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ARTICLE

CYCLOTOSAURUS NARASERLUKI, SP. NOV., A NEW LATE TRIASSIC CYCLOTOSAURID
(AMPHIBIA, TEMNOSPONDYLI) FROM THE FLEMING FJORD FORMATION OF THE

JAMESON LAND BASIN (EAST GREENLAND)
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�
rdsvej 8, DK-4751 Borre, Denmark;

5Department of Organismal Biology and Anatomy, University of Chicago, Chicago, Illinois 60637, U.S.A., nshubin@uchicago.edu

ABSTRACT —Cyclotosaurus naraserluki, sp. nov., is a new Late Triassic capitosaurid amphibian from lacustrine deposits in
the Fleming Fjord Formation of the Jameson Land Basin in Greenland. It is based on a fairly complete and well-preserved
skull associated with two vertebral intercentra. Previously reported asCyclotosauruscf. posthumus, C. naraserluki is unique
among cyclotosaurs for having the postorbitals embaying the supratemporals posteromedially. The anterior palatal vacuity
presents an autapomorphic complete subdivision by a wide medial premaxillary-vomerine bony connection. The
parasphenoid projects between the pterygoids and the exoccipitals, preventing a suture between the two, a primitive
condition shared with Rhinesuchidae, Eryosuchus, and Kupferzellia . Within Cyclotosaurus, the Greenlandic skull has a
distinctive combination of circular choanae (shared with C. ebrachensis, C. posthumus, and C. robustus) and a convex
posteromedial margin of the tabulars (also present inC. ebrachensisand C. intermedius). A phylogenetic analysis indicates
that C. naraserluki is the sister taxon of the middle Norian C. mordax from southern Germany, with which it shares a pair of
premaxillary foramina. Cyclotosaurusis one of the most successful and diverse genera of Late Triassic temnospondyls, with at
least eight species reported from middle Carnian to late Norian. Cyclotosaurus naraserluki is the largest amphibian ever
reported from Greenland and one of the Late Triassic vertebrates with the highest northern paleolatitude currently known.

http://zoobank.org/urn:lsid:zoobank.org:pub:43AAA541-031C-4EE1-B819-4846EBBD1BBB

SUPPLEMENTAL DATA —Supplemental materials are available for this article for free at www.tandfonline.com/UJVP
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nov., a new Late Triassic cyclotosaurid (Amphibia, Temnospondyli) from the Fleming Fjord Formation of the Jameson Land
Basin (East Greenland). Journal of Vertebrate Paleontology. DOI: 10.1080/02724634.2017.1303501.

INTRODUCTION

Late Triassic lake deposits of NorianÐ?early Rhaetian age of
the Fleming Fjord Formation are very well exposed along the
margin of the Jameson Land Basin in East Greenland (Clemmen-
sen, 1980a, 1980b) (Fig. 1A-B). These lacustrine deposits have
yielded a rich and diverse vertebrate fauna, including most of the
main vertebrate groups known from the Late Triassic (Jenkins et
al., 1994, 1997, 2001, 2008; Clemmensen et al., 1998, 2016; Gatesy
et al., 1999; Mil�an et al., 2012; Mateus et al., 2014; Sulej et al.,
2014; Hansen et al., 2016; Marzola et al., 2016). The amphibian
fauna reported from the Jameson Land Basin includes the plagio-
saurid Gerrothorax pulcherrimus Fraas, 1913 (Jenkins et al.,
2008), and remains tentatively associated with the capitosaurid
CyclotosaurusFraas, 1889 (Jenkins et al., 1994; Sulej et al., 2014).

Cyclotosaurus belongs to a family of Late Triassic temno-
spondyl amphibians, the Cyclotosauridae, sensu Damiani (2001)
and Schoch (2008), characterized by a dorsoventrally ßat,

elongated, parabolic skull, with eye sockets placed in the poste-
rior half of the head, a long, laterally compressed tail, and rela-
tively short limbs (Milner, 1994; Rinehart and Lucas, 2016).
Moreover, at least four synapomorphies are known to identify
cyclotosaurids: infraorbital canals curving over the lacrimals
with a ÔZÕ shape, vomerine tusks positioned lateral to the palatal
vacuity, a wide parabolic snout, and a vomerine palate as long as
wide (Damiani, 2001; Schoch, 2008). Among the largest amphib-
ians to have ever lived (total body length up to 3 m), cyclotosaur-
ids were mostly piscivorous, semi-aquatic predators, colonizing
freshwater niches, such as rivers and lakes, as well as coastal
brackish to marine areas (Milner, 1994; Fortuny et al., 2016;
Witzmann et al., 2016).

In this study, we provide the Þrst complete anatomical descrip-
tion and phylogenetic analysis of the capitosaurid skull reported
in Jenkins et al. (1994) and associated vertebral intercentra. We
support the original assignment of the Greenlandic specimen to
the genus Cyclotosaurus based on the undoubted presence
of seven of the eight synapomorphies given for this genus in
Witzmann et al. (2016). Cyclotosaurus naraserlukiis erected as a
new species, based on a combination of autapomorphies and
associated characters unique among known cyclotosaurids.
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Institutional Abbreviations —BSPG, Bayerische Staatssamm-
lung f ur Pal aontologie und Geologie, Munich, Germany;
GCMO , GeoCenter Møns Klint, Borre, Denmark; MB , Museum
f ur Naturkunde Berlin, Berlin, Germany; MGUH , Geological
Museum, University of Copenhagen, Copenhagen, Denmark;
NMMNH , New Mexico Museum of Natural History, Albuquer-
que, New Mexico, U.S.A.; SMNS, Staatliches Museum f ur
Naturkunde Stuttgart, Stuttgart, Germany; UCMP , University
of California Museum of Paleontology, Berkeley, California,
U.S.A.; ZPAL , Institute of Paleobiology, Polish Academy of Sci-
ences, Warsaw, Poland.

Anatomical Abbreviations —AF , adductor fossa;APV , ante-
rior palatal vacuity; CH, choana;ex, exoccipital; ept, ectoptery-
goid; f, frontal; ij , insula jugalis; IOS, infraorbital sulcus; j , jugal;
l, lacrimal; mx, maxilla; n, nasal; NA , naris; OF, otic fenestra;
OR, orbit; pal, palatine; par, parietal; pas, parasphenoid;pat, pal-
atine tusk; PF, parietal foramen; PMF, premaxillary foramen;
pmx, premaxilla; pof, postfrontal; POS, postorbital sulcus; poo,
postorbital; pp, postparietal; pos, postsplenial; PQF, paraqua-
drate foramen; prf , prefrontal; ps, parasphenoid; pt, pterygoid;
PV, palatal vacuity; q, quadrate; qj , quadratojugal; s, squamosal;
st, supratemporal; SOS, supraorbital sulcus;t, tabular; to, tooth;
v, vomer; vt, vomerine tusk.

MATERIALS AND METHODS

Cyclotosaurus naraserluki: holotype MGUH.VP 9522 (Figs. 2Ð
5), a nearly complete skull on exhibit at the GeoCenter of M øns
Klint, Denmark. Associated with the skull are two intercentra,
MGUH.VP 9523 and MGUH.VP 9524 (Fig. 6). Locality:
Macknight Bjerg Quarry, Jameson Land, Greenland (see
Jenkins et al., 1994). Horizon and age: Late Triassic (late Norian)
of the Fleming Fjord Formation (see Jenkins et al., 1994) (Fig. 1).

Other Taxa Used for Comparison from Personal Observation
and the Literature

The following specimens were analyzed by personal observa-
tion of original material: Cyclotosaurus intermediusSulej and
Majer, 2005: ZPAL Ab III 1173 (holotype); C. mordax Fraas,
1913: SMNS 13014 (holotype), 50008, 50059, 50063, and 51102;
C. posthumusFraas, 1913: SMNS 12988 (holotype);C. robustus
von Meyer and Plieninger, 1844: SMNS 5775 (holotype), 4139,
and 4935;Eocyclotosaurus wellesiSchoch, 2000: UCMP 42841
(holotype), 41343, 41645, 41646, 55466, 123590, 123595, and
125364;E. appetolatusRinehart et al., 2015: NMMNH P-64166
(holotype), 43126, 63328, 64360, 66832, and 67401;Kupferzellia
wildi Schoch, 1997: SMNS 54670 (holotype); andQuasicycloto-
saurus campi Schoch, 2000: UCMP 37754 (holotype), 41635,
132022, 172489, 172490, 172491, 172492, and 172493. Photos of
C. ebrachensisKuhn, 1932, BSPG 1931 X 1 (holotype), were
kindly provided by Dr. Oliver Rauhut.

From the literature, the following species were analyzed:C.
buechneri (Witzmann et al., 2016:85, 87, Þgs. 2Ð3);C. hemprichi
(Kuhn, 1942:tables IÐIII); Mastodonsaurus cappelensis(Wepfer,
1923);M. giganteus(Schoch, 1999:150, Þg. 54);Paracyclotosaurus
davidi (Watson, 1956:255, Þg. 14); andProcyclotosaurus stanto-
nensis(Paton, 1974:256, Þg. 1).

Phylogenetic Analysis

Cyclotosaurus naraserlukiMGUH.VP 9522 was coded in the
data set by Witzmann et al. (2016) for a total of 17 taxa and 69 char-
acters (Appendix 1). Character 7 of Witzmann et al. (2016) was
reformulated for the present analysis as character 7: Lateral line
sulci: weakly impressed and discontinuous (0); continuous and well
impressed (1); well impressed laterally and weakly impressed or
discontinuous medially (2). State 2 for character 7 was coded for
C. ebrachensis, C. hemprichi, C. mordax, C. naraserluki, C.

posthumus, and C. robustus. We used TNT 1.5-beta, available at
www.lillo.org.ar/phylogeny/tnt (Goloboff and Catalano, 2016).
We performed an heuristic search, with 1000 replications using
Wagner trees as starting trees, followed by tree-bisection-recon-
nection (TBR), retaining 10 trees per replication.

GEOLOGICAL SETTING

The Fleming Fjord Formation is exposed in East Greenland at
the Jameson Land Basin, between 70� and 73� N (Clemmensen,
1980a, 1980b; Clemmensen et al., 1998, 2016) (Fig. 1). During
the Late Triassic, the Jameson Land Basin lay farther to the
south, at around 40� N (Kent and Clemmensen, 1996; Kent and
Tauxe, 2005). The basin was located in a climatic transition zone
of the Pangaea continent, between a relatively dry inland of the
supercontinent and a more humid peripheral part (Clemmensen
et al., 1998, 2016; Kent et al., 2014).

Three members of cyclically bedded lacustrine deposits from
the Late Triassic Fleming Fjord Formation, with a thickness of
300Ð400 m are: the lowermost Edderfugledal Member, the mid-
dle Malmros Klint Member, and the uppermost Ørsted Dal
Member (Clemmensen, 1980a, 1980b; Clemmensen et al., 1998).
The Ørsted Dal Member lies towards the eastern margin of the
basin and is composed of a lowermost unit of red mudstones, the
Carlsberg Fjord beds, and an uppermost unit of variegated mud-
stones and light gray dolomitic mudstones, the Tait Bjerg Beds
(Jenkins et al., 1994; Clemmensen et al., 2016).

Temnospondyl amphibian remains have been reported from
the easternmost part of the basin at the Macknight Bjerg Quarry
(71� 220N, 22� 330W) in the lowermost part of the Carlsberg Fjord
beds (Sulej et al., 2014; Clemmensen et al., 2016). TheCycloto-
saurusspecimen described here originates from this quarry (Jen-
kins et al., 1994).

The Carlsberg Fjord beds are composed of siliciclastic sediments
of mudßat and lake origin. The most common facies are red-brown
to purple mudstones, light greenish-gray mud-peloid siltstones
with wave ripples, intraformational conglomerate, and light gray-
ish, Þne- to medium-grained sandstones with current-formed cross-
stratiÞcation. Numerous Grallator and cf. Brachychirotherium
tracks are seen on upper bedding planes of the wave-rippled silt-
stones, the former attributed to theropod dinosaurs and the latter
to stem crocodylians (Clemmensen et al., 2016; Klein et al., 2016).

According to Kent and Clemmensen (1996) and Clemmensen
et al. (1998), the Macknight Bjerg Quarry at the base of the
Carlsberg Fjord beds of the Ørsted Dal Member has an age of
approximately 209 Ma. However, using the stratigraphy of
Andrews et al. (2014), the site would be dated around 217 Ma.
The age and duration of the Norian has seen considerable work
(e.g., Kent and Olsen, 1999; Lucas et al., 2012). According to the
International Chronostratigraphic Chart (Cohen et al., 2013; lat-
est version available at www.stratigraphy.org/ICSchart/Chrono
stratChart2016-04.pdf), the Norian ranges from» 227 to » 208.5
Ma. However, U-Pb dating, biostratigraphy, magnetostratigra-
phy, and chemostratigraphy analyses place the Norian-Rhaetian
boundary at about 205.70 § 0.15 Ma (Wotzlaw et al., 2014;
Bertinelli et al., 2016). Thus, an age estimate of the quarry site of
209 Ma (Clemmensen et al., 1998) would place it in the late Nor-
ian, whereas an age estimate of 217 Ma (Andrews et al., 2014)
would give a mid-Norian age.

SYSTEMATIC PALEONTOLOGY

TEMNOSPONDYLI von Zittel, 1887Ð1890
STEREOSPONDYLI von Zittel, 1887Ð1890

CAPITOSAUROIDEA S  ave-S oderbergh, 1935
CYCLOTOSAURIDAE Shishkin, 1964

CYCLOTOSAURUS Fraas, 1889
CYCLOTOSAURUS NARASERLUKI , sp. nov.

(Figs. 2Ð6)

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-2)
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Cyclotosauruscf. posthumusFraas, 1913: Jenkins et al., 1994:7Ð8,
Þgs. 4Ð5 (original report); Schoch, 2008:202.

Cyclotosaurus, sp. nov.: Schoch and Milner, 2000:156.
Cyclotosaurus posthumusFraas, 1913: Damiani, 2001:404.

Holotype —MGUH.VP 9522 (previously V-2012-146a, as on
the label on the specimen), a mostly complete skull, 56.8 cm in
length along the midline from the tip of the snout to the posterior

end of postparietals and with a maximum width of 42.4 cm
(Figs. 2Ð5; Supplementary Data 1, 2).

Associated Material—MGUH.VP 9523 and MGUH.VP 9524
(previously V-2012-268 and V-2012-269, respectively, as on the
labels on the specimens), two vertebral intercentra (Fig. 6).

Type Locality —The type specimens were collected during the
1989 expedition to Macknight Bjerg Quarry (71� 22.300N,
22� 33.140W), at Jameson Land, East Greenland (Fig. 1).

FIGURE 1. A , geographical map of Greenland;B, close-up of Jameson Land and the Liverpool Land area;C, generalized stratigraphic scheme of
the Fleming Fjord Formation (after Clemmensen et al., 1998). Stars inB and C indicate the site where the holotype of Cyclotosaurus naraserlukiwas
discovered.Abbreviations : Bj , Bjergkronerne beds;Ca, Carlsberg Fjord beds;Ta, Tait Bjerg Beds. Scale bar equals 40 km (B).

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-3)



FIGURE 2. The holotype specimen of Cyclotosaurus naraserluki, MGUH.VP 9522. A , C, photograph and interpretative drawing of dorsal view; B,
D, photograph and interpretative drawing of ventral view. Scale bar equals 20 cm.

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-4)



Type Horizon —Late Triassic Carlsberg Fjord beds (Ørsted
Dal Member) of the Fleming Fjord Formation (Fig. 1).

Etymology—The speciÞc name is after Ônaraserluk,Õ Greenlan-
dic for Ôamphibian, salamander.Õ

Diagnosis—Cyclotosaurus naserlukihas the following autapo-
morphies among other Cyclotosaurus species: (1) the postorbi-
tals notching posteromedially in the supratemporals; (2) the
parasphenoid projecting between the pterygoids and the exocci-
pitals, thereby preventing a pterygoid-exoccipital suture; and (3)
the anterior palatal vacuity is subdivided by a wide medial con-
nection of the premaxillae and the vomers. Moreover, C. nara-
serluki has the following unique combination of characters
among Cyclotosaurus: (1) a pair of premaxillary foramina for
accommodating mandibular tusks (shared withC. mordax, see

Fig. 4); (2) a posteromedial convex margin of the tabulars
(shared with C. ebrachensisand C. intermedius, doubtfully with
C. mordax); and (3) a circular choanal outline (shared with C.
ebrachensis, C. posthumus, and C. robustus).

DESCRIPTION

General Aspect and Dermal Bone Ornaments—The entire
skull MGUH.VP 9522 (Figs. 2Ð5; Supplementary Data 1, 2) is
very well preserved. The skull outline is parabolic, with a widely
parabolic snout and convex lateral margin of the postotic region.
The only appreciable missing part is the posterior contact of the
right tabular and squamosal, which leaves the right otic fenestra
open posteriorly. Some sutures and contacts between bones,

FIGURE 3. Artwork of the dorsal view of
the holotype specimen ofCyclotosaurus nara-
serluki, MGUH.VP 9522, by Ana Luz
(Museu da Lourinh~a).

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-5)



especially from the posterior part of the skull, are not visible due
to lack of preparation and sediment still present on the specimen.
A slight deformation seems to affect the entire left half of the
skull. The bone sutures are more evident in the posterior half of
the skull, fading almost to complete fusion anteriorly. Skull
length is 56.8 cm, as measured along the midline suture, from the
tip of the snout to the posterior end of the postparietals. The
maximum width is 42.4 cm, measured at the maximum distance
between the lateral margins of the quadratojugals.

Cyclotosaurus naraserluki presents the typical dorsal
ornamentation of temnospondyl skulls. Subcircular to

subpentagonal pits and a reticular pattern of ridges cover
most of the skull roof, especially evident on the tip of the
snout, as well as all over the parietals and the postparietals.
Ridges and anteroposteriorly elongated ornamentation are
evident in the posteromedial region of the snout, covering
most of the frontals and part of the nasals and prefrontals.
This elongated ornamentation is associated with intensive
growth of the skull (Bystrow, 1935). The same kind of ridge-
elongated sculpture is evident in the postorbital regions, cov-
ering most of the squamosals and part of the postorbitals, the
jugals, and the quadratojugals.

FIGURE 4. Close-up views of the premaxil-
lary foramina (highlighted by white arrows)
in cyclotosaurids. A , B, dorsal and ventral
views of the holotype of Cyclotosaurus nara-
serluki, MGUH.VP 9522; C, holotype of
Cyclotosaurus mordax, SMNS 13014. Scale
bar equals 5 cm.

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-6)



FIGURE 5. The holotype specimen of Cyclotosaurus naraserluki, MGUH.VP 9522. A , B, photograph and interpretative drawing of right lateral
view; C, D, photograph and interpretative drawing of left lateral view; E, F, photograph and interpretative drawing of occipital view. Scale bar equals
20 cm.

Marzola et al.—New Late Triassic amphibian from Greenland (e1303501-7)



Lateral Line Sulci

The lateral line sulci in C. naraserluki are present as pairs of
supraorbital, infraorbital, and postorbital sulci. They are more
evident laterally, especially in the posterior part of the skull, and
weakly impressed medially, especially across the snout.

Supraorbital Sulci—The supraorbital sulci originate on the
anterior part of the snout, medially to the nares. They meander
anteroposteriorly from the nasals to the prefrontals, reaching the
posterior part of the frontals, and weakly ending on the postfron-
tals, at around the midline of the orbits. Regardless of the weak
preservation of both lacrimals, the left supraorbital sulcus seems
to run along the suture between the prefrontal and the lacrimal,
like in other cyclotosaurids and temnospondyls (see Schoch,
2008; Rinehart et al., 2015; Rinehart and Lucas, 2016; Witzmann
et al., 2016).

Infraorbital Sulci —The infraorbital sulci originate lateral to
the nares, Þrst meandering anteroposteriorly on the maxillae,
then curving with an acute ßexure onto the lacrimals, ending
atop or parallel to the jugal-maxilla sutures.

Postorbital Sulci—The postorbital sulci originate from the
postorbital rim of the orbits. They run with a ÔSÕ-shaped curva-
ture onto the jugals and the quadratojugals at Þrst, then along
the squamosal-quadratojugal sutures, ending at the posterior
margin of the skull.

Skull Roof

Teeth—Complete and incomplete labyrinthodont teeth are
visible ventrally, protruding both from the vomers and the pala-
tines as tusks, anteriorly to the palatal vacuities. These tusks
have a conical shape and a circular cross-section. The vomers
also bear six small teeth medially located posterior to the
anterior palatal vacuity. Tooth alveoli are seen along the
maxillae, the palatines, and the ectopterygoids, organized in
rows.

Premaxillae—The premaxillae form the anterior-most rim of
the snout and contact medially. In dorsal view, they contact the
nasals posteriorly, the maxillae laterally, and form part of the
nares rims. In ventral view, the premaxillae contact the maxillae
laterally, the vomers posteriorly, and form the anterior half of
the rim of the anterior palatal vacuity. The premaxillae bear the
two premaxillary foramina for the accommodation of the man-
dibular tusks.

Maxillae—The maxillae form the major part of the lateral
skull margin, extending from the anterior part of the nares to the
midlength of the skull, up to the anterior margin of the orbits.
Dorsally, they contribute to the lateral rim of the nares. The
maxillae are bordered anteriorly by the premaxillae and medially
by the nasals, the lacrimals, and the jugals. Ventrally, they con-
tact the premaxillae anteromedially, the vomers and the pala-
tines medially. They contribute to the anterolateral rim of the
choanae.

Nasals—The nasals form most of the anterior part of the
snout. Subrectangular in shape, they pair medially and contact
the premaxillae anteriorly. Posteriorly, they taper to a triple
point with the frontals posteromedially and the prefrontals post-
erolaterally. Laterally, the nasals contact Þrst the maxillae
behind the nares, then the lacrimals. Anterolaterally, they con-
tribute to the narial rims.

Lacrimals—The lacrimal sutures are very faint. The right lacri-
mal seems to have a drop shape, with a wider parabolic posterior
suture, where it contacts the prefrontal medially and the jugal
laterally, and a more tapered anterior suture, where it is bor-
dered by the nasal medially and the maxilla laterally. Ventrally,
there are no visible sutures between the lacrimals and the bor-
dering bones.

Jugals—The jugals form most of the cheek regions. Their total
contribution to the length of the snout cannot be clearly

delineated due to the weak preservation of the anterior sutures.
Anteriorly, they taper at the contact with the lacrimal-maxilla
suture, although this suture is faintly visible only on the right
jugal. Medially, the jugal-maxilla suture runs anteroposteriorly.
Laterally, the jugals are bordered by the prefrontals anterior to
the orbits and by the postorbitals posterior to the orbits. The
postorbital-jugal suture runs with a ÔZÕ-shaped outline until
reaching a triple point, where the jugals are bordered by the
squamosals medially and the quadratojugals laterally. The jugals
contribute to form a small part of the orbital rim.

Prefrontals—The prefrontals are two elongated bones that
narrow anteriorly to a three-point suture with the nasals antero-
medially and the lacrimals anterolaterally. Almost as long as the
nasals and the frontals, they contact the former medioanteriorly
and the latter medioposteriorly. Laterally, the jugals contact
anteriorly the lacrimals and laterally the jugals; posteriorly, they
form the anteriormost rim of the orbits.

Frontals—The frontals contact along the midline from the
medial part of the snout until reaching the posterior level of the
orbits. With a subtriangular anterior outline, they are bounded
by the nasals anteriorly, forming a straight suture. The frontal-
prefrontal sutures run laterally, Þrst with a straight course, then
with a sigmoid curvature. Posteriorly, the frontals present a ÔWÕ-
shaped suture, deÞned by the parietals posteromedially and by
the postfrontals posterolaterally. The frontals contribute to a
narrow portion of the orbital rim, projecting between the
prefrontals and the postorbitals.

Postfrontals—The postfrontals have a subcircular shape and
contribute to the posteromedial rim of the orbits. Anteriorly, they
contact the frontals and are bordered by the parietals posterome-
dially, the supratemporals posteriorly, and the postorbitals laterally.

Postorbitals—The postorbitals have a subtrapezoidal shape
and contribute to the posterolateral rim of the orbits. Medially,
they contact the postfrontals and embay into the supratemporals
posteromedially, projecting more laterally than the orbits. The
postorbitals contact the jugals and the squamosals laterally.

Quadratojugals—The quadratojugals form the posterior-most
side of the cheeks and the lateral-most part of the skull. In dorsal
view, they have a subrectangular shape and contact the jugals
anteriorly and the squamosals medially, along a sigmoidal suture.
In ventral view, they contact the insulae jugalis anteriorly and
the quadrates medially. They form a big part of the lateral and
posterior rims of the adductor fossae. In occipital view, the
quadratojugals contact the quadrates medially and the squa-
mosals dorsally. In posterior view, the general aspect of the
C. naraserluki skull appears to be rounded, with a slight defor-
mation to the right side, probably due to taphonomy.

Parietals—The parietals contact medially, and they form a
heart-shaped outline, with the tip facing anteriorly. They enclose
the parietal foramen posteriorly to the midlength of their medial
suture. They contact the frontals anteriorly, the postfrontals and
the supratemporals laterally, and the postparietals posteriorly.

Supratemporals—The supratemporals present an arcuate
shape, with the concavity projecting posteromedially. Anteriorly,
the supratemporals embay the postorbitals and slightly contact
with the postfrontals. The supratemporals contact the parietals
medioanteriorly, by a straight suture, and the postparietals medi-
oposteriorly, by an anterolaterally concave suture. The postero-
medial supratemporal suture is a gentle curve contacting the
squamosals and the tabulars.

Squamosals—The squamosals form a small part of the poste-
rior rim of the skull, projecting between the quadratojugals and
the tabulars. They contact the postorbitals and the jugals anteri-
orly, the supratemporals and the tabulars medially, and the
quadratojugals laterally. The tabular-squamosal suture is fully
visible in the left side of the skull, where it runs posterolaterally.
The squamosals contribute to form about half of the otic fenestra
rims.
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Postparietals—The postparietals contact along the posterior-
most part of the midline and form the posterior concavity of the
dorsal rim of the skull. Different from the rest of the midline, the
contact between the two postparietals is not straight but follows
a zig-zag course. The postparietal-parietal sutures extend medio-
laterally, whereas the lateral contact with the supratemporals
and the tabulars curves with a lateral concavity.

Tabulars—The polygonal shape of the tabulars broadens ante-
riorly and ends along the posterior, slightly convex margin of the
skull. They contact the supratemporals anteriorly, the postparie-
tals medially, and the squamosals laterally along a suture that
embays the otic fenestra. The suture between the tabular and the
squamosal is only appreciable posteriorly to the left otic fenestra.
In dorsal view, the tabular horns project laterally. Also, they are
the posterior-most projecting bones of the skull.

Endocranium

Quadrates—Ventrally, the quadrates present a polygonal
shape that contacts the pterygoids medially and the quadratoju-
gals laterally. The sutures of the quadrates are not clearly
exposed or preserved. Anteriorly, the quadrates form part of the
posterior rim of the adductor fossae, whereas posteriorly they
contribute to the posterior margin of the skull.

Exoccipitals—The exoccipitals contact ventromedially and
suture with the parasphenoid anteriorly. They project posteriorly
to form the articulation with the atlas and diverge dorsally to
enclose the ventral part of the foramen magnum. The posterior
projection of the exoccipitals falls at the same level as the
posterior-most projection of the quadrates. The posterior contact
surfaces of the exoccipitals with the atlas are suboval in shape
and ßat.

Palate

Vomers—Anteriorly, the vomers form the posterior rim of the
anterior palatal vacuity. Immediately behind this opening, six
teeth are borne by the vomers, two by the left vomer and four by
the right one, all set in a transverse row. The vomers also bear
the Þrst couple of palatal tusks. Anterolaterally, the vomers con-
tact the premaxillae and the maxillae. Laterally, the vomers only
contact the palatines and contribute to part of the choanae and
to most of the medial rim of the palatal vacuities. The left vomer
has a small posterolateral projection into the palatine. In ventral
view, the vomers contact anteriorly, forming the posterior rim of
the anterior palatal vacuity and the posterior part of the premax-
illary-vomerine subdivision. Along the midline, the vomers
contact one another except for the enclosure of the cultriform
process of the parasphenoid. At their contact along the palatal
vacuities, the vomers form a ÔVÕ-shaped ridge that projects
ventrally. The posterior contact between the vomers and the
parasphenoid is weak.

Palatines—The palatines have a subrectangular shape and
bear the second pair of palatal tusks. The right palatine also
bears the third palatal tusk, which is not preserved on the left
counterpart. Anteriorly, the palatines form the posterior rim of
the choanae and contact the maxillae. The palatine-maxilla
sutures run posterolaterally from the choanae to the ectoptery-
goid. Medially, the palatines contribute to the rim of the palatal
vacuities. The posterior contact between the palatines and both
the pterygoids and the ectopterygoids are indistinct.

Pterygoids—The pterygoids have a sinusoidal shape, extend-
ing between the palatal vacuities and the adductor fenestrae and
forming part of their respective rims. Anteriorly, the pterygoids
contact the palatines. Medially, the sutures that separate the
pterygoids from the ectopterygoids and the insulae jugalis are
poorly preserved to indistinguishable, except for the left ptery-
goidÐinsula jugalis suture. Posteriorly to the adductor fossae, the
pterygoids contact the quadrates and form part of the posterior

margin of the skull. The medial contact between the pterygoids
and the parasphenoid is weakly noticeable. The right pterygoid
bears a weak ornamentation anterior to the adductor fossa rim.

Parasphenoid—The parasphenoid is an unpaired, midline
bone. Anteriorly, the cultriform process of the parasphenoid
extends beyond the anterior margin of the palatal vacuities,
enclosed by the vomers. The cultriform process projects
ventrally, forming a keel-like structure that narrows posteriorly.
The parasphenoid-exoccipital suture has a ßat and long ÔMÕ
shape. The crista muscularis of the parasphenoid is an unpaired
structure running transversely. Laterally, the parasphenoid con-
tacts the pterygoids, although the sutures are barely visible.
Nonetheless, it looks like the parasphenoid-pterygoid sutures
are as long as the width of the parasphenoid basal plate. The left
parasphenoid-pterygoid suture is the best preserved and ends at
the posterior embayment of the skull margin, avoiding the con-
tact between the pterygoids and the exoccipitals, a primitive
condition shared with Rhinesuchidae, Eryosuchus Ochev, 1966,
and Kupferzellia . The parasphenoid contributes to the postero-
medial rim of the palatal vacuities and presents a left anterior
protuberance, probably due to taphonomic deformation.

Ectopterygoids—The ectopterygoids are not easily observed
in the palate of C. naraserluki because they are not completely
prepared. Nonetheless, the left ectopterygoid preserves a some-
what distinct medial suture with the pterygoid and a posterior
suture with the insula jugalis. The right ectopterygoid bears at
least three distinct alveoli organized in a row, whereas the left
ectopterygoid bears at least 12 distinct alveoli organized in an
anteroposteriorly oriented row.

Insulae Jugalis—The insulae jugalis are weakly preserved. The
right insula jugalis is nearly indistinguishable, whereas the left
insula jugalis presents a trapezoid shape. It bounds the ectoptery-
goid anteriorly, the pterygoid medially, the quadratojugal
laterally, and posteriorly it forms the anterior-most margin of
the adductor fossa.

Skull Openings

Nares—The nares are two oval dorsal openings in the anterior
part of the snout, with a maximum width of 3.5 cm. They are
bounded by the premaxillae, the maxillae, and the nasals.

Premaxillary Foramina—The C. naraserluki skull bears two
premaxillary foramina for the reception of the mandibular tusks
(Fig. 4). These two circular openings are Þlled with grayish sedi-
ment and noticeable on the dorsal surface of the skull, where
they are enclosed completely by the premaxillae. Dorsally, the
premaxillary foramina are evident in the anterior palatal vacuity.

Orbits—The orbits are the major openings of the dorsal side
of the skull, with a maximum width of 5.5 cm and a subcircular
outline. They are rimmed by the prefrontals, the frontals, the
postfrontals, the jugals, and the postorbitals. The dorsal margin
of the orbits is level with the rest of the skull roof.

Parietal Foramen—The parietal foramen is the smallest of the
skull openings and the only unpaired one. Its maximum width is
1.1 cm, and it is completely enclosed by the parietals.

Otic Fenestrae—The otic fenestrae characterize the posterior
skull roof and are bounded by the squamosals and the tabulars.
The left otic fenestra is an oval cavity, elongated anteroposter-
iorly, with a maximum width of 4.5 cm. The right otic fenestra
is posteriorly open due to the missing portion of the posterior
contact between the squamosal and the tabular.

Anterior Palatal Vacuity —The anterior palatal vacuity is an
ÔUÕ-shaped depression with a maximum length of 4.9 cm and
width of 11.3 cm. It is enclosed by the premaxillae and the vom-
ers. The anterior palatal vacuity presents the premaxillary
foramina, two subcircular openings Þlled with sediment.

Choanae—The choanae are two circular cavities in the ante-
rior part of the palate with a maximum width of 4.4 cm. Only the
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left choana preserves its original shape, whereas the right choana
is deformed.

Palatal Vacuities—The palatal vacuities are the biggest open-
ings of the palate, with a ÔDÕ-shaped outline, a maximum length
of 28.9 cm, and a maximum width of 10.9 cm. The marginal rims
are almost straight, whereas laterally they present a parabolic
curvature with the posterior curvature more acute than the
anterior one. The palatal vacuities are enclosed by the vomers,
the palatines, the pterygoids, and the parasphenoid.

Adductor Fossae—The adductor fossae characterize the pos-
terior-most region of the palate. The left adductor fossa is the
best preserved and presents an arch shape with a gentle lateral
convexity and a more acute medial concavity. The maximum
length measured parallel to the midline is 16.9 cm, and the maxi-
mum width is 10.4 cm.

Postcranial Skeleton

Vertebrae—Two amphicoelic intercentra represent the only
preserved postcranial elements ofC. naraserluki (Fig. 6). They
display a convex ventral surface, with a ventral thickness of
21 mm in MGUH.VP 9523 and 22 mm in MGUH.VP 9524. Dor-
sally, they are characterized by a central dorsoventral depression
that also compresses the two intercentra anteroposteriorly down
to 11 mm in thickness for MGUH.VP 9523 and down to 13 mm
for MGUH.VP 9524. In MGUH.VP 9523 the maximum width is
42 mm and the maximum height is 25 mm, whereas MGUH.VP
9524 has a maximum width of 48 mm and height of 37 mm.
Among other capitosauroids, these kinds of intercentra have so
far only been reported from MastodonsaurusJaeger, 1828, and
Cyclotosaurus hemprichi(Kuhn, 1942; Schoch, 1999). Intercentra
of similar size and morphology have been further described by
Milner et al. (1996) from the Norian of Luxemburg and the
?CarnianÐNorian of Algarve in Portugal (Witzmann and

Gassner, 2008), the latter associated to stereospondyls, such as
Mastodonsaurusand Cyclotosaurus. However, the material from
Portugal is questionable: new well-documented discoveries from
the Algarve (Steyer et al., 2011; Brusatte et al., 2015) show the
presence ofMetoposaurus algarvensisBrusatte et al., 2015, which
may suggest a need to reassess the identiÞcation of the previous
fragmentary material (Witzmann and Gassner, 2008).

PHYLOGENETIC RESULTS

The phylogenetic analysis yielded one most parsimonious tree
(Figs. 7, 8), with a tree length (TL) of 109 steps and consistency
index (CI) of 0.624, retention index (RI) of 0.680, and rescaled
consistency index (RCI) of 0.424. Because of the recoding of
character 7 and the addition of C. naraserluki, our phylogeny of
Cyclotosaurus is slightly different from the one presented in
Witzmann et al. (2016). Cyclotosaurusloses one synapomorphy
(char. 48-1, quadrate ramus of the pterygoid laterally aligned
and abbreviated) and the synapomorphy based on character 7
passes from state 0, Ôlateral line sulci weakly impressed, dis-
continuous,Õ to state 2, Ôlateral line sulci well impressed laterally
but weakly impressed or discontinuous medially.Õ In general,
most of the groups within Capitosauroidea (sensu Schoch, 2008)
are poorly supported, with the exception of the genusMastodon-
saurus and the Heylerosauridae (sensu Schoch, 2008), which
includes EocyclotosaurusOrtlam, 1970, andQuasicyclotosaurus.
Moreover, despite presenting seven synapomorphies, the genus
Cyclotosaurusis not well supported and may easily collapse due
to the numerous reversals. New data and characters may help to
overturn and increase the precision of the relations between
these species.

Cyclotosaurus robustusremains the most basalCyclotosaurus
taxon, a position supported by a cultriform process that forms a
deltoid base (char. 52-1). The remaining Cyclotosaurus taxa

FIGURE 6. MGUH.VP 9523 ( A ÐF) and
MGUH.VP 9524 ( GÐL), vertebral intercen-
tra associated withCyclotosaurus naraserluki.
A , G, anterior view; B, H, posterior view; C,
I , right lateral view; D, J, left lateral view; E,
K, dorsal view;F, L, ventral view. The visible
labels on specimens refer to a former labeling
system. Scale bars equal 2 cm.
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FIGURE 7. Most parsimonious tree of the Capitosauroidea (sensu Schoch, 2008) produced by a TNT 1.5 analysis (tree lengthD 109 steps, consis-
tency index D 0.624, retention indexD 0.680, rescaled consistency indexD 0.424). Synapomorphies are shown along the tree and numbers refer to the
characters listed in the phylogeny in Witzmann et al. (2016). Thicker branches represent the genusCyclotosaurusin the analysis.Abbreviations : C.,
Cyclotosaurus; R, reversal.
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possess a preorbital projection of the jugals shorter than half of
the snout length (reversal for char. 13-0).Cyclotosaurus buech-
neri presents lateral line sulci weakly impressed and discontinu-
ous (reversal for char. 7-0). All post-C. buechneri cyclotosaurs
have an interorbital width to width of the orbits ratio equal to or
greater than 1.8 (char. 68-1).Cyclotosaurus hemprichi and C.
posthumusare sister taxa, a relationship supported by a tapered
preorbital region (char. 1-1) and an elongated parabolic snout
(reversal for char. 66-0). A straight-to-convex posteromedial
margin of the tabulars (char.69-1) is synapomorphic for the
remaining four species ofCyclotosaurus, which branch into two
clades. The clade formed byC. naraserluki and C. mordax is sup-
ported by a snout bearing a pair of premaxillary foramina to
accommodate mandibular tusks (char. 57-1). The second clade
includesC. intermediusand C. ebrachensis. It is supported by the
presence of palatal denticle Þelds borne on the parasphenoid
and/or the pterygoid (char. 32-0) and straight postorbital lateral
margins of the skull (char. 67-1). Cyclotosaurus intermediusis
supported by having the quadrates projecting posteriorly to the
distal ends of the tabular horns (char. 2-0) and a weakly and dis-
continuous impression of the lateral sulci (reversal for char. 7-0).
Cyclotosaurus ebrachensisis supported by supraorbital sulci
passing over the nasals (reversal for char. 10-0) and by an
unpaired anterior palatal vacuity (reversal for char. 20-0).

DISCUSSION

Paleoecology and Paleogeography

The remains here described belong to a new species ofCyclo-
tosaurus, namely, C. naraserluki, sp. nov., the largest amphibian
reported from Greenland heretofore (Jenkins et al., 1994, 2008).
Cyclotosaurus naraserluki shared its living habitat with other
semiaquatic amphibians and reptilian predators, such asGerro-
thorax pulcherrimus (Jenkins et al., 2008) and phytosaurs
(Mateus et al., 2014; Clemmensen et al., 2016; Marzola et al.,
2016). The co-occurrence ofCyclotosauruswith other predators
in the same area is consistent among all the known Late Triassic
faunal associations from Europe whereCyclotosaurushas been
reported (i.e., Sulej and Majer, 2005; Witzmann and Gassner,

2008). In the Greenland scenario, this may be explainable by dif-
ferent predatory habits, strategies, and physiological capacities
of different taxa over the coasts of a huge seasonal lake in the
Jameson Land Basin: large phytosaurs were actively preying on
large terrestrial vertebrates and Þsh, like modern crocodiles;
Cyclotosaurusand Gerrothorax were probably sharing ecological
niches, but with the former being larger in size and preying
mostly on Þsh, and the latter feeding on small Þsh, larvae, and
invertebrates.

The Late Triassic Greenland fauna shows more afÞnities to
European occurrences (dominated by genera such asCyclotosau-
rus, Gerrothorax Nilsson, 1934,Mastodonsaurus, Metoposaurus
Lydekker, 1890, and Procyclotosaurus Watson, 1958) than to
North American ones. In the Late Triassic, there is a clear dis-
tinction between the European-Greenlandic and the North
American faunas, with the unique presence in the latter of Apa-
chesaurusHunt, 1993, Eocyclotosaurus, Koskinonodon Branson
and Mehl, 1929, Paracyclotosaurus, and Quasicyclotosaurus
(Watson, 1958; Jenkins et al., 1994, 2008; Schoch, 1999, 2000;
Sulej, 2002; Brusatte et al., 2015; Kear et al., 2016; Rinehart et
al., 2015; Rinehart and Lucas, 2016).

Greenland is, and always has been, part of the North
American continent, and despite the early opening of the
North Atlantic, the Triassic fauna and ßora show more afÞni-
ties to the one in central Europe. This may be explained by
several factors: (1) the equivalent paleolatitude of Greenland
and central Europe promoted similar faunas, in contrast to
the subequatorial paleolatitudinal position of known North
American fossil occurrences in Texas, New Mexico, and
Arizona; (2) at that time, the geographical distance between
Greenland and central Europe was shorter than to southern
North America, which may have facilitated dispersal; and (3)
the deserts and arid regions separating Greenland and Texas,
New Mexico, and Arizona may have been a much more efÞ-
cient barrier to the temnospondyls than the proto-Atlantic
between Greenland and Europe. Some tolerance for salinity
may have given a dispersal advantage to capitosauroids.

CONCLUSIONS

Cyclotosaurus naraserluki is the largest amphibian ever
reported from Greenland. It possesses several autapomorphies
that distinguish it from its sister taxon, C. mordax, within the
genusCyclotosaurus.

The record of Cyclotosaurusfrom the Fleming Fjord Forma-
tion in East Greenland, together with Gerrothorax pulcherrimus,
shows a close correlation between the Greenlandic Late Triassic
amphibian fauna and the amphibian fauna of the coeval Euro-
pean basins, such as Germany, Poland, and Portugal.

The temnospondyl faunas of Europe and the Scandinavian
Arctic (Greenland and Svalbard archipelagos) are characterized
by taxa not found in coeval temnospondyl faunas from North
America, showing a geographical connection between East
Greenland and central Europe despite the opening of the North
Atlantic.

The geographic position of Greenland and the Jameson Land
Basin during the Late Triassic makesC. naraserluki one of the
amphibians known to have lived at the highest paleolatitude,
sharing trophic habitats with other amphibian and reptilian
predators.
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APPENDIX 1. Character coding scores for the 69 characters of Witzmann et al. (2016).

Cyclotosaurus naraserluki

01010 0220[0,1] 11?10 01201 01020 1110? 1110? 11111 ????? ??111 ?0?20 01011 1?0?0 1011
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