ackman R G, Mrosovsky N. 1972. Body temperature of

Dermochelys coriacea: warm turtle from cold water. Science,
177(4051): 791-793, doi:10.1126/science.177.4051.791.

Galeazzi J S. 1998. Structural and stratigraphic evolution of the western
Malvinas Basin, Argentina. AAPG Bulletin, 82(4): 596-636,
doi:10.1306/1d9bc5c5-172d-11d7-8645000102¢1865d.

Greer A E, Lazell J D, Wright R M. 1973. Anatomical evidence for a
counter-current heat exchanger in the leatherback turtle (Dermochelys
coriacea). Nature, 244(5412): 181, doi:10.1038/244181a0.

Jadwiszczak P. 2006. Eocene penguins of Seymour Island, Antarctica: The
earliest record, taxonomic problems and some evolutionary considerations.
Pol Polar Res, 27(4): 287-302.

Joyce W G, Gauthier J A. 2004. Palaeoecology of Triassic stem turtles
sheds new light on turtle origins. Proc R Soc Lond B, 271(1534): 1-5,
doi:10.1098/rspb.2003.2523.

Joyce W G, Parham J F, Lyson T R, et al. 2013. A divergence dating
analysis of turtles using fossil calibrations: an example of best
practices. J Paleontol, 87(4): 612-634, doi:10.1666/12-149.

Judd E J, Ivany L C, DeConto R M, et al. 2019. Seasonally resolved proxy
data from the Antarctic Peninsula support a heterogeneous middle
Eocene Southern Ocean. Paleoceanog Paleoclimatol, 34(5): 787-799,
doi:10.1029/2019pa003581.

Karl H V, Tichy G. 2007. Maorichelys wiffeni n. gen. n. sp., a new sea
turtle from the Eocene of New Zealand (Chelonii: Dermochelyidae),
Stv Geol Salmanticensia, 43 (1): 11-24.

Ksepka D T, Bertelli S, Giannini N P. 2006. The phylogeny of the living
and fossil Sphenisciformes (penguins). Cladistics, 22(5): 412-441,
doi:10.1111/5.1096-0031.2006.00116.x.

Kohler R. 1995a. An Eocene turtle humerus (Dermochelyidae, Psephophorus)
from New Zealand. Stv Geol Salmanticensia, 30: 101-106.

Kohler R. 1995b. A new species of the fossil turtle Psephophorus (Order
Testudines) from the Eocene of the South Island, New Zealand. J] R
Soc New Zeal, 25(3): 371-384, doi:10.1080/03014223.1995.9517495.

Kohler R. 1996. Eocene turtles and whales from New Zealand. Dunedin:
Univirsity of Otago.

Lawver L A, Gahagan L M. 1998. Opening of Drake Passage and its
impact on Cenozoic Ocean circulation//Crowley T J, Burke K C.
Tectonic boundary conditions for climatic reconstructions. Oxford
Monographs on Geology and Geophysics 39, New York: Oxford
University Press, 212-223, doi:10.1093/0s0/9780195112450.003.0010.

Lawver L A, Gahagan L M, Coffin M F. 1992. The development of
paleoseaways around Antarctica//Kennett J P, Warnke D A. The
Antactic paleoenvironment: a perspective on global change, Part 1.
Antarctic Research Series 58, Washington D. C..: American
Geophysical Union, 7-30, doi:10.1029/ar056p0007.

Livermore R, Nankivell A, Eagles G, et al. 2005. Paleogene opening of
Drake Passage. Earth Planet Sci Lett, 236(1/2): 459-470, doi:10.1016/
j.epsl.2005.03.027.

Lydekker R. 1889. Catalogue of the fossil Reptilia and Amphibia in the
British Museum. Part III. Chelonia. London: British Museum of
Natural History.

Lopez Cabrera M, Olivero E, Carmona N, et al. 2008. Cenozoic trace
fossils of the Cruziana, Zoophycos and Nereites ichnofacies from the
Fuegian Andes, Argentina. Ameghiniana, 45(2): 377-392.

Malumian N, Olivero E B. 2006. El Grupo Cabo Domingo, Tierra del
Fuego: Dbioestratigrafia, paleoambientes y acontecimientos del
Eoceno-Mioceno marino. Rev de la Asoc Geol Arg, 61: 139-160.



76 Bona P, et al. Adv Polar Sci

Marenssi S A, Santillana S N. 1994. Unconformity bounded units within
the Meseta, Seymour Island, Antarctica: a preliminary approach.
Warzawa, Poland: XXI Polar Symposium.

Montes M, Nozal F, Santillana S, et al. 2013. Mapa Geoldgico de la isla
Marambio (Seymour) Escala 1:20.000. Serie Cartografica Geocientifica
Antartica.

Mrosovsky N, Pritchard P C H. 1971. Body temperatures of Dermochelys
coriacea and other sea turtles. Copeia, 4: 624-663, doi:10.2307/1442630.

Nielsen E. 1963. On the post-cranial skeleton of Eosphargis breineri
Nielsen. Bull Geol Soc Denmark, 15(3): 281-329.

Ochoa D, Salas-Gismondi R, DeVries T J, et al. 2021. Late Neogene
evolution of the Peruvian margin and its ecosystems: a synthesis from
the Sacaco record. Int J Earth Sci, 110(3): 995-1025, doi:10.1007/
s00531-021-02003-1.

Olivero E B. 2002. Petrografia sedimentaria de sistemas turbiditicos del
Cretacico—Paledgeno, Andes Fueguinos: procedencia, volcanismo y
deformacion. Calafate, Santa Cruz: 15° Congreso Geologico Argentino.

Olivero E B, Lopez Cabrera M 1. 2013. Euflabella n. igen.: complex
horizontal ~spreite burrows in Upper Cretaceous—Paleogene
shallow-marine sandstones of Antarctica and Tierra del Fuego. J
Paleontol, 87(3): 413-426, doi:10.1666/12-088.1.

Olivero E B, Malumian N. 2008. Mesozoic-Cenozoic stratigraphy of the
Fuegian Andes, Argentina. Geol Acta, 6(1): 5-18.

Olivero E B, Gasparini Z, Rinaldi A, et al. 1991. First record of dinosaurs
in Antarctica (Upper Cretaceous, James Ross Island): palacogeographical
implications//Thomson M R A, Crame J A, Thomson J W. Geological
evolution of Antarctica, Cambridge: Cambridge University Press,
617-622.

Olivero E B, Torres Carbonell P J, Svojtka M, et al. 2020. Eocene
volcanism in the Fuegian Andes: evidence from petrography and
detrital zircons in marine volcaniclastic sandstones. J] S Am N Earth
Sci, 104: 102853, doi:10.1016/j.jsames.2020.102853.

Paladino F V, O’Connor M P, Spotila J R. 1990. Metabolism of
leatherback turtles, gigantothermy, and thermoregulation of dinosaurs.
Nature, 344: 858-860, doi:10.1038/344858a0.

Porebski S J. 2000. Shelf-valley compound fill produced by fault
subsidence and eustatic sea-level changes, Eocene La Meseta
Formation, Seymour Island, Antarctica. Geol, 28(2): 147-150, doi:10.
1130/0091-7613(2000)28<147:SCFPBF>2.0.CO;2.

Pritchard P C H. 1980. The conservation of sea turtles: practices and
problems. Integr Comp Biol, 20(3): 609-617, doi:10.1093/icb/20.3.609.

Pritchard P C H, Trebbau P. 1984. The turtles of Venezuela. Society for
the Study of Amphibians and Reptiles.

Reguero M A, Goin F J. 2021. Paleogeography and biogeography of the
Gondwanan final breakup and its terrestrial vertebrates: new insights
from southern South America and the “double Noah’s Ark” Antarctic
Peninsula. J S Am Earth Sci, 108: 103358.

Reguero M A, Marenssi S A. 2010. Paleogene climatic and biotic events in
the terrestrial record of the Antarctic Peninsula: an overview//Madden
R. The paleontology of Gran Barranca: evolution and environmental
change through the Middle Cenozoic of Patagonia. Cambridge:
Cambridge University Press, 383-397.

Reguero M A, Vizcaino S F, Goin F J, et al. 1998. Eocene high-latitude
terrestrial ~ vertebrates  from  Antarctica as  biogeographic

evidence//Casadio S. Paledgeno de América del Sur y de la Peninsula

Antartica, Buenos Aires: Asociacion Paleontologica Argentina,

March (2024) Vol. 35 No. 1

Publicacion Especial, 5: 185-198.

Reguero M A, Marenssi S A, Santillana S N. 2002. Antarctic Peninsula
and South America (Patagonia) Paleogene terrestrial faunas and
environments: biogeographic relationships. Palacogeogr Palacoclimatol
Palaeoecol, 179(3/4): 189-210, doi:10.1016/s0031-0182(01)00417-5.

Rhodin A G J, Ogden J A, Conlogue G J. 1981. Chondro-osseous
morphology of Dermochelys coriacea, a marine reptile with
mammalian skeletal features. Nature, 290: 244-246, doi:10.1038/
290244a0.

Sallaberry M A, Yury-Yadez R E, Otero R A, et al. 2010. Eocene birds
from the western margin of southernmost South America. J Paleontol,
84(6): 1061-1070, doi:10.1666/09-157.1.

Scher H D, Martin E E. 2006. Timing and climatic consequences of the
opening of Drake Passage. Science, 312 (5772): 428-430.

Shen Y B. 1995. Stratigraphy and palacontology of Fildes Peninsula, King
George Island, Antarctica. Beijing: Science Press, 1-36.

Sterli J, Vlachos E, KrauseM, et al. 2021. Contribution to the diversity to
the fossil record of the turtles (Testudinata) from Chubut Province
(Argentina) and its significance in understanding the evolution of
turtles in Southern South America. PE-APA, 21(1): 118-160.

Torres Carbonell P J, Olivero E B. 2012. Sand dispersal in the southeastern
Austral Basin, Tierra del Fuego, Argentina: outcrop insights from
Eocene channeled turbidite systems. J S Am N Earth Sci, 33(1):
80-101, doi:10.1016/j.jsames.2011.08.002.

Torres Carbonell P J, Olivero E B. 2019. Tectonic control on the evolution
of depositional systems in a fossil, marine foreland basin: example
from the SE Austral Basin, Tierra del Fuego, Argentina. Mar Petrol
Geol, 104: 40-60, doi:10.1016/j.marpetgeo.2019.03.022.

Torres Carbonell P J, Olivero E B, Dimieri L V. 2008. Control en la
magnitud de desplazamiento de rumbo del Sistema Transformante
Fagnano, Tierra Del Fuego, Argentina. Rev Geol de Chile, 35(1):
65-79.

Torres Carbonell P, Malumian N, Olivero E. 2009. The Paleocene-
Miocene of Peninsula Mitre: foredeep and wedge-top of the Austral
Basin, Tierra del Fuego, Argentina. Andean Geol, 36(2): 197-235,
doi:10.5027/andgeoV36n2-a03.

TTWG (Turtle Taxonomy Working Group). 2021. Turtles of the world:
annotated checklist and atlas of taxonomy, synonymy, distribution,
and conservation status. Chel Res Monogr, 8: 1-472.

Walker W F Jr. 1971. A structural and functional analysis of walking in the
turtle, Chrysemys picta marginata. J Morphol, 134(2): 195-213,
doi:10.1002/jmor.1051340205.

Walker W F Jr. 1973. The locomotor apparatus of Testudines//Gans C.
Biology of the Reptilia Volume, Salt Lake City: Academic Press,
1-100.

Wiman C. 1905. Vorldufige Mitteilung iiber die alttertidren Vertebraten der
Seymourinsel. Bull Geol Inst Uppsala, 6: 247-253 (in German).

Wood R C, Johnson-Gove J, Gaffney E S, et al. 1996. Evolution and
phylogeny of leatherback turtles (Dermochelyidae), with descriptions
of new fossil taxa. Chel Conser Biol, 2: 266-286.

Woodburne M, Zinsmeister W. 1984. The first land mammal from
Antarctica and its biogeographic implications. J Paleontol, 58:
913-948.

Wyneken J. 2001. The anatomy of sea turtles. U.S. Department of
Commerce NOAA Technical Memorandum, NMFS-SEFSC-470,
1-172.



First record of dermochelyids in the Eocene of Tierra del Fuego Island 77

Zachos J C, Shackleton N J, Revenaugh J S, et al. 2001. Climate response
to orbital forcing across the Oligocene-Miocene boundary. Science,
292(5515): 274-278.

Zachos J C, Wara M W, Bohaty S, et al. 2003. A transient rise in tropical
sea surface temperature during the Paleocene-Eocene thermal
maximum. Science, 302(5650): 1551-1554.

Zangerl R. 1953. The vertebrate fauna of the Selma Formation of Alabama.
Part IIT The turtles of the family Toxochelyidae. Fieldiana Geol Mem,

3(3):135-277.

Zinsmeister W J. 1979. Biogeographic significance of the late Mesozoic
and early Tertiary molluscan faunas of Seymour Island (Antarctic
Peninsula) to the final breakup of Gondwanaland//Gray J, Boucot A.
Historical biogeography, plate tectonics and the changing environment.
Eugene: Oregon State University Press, 349-355.

Zinsmeister W J. 1982. Late Cretaceous—early Tertiary molluscan
biogeography of southern circum-Pacific. J Paleont, 56: 84¢102.



