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Abstract: The South Eifel region is one of the few areas in Western Germany where Upper Triassic
rocks are exposed, yet the palacontological potential of the region is still poorly known. Here, we
describe a new fossiliferous section in the upper part of the Arnstadt Formation (formerly called
“Steinmergelkeuper”), dated to the upper Norian to possibly lower Rhaetian, in the district of
Bitburg-Priim, Rhineland Palatinate. We identified two distinct bonebeds in a flooding cycle within
the section, one at the erosive base of the cycle, informally called phytosaur bonebed, with vertebrate
remains mixed with paleosol clasts, and a second bonebed, informally called fish bonebed, in the
overlying, finely bedded lacustrine claystones. The phytosaur bonebed yielded chondrichthyan,
actinopterygian and sarcopterygian fish remains, teeth and a possible osteoderm of a phytosaur with
a tripartite dentition, a rhynchocephalan mandible fragment, and teeth of the pterosaur
Eudimorphodon. We assume that the phytosaur bonebed was deposited during a high-energy
flooding event, mixing autochthonous and transported faunal elements. The fish bonebed, in
contrast, is largely dominated by remains of small actinopterygian fish, and probably documents a
short-lived, low-diversity lake community. Our report represents the first systematic account of
vertebrate fossils from the Arnstadt Formation of Rhineland-Palatinate, thus filling a major regional
gap. Moreover, the pterosaur teeth described in the present paper are the oldest unequivocal remains

of this group reported from Germany.
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1 Introduction

The Upper Triassic deposits of the South Eifel region,
i.e., the area close to the southwest German city of
Bitburg (Rhineland-Palatinate) have been extensively
studied from general geological and tectonic points of
view (DirtricH 1989; DittricH et al. 1997, 1998).
These works resulted in an exhaustive lithostrati-
graphic assessment of the various units and allowed
for a correlation with successions of neighbouring ar-
eas (DitTricH et al. 1998). The succession includes de-
posits of the Arnstadt Formation, formally called
“Steinmergelkeuper” and dated to the late Norian
(ScHocH et al. 2024) or late Norian to lower Rhaetian
(BEuTLER et al. 2005; Kozur & WEeEMs 2010; Kow-
AL-LinkA et al. 2019), depending on where the bound-
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ary between the Norian and the Rhaetian is drawn
(e.g., GALBRUN et al. 2020). In spite of a general litho-
stratigraphic similarity with coeval deposits of Lux-
embourg and central Germany (DitTrRicH 1989;
BEUTLER et al. 1999, 2005), the Arnstadt Formation of
the South Eifel succession, specifically its upper part,
shows a number of facies particularities associated
with the palacogeographic position of the area during
the Late Triassic, squeezed between the London-Bra-
bant and Rhenish massifs (DiTTrICH et al. 1998; Num-
BERGER-THUY et al. in press). Among these are a high
local variability in deposit thickness and succession
completeness as well as a prevalence of frequent intra-
clast breccias and sand input (DiTTRICH 1989).

While the lithostratigraphy of the South Eifel Arn-
stadt Formation is comparatively well studied, virtu-
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ally nothing is known about its palaeontology. Al-
though generally deemed poorly fossiliferous (e.g.,
DirtrIcH et al. 1998), the rocks of the South Eifel Arn-
stadt Formation have been reported in the past to yield
occasional vertebrate remains (GREBE 1887; KoBE
1996). Parallels have been drawn with the famous
bonebed of Medernach in nearby Luxembourg, an
accumulation of vertebrate remains in a dolomitic
claystone layer of the upper part of the Arnstadt For-
mation (Haun et al. 1984; Cuny et al. 1995), prompt-
ing the introduction of the term “Medernach-type
bonebed” (KoBe 1996) or ‘“Medernach-horizon”
(DrtTRICH et al. 1998).

Here, we present new finds of vertebrate remains
from a fossiliferous succession in the Arnstadt Forma-
tion of the South Eifel region. We describe the litho-
stratigraphic context of the fossil-bearing layers and
discuss the taxonomic composition and taphonomic
context of the macro- and microvertebrate assemblag-
es. Our report represents the first systematic account
of vertebrate fossils, and the first report of phytosaur
remains, from the Arnstadt Formation of the South
Eifel area, and of Rhineland-Palatinate in general.
Moreover, the pterosaur teeth described in the present
paper are the oldest unequivocal remains of this group
reported from Germany.

2 Material and methods

The material described in the present paper was col-
lected during a scientific excavation in a natural out-
crop in the district of Bitburg-Priim (Fig. 1), Rhine-
land-Palatinate, southwestern Germany, led by the
Dinosaurierpark Teufelsschlucht in cooperation with
the General Directorate for Cultural Heritage of
Rhineland-Palatinate (GDKE), in September 2024.
The exact location of the outcrop is documented in the
archives of the GDKE but cannot be made public due
to nature protection regulations. The specimens con-
sist of macroscopic vertebrate remains collected dur-
ing field work by splitting claystone slabs, and of mi-
crovertebrate remains picked from the sieving resi-
dues of bulk sediment samples. Processing of these
samples included drying, followed by soaking in 10%
hydrogen peroxide, and washing over screens of down
to 0.3 mm mesh size.

The dried sieving residues were picked under a dis-
secting microscope. A significant part of the mi-
crovertebrate picking was performed by citizen scien-

tists in the context of the project “Triassic lab: auf
Dinosaurierjagd im Bonebed” at Dinosaurierpark
Teufelsschlucht. Thanks to the stark colour contrast
between the black microvertebrate remains and the
pale grey matrix fragments, untrained visitors of the
park were able to achieve a near-complete picking of
microvertebrates. To ascertain exhaustive sampling,
the residues picked in the context of the citizen sci-
ence project were re-examined by one of us (LN-T).

Macroscopic vertebrate remains and most of the
microvertebrates were photographed using a Keyence
VHX-6000 digital microscope. Selected microverte-
brates were mounted on aluminum stubs and sil-
ver-coated for scanning electron microscopy using a
JEOL Neoscope JMC-5000. All fossil specimens fig-
ured in the present paper were deposited in the collec-
tions of the Natural History Museum Mainz/State
Collection of Natural History of Rhineland-Palatinate
(acronym NHMMZ).

3 Geological context

The vertebrate remains described in the present paper
originate from the Arnstadt Formation, formerly
known as “Steinmergelkeuper” (BEUTLER 2005). At
the site of discovery, the rocks of this formation con-
sist of pale grey, dark grey and purple-red claystones
with thin, stratified or nodular dolomite layers in the
lower part of the exposed succession, and greenish- to
yellowish-grey, silty to dolomitic claystones in the up-
per part, with a stratified dolomite layer forming the
top of the visible, unweathered succession (Fig. 2).
Isolated blocks of pebble-bearing sandstone at the foot
of the outcrop indicate the presence of the Rhaetian
Extern Formation further uphill, overlying the rocks
Arnstadt Formation a few metres above the exposed
section (compare GREBE 1887).

The fossiliferous layers are at the boundary be-
tween the lower and the upper part of the succession
and include two bonebeds, i.e., accumulations of
bones, teeth and scales. The lower bonebed is an up to
10 cm layer of pale grey dolomitic claystone with
abundant, poorly sorted and rounded, millimetric to
centimetric dolocrete clasts forming a palaeosol brec-
cia mixed with vertebrate remains, some rounded,
others pristinely preserved. The contact with the un-
derlying layer is erosive and marked by shallow de-
pressions and cracks filled by the clast- and verte-
brate-rich claystone. Because most of the large verte-
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Fig. 1. Location of the studied site in the context of Upper Triassic rock exposures in Rhineland-Palatinate.

brate remains are phytosaur teeth and bone fragments,
this lower bonebed is here informally termed phyto-
saur bonebed. It is overlain by 50 cm of finely strati-
fied, greenish-grey claystone with occasional thin lay-
ers rich in sand and millimetric, rounded, pale grey
dolomite clasts, a 20 c¢m thick layer of stratified dolo-
micrite, and a 3—4 mm thick, yellowish layer with ac-
cumulations of fish scales and bones close to the top
of the finely bedded claystone unit (Fig. 2). This latter
layer forms a second bonebed here informally called
fish bonebed because of the abundance of fish scales
and bones.

With the exception of two poorly preserved plant
imprints, the vertebrate remains were the only fossils
retrieved from the succession. Specifically, the sam-
pled rocks yielded no fossils of potential biostrati-
graphic relevance, such as spinicaudatans (Kozur &
WEeEmMs 2010). Samples examined for palynological
analyses, taken at various points of the succession, all
turned out barren. Lithostratigraphic comparisons
with successions described from neighbouring out-
crops and the Dockendorf drill core suggest that the
bonebeds are a few metres below the top of the Arn-
stadt Formation (km3St3 of DitTtricH et al. 1998),
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dated to the late Norian to early Rhaetian (DitTrICH
1989).

In terms of depositional setting, the Arnstadt For-
mation is generally interpreted as a lacustrine sedi-
mentary succession with coarse siliciclastic flood-
plain deposits on its southern margins (BEUTLER et al.
1999; VoLLmER 2005), subject to a monsoon climate
with a strong seasonality (REINHARDT & Ricken 2000).
The succession exposed in the South Eifel outcrop de-
scribed herein shows typical sedimentary features of
an ephemeral lake environment, with evapora-
tion-flooding cycles resulting in alternations of lacus-
trine and paleosol deposits. The phytosaur bonebed
described herein is at the base of a flooding event,
with vertebrate remains mixed with reworked paleo-
sol clasts, and overlain by stratified claystone beds

deposited in a lacustrine environment. Towards the
top of the lacustrine claystones, the fish bonebed was
formed either actively as a result of a mass mortality
event, or passively by winnowing. Since the fish
scales and bones are the only coarse components ac-
cumulated in this layer, we favour the mass mortality
interpretation.

4 Results

We retrieved numerous remains of terrestrial and
aquatic vertebrates, both during field work and by
picking of sieving residues. Below, we describe the
groups identified based on the teeth, bones and scales
collected.
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Class Chondrichthyes HuxLEy, 1880
Order Hybodontiformes PATTERSON, 1966
Genus Lissodus BroucgH, 1935
Lissodus minimus (AGassiz, 1836)
Fig. 3C-D

Material examined (all from phytosaur bonebed):
seven tooth specimens (NHMMZ PW 2025/9037-LS,
four broken middle parts of crowns with central cusp,
two broken lateral wings, one sub-complete tooth);
nine fin-spine specimens tentatively referred to Lisso-
dus sp. (NHMMZ PW 2025/9038-LS, two fin spines
with a lenticular section and strong ridges on the later-
al faces, NHMMZ PW 2025/9039-LS two fragments
with six and with 12 ridges, respectively, NHMMZ
PW 2025/9040-LS fragment of spine with large cavity
and a broken tubercle on the posterior crest, NHMMZ
PW 2025/9041-LS fragment of fin spine, NHMMZ
PW 2025/9042-LS fragment with lenticular section
and ridges and three well preserved denticles on the
posterior crest, NHMMZ PW 2025/9043-LS fragment
of fin spine, NHMMZ PW 2025/9044-LS three distal
extremities of fin spines).

Remarks: Lissodus minimus shows a highly hetero-
dont dentition. DuUrrIN (1998) recognized four posi-
tional morphotypes, i.e., anterior, anterolateral, lateral
and posterolateral (DurriN 1998; LakiN et al. 2016;
MEARs et al. 2016; and morphotype discussion I-1V in
DE LANGE et al. 2023, except fig. 3J), including several
intermediate morphotypes. The sub-complete speci-
men of Fig. 3C is a lateral tooth, with a reconstructed
length of 2.5 mm. The teeth of this species generally
measure 2.5-4.0 mm in mesio-distal length, suggest-
ing that the specimens described in the present paper
are at the lower end of the size spectrum.

Lissodus minimus differs from Lissodus lepagei
(DurrIN 1993a) from the Norian of Medernach, Lux-
embourg, by the absence of a well-defined “occlusal”
cusp on the labial peg, and larger dimensions, i.e., me-
sio-distal length between 0.77-1.48 mm in L. lepagei
reported by DurriN (1993a). There is no evidence of
Lissodus lepagei among the specimens collected for
the present study. In Medernach, Lissodus minimus
co-occurs with Lissodus lepagei (DD, personal obser-
vation)

Subclass Neoselachii CompracNo, 1977
Order Synechodontiformes DurriN & WaRD, 1993
Genus Rhomphaiodon DUFFIN, 1993b
Rhomphaiodon minor (AGassiz, 1837)

Fig. 3A-B

Material examined: Phytosaur bonebed: Nine speci-
mens (NHMMZ PW 2025/9045-LS, one complete
tooth in matrix, NHMMZ PW 2025/9046-LS, two
sub-complete specimens each consisting of a basal
plate with the base of the crown and six isolated
cusps).

Fish bonebed: Two sub-complete teeth and three
tooth fragments (NHMMZ PW 2025/9047-LS).

Remarks: Long referred to Hybodus minor (DUFFIN &
Gabzicky 1977), this tooth morphotype, characterized
by a lingually inclined main cusp and jointed accesso-
ry cusps, was attributed to the genus Rhomphaiodon,
first published from Saint-Nicolas-de-Port by DurriN
(1993b) with the species R. nicolensis. Rhomphaiodon
was assigned to the Synechodontiformes on the basis
of its enamel microstructure (Cuny & Risnes 2005).
R. nicolensis differs from R. minor in bearing higher
and more clearly separated accessory cusplets and a
higher and straight main cusp perpendicular to the ba-
sal plate, the latter lacking open channels (DD, per-
sonal observation).

Rhomphaiodon minor is a major component of the
Rhaetian fauna from Attert (DurrIN & DELSATE 1993)
and Habay-la-Vieille (DurrIN et al. 1983) in southeast
Belgium, Levelling (DeLsate 2000), Syren (GobDE-
FROIT et al. 1998) and Markusbierg-Burmerange (DEL-
SATE 2002) in Luxembourg, Winterswijk in the Nether-
lands (DE LANGE et al. 2023), as well as the British
Penarth and Blue Anchor, Chipping and Sudburry lo-
calities and the fissure fillings of Tytherington, among
others (e.g., WHITESIDE & MaRSHALL 2008; Cross et al.
2018).

Family Palacospinacidae REGaN, 1906
Genus Nemacanthus AGassiz, 1836
Nemacanthus sp.

Fig. 3E

Material examined (all from phytosaur bonebed):
Three fin-spine fragments (NHMMZ PW 2025/9048-
LS one fragment with enamel carina on anterior bor-
der, NHMMZ PW 2025/9049-LS one fragment of
subtriangular cross section with enamel carina on
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Fig. 3. Chondrichthyan (A—E), sarcopterygian (F—H) and actinopterygian (I-P) remains from the phytosaur bonebed (B—
H) and the fish bonebed (A, I-P) of the Bitburg-Priim district. A — Rhomphaiodon minor, NHMMZ PW 2025/9047-LS.
B — Rhomphaiodon minor, NHMMZ PW 2025/9045-LS. C — Lissodus minimus, tooth, NHMMZ PW 2025/9037-LS. D —
Lissodus minimus, fin spine, NHMMZ PW 2025/9042-LS. E — Nemacanthus sp., fin spine fragment, NHMMZ PW
2025/9048-LS. F — Ptychoceratodus sp., tooth plate, NHMMZ PW 2025/9051-LS. G—H — Dipnoan (probably Ptychocera-
todus sp.), scale fragment, NHMMZ PW 2025/9052-LS. I — “Ptycholepid” scale fragment, NHMMZ PW 2025/9062-LS. J
— “Ptycholepid” scale fragment, NHMMZ PW 2025/9063-LS. K — Gyrolepis sp., scale fragment, NHMMZ PW 2025/9059-
LS. L — Gyrolepis sp., tooth, NHMMZ PW 2025/9058-LS. M — Perforated type scale, NHMMZ PW 2025/9069-LS. N —
Concentric type scale, NHMMZ PW 2025/9068-LS. O — Lepidotrich of an unidentified actinopterygian, NHMMZ PW

2025/9098-LS. P — Coprolite with Gyrolepis scales, NHMMZ PW 2025/9099-LS.

<

anterior border and posterior ridges bearing tubercles,
and NHMMZ PW 2025/9050-LS one fragment tenta-
tively assigned to Nemacanthus sp. with a broken an-
terior border lacking the enameled carina but with
tubercles on strong ridges, not of Lissodus section.

Clade Sarcopterygii RoMER, 1955
Class Dipnoi MULLER, 1844
Order Ceratodontiformes Bera, 1940
Family Ptychoceratodontidae MARTIN, 1982
Genus Ptychoceratodus JAECKEL, 1926
Ptychoceratodus sp.
Fig. 3F-H

Material examined: Phytosaur bonebed: NHMMZ
PW 2025/9051-LS one sub-complete tooth plate with
four crests, the first one seems broken, hampering a
precise determination of the internal alfa angle, esti-
mated to approximate 117 °, similar to the Ptychoce-
ratodus phillipsi specimens from Saint-Nicolas-de-
Port (MARTIN etal. 1981; Cuny & RamBOER 1991;
Skrzyckr 2015; Pawrak et al. 2020); NHMMZ PW
2025/9052-LS seven fragments of dipnoan scales with
an outer surface showing dense cavities with rounded
to polygonal, honeycomb-like walls and an inner sur-
face exposing tiny labyrinth folds (BoTrcHEr 2015).
Due to the fragmentary nature of the material at hand,
we refrain from a species-level identification.

Fish bonebed: NHMMZ PW 2025/9053-LS, 19
scale fragments.

Clade Osteichthyes HuxLEy, 1880

Class Actinopterygii Copg, 1887
Subclass Chondrostei MULLER, 1844

Palaeoniscimorpha Lunp, PopLIN & McCARTHY, 1995
Order Palaeonisciformes Hay, 1902
Family Palaconiscidae BoNAPARTE, 1846
Genus Gyrolepis AGassiz, 1833
Gyrolepis sp.
Figs. 3K-L

Material examined: Phytosaur bonebed: NHMMZ
PW 2025/9057-LS four scales, consisting of three iso-
lated folded scales, and one scale on matrix, all tenta-
tively assigned to Gyrolepis.

Fish bonebed: NHMMZ PW 2025/9058-LS single
slender, cylindrical tooth crown bearing a conical
acrodin cap; NHMMZ PW 2025/9059-LS 18 scales of
type 1, i.e., lozenge-shaped, rhombic or quadratic
bony scales with thin ganoin ornamented by obliquely
directed subparallel, often bifurcating and anastomot-
ic low ridges; NHMMZ PW 2025/9060-LS three
scales of type 2, i.e., scales with concentric growth
rings apparent because of taphonomically lost enamel,
attributed by pE LANGE et al. (2023) to Gyrolepis.

Remarks: Storrs (1994) considered Saurichthys
longidens and Birgeria acuminata as two heterodont
morphotypes of his new genus Severnichthys and
lumped the two species into Severnichthys acumina-
tus (Acassiz, 1844). Tintort & LomBarpo (2018) and
DiepEnDAAL & REUMER (2021), however, questioned
the validity of Severnichthys, arguing on the basis of
methodological mistakes. We align with these authors
and consider Severnichthys as a nomen dubium. It
should be noted that the Saurichthyiformes, just like
Birgeria, bore very few scales on their body.
Gyrolepis was a small fish, about 10 cm long, with
thick, lozenge-shaped ganoid scales with thin, straight
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Fig. 4. Actinopterygian remains from the phytosaur bonebed of the Bitburg-Priim district. A — Birgeria sp., NHMMZ PW
2025/955-LS. B — Saurichthys sp., NHMMZ PW 2025/9056-LS. C — cf. Paralepidotus sp., NHMMZ PW 2025/9061-LS.
D — Tooth plate with low tubercles, potentially with dapediiform affinities, NHMMZ PW 2025/9070-LS. E — Unidentified
actinopterygian scale, NHMMZ PW 2025/9054-LS. F — Unidentified actinopterygian scale, possibly belonging to Para-
lepidotus, NHMMZ PW 2025/9066-LS. G — Unidentified actinopterygian scale, NHMMZ PW 2025/9104-LS. H — Un-
identified actinopterygian scale, NHMMZ PW 2025/9105-LS. I — Unidentified actinopterygian scale, probably Gyrolepis
sp., NHMMZ PW 2025/9065-LS. J — Unidentified actinopterygian scale, NHMMZ PW 2025/9100-LS. K — Unidentified
actinopterygian scale, NHMMZ PW 2025/91015-LS. L — Unidentified actinopterygian scale, NHMMZ PW 2025/9102-LS.
M - Unidentified actinopterygian bones including a possible parasphenoid and frontals, NHMMZ PW 2025/9071-LS. N —
Unidentified actinopterygian jaw, NHMMZ PW 2025/9072-LS. O — Unidentified actinopterygian scales, NHMMZ PW

2025/9073-LS. P — Unidentified actinopterygian scales and fin bones, NHMMZ PW 2025/9074-LS.

<

<

or sinuous, often bifurcating or anastomotic ridges.
The ridges are set in a rather dense web partially or
completely covering the bony surface of the scale. A
peg may be present on the dorsal edge, with a corre-
sponding socket on the ventral edge. Thick, rhombic
bony scales with concentric growth lines potentially
represent Gyrolepis scales which lost their enamel
layer (DE LaNGE 2023, fig. 8jk).

Subclass Neopterygii REGan, 1923
Order Birgeriiformes HEYLER, 1969
Family Birgeriidae ALDINGER, 1937
Genus Birgeria STENSIO, 1919
Birgeria sp.
Fig. 4A

Material examined: Phytosaur bonebed: NHMMZ
PW 2025/9054-LS five teeth.

Fish bonebed: NHMMZ PW 2025/9055-LS one
tooth.

Remarks: The teeth are straight or inclined, with a
translucid cap accounting for 50% of the total height,
on a root shaft with apparent, or worn, ridges. The cap
is lenticular in cross-section, with two carinae sepa-
rating a ridges-ornamented labial side from a smooth
lingual side.

The neopterygiid Birgeria was a large predator,
reaching a body length of one meter (ScHULZE et al.
2021). Unlike most Palaconisciformes, which have a
strong scale armor, almost the entire body of Birgeria
was nude, with spindle-shaped scales only on the up-
per lobe of the caudal fin (BoTTcHER 2015).

Order Saurichthyiformes ALDINGER, 1937
Family Saurichthyidae OweN, 1860
Genus Saurichthys AGassiz, 1835
Saurichthys sp.

Fig. 4B

Material examined (from phytosaur bonebed):
NHMMZ PW 2025/9056-LS, a single tooth consist-
ing of one circular conical acrodine cap, devoid of a
carina. The teeth of Saurichthys are straight or in-
clined with a smooth opaque circular cap 25-30 % of
total tooth height, on a strongly ridged shaft (missing
in the specimen described herein).

Clade Halecostomi REGaN, 1903
Order Semionotiformes ARAMBOURG & BERTIN, 1958
sensu LOPEZ-ARBARELLO (2012)

Family Semionotidae Woopwarp, 1890
Genus Paralepidotus SToLLEY, 1920
Paralepidotus sp.

Fig. 4C

Material examined (from phytosaur bonebed):
NHMMZ PW 2025/9061-LS single tooth specimen.
Paralepidotus teeth with a tiny apex on oval or cir-
cular, rounded, low acrodine crowns, clearly defined
by TiNntori (1996), are often confused with teeth of
Lepidotes or Pycnodontiforms. Paralepidotus stands
out in having an oval-shaped apical outline with a low
but evident eccentric tip. Nevertheless, it can be diffi-
cult to differentiate this kind of small crushing tooth
with an apical tubercle, here attributed to a juvenile
Paralepidotus ornatus, from teeth of the Caturidae
like Heterolepidotus dorsalis from the Rhaetian (Go-
DEFROIT et al. 1998) or from teeth of the Perleidiformes,
such as Perleidus or Colobodus. The isolated scale
shown on Fig. 4F could also be tentatively assigned to
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this genus (compare LOPEZ-ARBARELLO & SFERCO 2018:
6, fig. 1), given that it bears an elongated antero-dorsal
spike and that the ganoine layer shows no sculpture.

Order Ptycholepiformes ANDREWS et al., 1967
Family Ptycholepididaec BRouGH, 1939
Gen. et sp. indet.

Fig. 31-J

Material examined (all from fish bonebed): NHM-
MZ PW 2025/9062-LS — NHMMZ PW 2025/9063,
five thick scales and possible fragmentary skull plates
with thick and sinuous enamel ridges which we tenta-
tively attribute to Ptycholepis. They differ from the
thick, possibly sinuous ridges present on Coelacanthi-
morpha (Sarcopterygia) scales with their subparallel
ridges or segments restricted to the posterior part of
globally oval scales.

Ganoin scales of indeterminate Actinopterygians
Figs. 3M-N, 4E-L, I

Material examined: Phytosaur bonebed: 13 scales,
among which (NHMMZ PW 2025/9064-LS and
NHMMZ PW 2025/9065-LS) glossy lozenge-shaped
scales, (NHMMZ PW 2025/9066-LS) ganoid scales
with two pegs, (NHMMZ PW 2025/9067-LS) ganoin
with digitations and tiny perforations.

Fish bonebed: NHMMZ PW 2025/9068-LS, 46
scales of the glossy type, i.e., thick, simple scales with
glossy ganoin without ornamentation or punctuations.
These thick glossy ganoin scales could pertain to pal-
aeonisciforms, ginglymodi or pholidophorids, among
others; NHMMZ PW 2025/9069-LS, 27 scales of the
perforated type, i.e., scales with thickened, glossy
enamel ridges forming (posterior) parallel digitations,
and with the main surface of the scales perforated by
tiny holes. These scales probably belong to Palaeonis-
cimorpha.

Remarks: Lozenge-shaped scales with glossy smooth
ganoin, ganoid scales with pegs and sockets, thick,
glossy scales with low wavy ridges with ganoin digita-
tions extending on the posterior bony surface or with
indentations on the posterior border of the flank scales
are found in several groups, including the chondroste-
an Palaeoniscimorpha and the neopterygian Perleidi-
formes, Colobodontidae, Scanilepiformes, Ginglymo-
di cf. Semionotidae and Pholidophoriformes. Thus, a
precise identification on the basis of the material at

hand is currently impossible. Nevertheless, we can ex-
clude assignment to Birgeria or Saurichthys because of
the strongly reduced squamation of these genera.

Indeterminate actinopterygian remains
Fig. 4D

Material examined (all from phytosaur bonebed):
Tooth plate with low tubercles, potentially with dape-
diiform affinities (NHMMZ PW 2025/9070-LS).

Remarks: Bony fragments with low oval knobs could
be tooth plates, with the knobs representing teeth, or
skull bones with tubercles. KornEISEL et al. (2015),
NoRrDEN et al. (2015), MEARS et al. (2016) and bE LANGE
et al. (2023, fig. 7a—d) describe similar fragments and
assign them to indeterminate jaw or palatal tooth
plates. Temnospondyl amphibians like Gerrothorax
have tuberculate bony plates, too, but these tend to be
thicker and bear larger, higher and more densely
spread knobs (ScHocH & WiTzMANN 2011).

Indeterminate actinopterygian bone assemblages
Fig. 4AM-P

Remarks: Five slabs (NHMMZ PW 2025/9071 —
NHMMZ PW 2025/9075-LS) from the phytosaur
bonebed yield fragmentary parts of actinopterygian
fish with semi-articulated bones, including a para-
sphenoid, frontals, fin rays, and ganoid scales with a
peg. The material currently available precludes an un-
ambiguous identification but shows palaeonisciform
affinities, although we cannot exclude an assignment
to a neopterygian taxon.

Reptilia LinNAEUS, 1758
Diapsida OsBorn, 1903
Archosauriformes GAUTHIER, 1986
Phytosauria JAGER, 1828
Mystriosuchinae indet.

Figs. 5, 6A

Material examined: Phytosaur bonebed: Twelve
complete or near-complete tooth crowns, including
NHMMZ PW 2025/9076-LS (complete, 20.8 mm
length and 7.5 mm base diameter)), NHMMZ PW
2025/9077-LS (apex broken, 21.7 mm length and
8.5 mm base diameter), NHMMZ PW 2025/9078-LS
(16.2 mm length and 6.8 mm base diameter), NHM-
MZ PW 2025/9079-LS (12.9 mm length and 7.1 mm
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Fig. 5. Phytosaur teeth from the phytosaur bonebed of the Bitburg-Priim district. A—C — Large anterior tooth in distal or
mesial (A), lingual (B) and occlusal (C) views, NHMMZ PW 2025/9077-LS. D—E — Small anterior tooth in distal or mesi-
al (D) view and with detail of base (E), NHMMZ PW 2025/9076-LS. F-I — Anterior-median tooth in labial (F) and distal
or mesial (G) views, and with details of tip (H) and base (I), NHMMZ PW 2025/9079-LS. J — Fragment of tooth with
serrated carina, NHMMZ PW 2025/9086-LS. K — Tooth in longitudinal cross section, NHMMZ PW 2025/9080-LS.
L—N — Anterior tooth in mesial or distal view (L) and with details of tip (M) and base (N), NHMMZ PW 2025/9078-LS.
O-P — Posterior tooth in labial view (O) and with detail of lower serrated mesial or distal carina (P), NHMMZ PW
2025/9084-LS.
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base diameter), NHMMZ PW 2025/9080-LS (longitu-
dinal tooth section)), NHMMZ PW 2025/9081-LS
(broken base of tooth with large pulpar cavity, large
ridges and cloudy amorphous dentine, NHMMZ PW
2025/9082-LS (distal part of tooth of 7.5 mm pre-
served length, carina without denticles, worn rounded
apex), NHMMZ PW 2025/9083-LS (two parts of one
broken tooth, preserved together in the matrix, with
worn, rounded apex, base of tooth of 8.5 mm diameter
and preserved length of the two parts equaling
15.5 mm and 16.2 mm, respectively, resulting in a to-
tal length of 31.8 mm), NHMMZ PW 2025/9084-LS:
tooth with missing apex, widest section diameter of
6 mm at base), and numerous small fragments (NHM-
MZ PW 2025/9085-LS — NHMMZ PW 2025/9086-
LS); NHMMZ PW 2025/9087-LS, one possible phy-
tosaur osteoderm.

Fish bonebed: NHMMZ PW 2025/9088-LS, one
crown fragment showing thin peripheral enamel with
fine ridges around amorphous dentine.

Description:

Anterior teeth (Fig. SA-I, K-N): Centimetric, in-
curved teeth, of circular to weakly lenticular section,
with a very thin (approximately 50 pm) brown enamel
surrounding rather homogenous black dentine, in
some cases showing potentially diagenetic cloudy
beams, curves, swirls or growth circles, but no laby-
rinthodont-type loops nor inner folds. The tooth
enamel bears very fine, straight, parallel longitudinal
ridges, around 10 per mm, often on longitudinal bands
of 6, separated by fissures or cracks. When preserved,
the pulpar cavity is generally very small (diameter
0.4-0.7 mm), except in fragments from the tooth base.
The teeth are generally incurved, and in some cases
carinated. In carinated teeth preserved on matrix,
only one distal carina could be observed directly but
loose fragments suggest that at least some teeth have
an additional mesial carina. The carinae are faint to
moderately clear, and mostly without serrations.
When serrated, the carinae show faint denticles, ap-
proximately 6 per 1 mm.

Posterior teeth (Fig. 5J, O—P): The material includes a
single near-complete tooth, with missing apex, lower
and more compressed than anterior teeth, less strong-
ly incurved and with two clearly serrated carinae,
showing 6 denticles per 1 mm. Two millimetric tooth
fragments show a strongly serrated carina, with chev-
ron-shaped denticles, approximately 6 per 1 mm.

Possible osteoderm (Fig. 6A): A plate-like bone frag-
ment, 13.0 mm long and 6.8 mm wide, shows large,
deep, circular cavities and is tentatively identified as a
phytosaur osteoderm.

Remarks: The teeth described above are attributable
to phytosaurs. An assignment to temnospondyl am-
phibians is excluded based on the absence of the typi-
cal labyrinthodont folds at the base of the teeth. Attri-
bution of the serrated teeth to a theropod, such as Li-
liensternus WELLES, 1984, is excluded because the
teeth in question are not distally recurved. The collec-
tion of teeth described herein fits well with the heter-
odonty typically observed in phytosaurs, including
large (pluricentimetric) anterior teeth and smaller
(centimetric) posterior teeth (e.g., HUNGERBUHLER
2002; Lopez-Rosas et al. 2022). Some of the teeth de-
scribed herein can be tentatively assigned to the clas-
sical phytosaur tooth types: C = caniniform teeth with
lenticular section in the anterior bulb of the premaxil-
la and dentary; U = unserrated, conical piercing teeth
in the mesial half of the premaxilla and dentary; [ =
intermediate teeth of drop-shaped section with one
distal, serrated carina in the distal half of the premax-
illa; and B: shorter, blade-shaped teeth with two ser-
rated carinae in the maxillary and posterior jaws
(HunT 1989; HoFrmAN et al. 2021).

BurreTAUT & WOUTERS (1986) and CuNy & RAMBOER
(1991) described phytosaur teeth from the upper Trias-
sic of Saint-Nicolas-de-Port, including anterior, middle
and posterior teeth, and assigned them to the disputed
taxon Rutiodon (Angustirhinopsis) ruetimeyeri v. HUE-
NE, 1911. These teeth tend to be larger than the ones
described in the present paper and often have more
strongly serrated carinae, even the anterior and middle
ones. Near co-eval and morphologically similar phyto-
saur teeth from the Norian of Medernach were de-
scribed by Cuny ET AL. (1995, fig. 6H, 1) and tentatively
assigned to Rutiodon or Nicrosaurus. GODEFROIT et al.
(1998, fig. 8.1) and DELsATE (2000, pl. D, fig. 1) figured
phytosaur teeth from the Rhaetian of Syren, similar to
those shown herein, as Phytosauridae indet.

KivmmiG & Arp (2010) described two different types
of teeth from the Arnstadt Formation near Gottingen:
long, slender teeth with a circular cross section and
unserrated carinae assigned to Mystriosuchus plani-
rostris (v. MEYER, 1863), and a single large, thick and
flattened tooth assigned to ?Nicrosaurus sp, based on
the assumption that this type of tooth is not known
from Mystriosuchus. However, the recently described
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Fig. 6. Tetrapod remains from the phytosaur bonebed of the Bitburg-Priim district. A — Phytosaur osteoderm(?), NHMMZ
PW 2025/9087-LS. B—C — Proximal base of an unidentified phalanx, NHMMZ PW 2025/9093-LS. D—F — Mandible frag-
ment of an unidentified rhynchocephalan lepidosauromorph in labial (D), lingual (E) and occlusal (F) views, NHMMZ PW

2025/9097-LS.

Mystriosuchus alerog LopEz-Roias, CLEMMENSEN, MI-
LAN, WINGS, KLEIN & MATEUS, 2022 from the Upper
Triassic of Greenland shows a clear tripartite denti-
tion, including triangular, flat posterior teeth with
strongly serrated carinae (Lopez-Rosas et al. 2022).
Given that the teeth described in the present paper are
all within a similar size range, smaller than those from
Saint-Nicolas-de-Port (BUFFETAUT & WOUTERS 1986;
Cuny & RamBOER 1991) and also smaller than the sin-
gle triangular tooth assigned to ?Nicrosaurus sp. by
Kimmic & Arp (2010), we assume that they belong to a
single phytosaur taxon with tripartite dentition. Al-
though a precise identification is not possible based on
isolated teeth alone, the striking similarities with the
tripartite dentition of Mystriosuchus allerog suggest
that the material described herein belongs to the genus
Mystriosuchus.

Indeterminate tetrapod bone fragments
Fig. 6B—C

Material examined (all from phytosaur bonebed):
NHMMZ PW 2025/9073-LS — NHMMZ PW 2025/
9092-LS, and NHMMZ PW 2025/9093-LS, proximal
base of a phalanx.

Remarks: The material available includes several
centimetric bone fragments, most of which lack char-
acters that would allow an anatomical and/or taxo-
nomic identification. One exception is the proximal
base of a phalanx (Fig. 6B—C) belonging to an uniden-
tified tetrapod.

Pterosauria Kaup, 1834
Genus Eudimorphodon ZAaMBELLI, 1973
Eudimorphodon sp.
Fig. 7

Material examined (all from phytosaur bonebed):
NHMMZ PW 2025/9094-LS, one large pentacuspid
and NHMMZ PW 2025/9095-LS, one small tricuspid
tooth, and NHMMZ PW 2025/9096-LS, one fang-
like, monocuspid tooth.

Description: The material available includes one
large, triangular tooth (NHMMZ PW 2025/9094-LS),
crown 1.71 mm high, and 1.74 mm wide and 0.88 mm
thick. The tooth preserves a nearly complete, very
weakly recurved crown with a worn apex and part
of the root, separated from the crown by a marked
constriction. The crown is mediolaterally flattened,
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Fig. 7. Teeth assignable to the pterosaur Fudimorphodon sp. from the phytosaur bonebed of the Bitburg-Priim district, with
the assumed equivalent teeth in the jaws of Eudimorphodon ranzii, modified from WiLp (1973). A—C — Fang-like anterior
tooth in labial (A), lingual (B) and occlusal (C) views, NHMMZ PW 2025/9096-LS. D—F — Tricuspid tooth in labial(?) (D),
lingual(?) (E) and occlusal (F) views, NHMMZ PW 2025/9095-LS. G-I — Pentacuspid tooth in labial(?) (G), lingual(?) (H)
and occlusal (I) views, NHMMZ PW 2025/9094-LS.
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lenticular in occlusal view, with convex labial and lin-
gual sides. The main cusp is carinated distally and
mesially, bearing two small cusplets on each side, the
distal ones slightly higher than the mesial ones. The
enamel shows longitudinal cracks on both sides and
additional fine flutes on the lingual(?) side.

The smaller triangular tooth (NHMMZ PW
2025/9095-LS), total preserved height of 1.26 mm,
1.30 mm wide and 0.76 mm thick at base, is broken at
its base and shows a worn or chipped-off tip. The
crown is mediolaterally flattened, albeit slightly less
than NHMMZ PW 2025/9094-LS, and shows a lenticu-
lar outline in occlusal view, with convex lingual and
labial sides. The mesial and distal carinae are weaker
than in NHMMZ PW 2025/9094-LS and each bear a
single cusplet, one in a clearly higher position than the
other. The enamel shows longitudinal cracks and clear
flutes on both sides, with more pronounced flutes on
the lingual (?) side.

The third tooth (NHMMZ PW 2025/9096-LS) is a
small fang-like crown with strongly distally incurved
pointed tip, 1.25 mm high, and 0.92 mm wide and
0.44 mm thick at base. The crown is flattened as has a
convex labial and a nearly straight lingual side, result-
ing in a compressed, D-shaped occlusal view. The
crown shows no clear carinae or cusplets. The enamel
bears longitudinal cracks on both labial and lingual
sides and is markedly fluted on the lingual and weak-
ly fluted on the labial side.

Remarks: Small, roughly triangular, tricuspid to pen-
tacuspid teeth have been reported from various Nor-
ian to Rhaetian microvertebrate assemblages across
Europe (e.g., CLEMENs 1980; HanN et al. 1984; Cuny
et al. 1995; GoperroiT 1997; GoberroiT & CuNy 1997,
GopEerroIT et al. 1998; ScuwermaNN 2016) and have
been assigned either to cynodonts or pterosaurs. In-
deed, both groups share roughly convergent tooth
morphologies and can be difficult to tell apart on the
basis of isolated teeth alone (ScHWERMANN 2016). Pre-
vious studies put forward a number of characters with
the aim to achieve a distinction between the multicus-
pid teeth of cynodonts and pterosaurs (e.g., HAHN et al.
1984; ScHWERMANN 2016), including the outline, pro-
portions and occlusal view of the crown, the length
and shape of the root, the level of constriction at the
crown-root junction, the orientation, position and lev-
el of individualisation of the mesial and distal cus-
plets, and the ornamentation of the enamel.

The two multicuspid teeth and the single fang-like
tooth described in the present paper all share a similar
size and a similar enamel ornamentation, consisting
of longitudinal cracks and marked flutes on the lin-
gual and weaker flutes of the labial sides. We there-
fore assume that all three belong to the same species.
The two multicuspid teeth show a combination of
characters, including a relatively marked constriction
between the crown and the root, a lenticular occlusal
aspect, relatively low, non-diverging and poorly indi-
vidualized cusplets asymmetrically lining the mesial
and distal edges of the main cusp, all favouring as-
signment to a pterosaur rather than a cynodont. The
width/thickness ratio of the two teeth, 1.96 for the
larger and 1.71 for the smaller, also align with ptero-
saur affinities, cynodont teeth generally being flatter
as reflected in a higher width/thickness ratio (e.g.,
Haun et al. 1984). The fang-like tooth described in the
present paper is distally incurved and strongly flat-
tened. Similar teeth have been described for Upper
Triassic pterosaurs (e.g., DALLA VEccHIA 2014), where-
as non-serrated, monocuspid teeth of Upper Triassic
cynodonts are generally thicker or even conical (e.g.,
MARTINELLI et al. 2016).

As a conclusion, all evidence at hand points to-
wards pterosaur affinities for the three teeth described
in the present paper, corresponding to one of the
monocuspid fang-like teeth from the premaxilla or the
tip of the mandible, one of the enlarged pentacuspid
maxillary teeth, and one of the smaller tricuspid max-
illary or mandibular teeth, respectively (Fig. 7).
Among the Upper Triassic pterosaurs with multicus-
pid teeth, only Eudimorphodon ranzii ZamBELLI, 1973
and Raeticodactylus filisuensis STECHER, 2008 show
flutes. In the latter, however, the fang-like premaxil-
lary teeth are concical and show a striation described
as undulating and branching, thus resulting in a “fin-
gerprint”-like pattern (DaLLa Vecchia 2014). The
multicuspid teeth of R. filisurensis, in contrast, are
entirely smooth and bulbous. We therefore exclude an
assignment of the teeth described in the present paper
to Raeticodactylus.

In contrast, the teeth of the holotype of Eudimor-
phodon ranzii seem to align strikingly with the teeth
described herein in showing the conspicuous pattern
of more strongly fluted lingual versus weakly fluted
labial sides. We therefore assume that they belong to
Eudimorphodon ranzii or a closely related unde-
scribed species of that genus.
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Isolated teeth assigned to pterosaurs have been re-
ported from Upper Triassic microvertebrate assem-
blages of northwestern France (GoperroiT 1997; Go-
DEFROIT & Cuny 1997), northern Switzerland (CLEM-
ENs 1980) and Luxembourg (Haun et al. 1984; Cuny
et al. 1995; GoperrolT et al. 1998), although some con-
sider these as ambiguous (e.g., DaLLa VEccHia 2014).
Pterosaur remains from the Upper Triassic of Germa-
ny have all been disputed (DALLA VEccHiA 2014), im-
plying that the teeth described in the present paper
represent the only more robust evidence of pterosaurs
in the German Upper Triassic.

The dentition of Eudimorphodon ranzii has been
generally interpreted as adapted to grasping and
crushing mechanically resistant prey, e.g. hard-shelled
invertebrates and/or fish with thick ganoin-scale ar-
mour (e.g., Ost 2010). The large maxillary tooth de-
scribed herein shows clear wear at its tip. The co-oc-
currence in the present assemblage of fish taxa with
thick ganoin scales, e.g. Gyrolepis, is in line with a
piscivorous diet of Eudimorphodon.

Lepidosauromorpha BEnTon, 1983
Lepidosauria DumERIL & BiBRON, 1839
(sensu Evans 1984)
Rhynchocephalia GUNTHER, 1867 (sensu GAUTHIER,
Kruce & Rowe 1988)
Rhynchocephalia indet.

Fig. 6D—F

Material examined (from phytosaur bonebed):
NHMMZ PW 2025/9097-LS single mandibular frag-
ment.

Description: The mandibular fragment is 1.7 mm
long and shows two broken bases of tooth shafts, with
an acrodont implantation, and resorption pits around
the tooth implantations. The inner side of the mandibu-
lar fragment shows a part of the Meckelian groove.

Remarks: This fragment very likely belongs to a rhy-
nchocephalian (WHITESIDE & DUFFIN 2017; WHITESIDE
etal. 2017; KowaLski etal. 2019). In fact, closely
spaced, thin and columnar teeth with a pulpar cavity
extending high into the crown indicate non-spheno-
dontian basal Rhynchocephalia (Cuny 1993; DELSATE
1999, 2003) like Gephyrosaurus or Deltadectes. In
contrast, sphenodontid rhynchocephalians like Clevo-
saurus generally show more widely spaced, broad-
based and labio-lingually compressed teeth with ante-

rior and posterior ridges, acrodont implantation and
alternating teeth, although the sphenodontid Diphy-
dontosaurus shows both dentition types according to
the position in the mandibular or maxillary (DUFFIN
1996). Therefore, a single fragment with two teeth
does not allow a more precise identification.

5 Discussion

The South Eifel vertebrate assemblages described in
the present paper share numerous faunal elements
with equivalents from the Upper Norian to Lower
Rhaetian of Germany (v. Huene 1923; Kunn 1939;
Kmvic & Are 2010; MujaL et al. 2025), Switzerland
(v. Hueng 1911) and Luxembourg (Cuny et al. 1995),
all representing fluvio-lacustrine settings. A remark-
able feature of the South Eifel assemblage is the com-
plete absence of temnospondyl amphibians. This is
particularly striking considering that in the lithostrati-
graphically equivalent assemblage of nearby Meder-
nach temnospondyl amphibians are by far the domi-
nant tetrapods (Cuny et al. 1995). This might indicate
that the depositional setting of the South Eifel assem-
blage was a smaller and/or more ephemeral lacustrine
environment, unsuited to harbour large-bodied fully
aquatic tetrapods like Gerrothorax (SchocH & Wirtz-
MANN 2011).

As noted above, the vertebrate remains described
in the present paper originate from two distinct levels,
the phytosaur bonebed at the base of a flooding event,
and the fish bonebed within finely stratified clay-
stones at the top of the flooding cycle. The material
available at present, albeit limited, clearly shows that
the faunal spectra of the two bonebeds differ, with the
exception of a few ubiquitous elements like dipnoans,
the small synechodontiform shark Rhomphaiodon and
the small palaeoniscid fish Gyrolepis. Most notable
features of the fish bonebed assemblage are the scar-
city of phytosaur remains, the absence of fully terres-
trial elements, the abundance of actinopterygian fish
remains, the low diversity of the chondrichthyan fish
remains, and the exclusive presence of “ptycholepid”
fish scales.

Analysed in their lithostratigraphic context, the
two assemblages represent contrasting taphocoe-
noses, formed under different conditions and docu-
menting different palaco-environments. The phyto-
saur bonebed (Fig. 8; Table 1) probably represents a
mix of autochthonous aquatic elements (chondrich-
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Phytosaur bonebed (n = 78)

coprolites

Fish bonebed (n = 142)

Lissodus

Lissodus rhynchocephalan [ Dipnoan
Rhomphaiodon pterosaur Birgeria
phytosaur

4

Nemacanthus

e
.

Gyrolepis

Di /
ipnoan actinopterygian “ <o
Gyrolepis —/ indet. Ptycholepid
Birgeria & Saurichthys Paralepidotus

Fig. 8. Pie charts of the vertebrate assemblages from the phytosaur and fish bonebeds of the Bitburg-Priim district, based
on the counts presented in Table 1. Note the colour coding of the chondrichthyan (blue), actinopterygian (purple) and sar-

copterygian (orange) fish and the tetrapods (green).

Table 1. Number of specimens for the phytosaur and fish
bonebed, respectively.

Phytosaur Fish
bonebed | bonebed

Lissodus teeth 7 0
Lissodus fin spine 7 0
Rhomphaiodon teeth 9 5
Nemacanthus fin spine 2 0
Ptychoceratodus teeth 1 0
Ptychoceratodus scales 7 19
Birgeria & Saurichthys teeth 6 1
Gyrolepis teeth and scales 4 22
“Ptycholepid” scales and bones 0
Paralepidotus teeth 1 0
Indet. actinopterygian scales 13 73
and bones
Phytosaur teeth 13 1
Phytosaur osteoderms 1
Pterosaur (Eudimorphodon) 3
teeth
Lepidosauromorph 1 0
Rhynchocephalia
Coprolites 3 16

thyan, actinopterygian and sarcopterygian fish) of an
ephemeral lake environment, mixed with semi-aquat-
ic elements (phytosaurs) from the same environment
or a nearby swamp, and with rare terrestrial elements
(pterosaurs and lepidosauromorphs), all washed to-
gether and mixed with reworked paleosol clasts dur-
ing a high-energy flooding event. The contrasting
modes of preservation of the bone fragments in the
phytosaur bonebed, ranging from pristinely preserved
to heavily worn, implies mixing of (near-)autochtho-
nous and transported and/or reworked elements. Alto-
gether, the phytosaur bonebed assemblage seems to
document an in-situ lake environment with a moder-
ately diverse fish fauna and piscivorous phytosaurs
and pterosaurs.

The fish bonebed assemblage, in contrast, shows
no sign of transport or reworking and is clearly domi-
nated by remains of small actinopterygian fish
(Fig. 8), especially Gyrolepis. Remains of larger pred-
ators like Birgeria and phytosaurs are rare, although
scale-yielding coprolites (Fig. 3P) provide evidence
for piscivory. We interpret the fish bonebed as evi-
dence of a rather short-lived, low-diversity fish fauna
that thrived in an ephemeral lake or pond environ-
ment.
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6 Conclusions

The analysed upper Norian to lower Rhaetian fossili-
ferous section in the upper part of the Arnstadt For-
mation in the district of Bitburg-Priim comprises two
distinct bonebeds as part of a flooding cycle. The lat-
ter allow for the first systematic account of vertebrate
fossils from the Arnstadt Formation of Rhineland-Pa-
latinate. The phytosaur bonebed at the erosive base of
the cycle was deposited during a high-energy flood-
ing event, mixing autochthonous and transported fau-
nal elements. It yielded remains of various chondrich-
thyans, actinopterygians, and sarcopterygians associ-
ated with those of a phytosaur, a rhynchocephalan,
and the pterosaur Eudimorphodon. The latter three
groups constitute first records for the state of Rhine-
land-Palatinate and the hitherto oldest pterosaur from
Germany. The overlying fish bonebed is largely dom-
inated by remains of small actinopterygian fish, and
probably documents a short-lived, low-diversity lake
community.

Acknowledgements

We thank the authorities of the Struktur- und Genehmi-
gungsdirektion Nord and the Kreisverwaltung Bit-
burg-Priim for their help in making the excavation possible.
We thank Bruno Zwank (Dinosaurierpark Teufelsschlucht,
Germany) for his administrative support and his logistic
and practical help during the excavation, and SUSANNE
FEisT-BURKHARDT (Ober-Ramstadt, Germany) for a palyno-
logical analysis of samples from the studied section. We
furthermore thank Davip WHiTESIDE (University of Bristol,
UK) for discussions about Upper Triassic microvertebrate
remains, and the reviewers EMMANUEL CHENAL (Mirecourt,
France) and Tomasz Sures (Polish Academy of Sciences,
Warsaw, Poland) whose comments greatly improved an
earlier version of this manuscript.

References

Acassiz, L. J. R. (1833-1843): Recherches sur les poissons
fossiles, 3. — 390 pp.; Neuchatel (Petitpierre).

ALDINGER, H. (1937): Permische Ganoidfische aus Ostgron-
land. — Meddelelser om Grenland, 102(3): 1-392.

ANDREWS, S. M., GARDINER, B. G., MiLEs, R. S. & PATTERSON,
C. (1967): Chapter 26 Pisces. — In: HarLaND, W. B., HoL-
Lanp, C.H., House, M. R., HucgHes, N.F., REyNOLDs,
A. B., Rupwick, M. J. S., SATTERTHWAITE, G. E., TARLO,
L.B. H. & WiLLEy, E. C. (eds.): The Fossil Record: 637—
683; London (Geological Society of London).

ARAMBOURG, C. & BERTIN, L. (1958): Super-ordres des holos-
téens et des halecostomes (Holostei et Halecostomi). — /n:
Grassk, P.P. (ed.): Trait¢ de Zoologie, Tome 13, Fasci-
cule 3: 2173-2203. Paris (Masson).

BenTON, M. J. (1983): The Triassic Reptile Hyperodapedon
from Elgin: Functional morphology and relationships. —
Philosophical Transactions of the Royal Society, London,
(B), 302 (1112): 605-717.

BERrG, L. S. (1940): Sistema ryboobraznykh i ryb, nyne zhi-
vushchikh i iskopaemykh / Classification of fishes, both
recent and fossil. — Trudy Zoologicheskogo instituta
Akademiia nauk Soiuza Sovetskikh Sotsialisticheskikh
Respublik / Travaux de [UlInstitut Zoologique de
I’Académie des Sciences de ’'URSS, 5(2): 87-517.

BeutiLer, G., Hauscake, N. & NirscH, E. (1999): Fazie-
sentwicklung des Keupers im Germanischen Becken. —
In: HauscHkEe, H. & WILDE, V. (eds.): Trias. Eine ganz an-
dere Welt: 129—174; Miinchen (Verlag Dr. Friedrich Pfeil).

BEUTLER, G., HauscHKE, N., NiTscH, E., VATH, U. & DEUTSCHE
STRATIGRAPHISCHE KomMission (eds.) (2005): Stratigraphie
von Deutschland I'V: Keuper. — Courier Forschungsinsti-
tut Senckenberg, 253: 1-296.

BonaprarTE, C. L. (1846): Catalogo metodico dei pesci euro-
pei. — Atti della Settima Adunanza degli Scienziati Italia-
ni, Napoli, 2: 1-95.

BotrcHER, R. (2015): Fische des Lettenkeupers. — In: HAG-
DORN, H., ScHocH, R. & ScHWEIGERT, G. (eds.): Der Letten-
keuper — Ein Fenster in die Zeit vor den Dinosauriern. —
Palaeodiversity, Sonderband: 141-202.

Brouah, J. (1935): On the structure and relationships of the
hybodont sharks. — Memoirs and Proceedings of the Man-
chester Literary and Philosophical Society, 79: 35-50.

BrouaH, J. (1939): The Triassic Fishes of Besano, Lombardy.
London (British Museum, Natural History).

BurretauT, E. & Wouters, G. (1986): Amphibian and Rep-
tiles remains from the Upper Triassic of Saint-Nicolas-de-
Port (Eastern France) and their biostratigraphic signifi-
cance. — Modern Geology, 10: 133—145.

CLEMENS, W. A. (1980): Rhaeto-Liassic mammals from Swit-
zerland and West Germany. — Zitteliana, 5: 51-92.

Compacno, L. J. V. (1977): Phyletic relationships of living
sharks and rays. — American Zoologist, 17: 303-322.
https://doi.org/10.1093/icb/17.2.303.

Corg, E. D. (1887): Zittel’s Manual of Palaeontology. —The
American Naturalist, 21(11): 1014—-1020.

Cross, S. R. R, Ivanovski, N., Duffin, C. J., HILDEBRANDT, C.,
ParRkER, A. & BENTON, M. J. (2018): Microvertebrates
from the basal Rhaetian Bone Bed (latest Triassic) at Aust
Cliff, S.W. England. — Proceedings of the Geologists’ As-
sociation, 129: 635-653.

Cuny, G. (1993): Evolution des faunes de vertébrés a la limite
Trias Jurassique en France et au Luxembourg: implica-
tions a I’Europe occidentale. — Thesis. Univ. P. et M. Cu-
rie, Paris 6, Mere. Sci. Terre, 93.21: 234 pp.

Cuny, G., GoperrolT, P. & Martin, M. (1995): Micro-restes
de Vertébrés dans le Trias supérieur du Rinckebierg
(Medernach, G-D Luxembourg). — Neues Jahrbuch fiir
Geologie und Paldontologie, Abhandlungen, 196(1): 45—
67. https://doi.org/10.1127/njgpa/196/1995/45.


https://doi.org/10.1093/icb/17.2.303
https://doi.org/10.1127/njgpa/196/1995/45

A new phytosaur-dominated vertebrate assemblage from the Late Triassic 205

Cuny, G. & RamBOER, G. (1991): Nouvelles données sur la
faune et ’age de Saint-Nicolas-de-Port. — Revue de Paléo-
biologie, 10(1): 69-78.

Cuny, G. & RisnEs, S. (2005): The enameloid microstructure
of the teeth of Synechodontiform sharks (Chondrichthyes:
Neoselachii). — PalArch, 3: 8-19.

DaLLa VEccHia, F. M. (2014): Gli pterosauri triassici. — Pub-
blicazione del Museo Friulano di Storia Naturale, Udine,
54: 1-319.

DE LANGE, B., CHENAL, E., DIEPENDAAL, H. J. & REUMER, J. W.
F. (2023): Fish remains from the Rhaetian (Late Triassic)
of Winterswijk, the Netherlands (Pisces, Chondricthyes
and Actinopterygii). — Netherlands Journal of Geoscienc-
es, 102: e10 https://doi.org/10.1017/njg.2023.10.

DELsATE, D. (1999): Reptiles terrestres (Lepidosauromorpha
et Traversodontidae) du Trias supérieur de Medernach
(G.-D. de Luxembourg). — Travaux scientifiques du
Musée National d’Histoire Naturelle du Luxembourg, 32:
55-85.

DELsATE, D. (2000): Faunes de Vertébrés du Rhétien (Trias
supérieur) du Grand-Duché de Luxembourg. — Ar-
chives-Institut Grand-Ducal de Luxembourg, Section des
Sciences Naturelles, Physiques et Mathématiques, 43:
3-47.

DELsaTE, D. (2002): Présence du diapside Pachystropheus
rhaeticus dans le Trias supérieur en facies rhétien de
Markusbierg-Burmerange (Grand-Duché de Luxem-
bourg) et de Habay-la-Vieille (Belgique). — Archives-In-
stitut Grand-Ducal de Luxembourg, Section des Sciences
Naturelles, Physiques et Mathématiques, 44: 15-23.

DELSATE, D. (2003): New lepidosaur record (Reptilia) from
the Upper Triassic (Rhaetian) of the Belgian Province of
Luxembourg. — Ferrantia, 36: 39—43.

DiepenpaAL, H. J. & ReuMER, J. W. F. (2021): Note on the
Rhaetian fish fauna from a subrosion pipe in Winterswijk
(the Netherlands), with a discussion on the validity of the
genus Severnichthys Storrs, 1994. — Netherlands Journal
of Geosciences, 100. https:/doi.org/10.1017/njg.2021.5.

DrrtricH, D. (1989): Beckenanalyse der oberen Trias der Tri-
er-Luxemburger Bucht. Revision der stratigraphischen
Gliederung und Rekonstruktion der Paldogeographie. —
Ver6ffentlichungen des Luxemburger geologischen Dien-
stes, 26: 1-223.

DrirtricH, D., BArTELS, L. & VogeL, K. (1997): Neue Ergeb-
nisse zur Geologie des Ferschweiler Plateaus und des Hei-
deriickens (zentrale Trier-Bitburger Mulde) — Tektonik,
Keuper- und Lias-Stratigraphie sowie ein Beitrag zur ge-
netischen Deutung des Naturdenkmals ,,Irreler Wasser-
fille*. — Mainzer geowissenschaftliche Mitteilungen, 26:
55-98.

DirtricH, D., HIMMERKUS, J. & KoBE, E. (1998). Stratigraphi-
sche und sedimentologische Ergebnisse der Forschungs-
bohrung Dockendorf im Zentrum der Trier-Bitburg Mul-
de (Oberer Muschelkalk, Keuper, Unterer Lias). — Main-
zer geowissenschaftliche Mitteilungen, 27: 159-212.

DurriN, C.J. (1993a): Mesozoic Chondrichthyan faunas 1.
Middle Norian (Upper Triassic) of Luxembourg. — Palae-
ontographica, Abteilung A, 229: 15-36.

Durri, C. J. (1993b): Late Triassic shark teeth (Chondrich-
thyes, Elasmobranchii) from Saint-Nicolas-de-port

(north-east France). — In: HErmaN, J. & van WaEs, H.
(eds.): Elasmobranches et Stratigraphie. — Belgian Geo-
logical Survey, Professional Papers, 1993(6): 7-32.

Durr, C. J. (1996): The First Sphenodontian Remains (Lep-
idosauromorpha, Reptilia) from the Late Triassic of the
Gaume (Southern Belgium). — Bulletin de la Société belge
de Géologie, 104(1-2): 35-41.

DurriN, C.J. (1998): New shark remains from the British
Rhaetian (latest Triassic) 2. Hybodonts and palaeospina-
cids. — Neues Jahrbuch fiir Geologie und Paldontologie,
Monatshefte, 1998(4): 240-256. https://doi.org/10.1127/
njgpm/1998/1998/240.

DurriN, C.J., CouraTeEz, P., Lepage, J. C. & Wourtkrs, G.
(1983): Rhaetian (Upper Triassic) marine faunas from “Le
Golfe du Luxembourg” in Belgium (preliminary note). —
Bulletin de la Société belge de Géologie, 92: 311-315.

DurrIN, C. J. & DELSATE, D. (1993): The age of the Upper Tri-
assic vertebrate fauna from Attert (Province of Luxem-
bourg, Belgium). — /n: HErMAN, J. & van WaEs, H. (eds.):
Elasmobranches et Stratigraphie. — Belgian Geological
Survey, Professional Papers, 1993(6): 33—44.

Durri, C. J. & Gazpzickl, A. (1977): Rhaetian fish remains
from the Tatra mountains. — Acta Geologica Polonica,
27(3): 333-348.

Durriy, C. J. & WarD, D. J. (1993): The Early Jurassic Palae-
ospinacid sharks of Lyme Regis, southern England. — /n:
HermaN, J. & van WaEes, H. (eds.): Elasmobranches et
Stratigraphie. — Belgian Geological Survey, Professional
Papers, 1993(6): 53-102.

DumtriL, A. M. C. & BiBron, G. (1839): Erpétologie Générale
ou Histoire Naturelle Compléte des Reptiles, Vol. 5: 871
pp.; Paris (Roret, Fain & Thunot).

Evans, S. E. (1984): The classification of the Lepidosauria.
— Zoological Journal of the Linnean Society, 82: 87-100.
https://doi.org/10.1111/.1096-3642.1984.tb00537.x.

GALBRUN, B., BouLiLa, S., KrystyN, L., RicHoz, S., GARDIN,
S., BarTOLINI, A. & MasLo, M. (2020): “Short” or “long”
Rhaetian ? Astronomical calibration of Austrian key sec-
tions. — Global and Planetary Change, 192: 103253.
https://doi.org/10.1016/j.gloplacha.2020.103253.

GAUTHIER, J. A. (1994): The diversification of the amniotes.
— In: ProTHERO, D. R. & ScHocH, R. M. (eds.): Major Fea-
tures of Vertebrate Evolution: 129-159. Knoxville (The
Paleontological Society). https://doi.org/10.1017/S247526
300000129X.

GAUTHIER, J., KLUGE, A. G. & Rowg, T. (1988): Amniote phy-
logeny and the importance of fossils. — Cladistics, 4: 105—
209. https://doi.org/10.1111/j.1096-0031.1988.tb00514.x.

Goperrort, P. (1997): Reptilian, therapsids and mammalian
teeth from the Upper Triassic of Varangéville (Northeast-
ern France). — Bulletin de I’Institut Royal des Sciences
naturelles de Belgique, 67: 83—102.

Gopgrrorr, P. & Cuny, G. (1997): Archosauriform teeth from
the Upper Triassic of Saint-Nicolas-de-Port (Northeast-
ern France). — Palacovertebrata, 26: 1-34.

GobgrrolT, P., Cuny, G., DELSATE, D. & RocHg, M. (1998):
Late Triassic vertebrates from Syren (Luxembourg). —
Neues Jahrbuch fiir Geologie und Palédontologie, Abhand-
lungen, 210(3): 305-343. https://doi.org/10.1127/njgpa/
210/1998/305.


https://doi.org/10.1127/njgpm/1998/1998/240
https://doi.org/10.1127/njgpm/1998/1998/240
https://doi.org/10.1111/j.1096-3642.1984.tb00537.x
https://doi.org/10.1016/j.gloplacha.2020.103253
https://doi.org/10.1017/S247526300000129X
https://doi.org/10.1017/S247526300000129X
https://doi.org/10.1111/j.1096-0031.1988.tb00514.x
https://doi.org/10.1127/njgpa/210/1998/305
https://doi.org/10.1127/njgpa/210/1998/305
https://doi.org/10.1017/njg.2023.10
https://doi.org/10.1017/njg.2021.5

206 L.D. Numberger-Thuy et al.

GreBE, H. (1887): Geologische Karte von Preussen und den
Thiiringischen Staaten, Blatt Oberweis. Berlin (Konig-
lich-Preussische Geologische Landesanstalt).

GUNTHER, A. (1867): Contribution to the anatomy of Hatteria
(Rhynchocephalus, Owen). — Philosophical Transactions
of the Royal Society of London, 157: 595—-629. https://doi.
org/10.1098/rstl.1867.0019.

Hann, G., LEPAGE, J. C. & WouTERs, G. (1984): Cynodontier-
Zidhne aus der Ober-Trias von Medernach, Grossherzog-
tum Luxemburg. — Bulletin de la Société belge de Géolo-
gie, 93: 357-373.

Hay, O. P. (1902): Bibliography and catalogue of the fossil
Vertebrata of North America. — Bulletin of the United
States Geological Survey, 179: 1-868. https://doi.org/
10.5962/bhl.title.20094.

HEevrer, D. (1969): Vertébrés de I’Autunien de France. —
Cahiers de paléontologie: 259 pp.; Paris (Editions du Cen-
tre National de la Recherche Scientifique).

Horrman, D. K., MiLLER-CAMP, J. A. & HECKERT, A. B. (2021):
Tooth enamel microstructure in North American Phyto-
sauria (Diapsida: Archosauriformes): Implications for bi-
ogeography and ecology of a Late Triassic clade of croco-
dylian-like predators. — Palacontologia Electronica, 24(3):
a32. https://doi.org/10.26879/1162.

Hueng, F. von (1911): Beitrage zur Kenntnis und Beurteilung
der Parasuchier. — Geologische und Paldontologische Ab-
handlungen, Neue Folge, 10: 67-121.

Hueng, F. von (1923): Neue Beitrdge zur Kenntnis der Para-
suchier. — Jahrbuch der PreuBischen Geologischen Lande-
sanstalt, 42: 59-160.

HUNGERBUHLER, A. (2002): The Late Triassic phytosaur Mys-
triosuchus westphali, with a revision of the genus. — Pal-
aeontology, 45: 377—-418. https://doi.org/10.1111/1475-
4983.00242.

Hunt, A. P. (1989): Cranial morphology and ecology among
phytosaurs. — /n: Lucas, S. G. & Hunr, A. P (eds.): Dawn
of the Age of Dinosaurs in the American Southwest: 349—
354; Albuquerque (New Mexico Museum of Natural His-
tory).

Huxtey, T. H. (1880): On the application of the laws of evolu-
tion to the arrangement of the Vertebrata and more, par-
ticularly the Mammalia. — Proceedings of the Zoological
Society of London, 1880: 649—662.

Jicer, G.F. (1828): Uber die fossile Reptilien, welche in
Wiirtemberg aufgefunden worden sind. — 48 pp.; Stuttgart
(Metzler).

JaekeL, O. (1926): Zur Morphogenie der Gebisse und Zéh-
ne III. — Vierteljahrszeitschrift fiir Zahnheilkunde,
1926(2): 217-242.

Kaup, J. (1834): Versuch einer Eintheilung der Séugethiere in
6 Stamme und der Amphibien in 6 Ordnungen. — Isis, 3:
311-315.

Kimmig, J. & Arp, G. (2010): Phytosaur remains from the No-
rian Arnstadt Formation (Leine Valley, Germany), with
reference to European phytosaur habitats. — Paleodiversi-
ty, 3: 215-224.

Kogg, E. (1996): Kartierung im Raum Wiimannsdorf-Brecht
(Stid-Eifel). Sedimentologisch-stratigraphische Bearbei-
tung der Schichtenfolge vom mittleren Keuper bis unteren
Jura in der Forschungskernbohrung Dockendorf (Siid-Ei-

fel). — Diplomkartierung + Diplomarbeit Univ. Bonn: 155
pp- [unpublished.].

KORNEISEL, D., GaLLois, R. W., DurrIN, C. J. & BENTON, M. J.
(2015): Latest Triassic marine sharks and bony fishes
from a bone bed preserved in a burrow system, from Dev-
on, UK. — Proceedings of the Geologists’ Association,
126: 130-142.

KowaL-Limvka, M., KrzemiNska, E. & CzuryT, Z. (2019): The
youngest detrital zircons from the Upper Triassic Lipie
Slaskie (Lisowice) continental deposits (Poland): Implica-
tions for the maximum depositional age of the Lisowice
bone-bearing horizon. — Palaeogeography, Palaeoclima-
tology, Palacoecology, 514: 487-501. https:/doi.org/
10.1016/j.palaeo.2018.11.012.

KowaLski, J., BopziocH, A., Janecki, P., Rucinski, M. &
ANTCzZAK, M. (2019): Preliminary report on the microver-
tebrate faunal remains from the Late Triassic locality at
Kraziejow, SW Poland. — Annales Societatis Geologorum
Poloniae, 89: 291-305.

Kozur, H. & WEeEwms, R. E. (2010): The biostratigraphic im-
portance of conchostracans in the continental Triassic of
the northern hemisphere. — Geological Society, London,
Special Publications, 334: 315-417. https://doi.org/10.
1144/SP334.13.

Kunn, O. (1939): Beitrdge zur Keuperfauna von Halberstadt.
— Paldontologische Zeitschrift, 21: 258-286. https:/doi.
org/10.1007/BF03042753.

LakiN, R. J., DurriN, C. J., HiLbEBRANDT, C. & BENTON, M. J.
(2016): The Rhaetian vertebrates of Chipping Sodbury,
South Gloucestershire, UK, a comparative study. — Pro-
ceedings of the Geologists’ Association, 127: 40-52.

LmNaktus, C. (1758): Systema naturae per regna tria naturae,
secundum classes, ordines, genera, species, cum charac-
teribus, differentiis, synonymis, locis. Vol. Tomus I, Edi-
tio decima, reformata: i—ii, 1-824; Holmiae (Laurentius
Salvius).

LopEZ-ARBARELLO, A. (2012): Phylogenetic interrelationships
of ginglymodian fishes (Actinopterygii: Neopterygii). —
PLoS One, 7(7): €39370. https:/doi.org/10.1371/journal.
pone.0039370.

LopPEz-ARBARELLO, A. & Srerco, E. (2018): Neopterygian
phylogeny: the merger assay. — Royal Society Open Sci-
ence, 5(3): 172337. https://doi.org/10.1098/rs0s.172337.

Loprez-Roias, V., CLEMMENSEN, L. B., MiLAN, J., WiNGs, O.,
KLEmw, N. & MaTEus, O. (2022): A new phytosaur species
(Archosauriformes) from the Upper Triassic of Jameson
Land, central East Greenland. — Journal of Vertebrate
Paleontology, 42: €2181086 https://doi.org/10.1080/02724
634.2023.2181086.

Lunp, R., PorLiN, C. & McCarthy, K. (1995): Preliminary
analysis of the interrelationships of some Paleozoic Acti-
nopterygii. — Géobios, 28(Suppl. 2): 215-220. https://doi.
org/10.1016/S0016-6995(95)80117-0.

MaARTIN, M. (1982): Nouvelles données sur la phylogénie et la
systématique des dipneustes postpaléozoiques. — Comp-
tes Rendues de ’Academie des Sciences, Paris, Série II,
294: 611-614.

MARTIN, M., SiGoGNEAU-RUSSELL, D., CouraTEz, P. & Wourt-
ERS, G. (1981): Les Cératodontidés (Dipnoi) du Rhétien de
Saint-Nicolas-de-Port (Meurthe-et-Moselle). — Geobios,


https://doi.org/10.1016/j.palaeo.2018.11.012
https://doi.org/10.1016/j.palaeo.2018.11.012
https://doi.org/10.1144/SP334.13
https://doi.org/10.1144/SP334.13
https://doi.org/10.1007/BF03042753
https://doi.org/10.1007/BF03042753
https://doi.org/10.1371/journal.pone.0039370
https://doi.org/10.1371/journal.pone.0039370
https://doi.org/10.1098/rsos.172337
https://doi.org/10.1080/02724634.2023.2181086
https://doi.org/10.1080/02724634.2023.2181086
https://doi.org/10.1016/S0016-6995(95)80117-0
https://doi.org/10.1016/S0016-6995(95)80117-0
https://doi.org/10.1098/rstl.1867.0019
https://doi.org/10.1098/rstl.1867.0019
https://doi.org/10.5962/bhl.title.20094
https://doi.org/10.5962/bhl.title.20094
https://doi.org/10.26879/1162
https://doi.org/10.1111/1475-4983.00242
https://doi.org/10.1111/1475-4983.00242

A new phytosaur-dominated vertebrate assemblage from the Late Triassic 207

14:773—791. https://doi.org/10.1016/S0016-6995(81)80151-
9.

MARTINELLI, A. G., SOARES, M. B. & ScHwaNKE, C. (2016):
Two new cynodonts (Therapsida) from the Middle-Early
Late Triassic of Brazil and comments on South American
Probainognathians. — PLoS ONE, 11: €0162945. https://
doi.org/10.1371/journal.pone.0162945.

MEkars, E. M., Rossi, V., MacDonaLp, E., CoLEmaN, G.,
Davies, T. G., Aris-RiesGo, C., HILDEBRANDT, C., THIEL, H.,
Durri, C. J., WHITESIDE, D. 1. & BenTtoN, M. J. (2016): The
Rhaetian, (late Triassic) vertebrates of Hampstead Farm
Quarry, Gloucestershire, UK. — Proceedings of the Geol-
ogists’ Association, 127: 478—505.

MEYER, H. von (1863): Der Schidel des Belodon aus dem Stu-
bensandstein des oberen Keupers. — Palaecontographica,
10: 227-246.

MuiaL, E., Sugs, H.-D., MoRrENO, R., SCHAEFFER, J., SOBRAL,
G., CHAKRAVORTI, S., SPIEKMAN, S. N. F. & ScHocH, R. R.
(2025): Triassic terrestrial tetrapod faunas of the Central
European Basin, their stratigraphical distribution, and
their palaecoenvironments. — Earth-Science Reviews, 264:
105085. https://doi.org/10.1016/j.earscirev.2025.105085.

MULLER, J. (1845): Uber den Bau und die Grenzen der Ga-
noiden, und iiber das natiirliche System der Fische. — Ab-
handlungen der Koniglichen Akademie der Wissenschaf-
ten zu Berlin, 1844: 117-216.

NorpEn, K. K., DurriN, C. J. & BENTON, M. (2015): A marine
vertebrate fauna from the Late Triassic of Somerset, and a
review of British placodonts. — Proceedings of the Geolo-
gists” Association, 126: 564—581. https://doi.org/10.1016/].
pgeola.2015.07.001.

OsBorN, H. F. (1903): The reptilian subclasses Diapsida and
Synapsida and the early history of the Diaptosauria. —
Memoirs of the American Museum of Natural History, 1:
451-507.

Os1, A. (2010): Feeding-related characters in basal ptero-
saurs: implications for jaw mechanism, dental function
and diet. — Lethaia, 44(2): 136—152. https://doi.org/10.1111/
j-1502-3931.2010.00230.x.

OweN, R. (1860): Palacontology or a Systematic Summary of
Extinct Animals and their Geological Relations. Edin-
burgh (A. & C. Black).

Pawrak, W., TaLanpa, M., Surks, T. & Niepzwiepzki, G.
(2020): Dipnoan from the Upper Triassic of East Green-
land and remarks about palaecobiogeography of Ptycho-
ceratodus. — Acta Palaeontologica Polonica, 65(3): 561—
574. https://doi.org/10.4202/app.00679.2019.

PatTERSON, C. (1966): British Wealden sharks. — Bulletin of
the British Museum (Natural History), 11: 283-350.

RemHARDT, L. & Ricken, W. (2000): The stratigraphic and
geochemical record of Playa Cycles: monitoring a Pan-
gaean monsoon-like system (Triassic, Middle Keuper,
S. Germany). — Palacogeography, Palaeoclimatology, Pal-
aeoecology, 161: 205-227. https://doi.org/10.1016/S0031-
0182(00)00124-3.

REGaN, C. T. (1906): A classification of the selachian fishes.
— Proceedings of the Zoological Society of London, 1906:
722-758.

Recan, C. T. (1923): The skeleton of Lepidosteus, with re-
marks on the origin and evolution of the lower neoptery-

gian fishes. — Proceedings of the Zoological Society of
London, 93(2): 445-461. https://doi.org/10.1111/1.1096-
3642.1923.tb02191.x.

RoMER, A. S. (1955): Herpetichthyes, Amphibioidei, Choan-
ichthyes or Sarcopterygii? — Nature, 176: 126. https:/doi.
org/10.1038/176126a0.

SchocH, R. R. & Witzmann, F. (2011): Cranial morphology of
the plagiosaurid Gerrothorax pulcherrimus as an extreme
example of evolutionary stasis. — Lethaia, 45: 371-385.
https://doi.org/10.1111/1.1502-3931.2011.00290.x.

Schoch, R. R. & Moreno, R. (2024): Synopsis on the temno-
spondyls from the German Triassic. — Palaeodiversity,
17(1): 9—48. https://doi.org/10.18476/pale.v17.a2.

Schurtze, H.-P., MickLg, K. E., PorLiN, C., HiLTON, E. J. &
GRANDE, L. (2021): Handbook of Paleoichthyology. Vol-
ume 8A. Actinopterygii I. Palaconiscimorpha, Stem Ne-
opterygii, Chondrostei: 299 pp.; Miinchen (Verlag Dr.
Friedrich Pfeil).

SCHWERMANN, A. H. (2016): Uber den Nachweis von Lepagia
gaumensis (Eucynodonta incertae sedis) aus dem Rhit
(Trias) von Warburg-Bonenburg (Kr. Hoxter). — Geologie
und Paldontologie in Westfalen, 88: 39-48.

Skrzyckl, P. (2015): New species of lungfish (Sarcopterygii,
Dipnoi) from the Late Triassic Krasiejow site in Poland,
with remarks on the ontogeny of Triassic dipnoan tooth
plates. — Journal of Vertebrate Paleontology, 35(5):
€964357. https://doi.org/10.1080/02724634.2015.964357.

STECHER, R. (2008): A new Triassic pterosaur from Switzer-
land (Central Austroalpine, Grisons), Raeticodactylus fil-
isurensis gen. et sp. nov. — Swiss Journal of Geosciences,
101: 185-201. https://doi.org/10.1007/s00015-008-1252-6.

STENSIO, E. (1919): Einige Bemerkungen iiber die systemati-
sche Stellung von Saurichthys mougeoti Agassiz. — Sen-
ckenbergiana, 1(6): 177-181.

StoLLEY, E. (1920): Beitrdge zur Kenntnis der Ganoiden des
deutschen Muschelkalks. — Palaeontographica, 63(3/4):
25-86.

Storrs, G. W. (1994): Fossil vertebrate faunas of the British
Rhaetian (latest Triassic). — Zoological Journal of the Lin-
nean Society, 112(1-2): 217-259. https://doi.org/10.1111/j.
1096-3642.1994.tb00319.x.

Tintor1, A. (1996): Paralepidotus ornatus (Agassiz 1833—
43): A semionotid from the Norian (Late Triassic) of Eu-
rope. — In: ARRATIA, G. & VioHL, G. (eds.): Mesozoic Fish-
es — Systematics and Palecology: 167-179; Miinchen
(Verlag Dr. Friedrich Pfeil).

TiNntor1, A. & LomBARDO, C. (2018): The Zorzino Limestone
actinopterygian fauna from the Late Triassic (Norian) of
the Southern Alps. — In: TANNER, L. H. (ed.): The Late Tri-
assic World: Earth in a Time of Transition. — Topics in
Geobiology, 46: 315-350. https://doi.org/10.1007/978-3-
319-68009-5_9.

VoLLMER, T. (2005): Paleoclimatology of Upper Triassic Pla-
ya Cycles: New Insights into an Orbital Controlled Mon-
soon System (Norian, German Basin). — Dissertation an
der Mathematisch-Naturwissenschaftlichen Fakultdt der
Universitdt zu Koln: 165 pp.

WELLES, S. P. (1984): Dilophosaurus wetherilli (Dinosauria,
Theropoda): osteology and comparisons. — Palaeonto-
graphica, Abteilung A, 185: 85-180.


https://doi.org/10.1111/j.1096-3642.1923.tb02191.x
https://doi.org/10.1111/j.1096-3642.1923.tb02191.x
https://doi.org/10.1038/176126a0
https://doi.org/10.1038/176126a0
https://doi.org/10.1111/j.1502-3931.2011.00290.x
https://doi.org/10.18476/pale.v17.a2
https://doi.org/10.1080/02724634.2015.964357
https://doi.org/10.1007/s00015-008-1252-6
https://doi.org/10.1111/j.1096-3642.1994.tb00319.x
https://doi.org/10.1111/j.1096-3642.1994.tb00319.x
https://doi.org/10.1007/978-3-319-68009-5_9
https://doi.org/10.1007/978-3-319-68009-5_9
https://doi.org/10.1016/S0016-6995(81)80151-9
https://doi.org/10.1016/S0016-6995(81)80151-9
https://doi.org/10.1371/journal.pone.0162945
https://doi.org/10.1371/journal.pone.0162945
https://doi.org/10.1016/j.earscirev.2025.105085
https://doi.org/10.1016/j.pgeola.2015.07.001
https://doi.org/10.1016/j.pgeola.2015.07.001
https://doi.org/10.1111/j.1502-3931.2010.00230.x
https://doi.org/10.1111/j.1502-3931.2010.00230.x
https://doi.org/10.4202/app.00679.2019
https://doi.org/10.1016/S0031-0182(00)00124-3
https://doi.org/10.1016/S0031-0182(00)00124-3

208 L.D. Numberger-Thuy et al.

WHITESIDE, D. I. & DurriN, C. J. (2017): Late Triassic terres-
trial microvertebrates from Charles Moore’s ‘Microlestes’
quarry, Holwell, Somerset, UK. — Zoological Journal of
the Linnean Society, 179: 677-705. https://doi.org/10.1111/
70j.12458.

WHITESIDE, D. 1. & MARsHALL, J. E. A. (2008): The age, fauna
and palaeoenvironment of the Late Triassic fissure depos-
its of Tytherington, South Gloucestershire, U.K. — Geo-
logical Magazine, 145: 105-147. https://doi.org/10.1017/
S0016756807003925.

WHITESIDE, D. 1., DurrIN, C. J. & Furrer, H. (2017): The Late
Triassic lepidosaur fauna from Hallau, North-Eastern
Switzerland, and a new ‘basal’ rhynchocephalian Delta-
dectes elvetica gen. et sp. nov. — Neues Jahrbuch fiir Geo-
logie und Paldontologie, Abhandlungen, 285(1): 53-74.
https://doi.org/10.1127/njgpa/2017/0669.

WiLp, R. (1973): Die Flugsaurier (Reptilia, Pterosauria) aus
der Oberen Trias von Cene bei Bergamo, Italien. — Bollet-
tino della Societa Paleontologica Italiana, 17: 176-256.

Woopwarp, A. S. (1890): The fossil fishes of the Hawkes-
bury Series at Gosford. — Memoirs of the Geological Sur-
vey of New South Wales. — Palaeontology, 4: 1-57

ZamBELLI, R. (1973): Eudimorphodon ranzii gen. nov., sp.
nov. uno Pterosauro Triassico. — Rendiconti Instituto
Lombardo Accademia, 107: 27-32.

Manuscript received: June 8, 2025.
Revised version accepted by the Stuttgart editor: July 2nd,
2025.

Addresses of the authors:

Lea D. NuMBERGER-THUY (corresponding author), Di-
nosaurierpark Teufelsschlucht, Ferschweilerstral3e 50,
54668 Ernzen, Germany & Musée national d’histoire
naturelle Luxembourg, 25 rue Miinster, L-2160 Lux-
embourg;

e-mail: lea.numberger-thuy@felsenland-suedeifel.de;
https://orcid.org/0000-0001-6097-995X

DommiQuE DELSATE, BEN THUY, Musée national d’his-
toire naturelle Luxembourg, 25 rue Miinster, L-2160
Luxembourg;

e-mails: dominiquedelsate01@gmail.com; https://orcid.
org/0000-0001-9644-4965

bthuy@mnhn.lu;
9565

https://orcid.org/0000-0001-8231-

Markus J. PoscaManN, Generaldirektion Kulturelles
Erbe RLP, Direktion Landesarchédologie/Erdge-
schichtliche Denkmalpflege, Niederberger Hohe 1,
D-56077 Koblenz, Germany;

e-mail: markus.poschmann@gdke.rlp.de; https://orcid.
org/0000-0001-9710-1673

THomAS ScHINDLER, Generaldirektion Kulturelles Erbe
RLP, Direktion Landesarchiologie/Erdgeschichtliche
Denkmalpflege, Grole Langgasse 29, 55116 Mainz,
Germany;

e-mail: thomas.schindler@gdke.rlp.de; https://orcid.
org/0000-0002-1655-2913


mailto:lea.numberger-thuy@felsenland-suedeifel.de
https://orcid.org/0000-0001-6097-995X
mailto:dominiquedelsate01@gmail.com
https://orcid.org/0000-0001-9644-4965
https://orcid.org/0000-0001-9644-4965
mailto:bthuy@mnhn.lu
https://orcid.org/0000-0001-8231-9565
https://orcid.org/0000-0001-8231-9565
mailto:markus.poschmann%40gdke.rlp.de?subject=
https://orcid.org/0000-0001-9710-1673
https://orcid.org/0000-0001-9710-1673
mailto:thomas.schindler@gdke.rlp.de
https://orcid.org/0000-0002-1655-2913
https://orcid.org/0000-0002-1655-2913
https://doi.org/10.1111/zoj.12458
https://doi.org/10.1111/zoj.12458
https://doi.org/10.1017/S0016756807003925
https://doi.org/10.1017/S0016756807003925
https://doi.org/10.1127/njgpa/2017/0669



