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This article presents a synthesis of Palaeozoic and Mesozoic fossil tetrapods from Greenland, includ-
ing an updated review of the holotypes and a new photographic record of the main specimens. All 
fossil tetrapods found are from East Greenland, with at least 30 different known taxa: five stem tetra-
pods (Acanthostega gunnari, Ichthyostega eigili, I. stensioi, I. watsoni, and Ymeria denticulata) from the Late 
Devonian of the Aina Dal and Britta Dal Formations; four temnospondyl amphibians (Aquiloniferus 
kochi, Selenocara groenlandica, Stoschiosaurus nielseni, and Tupilakosaurus heilmani) from the Early Triassic 
of the Wordie Creek Group; two temnospondyls (Cyclotosaurus naraserluki and Gerrothorax cf. pulcher-
rimus), one testudinatan (cf. Proganochelys), two stagonolepids (Aetosaurus ferratus and Paratypothorax 
andressorum), the eudimorphodontid Arcticodactylus, undetermined archosaurs (phytosaurs and both 
sauropodomorph and theropod dinosaurs), the cynodont Mitredon cromptoni, and three mammals (Ha-
ramiyavia clemmenseni, Kuehneotherium, and cf. ?Brachyzostrodon), from the Late Triassic of the Fleming 
Fjord Formation; one plesiosaur from the Early Jurassic of the Kap Stewart Formation; one plesiosaur 
and one ichthyosaur from the Late Jurassic of the Kap Leslie Formation, plus a previously unreported 
Late Jurassic plesiosaur from Kronprins Christian Land. Moreover, fossil tetrapod trackways are known 
from the Late Carboniferous (morphotype Limnopus) of the Mesters Vig Formation and at least four 
different morphologies (such as the crocodylomorph Brachychirotherium, the sauropodomorph Eosau-
ropus and Evazoum, and the theropodian Grallator) associated to archosaurian trackmakers are known 
from the Late Triassic of the Fleming Fjord Formation. The presence of rich fossiliferous tetrapod sites 
in East Greenland is linked to the presence of well-exposed continental and shallow marine deposits 
with most finds in terrestrial deposits from the Late Devonian and the Late Triassic. 
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The Devonian to Triassic strata of East Greenland are 
preserved in well-exposed terrestrial basins which 
have been extensively examined for terrestrial fossil 
remains since the 19th century. The first tetrapod dis-
coveries in Greenland are recorded from the Devonian 
of Ymer Ø (East Greenland, Fig. 1), found during an 
expedition in 1899 led by the Swedish naturalist and 
Arctic explorer Alfred Gabriel Nathorst (Nathorst 

1900, 1901; Woodward 1900). From the late 1920s until 
at least 1955, the Devonian of East Greenland was the 
target of several palaeontological expeditions (Heintz 
1930, 1932; Koch 1930; Orvin & Heintz 1930; Stensiö 
1931; Säve-Söderbergh 1932; Ries 2002; Blom et al. 2007). 
The Devonian outcrops of East Greenland also shed 
light on the first stem tetrapod ever found and de-
scribed from Greenland: Ichthyostega Säve-Söderbergh 
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the beginning of the 1970s the Mesozoic sediments of 
the eastern Milne Land were mapped and a couple of 
Late Jurassic neodiapsid marine reptiles were reported 
(Håkansson et al. 1971).

From the late 1980s, East Greenland saw new ex-
plorative initiatives aimed at recovering fossil tetrapod 
material by Harvard University (Massachusetts, USA) 
in collaboration with the University of Copenhagen 
(Denmark). These expeditions, led by the late Farish 
Jenkins, took place from 1988 to 2001 and explored 
the Late Triassic of the Jameson Land Basin (Fig. 1F); 
they acquired a plethora of unique tetrapods such as 
temnospondyls, testudinatans, pterosaurs, dinosaurs 
and the early mammal Haramiyavia clemmenseni Jen-
kins et al. 1997 (see also Jenkins et al. 1994, 2001, 2008; 
Gatesy et al. 1999; Shapiro & Jenkins 2001; Sulej et al. 
2014; Clemmensen et al. 2016).

The latest expeditions that collected fossil tetrapods 
from Greenland were undertaken in 2012 and 2016 
by the GeoCenter Møns Klint Dinosaur Expeditions, 
and in 2014 by a Polish-Danish team, recovering tes-

1932, a milestone fossil recovered in 1929 (Stensiö 1931). 
A few years later, the Devonian of East Greenland 
provided vertebrate palaeontologists with a second 
milestone stem tetrapod for understanding the tran-
sition from fishes to tetrapods: Acanthostega gunnari 
Jarvik 1952. New expeditions also took place during 
the early 1970s, one of which, led by P.F. Friend from 
the University of Cambridge, discovered new tetrapod 
material (Friend et al. 1976). These were followed by 
expeditions in 1987 and 1998 which recovered much 
more material (Clack 1988a, b; Bendix-Almgreen et 
al. 1990, Marshall et al. 1999, Clack & Neininger 2000; 
Clack et al. 2012) (Fig. 1D). During the earliest expedi-
tions, tetrapod fossils were discovered in the Early Tri-
assic of the Wordie Creek Group (e.g. Säve-Söderbergh 
1935; Nielsen 1954, 1967). Extensive stratigraphical 
studies of the Mesozoic strata in the Jameson Land 
area were carried out in the late 1960s and early 1970s 
and led to the discovery of a few vertebrate fossils, 
including temnospondyl remains in Middle and Late 
Triassic strata (e.g. Clemmensen 1980b). Moreover, at 

Fig. 1. A–F: Maps showing the position of the main fossil tetrapod sites of Greenland. 
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Surlyk et al. (2017) for the Wordie Creek Group (Fig. 
1D), and Clemmensen (1980b) for the Fleming Fjord 
Formation (Fig. 1E–F).

This article aims to give an updated systematic list 
and photographic review of the known Palaeozoic and 
Mesozoic fossil tetrapod occurrences from Greenland 
(Figs. 1–2). We also give the first formal report on 
plesiosaur remains from the Late Jurassic Kuglelejet 
Formation (Dypvik et al. 2002) at Kilen, Kronprins 
Christian Land (Fig. 1C).

Abbreviations. MCZ, Museum of Comparative 
Zoology, Harvard University (Massachusetts, USA); 
MGUH, Geological Museum, Copenhagen, Denmark; 
NHMD, Natural History Museum of Denmark, Co-
penhagen.

tudinatans, phytosaurs, dinosaurs, stem mammals 
and various vertebrate tracks from the Late Triassic 
of different fossiliferous sites in the Jameson Land 
Basin (Milàn et al. 2004, 2006, 2012; Mateus et al. 2014; 
Sulej et al. 2014; Clemmensen et al. 2016; Hansen et al. 
2016; Kear et al. 2016a; Klein et al. 2016; Marzola et al. 
2016, 2017a; Lallensack et al. 2017; Niedzwiedzki & 
Sulej 2017). ). Expeditions to the Celsius Bjerg Group, 
Wordie Creek Group and Fleming Fjord Formation 
of East Greenland were also launched by Uppsala 
University (Sweden) in 2015 and 2016, with vertebrate 
fossils recovered from various sites (Benjamin Kear, 
personal communication 2017).

We use the lithostratigraphical schemes by Clack & 
Neininger (2000) for the Celsius Bjerg Group (Fig. 1D), 

Fig. 2. Main fossil tetrapod taxa 
of Greenland. A: Time calibrated 
phylogenetic cladogram with major 
nodes enlightened with arrows and 
bold headings (for major clades rela-
tionships see Ruta et al. 2007; Schoch 
2008; Brusatte et al. 2011; Clack et 
al. 2012; Benton 2014). Dashed lines 
stand for ichnotaxa. B: Alpha diver-
sity (number of taxa per period). Left 
bars indicate the number of taxa in 
the fossil record; when present, right 
bars indicate the number of endemic 
species of Greenland.
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mensen 1996; Clemmensen et al. 1998; Kent & Tauxe 
2005). Continued northward drift during the Jurassic 
changed the climate in the Jameson Land and nearby 
basins to warm temperate and humid.

The Triassic continental Jameson Land Basin is situ-
ated in the southern part of the East Greenland rift 
system and has been interpreted as an open embay-
ment with a N–S orientation. The basin developed by 
extension and subsidence episodes during both the Late 
Permian to Early Triassic and the Late Triassic (Clem-
mensen 1980a, b; Price & Whitham 1997; Wignall & 
Twitchett 2002; Larsen et al. 2008). Characterised during 
the first stages of the Early Triassic by marine condi-
tions, the Jameson Land Basin records regressions and 
continental emergence later in the Early Triassic (Clem-
mensen 1980a, b; Wignall & Twitchett 2002; Nøttvedt 
et al. 2008). Tetrapod fossils are found in the Jameson 
Land Basin in the mainly marine Early Triassic Wordie 
Creek Group, in the Late Triassic Fleming Fjord Forma-
tion characterised by freshwater lake deposits, and in 
the Late Triassic to Jurassic Kap Stewart Formation 
interpreted as a lacustrine depositional system (Clem-
mensen 1980a; Dam & Surlyk 1992; Clemmensen et al. 
1998, 2016; Wignall & Twitchett 2002; Larsen et al. 2008).

Milne Land (Fig. 1E) is characterised by Jurassic 
marine sediments that directly overlie the Caledonian 
crystalline basement; the sediments were deposited 
during the Bathonian, due to the opening of the proto-

Environmental context
Tetrapod fossils were recovered from at least three 
main sedimentary basins in Greenland, all of which are 
connected to extensive tectonic events and successive 
sedimentary infills. The Late Devonian Celsius Bjerg 
Group is the fourth and youngest stratigraphic division 
of the continental Old Red Sandstone Basin in East 
Greenland. This basin was formed during the Middle 
to Late Devonian, mainly by extensional collapse of 
an over-thickened Caledonian crustal welt (Larsen et 
al. 2008). Fossil-bearing horizons include the Aina Dal 
Formation, characterised by meandering river deposits, 
and the Britta Dal Formation, distinguished by ephem-
eral stream and flood basin deposits (Larsen et al. 2008).

During the Middle to Late Devonian, East Greenland 
was located around 5–10°N, forming part of the equa-
torial Laurasia continent, and likely included a trade 
wind belt with monsoonal climate during the sum-
mer (Olsen 1990; Larsen et al. 2008). Greenland drifted 
north during the entire Palaeozoic era, and during the 
Early–Middle Triassic the East Greenland basins were 
situated at a latitude of ~25°N and were characterised 
by an arid paleoclimate (Kent & Clemmensen 1996). 
Northward drift continued, and in the Late Triassic 
the Jameson Land Basin reached 40°N and was situ-
ated at the boundary between a subtropical arid and a 
winter-wet, warm temperate climate belt (Kent & Clem-

Fig. 3. The stem tetrapod Acanthostega gunnari Jarvik 1952, holotype NHMD 74758 (previously MGUH VP 6033 (MGUH A33 in 
Coates 1996 and previously MGUH VP 6264): partial skull in dorsolateral view, from the Late Devonian of the Britta Dal Forma-
tion. Scale bar: 5 cm.
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Comments. We report here only the holotype. Coates 
(1996) reported at least 14 different specimens ascribed 
to Acanthostega.

Ichthyostega Säve-Söderbergh 1932 (Tetrapodomor-
pha: Ichthyostegidae)

Holotypes. I. eigili Säve-Söderbergh 1932 - MGUH VP 
6004, an almost complete skull (Fig. 4); I. stensioi Säve-
Söderbergh 1932 - MGUH VP 6001, a partial skull 
with skull roof and anterior palate (Fig. 5); I. watsoni 
Säve-Söderbergh 1932 - MGUH VP 6003, an almost 
complete skull (Fig. 6).

Locality. East Plateau at the north side of Celsius 
Bjerg, Ymer Ø (Fig. 1D).

Horizon. Aina Dal Formation and Britta Dal Forma-
tion, Celsius Bjerg Group, fluvial deposits; low-latitude 
monsoonal climate.

Age. Late Devonian (Famennian).
Selected bibliography. Jarvik (1952, 1996); Marshall et 

al. (1999); Ahlberg et al. (2005); Blom (2005); Ahlberg & 
Clack (2006); Larsen et al. (2008); Pierce et al. (2012, 2013).

Comments. We report here only the holotypes’ de-
pository numbers. As noted by Blom (2005) over 300 
specimens are referred to Ichthyostega. The species 
name for I. stensioi is given following the spelling of 
Snitting & Blom (2009).

Atlantic seaway between Greenland and Norway 
(Callomon & Birkelund 1980). Fossil tetrapods have 
been found in the Kap Leslie Formation, which is 
composed of marine sandstones and shales (Callomon 
& Birkelund 1980).

Devonian
Skeletal fossils

Acanthostega gunnari Jarvik 1952 (Stegocephali: 
Acanthostegidae)

Holotype. NHMD 74758 (previously MGUH A33 in 
Coates 1996 and previously MGUH VP 6264), a partial 
skull (Fig. 3).

Localities. Wiman Bjerg & Stensiö Bjerg, Gauss Halvø 
(Fig. 1D).

Horizon. Britta Dal Formation, Celsius Bjerg Group, 
fluvial deposits; low-latitude monsoonal climate.

Age. Late Devonian (Famennian).
Selected bibliography. Clack (1988a, 1989, 1992, 1994, 

1998, 2002a, b); Coates (1996); Ahlberg & Clack (1998); 
Marshall et al. (1999); Clack et al. (2003); Larsen et al. 
(2008); Neenan et al. (2014).

Fig. 4. The stem tetrapod 
Ichthyostega e ig i li  Säve-
Söderbergh 1932, holotype 
MGUH VP 6004 from Late 
Devonian of the Aina Dal 
and Britta Dal Formations. 
A–B: Dorsal views C: Ventral 
view. D: Schematic drawing 
of MGUH VP 6004 with cor-
respondent views of A, B, 
and C, out of scale and with 
exaggerated thickness. E: 
Frontal view. F: Right lateral 
view. G: Left lateral view. 
Scale bar A–C, E–G: 10 cm.
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Fig. 5. The stem tetrapod 
Ichthyostega stensioi Säve-
Söderbergh 1932, holotype 
MGUH VP 6001: part ial 
skull from Late Devonian 
of the Aina Dal and Britta 
Dal Formations. A–B: Dor-
sal views. C: Ventral view. 
D: Schematic drawing of 
MGUH VP 6001 with cor-
respondent views of A, B, 
and C, out of scale and with 
exaggerated thickness. Scale 
bar A–C: 5 cm.

Fig. 6. The stem tetrapod 
Ichthyostega watsoni Säve-
Söderbergh 1932, holotype 
MGUH VP 6003: part ial 
skull from Late Devonian 
of the Aina Dal and Britta 
Dal Formations. A–B: Dorsal 
views. C: Ventral view. D: 
Right lateral view. E: Sche-
matic drawing of MGUH 
VP 6001 with correspondent 
views of A, B, and C, out of 
scale and with exaggerated 
thickness. Scale bar A–D: 
10 cm.
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Locality. South side of Celsius Bjerg, Ymer Ø (Fig. 
1D).

Horizon. Celsius Bjerg Group, scree (fluvial depos-
its); low-latitude monsoonal climate.

Age. Late Devonian (Famennian).

Ymeria denticulata Clack et al. 2012 (Tetrapodomor-
pha: Tetrapoda)

Holotype. NHMD 74759 (previously MGUH VP 6088), 
a partial skeleton with cranial elements (lower jaws, 
maxillae, premaxillae, partial palate) and postcranial 
shoulder girdle (Fig. 7).

Fig 7. The stem tetrapod 
Ymeria denticulata Clack et al. 
2012, holotype NHMD 74759 
(previously MGUH VP 6088), 
a partial skull with lower 
jaws from Late Devonian of 
the Britta Dal Formation. A: 
Dorsal view. B: Ventral view. 
Scale bar: 5 cm.

Fig. 8. The capitosauroid 
Aquiloniferus kochi Bjerring 
1999, holotype MGUH VP 
3357 (previously MGUH VP 
At.1): a skull from the Early 
Triassic of the Wordie Creek 
Group. A, C: Dorsal views. B: 
Ventral view. D: Schematic 
drawing of MGUH VP 3357 
with correspondent views of 
A, B, and C (out of scale and 
with exaggerated thickness). 
Scale bar A–C: 5 cm.
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Age. Late Carboniferous (late Bashkirian to early 
Moscovian).

Selected bibliography. Bendix-Almgreen (1976); Milàn 
et al. (2016a).

Comments. The tracks were originally found by E. 
Witzig during field work in 1950. These tracks, to-
gether with additional material, were first depicted 
by Bendix-Almgreen (1976, p. 553, fig. 425D) and 
described as casts of tetrapod trails. However, Bendix-
Almgren (1976) erroneously reported them as Lower 
Permian. Gilberg (1992) re-mentioned them briefly in 
a firsthand account from the fieldwork in 1950. Milàn 
et al. (2016a) indicated eryopoid temnospondyls as the 
potential track makers.

Carboniferous
Trace fossil

Limnopus vagus Marsh 1894
Referred material. MGUH 31556, a slab preserving at 

least 12 tracks (isolated and three as pes-manus cou-
ples) on average 50 to 55 mm long and 55 to 70 wide.

Locality. Langelinie mountain, Mesters Vig, north-
ern Scoresby Land, 72°09 N, 24°07 W (Fig. 1E).

Horizon. Non-marine dark brown, fine- to medium-
grained sandstone from floodplain deposits of either 
Blyklippen or Profilbjerget Member of the Mesters Vig 
Formation, Traill Ø Group.

Fig. 9. The capitosauroid Aq-
uiloniferus kochi Bjerring 1999: 
specimens from the Early 
Triassic of the Wordie Creek 
Group. A: Dorsal view of 
MGUH VP 3358 (previously 
MGUH VP At. 3), natural in-
ternal cast of a partial skull. 
B–C: Dorsal and ventral 
views of MGUH 3359 (previ-
ously MGUH VP At. 28), a 
partial skull. D–E: Dorsal 
and ventral views of MGUH 
3360 (previously MGUH VP 
At. 29), a partial skull. F–H: 
MGUH 3361 (previously 
MGUH VP At. 39), as a par-
tial skull, in dorsal (F) and 
ventral (G) views, and seven 
cervical vertebrae (H). Scale 
bar: 5 cm.
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Triassic
Skeletal fossils

Aquiloniferus kochi Bjerring 1999 (Temnospondyli: 
Capitosauroidea)

Holotype. MGUH VP 3357 (previously MGUH VP At.1), 
a skull (Fig. 8). 

Referred material. MGUH VP 3358 (previously 
MGUH VP At. 3), a natural internal cast of a partial 
skull; MGUH 3359 (previously MGUH VP At. 28), a 
partially preserved anterior half of a skull; MGUH 
3360 (previously MGUH VP At. 29), a partially pre-
served skull; MGUH 3361 (previously MGUH VP At. 
39), a partially preserved skull associated to seven 
cervical vertebrae (Fig. 9).

Locality. South-east of Kap Stosch, Stensiö Plateau 
and Spath Plateau, Hold With Hope (Fig. 1D).

Horizon. Myalina kochi horizon, Wordie Creek 
Group, shallow marine deposits; warm tropical cli-
mate.

Age. Early Triassic (Induan).
Selected bibliography. Cosgriff (1984); Lucas (1998); 

Bjerring (1999).
Comments. These specimens were originally attrib-

uted to Luzocephalus johanssoni Säve-Söderbergh 1935.

Selenocara groenlandica Bjerring 1997 (Temnospon-
dyli: Capitosauroidea)

Holotype. MGUH VP 3339 (previously MGUH VP At. 
2), posterior part of a skull (Fig. 10).

Referred material. MGUH VP 3340 (previously 
MGUH VP At. 17), a natural cast of a partial skull.

Locality. South-east of Kap Stosch, ridge VIII–IX 
of the north-east slope of Stensiö Plateau, Hold With 
Hope (Fig. 1D).

Horizon. Myalina kochi horizon, Wordie Creek 
Group, shallow marine deposits; warm tropical cli-
mate.

Age. Early Triassic (Induan).
Selected bibliography. Bjerring (1997); Lucas (1998).
Comments. These specimens were originally 

Fig. 10. The capitosaurid 
Selenocara groenlandica Bjer-
ring 1997, holotype MGUH 
VP 3339 (previously MGUH 
VP At. 2): a partial skull 
from the Early Triassic of the 
Wordie Creek Group, in A: 
Dorsal views, B: Lateral right 
view, and C: Ventral views; 
and natural cast of partial 
skull MGUH VP 3340 (previ-
ously MGUH VP At. 17) (D), 
from the Early Triassic of the 
Wordie Creek Group in D: 
dorsal view. Scale bar: 3 cm.
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Fig. 12. The tupilakosaurid Tupilakosaurus heil-
mani Nielsen 1954, holotype MGUH VP 3328 
(specimen A): two separate blocks containing 
postcranial material (including vertebrae, ribs, 
tooth) from the Early Triassic of the Wordie 
Creek Group. A: Block A. B: Block B. Scale bars: 
5 cm.

Fig. 11. The trematosaurid Stoschiosaurus nielseni 
Säve-Söderbergh 1935, holotpye MGUH VP 7057 
(previously MGUH VP At.6): a partial skull. A: 
Dorsal view. B: Ventral view. Scale bar: 3 cm.
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identified as Wetlugasaurus groenlandicus by Säve-
Söderbergh (1935).

Stoschiosaurus nielseni Säve-Söderbergh 1935 (Tem-
nospondyli: Trematosauridae)

Holotype. MGUH VP 7057 (previously MGUH VP At.6), 
a partial skull (Fig. 11).

Locality. South-east of Kap Stosch, ridge VIII–IX 
of the north-east slope of Stensiö Plateau, Hold With 
Hope (Fig. 1D).

Horizon. Myalina kochi horizon, Wordie Creek 
Group, coastal claystone/sandstone, shallow marine 
deposits; warm tropical climate.

Age. Early Triassic (Induan).

Tupilakosaurus heilmani Nielsen 1954 (Temnospon-
dyli: Tupilakosauridae)

Holotype. MGUH VP 3328 (specimen A), a partial 
skeleton (Fig. 12).

Locality. South-east of Kap Stosch, north-east slope 
of Stensiö Plateau, Hold With Hope (Fig. 1D).

Horizon. Myalina kochi horizon, Wordie Creek Group, 
shallow marine deposits; warm tropical climate.

Age. Early Triassic (Induan).
Selected bibliography. Nielsen (1954, 1967).

Cyclotosaurus naraserluki Marzola et al. 2017b 
(Temnospondyli: Cyclotosauridae)

Holotype. MGUH.VP 9522, a nearly complete skull 
(Fig. 13A).

Referred material. Two vertebral intercentra, MGUH.
VP 9523 and MGUH.VP 9524.

Locality. Macknight Bjerg, Jameson Land, 71°22.30′ 
N, 22°33.14′ W (Fig. 1F).

Horizon. Ørsted Dal Member (Carlsberg Fjord beds), 
Fleming Fjord Formation, lacustrine deposits; sub-
tropical arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Marzola 

et al. (2017b).

Gerrothorax cf. pulcherrimus Fraas 1913 (Temno-
spondyli: Plagiosauridae)

Referred material. At least sixty-four specimens of G. 
pulcherrimus have been recovered from the Fleming 
Fjord Formation. The main specimens used for the 
descriptions in Jenkins et al. (2008) are MGUH 28916, 
MGUH 28917, MGUH 28918, MGUH 28919, MGUH 
28921, MGUH 28923 and MGUH 28925 for skull 
anatomy and interclavicles; MGUH 28922 and MGUH 
28924 for vertebral structure and dermal armour.

Locality. Macknight Bjerg, Jameson Land, 71°22.30′ 
N, 22°33.14′ W (Fig. 1F).

Horizon. Ørsted Dal Member (Carlsberg Fjord beds), 
Fleming Fjord Formation, lacustrine deposits; sub-
tropical arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994, 2008); 

Schoch & Witzmann (2012); Sulej et al. (2014).

cf. Proganochelys Baur 1887 (Testudinata: Progano-
chelyidae)

Referred material. NHMD 190349 (previously MCZ Field 
no. 22/88G), partially preserved carapace and plastron, 
caudal vertebrae, and incomplete limb bones (right 
humerus, right ulna, right radius, both femora, and 
left tibia) (Fig. 13C).

Locality. Lepidopteriselv, Jameson Land, 71°15.760′ 
N, 22°32.682′ W, 285 m a.s.l. (Fig. 1F)

Horizon. Upper part of the Ørsted Dal Member 
(Carlsberg Fjord Beds), Fleming Fjord Formation, la-
custrine deposits; subtropical arid to winter-wet, warm 
temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Marzola et 

al. (2016).
Comments. This specimen was originally described 

by Jenkins et al. (1994) as cf. Proganochelys, based on two 
presumed autapomorphies for the genus Proganochelys: 
(1) the presence of a pair of gular and intergular pro-
jections and (2) the presence of the dorsal epiplastral 
process. Paired gular projections are now also known 
in the Late Triassic Odontochelys semitestacea Li et al. 
(2008) from China, while dorsal epiplastral processes 
are known both in O. semitestacea and the Early Jurassic 
Kayentachelys aprix Gaffney et al. (1987) from Arizona, 
USA. An expedition to the Jameson Land Basin in the 
summer of 2016 (Marzola et al. 2017a) revisited the 
source locality and collected additional components 
of the specimen including two fragmentary vertebrae.

Testudinata indet.

Referred specimen. NHMD 163391–163417, a fragmen-
tary specimen including carapace, plastron, scapular 
and pelvic girdles, and limb bones; NHMD 74737, a 
fragmentary specimen including carapace, plastron, 
and pelvic girdle.

Locality. NHMD 163391–163417 was found during 
the US-Danish expedition in 1995 at Ærenprisdal, 
Jameson Land, 71°32.611′ N, 22°55.307′ W; NHMD 74737 
was found during the Danish expedition in 2012 by 
one of us (OM) in solifluction at Wood Bjerg–Mack-
night Bjerg, Jameson Land, 71°22.965′ N, 22°33.216′ W 
(Fig. 1F).



32     ·     Bulletin of the Geological Society of Denmark

Aetosaurus ferratus Fraas 1877 (Archosauria: Stago-
nolepididae)

Referred material. NHMD 190375–190379 (previously 
MCZ Field no. 22/92G), a skull associated with dermal 
armor, limb bones, vertebrae, and a partial sacrum 
(Fig. 13B).

Locality. Sydkronen, northern Jameson Land, 
71°49.65′ N, 23°30.83′ W (Fig. 1E).

Horizon. Ørsted Dal Member (Bjergkronerne beds), 
Fleming Fjord Formation, fluvial deposits; subtropical 
arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Schoch 

(2007); Parker (2016).

Horizon. NHMD 163391–163417 and NHMD 74737 
both come from the Ørsted Dal Member (Carlsberg 
Fjord beds) of the Fleming Fjord Formation, lacus-
trine deposits; subtropical arid to winter-wet, warm 
temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Mateus et al. (2014); Clem-

mensen et al. (2016); Marzola et al. (2016).
Comments. Both specimens are unpublished and 

are currently under study. Another specimen has 
been found by the Cambridge expedition in 2015, 
from the Malmros Klint or Ørsted Dal Member of the 
Fleming Fjord Formation (Steven Andrews, personal 
communication 2016).

Fig. 13. Fossil tetrapods from the Late Triassic of Jameson Land Basin in exhibition at the GeoCenter of Møns Klint, Denmark, 
as of 2016. A: Oblique photograph of the holotype of the capitosaurid Cyclotosaurus naraserluki Marzola et al. 2017b MGUH.VP 
9522. B: The stagonolepidid Aetosaurus ferratus Fraas 1877 NHMD 190375–190379 (previously MCZ Field no. 22/92G). C: Oblique 
photograph of the testudine NHMD 190349 (previously MCZ Field no. 22/88G) (top layer: carapace; bottom layer: plastron and 
limb bones). D: Adult and juvenile (bottom right corner) phytosaurs, respectively NHMD 74733 and NHMD 74736. E: Sauropodo-
morph plateosauridae NHMD 164734 (previously 4/88/G and GM.V 2013-683). C and E not scaled. Scale bars, A–B: 6 cm; D: 15 cm.
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Phytosauria indet. (Archosauriformes: Crurotarsi)

Referred specimen. Four incomplete phytosaurs (two 
adults, one subadult and one juvenile) collected during 
the 2012 GeoCenter Møns Klint expedition (NHMD 
74733–74736, Fig. 13D).

Locality. ‘Mateus’ site, Lepidopteriselv, Jameson 
Land, 71°15.584′ N, 22°31.785′ W (Fig. 1F).

Horizon. Middle Malmros Klint Member, Fleming 
Fjord Formation, lacustrine and overbank fluvial 
deposits; subtropical arid to winter-wet, warm tem-
perate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Mateus et al. (2014); Clem-

mensen et al. (2016).

Comments. Despite being incomplete, this specimen 
has been attributed to A. ferratus by most recent stud-
ies (Schoch 2007; Parker 2016).

Paratypothorax andressorum Long & Ballew 1985 
(Archosauria: Stagonolepididae)

Referred material. MCZ Field no. 23/92G, one parame-
dian (mostly preserved as a natural mold) and two 
lateral dermal scutes.

Locality. Sydkronen, northern Jameson Land.
Horizon. Uncertain, potentially Ørsted Dal Member, 

Fleming Fjord Formation, fluvial deposits; subtropical 
arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Lucas et 

al. (2006).

Fig. 14. The eudimorphodontid Arcticodactylus 
cromptonellus (Jenkins et al. 2001), holotype 
NHMD 74799 from the Late Triassic of the 
Fleming Fjord Formation. A: block exposed in 
the GeoCenter (as for 2016). B: counter block at 
NHMD. Scale bar: 3 cm.
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Arcticodactylus cromptonellus (Jenkins et al. 2001) 
(Pterosauria: Eudimorphodontidae)

Holotype. NHMD 74799, a disarticulated skeleton pre-
serving numerous cranial and postcranial elements 
(Fig. 14).

Locality. Macknight Bjerg, Jameson Land, 71°22.277′ 
N, 22°33.341′ W (Fig. 1F).

Horizon. Ørsted Dal Member (Carlsberg Fjord beds), 
Fleming Fjord Formation, lacustrine deposits; sub-
tropical arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Dalla Vec-

chia (2003, 2014); Kellner (2015). 
Comments. Originally attributed by Jenkins et al. 

(1994) to the genus Eudimorphodon Zambelli 1973, this 
specimen was later described as a new genus, Arcti-
codactylus, by Kellner (2015).

Plateosauridae indet. (Dinosauria: Sauropodomor-
pha)

Referred material. At least four individuals: NHMD 
164734 (previously 4.88.G and GM.V 2013-683), an un-
reported and unpublished complete individual with 
cranial and postcranial material (Fig. 13E); NHMD 
164741 (previously MCZ Field no. 61/91G), a skull 
reported in Jenkins et al. (1994, fig. 11, p. 14); NHMD 
164758 (previously 1/G95 or 1/95/G), an unreported 
and unpublished individual with cranial and postcra-
nial material, probably a sub-adult; NHMD 164775, 
unpublished and partially unprepared material ex-
cavated during the 2012 Danish expedition.

Locality. NHMD 164734 is from Lepidopteriselv, 

Jameson Land; NHMD 164741 and NHMD 164758 
are from the north side of Macknight Bjerg, Jameson 
Land, with the former located at 71°23.010′ N, 22°34.114′ 
W and the latter stratigraphically slightly above it, at 
71°22.993′ N, 22°33.972′ W; NHMD 164775 is from the 
‘Iron Cake’ Site, Wood Bjerg–Macknight Bjerg, Jame-
son Land, 71°22.262′ N, 22°33.381′ W (Fig. 1F).

Horizon. NHMD 164734 is from the Ørsted Dal 
Member (Carlsberg Fjord beds), Fleming Fjord 
Formation, NHMD 164741 and 164758 from the up-
permost Malmros Klint Member, Fleming Fjord 
Formation, lacustrine deposits; subtropical arid to 
winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Clem-

mensen et al. (2016).
Comments. As of August 2017, NHMD 164734 is 

exhibited at GeoCenter Møns Klint, Denmark (Fig. 
13E); NHMD 164741 and the skull of NHMD 164758 
are under restoration and final preparation at Museu 
da Lourinhã (Portugal), while the postcranial mate-
rial of NHMD 164758 is in storage at GeoCenter Møns 
Klint; a partially prepared rib cage of NHMD 164775 
is also exhibited at GeoCenter Møns Klint, while the 
rest of the material from the 2012 expedition is stored 
and under preparation at Dino-Park Münchehagen 
(Germany).

Jenkins et al. (1994) associated NHMD 164741 to 
Plateosaurus engelhardti. We suggest that this associa-
tion is considered with caution because preliminary 
phylogenetic studies by our team indicate that this 
specimen belongs to the clade Plateosauria, though 
presenting distinct and unique morphological char-
acters that distinguish it from Plateosaurus.

Fig. 15. The cynodont Mitredon cromptoni Shapiro 
& Jenkins 2001, holotype MGUH VP 3392: a left 
dentary from the Late Triassic of the Fleming 
Fjord Formation. A: lingual view. B: labial view. 
Scale bar: 1 cm.
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Selected bibliography. Jenkins et al. (1994).

Haramiyavia clemmenseni Jenkins et al. 1997 (Mam-
malia: Haramiyidae)

Holotype. MCZ 7/95, partially associated cranial ele-
ments and postcranial bones, including dentaries, 
premaxilla, vertebrae, and limb bones (Fig. 16A–B).

Referred specimen. MCZ 10/95, a left mandible with 
teeth (Fig. 16C).

Locality. North side of Ærenprisdal, at the junction 
with Pingel Dal, Jameson Land, 71°32.958′ N, 22°55.188′ 
W, 670 m a.s.l. (Fig 1F).

Horizon. Ørsted Dal Member (Tait Bjerg Beds), Flem-
ing Fjord Formation, lacustrine deposits; subtropical 
arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Luo et al. 

(2015).

Kuehneotherium Kermack et al. 1968 (Mammalia: 
Kuehneotheriidae)

Referred specimen. MCZ Field no. 62/91 G 1–2 and 64/91 
G 3–8 and 10: ten mammaliamorph teeth.

Locality. Western slope of Tait Bjerg, Jameson Land, 
bounded by Passagen to the south, Buch Bjerg to the 
north, and Carlsberg Fjord to the east.

Mitredon cromptoni Shapiro & Jenkins 2001 (Ther-
apsida: Cynodontia)

Holotype. MGUH VP 3392, an incomplete left mandible 
with teeth (Fig. 15). 

Locality. North of Ærenprisdal at its junction with 
Pingel Dal, Jameson Land, 71°32.929′ N, 22°55.450′ W 
(Fig. 1F).

Horizon. Uppermost dolostone in Ørsted Dal 
Member (Tait Bjerg Beds), Fleming Fjord Formation, 
lacustrine deposits; subtropical arid to winter-wet, 
warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Shapiro & Jenkins (2001).

cf. ?Brachyzostrodon Sigogneau-Russell 1983 (Mam-
malia: Morganucodontidae)

Referred specimen. MCZ Field no. 64/91 G 4, a mam-
maliamorph tooth.

Locality. Western slope of Tait Bjerg, Jameson Land, 
bounded by Passagen to the south, Buch Bjerg to the 
north, and Carlsberg Fjord to the east.

Horizon. Dolomitic limestone of the Tait Bjerg Beds, 
Ørsted Dal Member of the Fleming Fjord Formation, 
lacustrine deposits; subtropical arid to winter-wet, 
warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).

Fig. 16. The haramiyid Haramiyavia clemmenseni 
Jenkins et al. 1997, holotype MCZ 7-G95 from the 
Late Triassic of the Fleming Fjord Formation. 
A: Main block with cranial and postcranial ele-
ments. B: Right mandible in labial view. C: Left 
mandible in lingual view. Scale bars, A: 5 cm; 
B and C: 2 cm.
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Evazoum isp. Lockley et al. 2006b

Referred specimens. Trackways S3 as described by Lal-
lensack et al. (2017, fig. 4).

Locality. ‘Track Mountain’, on a north-east slope 
of Wood Bjerg–Macknight Bjerg, Jameson Land, 
71°24.857′ N, 22°33.334′ W (Fig. 1F).

Horizon. Ørsted Dal Member (lowermost Tait Bjerg 
Beds), Fleming Fjord, lacustrine deposits; subtropical 
arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Sulej et al. (2014); Lallensack et 

al. (2017).
Comments. The Evazoum trackway described in 

Lallensack et al. (2017) was made by a bipedal track-
maker, potentially a non-sauropod sauropodomorph 
dinosaur, and are the largest known tracks ascribed 
to this morphotype.

Grallator Hitchcock 1858

Referred specimens. MGUH 27811–27915 described by 
Milàn et al. (2006) and further tracks described by 
Gatesy et al. (1999, p. 142, fig. 1), Gatesy (2001, p. 139, fig. 
1), Milàn et al. (2004, p. 289, fig. 4), and Clemmensen et 
al. (2016, p. 42, fig. 8).

Locality. Different localities at Tait Bjerg and Wood 
Bjerg, Jameson Land (Fig. 1F).

Horizon. Malmros Klint and Ørsted Dal Member, 
Fleming Fjord Formation, lacustrine deposits; sub-
tropical arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994); Gatesy et 

al. (1999); Gatesy (2001); Milàn et al. (2004); Suley et al. 
(2014); Clemmensen et al. (2016).

Comments. The Grallator tracks have an average foot 
size of 23.5 cm length and 8 cm width; trackways have 
an average pace of 61 cm and step of 119 cm (Clem-
mensen et al. 2016). They were attributed to cerato-
saurid theropod dinosaurs by Gatesy et al. (1999). The 
record is extremely rich, including thousands of tracks 
from multiple horizons in the middle and upper part 
of the Malmros Klint Member, the overlying Carlsberg 
Fjord beds (the most abundant source) and the lower-
most Tait Bjerg Beds of the Ørsted Dal Member (Milàn 
et al. 2014; Suley et al. 2014; Clemmensen et al. 2016).

cf. Brachychirotherium Beurlen 1950

Referred specimens. MGUH 31233a–c and MGUH 31234, 
two slabs preserving tracks as concave epireliefs (true 
tracks); MGUH 31235, a slab bearing tracks as convex 
hyporeliefs (natural casts).

Locality. Tait Bjerg (MGUH 31235) and north of 
Lepidopteriselv (MGUH 31233a–c and MGUH 31234, 

Horizon. Ørsted Dal Member (Tait Bjerg Beds, dolo-
mitic limestone), Fleming Fjord Formation, lacustrine 
deposits; subtropical arid to winter-wet, warm temper-
ate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Jenkins et al. (1994).
Comments. Two teeth (MCZ 62/91 G 1–2) were found 

in the lowermost Ørsted Dal Member (Carlsberg Fjord 
beds), while the remaining eight teeth (MCZ 64/91 
G 3–8, 10) were found in the uppermost Ørsted Dal 
Member (Tait Bjerg Beds).

Sulej et al. (2014) reported abundant Late Triassic 
vertebrate material from the Malmros Klint and Ørsted 
Dal Members of the Fleming Fjord Formation. To date, 
this material has not been described. Among the most 
significant vertebrate fossils reported from the 2014 
expedition were archosaur bone remains including 
fragmentary limbs and pelvis associated with dino-
sauriforms and theropod dinosaurs from Macknight 
Bjerg, the latter including part of a maxilla, two iso-
lated teeth, two cervical vertebrae, fragmentary tibia, 
fibula, pubis, ischium, dorsal and caudal vertebrae 
and tentatively attributed to a coelophysoid theropod 
(Niedzwiedzki & Sulej 2017). There are also sauropo-
domorph and theropod dinosaur tracks and trackways 
from Macknight Bjerg, remains of stem turtles and a 
potential pterosaur, an incomplete mandible and as-
sociated dentition of a stem mammal from Liasryggen 
(Jameson Land) and pentadactyl tracks, possibly of 
stem mammal affinity.

Trace fossils

Eosauropus isp. Lockley et al. 2006a

Referred specimens. Trackways S1 and S2 described in 
Lallensack et al. (2017, figs. 2–3).

Locality. ‘Track Mountain’, on a north-east slope of 
Wood Bjerg–Macknight Bjerg, Jameson Land (Track-
way S1: 71°24.853′ N, 22°33.322′ W and 534 m a.s.l.; 
Trackway S2: 71°24.955′ N, 22°32.952′ W; Fig. 1F).

Horizon. Ørsted Dal Member (lowermost Tait Bjerg 
Beds), Fleming Fjord, lacustrine deposits; subtropical 
arid to winter-wet, warm temperate climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Sulej et al. (2014); Lallensack et 

al. (2017).
Comments. The Eosauropus trackways described in 

Lallensack et al. (2017) are the largest tracks known for 
this morphotype and were potentially made by sauro-
pod dinosaurs; the tracks represent the first evidence 
of the clade Sauropoda from Greenland and extend 
their presence back to the Late Triassic.



·     37Review of Palaeozoic and Mesozoic tetrapods from Greenland

cf. Evazoum isp., Eosauropus isp. and cf. Tetrasauropus 
isp.. Hansen et al. (2016) reported vertebrate coprolites 
of which many could be of tetrapod origin.

Jurassic
Skeletal fossils

Plesiosauria indet. (Diapsida: Sauropterygia)

Referred specimens. Two partial vertebrae NHMD 74795 
and NHMD 74796; a partial rib NHMD 74797 (Fig. 17).

Locality. East slope of a mountain near Lepidopteri-
selv, 71°15.761′ N, 22°34.287′ W, 498 m a.s.l., Jameson 
Land (Fig. 1F).

71°15.687′ N, 22°32.326′ W, 242 m a.s.l.), Jameson Land 
(Fig. 1F).

Horizon. Ørsted Dal Member (Carlsberg Fjord beds), 
Fleming Fjord Formation, fluvial and lacustrine de-
posits; subtropical arid to winter-wet, warm temperate 
climate.

Age. Late Triassic (late Norian to early Rhaetian).
Selected bibliography. Klein et al. 2016.
Comments. Klein et al. (2016) attributed these foot-

prints to crocodylomorph archosaurs.

Other tracks
Sulej et al. (2014) reported at least nine provisional 
morphologies among the tracks recovered from dif-
ferent beds of the Fleming Fjord Formation, including 
cf. Brachychirotherium isp., cf. Apatopus isp., cf. Atreipus 
isp., Chirotheriidae indet., Grallator isp., Eubrontes isp., 

Fig. 17. Early Jurassic plesiosaur 
from the Kap Stewart Formation of 
the Jameson land Basin: two verte-
brae NHMD 74795 (A–D), NHMD 
74756 (E–F) and a rib NHMD 74797 
(G–H). A: Dorsal view. B, E, G: Fron-
tal views. C: Lateral right view. D: 
Lateral left view; F: Ventral view; H: 
Medial view. Scale bar: 2 cm.
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Fig 18. The cryptoclidid plesiosaur 
MGUH VP 28378: partial skeleton from 
the Kimmeridgian (Late Jurassic) of 
East Milne Land, Scoresby Sund. Scale 
bar: 20 cm.

Fig 19. Late Jurassic plesiosaur from Kilen. A: The frontal right paddle as found on the field. B: reconstruction of the surveyed 
material using Cryptoclidus from Andrews (1910) as model. Scale bar in A: 20 cm.



·     39Review of Palaeozoic and Mesozoic tetrapods from Greenland

tion, offshore shelf deposits; warm temperate humid 
climate.

Age. Late Jurassic (Kimmeridgian).
Selected bibliography. von Huene (1935); Bendix-

Almgreen (1976); Smith (2007).

Comments. Originally ascribed to Cryptoclidus 
(Apractocleidus) aldingeri von Huene 1935, this speci-
men was re-evaluated by Smith (2007) as an indeter-
minate cryptoclidid.

Plesiosauria indet. (Diapsida: Sauropterygia)

Locality. Kilen (near Station Nord), Kronprins Chris-
tian Land, 81°15.623′ N, 13°57.007′ W (Fig. 1C).

Horizon. Wandel Hav Basin, Kuglelejet Forma-
tion. The Kuglelejet Formation comprises a fine- to 
medium-grained sandstone succession which is spo-
radically bioturbated (Dypvik et al. 2002).

Age. Late Jurassic (Upper Kimmeridgian/Middle 
Volgian).

Comments. This specimen was initially discovered in 

Horizon. Middle part of the Kap Stewart Formation, 
delta front sheet sandstone; warm temperate humid 
climate.

Age. Early Jurassic (Hettangian).
Selected bibliography. Milàn et al. (2016b).
Comments. This material was collected during the 

GeoCenter Møns Klint expedition in the summer of 
2016 and comprises small amphicoelous vertebral 
centra with a diameter of 2 cm that bear paired ventral 
nutritive foramina and unfused neurocentral sutures. 
The finds record marine tetrapods in the Kap Stewart 
Formation prior to the complete transgression in the 
Pliensbachian (see Dam & Surlyk 1992).

Cryptoclididae indet. (Sauropterygia: Plesiosauria)

Referred specimen. MGUH 28378, a partial skeleton 
consisting of dorsal and cervical vertebrae and ribs, 
part of scapular girdle, and forelimb (Fig. 18).

Locality. East of Milne Land, Scoresby Sund, 
70°40.61′ N, 25°22.83′ W (Fig. 1E).

Horizon. Krebsedal Member, Kap Leslie Forma-

Fig. 20. Undetermined ichthyosaur 
NHMD 74798 from the Upper Kim-
meridgian (Late Jurassic) of the Kap 
Leslie Formation. in Milne Land, 
Scoresbysund. A: Block including 
three vertebrae and ribs. B: Tooth. 
Scale bars, A: 10 cm; B: 1 cm.
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Asia, Australia and North America (Welles 1969, 
1993; Damiani et al. 2000; Damiani & Welman 2001; 
Schoch 2006; Maganuco & Pasini 2009; Warren 2012). 
Tupilakosaurus is recognised from the Early Triassic 
of Russia, and the clade Tupilakosauridae is recorded 
in the Early Triassic of Greenland, Russia and South 
Africa (Shishkin & Novikov 1992; Warren 1998).

Even though Greenland is part of the North Ameri-
can plate, its Late Triassic tetrapod fauna has more 
affinities with coeval faunas of Europe than to any 
other areas; among Amphibia, Cyclotosaurus Fraas 
1889 is restricted to Europe (Germany, Poland, and 
the Svalbard archipelago), with C. naraserluki being the 
westernmost and northernmost of the known species, 
endemic to East Greenland (Marzola et al. 2017b). The 
taxa closest to Cyclotosaurus are Quasicyclotosaurus 
Schoch 2000 from the Middle Triassic of Arizona and 
Eocyclotosaurus Ortlam 1970 from the Middle Triassic 
of Central Europe, UK, Algeria, and southern USA 
(Arizona and New Mexico) (Schoch 2008; Witzmann 
et al. 2016). The European origin of the Capitosauria 
can be pinpointed to Central East Europe, with its 
most primitive taxon, Eryosuchus Ochev 1966 from the 
Middle Triassic of Russia (Lehman 1971; Lucas & Hunt 
1987; Morales 1987; Ochev & Shishkin 1989; Milner et 
al. 1990; Sulej & Majer 2005; Schoch 2008; Witzmann 
et al. 2016; Kear et al. 2016b). 

The plagiosaurid Gerrothorax Nilsson 1934 is re-
ported from the Middle and Late Triassic of Germany 
and Sweden, with the clade Plagiosauridae recorded 
throughout the Triassic of Europe, Australia and Brazil 
(see Bartholomai 1979; Hellrung 2003; Dias-Da-Silva & 
Ramos Ilha 2009; Witzmann et al. 2012). Among Stago-
nolepididae, the closest relatives to the Greenlandic 
Aetosaurus are the Late Triassic Stagonolepis Agassiz 
1844 from Germany, Poland and UK, and Aetosauroides 
Casamiquela 1960 from Argentina and Brazil. The 
Late Triassic Paratypothorax is the only Greenlandic 
tetrapod taxon with a North American origin: it is 
documented also from Germany and southern USA, 
it is closely related to Rioarribasuchus Lucas et al. (2006) 
and Tecovasuchus Martz & Small 2006 from the Late 
Triassic of Arizona, Mexico and Texas (Long & Ballew 
1985; Heckert & Lucas 1999, 2000; Schoch 2007).

Among Archosauria, the relationships of the ptero-
saur Arcticodactylus is still under debate; however, 
recent analyses (Kellner 2015; Upchurch et al. 2015) 
propose a close relationship to Italian taxa Carniadac-
tylus Dalla Vecchia 2009 and Eudimorphodon Zambelli 
1973. A preliminary analysis of the sauropodomorph 
dinosaur remains briefly described in Jenkins et al. 
(1994) allows for the correlation between Greenlandic 
specimens and Plateosauridae, however differentiat-
ing it from Plateosaurus. Plateosauridae are recorded 
from Eurasia and South America (Lapparent 1967; 

1998 by a team of Danish and Norwegian geologists 
exploring for tsunami deposits from a meteor impact 
in the Barents Sea around the Jurassic–Cretaceous 
boundary. It has been described briefly by Bruhn 
(1999) and Dypvik et al. (2002) as “… well preserved 
skeletal material probably belonging to Plesiosaurus”. 
The site was revisited in 2008 by one of us (JM) to 
evaluate if an excavation would be feasible (Milàn 
2009). The original remains consist of impressions of 
two gastralia and a partial articulated limb (Fig. 19). 

Ichthyosauria indet. (Diapsida: Ichthyopterygia)

Referred specimen: NHMD 74798, includes fragmentary 
blocks that preserve three vertebrae with ribs and a 
tooth (Fig. 20).

Locality. Pernaryggen, Milne Land, Scoresbysund, 
70°43.033′ N, 25°24.050′ W (Fig. 1E).

Horizon. Krebsedal Member, Kap Leslie Forma-
tion, offshore shelf deposits; warm temperate humid 
climate.

Age. Late Jurassic (Upper Kimmeridgian).
Selected bibliography. Håkansson et al. (1971).
Comments. This specimen was mentioned by 

Håkansson et al. (1971) but has never been formally 
described. 

Faunal correlations
The Devonian tetrapod fauna of Greenland is charac-
terised by five endemic stem tetrapod species. Though 
the phylogeny of Late Devonian stem tetrapods is 
still ambiguous, the taxa closest to Acanthostega, 
Ichthyostega and Ymeria are Metaxygnathus Campbell 
& Bell 1977 from Australia, Ventastega Ahlberg et al. 
1994 from Latvia, Densignathus Daeschler 2000 from 
USA, Elginerpeton Ahlberg 1995 from Scotland, and 
Elpistostege Westoll 1938 and Tiktaalik Daeschler et al. 
2006 from Canada (see also Ruta et al. 2003; Ruta & 
Coates 2007; Neenan et al. 2014).

The Early Triassic temnospondyls in the Wordie 
Creek Group show an affinity to coeval faunas from 
Central Europe, Russia, and Gondwana. Aquiloniferus 
was originally ascribed to Lyrocephalus Wiman 1914, 
and we consider Aquiloniferus as belonging to, or as 
being very closely related to, the Early Triassic clade of 
the Lydekkerinidae known from Antarctica, Australia, 
India, Madagascar, Russia and South Africa (Jeannot 
et al. 2006). Selenocara is known from the Early Trias-
sic of Russia and belongs to the Wetlugasaurinae, a 
clade distributed in Eastern Europe (Novikov 2016). 
Stoschiosaurus belongs to the clade of the Tremato-
sauridae from the Early Jurassic of Europe, Africa, 
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al. 2008). Synrift sediment deposition and subsequent 
preservation of vertebrate fossils are well documented 
worldwide during different epochs and contributed to 
the existence of fossil vertebrate lagerstätten (Hallam 
1971; Feibel et al. 1989; Clemmensen et al. 1998; Mateus 
2006; Larsen et al. 2008; Wood & Leakey 2011).

Further studies will clarify the phylogenic position 
of the yet poorly reported tetrapod material from 
Greenland, focusing on the origin of the Late Triassic 
biota of the Jameson Land Basin and on the different 
influences of climate and geography on the distribu-
tion of life on Earth during the Late Triassic.

Acknowledgments
We wish to thank Bent Lindow (NHMD) for critical 
comments on an early version of the manuscript, as 
well as for access to the holotypes and referred speci-
mens pictured in this work. The original manuscript 
was significantly improved thanks to the reviews 
by Benjamin Kear (Uppsala University, Sweden) and 
Jennifer Clack (University of Cambridge, UK), as well 
as to James Neenan (University of the Witwatersrand, 
South Africa) who improved the English of the entire 
manuscript. We are thankful to Eckart Håkansson 
and Peter Willumsen for sharing information on the 
ichthyosaur material found during the expedition in 
1970. Special thanks also go to Nils Natorp and Eliza 
Jarl Estrup (GeoCenter Møns Klint) whose friendship 
and support made this research possible.

MM is supported by the Fundação para a Ciência e a 
Tecnologia doctoral fellowship SFRH/BD/99580/2014 
(Ministério da Ciência, Tecnologia e Ensino superior, 
Portugal). MM was also supported by the 2015 Eu-
ropean Association of Vertebrate Palaeontologists’ 
Research Grant (EAVP-ERG) and by the 2015 Stan 
Wood Award of The Palaeontological Association 
(PA-SW201502). Field work in Greenland by LBC was 
supported by the Carlsberg Foundation.

References
Agassiz, L. 1844: Monographie des poisons fossiles du vieux 

grés rouge ou Système Dévonian (Old Red Sandstone) des 
Isles Britanniques et de Russie. 171 pp. Jent et Gassman, 
Neuchâtel.

Ahlberg, P.E. 1995: Elginerpeton pancheni and the earliest tetra-
pod clade. Nature 373, 420–425.

Ahlberg, P.E. & Clack, J.A. 1998: Lower jaws, lower tetrapods – a 
review based on the Devonian genus Acanthostega. Transac-
tions of the Royal Society of Edinburgh 89, 11–46.

Ahlberg, P.E. & Clack, J.A. 2006: Palaeontology: a firm step 
from water to land. Nature 440, 747–749.

Galton 1986, 2001; Kellner & Campos 2000; Hurum et 
al. 2006; Klein & Sander 2007; Novas et al. 2010). 

Shapiro & Jenkins (2001) proposed that the closest 
relative to the Greenland cynodont Mitredon is Meur-
thodon Sigogneau-Russell & Hahn (1994) from the Tri-
assic of France. The clade Haramiyidae is distributed 
throughout the Late Triassic and includes Haramiyavia 
from Greenland, Theroteinus Sigogneau-Russell et al. 
(1986) from France and some undetermined remains 
from Switzerland (Clemens 1980).

Conclusions
The complete known Palaeozoic and Mesozoic tet-
rapod fossil record of Greenland includes at least 30 
taxa, comprising the Late Devonian stem tetrapods 
Acanthostega gunnari, Ichthyostega eigili, I. stensioi, I. 
watsoni and Ymeria denticulate; the Early Triassic tem-
nospondyls Aquiloniferus kochi, Selenocara groenlandica, 
Stoschiosaurus nielseni and Tupilakosaurus heilmani; the 
Late Triassic temnospondyls Cyclotosaurus naraserluki 
and Gerrothorax cf. pulcherrimus, the stagonolepids 
Aetosaurus ferratus and Paratypothorax andressorum, the 
eudimorphodontid Arcticodactylus, the cynodont Mi-
tredon cromptoni and the three mammals Haramiyavia 
clemmenseni, Kuehneotherium and cf. ?Brachyzostrodon. 
Undetermined remains are represented by Late Trias-
sic testudinatans, archosaurs (such as phytosaurs and 
both sauropodomorph and theropod dinosaurs), and 
Early and Late Jurassic plesiosaurs and ichthyosaurs. 
Fossil tracks associated to tetrapod trackmakers are 
reported from the Late Carboniferous (eryopoid 
temnospondyls morphotype Limnopus) and from the 
Late Triassic (crocodylomorph morphotype Brachychi-
rotherium, sauropodomorph morphotypes Eosauropus 
and Evazoum, and theropodian morphotype Gralla-
tor). Tetrapod coprolites have also been found from 
the Jameson Land Basin. The two most productive 
stratigraphical sections are the Devonian, with five 
recorded taxa and as many unique species, and the 
Triassic, with 18 recorded taxa and at least eight en-
demic species.

The richness and diversity of Late Devonian and 
Triassic tetrapods is due to the formation of terrestrial 
deposits and their later preservation and exposure 
during uplift. Through both the Late Devonian and 
the Triassic, East Greenland was characterised by 
extensional subsidence, followed by rapid filling 
of the resulting basins. These events can be linked 
to the Caledonian crustal welt collapse during the 
Middle to Late Devonian and the various Triassic 
rifting phases during the initial breakup of Pangaea 
(Larsen et al. 2008; Clemmensen 1980a, b; Nøttvedt et 



42     ·     Bulletin of the Geological Society of Denmark

braincase, with a discussion of their significance. Meddele-
lser om Grønland, Geoscience 31, 24 pp.

Clack, J.A. 1997: Devonian tetrapod trackways and trackmak-
ers; a review of the fossils and footprints. Palaeogeography, 
Palaeoclimatology, Palaeoecology 130, 227–250.

Clack, J.A. 1998: The neurocranium of Acanthostega gunnari 
Jarvik and the evolution of the otic region in tetrapods. 
Zoological Journal of the Linnean Society 122, 61–97.

Clack, J.A. 2002a: A revised reconstruction of the dermal skull 
roof of Acanthostega gunnari, an early tetrapod from the Late 
Devonian. Earth and Environmental Science Transactions 
of the Royal Society of Edinburgh 93, 163–165.

Clack, J.A. 2002b: The dermal skull roof of Acanthostega gun-
nari, an early tetrapod from the Late Devonian. Earth and 
Environmental Science Transactions of the Royal Society of 
Edinburgh 93, 17–33.

Clack, J.A., Ahlberg, P.E., Blom, H. & Finney, S.M. 2012: A new 
genus of Devonian tetrapod from North-East Greenland, 
with new information on the lower jaw of Ichthyostega. Pal-
aeontology 55, 73–86.

Clack, J.A., Ahlberg, P.E., Finney, S.M., Alonso, P.D., Robinson, 
J. & Ketcham, R.A. 2003: A uniquely specialized ear in a very 
early tetrapod. Nature 425, 65–69.

Clack, J.A & Neininger, S.L. 2000: Fossils from the Celsius 
Bjerg Group, Upper Devonian sequence, East Greenland: 
significance and sedimentological distribution. Geological 
Society, London Special Publication 180, 557–566.

Clemens, W.A. 1980: Rhaeto-Liassic mammals from Switzer-
land and West Germany. Zitteliana, 5, 51–92.

Clemmensen, L.B., 1980a: Triassic rift sedimentation and 
palaeogeography of central East Greenland. Grønlands 
Geologiske Undersøgelse Bulletin 136, 1–72.

Clemmensen, L.B., 1980b: Triassic lithostratigraphy of East 
Greenland between Scoresby Sund and Kejser Franz Jo-
sephs Fjord. Grønlands Geologiske Undersøgelse Bulletin 
139, 1–56.

Clemmensen, L.B., Kent, D.V. & Jenkins, F.A. 1998: A Late Trias-
sic lake system in East Greenland: facies, depositional cycles 
and palaeoclimate. Palaeogeography, Palaeoclimatology, 
Palaeoecology 140, 135–159.

Clemmensen, L.B., Milàn, J., Adolfssen, J.S., Estrup, E.J., 
Frobøse, N., Klein, N., Mateus, O. & Wings, O. 2016: The 
vertebrate-bearing Late Triassic Fleming Fjord Formation of 
central East Greenland revisited: stratigraphy, palaeoclimate 
and new palaeontological data. Geological Society, London, 
Special Publications 434, 31–47.

Coates, M.I. 1996: The Devonian tetrapod Acanthostega gunnari 
Jarvik: postcranial anatomy, basal tetrapod interrelation-
ships and patterns of skeletal evolution. Transactions of 
the Royal Society of Edinburgh: Earth Sciences 87, 363–421.

Cosgriff, J.W. 1984: The temnospondyl labyrinthodonts of the 
earliest Triassic. Journal of Vertebrate Paleontology 4, 30–46.

Daeschler, E.B. 2000: Early tetrapod jaws from the Late De-
vonian of Pennsylvania, USA. Journal of Paleontology 74, 
301–308.

Daeschler, E.B., Shubin, N.H. & Jenkins, F.A. 2006: A Devonian 
tetrapod-like fish and the evolution of the tetrapod body 
plan. Nature 440, 757–763.

Dalla Vecchia, F.M. 2003: New morphological observations 
on Triassic pterosaurs. Geological Society, London, Special 
Publications 217, 23–44.

Dalla Vecchia, F.M. 2009: Anatomy and systematics of the ptero-
saur Carniadactylus gen. n. rosenfeldi (Dalla Vecchia, 1995). 

Ahlberg, P.E., Luksevics, E. & Lebedev, O. 1994: The first tetra-
pod finds from the Devonian (Upper Famennian) of Latvia. 
Philosophical Transactions of the Royal Society B: Biological 
Sciences 343, 303–328.

Ahlberg, P.E., Clack, J.A. & Blom, H. 2005: The axial skeleton 
of the Devonian tetrapod Ichthyostega. Nature 437, 137–140.

Andrews, C.W. 1910: A descriptive catalogue of the marine 
reptiles of the Oxford Clay. Part I, 205 pp. British Museum 
(Natural History), London.

Bartholomai, A. 1979: New lizard-like reptiles from the Early 
Triassic of Queensland. Alcheringa 3, 225–234.

Bendix-Almgreen, S.E. 1976: Palaeovertebrate faunas of Green-
land. In: Esher A. & Watt, W.S. (eds): Geology of Greenland, 
536–573. Grønlands Geologiske Undersøgelse.

Bendix-Almgreen, S.E., Clack, J.A. & Olsen, H. 1990: Upper 
Devonian tetrapod palaeoecology in the light of new dis-
coveries in East Greenland. Terra Nova 2, 131–137.

Benton, M.J. 2014: Vertebrate Palaeontology. 4th ed., 480 pp. 
Wiley-Blackwell, Oxford.

Beurlen, K. 1950: Neue Fährtenfunde aus der fränkischen 
Trias. Neues Jahrbuch für Geologie und Paläontologie, 
Monatshefte, 308–320.

Bjerring, H.C. 1997: The question of the Eotriassic tetrapod 
genus Wetlugasaurus in Greenland and thoughts on the fossa 
coniformis entopterygoidea. Meddelelser om Grønland, 
Geoscience 34, 25 pp.

Bjerring, H.C. 1999: A new amphibious tetrapod from the 
Greenlandic Eotriassic. Meddelelser om Grønland, Geosci-
ence 38, 42 pp.

Blom, H. 2005: Taxonomic revision of the Late Devonian tet-
rapod Ichthyostega from East Greenland. Palaeontology 48, 
111–134.

Blom, H., Clack, J.A., Ahlberg, P.E. & Friedman, M. 2007: De-
vonian vertebrates from East Greenland: a review of faunal 
composition and distribution. Geodiversitas 29, 119–141.

Bruhn, R. 1999: Plesiosaurer og andet godtfolk på Nordgrøn-
land. Varv 1999(4), 109–112.

Brusatte, S.L., Benton, M.J., Lloyd, G.T., Ruta, M. & Wang, 
S.C. 2011: Macroevolutionary patterns in the evolutionary 
radiation of archosaurs (Tetrapoda: Diapsida). Earth and 
Environmental Science Transactions of the Royal Society 
of Edinburgh 101, 367–382.

Callomon, J.H. & Birkelund, T. 1980: The Jurassic transgression 
and the mid-late Jurassic succession in Milne Land, central 
East Greenland. Geological Magazine 117, 211–226.

Campbell, K.S.W. & Bell, M.W. 1977: A primitive amphibian 
from the Late Devonian of New South Wales. Alcheringa 
1, 369–381.

Casamiquela, R.M. 1960: Notica preliminar sobre dos nuevos 
estagonolepoideos Argentinos. Ameghiniana 2, 3–9.

Clack, J.A. 1988a: New material of the early tetrapod Acantho-
stega from the Upper Devonian of East Greenland. Palaeon-
tology 31, 699–724.

Clack, J.A. 1988b: Pioneers of the land in East Greenland. Geol-
ogy Today 4, 192–194.

Clack, J.A. 1989: Discovery of the earliest-known tetrapod 
stapes. Nature 342, 425–427.

Clack, J. A. 1992: The stapes of Acanthostega gunnari and the 
role of the stapes in early tetrapods. In: Fay, R.R et al. (eds): 
The Evolutionary Biology of Hearing, 405–420. New York: 
Springer Verlag.

Clack, J.A. 1994: Acanthostega gunnari, a Devonian tetrapod 
from Greenland: the snout, palate and ventral parts of the 



·     43Review of Palaeozoic and Mesozoic tetrapods from Greenland

trup, E. J., Klein, N., Mateus, O. & Wings, O: 2016. Coprolites 
from the Late Triassic Kap Stewart Formation, Jameson 
Land, East Greenland: morphology, classification and prey 
inclusions. Geological Society, London, Special Publications 
434, 49–69.

Heckert, A.B. & Lucas, S.G. 1999: A new aetosaur (Reptilia: 
Archosauria) from the Upper Triassic of Texas and the 
phylogeny of aetosaurs. Journal of Vertebrate Paleontology 
19, 50–68.

Heckert, A.B. & Lucas, S.G. 2000: Taphonomy, phylogeny, bio-
stratigraphy, biochronology, paleobiogeograhy, and evolu-
tion of the Late Triassic Aetosauria (Archosauria: Crurotarsi). 
Zentralblatt für Geologie und Paläontologie 11–12, 1539–1587.

Heintz, A. 1930: Oberdevonische Fischreste aus Ost-Grönland. 
Skrifter om Svalbard og Ishavet 30, 30–46.

Heintz, A. 1932. Beitrag zur Kenntnis der devonischen Fis-
chfauna Ost-Grönlands. Skrifter om Svalbard og Ishavet 
42, 5–27.

Hellrung, H. 2003: Gerrothorax pustuloglomeratus, ein Temno-
spondyle (Amphibia) mit knöcherner Branchialkammer 
aus dem Unteren Keuper von Kupferzell (Süddeutschland). 
Stuttgarter Beiträge zur Naturkunde B 330, 1–130.

Hitchcock, E. 1858: Ichnology of New England. A report on 
the sandstone of the Connecticut Valley especially its fossil 
footmarks. 199 pp. W. White, Printer to the State of Boston. 

Hurum, J.H., Bergan, M., Muller, R., Nystuen, J.P. & Klein, N. 
2006: A Late Triassic dinosaur bone, offshore Norway. Norsk 
Geologisk Tidsskrift 86, 117–123.

von Huene, F.R.F. 1935: Ein plesiosaurier-rest aus grönlandi-
schem oberem jura. Meddelelser om Grønland 99 (4), 1–11.

Jarvik, E. 1952: On the fish-like tail in the ichthyostegid stego-
cephalians, with descriptions of a new stegocephalian and 
a new crossopterygian from the Upper Devonian of East 
Greenland. Meddelelser om Grønland 114 (12), 1–90.

Jarvik, E. 1996: The Devonian tetrapod Ichthyostega. Fossils and 
Strata 40, 1–213.

Jeannot, A.M., Damiani, R. & Rubidge, B.S. 2006: Cranial 
anatomy of the Early Triassic stereospondyl Lydekkerina 
huxleyi (Tetrapoda: Temnospondyli) and the taxonomy of 
South African lydekkerinids. Journal of Vertebrate Paleon-
tology 26, 822–838.

Jenkins, F.J., Shubin, N.H., Amarel, W.W., Gatesy, S.M., Schaff, 
C.R., Clemmensen, L.B., Downs, W. R., Davidson, A.R., 
Bonde, N.C. & Osbaeck, F. 1994: Late Triassic continental 
vertebrates and depositional environments of the Fleming 
Fjord Formation, Jameson Land, east Greenland. Meddele-
lser om Grønland, Geoscience 35, 25 pp.

Jenkins, F.A., Gatesy, S.M., Shubin, N.H. & Amaral, W.W. 1997: 
Haramiyids and Triassic mammalian evolution. Nature 
385, 715–718.

Jenkins, F.A., Shubin, N.H., Gatesy, S.M. & Padian, K. 2001: A 
diminutive pterosaur (Pterosauria: Eudimorphodontidae) 
from the Greenlandic Triassic. Bulletin of the Museum of 
Comparative Zoology 156, 151–170.

Jenkins, F.A., Shubin, N. H., Gatesy, S. M. & Warren, A. 2008: 
Gerrothorax pulcherrimus from the Upper Triassic Fleming 
Fjord Formation of East Greenland and a reassessment of 
head lifting in temnospondyl feeding. Journal of Vertebrate 
Paleontology 28, 935–950.

Kear, B.P., Lindgren, J., Hurum, J.H., Milàn, J. & Vajda, V. 2016a: 
An introduction to the Mesozoic biotas of Scandinavia and 
its Arctic territories. Geological Society, London, Special 
Publications 434, 1–14.

Rivista Italiana di Paleontologia e Stratigrafia 115, 159–188.
Dalla Vecchia, F.M. 2014: Gli pterosauri triassici. Museo friu-

lano di storia naturale 54, 319 pp. Museo Friulano di Storia 
Naturale, Udine.

Dam, G. & Surlyk, F. 1992: Forced regressions in a large wave-
and storm-dominated anoxic lake Rhaetian-Sinemurian Kap 
Stewart Formation, East Greenland. Geology 20, 749–752.

Damiani, R.J. & Welman, J. 2001: A long-snouted trematosaurid 
amphibian from the Early Triassic of South Africa. South 
African Journal of Science 97, 318–320.

Damiani, R.J., Neveling, J., Hancox, J. & Rubidge, B. 2000: 
First trematosaurid temnospondyl from the Lystrosaurus 
Assemblage Zone of South Africa and its biostratigraphic 
implications. Geological Magazine 137, 659–665.

Dias-Da-Silva, S. & Ramos Ilha, A.L. 2009: On the presence of a 
pustulated temnospondyl in the Lower Triassic of southern 
Brazil. Acta Palaeontologica Polonica 54, 609–614.

Dypvik, H., Håkansson, E. & Heinberg, C. 2002: Jurassic and 
Cretaceous palaeogeography and stratigraphic comparisons 
in the North Greenland-Svalbard region. Polar Research 
21, 91–108.

Feibel, C.S., Brown, F.H. & McDougall, I. 1989: Stratigraphic 
context of fossil hominids from the Omo Group deposits: 
northern Turkana Basin, Kenya and Ethiopia. American 
Journal of Physical Anthropology 78, 595–622.

Fraas, E. 1889: Die Labyrinthodonten der schwäbischen Trias. 
Palaeontographica 36, 1–158.

Fraas, E. 1913: Neue Labyrinthodonten aus der schwäbischen 
Trias. Palaeontographica 60, 275–294.

Fraas, O. 1877: Aetosaurus ferratus, Die gepanzerte Vogel-Echse 
aus dem Stubensandstein bei Stuttgart. Jahreshefte des 
Vereins für vaterländische Naturkunde in Württemberg 
33, 1–21.

Friend, P.F., Alexander-Marrack, P.D., Nicholson, J. & Yeats, 
A.K., 1976: Devonian sediments of East Greenland II, Sedi-
mentary structures and fossils: Meddelser om Grønland 206 
(2), 1– 91.

Gaffney, E.S., Hutchison, J.H., Jenkins, F.A. & Meeker, L.J. 1987: 
Modern turtle origins: the oldest known cryptodire. Science 
237, 289–291.

Galton, P. M. 1986: Prosauropod dinosaur Plateosaurus (= 
Gresslyosaurus) (Saurischia: Sauropodomorpha) from the 
Upper Triassic of Switzerland. Geologica et Palaeontologica 
20, 167–183.

Galton, P. M. 2001: The prosauropod dinosaur Plateosaurus 
Meyer, 1837 (Saurischia: Sauropodomorpha; Upper Trias-
sic). II. notes on the referred species. Revue de Paléobiologie 
20, 435–502.

Gatesy, S.M. 2001: Skin impressions of Triassic theropods as 
records of foot movement. Bulletin of the Museum of Com-
parative Zoology 156, 137–149.

Gatesy, S.M., Middleton, K.M., Jenkins, F.A. & Shubin, N.H. 
1999: Three-dimensional preservation of foot movements in 
Triassic theropod dinosaurs. Nature 399, 141–144.

Gilberg, A. 1992: Blyminen ved Mestersvig i Østgrønland. 
Tidsskriftet Grønland 1992, 289–311.

Håkansson, E., Birkelund, T., Heinberg, C. & Willumsen, P. 
1971: Preliminary results of mapping the Upper Jurassic 
and Lower Cretaceous sediments of Milne Land. Rapport 
Grønlands Geologiske Undersøgelse 37, 32–41.

Hallam, A. 1971: Mesozoic geology and the opening of the 
North Atlantic. The Journal of Geology 79, 129–157.

Hansen, B.B., Milàn, J., Clemmensen, L.B., Adolfssen, J.S., Es-



44     ·     Bulletin of the Geological Society of Denmark

reference to material from the Chinle Formation of Petri-
fied Forest National Park. Museum of Northern Arizona 
Bulletin 47, 45–68.

Lucas, S.G. 1998: Global Triassic tetrapod biostratigraphy and 
biochronology. Palaeogeography, Palaeoclimatology, Pal-
aeoecology 143, 347–384.

Lucas, S.G. & Hunt A.P. 1987: Stratigraphy of the Anton Chico 
and Santa Rosa formations, Triassic of east-central New 
Mexico. Journal of the Arizona-Nevada Academy of Sci-
ence 22, 21–33.

Lucas, S.G, Hunt, A.P & Spielmann, J.A. 2006: Rioarribasuchus, 
a new name for an aetosaur from the Upper Triassic of 
north-central New Mexico. New Mexico Museum of Natural 
History and Science Bulletin 37, 581–582.

Luo, Z.-X., Gatesy, S.M., Jenkins, F.A., Amaral, W.W. & Shubin, 
N.H. 2015: Mandibular and dental characteristics of Late 
Triassic mammaliaform Haramiyavia and their ramifications 
for basal mammal evolution. Proceedings of the National 
Academy of Sciences 112, E7101–E7109.

Maganuco, S. & Pasini, G. 2009: A new specimen of trematosau-
rian temnospondyl from the Lower Triassic of NW Mada-
gascar, with remarks on palatal anatomy and taxonomic 
affinities. Atti della Societa Italiana di Scienze Naturali e 
del Museo Civico di Storia Naturale di Milano 150, 91–112.

Marsh, O.C. 1894: Footprints of Vertebrates in the Coal Mea-
sures of Kansas. American Journal of Science 48, 81–84.

Marshall, J.E.A., Astin, T.R & Clack, J.A. 1999: East Greenland 
tetrapods are Devonian in age. Geology 27, 637–640.

Martz, J.W. & Small, B.J. 2006: Tecovasuchus chatterjeei, a new 
aetosaur (Archosauria: Stagonolepididae) from the Tecovas 
Formation (Carnian, Upper Triassic) of Texas. Journal of 
Vertebrate Paleontology 26, 308–320.

Marzola, M., Mateus O., Milàn J. & Clemmensen L.B. 2017a: The 
2016 Dinosaur Expedition to the Late Triassic of the Jameson 
land Basin, East Greenland, pp. 249–253. In: Barrios de Pedro 
S. et al. (eds): A Glimpse of the Past. Asbtract book of the 
XV Encuentro de Jóvenes Investigadores en Paleontología/
XV Encontro de Jovenes Investigadores em Paleontologia. 
428 pp. Pombal.

Marzola, M., Mateus, O., Shubin, N.H & Clemmensen, L.B. 
2017b: Cyclotosaurus naraserluki, a new Late Triassic cycloto-
saurid (Amphibia, Temnospondyli) from the Fleming Fjord 
Formation of the Jameson Land Basin (East Greenland). 
Journal of Vertebrate Paleontology. DOI:10.1080/02724634.
2017.1303501.

Marzola, M., Mateus, O., Wings, O., Klein, N., Milàn, J. & Clem-
mensen, L.B. 2016: The Late Triassic herpetofauna of the 
Jameson Land Basin (East Greenland): review and updates. 
In: Holwerda, et al. (eds): Programme and Abstract Book of 
the XIV Annual Meeting of the European Association of 
Vertebrate Paleontologists, p. 177. Haarlem, The Netherlands.

Mateus, O. 2006: Late Jurassic dinosaurs from the Morrison 
Formation (USA), the Lourinhã and Alcobaça formations 
(Portugal), and the Tendaguru Beds (Tanzania): a compari-
son. New Mexico Museum of Natural History and Science 
Bulletin 36, 223–231.

Mateus, O., Clemmensen, L.B., Klein, N., Wings, O., Frobøse, 
N., Milan, J., Adolfssen, J.S. & Estrup, E.J. 2014: The Late 
Triassic of Jameson Land revisited: new vertebrate findings 
and first phytosaur from Greenland. Journal of Vertebrate 
Paleontology 34 (Program and Abstracts), 182 only.

Milàn, J. 2009: På svaneøglejagt 81º nord - gensyn med et 155 
millioner år gammelt fossil. Geologisk Nyt 2009 (1), 10–5.

Kear, B.P., Poropat, S.F. & Bazzi, M. 2016b: Late Triassic capito-
saurian remains from Svalbard and the palaeobiogeographi-
cal context of Scandinavian Arctic temnospondyls. Geologi-
cal Society, London, Special Publications 434, 113–126.

Kellner, A.W. 2015: Comments on Triassic pterosaurs with 
discussion about ontogeny and description of new taxa. 
Anais da Academia Brasileira de Ciências 87 (2), 669–689.

Kellner, A.W. & Campos, D.A. 2000: Brief review of dinosaur 
studies and perspectives in Brazil. Anais da Academia 
Brasileira de Ciências 72, 509–538.

Kent, D.V. & Clemmensen, L.B. 1996: Paleomagnetism and cycle 
stratigraphy of the Triassic Fleming Fjord and Gipsdalen 
formations of East Greenland. Bulletin of the Geological 
Society of Denmark 42, 121–136.

Kent, D.V. & Tauxe, L. 2005: Corrected Late Triassic latitudes 
for continents adjacent to the North Atlantic. Science 307, 
240–244.

Kermack, D.M., Kermack, K.A. & Mussett, F. 1968: The Welsh 
pantothere Kuehneotherium praecursoris. Journal of the Lin-
nean Society of London, Zoology 47, 407–423.

Klein, H., Milàn, J., Clemmensen, L.B., Frobøse, N., Mateus, 
O., Klein, N., Adolfssen, J. S., Estrup, E. J. & Wings, O: 2016. 
Archosaur footprints (cf. Brachychirotherium) with unusual 
morphology from the Upper Triassic Fleming Fjord For-
mation (Norian–Rhaetian) of East Greenland. Geological 
Society, London, Special Publications 434, 71–85.

Klein, N. & Sander, P.M. 2007: Bone histology and growth of the 
prosauropod dinosaur Plateosaurus engelhardti von Meyer, 
1837 from the Norian bonebeds of Trossingen (Germany) and 
Frick (Switzerland). Special Papers in Palaeontology 77, 1–169.

Koch, L. 1930: Preliminary Report of the Danish Expedition 
to East Greenland in 1929. Meddelelser om Grønland 74, 
173–206.

Lallensack, J.N., Klein, H., Milàn, J., Wings, O., Mateus, O. & 
Clemmensen, L.B. 2017: Sauropodomorph dinosaur track-
ways from the Fleming Fjord Formation of East Greenland: 
Evidence for Late Triassic sauropods. Acta Palaeonto-
logica Polonica 62(4), 833–843. doi:https://doi.org/10.4202/
app.00374.2017

Larsen, P.H., Olsen, H. & Clack, J.A. 2008: The Devonian basin 
in East Greenland—Review of basin evolution and verte-
brate assemblages. Geological Society of America Memoirs 
202, 273–292.

Lapparent, A.F. de. 1967: Les dinosaurs de France. Sciences 
51, 4–19.

Lehman, J.P. 1971: Nouveaux Vertebres fossiles du Trias de la 
sene de Zarzaytine. Annales ate Paleontologie (Vertebres) 
57, 71–113.

Li, C., Wu, X.-C., Rieppel, O., Wang, L.-T. & Zhao, L.-J. 2008: 
An ancestral turtle from the Late Triassic of southwestern 
China. Nature 456, 497–501.

Lockley, M.G., Lucas, S.G. & Hunt, A.P. 2006a: Eosauropus, a 
new name for a Late Triassic track: Further observations 
on the Late Triassic ichnogenus Tetrasauropus and related 
forms, with notes on the limits of interpretation. New Mexico 
Museum of Natural History and Science Bulletin 37, 192–198.

Lockley, M.G., Lucas, S.G. & Hunt, A.P. 2006b. Evazoum and 
the renaming of northern hemisphere “Pseudotetrasauropus”: 
implications for tetrapod ichnotaxonomy at the Triassic–Ju-
rassic boundary. New Mexico Museum of Natural History 
and Science Bulletin 37, 199–206.

Long, R.A. & Ballew, K.L. 1985: Aetosaur dermal armor from the 
Late Triassic of southwestern North America, with special 



·     45Review of Palaeozoic and Mesozoic tetrapods from Greenland

Ochev, V.G. 1966: [Systematics and phylogeny of capitosauroid 
labyrinthodonts.] 181 pp. Saratov State University Press, 
Saratov. [Russian].

Ochev, V.G. & Shishkin, M.A. 1989: On the principles of global 
correlation of the continental Triassic on the tetrapods. Acta 
Palaeontologica Polonica 34, 149–173.

Olsen, H. 1990: Astronomical forcing of meandering river 
behaviour: Milankovitch cycles in Devonian of East Green-
land. Palaeogeography, Palaeoclimatology, Palaeoecology 
79, 99–115.

Ortlam, D. 1970: Eocyclotosaurus woschmidti n. g. n. sp. ein 
neuer Capitosauride aus dem Oberen Buntsandstein des 
nördlichen Schwarzwaldes. Neues Jahrbuch für Geologie 
und Paläontologie, Monatshefte 1970, 568–580.

Orvin, A.K. & Heintz, A. 1930: Beiträge zur Kenntnis des 
Oberdevons Ost-Grönlands. Skrifter om Svalbard og Ishavet 
30. Oslo.

Parker, W.G. 2016: Osteology of the Late Triassic aetosaur 
Scutarx deltatylus (Archosauria: Pseudosuchia). PeerJ 4: e2411. 
https://doi.org/10.7717/peerj.2411

Pierce, S.E., Clack, J.A. & Hutchinson, J.R. 2012: Three-dimen-
sional limb joint mobility in the early tetrapod Ichthyostega. 
Nature 486, 523–526.

Pierce, S.E., Ahlberg, P.E., Hutchinson, J.R., Molnar, J.L., San-
chez, S., Tafforeau, P. & Clack, J.A. 2013: Vertebral archi-
tecture in the earliest stem tetrapods. Nature 494, 226–229.

Price, S.P. & Whitham, A.G. 1997: Exhumed hydrocarbon traps 
in East Greenland: analogs for the Lower-Middle Jurassic 
play of Northwest Europe. AAPG bulletin 81, 1960150–221.

Ries, C.J. 2002: Retten, magten og æren. Lauge Koch Sagen 
– en strid om Grønlands geologiske udforskning. 366 pp. 
Lindhardt of Ringhoff.

Ruta, M. & Coates, M.I. 2007: Dates, nodes and character con-
flict: addressing the lissamphibian origin problem. Journal 
of Systematic Palaeontology 5, 69–122.

Ruta, M., Jeffery, J.E. & Coates, M.I. 2003: A supertree of early 
tetrapods. Proceedings of the Royal Society of London B: 
Biological Sciences 270, 2507–2516.

Ruta, M., Pisani, D., Lloyd, G.T. & Benton, M.J. 2007: A supertree 
of Temnospondyli: cladogenetic patterns in the most species-
rich group of early tetrapods. Proceedings of the Royal 
Society of London B: Biological Sciences 274, 3087–3095.

Säve-Söderbergh, G. 1932: Preliminary note on Devonian 
stegocephalians from East Greenland. Meddelelser om 
Grønland 94, 1–107.

Säve-Söderbergh, G. 1935: On the dermal bones of the head in 
labyrinthodont stegocephalians and primitive reptilia: with 
special reference to Eotriassic stegocephalians from east 
Greenland. Meddelelser om Grønland 98 (3), 1–211.

Shishkin, M.A. & Novikov, I.V. 1992: [Relict anthracosaurs in the 
early Mesozoic of Eastern Europe.] Transactions (Doklady) 
of the U.S.S.R. Academy of Sciences: Earth Science Sections 
326, 219–223. [in Russian]

Schoch, R.R. 2000. The status and osteology of two new cyclo-
tosaurid amphibians from the Upper Moenkopi Formation 
of Arizona (Amphibia: Temnospondyli; Middle Triassic). 
Neues Jahrbuch für Geologie und Paläontologie Abhand-
lungen 216, 387–411.

Schoch, R.R. 2006: A complete trematosaurid amphibian from 
the Middle Triassic of Germany. Journal of Vertebrate Pale-
ontology 26, 29–43.

Schoch, R.R. 2007: Osteology of the small archosaur Aetosaurus 
from the Upper Triassic of Germany. Neues Jahrbuch für 

Milàn, J., Clemmensen, B.L. & Bonde, N. 2004: Vertical sections 
through dinosaur tracks (Late Triassic lake deposits, East 
Greenland)–undertracks and other subsurface deformation 
structures revealed. Lethaia 37, 285–296.

Milàn, J., Avanzini, M., Clemmensen, L.B, Garciá-Ramos, 
J.C. & Piñuela, L. 2006: Theropod foot movement recorded 
from Late Triassic, Early Jurassic and Late Jurassic fossil 
footprints. New Mexico Museum of Natural History and 
Science Bulletin 37, 352–364.

Milàn, J., Clemmensen, L.B., Adolfssen, J.S., Estrup, E.J., 
Frobøse, N., Klein, N., Mateus, O. & Wings, O. 2012: A pre-
liminary report on coprolites from the Late Triassic part of 
the Kap Stewart Formation, Jameson Land, East Greenland. 
New Mexico Museum of Natural History and Science Bul-
letin 57, 203–206.

Milàn, J., Klein, H., Voigt, S. & Stemmerik, L. 2016a: First record 
of tetrapod footprints from the Carboniferous Mesters Vig 
Formation in East Greenland. Bulletin of the Geological 
Society of Denmark 64, 69–76.

Milàn, J., Mateus, O., Marzola, M. & Clemmensen, L.B. 2016b: 
Plesiosaur remains from the Lower Jurassic part of the Kap 
Stewart Formation, Jameson Land, East Greenland – evi-
dence of the earliest marine incursion. The Palaeontological 
Association 60th Annual Meeting, 14th–17th December 2016. 
Programme, Abstracts and AGM papers. p. 95–96.

Milner, A.R., Gardiner, B.G., Fraser, N.C. & Taylor, M.A. 1990: 
Vertebrates from the Middle Triassic Otter Sandstone Forma-
tion of Devon. Palaeontology 33, 873–892.

Morales, M. 1987: Terrestrial fauna and flora from the Triassic 
Moenkopi Formation of the southwestern United States. 
Journal of the Arizona-Nevada Academy of Science 22, 1–19.

Nathorst, A.G. 1900: Två somrar i Norra Ishafvet. 2. Stockholm: 
Beijer Bokförlagsakt.

Nathorst, A.G. 1901: Bidrag till nordöstra Grönlands geologi. 
GFF 23, 275–306.

Neenan, J.M., Ruta, M., Clack, J.A. & Rayfield, E.J. 2014: Feeding 
biomechanics in Acanthostega and across the fish–tetrapod 
transition. Proceedings of the Royal Society of London B: 
Biological Sciences 281, 20132689.

Niedzwiedzki, G. & Sulej, T. 2017: A Norian coelophysoid the-
ropod from Fleming Fjord Formation, East Greenland. 77th 
Annual Meeting of the Society of Vertebrate Paleontology, 
Calgary, Canada, August 23–26, 2017, At Calgary, Canada, 
Abstract book, 169.

Nielsen, E. 1954: Tupilakosaurus heilmani n. g. et n. sp. an inter-
esting batrachomorph from the Triassic of East Greenland. 
Meddelelser om Grønland 72 (8), 1–33.

Nielsen, E. 1967: New observations on the skull-roof of the 
holotype of Tupilakosaurus heilmani Nielsen. Journal of the 
Linnean Society of London, Zoology 47, 225–229.

Nilsson, T. 1934: Vorläufige mitteilung über einen Stegocepha-
lenfund aus dem Rhät Schonens. GFF 56, 428–442.

Nøttvedt, A., Johannessen, E.P. & Surlyk, F. 2008: The Mesozoic 
of western Scandinavia and East Greenland. Episodes 31, 
59–65.

Novas, F.E., Ezcurra, M.D., Chatterjee, S. & Kutty, T.S. 2010: New 
dinosaur species from the Upper Triassic Upper Maleri and 
Lower Dharmaram formations of central India. Earth and 
Environmental Science Transactions of the Royal Society of 
Edinburgh 101, 333–349.

Novikov, I.V. 2016: New tempospondyl amphibians from the 
basal Triassic of the Obshchii Syrt Highland, Eastern Europe. 
Paleontological Journal 50, 297–310.



46     ·     Bulletin of the Geological Society of Denmark

analysis of pterosaurian biogeography: implications for the 
evolutionary history and fossil record quality of the first 
flying vertebrates. Historical Biology 27, 697–717.

Warren, A. 1998: Karoo tupilakosaurid: a relict from Gond-
wana. Transactions of the Royal Society of Edinburgh: Earth 
Sciences 89, 145–160.

Warren, A. 2012: The South African stereospondyl Microposau-
rus from the Middle Triassic of the Sydney Basin, Australia. 
Journal of Vertebrate Paleontology 32, 538–544.

Welles, S.P. 1969: Collecting Triassic vertebrates in the Plateau 
Province. Journal of the West 8, 231–246.

Welles, S.P. 1993: A review of lonchorhynchine trematosaurs 
(Labryrinthodontia), and a description of a new genus and 
species from the lower Moenkopi Formation of Arizona. 
PaleoBios 14, 1–24.

Westoll, T.S. 1938: Ancestry of the tetrapods. Nature 141, 
127–128.

Wignall, P.B. & Twitchett, R.J. 2002: Permian–Triassic sedimen-
tology of Jameson Land, East Greenland: incised submarine 
channels in an anoxic basin. Journal of the Geological  
Society 159, 691–703.

Wiman, C. 1914: Über die Stegocephalen aus der Trias Spitzber-
gens. Bulletin of the Geological Institutions of the University 
of Uppsala 13, 1–34.

Witzmann, F., Schoch, R.R., Hilger, A. & Kardjilov, N. 2012: 
Braincase, palatoquadrate and ear region of the plagiosau-
rid Gerrothorax pulcherrimus from the Middle Triassic of 
Germany. Palaeontology 55, 31–50.

Witzmann, F., Sachs, S. and Nyhuis, C.J. 2016: A new species of 
Cyclotosaurus (Stereospondyli, Capitosauria) from the Late 
Triassic of Bielefeld, NW Germany, and the intrarelation-
ships of the genus. Mitteilungen Aus Dem Museum Für 
Naturkunde in Berlin. Fossil Record 19, 83–100.

Wood, B. & Leakey, M. 2011: The Omo–Turkana Basin Fossil 
Hominins and Their Contribution to Our Understanding 
of Human Evolution in Africa. Evolutionary Anthropology: 
Issues, News, and Reviews 20, 264–292.

Woodward, S.A.S 1900: Notes on Some Upper Devonian Fish-
remains Discovered by Prof. AG Nathorst in East Greenland. 
Bihangtill Kungliga Vetenskapsakademiens Handlingar 
26, 1–10.

Zambelli, R. 1973: Eudimorphodon ranzii gen. nov., sp. nov., 
uno pterosauro Triassico. Rendiconti Scienze di Instituto 
Lombardo, B 107, 27–32.

Geologie und Paläontologie, Abhandlungen 246, 1–35.
Schoch, R.R. 2008: The Capitosauria (Amphibia): characters, 

phylogeny, and stratigraphy. Palaeodiversity 1, 189–226.
Schoch, R.R. & Witzmann, F. 2012: Cranial morphology of the 

plagiosaurid Gerrothorax pulcherrimus as an extreme example 
of evolutionary stasis. Lethaia 45, 371–385.

Shapiro, M.D. & Jenkins, F.A. 2001: A cynodont from the 
Upper Triassic of East Greenland: tooth replacement and 
double-rootedness. Bulletin of the Museum of Comparative 
Zoology 156, 49–58.

Sigogneau-Russell, D. 1983: Nouveaux taxons de Mammifères 
rhétiens. Acta Palaeontologica Polonica 28, 233–249.

Sigogneau-Russell, D. & Hahn, G. 1994: Late Triassic microver-
tebrates from central Europe. In: Fraser, N.C. & Sues, H.-D. 
(eds): In the Shadow of the Dinosaurs: Early Mesozoic Tet-
rapods; Cambridge (Cambridge University Press), 197–213.

Sigogneau-Russell, D., Frank, P., & Hemmerlé, J. 1986. A new 
family of mammals from the lower part of the French Rhae-
tic. In: Pandian, K. (eds): The beginning of the age of dino-
saurs: Faunal change across the Triassic-Jurassic boundary. 
Cambridge: Cambridge Univ. Press, 99–108.

Smith, A.S. 2007: The back-to-front plesiosaur Cryptoclidus 
(Apractocleidus) aldingeri from the Kimmeridgian of Milne 
Land, Greenland. Bulletin of the Geological Society of 
Denmark 55, 1–7.

Snitting, D. & Blom, H. 2009: Correcting taxon names contain-
ing diacritics – examples from Paleozoic vertebrates. Journal 
of Vertebrate Paleontology 29, 269–270.

Stensiö, E.A. 1931: Upper Devonian Vertebrates from East 
Greenland: Collected by the Danish Greenland Expeditions 
in 1929 and 1930. Meddelelser om Grønland 86, 1–212.

Sulej, T. & Majer, D. 2005: The temnospondyl amphibian Cyclo-
tosaurus from the Upper Triassic of Poland. Palaeontology 
48, 157–170.

Sulej, T., Wolniewicz, A., Bonde, N., Błażejowski, B., 
Niedźwiedzki, G. & Tałanda, M., 2014: New perspectives 
on the Late Triassic vertebrates of East Greenland: prelimi-
nary results of a Polish− Danish palaeontological expedition. 
Polish Polar Research 35, 541–552.

Surlyk, F., Bjerager. M., Piasecki. S. & Stemmerik, L. 2017: 
Stratigraphy of the marine Lower Triassic succession at Kap 
Stosch, Hold with Hope, North-East Greenland. Bulletin of 
the Geological Society of Denmark 65, 87–123.

Upchurch, P., Andres, B., Butler, R. J., & Barrett, P.M. 2015: An 


