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A new turtle from the Palaeogene of Patagonia
(Argentina) sheds new light on the diversity and
evolution of the bizarre clade of horned turtles
(Meiolaniidae, Testudinata)

JULIANA STERLI*, MARCELO S. DE LA FUENTE? and J. MARCELO KRAUSE!

ICONICET-Museo Paleontolégico Egidio Feruglio, Fontana 140, 9100 Trelew, Chubut, Argentina
2CONICET-IANIGLA-Museo de Historia Natural de San Rafael, Parque Mariano Moreno s/n, San
Rafael, 5600 Mendoza, Argentina

Received 16 August 2014; revised 15 January 2015; accepted for publication 26 January 2015

In this contribution we present a new species of horned turtle, Gaffneylania auricularis gen. et sp. nov., from
the Paleogene of Patagonia. The specimens come from the lower section of the Sarmiento Formation (Middle Eocene)
at Cerro Verde (Cafiadén Hondo area, Province of Chubut, Argentina). The level containing turtles and crocodyliforrmes
is located at the base of the section and it consists of laminated, fine tuffs interpreted as shallow pond sediments.
It underlies another fossiliferous level comprising lenticular, massive sandstones bearing skeletal remains of mammals,
referred by previous authors to the Casamayoran SALMA. Gaffneylania auricularis represents one of the most
complete meiolaniids from South America found to date and it is distinguished from other meiolaniids by the pres-
ence of a peculiar half-moon-shaped, thick rim surrounding the cavum tympani, the presence of three cranial scutes
K and an unenclosed canalis chorda tympani mandibularis, among others. This new species sheds new light on
the evolution and palaeobiogeographical history of the clade Meiolaniidae in Australasia and South America during
the Cainozoic. The break up of southern Gondwana provoked major global climatic changes during the Cainozoic
that probably influenced the evolution of meiolaniid turtles. The co-evolution of meiolaniids with other amniotes
(e.g. chelid turtles, mammals) suggests a common palaeobiogeographical history of those clades in southern Gondwana.
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INTRODUCTION extant cryptodires, more recently other studies have
referred this clade to the stem Testudines (Hirayama,
Brinkman & Danilov, 2000; Joyce, 2007; Sterli, 2008;
Sterli & de la Fuente, 2011a, 2013; Anquetin, 2012;
Rabi et al., 2013; Zhou, Rabi & Joyce, 2014; Sterli, de
la Fuente & Umazano, 2015). Meiolaniidae is deeply
nested within Meiolaniformes, a clade recently defined
by Sterli & de la Fuente (2013) and concluded to contain
meiolaniids and the taxa Chubutemys copelloi Gaffney,
Rich, Vickers-Rich, Constantine, Vacca & Kool, 2007,
Mongolochelys efremovi Khosatzky, 1997, Peligrochelys
walshae Sterli & de la Fuente, 2013, Patagoniaemys
*Corresponding author. E-mail: jsterli@mef.org.ar gasparinae Sterli & de la Fuente, 2011a, Otwayemys

Meiolaniidae, or horned turtles, is a bizarre group of
turtles bearing cranial horns and frills, caudal rings,
and a tail club that are restricted to the Eocene of south-
ern South America and to the Oligocene, Neogene and
Quaternary of Australasia (Australia and surround-
ing islands). Although Gaffney (1983, 1996), Gaffney
& Meylan (1988) and Gaffney, Meylan & Wyss (1991)
argued that Meiolaniidae is the sister group of the
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cunicularius Gaffney, Kool, Brinkman, Rich,
Vickers-Rich, 1998, and Kallokibotion bajazidi Nopcsa,
1923.

Meiolaniidae shows its greatest diversity in Aus-
tralasia where at least five species have been named:
Warkalania carinaminor Gaffney, Archer & White, 1992
from the ?Late Oligocene—Early Miocene of Riverside
Station, north-west Queensland, Meiolania brevicollis
Megirian, 1992 from the middle Miocene of Camfield
Beds, Northern Territory, Ninjemys oweni (Woodward,
1888) from the Pleistocene of southern Queensland,
Meiolania platyceps Owen, 1886 from Lord Howe Island
and Meiolania mackayi Anderson, 1925 from Walpole
Island (New Caledonia). By contrast, there is only one
named species from South America, the Patagonian
Niolamia argentina Ameghino, 1899 which is prob-
ably Eocene in age (Sterli & de la Fuente, 2011b). One
of the objectives of the present paper is to present and
describe a new species of Meiolaniidae from the Eocene
of Patagonia. The specimens described here were found
during fieldwork conducted in the austral summer of
2010 led by the palaeontologists Drs Pol and Sterli from
MEF and Dr de la Fuente (Museo de Historia Natural
de San Rafael, Argentina) in outcrops of the Sarmiento
Formation in the Canadén Hondo area (Chubut,
Argentina). The second objetive is to explore the
evolution of the clade in a phylogenetic and
palaeobiogeographical context by gathering informa-
tion from other clades, and the palaeogeography of
southern Gondwana and from different palaeoclimatic
proxies. As a result, extinction, dispersion and diver-
sification patterns are recognized for the turtle fauna
from the Cainozoic of Patagonia.

INSTITUTIONAL ABBREVIATIONS

MPEF, Museo Paleontolégico Egidio Feruglio, Trelew,
Argentina.

ANATOMICAL ABBREVIATIONS

aa, area articularis; ach, articulation with chevrons;
ane, apertura narium externa; ang, angular; art, ar-
ticular; bo, basioccipital; bs, basisphenoid; cap,
capitellum; cc, canalis cavernosus; cctm, canalis chorda
tympani mandibularis; CE, cervical scute; cl, cavum
labyrinthicum; cm, condylus mandibularis; co, condylus
occipitalis; csh, canalis semicircularis horizontalis; csp,
canalis semicircularis posterius; ct, cavum tympani; den,
dentary; dip, diapophysis; ds, dorsum sellae; dsc, drop-
shaped concavity; ect, ectepicondyle; ectf, ectepicondylar
foramen; ent, entepicondyle; epi, epipterygoid; exo,
exoccipital; faccc, foramen anterius canalis carotici
cerebralis; fana, foramen anterius nervi abducentis (VI);
feng, foramen externum nervi glossopharyngei; fic,
foramen intermandibularis caudalis; fja, foramen

jugulare anterius; fm, foramen magnum; fme, fossa
Meckelii; fnat, foramen nervi auriculotemporalis (V);
fnh, foramen nervi hypoglossi (XII); fo, fenestra ovalis;
for, foramen indet; fpccc, foramen posterius canalis
carotici cerebralis; fpcci, foramen posterior canalis
carotici interni; fpl, fenestra perilymphatica; fpo, fenestra
postotica; fst, foramen stapedio-temporale; ha, hiatus
acusticus; hh, humeral head; ica, incisura columella
auris; ipts, intrapterygoid slit; K, cranial scute K; lar,
labial ridge; lat, lateral process; MA, marginal scale;
med, medial process; mx, maxilla; nc, neural channel,
ncr, neural crest; nf, nutritious foramen; op, opisthotic;
pa, parietal; pap, parapophysis; pe, peripheral bone;
pf, prootic foramen; pi, processus interfenestralis; PL,
pleural scute; pla, ovoid platform; pmx, premaxilla; prz,
prezygapophysis; prar, processus retroarticularis; pro,
prootic; pt, pterygoid; pto, processus trochlearis oticum;
pz, postzygapophysis; qj, quadratojugal; qu, quad-
rate; rst, recessus scalae tympani; sq, squamosal; scor,
suture with coronoid; sh, shoulder; sr, sulcus for the
ramphotheca; ssp, suture with splenial; sur, surangular;
sut, suture; tb, tuberculis basalis; thr, thoracic rib; tro,
trochlea; tp, transverse process; ts, triturating surface;
VE, vertebral scute.

GEOGRAPHICAL AND
GEOLOGICAL SETTING

This study was performed in the Canadén Hondo area
(Fig. 1A, B), 65 km north-north-west from Comodoro
Rivadavia City, Chubut Province, Argentina (Piatnitzky,
1931; Simpson, 1935; Andreis, 1977). The sedimen-
tary sequence cropping out in this area corresponds
to (from bottom to top) the Salamanca Formation, Rio
Chico Group, and Sarmiento and Chenque forma-
tions (Piatnitzky, 1931; Simpson, 1935; Feruglio, 1949;
Andreis, 1977; Raigemborn et al., 2010). These units
mainly crop out in incomplete sequences due to the
frequent presence of common slides, and subordinate
folds and faults.

The fossiliferous site is located in Rocas Gemelas
near the Cerro Verde (Schaeffer, 1947). Two lateral
sections are provided, ‘Cerro Verde’ and ‘Pipe Rock’,
the latter located around 50 m to the east from the
former (Figs 1B, 2, 3A-C). Beds cropping out show
greenish colour and a general inclination of approxi-
mately 12° to the south-south-west. The lower 15 m
of both sections is composed of massive, pyroclastic
mudstones and fine tuffs. Intercalated, indurated cor-
nices showing trough cross-bedding are present. Above
these levels, the presence of silica is common, occur-
ring as both interlayer bands and root endocasts
(Fig. 3D, E).

At the Cerro Verde section, above the lowermost 15 m,
fine and very fine tuffaceous sandstones occur. They
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Figure 1. A, geographical location of the studied locality;
B, simplified geological map of the Canadén Hondo area
(modified from Andreis, 1977; Pol et al., 2012).

display a tabular geometry. In the interval around
15-20 m, greenish, massive, tabular tuff contains
skeletal remains of sebecid crocodyliforms (Pol et al.,
2012) and meiolaniid turtles (the ones described herein).
Above this level, a fine tuff with parallel lamination
was deposited, containing crocodylomorph and chelid
turtle remains. Immediately above these fossiliferous
levels lenticular and massive sandstone occurs bearing
relative large (>5-10 cm) skeletal mammal remains,
referred by previous authors (Simpson, 1935; Schaeffer,
1947; Andreis, 1977) to the Casamayoran South Ameri-
can Land Mammal Age (SALMA). In the interval around

22-25 m, a package of intercalated beds of fine and
very fine tuffaceous beds were recognized. These beds
show a gentle inclination (<5°) to the east. The Cerro
Verde section culminates with 10-11 m of horizontal-
ly stratified, fine tuffs bearing small (<2 cm) mammal
remains, root traces, and passive-filled and meniscate
burrows.

The uppermost 6 m of the Pipe Rock section is char-
acterized by fine and massive tuffs, displaying tabular
geometry and high degree of bioturbation and pedogenic
structures (e.g. weakly to moderate granular struc-
ture, Fig. 3F). These beds bear a conspicuous ichnofabric
composed of abundant vertical Taenidium and
Loloichnus burrows (pipe-rock ichnofabric) (Krause,
2010) (Fig. 3G). These beds also contain moulds
of pulmonate gastropods (Strophocheilus sp.)
(Fig. 3H), rhizoliths and mammalian teeth remains
(Fig. 3D).

The geometry and texture of the beds recorded from
the Cerro Verde area are interpreted as fluvial facies,
particularly channel (the only lenticular level) and
floodplain (tabular beds). Reptilian fossils are con-
tained in the laminated, fine tuffs interpreted as rep-
resenting shallow ponds. The package of intercalated
fine and very fine tuffs at Cerro Verde, above the
channel, and those tabular, bioturbated-pedogenized
beds at Pipe Rock, are interpreted as deposits of a
proximal floodplain (e.g. levee deposits). Frequent
rhizoliths, and poorly to moderate developed pedal
structure support the presence of weakly developed
palaeosols. Pedogenic processes probably obscured
the preservation of primary structures (e.g. trough
cross-bedding).

The greenish beds bearing frequent siliceous cement
and nodules have been related to the ‘Argiles Fissilaires’
(Koluel-Kaike Formation after Raigemborn et al., 2010),
through lateral stratigraphic correlation. This hypoth-
esis was formulated by Piatnitzky (1931), McCartney
(1934) and Simpson (1935), but as typical facies of the
Koluel-Kaike Formation (e.g. Krause, Bellosi &
Raigemborn, 2010) are absent in Canadén Hondo,
further studies are necessary. On the other hand, facies
corresponding to the Gran Barranca Member (Bellosi
et al., 2010) have been recognized in Cannadén Hondo,
overlying the greenish section. Fluvial facies were also
recognized in the lowermost section of the Casamayoran
beds at Canadén Vaca, around 50 km to the west of
Canadén Hondo, underlying the Gran Barranca Member
(Bellosi & Krause, 2014). In addition, beds bearing rep-
tilian fossils were recorded in the sections Cafiadén
Hondo and Cafiadén Vaca (Simpson, 1937). Thus, strati-
graphic position, facies and fossil content support a
probable equivalence of the Cerro Verde sections with
the lowermost section of the Sarmiento Formation
(Canadon Vaca Member after Bellosi & Krause,
2014).
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Figure 2. Sedimentological sections in the Cerro Verde area.
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Figure 3. A, general view of the outcrops of the Sarmiento Formation in the middle—upper section at Cerro Verde area
(viewed from north to south) (see also Pol et al., 2012, Fig. 2A). B, upper 15-20 m of the Rocas Gemelas section. The
floor of this part of the outcrop corresponds to the fossiliferous level, just below the channel facies. C, upper 10 m of the
Pipe-Rock section. The conspicuous pipe-rock ichnofabric occurs toward the top of the outcrop. D-E, silica in irregular
nodules (F) and as rhizocretions (E). F, weakly developed palaeosol, displaying granular structure (vertical rule is around
30 cm). G, vertical burrows defining a pipe-rock ichnofabric. H, mould of pulmonate gastropod (Strophocheilus sp.). 1,
mammal tooth remains.

MATERIALS AND METHODS (1990, 1996) and Sterli & de la Fuente (2011a). The
anatomical comparisons and scoring of all meiolaniforms
Cranial nomenclature follows Gaffney (1979), Sterli et al. included in the matrix have been performed based on

(2010) and Rabi et al. (2013), shell anatomy follows first-hand observations on the specimens (see Sup-
Zangerl (1969) and postcranial anatomy follows Gaffney porting Information 1), with the exception of
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Mongolochelys efremouvi, which was scored based on pic-
tures kindly provided by Drs 1. Danilov and W. G. Joyce.
Additional information on Chubutemys copelloi is based
on Gaffney et al. (2007) and Sterli et al. (2015),
Otwayemys cunicularius on Gaffney et al. (1998),
Patagoniaemys gasparinae on Sterli & de la Fuente
(2011a), Mongolochelys efremovi on Khosatzky (1997),
Sukhanov (2000) and Suzuki & Chinzorig (2010),
Kallokibotion bajazidi on Gaffney & Meylan
(1992), Peligrochelys walshae on Sterli & de la
Fuente (2013), Niolamia argentina on Sterli & de la
Fuente (2011b), Ninjemys oweni on Gaffney (1992),
Warkalania carinaminor on Gaffney et al. (1992),
Meiolania brevicollis on Megirian (1992), Meiolania
platyceps on Gaffney (1983, 1985, 1996), and Meiolania
mackayi on Anderson (1925).

Gaffneylania auricularis gen. et sp. nov. (Holotype
MPEF-PV 10556 and referred specimens MPEF-PV
10557, 10558, 10559, 10560, 10561, 10571, 1778-1, 1778-
2) was included in the data set of Sterli, Pol & Laurin
(2013a), a matrix into which all named but not frag-
mentary meiolaniform turtles have been integrated.
Including G. auricularis, the data set consists of 102
taxa (four outgroups and 98 in the ingroup) and 240
characters (see Supporting Information 2 and 3). Only
the definition of character Dorsal rib A was modified
in this analysis following recent observations (see Sup-
porting Information 2). The same weight was applied
to all characters and those characters showing a clear
morphocline were ordered (21 in total, Supporting In-
formation 2 and 3). The most parsimonious trees (MPTs)
were saught using 1000 replicates starting from Wagner
trees and perturbing those trees using the Tree Bi-
section Reconnection (TBR) algorithm, all as imple-
mented in TNT software (Goloboff, Farris & Nixon,
2008a, b). In a second step, all the MTPs were subject
to a second round of TBR to find all the possible MPTs.
Consistency and retention indices (CI and RI) were also
calculated in TNT. Branch support was calculated using
Bremer support and jackknife and bootstrap resamplings
also in TNT. Jackknife and bootstrap values were cal-
culated using 1000 replicates and both absolute and
difference of frequencies (GC of Goloboff et al., 2003).
A strict consensus tree was calculated when more than
one MPT was found. If a large polytomy was retrived
in the strict consensus, the tool ‘pruned trees’ of TNT
was used to detect the presence of wildcard taxa. After
the recognition of wildcard taxa, a reduced strict con-
sensus was calculated, showing the alternative posi-
tions of the pruned taxa using the command ‘nelsen//
in TNT. The script developed by Pol & Escapa (2009)
was also run to explore the characters that are causing
the different positions of the wildcard taxa in the MPTs.

The biogeographical analysis was performed using
the dispersal—-extinction—cladogenesis (DEC) model
created by Ree & Smith (2008). This method recon-

structs the biogeographical history based on phylogenetic
trees (Ree & Smith, 2008) and uses model-based in-
ference to reconstruct lineage dispersal and local ex-
tinction in established areas through time (Ree et al.,
2005). The DEC model also includes the probability
of the connection between areas and cladogenesis
through time (Ree et al., 2005). The calibrated trees,
area definition and range constraints are available in
Supporting Information 4-11.

CLADISTIC AND BIOGEOGRAPHICAL
ANALYSES

The cladistic analysis resulted in 750 MPTs of 893 steps
each (CI =0.337, RI =0.768). As more than one MPT
was found, a strict consensus was calculated (Sup-
porting Information 12-14). As there are some
polytomies in the strict consensus, a reduced strict con-
sensus was calculated (Supporting Information 15). The
clade Meiolaniformes of the reduced strict consensus
is shown in Figure 4. Using the tool Pruned trees of
TNT, three unstable taxa were recognized: Hangaiemys
hoburensis, Patagoniaemys gasparinae and G.
auricularis. Although G. auricularis, the new genus
and species described here, is identified as a wild-
card taxon, this species takes different phylogenetic
positions but always inside the clade Meiolaniidae
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Figure 4. Reduced strict consensus of 750 MPTs of 893 steps
each (CI =0.337, RI =0.768). The alternative position of
Gaffneylania auricularis gen. et sp. nov. is shown with
the dotted line. The alternativee position of Patagoniaemys
gasparinae is shown with a P and an arrow.
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(Fig. 4, Supporting Information 16). The clade
Meiolaniidae is characterized by the following char-
acters present in all trees (Supporting Information 17):
quadratojugal-squamosal contact below cavum tympani
(Quadratojugal C, character 23 in TNT), large
posterolateral protuberances in the squamosal devel-
oped as horns (Squamosal C, character 26), presence
of an intrapterygoid slit (Pterygoid C2, character 59),
canalis carotici interni posterior to the bifurcation into
palatine and cerebral arteries covered ventrally by bone
(Canalis caroticum E, character 97), arteria palatina
enters the skull through the intrapterygoid slit (Canalis
caroticum F, character 98), and the entrance of the in-
ternal carotid to the skull is through the pterygoid
(Canalis caroticum G, character 99); and the follow-
ing characters present in some trees: antrum postoticum
absent (Antrum postoticum A, character 51), trans-
verse processes of the cervical vertebrae located in the
anterior end of the centrum (Cervical vertebra A, char-
acter 182) and presence of a tail ring (Tail ring A, char-
acter 208). Bremer support for the clade is 3. As in
previous analysis (Sterli & de la Fuente, 2011a; Sterli
et al., 2013a, 2015) Meiolaniidae is nested inside the
clade Meiolaniformes (when Pa. gasparinae is pruned
from the strict consensus).

The alternative positions of G. auricularis among
meiolaniids are not due to conflicting characters but
because of the lack of information, as is shown in the
result of the script of Pol & Escapa (2009) (Support-
ing Information 18). Unfortunately, there are few ana-
tomical parts that are represented in G. auricularis
and in other meiolaniids (such as Nio. argentina, Nin.
oweni, Warkalania carinaminor). Furthermore, the in-
ternal relationships among meiolaniids were mainly
established using cranial scute characters (Gaffney, 1996;
Sterli et al., 2013a, 2015) and the tail rings, regions
that are missing in G. auricularis.

The results of the DEC analyses are in agreement
with the previous hypothesis presented by Sterli & de
la Fuente (2013) for the palaeobiogeography of
Meiolaniformes. In all the analyses (Supporting In-
formation 19-21) Antarctica is depicted as the ances-
tral distribution of the lineage leading to Meiolaniidae.
From there, meiolaniids dispersed to South America
and Australasia (see more details in Discussion).

SYSTEMATIC PALAEONTOLOGY
TESTUDINATA KLEIN, 1760
MEIOLANIFORMES STERLI & DE LA FUENTE, 2013
MEIOLANIIDAE BOULENGER, 1887
GAFFNEYLANIA GEN. NOV.

Derivatio nominis: Gaffney, named after Dr Eugene S.
Gaffney in recognition of his enormous contribution in
the understanding of the anatomy and phylogeny of

turtles and especially for his work on meiolaniids. The
etymology for lania is confusing. Originally, Owen (1858)
described the first remains of meiolaniids as belong-
ing to the land lizard Megalania prisca Owen, 1858.
He provided the etymology of Megalania as: Mega, from
the Greek word for great (Méyog) and lania from the
ancient Greek word from ‘to roam about’ (WAaivw). Later,
Gaffney et al. (1992) concluded that lania comes from
the Latin lanius that means ‘butcher’. In this case, we
follow Owen (1858).

Type species: Gaffneylania auricularis
Locality: As for the species.
Horizon: As for the species.

Diagnosis: As for the species.

GAFFNEYLANIA AURICULARIS SP. NOV.

Type specimen: MPEF-PV 10556, basicranium and other
skull remains, almost complete lower jaw, carapacial
and plastral remains, third cervical vertebra, four caudal
vertebrae, complete left humerus, proximal end of right
humerus, distal end of left ulna, femoral head, distal
end of tibia, and several osteoderms.

Referred specimens: MPEF-PV 10557, carapacial
remains; MPEF-PV 10558, carapacial remains; MPEF-
PV 10559, carapacial remains; MPEF-PV 10560, 3rd
cervical vertebra; MPEF-PV 10561, proximal end of
right humerus; MPEF-PV 10571, osteoderm and shell
fragment; MPEF-PV 1778-1, axis; MPEF-PV 1778-2,
proximal caudal vertebra.

Derivatio nominis: auricularis, from auricle in refer-
ence to the half-moon shaped rim formed by the
squamosal and quadratojugal that surrounds the cavum
tympani of this species.

Locality: Rocas Gemelas, Cafiadéon Hondo, south-east
Chubut Province, Argentina.

Horizon: Lower section of Sarmiento Formation,
Casamayoran SALMA (Middle Eocene) (Simpson, 1935;
Schaeffer, 1947; Andreis, 1977).

Diagnosis: Gaffneylania auricularis is referred to the
clade Testudinata because it has a complete shell formed
by interlocking dermal bones. It is diagnosed as be-
longing to Meiolaniidae due to the presence of a
synapomorphy of the clade, the intrapterygoid slit
(Canalis caroticum F, character 98). Gaffneylania
auricularis shares with other meiolaniids the pres-
ence of a foramen posterius canalis carotici interni
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formed by the pterygoid (Canalis caroticum G, char-
acter 99), a ventrally open sinus (= fenestra caroticus
of Rabi et al., 2013) where the internal carotid artery
splits into the cerebral artery (piercing the basisphenoid)
and the palatine artery (entering through the
intrapterygoid vacuity) (Canalis caroticum D, charac-
ter 96), a very thick basisphenoid and basioccipital,
absence of a foramen dentofaciale majus, ornamenta-
tion in the dermal bones of the skull, lower jaw and
shell consists of many small pits, strongly anteriorly
curved marginal sulci in the carapace, presence of
formed cervical and caudal vertebrae (Cervical articu-
lation A, character 186), cervical centra as long as
high or slightly longer than high (Cervical vertebra
H, character 195), tall neural arches, presence of cer-
vical ribs (Cervical rib A, character 181), and
opisthocoelous caudal vertebrae (Caudal C, character
203). Gaffneylania auricularis shares with Mei. platyceps
the robust humerus with well-expanded ends, short
shaft (Humerus E, character 219), closed ectepicondylar
foramen (Humerus A, character 215), and the pres-
ence of osteoderms. It differs from Mei. platyceps by
the absence of a premaxillar dorsal process, ven-
trally open sinus (= fenestra caroticus of Rabi et al.,
2013) where the internal carotid bifurcates into
the palatine artery and cerebral artery (Canalis
caroticum D, character 96), by the dorsum sellae only
slightly overhanging the sella turcica, by the thin
bony wall between the anterior foramina of the cer-
ebral artery, by a very close exit of both rami of the
cerebral arteries at the base of the high dorsum sellae
in the posterolateral corner of the sella turcica, and
by the absence of the accessory ridge in the triturat-
ing surface of the lower jaw. It shares with Nio. ar-
gentina that the foramen posterius canalis carotici
cerebralis is not covered in ventral view by the
pterygoids (Pterygoid C2, character 60). It differs from
Nio. argentina by the shape of the occipital condyle,
the shape and orientation of the squamosal horn, the
angle between the rami of the lower jaw, by the pres-
ence of a medial symphyseal hook formed by the
labial ridge, and because the labial ridge of the tritu-
rating surface of the lower jaw is taller than the lingual
ridge. It is characterized by the following
autapomorphies: a half-moon-shaped, thickened rim
that is formed by the quadratojugal and squamosal
bones that surrounds the cavum tympani, the pres-
ence of three K scutes (K1, K2 and K3) covering
the moon-shaped rim, the shape of the occipital condyle,
an ovoid occipital platform pierced by a foramen that
is placed on both sides of the ventral portion of the
occipital condyle, and a pair of basioccipital foramina
placed in the midline of the skull between the condylus
occipitalis and a posterior basioccipital depression,
and by an unenclosed canalis chorda tympani
mandibularis.

DESCRIPTION
SKULL

The description of the skull is based on the holotype
(MPEF-PV 10556). The skull bones are extremely
ankylosed and therefore do not allow the recognition
of several sutures. Some sutures are clearly seen along
their full path (e.g. the prootic—quadrate), some other
sutures are recognized in some parts (e.g. the pterygoid—
quadrate), while other contacts are inferred from the
presence of certain structures (e.g. the prootic—
opisthotic suture in ventral view).

Cranial scutes: There are no remains of the bones from
the skull roof, and consequently there is no preserva-
tion of the dorsal scutes. However, three scutes are
preserved in the rim surrounding the cavum tympani
(Figs 5-8). The homology of these scutes with the scutes
present in other meiolaniids is doubtful because in Mei.
platyceps and Nin. oweni there are only two scutes in
this region of the skull (scutes K and J from Gaffney,
1983). In Nio. argentina this area is damaged on both
sides, but it is evident that it has two scutes J, J1 and
J2, and only one scute K (Gaffney, 1983; Sterli & de
la Fuente, 2011b). In G. auricularis we recognize three
scutes surrounding the cavum tympani as the scute
K formed by three parts, K1, K2 and K3 (Figs 5-8).
Scute K1 is the most dorsal K scute and it is located
entirely on the squamosal. Scute K2, by contrast, is
located half on the squamosal and half on the
quadratojugal. Scute K3 is the most ventral one and
it is located in the quadratojugal.

Dermatocranium: No remains of prefrontal, nasal,
frontal, jugal, postorbital or parietal are preserved.
Only the posterior portion of the left quadratojugal
is preserved in the holotype (Figs 5, 6A, 7, 8). As in
Mei. platyceps the quadratojugal contacts the squamosal
below the cavum tympani and it is recovered as a

Figure 5. Gaffneylania auricularis gen. et sp. nov.,
MPEF-PV 10556 (holotype). Photograph and drawing of the
skull in left lateral view.
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Figure 6. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawings of the
skull in ventral (A) and dorsal (B) views.
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Figure 7. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawings of the
skull in anterior (A) and posterior (B) views.
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Figure 8. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Stereophotographs and drawing of

the skull in dorsoanterolateral view.

synapomorphy of Meiolaniidae in the cladistic analy-
sis (Quadratojugal C, character 23). It is likely that
this condition is present in other meiolaniids (i.e.
Niolania argentina, Ninjemys oweni). The quadratojugal
also contacts the quadrate medially. The other con-
tacts of the quadratojugal are not preserved. The
quadratojugal forms the anterior portion of the half-
moon-shaped rim that surrounds posteroventrally the
cavum tympani.

The left squamosal is preserved (Figs 5-8). It forms
the posterodorsal part of the half-moon-shaped rim
that posteroventrally surrounds the cavum tympani
and the horn (Squamosal C, character 26). The
squamosal also forms the posterodorsal part of the
cavum tympani. As in Mei. platyceps the squamosal
contacts the quadratojugal below the cavum tympani.
The squamosal also contacts the quadrate medially.
The remaining contacts of the squamosal are not
preserved.

The presence of horns in the squamosal is
a synapomorphy of Meiolaniidae (Squamosal C,
character 26). The horn core B (Fig. 9) was found as-
sociated with the other cranial and postcranial remains
herein described but its exact location on the skull
cannot be assessed with certitude because it is broken
at its base. Compared with Nio. argentina, the horn
core B of this taxon is comparable in size and shape,
but it is slightly smaller and curved slightly
posterodorsally (Fig. 9A—C). The tip of the horn in this
taxon is flat and blunt (Fig. 9C), while in Nio. argen-
tina the horn ends in a pointed tip. In contrast to Mei.
platyceps, but similar to Nio. argentina, the section of
the horn is triangular (Fig. 9D). The triangular sec-
tions differ between Nio. argentina and G. auricularis.
In the latter taxon the section is like an isosceles tri-
angle with the short side facing dorsally (Fig. 9D), while
in Nio. argentina is resembles a scalene triangle with
its shortest side facing ventrally.
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3cm

Figure 9. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawing of the
horn core B in anterior (A), ventral (B), lateral (C) and medial (D) views.

Figure 10. Gaffrneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawings of the
right premaxilla and maxilla in anterior (A), posterior (B) and ventral (C) views.

Palatal bones: There are no remains of the vomer or
palatine. Only part of the right premaxilla is pre-
served (Fig. 10). It contacts the other premaxilla me-
dially and the maxilla laterally through an oblique suture.
The posterior, horizontal process of the premaxilla is
missing. The premaxilla forms the ventral border of
the apertura narium externa. In contrast to Mei. platyceps,
but similar to Nio. argentina, the premaxilla of MPEF-
PV 10556 does not have a dorsal process. In ventral
view, the premaxilla forms part of the triturating surface.
Only the labial ridge is preserved in MPEF-PV 10556
and comparisons with Mei. platyceps, Nin. oweni or
Nio. argentina are therefore limited.

A part of the right maxilla is preserved as well
(Fig. 10). The only preserved contact is the medial one
with the premaxilla. Dorsally, the maxilla exhibits a
sutural surface with the nasal or the prefrontal. Towards
the posterior the maxilla is broken; possible contacts
with the jugal or the nasal are not preserved. Conse-

quently, it cannot be determined whether the naso-
maxillary sinus was present. The maxilla forms the
lateral border of the apertura narium externa. The
portion of the maxilla that forms part of the triturat-
ing surface is broken in specimen MPEF-PV 10556.

Palatoquadrate bones: Both quadrates are preserved,
the left one of which is more complete (Figs 5-8, 11).
The quadrate contacts the prootic anteromedially, the
pterygoid ventromedially, the quadratojugal
lateroanteriorly, the squamosal posterior and
posterolaterally, and the opisthotic posteriorly. The
lateral aspect of the quadrate, as in most turtles,
is funnel-shaped (Fig. 5). The cavum tympani is
deep (Quadrate B + C, character 49), but there is
no distinct antrum postoticum (Antrum postoticum
A,character 51) or precolumellar fossa (Fig. 5) as in
Mei. platyceps (Gaffney, 1983) or in Warkalania
carinaminor (Gaffney et al., 1992). The anterior part
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Figure 11. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Stereophotographs and drawings
of the skull in left ventroposterolateral (A) and right lateral (right quadrate removed) (B) views. Photograph and drawing

of the skull in medial (C) view.

of the quadrate forms the entire processus trochlearis
oticum (Figs 6, 7A, 7; Quadrate G, character 54). The
medial part of the quadrate forms the anterior wall
of the canalis cavernosus and the lateral wall of the
canalis stapedio-temporalis. The canalis stapedio-
temporalis ends dorsally in the foramen stapedio-
temporalis, which is formed by the quadrate, prootic
and opisthotic (Figs 7A, 8). This foramen is formed by
the quadrate and prootic in Nio. argentina (Sterli &
de la Fuente, 2011b) and by the prootic and opisthotic
in Mei. platyceps (Gaffney, 1983). The incisura colu-
mella auris is closed in its most lateral part by the
squamosal and the quadratojugal, but the quadrate
portion of the incisura is not completely closed pos-
teriorly (Figs 5, 7B). As in other meiolaniids (e.g. Mei.
platyceps and probably in Nin. oweni and in War.
carinaminor Gaffney, 1983, 1992; Gaffney et al., 1992),
the incisura columella auris and the Eustachian tube
are enclosed in bone in the external part of the cavum
tympani (Quadrate F, character 52). In the anterolateral
portion of the quadrate, the processus articularis ends
in the condylus mandibularis (Figs 6A, 7A). The condylus
mandibularis is rectangular, medio-laterally elongat-

ed and the surface is almost flat, as in Mei. platyceps
(Gaffney, 1983). It is divided in two parts, the medial
and the lateral. The lateral part is located below the
medial one.

The base of the right epipterygoid is preserved
(Figs 7A, 8), but the epipterygoid cannot be identi-
fied on the left side (Epiterygoid A, character 56). Due
to the nature of the small fragment of the epipterygoid
preserved on the right side, no detailed description is
possible. The only preserved contact of the epipterygoid
is with the pterygoid, ventrally (Figs 7A, 8).

Both pterygoids are preserved, although the right
one is more complete (Figs 6A, 7A, 8, 11), only missing
its anterior part. The preserved contacts of the
pterygoid are with the basisphenoid posteromedially,
the basioccipital posteriorly, the prootic dorsally, the
epipterygoid dorsally and the quadrate laterally. In
MPEF-PV 10556 (Figs 7A, 8A, 11A) the right ptery-
goid shows the presence of an intrapterygoid slit, a
characteristic of meiolaniids (Pterygoid C2, character
59). As a consequence, the pterygoid is located in a
lower level than the basisphenoid in this area (Ptery-
goid M, character 70). In contrast to Mei. platyceps,
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but as in Nio. argentina, the pterygoids in G. auricularis
(Figs 6A, 11A) do not cover the sinus (= fenestra
caroticus of Rabi et al., 2013) ventrally where the in-
ternal carotid bifurcates into the palatine and cer-
ebral arteries (Pterygoid C2, character 60). In this sinus
(= fenestra caroticus), the cerebral branch pierces the
basisphenoid (Gaffney, 1983; Sterli et al., 2010; Sterli
& de la Fuente, 2011b). In ventral view, at the level
of the sinus (= fenestra caroticus), there is a drop-
shaped concavity pointing anteriorly (Fig. 6A). This con-
cavity could have served for the attachment of the
muscle adductor mandibulae internus Pars pterygoideus
posterior (muscular unit number 27 of Werneburg, 2011).
In the posterolateral part of the pterygoid, near its
suture with the basioccipital and the prootic, the
foramen posterius carotici interni (fpcci, Sterli et al.,
2010; Canalis caroticum G, character 99) is pre-
served (Figs 6A, B, 11). This foramen could also be rec-
ognized in Mei. platyceps (Gaffney, 1983) and in Nio.
argentina (Sterli & de la Fuente, 2011b). Posteriorly,
the pterygoid forms the entrance of the canalis
cavernosus (Figs 7A, 11A), which runs along the dorsal
part of the pterygoid between the pterygoid (anteri-
orly) and the prootic (posteriorly). Through this canal
the vena capitis lateralis leaves the skull.

Basicranial bones: Due to the nature of the sutures
in MPEF-PV 10556, the sutures of the supraoccipital
are not recognizable (Figs 6B, 7). This bone might be
fused with the exoccipitals. The characteristic contri-
bution of the horizontal plate of the supraoccipital to
the skull roof in meiolaniids is not preserved in MPEF-
PV 10556; this area is broken.

Both exoccipitals are preserved (Figs 7B, 11A). The
only clear suture of the exoccipital is the one with
the opisthotic. It seems that the exoccipital and the
basioccipital are fused. Perhaps the exoccipital is also
fused with the supraoccipital. As in Nio. argentina, there
are two large foramina nervi glossopharyngei in each
exoccipital in G. auricularis (Figs 7B, 11A). Two large
foramina and a third, much smaller, were described
in Mei. platyceps (Gaffney, 1983). As is typical in turtles
the exoccipital forms the lateral margin of the foramen
magnum. As well, as in other turtles, the exoccipital
probably contributes to the occipital condyle (Gaffney,
1979). The exoccipital of G. auricularis furthermore
forms the posterior wall of the recessus scalae tympani
and the posterior margin of the foramen jugulare
anterius that connect this portion of the cavum acustico-
jugulare with the cavum cranii (Figs 7B, 11A).

The basioccipital is a robust bone in G. auricularis
and, together with the basisphenoid, is very thick in
sagittal section (Fig. 11C). The basioccipital contacts
the basisphenoid anteriorly, the pterygoid anterolaterally,
the prootic dorsolaterally and anteriorly, the opisthotic
dorsoposteriorly, and the exoccipital dorsally (Figs 6A,

7B, 11A, C). The basioccipital, together with the
exoccipital, forms the condylus occipitalis. The occipi-
tal condyle has a triangular shape pointing ventrally,
almost as wide as high (Fig. 7B). The outline and pro-
portions of this condyle are different in other meiolaniids
(e.g. it is subhexagonal two times wider than high in
Nio. argentina and it is also subtriangular slightly wider
than high in Mei. platyceps). As in Mei. platyceps, the
occipital condyle of G. auricularis has three articular
surfaces, two located above and separated by a shallow
concavity and one located below in the midline. The
main differences between the occipital condyle of G.
auricularis and Mei. platyceps are that the medial ar-
ticular facet of G. auricularis not only has a posteri-
or but also a ventral development and that G.
auricularis lacks the presence of a well-delimited con-
cavity in the middle of the condyle as is characteris-
tic of Mei. platyceps (Gaffney, 1983). In posterior view,
on each side of the ventral portion of the condyle, there
is an ovoid platform pierced by a foramen (Fig. 7B).
This platform is unique among turtles. The function
of this platform and the identity of the foramina are
unknown. In ventral view a deep, semicircular con-
cavity is seen (Figs 6A, 11A). Between this concavity
and the occipital condyle there is a pair of foramina
of unknown function. These foramina are also unique
for this taxon. In dorsal view at the level of the contact
with the basisphenoid, the basioccipital bears the basis
tuberculi basalis (Gaffney, 1979) (Figs 7A, 8).

Both prootics are preserved in G. auricularis (Figs 6,
7A, 8, 11B, C). The left one is complete, while the right
one is missing the dorsal part. The prootic is a thick,
quadrangular element. The prootic contacts the quad-
rate laterally, the pterygoid anteriorly, the opisthotic
posteriorly, the basisphenoid medially and perhaps the
parietal dorsally (this contact is missing in this speci-
men). The prootic forms part of several structures of
the skull. The prootic forms the anterior part of the
inner ear (cavum labyrinthicum), which is completed
posteriorly by the opisthotic (Fig. 11B, C). The entire
rim of the fenestra ovalis is ossified, the prootic being
the bone that closes it anteriorly (Fig. 11B, C). By con-
trast, in Mei. platyceps a small notch is recognized in
the ventral margins of the prootic, and it was prob-
ably filled with cartilage in life (Gaffney, 1983).
Dorsally the prootic forms the anterior rim of the
foramen stapedio-temporalis (Figs 6B, 8). The foramen
stapedio-temporalis is framed by the prootic anteri-
orly, the quadrate laterally and the opisthotic poste-
riorly. In anterior view, the prootic forms the posterior
border of the prootic foramen (Figs 7A, 8). Due to break-
age of the epipterygoid, the structure of the prootic
foramen and the foramen nervi trigemini (V) cannot
be assessed with certitude. In medial view the prootic
forms the anterior wall of the hiatus acusticus, the wall
separating the cavum cranii and the cavum
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labyrinthicum (Gaffney, 1979). The hiatus acusticus is
highly ossified in this taxon (Fig. 11C) as in Nio. ar-
gentina and Mei. platyceps (Gaffney, 1983). Neither the
fossa acustico-facialis, nor the foramen aquaducti-
vestibuli, foramen nervi acustici and foramen nervi facialis
are seen. In inner view, the prootic houses the recessus
labyrinthicus prooticus where the ampullae and
the anterior and horizontal semicircular canal are
located.

Remains of both opisthotics are present, but only the
left one is complete (Figs 6, 7B, 8, 11B, C). The opisthotic
contacts the exoccipital medially, the squamosal lat-
erally, the prootic anteriorly, the quadrate anterodorsally
and the basioccipital ventrally. Its contacts with the
supraoccipital or parietal cannot be seen. The opisthotic
together with the prootic forms part of the inner (cavum
labyrinthicum) and middle (cavum acustico-jugulare)
ears (Figs 7A, 7, 11A-C). The recessus labyrinthicus
opisthoticus is preserved in the opisthotic and houses
the posterior ampullae and the posterior and horizon-
tal semicircular canals (Figs 7A, 8, 11A) (Gaftney, 1979).
The fenestra ovalis in this taxon is completely ossi-
fied (Fig. 11A, B). The processus interfenestralis of the
opisthotic is a very thin strip of bone (Opisthotic D2,
character 81) that reaches and fuses with the floor of
the cavum acustico-jugulare (Fig. 11A, B). At the base,
the processus interfenestralis of the opisthotic is pierced
by the nervi glossopharyngei (IX) (Fig. 11A). The
recessus scalae tympani and the cavum labyrinthicum
are connected through the fenestra perilymphatica,
which is located posterior to the processus
interfenestralis of the opisthotic. In medial view, the
opisthotic forms the posterior part of the well-
ossified hiatus acusticus (Fig. 11C). Posterior to the
hiatus acusticus, between the exoccipital and the
opisthotic the foramen jugulare anterius is visible
(Fig. 11C). The vagus (X) and the accessory (XI) nerves
and the vena cerebralis posterior leave the skull through
this foramen. The processus paraoccipitalis of the
opisthotic is well developed in this taxon (Fig. 7B) as
in Mei. platyceps (Gaffney, 1983). The middle ear has
a posterior wall, which is built up by the opisthotic
(Fig. 7B). The foramen jugulare posterius and the
fenestra postotica are coalescent and formed by the
opisthotic (Figs 7B, 11A). In dorsal view, the opisthotic
forms the posterior rim of the foramen stapedio-
temporale (Figs 6B, 8).

The basisphenoid is almost complete, only lacking
the rostrum basisphenoidale (Figs 6, 7A, 8, 11A). This
bone contacts the basioccipital posteriorly, the prootic
laterally and the pterygoid ventrolaterally. Similar to
the basioccipital, the basisphenoid is a very thick bone
and it appears that both bones are fused because no
suture is recognized between them (Fig. 11C). On its
dorsal surface, along the contact with the basioccipital,
the basis tuberculis basalis is present (Figs 7A, 8). As

in Mei. platyceps, the dorsal surface of the basisphenoid
is irregular with asymmetrical pits and grooves (Figs 7A,
8). Together with the basioccipital, the basisphenoid
forms the ventral rim of the hiatus acusticus (Fig. 11C).
Ventrally, in the basisphenoid the sinus (= fenestra
caroticus) where the inner carotid exits the skull and
where it bifurcates into the cerebral and palatine ar-
teries is present (Figs 6A, 11A). The cerebral artery
enters the skull through the foramen posterius canalis
carotici cerebralis in this sinus (Sterli et al., 2010; Sterli
& de la Fuente, 2011b; Rabi et al., 2013). The cerebral
artery runs anteriorly through the basisphenoid and
both branches exit very close to each other at the base
of the high dorsum sellae in the posterolateral corner
of the sella turcica (Figs 7A, 8). In MPEF-PV 10556
the two foramina are separated by a thin wall of bone,
in contrast to the thick wall of bone present in Mei.
platyceps (Gaffney, 1983). The nervi abducentis (VI) also
pierces the basisphenoid (Figs 7A, 8). The entrance of
the nervi abducentis to the basisphenoid is not seen,
but the anterior exit is preserved. The nervi abducentis
exits the basisphenoid laterodorsally to the foramen
anterior canalis carotici cerebralis (Figs 7A, 8). Both
processus clinoideus are broken in the specimen (Figs 7A,
8), so it is not possible to assess whether they were
short as in Mei. platyceps. As in Mei. platyceps (Gaffney,
1983) the dorsum sellae of MPEF-PV 10556 is high
and delimited on either side by a ridge (Figs 7A, 8).
The dorsum sellae, in contrast to Mei. platyceps (Gaftney,
1983), overhangs the sella turcica by a small amount.

LOWER JAW

An almost complete lower jaw is available and only
missed the right posterior part and both splenials and
coronoids (Fig. 12). The external surface of the bones
of the lower jaw is highly ornamented with ridges,
grooves and pits (Fig. 12A, C-E). This ornamenta-
tion is also present in Nio. argentina and Mei. platyceps,
although, at least in the last taxon, the ornamenta-
tion is restricted to the dentary and the anterior part
of the surangular.

Dentary: Both dentaries are preserved, with the ex-
ception of the tip of the left dentary (Fig. 12). Both
dentaries are fused at the symphysis (Fig. 12A; Dentary
A, character 119). The dentary contacts the surangular
posterolateraly, the angular posteroventrally, the coronoid
posterodorsally, the prearticular posteromedially and
the splenial medially (Fig. 12B-F). Although, both the
splenial and the coronoid are missing in the speci-
men, the sutural surface is present on the dentary
(Fig. 12B, F). The triturating surface of the lower jaw
is formed entirely by the dentaries (Fig. 12C, F). As
in Nio. argentina, there are only two ridges in the tritu-
rating surface, the labial and the lingual ridges. In Mei.
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Figure 12. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawings of the
lower jaw in anterior (A), posterior (B), dorsal (C), ventral (D), left lateral (E) and medial (F) views.
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platyceps, besides the labial and ligual ridges, an ac-
cessory ridge is described between them (Gaffney, 1983).
In contrast to Nio. argentina and Mei. platyceps, the
labial ridge is taller than the lingual ridge. Both ridges
are almost parallel along their entire length with the
exception of the anterior part, near the symphysis,
where both ridges slightly converge (Fig. 12C). Also,
at the bottom of both ridges there are many small nu-
tritive foramina located on the external surface in the
labial ridge and on the lateral surface in the lingual
ridge (Fig. 12B). The surface between both ridges is
concave. In contrast to Nio. argentina, the labial ridge
of this taxon forms a medial hook at the symphysis
(Fig. 12A). The foramen dentofaciale majus, located on
the outer surface of the dentary in most turtles, is
absent in G. auricularis (Fig. 12E). This foramen is also
not recognized in other meiolaniids such as Mei.
platyceps, Nio. argentina or Nin. oweni. The sulcus
cartilaginis Meckelii is open for a small distance, because
the anterior border of the splenial ends near the
symphysis (Fig. 12B, F). In the posterior part of the
dorsal margin of the sulcus cartilaginis Meckelii
the foramen alveolare inferius is present. The canalis
alveolaris inferior extends anteriorly covered by a thin
layer of dentary.

Angular: The left angular is complete, while just the
anterior portion of the right one is preserved (Fig. 12B,
D, F). The sutures of this bone are not clear, but the
contacts with other bones can be inferred by the pres-
ence of certain structures and comparisons with other
meiolaniids. The angular contacts the prearticular dor-
sally, the dentary anteroventrally, the splenial
anterodorsally and the surangular laterally (Fig. 12B,
D, F). The angular forms the ventral border of the large
foramen intermandibularis caudalis (Fig. 12B, F). A large
foramen intermandibularis caudalis is also present in
Mei. platyceps (Gaffney, 1983).

Surangular: Both surangulars are preserved (Fig. 12B—
F). The left one is complete, while the posterior part
of the right one is missing. The surangular forms the
posteolateral part of the lower jaw. It contacts the
dentary anteriorly, the articular medially, the coronoid
anterodorsally and probably the angular (Fig. 12B—
F). The surangular forms the lateral rim of the
fossa Meckelii (Fig. 12B, F). The foramen nervi
auriculotemporalis is present at the level of the area
articularis mandibularis (Fig. 12E). The ramus cutaneus
recurrens of the branch of the mandibular nerve (V3)
enters the surangular through this foramen. This nerve
leaves this bone anteriorly along an opening located
in the medial surface of the surangular in the pos-
terior portion of the fossa Meckelii.

Coronoid: Both coronoids are missing, but their pres-
ence can be inferred by the sutural surface left on the
dentary and surangular (Fig. 12B, F).

Articular: Just the left articular is preserved (Fig. 12B,
C, F). Unfortunately the sutures of this bone are not
discernible, probably because all the posterior bones
of the lower jaw are fused (as in Mei. platyceps and
other turtles). The area articularis mandibularis could
be also formed by other bones (e.g. surangular) in this
taxon, but we describe this surface here. The area
articularis mandibularis is a rectangular area, mainly
concave, slightly subdivided into two subareas (Fig. 12B,
C). It faces dorsoposteriorly and it is slightly inclined
laterally. The medial part is larger, and anteroposteriorly
longer than the lateral one. Posterior to the area
articularis mandibularis there is a small processus
retroarticularis that is longer in its medial portion
(Fig. 12B). This process could be also formed by the
angular. In the dorsal part of the medial surface of
the retroarticular process there is a groove, which con-
tinues anteriorly along the medial surface of this bone
and the prearticular (Fig. 12B, F). We interpret this
groove as the unenclosed canalis chorda tympani
mandibularis (Fig. 12B, F). In Mei. platyceps and most
turtles this canal is enclosed by the articular and
prearticular.

Prearticular: The posterior and anterior portions of the
left prearticular are preserved, as well as a small ante-
rior portion of the right one (Fig. 12B, F). The
prearticular contacts the articular posteriorly, the
angular ventrally and probably the coronoid dorsally
(Fig. 12B, F). The prearticular forms the dorsal border
of the foramen intermandibularis caudalis and the inner
rim of the fossa Meckelii. In the medial surface of this
bone the groove of the unclosed canalis chorda tympani
mandibularis is preserved (Fig. 12B, F).

Splenial: Both splenials are missing, but their pres-
ence can be inferred by the suture surface left on the
dentary (Fig. 12B, F). As in Nio. argentina the splenial
almost reaches the symphysis anteriorly (Fig. 12B, F).

SHELL

The description of the shell is mainly based on MPEF-
PV 10559, with complementary information from MPEF-
PV 10557, MPEF-PV 10556 and MPEF-PV 10558. The
most complete specimen (MPEF-PV 10559) is repre-
sented by several associated fragments. It is appar-
ent that MPEF-PV 10559 is smaller than the holotype.
Gaffneylania auricularis shows the main characteris-
tics of meiolaniform shells: ornamentation consisting
of many small foramina and strongly anteriorly curved
marginal sulci (Fig. 13). The carapace bones are thin
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elements, but are thicker towards the periphery. The
contact between the carapace and the plastron is loose,
as it can be deduced from the distal ends of a
hyoplastron or hypoplastron.

Carapace: Within the available specimens no remains
of a pygal, suprapygals or neurals have been
recognized, although the left portion of the nuchal is
preserved in MPEF-PV 10559 (Fig. 13A). It is a large
element forming the anteromedial rim of the cara-
pace. It has a shallow nuchal notch, and the anterior
border is serrated. This morphology is different from
the anteriorly protruding nuchal margin seen in Mei.
platyceps (see Gaffney, 1996; figs 5, 6, 11-22) and in
Kallokibotion bajazidi (see Gaffney & Meylan, 1992)
or the wide and deep nuchal margin seen in some
meiolaniforms such as Mon. efremovi and Pat.
gasparinae (see Sukhanov, 2000; Sterli & de la Fuente,
2011b; Sterli, de la Fuente & Cerda, 2013b). No natural
borders of the nuchal (besides the anterior) are pre-
served in this specimen, and its contacts are there-
fore obscured.

Costals are represented mainly by MPEF-PV 10559,
with the addition of MPEF-PV 10558 (right costal 1).
There are remains of costals 1 (left MPEF-PV 10559
and right MPEF-PV 10558), left costal 3, left costal
4, at least one fragment of right costal 8 and several

A

MA12 pel

3cm

Figure 13. Gaffneylania auricularis gen. et sp. nov.
Photographs of shell remains. A, left fragment of nuchal
bone of MPEF-PV 10559 in dorsal view. B, bridge periph-
eral bone MPEF-PV 10556 (holotype) in lateral view. C, D,
right peripherals 10 and 11 of MPEF-PV 10559 in dorsal
(C) and ventral (D) views.

indeterminate costals. The distal end of two costals in-
dicates that the costals and peripherals were sepa-
rated by small fontanelles in some regions of the
carapace. A similar condition is recognized in the cara-
pace of Chu. copelloi and Pat. gasparinae (Sterli & de
la Fuente, 2011a; Sterli et al., 2015). In the ventral
view of costal 1, thoracic ribs 1 and 2 are present. Un-
fortunately, poor preservation of the costals pre-
cludes any further description.

Peripherals are represented mainly by MPEF-PV
10559, with the addition of the left peripheral 2 (MPEF-
PV 10558) and the right bridge peripheral of MPEF-
PV 10556 (Fig. 13B). The preserved peripherals are right
peripherals 3 and 4, left and right peripherals 5 or 6,
left peripheral 7, left and right peripherals 8, left pe-
ripheral 9, and right peripherals 10 and 11 (Fig. 13C,
D). Due to poor preservation of the specimen, the
sutures of peripherals with other bones have not been
preserved. Similar to the border preserved in the nuchal,
the posterior peripherals (8-11) also show a serrated
margin. The bridge is formed by peripherals 3-7,
whereas in Mei. platyceps the bridge extends between
peripherals 3 and 8 (see Gaffney, 1996, fig. 6). The pre-
served bridge peripherals are L-shaped. In some bridge
peripherals, the peg for the rib is preserved. Com-
pared with other meiolaniforms, these pegs are very
narrow.

The left side of the cervical scute is preserved on
the nuchal and it is broader than long (Fig. 13A). Parts
of vertebrals 1-3 and 5 are preserved on the nuchal
(Fig. 13A), the preserved costals and posterior periph-
erals (Fig. 13C). Due to the fragmentary nature of the
shell, the shape and proportions of the vertebral scutes
cannot be established. Pleurals 1-4 are preserved on
the costals and posterior peripherals (Fig. 13C). Again,
due to the fragmentary nature of the shell, the shape
and proportions of the pleural scutes cannot be es-
tablished. Almost all marginals are unknown, except
marginal 10. The sulci between the marginal scutes
are straight but near the border they bend strongly
to the anterior (Fig. 13B). This is also seen in Pat.
gasparinae (Sterli & de la Fuente, 2011a), Trapalcochelys
sulcata Sterli et al., 2013b (Sterli et al., 2013b), Mei.
platyceps (Gaffney, 1996) and Mon. efremovi (PIN 551-
459-1). The ventral part of the marginals cover, only
partially, the ventral part of the peripherals, suggest-
ing that the visceral cavity was expanded (Fig. 13D).
This condition is similar to the meiolaniid Mei. platyceps
(Gaffney, 1996), but is different from other basal
meiolaniforms such as Chu. copelloi, Pat. gasparinae
and Tra. sulcata.

Plastron: The plastral remains are very fragmentary,
preventing any detailed description. The description
is based on MPEF-PV 10559, with complementary in-
formation from MPEF-PV 10556. Two fragments of the
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lateral left and right hypoplastra (MPEF-PV 10559)
are preserved. The interdigitated distal ends of
hyoplastron or hypoplastron (MPEF-PV 10559, 10556)
show the loose connection between the carapace and
the plastron. A loose connection along the bridge is also
recognized in Mei. platyceps and in Chu. copelloi among
meiolaniforms.

Only the sulcus between the abdominal and femoral
scutes is preserved in the hypoplastra (MPEF-PV
10559). As in most turtles this scute is bent posteri-
orly at the base of the inguinal buttress.

VERTEBRAL COLUMN

Cervical vertebrae: The axis (Fig. 14A) and the third
cervical vertebra (Fig. 14B) are the only preserved
cervicals. The general morphology of these vertebrae
resembles that of Mei. platyceps (Gaffney, 1985 and
personal observations by J.S. on AM F 49141 and AM
F 57984).

The axis (MPEF-PV 1778-1) is complete except for
the left parapophysis (Fig. 14A). The centrum is strong-
ly convex anteriorly and concave posteriorly. The ante-
rior articular surface is wider than tall, while the
posterior one is more quadrangular. Ventrally the
centrum has a constriction just posterior to the ante-
rior articular surface delimiting a ridge, which bifur-
cates posteriorly, and ends in the parapophysis. The
neural arch of the vertebra is taller than the centrum.
The diapophysis is located just posterior to the convex
anterior articular surface. The prezygapophyses are
strongly reduced and located at the base of the neural
crest (in the middle of the neural canal) close to the
diapophysis. The prezygapophysis faces dorsolaterally
and articulates with the postzygapophysis of the atlas.
The postzygapophysis is well developed and points
ventrolaterally. Anteriorly the neural arch has a blunt
process projecting further anteriorly than the centrum.
The dorsal surface of this process is flat as in Mei.
platyceps (Gaffney, 1985 and personal observations by
J.S. on AM F 49141 and AM F 57984). Gaffney (1985)
suggested this anterior process articulated with the
underside of the skull just posterior to the crista
supraoccipitalis. In some living turtles and in some
extinct ones (Sterli & de la Fuente, 2011a), this ante-
rior part of the neural arch is related to the M.
collooccipitis (= M. obliquus capitis of Shah, 1963) that
originates in the neural arches of cervicals 1-4, runs
anteriorly, and inserts into the fascia temporalis
posterostegalis located posteriorly in the squamosal,
parietal and supraoccipital (Werneburg, 2011). Dor-
sally and between both postzygapophyses there is a
concavity, probably for neck muscle attachment. The
presence of diapophysis and parapophysis suggests that
G. auricularis had double-headed cervical ribs and that
at least cervical ribs 1 and 2 articulated with two cer-

vical vertebrae. The axis of G. auricularis differs strong-
ly from the axis of Pat. gasparinae in size and general
morphology. The axis of G. auricularis is at least three
times larger than that of Pat. gasparinae. In Pat.
gasparinae the anterior and posterior articular sur-
faces of the centrum are not strongly convex and
concave, respectively. In addition, the anterior process
of the neural arch is a flat crest in Pat. gasparinae,
while it is a blunt and robust process in G. auricularis.

The other preserved cervical vertebra is the 3rd
(MPEF-PV 10556). This vertebra is mostly complete,
but the right pre- and postzygapophyses and the left
diapophysis are missing (Fig. 14B). The general mor-
phology resembles that of Mei. platyceps (Gaffney, 1985
and personal observations by J.S. on AM F 49141
and AM F 57984). The centrum is robust, the anteri-
or articular surface is round and strongly convex,
and the posterior one is round and strongly concave.
In ventral view, the centrum has an anterior constric-
tion starting just posterior to the anterior articular
surface. Posteroventrally the centrum has paired
parapophyses. The neural arch is well developed,
being as tall as the centrum. The diapophysis is located
in the middle of the centrum. The prezygapophysis
points mediodorsally. The neural arch has a small
anterior crest located anteriorly to the postzygapophysis.
Only the proximal edge of the left postzygapophysis
is preserved and it faces ventrolaterally. Although the
axis of G. auricularis and Pat. gasparinae is marked-
ly different, there a few differences in cervical 3. As
in the axis, Pat. gasparinae is much smaller than
G. auricularis and the articular surfaces of the centrum
are not well developed in Pat. gasparinae, differing
notably from those of G. auricularis. Another differ-
ence is the absence of a well-developed ventral crest
in G. auricularis.

Caudal vertebrae: Only four caudal vertebrae are known
from G. auricularis, one anterior (Fig. 14C) and three
mid or posterior (MPEF-PV 10556). All are
opisthocoelous (Caudals B-D, characters 204—206) and
have a posteroventral articulation for chevron bones
(Chevron A, Character 207). The anterior caudal is a
large, robust, almost complete element, although the
left postzygapophysis and both transverse processes
are missing. The general shape resembles that of the
second to fourth caudal of Mei. platyceps. The centrum
is strongly convex anteriorly and concave posteriorly.
Posteroventrally it has two processes for the articu-
lation with the chevrons. The neural arch is well de-
veloped and it is as tall as the centrum. The diapophysis
is located in the middle of the centrum and points
posterolaterally. The postzygapophyses are located more
closely to one another than both prezygapophyses. The
neural arch has a blunt process anterior to the
postzygapophyses. The general morphology of this
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Figure 14. Gaffneylania auricularis gen. et sp. nov. Photographs and drawings of the axis MPEF-PV 1778-1 (A),
cervical vertebra 3 MPEF-PV 10556 (holotype) (B) and a proximal caudal vertebra MPEF-PV 1778-2 (C) in anterior, left
lateral, posterior, right lateral, dorsal and ventral views.
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vertebra is similar to the anterior caudals of Pat.
gasparinae, but that of Pat. gasparinae is much smaller.
Two of the three medial vertebrae are broken and dis-
torted. The undistorted vertebra is the smallest. The
anterior and posterior articular surfaces are strongly
convex and concave, respectively. The neural arch of
this vertebra is almost gone. The base of the trans-
verse process is preserved and is located in the middle
of the centrum.

FORELIMBS

The description of the humerus is based on the com-
plete left humerus and on the proximal end of the
right humerus of the holotype (Fig. 15). The humerus
has both ends (epiphyses) well expanded (Humerus
E, character 219) and almost in the same plane. Both
ends are connected by a very short diaphysis that
gives the aspect of a short and robust humerus
(Fig. 15A; Humerus E, character 219). The general
morphology of the humerus of G. auricularis resem-
bles that of Proganochelys quenstedti Baur, 1887
(Gaffney, 1990 and personal observations on SMNS
16980), Mei. platyceps (Gaffney, 1996 and personal
observations on AM F 57984 and AM F 16848) and
the meiolaniform humerus described as cf. Niolamia
(de Broin, 1987), and differs from the more slender
humeri of extant turtles and Palaeochersis talampayensis
Rougier, de la Fuente & Arcucci, 1995 (Sterli, de la
Fuente & Rougier, 2007), Mon. efremovi (Suzuki &
Chinzorig, 2010), Kallokibotion bajazidi (Gaffney &
Meylan, 1992) and Naomichelys speciosa Hay, 1908
(Joyce, Sterli & Chapman, 2014). In the proximal end,
the head and the medial and lateral processes are
well defined (Fig. 15A). The head is ovoid, being taller
than wide (Fig. 15A-E). Next to the head and towards
the lateral process, a shoulder is present (Fig. 15A,
B). The medial process is more developed than the
lateral process as in Mei. platyceps. In ventral view,
a deep, C-shaped intertubercular fossa is present
(Fig. 15C, E). The distal end is built up by the
ectepicondyle (anterior) and the entepicondyle (pos-
terior) (Fig. 15A-D, F), two processes of similar size.
A groove leading to the ectepicondylar foramen
(Humerus A, character 215) is present on the dorsal
surface of the ectepicondyle (Fig. 15A, D). The canal
opens in the ventral surface of the humerus next to
the capitellum (Fig. 15C). In ventral view, the distal
end has two articulation facets, the anterior capitellum
and the posterior trochlea (Fig. 15C, F). The capitellum
articulates with the radius, and the trochlea with the
ulna (Gaffney, 1990). Only the distal end of the right
ulna (MPEF-PV 10556) is known for G. auricularis.
The distal end in distal view has two convex sur-
faces. This end would articulate with the ulnare and
intermedium (Gaffney, 1990).

HINDLIMB

Two fragments of the femur and tibia are preserved
in G. auricularis. The femur is represented just by the
right head of the holotype (MPEF-PV 10556). The head
is oval in shape, and longer than wide. Due to the frag-
mentary nature of the femur, no other characters can
be described. Only the distal extreme of the tibia is
preserved. In the distal end of the tibia a convex and
flat surfaces are defined which articulate with the
astragalocalcaneum.

OSTEODERMS

Nine osteoderms of G. auricularis have been recov-
ered (MPEF-PV 10556, 10557 and 10571). They are
all different in shape, size and robustness, and we
assume they covered the limbs based on comparison
with turtles with osteoderms preserved in situ (e.g.
Pro. quenstedti, N. speciosa). All osteoderms in
G. auricularis are single elements (not arranged in
triads or in pairs as the tail and neck osteoderms of
Pro. quenstedti). The biggest elements of G. auricularis
are asymmetric and tear-shaped (Fig. 16A—C). In the
ventral part they have an oval attachment site with
the dermis and it ends in a free tip inclined at ap-
proximately 30° to the horizontal (Fig. 16B, C). The
mid-sized elements are more symmetric and also tear-
shaped (Fig. 16D, E). They also have a free tip and a
ventral attachment site, but in this case it is rounded
(Fig. 16E). The smallest elements (Fig. 16F, G) are
not complete, but they seem to be disc-like elements
with a broad ventral surface as the attachment site
(Fig. 16G). Compared with Pro. quenstedti, it seems
that the asymmetrical elements are located mainly
in the flanks of the zeugopodium and the subcircular
elements are located in the middle (Barrett et al., 2002).
As in Pro. quenstedti but in contrast to N. speciosa
and Solemys vermiculata de Lapparent de Broin &
Murelaga, 1999 (de Lapparent de Broin & Murelaga,
1999; Barrett et al., 2002), all osteoderms in
G. auricularis have no conspicuous ornamentation.
However, the osteoderms of G. auricularis have the
same small pits present in other dermal bones of the
same taxon (e.g. shell remains, skull bones) as well
as in other meiolaniforms (e.g. Peligrochelys walshae,
Mei. platyceps).

DISCUSSION
DIVERSITY

The clade Meiolaniidae is known from southern South
America and Australasia (Australia and surrounding
islands). The major diversity of this clade is found in
Australasia where at least five species have been named
ranging from the ?late Oligocene—early Miocene to the
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Figure 15. Gaffneylania auricularis gen. et sp. nov., MPEF-PV 10556 (holotype). Photographs and drawings of the
left humerus in dorsal (A), posterior (B), ventral (C), anterior (D), proximal (E) and distal (F) views.
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Figure 16. Gaffneylania auricularis gen. et sp. nov.
Photographs of some osteoderms. A—C, asymmetric osteoderm
MPEF-PV 10556 (holotype) in dorsal (A), ventral (B) and
anterior (C) views. D, E, symmetric osteoderm MPEF-PV
10556 (holotype) in dorsal (D) and ventral (E) views. F, G,
symmetric osteoderm MPEF-PV 10571 in dorsal (F) and
ventral (G) views.

Quaternary Warkalania carinaminor (?late Oligocene—
early Miocene of Riverside Station, north-west Queens-
land), Meiolania brevicollis (middle Miocene of Camfield
Beds, Northern Territory), Ninjemys oweni (Pleisto-
cene of southern Queensland), Meiolania platyceps (Pleis-
tocene, Lord Howe Island) and Meiolania mackayi
(Pleistocene, Walpole Island, New Caledonia). Recent-
ly another putative meiolaniid, ?Meiolania damelipi
White et al., 2010, was found in Vanuatu Island (White
et al., 2010), but the assignment of this species to
Meiolaniidae has recently been questioned (Sterli, in
press). By contrast, until now the diversity of meiolaniids
in South America has been restricted to only one species,
Nio. argentina from Chubut Province, Argentina. Even
though the Patagonian Crossochelys corniger Simpson,
1937 was recognized by Simpson (1938) as a fully valid
Meiolaniidae species, the revisions made by Gaffney
(1983, 1996) and Sterli & de la Fuente (2011b) suggest

that Crossochelys corniger is the junior synonym of
Niolamia argentina. In this paper we present the second
meiolaniid species from South America, Gaffneylania
auricularis, which provides more information regard-
ing the anatomy and diversity of this clade on this
continent.

Meiolania platyceps is the most complete known
meiolaniid so far. Although a beautiful dermal skull,
tail ring and tail club are known for Nin. oweni, the
basicranium and the remaining postcranial remains
are missing (Gaffney, 1992). The other Australasian
species are represented by even more fragmentary
specimens. This is the case of War. carinaminor from
Riversleigh (Australia), where only some skull frag-
ments have been assigned to the species (Gaftney et al.,
1992). Some other cranial and postcranial remains
originated from Riversleigh were also mentioned by
Gaffney et al. (1992), although he did not assign them
to War. carinaminor. The middle Miocene Mei. brevicollis
is known based on a few skull remains, three cervi-
cal vertebrae (second, fifth and sixth) and scarce shell
fragments (Megirian, 1992). The Pleistocene Mei.
mackayi is only known from horn cores, fragments of
humeri and a tibia described by Anderson (1925).
In this context, the discovery of the cranial and
postcranial remains of G. auricularis is important.
The Patagonian meiolaniids represent the oldest
record of the clade, providing important information
about the anatomy and evolutionary history of the
clade. In addition to two meiolaniid species, Patago-
nia has revealed the existence of several species
related to the clade Meiolaniidae, such as Peligrochelys
walshae and Chu. copelloi, providing more data to
explore the origin and evolution of the clade in south-
ern Gondwana.

THE BREAK UP OF GONDWANA, CLIMATIC CHANGES,
AND MEIOLANIID PALEOBIOGEOGRAPHY

Meiolaniidae is a clade distributed formerly in south-
ern South America and Australasia. This distribu-
tion has also been observed in many other many kinds
of organisms, allowing Morrone (2002, 2006) to rec-
ognize the Austral biogeogeographical kingdom, sepa-
rated from the better known Holarctic and Holotropical
kingdoms. The Austral kingdom of Morrone (2002, 2009)
is formed by southern South America, south-eastern
Australia, Tasmania, New Zealand, Antarctica, New
Guinea and the southern tip of South Africa. The
animals and plants distributed in this Austral kingdom
are the result of the common history of all those con-
tinents in the geological past when all of them were
closely related in the supercontinent Gondwana. There
are many taxa exhibiting the same phylogenetic and
distributional pattern that suggest a common past
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history: the angiosperm Nothofagus, lungfishes, hel-
meted frogs, madtsoiid snakes, chelid and meiolaniid
turtles, ratite birds, monotremes and marsupials (e.g.
Pascual et al., 1992; de Broin & de la Fuente, 1993;
Woodburne & Case, 1996; Van Tuinen, Sibley & Hedges,
1998; Scanlon & Lee, 2000; Sanmartin & Ronquist,
2004; Scanlon, 2005; Sigé et al., 2009; Cione et al., 2011,
de la Fuente et al., 2011; Gémez, Baez & Muzzopappa,
2011; Beck, 2012; Black et al., 2012). Sanmartin &
Ronquist (2004) analysed 54 animal and 19 plant
phylogenies to reconstruct the biogeographical history
of the southern hemisphere. In this study Sanmartin
& Ronquist (2004) concluded that the break up of
Gondwana played an important role in the history of
the distribution of the animals in the southern con-
tinents and that Antarctica acted as a frequent route
of dispersal between southern South America and Aus-
tralia. They also showed that the data provided by
animals is congruent with the geological sequence of
the break up of Gondwana, being: (Africa (New Zealand
(southern South America + Australia))) (Sanmartin &
Ronquist, 2004).

The palaeobiogeographical distribution of meiolaniids
(Supporting Information 19-21; Sterli & de la Fuente,
2013) is generally in concordance with the biogeo-
graphical scenario proposed by Morrone (2002, 2006)
and Sanmartin & Ronquist (2004). According to several
phylogenetic analyses (Sterli & de la Fuente, 2013; Sterli
et al., 2013a, 2015; present analysis) meiolaniids are
recovered deeply nested in a monophyletic group domi-
nated by Gondwanan taxa named Meiolaniformes. Fol-
lowing the analyses presented here and in Sterli & de
la Fuente (2013) the clade Meiolaniformes would have
been originally distributed in the southern part of the
present-day South America and it would have origi-
nated sometime between the early Jurassic and the
early Cretaceous. After the split of Ch. copelloi, the
clade dispersed onto Antarctica (Supporting Informa-
tion 19-21; Sterli & de la Fuente, 2013, fig. 3). Later,
the palaeobiogeographical reconstruction suggests that
some clades of meiolaniforms, including the clade
Meiolaniidae, were distributed in the present-day Ant-
arctica and then dispersed to other continents (i.e. South
America, Australia). Unfortunately, until now, no
remains of meiolaniform turtles, nor any other conti-
nental turtle, have been found in Antarctica.

The palaeobiogeographical scenario presented here
and by Sterli & de la Fuente (2013) is plausible ac-
cording to the palaeogeography and palaeoclimatic re-
constructions obtained for southern South America,
Antarctica and Australia for the Late Cretaceous,
Palaeogene and Neogene. The separation of Gondwana
started at 155 Mya approximately when South Africa
started the detachment from Antarctica (Jokat et al.,
2003). Until 90 or 80 Mya (Gaina et al., 1998) Ant-
arctica, Australia, New Zealand/New Caledonia and

South America remained connected. The origin of the
South Tasman Sea, between South America/Antarctica
and Australia/New Guinea, started in the Late Cre-
taceous (90 Mya) and complete separation occurred
either in the early Eocene (50 Mya; Woodburne & Case,
1996) or in the late Eocene (35 Mya; Lawver, Gahagan
& Dalziel, 2011). The connection between South America
and Antarctica was lost in the Eocene—Oligocene bounda-
ry (33.9 Mya) with the opening of Drake Passage
(Livermore et al., 2005). This event caused serious cli-
matic changes worldwide, such as a drop in tempera-
ture and precipitation (e.g. Zachos et al., 2001; Merico,
Tyrrell & Wilson, 2008). In Gondwana, this climatic
event is well studied in South America (e.g. Bellosi &
Krause, 2014) and in Australia (e.g. Martin, 2006; Kemp
et al., 2014). In turn, this climatic change caused changes
in the vegetation and consequently in the fauna. In
South America, in particular in Patagonia, studies have
mostly focused on the evolution of mammals (e.g.
Pascual, 1984; Flynn & Wyss, 1998; Ortiz-Jaureguizar
& Cladera, 2006; Pascual & Ortiz-Jaureguizar, 2007;
Woodburne et al., 2014). Following previous authors,
the evolution of mammals in South America can be
divided into several phases, identified as SALMAs, ruled
by the main climatic events that occurred during the
Cainozoic. Goin, Abello & Chornogubsky (2010) iden-
tified the drastic change in the mammalian fauna in
Patagonia occurred between the Late Eocene and Oli-
gocene as the Patagonian Hinge in resemblance with
the European Grande Coupure (Stehlin, 1909).

THE EXTINCTION OF TURTLES IN
PATAGONIA DURING THE EOCENE

The fossil record of the clades Meiolaniformes and
Chelidae (Pleurodira) in Patagonia spans from the
Early Cretaceous to the Middle Eocene. The last records
of meiolaniids and chelids in Patagonia are found in
the Canadon Hondo area (Chubut Province, Argenti-
na) in outcrops of the Sarmiento Formation below
beds with mammals suggesting the Casamayoran
SALMA (early Middle Eocene). There are no records
of turtles in any of the highly fossiliferous younger
sediments of Gran Barranca (Barrancan SALMA; late
Middle Eocene and Mustersan SALMA; latermost
Middle-Late Eocene) or La Cancha (Tinguirirican
SALMA; Early Oligocene). The turtle record in Pata-
gonia starts again in the Deseadan SALMA (Late
Oligocene—Early Miocene) with the discovery of frag-
mentary remains of probably terrestrial tortoises of
the clade Testudinidae from Cabeza Blanca (Chubut,
Argentina) (de Broin & de la Fuente, 1993). The eco-
logical requirements (e.g. temperature, humidity) and
behaviour of extant testudinids are very different from
those of chelids, as revealed by their distribution and
habitats. Extant chelids are aquatic turtles always
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associated with freshwater bodies under tropical and
subtropical conditions and they are distributed through-
out South America with exception of the coastal Andes
and Patagonia (Iverson, 1992; de la Fuente, Sterli &
Maniel, 2013). The southernmost discovery of chelids
in South America was recorded during the Palaeocene
in Punta Peligro (Chubut Province, Argentina; around
1000 km south of the distribution of the closest living
species) and during the Eocene in the Canadén Hondo
area (also in Chubut Province; around 950 km south
of the distribution of the closest living species) (Bona,
2006, and references therein). Otero, Soto-Acuina &
Yury-Yaniez (2012) presented the first record of turtles
and crocodiles from Sierra Baguales (Magallanes Region,
Chile; middle Eocene, Rio Baguales Formation). Con-
sidering the description and the photographs shown
by the authors, it is highly probable that the Testudines
indet. they presented are indeed remains of chelids.
If this assumption is confirmed, the record from Sierra
Baguales would be the southernmost record of chelids
in Patagonia, 1600 km south from the distribution of
the closest living species of chelid. Unfortunately,
meiolaniforms do not have extant representatives to
be used for comparison. On the other hand, testudinids
are terrestrial turtles and in South America testudinids
are nowadays found in dry areas with scarce vegeta-
tion, savannahs, dry and humid forests and even rain
forests (Ernst & Barbour, 1989; de la Fuente et al.,
2013). The southernmost distribution of extant
testudinids in South America is represented by
Chelonoidis chilensis, which reaches Chubut Prov-
ince (Argentina) (Iverson, 1992). In the fossil record,
the southernmost record of testudinids in South America
is represented by the finding in Cabeza Blanca (Chubut
Province, Argentina) (de Broin & de la Fuente, 1993).
Cabeza Blanca is located 400 km to the south from
the distribution of the extant Chelonoidis chilensis.
Based on the geological and fossil record and the
correlation with the palaeobiogeographical history of
other groups (e.g. marsupials, hystricognath rodents,
platyrhine monkeys), we propose that chelids and
meiolaniids became extinct in Patagonia after the Middle
Eocene when the climatic conditions were deteriorat-
ing, in particular becoming colder and drier (e.g. Zachos
et al., 2001). This cooling trend in Patagonia was studied
trough abiotic proxies that defined the presence of at
least two hyperthermals in the Palaecocene—early Eocene
and a period of drier conditions towards the middle
Eocene (Krause et al., 2010; Bellosi & Krause, 2014;
Raigemborn et al., 2014). Compared with the mam-
malian record, turtles became extinct before the Eocene—
Oligocene extreme drop in temperature. This might
be related to the fact that turtles are ectotherms and
depend more on external temperature to perform meta-
bolic activities (Dawson, 1975; Bennett, 1980;
Bartholomew, 1982). Moreover, due to their ectothermia,

diurnal reptiles could be particularly sensitive to climate
changes (Barrows, 2011). Consequently if the tem-
perature dropped beyond the range of temperatures
at which turtles can attempt to regulate their body
temperature they need to move to more temperate
areas or if this change is faster than their migration
or adaptation capabilities, they might become extinct
(Hutchison, 1982). In this regard, meiolaniids became
extinct in Patagonia, while chelids survived in lower
latitudes (from Buenos Aires Province towards the
north). After the extirpation of chelids and meiolaniids
in Patagonia, there were approximately 15 Myr where
there are no records of turtles in this region until
the appearance of testudinids in the Late Oligocene.
South American testudinids could have originated in
Africa, as has been suggested by de la Fuente (1988,
1997), and is consistent with molecular and biogeo-
graphical studies (Le et al., 2006). A similar
palaeobiogeographical scenario has also been pro-
posed for the platyrhine monkeys and hystricognath
rodents (Takai et al., 2000; Marivaux, Vianey-Liaud
& Jaegger, 2004; Poux et al., 2006; Antoine et al., 2012;
Kay, 2015).

AUSTRALASIAN RECORD OF MEIOLANIIDAE AND
SURVIVORSHIP OF THE CLADE AFTER GLOBAL COOLING

Although Sterli & de la Fuente (2013) have presented
a plausible palaeobiogeographical scenario for
meiolaniforms, more evidence on other taxa (e.g. chelid
turtles, madtsoiid snakes, marsupials, monotremes) is
needed to develop a stronger hypothesis about
the palaeobiogeography of southern Gondwana taxa. Fol-
lowing Sterli & de la Fuente’s (2013) palaeobiogeographical
scenario the clade Meiolaniidae may have originated in
Antarctica and then dispersed to Patagonia and Aus-
tralasia before the final separation of the three conti-
nents by the Late Eocene (Lawver et al., 2011). This
hypothesis is somewhat in agreement with the
palaeobiogeographical scenarios proposed for marsu-
pials (Beck et al., 2008; Beck, 2012; Black et al., 2012).
These authors proposed several hypotheses to explain
the presence of marsupials in Australasia. This pres-
ence could be the result of a single or multiple dispersal
events from South America to Australasia through Ant-
arctica sometime during the latest Cretaceous or Palaeocene
or, alternatively, the marsupial taxa were well spread in
the three continents during that time span (Beck et al.,
2008; Beck, 2012). At least up to now, the absence of
turtles (and snakes and monotremes) and the scarce record
of marsupials with Australasian affinities in the middle
Eocene of the La Meseta Formation (Seymour Island,
Antarctica) and the scarce fossil record of continental
vertebrates in the Late Cretaceous—Palaeogene of Aus-
tralasia (Black et al., 2012) obscure the palaeo-
biogeographical history of these clades during an
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important period for their evolution and distribution among
the southern continents.

In accordance with the mammalian record in Aus-
tralasia, the fossil record of turtles shows a large gap
between the Late Cretaceous and the middle Eocene
for chelids and Late Oligocene for meiolaniids (Gaffney,
1981; de Lapparent de Broin & Molnar, 2001). As was
mentioned above, the meiolaniids survived in Austral-
asia at least from the Late Oligocene to the Pleistocene—
Holocene (Gaffney, 1996). Why did meiolaniids (and
chelids) survive in Australasia after the worldwide cooling
at the Eocene—Oligocene boundary? In contrast to South
America, and particularly Patagonia, in Australasia there
has been a balance between global cooling and its drift-
ing northwards to warmer regions (McGowran et al.,
2004). In this sense, although the global temperatures
decreased since the middle Eocene climatic optimum
(Bohaty & Zachos, 2003) the movement of Australia
towards lower latitudes buffered these changes
(McGowran et al., 2004). From the Late Cretaceous to
the Eocene, Australia was connected to Antarctica. In
this time period Australia was located at high lati-
tudes with temperatures around 12 and 20 °C (McGowran
et al., 2004). The opening of the South Tasmanian Sea
(caused by the separation of Tasmania—Australia and
Antarctica) and the Drake Passage (caused by the sepa-
ration of South America and Antarctica) at the end of
the Eocene (Lawver et al., 2011) allowed circulation of
the circumpolar current (Zachos et al., 2001). The pres-
ence of this circumpolar current triggered the drop in
the temperatures in Antarctica, initializing the rapid
growth of ice sheets (Zachos et al., 2001). Although global
temperatures declined after the Eocene—Oligocene
boundary, the change in temperatures in the Austral-
ian continent was not as evident (at least in mid- and
lower latitudes) because the continent was drifting north-
wards (McGowran et al., 2004). As global climate was
becoming colder, Australasia was migrating towards
lower latitudes, compensating for this cooling.

Note that temperatures (and latitude) were compa-
rable during the Late Cretaceous—Early Eocene in Aus-
tralia and Patagonia, although as far as we know there
is no fossil record of turtles during that period in Aus-
tralia. Consequently, we suggest that the absence of
turtles duting that period could be a consequence of
a gap in the fossil record per se because this is coin-
cident with the gap in the fossil record also cited for
mammals (Black et al., 2012) and other continental ver-
tebrates (de Lapparent de Broin & Molnar, 2001;
Scanlon, 2005).

ACKNOWLEDGEMENTS

We thank the owner of the farm where we performed
the fieldwork, C. A. Cerbino, and D. Castro, I. Maniel,
D. Pol, P. Puerta, M. Ramirez and B. von Baczko for

their help during fieldwork. Special thanks to L. Reiner
(MEF) who prepared the specimens. We thank the col-
lection managers who allowed us to study the collec-
tions under their care: E. Ruigémez (MEF, Trelew), M.
Reguero (MLP, La Plata), A. Kramarz (MACN, Buenos
Aires), Y. Y. Zhen (Australian Museum, Sydney), I. Percival
(Geological Survey New South Wales, Sydney), K. Spring
and P. Wilson (Queensland Museum, Brisbane), T. Rich
(Victoria Museum, Melbourne), S. Chapman (Natural
History Museum, London), C. Mehling and E. Gaffney
(AMNH, New York). The line drawings of the speci-
mens were produced by J. Gonzalez. Thanks to I.
Werneburg for insight regarding cranial musculature.
The Willi Hennig Society is thanked for the free avail-
ability of TNT. We are grateful to W. G. Joyce, D.
Brinkman and an anonymous reviewer for their de-
tailed and constructive reviews and P. Hayward for edi-
torial work on the manuscript. This work was financed
by PIP 112-200801-00795 and PICT 2013-0095 (M.S.d.LF.),
and PICT-2010-0646 and National Geographic Grant
8975-11 (J.S.).

REFERENCES

Ameghino F. 1899. Sinopsis geolégica — paleontolégica.
Suplemento (adiciones y correcciones). Censo Nacional, La
Plata 1-13.

Anderson C. 1925. Notes on the extinct chelonian Meiolania,
with record of a new occurrence. Records of Australian Museum
14: 223-242.

Andreis RR. 1977. Geologia del area de Canadén Hondo, Depto
Escalante, provincia del Chubut, Republica Argentina. Obra
Centenario de La Plata 4: 77-102.

Anquetin J. 2012. Reassessment of the phylogenetic inter-
relationships of basal turtles (Testudinata). Journal of Sys-
tematic Palaeontology 10: 3—45.

Antoine P-O, Marivaux L, Croft DA, Billet G, Ganerod
M, Jaramillo C, Martin T, Orliac MJ, Tejada J,
Altamirano AdJ. 2012. Middle Eocene rodents from Peru-
vian Amazonia reveal the pattern and timing of caviomorph
origins and biogeography. Proceedings of the Royal Society
of London B 279: 1319-1326.

Barrett PM, Clarke JB, Brinkman DB, Chapman SD,
Ensom PC. 2002. Morphology, histology and identification
of the ‘granicones’ from the Purbeck Limestone Formation
(Lower Cretaceous: Berriasian) of Dorset, southern England.
Cretaceous Research 23: 279-295.

Barrows CW. 2011. Sensitivity to climate change for two rep-
tiles at the Mojave—Sonoran Desert interface. Journal of Arid
Environments 75: 629-635.

Bartholomew GA. 1982. Physiological control of body tem-
perature. In: Gans C, Pough FH, eds. Biology of Reptilia,
Vol. 12. Physiology C. Physiological ecology. New York: Aca-
demic Press, 167-211.

Baur G. 1887. Ueber den Ursprung der Extremitidten der
Ichthyopterygia. Bericht des Oberrheinischen Geologischen
Vereins 20: 17-20.

© 2015 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 174, 519-548



A NEW HORNED TURTLE FROM PATAGONIA 545

Beck RM. 2012. An ‘ameridelphian’ marsupial from the early
Eocene of Australia supports a complex model of Southern
Hemisphere marsupial biogeography. Die Naturwissenschaften
99: 715-729.

Beck RM, Godthelp H, Weisbecker V, Archer M, Hand
Sd. 2008. Australia’s oldest marsupial fossils and their bio-
geographical implications. PLoS ONE 3: e1858.

Bellosi ES, Krause JM. 2014. Onset of the Middle Eocene
global cooling and expansion of open-vegetation habitats in
central Patagonia. Andean Geology 41: 29-48.

Bellosi ES, Laza JH, Sanchez MV, Genise JF. 2010.
Ichnofacies analysis of the Sarmiento Formation (middle
Eocene—early Miocene) at Gran Barranca, central Patago-
nia. In: Madden RH, Carlini AA, Vucetich MG, Kay RF, eds.
The paleontology of Gran Barranca: evolution and environ-
mental change through the Middle Cenozoic of Patagonia.
Cambridge: Cambridge University Press, 306-316.

Bennett AF. 1980. The metabolic foundations of vertebrate
behavior. Bioscience 30: 452-456.

Black KH, Archer M, Hand SJ, Godthelp H. 2012. The rise
of Australian marsupials: a synopsis of biostratigraphic,
phylogenetic, palaeoecologic and palaeobiogeographic under-
standing. In: Talent JA, ed. Earth and life. Berlin: Springer,
983-1078.

Bohaty SM, Zachos JC. 2003. Significant Southern Ocean
warming event in the late middle Eocene. Geology 31: 1017—
1020.

Bona P. 2006. Paleocene (Danian) chelid turtles from Pata-
gonia from Patagonia, Argentina: taxonomic and biogeo-
graphic implications. Neues Jahrbuch fiir Geologie und
Paldontologie 241: 303-303.

Boulenger GA. 1887. On the systematic position of the genus
Miolania Owen (Ceratochelys Huxley). Proceedings of the Zoo-
logical Society of London 1887: 554-555.

de Broin F. 1987. The Late Cretaceous fauna of Los Alamitos,
Patagonia, Argentina. Part IV, Chelonia. Revista Museo
Argentino de Ciencias Naturales ‘Bernardino Rivadavia’
Paleontologia 3: 131-139.

de Broin F, de la Fuente MS. 1993. Les tortues fossiles
d’Argentine: synthese. Annales de Paléontologie 79: 169-232.

Cione AL, Gouiric-Cavalli S, Gelfo JN, Goin FdJ. 2011. The
youngest non-lepidosirenid lungfish of South America (Dipnoi,
latest Paleocene—earliest Eocene, Argentina). Alcheringa 35:
193-198.

Dawson WR. 1975. On the physiological significance of the
preferred body temperatures of reptiles. In: Gates DM, Schmerl
RB, eds. Perspectives of biophysical ecology. Berlin: Springer,
443-473.

Ernst CH, Barbour RW. 1989. Turtles of the world. Wash-
ington, DC: Smithsonian Institution Press.

Feruglio E. 1949. Descripcion geolégica de la Patagonia 2.
Direccion General de Yacimientos Petroliferos Fiscales. Buenos
Aires: Imprenta Coni.

Flynn J, Wyss A. 1998. Recent advances in South American
mammalian paleontology. TREE 13: 449-454.

de la Fuente MS. 1988. Las tortugas Chelidae (Pleurodira)
y Testudinidae (Cryptodira) del Cenozoico argentino. Un-
published Doctoral Thesis, Universidad Nacional de La Plata.

de la Fuente MS. 1997. Las tortugas pleistocenas del extremo
meridional de la provincia de Santa Fé, Argentina. Stvdia
Geoldgica Salmanticensia 33: 67-90.

de la Fuente MS, Sterli J, Maniel 1. 2013. Origin, evolu-
tion and biogeographic history of South American turtles.
Dordrecht: Springer Earth System Sciences.

de la Fuente MS, Umazano AM, Sterli J, Carballido JI.
2011. New chelid of the lower section of the Cerro Barcino
formation (Aptian—Albian?), Patagonia. Cretaceous Re-
search 32: 527-537.

Gaffney EG, Meylan PA. 1988. A phylogeny of turtles. In:
Benton M, ed. The phylogeny and classifications of tetrapods.
Oxford: Clarendon Press, 157-219.

Gaffney ES. 1979. Comparative cranial morphology of the recent
and fossil turtles. Bulletin of the American Museum of Natural
History 164: 65-375.

Gaffney ES. 1981. A review of the fossil turtles of Australia.
American Museum Novitates 2720: 1-38.

Gaffney ES. 1983. The cranial morphology of the extinct horned
turtle, Meiolania platyceps, from the Pleistocene of Lord Howe
Island, Australia. Bulletin of the American Museum of Natural
History 175: 361-480.

Gaffney ES. 1985. The cervical and caudal vertebrae of the
Cryptodiran turtle, Meiolania platyceps, from the Pleisto-
cene of Lord Howe Island, Australia. American Museum
Novitates 2805: 1-29.

Gaffney ES. 1990. The comparative osteology of the Triassic
turtle Proganochelys. Bulletin of the American Museum of
Natural History 194: 1-263.

Gaffney ES. 1992. Ninjemys, a new name for ‘Meiolania’ oweni
(Woodward), a horned turtle from the Pleistocene of Queens-
land. American Museum Novitates 3049: 1-10.

Gaffney ES. 1996. The postcranial morphology of Meiolania
platyceps and a review of the Meiolaniidae. Bulletin of the
American Museum of Natural History 229: 1-165.

Gaffney ES, Archer M, White A. 1992. Warkalania, a new
meiolaniid turtle from the Tertiary Riversleigh deposit of
Queensland, Australia. The Beagle, Records of the Northern
Territory Museum of Arts and Sciences 9: 35—-48.

Gaffney ES, Kool L, Brinkman DB, Rich TH, Vickers-
Rich P. 1998. Otwayemys, a new cryptodiran turtle from
the early Cretaceous of Australia. American Museum Novitates
3233: 1-28.

Gaffney ES, Meylan PA. 1992. The Transylvanian turtle
Kallokibotion, a primitive Cryptodire of Cretaceous Age. Ameri-
can Museum Novitates 3040: 1-37.

Gaffney ES, Meylan PA, Wyss A. 1991. A computer assist-
ed analysis of the relationships of the higher categories of
turtles. Cladistics 7: 313-335.

Gaffney ES, Rich TH, Vickers-Rich P, Constantine A, Vacca
R, Kool L. 2007. Chubutemys, a new Eucryptodiran turtle
from the Early Cretaceous of Argentina, and the relation-
ships of the Meiolaniidae. American Museum Novitates 3599:
1-35.

Gaina C, Muller DR, Royer J-Y, Stock J, Hardebeck J,
Symonds P. 1998. The tectonic history of the Tasman Sea:
a puzzle with 13 pieces. Journal of Geophysical Research 103:
12413-12433.

© 2015 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 174, 519-548



546 J. STERLI ET AL.

Goin FJ, Abello MA, Chornogubsky L. 2010. Middle
Tertiary marsupials from central Patagonia (early Oligo-
cene of Gran Barranca): understanding South America’s
Grande Coupure. In: Madden RH, Carlini AA, Vucetich MG,
Kay RF, eds. The paleontology of Gran Barranca: evolution
and environmental change through the Middle Cenozoic of
Patagonia. Cambridge: Cambridge University Press, 69—
105.

Goloboff P, Farris J, Nixon K. 2008a. TNT: tree search using
new technology, vers. 1.1 (Willy Hennig 1230 Society Edition).
Program and documentation. Available at: http:/www.zmuc.dk/
public/phylogeny/tnt/

Goloboff P, Farris J, Nixon K. 2008b. A free program for
phylogenetic analysis. Cladistics 24: 774-786.

Goloboff PA, Farris JS, Kallersjo M, Oxelman B, Ramirez
M, Szumik CA. 2003. Improvements to resampling meas-
ures of group support. Cladistics 19: 324-332.

Goémez RO, Baez AM, Muzzopappa P. 2011. A new hel-
meted frog (Anura: Calyptocephalellidae) from an Eocene sub-
tropical lake in northwestern Patagonia, Argentina. Journal
of Vertebrate Paleontology 31: 50-59.

Hay OP. 1908. The fossil turtles of North America. Washing-
ton, DC: Carnegie Institution of Washington.

Hirayama R, Brinkman DB, Danilov IG. 2000. Distribu-
tion and biogeography of non-marine Cretaceous turtles.
Russian Journal of Herpetology 7: 181-198.

Hutchison JH. 1982. Turtle, crocodilian, and champsosaur di-
versity changes in the Cenozoic of the north-central region
of western United States. Palaeogeography, Palaeoclimatology,
Palaeoecology 37: 149-164.

Iverson JB. 1992. A revised checklist with distribution maps
of the turtles of the world. Richmond: Privately Printed.
Jokat W, Boebel T, Konig M, Meyer U. 2003. Timing and
geometry of early Gondwana breakup. Journal of Geophysi-

cal Research 108: 2428.

Joyce WG. 2007. Phylogenetic relationships of Mesozoic turtles.
Bulletin of the Peabody Museum of Natural History 48:
3-102.

Joyce WG, Sterli J, Chapman SD. 2014. The skeletal mor-
phology of the solemydid turtle Naomichelys speciosa from
the Early Cretaceous of Texas. Journal of Paleontology 88:
1257-1287.

Kemp DB, Robinson SA, Crame JA, Francis JE, Ineson
J, Whittle RJ, Bowman V, O’Brien C. 2014. A cool tem-
perate climate on the Antarctic Peninsula through the latest
Cretaceous to early Paleogene. Geology 42: 583-586.

Kay R. 2015. Biogeography in deep time — what do
phylogenetics, geology, and paleoclimate tell us about early
platyrrhine evolution? Molecular Phylogenetic and Evolu-
tion 82: 358-374.

Khosatzky LI. 1997. Large turtles from the Late Cretaceous
of Mongolia. Russian Journal of Herpetology 4: 148-154.
Klein IT. 1760. Klassification und kurze Geschichte der

Vierfiissigen Thiere. Liibeck: Jonas Schmidt.

Krause JM. 2010. Paleosuelos e icnologia del Grupo Rio Chico
(Paleoceno-Eoceno) en la Patagonia Central, Argentina. Un-
published Doctoral Thesis, Universidad Nacional de San Luis,
Argentina.

Krause JM, Bellosi ES, Raigemborn MS. 2010. Lateritized
tephric palaeosols from Central Patagonia, Argentina: a south-
ern high-latitude archive of Palaeogene global greenhouse
conditions. Sedimentology 57: 1721-1749.

de Lapparent de Broin F, Molnar R. 2001. Eocene chelid
turtles from Redbank Plains, Southeast Queensland, Aus-
tralia. Geodiversitas 23: 41-79.

de Lapparent de Broin F, Murelaga X. 1999. Turtles
from the Upper Cretaceous of Lano (Iberian peninsula).
Estudios del Museo de Ciencias Naturales de Alava 14: 135—
211.

Lawver LA, Gahagan LM, Dalziel IW. 2011. A different look
at gateways: Drake Passage and Australia/Antarctica. In: An-
derson JB, Wellner JS, eds. Tectonic, climatic, and cryospheric
evolution of the Antarctic Peninsula. Washington, DC: Ameri-
can Geophysical Union, 5-33.

Le M, Raxworthy CJ, McCord WP, Mertz L. 2006. A mo-
lecular phylogeny of tortoises (Testudines, Testudinidae) based
on mitochondrial and nuclear genes. Molecular, Phylogenetic
and Evolution 40: 517-531.

Livermore R, Nankivell A, Eagles G, Morris P. 2005.
Paleogene opening of Drake passage. Earth and Planetary
Science Letters 236: 459-470.

Marivaux L, Vianey-Liaud M, Jaegger JdJ. 2004.
High-level phylogeny of early Tertiary rodents: dental evi-
dence. Zoological Journal of the Linnean Society 142: 105—
134.

Martin HA. 2006. Cenozoic climatic change and the develop-
ment of the arid vegetation in Australia. Journal of Arid En-
vironments 66: 533-563.

McCartney GC. 1934. The ‘Argilles Fissilaires’ a series of opal-
bearing rocks of Patagonia. American Museum Novitates 687:
1-8.

McGowran B, Holdgate GR, Li Q, Gallagher SJ. 2004. Ce-
nozoic stratigraphic succession in southeastern Australia. Aus-
tralian Journal of Earth Sciences 51: 459-496.

Megirian D. 1992. Meiolania brevicollis sp. nov (Testudines:
Meiolaniidae): a new horned turtle from the Australian
Museum. Alcheringa 16: 93-106.

Merico A, Tyrrell T, Wilson PA. 2008. Eocene/Oligocene ocean
de-acidification linked to Antarctic glaciation by sea-level fall.
Nature 452: 979-982.

Morrone JdJ. 2002. Biogeographical regions under track and
cladistic scrutiny. Journal of Biogeography 29: 149-152.
Morrone JdJ. 2006. Biogeographic areas and transition zones
of Latin America and the Caribbean islands based on
panbiogeographic and cladistic analysis of the entomofauna.

Annual Review of Entomology 51: 467-494.

Morrone JdJ. 2009. Evolutionary biogeography: an integra-
tive approach with case studies. New York: Columbia Uni-
versity Press.

Nopcsa F. 1923. On the geological importance of the primi-
tive reptilian fauna of the Uppermost Cretaceous of Hungary;
with a description of a new tortoise (Kallokibotion). Quar-
terly Journal of the Geological Society 79: 100-116.

Ortiz-Jaureguizar E, Cladera GA. 2006. Paleoenvironmental
evolution of southern South America during the Cenozoic.
Journal of Arid Environments 66: 498-532.

© 2015 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 174, 519-548


http://www.zmuc.dk/public/phylogeny/tnt/
http://www.zmuc.dk/public/phylogeny/tnt/

A NEW HORNED TURTLE FROM PATAGONIA 547

Otero RA, Soto-Acuna S, Yury-Yanez R. 2012. Primer registro
de tortugas y cocodrilos en el Eoceno de Magallanes, extremo
sur de Chile. XIII Congreso Geolégico Chileno 3: eb.

Owen R. 1858. Description of some remains of a gigantic land-
lizard (Megalania prisca, Ow.) from Australia. Philosophi-
cal Transactions of the Royal Society of London 149: 43—48.

Owen R. 1886. Description of some fossil remains of two species
of a Megalanian genus (Meiolania) from ‘Lord Howe’s Island’.
Philosophical Transactions of the Royal Society, London B
179: 181-191.

Pascual R. 1984. La sucesion de las Edades-mamifero, de los
climas y del diastrofismo sudamericanos durante el Cenozoico:
Fenémenos concurrentes. Anales de la Academia Nacional
de Ciencias Exactas, Fisicas y Naturales 36: 15-37.

Pascual R, Archer M, Ortiz Jaureguizar E, Prado E,
Godthelp H, Hand SJ. 1992. First discovery of monotremes
in South America. Nature 356: 704-706.

Pascual R, Ortiz-Jaureguizar E. 2007. The Gondwanan and
South American episodes: two major and unrelated moments
in the history of the South American mammals. Journal of
Mammalian Evolution 14: 75-137.

Piatnitzky A. 1931. Observaciones estratigraficas sobre las
tobas con mamiferos del Terciario inferior en el valle del rio
Chico (Chubut). Boletin de Informaciones Petroleras 85: 617—
634.

Pol D, Escapa IH. 2009. Unstable taxa in cladistic analysis:
identification and the assessment of relevant characters.
Cladistics 25: 515-5217.

Pol D, Leardi JM, Lecuona A, Krause JM. 2012. Postcranial
anatomy of Sebecus icaeorhinus (Crocodyliformes, Sebecidae)
from the Eocene of Patagonia. Journal of Vertebrate
Paleontology 32: 328-354.

Poux C, Chevret P, Huchon D, De Jong W, Douzery EJP.
2006. Arrival and Diversification of Caviomorph rodents and
platyrrhine primates in South America. Systematic Biology
55: 228— 244.

Rabi M, Zhou CF, Wings O, Ge S, Joyce WG. 2013. A new
xinjiangchelyid turtle from the Middle Jurassic of Xinjiang,
China and the evolution of the basipterygoid process in Meso-
zoic turtles. BMC Evolutionary Biology 13: 203.

Raigemborn MS, Gémez-Peral LE, Krause JM, Matheos
SD. 2014. Controls on clay minerals assemblages in an early
paleogene nonmarine succession: implications for the vol-
canic and paleoclimatic record of extra-andean Patagonia,
Argentina. Journal of South American Earth Sciences 52:
1-23.

Raigemborn MS, Krause JM, Bellosi ES, Matheos SD. 2010.
Redefinicion estratigrafica del Grupo Rio Chico (Paleégeno
inferior), en el norte de la cuenca del Golfo San Jorge, Chubut,
Argentina. Revista de la Asociacién Geoldgica Argentina 67:
239-256.

Ree RH, Smith SA. 2008. Maximum likelihood inference of
geographic range evolution by dispersal, local extinction, and
cladogenesis. Systematic Biology 57: 4-14.

Ree RH, Moore BR, Webb CO, Donoghue MdJ. 2005. A like-
lihood framework for inferring the evolution of geographic
range on phylogenetic trees. Evolution 59: 2299-2311.

Rougier GW, de la Fuente MS, Arcucci AB. 1995. Late Tri-
assic turtles from South America. Science 268: 855—-858.
Sanmartin I, Ronquist F. 2004. Southern hemisphere bio-
geography inferred by event- based models: plant versus animal

patterns. Systematic Bioloogy 53: 216-243.

Scanlon JD. 2005. Australia’s oldest known snakes:
patagoniophis, Alamitophis, and cf. Madtsoia (Squamata:
Madtsoiidae) from the Eocene of Queensland. Memoirs of the
Queensland Museum 51: 215-235.

Scanlon JD, Lee MSY. 2000. The Pleistocene serpent Wonambi
and the early evolution of snakes. Nature 403: 416-420.
Schaeffer B. 1947. An Eocene Serranid from Patagonia. Ameri-

can Museum Novitates 1331: 1-9.

Shah RV. 1963. The neck musculature of a cryptodire
(Deirochelys) and a pleurodire (Chelodina) compared. Bul-
letin of the Museum of Comparative Zoology 129: 343—-368.

Sigé B, Archer M, Crochet JY, Godthelp H, Hand S, Beck
R. 2009. Chulpasia and Thylacotinga, late Paleocene-
earliest Eocene trans-Antarctic Gondwanan bunodont mar-
supials: new data from Australia. Geobios 42: 813-823.

Simpson GG. 1935. Occurrence and relationships of the Rio
Chico fauna of Patagonia. American Museum Novitates 818:
1-21.

Simpson GG. 1937. New reptiles from the Eocene of South
America. American Museum Novitates 927: 1-13.

Simpson GG. 1938. Crossochelys, Eocene horned turtle from
Patagonia. Bulletin of the American Museum of Natural History
74: 221-254.

Stehlin HG. 1909. Remarques sur les faunules de mammiferes
des couches éocénes et oligocenes du Basin de Paris. Bul-
letin de la Société de Géologie de France 9: 488-520.

Sterli J. 2008. A new, nearly complete stem turtle from the
Jurassic of South America with implications for turtle evo-
lution. Biology Letters 4: 286-289.

Sterli J. in press. A review of the fossil record of Gondwanan
turtles of the clade Meiolaniformes. Bulletin of the Peabody
Museum of Natural History.

Sterli J, de la Fuente MS. 2011a. A new turtle from the La
Colonia Formation (Campanian—Maastrichtian), Patagonia,
Argentina, with remarks on the evolution of the vertebral
column in turtles. Palaeontology 54: 63-78.

Sterli J, de la Fuente MS. 2011b. Re-description and evo-
lutionary remarks on the Patagonian horned turtle Niolamia
argentina Ameghino, 1899 (Testudinata; Meiolaniidae). Journal
of Vertebrate Paleontology 31: 1210-1229.

Sterli J, de la Fuente MS. 2013. New evidence from the
Palaeocene of Patagonia (Argentina) on the evolution and
palaeobiogeography of meiolaniid-like turtles (Testudinata).
Journal of Systematic Palaeontology 11: 835-852.

Sterli J, de la Fuente MS, Cerda IA. 2013b. A new species
of meiolaniform turtle and a revision of the Late Creta-
ceous Meiolaniformes of South America. Ameghiniana 50: 240—
256.

Sterli J, de la Fuente MS, Rougier GW. 2007. Anatomy and
relationships of Palaeochersis talampayensis, a Late Trias-
sic turtle from Argentina. Palaeontographica Abteilung A 281:
1-61.

© 2015 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 174, 519-548



548 J. STERLI ET AL.

Sterli J, de la Fuente MS, Umazano AM. 2015. New remains
and new insights on the Gondwanan meiolaniform turtle
Chubutemys copelloi from the Lower Cretaceous of Patago-
nia, Argentina. Gondwana Research 27: 978-994.

Sterli J, Miiller J, Anquetin J, Hilger A. 2010. The
parabasisphenoid complex in Mesozoic turtles and the evo-
lution of the testudinate basicranium. Canadian Journal of
Earth Sciences 47: 1337-1346.

Sterli J, Pol D, Laurin M. 2013a. Incorporating phylogenetic
uncertainty on phylogenybased palaeontological dating and
the timing of turtle diversification. Cladistics 29: 233-246.

Sukhanov VB. 2000. Mesozoic turtles of middle and central
Asia. In: Benton MJ, Shishkin MA, Unwin DM, Kurochkin
EN, eds. The age of dinosaurs in Russia and Mongolia. Cam-
bridge: Cambridge University Press, 309-367.

Suzuki S, Chinzorig T. 2010. A catalog of Mongolochelys col-
lected by the HMNS-MPC Joint Paleontological Expedi-
tion. Hayashibara Museum of Natural Sciences Research
Bulletin 3: 119-131.

Takai M, Anaya F, Shigehara N, Seroguch T. 2000. New
fossil materials of the earliest new world monkey, Branisella
boliviana, and the problem of platyrrhine origins. Ameri-
can Journal of Physical Anthropology 111: 263-281.

van Tuinen M, Sibley CG, Hedges SB. 1998. Phylogeny and
biogeography of ratite birds inferred from DNA sequences
of the mitochondrial ribosomal genes. Molecular Biology and
Evolution 15: 370-376.

Werneburg I. 2011. The cranial musculature of turtles.
Palaeontologia Electronica 14: 1-99.

White AW, Worthy TH, Hawkins S, Bedford S, Spriggs
M. 2010. Megafaunal meiolaniid horned turtles survived until
early human settlement in Vanuatu, Southwest Pacific. Pro-
ceedings of ther National Academy of Sciences USA 107:
15512-15516.

Woodburne MO, Case JA. 1996. Dispersal, vicariance, and
the Late Cretaceous to Early Tertiary Land Mammal Bio-
geography from South America to Australia. Journal of Mam-
malian Evolution 3: 121-161.

Woodburne MO, Goin FJ, Raigemborn MS, Heizler M,
Heizler M, Gelfo J, Olivera EV. 2014. Revised timing of
the South American early Paleogene land mammal ages.
Journal of South American Earth Sciences 54: 109-119.

Woodward AS. 1888. Note on the extinct reptilian genera
Megalania, Owen and Meiolania, Owen. The Annals and
Magazine of Natural History 6: 85-89.

Zachos JC, Pagani M, Sloan IC, Thomas E, Billups K. 2001.
Trends, rhythms, and aberrations in global climate 65 Ma
to present. Science 292: 686—693.

Zangerl R. 1969. The turtle shell. In: Gans C, Bellairs A d’A,
Parsons TS, eds. Biology of Reptilia, morphology A. London:
Academic Press, 311-339.

Zhou C-F, Rabi M, Joyce W. 2014. A new specimen of
Manchurochelys manchoukuoensis from the Early Creta-
ceous Jehol Biota of Chifeng, Inner Mongolia, China and the
phylogeny of Cretaceous basal eucryptodiran turtles. BMC
Evolutionary Biology 14: T17.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-site:

Supporting Information 1. Taxa scored in the matrix.

Supporting Information 2. Matrix in nexus file with the MPTs.

Supporting Information 3. Matrix in tnt format.

Supporting Information 4. Summary of the biogeographical analysis using the DEC model.

Supporting Information 5. Calibrated tree number 1.

Supporting Information 6. Calibrated tree number 2.

Supporting Information 7. Calibrated tree number 3.

Supporting Information 8. File with the input data about dispersal constraints for DEC analysis.
Supporting Information 9. Lagrange file for tree number 1.

Supporting Information 10. Lagrange file for tree number 2.

Supporting Information 11. Lagrange file for tree number 3.

Supporting Information 12. MPTs in nexus file.

Supporting Information 13. MPTs in ctf.

Supporting Information 14. Strict consensus tree with all the taxa.

Supporting Information 15. Reduced strict consensus tree with three taxa pruned (Patagoniaemys gasparinae,
Gaffneylania auricularis and Hangaiemys hoburensis). Bremer support, and bootstrap and jackknife resamplings.
Supporting Information 16. Reduced strict consensus tree showing the alternative position of pruned taxa:
Patagoniaemys gasparinae, Gaffneylania auricularis and Hangaiemys hoburensis.

Supporting Information 17. List of common synapomorphies.

Supporting Information 18. Result of the script of Pol & Escapa (2009).

Supporting Information 19. Results of DEC analysis for tree number 1.

Supporting Information 20. Results of DEC analysis for tree number 2.

Supporting Information 21. Results of DEC analysis for tree number 3.

© 2015 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 174, 519-548



