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During the Triassic, Batrachia diverged into ancestors of frogs (Salientia) and sala-
manders (Caudata). Fossils of Triassic batrachians are rare and found only in a few
outcrops, such as the Middle Sakamena Formation of Madagascar (Induan). Only
three Triassic taxa have been described, the two early frogs Triadobatrachus and
Czatkiobatrachus and the early salamander Triassurus. Here we describe a right ilium,
collected in 1991, attributed to the first batrachian from the Late Triassic Carlsberg
Fjord Member (@rsted Dal Formation, Fleming Fjord Group) in the Jameson Land
Basin, located in central East Greenland. The fossil specimen only displays the
proximal part of a right ilium, missing its shaft. After a thorough comparison with
several clades (lizards, temnospondyls, salamanders and frogs), we consider the
specimen as a lissamphibian sharing feature with salientians and anurans: squarish
acetabular region, deeply concave acetabular surface, laterally projecting acetabular
rim, flat mesial surface. It is the youngest Triassic specimen of Batrachia to date and
one of the northernmost of the Late Triassic.

Supplementary file: Features potentially used for differentiating ilia of anurans
and urodeles with updated nomenclature and specimen NHMD-154502, Triado-
batrachus, Czatkobatrachus, Triassurus and Kokartus.
https://doi.org/10.37570/bgsd-2022-70-08s1
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Late Triassic lake and fluvial deposits from the
Jameson Land Basin of central East Greenland have
provided many vertebrates (e.g. Jenkins et al. 1994;
Clemmensen et al. 2016; Agnolin et al. 2018; Marzola et
al. 2018; Sulej et al. 2020; Beccari et al. 2021). In addition,
trackways of archosaurs, including dinosaurs, are
known from the same deposits (Jenkins et al. 1994;
Klein et al. 2016; Lallensack et al. 2017), as well as
coprolites (Hansen et al. 2016; Milan et al. 2021) and
abundant invertebrate trace fossils (Bromley & As-
gaard 1979).

There have been several expeditions to study the
Late Triassic deposits of the Jameson Land Basin in
East Greenland since the 19th century (Marzola et
al. 2018). Many expeditions focused on Mesozoic strata
inJameson Land during the late 1960s and early 1970s,
leading to the discovery of rare vertebrate fossils from
Triassic deposits, most of them being temnospondyl
remains (Clemmensen 1980b). From 1988 to 2001, the
Late Triassic of the Jameson Land Basin was the sub-
ject of successive vertebrate palaeontological expedi-
tions to sample fossil tetrapods by Harvard University
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(HU), Massachusetts, USA, in collaboration with the
University of Copenhagen (UC), Denmark and the
Natural History Museum of Denmark (NHMD). The
team from the 1991 expedition recovered a large num-
ber of vertebrate fossils. Among them, we identify and
describe an amphibian ilium in this paper.

The Triassic period witnessed the development and
appearance of most tetrapod groups that constitute
modern vertebrate fauna, such as mammaliaforms,
squamates, crocodylomorphs and lissamphibians
(Jenkins et al. 1997; Irmis et al. 2013; Ascarrunz et
al. 2016; Simdes et al. 2018; Sulej et al. 2020).

However, Batrachia Latreille, 1800 is rarely pre-
served in the fossil record from the first half of the
Mesozoic. The cladogenesis of Anura Duméril, 1805
(frogs) and Urodela Duméril, 1806 (salamanders) is
obscure, and their divergence is still debated but often
estimated as Early Permian (Pyron 2011; Marjanovié
& Laurin 2014, 2019). The earliest batrachians have
been recovered in the Olenekian of Madagascar,
with the sub-complete specimen Triadobatrachus
massinoti (Piveteau, 1936) and Poland, with disar-
ticulated remains of Czatkobatrachus polonicus Evans
& Borsuk-Biatynicka, 1998. Both are members of the
clade Salientia Laurenti, 1768, also known as proto-
frogs (Piveteau 1936; Evans & Borsuk-Biatynicka 1998,
2009a; Rage & Rocek 1989; Ascarrunz et al. 2016). In
Kyrgyzstan, the earliest Caudata Scopoli, 1777 (proto-
salamanders) is Triassurus sixtelae Ivakhnenko, 1978,
known from Middle to Upper Triassic (Ladinian/
Carnian), with two reasonably complete specimens
(Ivakhnenko 1978; Schoch et al. 2020). Recently, some
new specimens of Salientia have been reported
from the lower part of the Tiki Formation of India
(possible Carnian in age), an incomplete jaw of an
indeterminate Eodiscoglossus sp. (Kumar & Sharma
2019) and from the Chinle Formation of the United
States, in Arizona, consisting of several ilia and a par-
tial maxilla from the Late Triassic (Carnian/Norian;
Stocker et al. 2021). The indeterminate Eodiscoglos-
sus sp. identification remains dubious based on the
resemblance of the material to one of Grigorescu et
al. (1999), which had been later reassigned to Parala-
tonia transylvanica Venczel & Csiki, 2003 (see Venczel
et al. 2016).

Here, we describe the first batrachian remains
from the Carlsberg Fjord Member (Qrsted Dal Forma-
tion) in the Late Triassic Fleming Fjord Group in the
Jameson Land Basin in central East Greenland (Clem-
mensen et al. 2020). This find adds new knowledge to
the palaeogeographical distribution of the clade and
adds to the diversity of the Late Triassic Greenland
vertebrate fauna.
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Taxonomic definition

Batrachia includes Salientia (frogs and proto-frogs)
and Caudata (salamanders and proto-salamanders).
Salientia includes Anura (extant frogs) and every
taxon closer to Anura than Urodela (Milner 1988).
Caudata includes Urodela (extant salamanders)
and every taxon closer to Urodela than Anura (Milner
1988).

Geological setting

The Jameson Land Basin is situated in Jameson Land
and Scoresby Land in central East Greenland, around
71° N (Clemmensen et al. 2020; Fig. 1). Its boundaries
are the Stauning Alper in the west, the Liverpool Land
area in the east, the fracture zones in the Kong Oscar
Fjord region in the north and the Scoresby Sund in the
south (Guarnieri et al. 2017; Clemmensen et al. 2020).
During the Late Triassic period, East Greenland
was located at 41° N on the northern rim of the
supercontinent Pangaea, bordered by the Boreal Sea
to the North (Clemmensen 1980a, b; Clemmensen et
al. 1998; Kent & Tauxe 2005; Nottvedt et al. 2008; Kent et
al. 2014; Andrews & Decou 2018). The Jameson Land
Basin was situated at the southern end of the East
Greenland rift system, which formed part of a larger
rift complex separating Greenland from Norway
before the Atlantic opened (Ziegler 1988; Nottvedt et
al. 2008; Guarnieri et al. 2017). Since the Late Triassic,
the basin has rotated 45° clockwise and translated 30°
northward relative to present-day meridians (Kent &
Tauxe 2005).

The Jameson Land Basin contains a relatively thick
succession (~1.0 to 1.7 km) of Lower Triassic to Lower
Jurassic continental sediments, including alluvial
fan, braided river, aeolian dune, flood plain, saline
playa lake and freshwater lake deposits (Clemmensen
1980a; Dam & Surlyk 1993; Clemmensen et al. 1998;
Nottvedt et al. 2008; Clemmensen et al. 2020). In the
uppermost part of the Triassic succession (the Fleming
Fjord Group), freshwater lake deposits are particularly
well exposed on steep cliff sides facing the Carlsberg
Fjord (Clemmensen et al. 2016, 2020). The Fleming Fjord
Group, which has a thickness of about 350 m, consists
of the basal Edderfugledal Formation, the middle
Malmros Klint Formation and the uppermost Qrsted
Dal Formation, including the Carlsberg Fjord Mem-
ber (Clemmensen et al. 2020). Vertebrate fossils have
primarily been found in lake and mudflat deposits
from the two uppermost formations (Jenkins et al.
1994; Marzola et al. 2017; Clemmensen et al. 2020).



Material and Methods

Institutional Abbreviations: BSM: Bavarian State Collec-
tion for Palaeontology and Geology (Bayerische Staats-
sammlung fiir Paldontologie und historische Geologie),
Munich, Germany; DMNH: Dallas Museum of Natural
History (Perot Museum of Nature and Science), Dallas,
Texas, United States; FMNH: Field Museum of Natural
History, Chicago, Illinois, United States; GIN: Geologi-
cal Institute of the Russian Academy of Sciences (Geo-
logicheskiy Institut Ran), Moscow, Russia; JAM: Jésef
Attila City Library and Museum Collection (Josef Attila
Viérosi Konyvtdr és Muzedlis Gytjtemény), Komlo,
Hungary; HU: Harvard University, Cambridge, Mas-
sachusetts, United States; MMP: Municipal Museum of
Natural Sciences ‘Lorenzo Scaglia’ (Museo Municipal
de Ciencias Naturales ‘Lorenzo Scaglia’), Mar del Plata,

Argentina; MNHN: National Museum of Natural His-
tory (Muséum National d'Histoire Naturelle), Paris,
France; NOVA: NOVA University Lisbon (Universidade
NOVA de Lisboa), Lisbon, Portugal; NHMD: National
History Museum of Denmark (Statens Naturhistoriske
Museum), Copenhagen, Denmark; PEFO: Petrified
Forest National Park; PIN: Palaeontological Institute
of the Russian Academy of Sciences, Moscow, Russia;
TMP: Royal Tyrell Museum of Palaeontology, Drum-
heller, Alberta, Canada; UC: University of Copenhagen
(Kebenhavns Universitet), Copenhagen, Denmark;
UMNH: Utah Museum of Natural History, Salt Lake
City, Utah, United States; ZPAL: Institute of Palaeobiol-
ogy, Polish Academy of Sciences (Instytut Palaeobiolo-
gii, Polskiej Akademii Nauk), Warsaw, Poland; ZIN PH:
Palaeoherpetollogical Collection, Zoological Institute,
Russian Academy of Sciences, St Petersburg, Russia.
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Fig. 1. Geological map of central East Greenland with the Jameson Land Basin. The blue star indicates the location of Tait Bjerg

(from Clemmensen et al. 2020, modified).

A frog-like amphibian from the Late Triassic, East Greenland

- 119



The material presented here (NHMD-154502) was
collected in 1991 during an expedition involving
collaborations between the NHMD, the UC and HU
(Jenkins et al. 1994). The specimen described here was
sampled at Tait Bjerg from a thin bone bed 50 m above
the base of the Carlsberg Fjord Member (Jenkins et
al. 1994; site 62/91/G). The thin bone bed is situated
within chron E15 (Kent & Clemmensen 2021), dating
the specimen to approximately 212.5 Ma. The Carlsberg
Fjord Member has recently been dated by magnetochro-
nology and covers a period between 214 and 211 Ma
within the Norian (Kent & Clemmensen 2021; Mau et
al. 2022).

The material was photographed with a digital
microscope (Dinolite pro AM4111T (R4)) and with
an autonomous camera (FLEXACAM C1) fixed to a
stereomicroscope (Leica M165 C) by stacking multiple
pictures (~50) with the software Leica Application Suite
X (LAS X) at the NOVA.

Terminology: We follow herein the terminology of
Goémez & Turazzini (2016), slightly modified to adapt
the comparison with non-salientian taxa. We decided
to use ‘acetabular surface’ instead of ‘acetabular fossa’
since it can be flat and add three new terms: ‘lateral
oblique groove’, ‘posterior margin” and ‘anterior mar-
gin’. The specimen has been compared with multiple
materials representing various taxa.

dorsal
acetabular
expansion

lateral oblique
ridge
oblique groove

preacetabular
fossa

acetabular rim

ilioischiatic
juncture

\

acetabular rim \’ o

acetabular fossa

Systematic palaeontology

Amphibia Linnaeus, 1758
Lissamphibia Haeckel, 1866
Batrachia Latreille, 1800

?Salientia Laurenti, 1768 (sensu Milner 1988)
(aff.)

Specimen referred. Proximal part of a right ili-
um, NHMD-154502.

Locality. The specimen was collected during the 1991
American-Danish expedition to the eastern margin
of the Jameson Land Basin, along the west slope of
Tait Bjerg (71°28°34” North 22°4043” West).

Horizon. A thin bone bed over- and underlain by
purple, massive lake mudstone (Jenkins et al. 1994).
Carlsberg Fjord Member of the Orsted Dal Formation
in the Fleming Fjord Group, Late Norian 212.5 Ma.

Description. The specimen (NHMD-154502) is a right
ilium with a broken shaft. The acetabular surface

ilioischiatic
juncture
ventral
acetabular
expansion

£

Fig. 2. Right ilium of the Greenland ?Salientia NHMD-154502. A: lateral view. B: medial view. C: proximal view. D: proximo-lateral

view. E: ventral view. F: dorsal view. G: distal view.
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forms a 1 mm wide (from the posteroventral edge to
the acetabular rim) and 2 mm long (from posterior
to ventral extremity) semi-circular deep concavity
in the lateral view, sunk into the bone. It is bordered
dorsally, anteriorly and ventrally by a convex acetabu-
lar rim strongly projected laterally, easily discernible
anteriorly and ventrally (Figs 2A, E-F). Unfortunately,
the posterior part of the dorsal acetabular expan-
sion is not preserved, preventing us from fully un-
derstanding the actual shape of the ilial body. The
dorsal acetabular expansion is well developed and
triangular, while the ventral acetabular expansion is
absent. The preacetabular zone is visible anterior to
the acetabular surface. It is a circular fossa 0.5 mm
broad and 0.1 mm deep (Fig. 2A). The medial surface
is flat and slightly concave, with no interiliac tubercle
(Figs 2B—-C, E-F). In a proximal view, the ilioischiatic
juncture is asymmetrical, its thickness varying medi-
olaterally, with the most dorsal part being 1 mm wide
and the most ventral part 0.5 mm wide (Figs 2C-D).
This difference in wideness is due to the dorsal ac-
etabular expansion and acetabular rim participation
and the absence of a ventral acetabular expansion in
the shape of the ilioischiatic juncture. Its lateral half
part is triangular with a roughened surface with its
lateral tip joined by the acetabular rim. The rest of
the ilioischiatic juncture surface has been damaged,
not allowing us to understand how the ilium was
attached to the ischium. The dorsal margin of the
body between the shaft and the dorsal acetabular
expansion is straight, lacking any dorsal prominence
or dorsal tubercle (Figs 2A, F). The lateral surface ex-
hibits two anterodorsally to posteroventrally inclined
ridges, oblique to the shaft direction, anterior to the
acetabular rim and dorsal to the preacetabular sur-
face on the lateral surface (Fig. 2A). The most ventral
ridge borders the preacetabular zone dorsally. It may
be difficult to distinguish the dorsal lateral ridge
from surface bone as it lacks any discernible process.
The most notable features are its height and its flat-
tened shape. The two short ridges are separated by
a rectangular groove of 1 mm in length, 0.5 mm in
width and as deep as the preacetabular zone (0.1 mm
deep). The shaft cross-section is oval, with a height
of 1.3 mm and a width of 0.7 mm; its ventral margin
is mediolaterally compressed (Fig. 2G).

Discussion

The attribution to Lissamphibia was based on com-
parisons with several vertebrates known from the
Late Triassic of the Jameson Land Basin and nearby

localities (see Marzola et al. 2018). Despite differences
in dimensions, it shares an overall similarity (ilial
body and shaft) with several groups of Temno-
spondyli von Zittel, 1887 and Lepidosauromorpha
Benton, 1983.

Comparison to Lepidosauromorpha

The shaft represents less than 50% of the body
width in lateral view (Fig. 2A), being thinner than
in lepidosauromorphs (Borsuk-Biatynicka 2007, fig.
3; Evans & Borsuk-Biatynicka 2009b, figs 114, 11C1;
Paparella et al. 2019, figs 1A-1C, 1G). Squamates dis-
play three distinct processes: the posterior process (or
posterior iliac-blade), the preacetabular process and
the anterior supracetabular process, lacking in some
lepidosauromorphs, like Sophineta cracoviensis Evans
& Borsuk-Biatynicka 2009a, from the Early Triassic of
Poland (Paparella et al. 2019). None of these features
appears in the Greenland specimen, which has a
deeper acetabular surface.

Comparison to Temnospondyls

Comparison to large Triassic Temnospondyls
Many temnospondyl specimens have been found in
the Jameson Land Basin, lacking an ilium for com-
parison (see Marzola et al. 2018). The material was
compared to specimens from other crops in the Early
Mesozoic, mostly from Capitosauria Yates & Warren,
2000 and Trematosauria Yates & Warren, 2000, the
two main groups that lived during the Late Triassic
(Warden & Snell 1991; Yates & Warren 2000; Maisch et
al. 2004). Since within temnospondyls, the shape of the
ilium is highly variable between each clade (Schoch
1999), the specimen was compared to both groups
individually (Figs 3A-C).

For Capitosauria, three species have been select-
ed: Paracyclotosaurus davidi Watson, 1958, Stanocepha-
losaurus pronus (Howie, 1970) and Mastodontosaurus
giganteus Jaeger, 1828. Their ilium is a short and
stout piece of the pelvic girdle, comprising two parts
expanded anteroposteriorly, as in most capitosaurs
(Watson 1958, fig. 12; Howie 1970, fig. 18; Schoch
1999, fig. 46). Watson (1958) did not describe the ilium
of Paracyclotosaurus; it is very similar to Stanocephalo-
saurus, which is described as a dorsoventrally short
bone with an elongated, flattened shaft that expands
distally (Howie 1970). The shaft is longer in Mastodon-
tosaurus (Schoch 1999; Fig. 3B). The cross-section of the
shaft is oval to nearly round ventrally and flattens
dorsally. The proximal region, bearing most of the
acetabulum, is also well expanded anteroposteriorly,
especially on the posterior side, with the acetabular
surface almost entirely on the ilium and consisting
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of a little round concavity (Watson 1958; Howie 1970;
Schoch 1999).

Comparison with Trematosauria is based on
ilia from two trematosauroids: an indeterminate
trematosaurid from the Middle Jurassic (Maisch et
al. 2004) and Trematolestes hagdorni Schoch, 2006,
from the Middle Triassic. In addition, we compared
NHMD-154502 with two brachyopoids from the Late
Triassic, Compsocerops cosgriffi Sengupta, 1935 and Pe-
lorocephalus mendozensis Cabrera, 1944. Finally, two
metoposauroids from the Late Triassic, Metoposaurus
diagnosticus krasiejowensis Sulej, 2002 and Apachesaurus
gregorii Hunt, 1993 were also used for comparison. The
ilium is very similar to what is seen in Lissamphibia,
especially for metaposaurids, with a long shaft, barely
expanded to unexpanded anteroposteriorly, corre-
sponding to more than 60% of the total length of the
ilium, whereas the ilial body is extended on either
side of the acetabular surface (Sengupta 1935, fig. 14;
Marsicano 1993, fig. 10; Maisch et al. 2004, fig. 2; Schoch
2006, fig. 6; Sulej 2007, figs 58, 59; Spielmann & Lucas
2012, figs 26, 27). Metoposaurus differs by having a sinu-

A B
£
=

oblique

groove

anterior margin

D E
£
£

ilium

acetabular fossa

pubis ischium pubis

soidal shaft oval to round in cross-section (Sulej 2007;
Fig. 3C). The trematosauroids possess a well-defined
acetabulum, though smaller than in the Greenland
specimen (Maisch et al. 2004, figs 1, 2A; Schoch 2006,
fig. 6). Pelorocephalus does possess two ridges on its
lateral surface running along the shaft and joining
each other at mid-length, and only one is close to
the acetabular surface, which is limited by a sizeable
nail-shaped rim (Marsicano 1993, fig. 10). Compsocer-
ops has an acetabular surface that is more similar to
our specimen. Its centre is under the edge of the base
of the ilium; however, it is confined on both sides of
its dorsal edge by two deep grooves (Sengupta 1935,
fig. 14). The base of the ilium of metaposaurids has a
right-angle shape, the lateral edge being the hypot-
enuse (Sulej 2007, fig. 59), a considerably different base
compared to the Greenland specimen (Figs 2C, D).

Comparison to Amphibamiformes

To help in the allocation of NHMD-154502 to a clade,
we also compared it with three representative speci-
mens of Amphibamiformes Schoch, 2019: Doleserpeton

O

10 mm

posterior margin

T

1 mm

acetabular fossa

ischium

Fig. 3. Compilation of ilia, NHMD-154502 and temnospondyls. A: Right ilium of @rsted Dal Formation specimen (NHMD-154502),
Norian. B: Left ilium (inversed) of Mastodonsaurus giganteus, Ladinian, after Schoch (1999). C: Right ilium of Metoposaurus diag-
nosticus krasiejowensis, (ZPAL AbIII/632), Norian, after Sulej (2007). D: Right pelvis (ilium, pubis and ischium) of Doleserpeton an-
nectens, (FMNH UR1379), Lower Permian, after Sigurdsen & Bolt (2010). E: Right pelvis (ilium, pubis and ischium) of Micropholis
stowi, (BSM 1934 VIII 43C), Induan, after Schoch & Rubidge (2005). F: Tungussogyrinus bergi, (PIN 4262/4a), Late Permian to Early
Triassic, after Wernerburg (2009).
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annectens Bolt, 1969 (a Lower Permian amphiba-
mid), Micropholis stowi Huxley, 1859 (a Lower Triassic
micropholid) and Tungussogyrinus bergi Efremov, 1939
(a Late Permian — Early Triassic branchiosaurid); this
clade, although mainly known in the Permian, is
phylogenetically close to lissamphibians according to
several analyses. We could not compare our specimen
to Gerobatrachus due to alack of details on the ilium of
the specimen in the original publication.

The 4 mm long ilium of Doleserpeton is fused with
pubis and ischium and has a dorsal blade oriented
posterolaterally as large as two-thirds of the ace-
tabular surface (Sigurdsen & Bolt 2010; Fig. 3D). The
authors have lightly described the ilium of Doleser-
peton in itself; the drawing suggests that the concave
acetabular surface occupies a large part of the body of
the ilium, and the anterior margin is fine and straight,
although the posterior margin is concave and skinny.
It reminds NHMD-154502 if we consider the dorsal
acetabular expansion as the posterior margin, the
main difference being that Doleserpeton has a wider
ilial shaft, corresponding to two-thirds of the width of
the acetabular surface, and a thinner anterior margin.
The shaft of NHMD-154502 only represents half of its
acetabular surface, and its dorsal acetabular expansion
is extremely large (Fig. 3A). According to the drawing
and the authors, no lateral structure has been spotted.

Similarly, Micropholis has an ilium fused with the
other pelvic belt bones (Schoch & Rubidge 2005; Fig.
3E). The body is vast, the acetabulum occupying about
55% with a skinny and angular posterior margin
forming a slope with the dorsal margin of the blade
and an extensive anterior margin. The dorsal blade,
shorter, is more inclined horizontally and narrows
ventrodorsally at the tip. The bone has an oval fossa
positioned anterodorsally to the acetabulum on the
lateral surface, but Schoch & Rubidge (2005) did not
mention it.

Tungussogyrinus has an ilium shaped like an
hourglass (Fig. 3F). It is shaped like an isosceles
triangle and framed by anterior and posterior
margins of the same width. The dorsal shaft extends
in the anteroposterior axis, especially in the anterior
direction (Werneburg 2009). The acetabulum occupies
only a tiny proportion of the body.

NHMD-154502 differs from the typical ilia of Trias-
sic temnospondyls. First, there is an essential variation
in size between the multiple temnospondyl taxa and
NHMD-154502. For example, the ilia of Mastodonto-
saurus are around 25 cm long (Fig. 3B), while the ilia
of Metoposaurus vary from 6 cm to 10 cm long (Sulej
2007). NHMD-154502 is closer to amphibamiforms
in size (e.g. Doleserpeton: 4 mm long). As seen before,
temnospondyl ilia have an anteroposteriorly ex-
panded dorsal blade and a massive anteroposteriorly

expanded ventral part bearing the dorsal part of the
acetabular surface (Warden & Snell 1991). The acetabu-
lar surface is mainly centred in large temnospondyls
(Schoch 1999, fig. 46; Maisch et al. 2004, fig. 1; Sulej 2007,
figs 58, 59). On the other hand, this surface is offset in
amphibamiforms and the Greenland specimen (Figs
3A, D-F), as in many salientians (Shubin & Jenkins
1995; Evans & Borsuk-Biatynicka 1998; Ascarrunz et
al. 2016; Stocker et al. 2019). Moreover, most temno-
spondyls lack any structure on the lateral surface
of the ilium, as seen in the specimen presented here
(Fig. 3A), refuting the possibility of attribution of the
Greenland ilium to this group.

Comparison to Caudata/Urodela

The ilium of salamander and frog are very alike.
Thanks to a few papers, it is now easier to differenti-
ate the two groups when only scattered fragments are
present, such as, for example, the ilium. For salaman-
ders, this element shares some similarities with ilia of
non-lissamphibian temnospondyls (Fig. 4).

Comparison to Caudata

Unfortunately, among the few ilia of stem-Caudata
preserved, they are generally flattened due to the
preservation, making it difficult to appreciate their
actual shapes. Among the caudate species known
in the bibliography, only ilia of Triassurus sixte-
lae and Kokartus honorarius Nesov, 1988 could have
been observed, the other taxa missing this element
(see Skutschas et al. 2018 for Kulgeriherpeton; Evans et
al. 1988 for Marmorerpeton; Skutschas & Krasnolutskii
2011 for Urupia). The ilium of Triassurus is very similar
to those of temnospondyl, looking like an hourglass
in lateral view, with a triangular acetabular region
(Schoch et al. 2020: figs 1C, 2B).

Seven ilium fragments have been identified for Ko-
kartus, preserving only the acetabulum region and
the base of the shaft (Averianov et al. 2008; Fig. 4B).
According to the authors, the acetabular surface has
the shape of a kidney and is bordered anteriorly and
posteriorly by slit-like depressions. The ilioischiatic
juncture is asymmetrical and convex, thickened an-
teriorly in a similar way to NHMD-154502, although
itis thickened dorsally for the latter (see Averianov et
al. 2008: fig. 70). The authors did not mention the
form of the acetabular surface, but it seems shallowly
concave. The presence of a protuberance projecting
laterally at the dorsal margin of the acetabular surface
distinguishes it from our specimen.

Comparison to Urodela
The ilium of Urodela does not differ significantly from
stem-Caudata: a triangular acetabular region in lateral
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view, with posterior and anterior margins almost
subequally developed, with a smooth medial surface,
either flat or convex and a thin asymmetrically con-
cave ilioischiatic juncture with lateral edge excavated
and grading into the acetabular surface (Gardner et al.
2010). The acetabular surface of Urodela varies highly
in shape: generally, distally elongate, longer than larger
(kidney-shape), subtriangular or semi-circular (Gard-
ner et al. 2010; Figs 4C-E). The acetabular surface varies
from shallowly concave or flat to flat saddle-shaped or
sinuous (Gardner et al. 2010; Ro&ek et al. 2012). Kokartus
shows that the acetabular surface can be delimited by
a low rim that does not extend laterally (Averianov et
al. 2008). In some cases, the portion closest to the base of
the shaft can project laterally in a ramp-like structure
(Rocek et al. 2012), as seen in Andrias scheuchzeri (Holl,
1831) and the indeterminate Urodela (Rocek et al. 2012,
fig. 25; Szentesi et al. 2020; Figs 4D-E).

Comparison to Salientia/Anura

Contrary to salamanders, the pelvic girdle of frogs
and their relatives had changed significantly from
its ancestral state to allow the jumping locomotion
specific to the group. Instead of projecting globally
dorsally in salamanders, their elongated ilia display
a shaft oriented anteriorly to anterodorsally (Milner
1988; Ford & Cannatella 1993) temnospondyls. This
condition is present among the earliest salientians,
Triadobatrachus and Czatkobatrachus, in the Chinle speci-
mens and anurans (Gardner et al. 2010), although the
shaft is shorter in the former. Due to this rotation, the
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acetabular surface turns posterolaterally to laterally
in extant frogs (Gardner et al. 2010; Rocek et al. 2012).
We note a similar condition in Triadobatrachus, where
the acetabulum faces more laterally (Ascarrunz et
al. 2016). Since the Greenland specimen is only an
isolated ilium without its shaft, we can only suggest
the putative direction of the acetabular surface being
oriented posterolaterally and ventrally if considering
the shaft is oriented laterally as in Salientia (Ford &
Cannatella 1993).

Comparison to Salientia

In contrast to Caudata, isolated ilia of Salientia
have been found multiple times and described. The
outline of their ilial body in lateral view, excluding
the acetabulum fossa, is triangular as in Triadobatra-
chus and the Chinle specimens, or squarish as seen
in Czatkobatrachus, with a dorsal acetabular expan-
sion well developed and barely developed (or absent)
ventral acetabular expansion for all three (Figs 5B-E).
The acetabular surface on their ilia is semi-circular
and concave (Rage & Rocek 1989; Stocker et al. 2019),
whereas in Czatkobatrachus, the whole surface is sub-
triangular and shallow (Evans & Borsuk-Biatynicka
2009). The acetabular rim does not stand out in Czat-
kobatrachus while it is easily discernible anteriorly and
ventrally for Triadobatrachus and the Chinle specimens
(Stocker et al. 2019; Figs 5B, D-E).

The medial surface is smooth, flat (or slightly
concave) and does not bear any trace of an interiliac
tubercle in Triadobatrachus and Czatkobatrachus, while
itis not visible in the Chinle specimens (Rage & Rocek
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Fig. 4. Compilation of ilia,
NHMD-154502 and salaman-
ders. A: Right ilium of Qrsted
Dal Formation specimen (NHMD-
154502), Norian. B: Left ilium
of Kokartus honorarius, (ZIN PH
48/47), Bathonian, after Averi-
anov et al. (2008). C: Left ilium of
Urodela indet., (TMP 96.78.199),
Campanian, after Rocek et al.
(2012). D: Left ilium of Ambystoma
mexicanum, (TMP 2010.30.06), Re-
cent, after Gardner et al. (2010). E:
Left ilium of Andrias scheuchzeri,
(JAM 2006.185.47), Miocene, after
Szentesi et al. (2020).



1989; Evans & Borsuk-Bialynicka 2009; Stocker et
al. 2019: see supplementary file).

The ilioischiatic juncture has not been described or
shown for Triadobatrachus, Czatkobatrachus or the Chin-
le specimens. For the first, ilia and ischia junctions are
obscured because of overlapping in the fossil (Ascar-
runz et al. 2016) In the case of Czaktobatrachus, the ilia
are fused with the ischia, preventing any accurate de-
scription of the juncture (Evans & Borsuk-Biatynicka
2009). Furthermore, for the Chinle specimens, this
area is too damaged for accuracy (Stocker et al. 2019).

Both earliest salientians, Triadobatrachus and Czak-
tobatrachus, share a dorsal prominence positioned
between the dorsal acetabular expansion and the ilial
shaft (Rage & Rocek 1989; Evans & Borsuk-Biatynicka
2009), which differs them from NHMD-154502.

Comparison to Anura

Frogs possess an ilium remarkably similar to stem-
Salientia: a triangular to squarish ilial body in lateral
view, with strongly divergent dorsal and ventral ac-
etabular expansions; a small to a large semi-circular or
subtriangular acetabular surface whose deepness var-
ies from deeply concave to bowl-shaped and partially
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sunk into the bone; the medial surface is smooth and
flat to shallowly concave and may bear an interiliac
tubercle; an ilioischiatic juncture flat or shallowly
convex with a sharp posterolateral edge to distinct
itself from the acetabular surface (Gardner et al. 2010).

Concerning the interiliac tubercle, anurans may
bear a triangular one on the medial surface of the ilial
body (Gardner et al. 2010; Rocek et al. 2012), confirmed
by Gémez & Turazzini (2016), who stated its absence
in neobatrachians (except two genera), and that it
is significantly developed only in aquatic taxa (e.g.
pipids and palaeobatrachids). In extant frogs, the
ilioischiatic juncture is thickened mediolaterally in
most pipimorph and narrow in most other anurans
(Gémez & Turazzini 2016), meaning that its thickness
does not help in the differentiation between Anura
and Urodela, as stated by Gardner et al. (2010) and
Rocek et al. (2012), even more, if we consider that both
papers contradict them on that point.

As the description shows, NHMD-154502 displays
various features on its lateral surface, like two ridges
and a groove. A single lateral oblique ridge has been
spotted in several pipimorphs (see Béez et al. 2012, figs
3B, 4A; Gémez & Turazzini 2016, fig. 3D; Fig. 5SH). More
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Fig. 5. Compilation of ilia, NHMD-154502 and frogs. A: Right ilium of Grsted Dal Formation specimen (NHMD-154502), Norian. B:
Right ilium of Triadobatrachus massinoti, MNHN.F.MAE126), Induan, after Ascarrunz et al. (2016). C: Right ilium of Czatkobatrachus
polonicus, (ZPAL AbIV/114), Induan, after Evans & Borsuk-Biatynicka (2009a). D-E: Right ilia of Chinle Formation specimens (D,
DMNH 2018-05-0002; E, PEFO 41743), Norian, after Stocker et al. (2019). F: Right ilium of Prosalirus bitis, (MCZ 9324A), Pliensbachian,
after Jenkins & Shubin (1998). G: Left ilium (inversed) of Bufo viridis, (GIN-11142/120), early Middle Pleistocene, after Tesakov et
al. (2019). H: Right ilium of a pipid from Daireaux (MMP M-5121), Upper Pleistocene, after Bdez et al. (2012). I: Left ilium (reversed)
of Dakota Formation specimen (UMNH 13158), late Cenomanian, after Ro¢ek et al. (2010).

A frog-like amphibian from the Late Triassic, East Greenland - 125



interestingly, Prosalirus bitis Shubin & Jenkins, 1995,
an early Jurassic anuran, possesses two lateral oblique
ridges, although they are located more dorsally and
are inclined in the opposite directions, perpendicular
to the ilial shaft (Shubin & Jenkins 1995; Gardner et
al. 2010; Fig. 5F). The groove separating the two lateral
ridges is reminiscent of a similar wider and shorter
structure described in anurans from the Late Cre-
taceous of Utah (Rocek et al. 2010, figs 5]-K; Fig. 5I).
NHMD-154502 shows both types of structures, ridges
and a groove; thus, both structures could be present
on other specimens, but their presence means nothing
concerning the inclusion of NHMD-154502 in Anura
since they have not been considered in numerous
phylogenetic analyses, except Bdez et al. (2012), and
are typically absent in the majority of anuran (Gémez
& Turazzini 2016).

Summary of the comparison

The supplementary file (adapted from Gardner et
al. 2010, Appendix 1) helps to differentiate the ilia of
anurans, urodeles, NHMD-154502, two salientians
(Triadobatrachus and Czatkobatrachus) and two caudates
(Triassurus and Kokartus). The specimen shares more
features with salientians and anurans than any other
clade: squarish acetabular region, deeply concave ace-
tabular surface, laterally projecting acetabular rim and
flat mesial surface. Triassic caudates are incomplete

Greenland specimen
Prosalirus

Chinle specimens

or not detailed enough, and the features concerning
the shaft cannot be treated for NHMD-154502. Based
on these statements, NHMD-154502 is considered as
a batrachian closer to Salientia than to Caudata.
Triassic lissamphibians are poorly documented,
with only three well-known genera: Triadobatra-
chus, Czatkobatrachus and Triassurus (Piveteau 1936;
Ivakhnenko 1978; Evans & Borsuk-Biatynicka 1998).
The Greenland specimen is the first lissamphibian
reported from the Jameson Land Basin in East Green-
land. Therefore, it is one of the northernmost Trias-
sic occurrences of Lissamphibia and most likely the
youngest, dated to 212.5 Ma (Fig. 6). The earliest frogs
(including at least a complete ilium) described from
the Late Triassic are the Chinle specimens from Ari-
zona, dated from 217 Ma to 213 Ma (Stocker et al. 2019).

Conclusion

This study describes the first lissamphibian discov-
ered from the Triassic of the Jameson Land Basin,
Greenland, based on an incomplete right ilium from
the Norian of the Carlsberg Fjord Member (Qrsted Dal
Formation) in the Fleming Fjord Group.

The ilium has been compared to various taxa such
as lepidosauromorphs, temnospondyls, salamanders
and frogs. It is identified as a batrachian displaying

Early Mesozoic

Triadobatrachus

Fig. 6. Triassic palaecogeography, with localities of Triassic batrachian and the Greenland specimen. Frog and salamander icons

mark the location of each specimen; purple for a Triassic locality and blue for an Early Jurassic locality (Paleobiology Database;

Authorizers: M. Carrano, R. Butler, T. Cleary and . Alroy).
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several features suggesting an affinity with salien-
tians: a squarish acetabular region, deeply concave
acetabular fossa, laterally projecting acetabular rim,
and flat mesial surface. This study reinforces the view
that, during the Late Triassic, batrachians were more
widespread than previously known and reached as
far north as 41° palaeolatitude. It is also one of the
northernmost occurrences of Batrachia from the Late
Triassic.
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