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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 (Dittrich 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 & Weems 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 (Dittrich 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 palaeogeographic 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., 
Dittrich 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 (Hahn et al. 1984; Cuny et al. 1995), prompt-
ing the introduction of the term “Medernach-type 
bonebed” (Kobe 1996) or “Medernach-horizon” 
(Dittrich 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-Prüm (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-



	 A new phytosaur-dominated vertebrate assemblage from the Late Triassic	 189

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 cm 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 & 
Weems 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 Dittrich et al. 1998),  

Fig. 1. Location of the studied site in the context of Upper Triassic rock exposures in Rhineland-Palatinate.
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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.

Fig. 2. Stratigraphic log of the studied section in the Bitburg-Prüm district with the position of the two fossil-yielding 
layers (phytosaur bonebed and fish bonebed). Length of hammer equals 29 cm.
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Subclass Neoselachii Compagno, 1977
Order Synechodontiformes Duffin & 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 & 
Gadzicky 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 Duffin 
(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 (Duffin & Delsate 1993) 
and Habay-la-Vieille (Duffin et al. 1983) in southeast 
Belgium, Levelling (Delsate 2000), Syren (Gode-
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 Palaeospinacidae 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  

Class Chondrichthyes Huxley, 1880
Order Hybodontiformes Patterson, 1966

Genus Lissodus Brough, 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. Duffin (1998) recognized four posi-
tional morphotypes, i.e., anterior, anterolateral, lateral 
and posterolateral (Duffin 1998; Lakin et al. 2016; 
Mears et al. 2016; and morphotype discussion I–IV 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 
(Duffin 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 Duffin (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)
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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 Müller, 1844

Order Ceratodontiformes Berg, 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 et al. 1981; Cuny & Ramboer 1991; 
Skrzycki 2015; Pawlak 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 (Böttcher 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 Cope, 1887

Subclass Chondrostei Müller, 1844
Palaeoniscimorpha Lund, Poplin & McCarthy, 1995

Order Palaeonisciformes Hay, 1902
Family Palaeoniscidae 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 de 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 (Agassiz, 1844). Tintori & Lombardo (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 

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-Prüm 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.
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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 Stensiö, 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 Palaeonisciformes, 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 (Böttcher 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 López-Arbarello (2012)
Family Semionotidae Woodward, 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 Tintori (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 

Fig. 4. Actinopterygian remains from the phytosaur bonebed of the Bitburg-Prüm 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.
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this genus (compare López-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 Ptycholepididae Brough, 1939

Gen. et sp. indet.
Fig. 3I–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), 
Nordén et al. (2015), Mears et al. (2016) and de 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. 4M–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 Jäger, 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-Prüm 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. 5A–I, K–N): Centimetric, in-
curved teeth, of circular to weakly lenticular section, 
with a very thin (approximately 50 µm) 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., Hungerbühler 
2002; López-Rojas 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; I = 
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; Hoffman et al. 2021).

Buffetaut & 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, I) 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.

Kimmig & Arp (2010) described two different types 
of teeth from the Arnstadt Formation near Göttingen: 
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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Mystriosuchus aleroq Lopez-Rojas, 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 (López-Rojas 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 
Kimmig & 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 alleroq 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 Zambelli, 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, 

Fig. 6. Tetrapod remains from the phytosaur bonebed of the Bitburg-Prüm 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.
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Fig. 7. Teeth assignable to the pterosaur Eudimorphodon sp. from the phytosaur bonebed of the Bitburg-Prüm district, with 
the assumed equivalent teeth in the jaws of Eudimorphodon ranzii, modified from Wild (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; Hahn et al. 1984; Cuny 
et al. 1995; Godefroit 1997; Godefroit & Cuny 1997; 
Godefroit et al. 1998; Schwermann 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., 
Hahn 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 (Godefroit 1997; Go-
defroit & Cuny 1997), northern Switzerland (Clem-
ens 1980) and Luxembourg (Hahn et al. 1984; Cuny 
et al. 1995; Godefroit 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., Ősi 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 Günther, 1867 (sensu Gauthier, 

Kluge & 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 
et al. 2017; Kowalski et al. 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; Kuhn 1939; 
Kimmig & Arp 2010; Mujal et al. 2025), Switzerland 
(v. Huene 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 & Witz-
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 palaeo-environments. The phyto-
saur bonebed (Fig. 8; Table 1) probably represents a 
mix of autochthonous aquatic elements (chondrich-
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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.

Fig. 8. Pie charts of the vertebrate assemblages from the phytosaur and fish bonebeds of the Bitburg-Prüm 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 
bonebed

Fish 
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 5
Paralepidotus teeth 1 0
Indet. actinopterygian scales 
and bones

13 73

Phytosaur teeth 13 1
Phytosaur osteoderms 1 0
Pterosaur (Eudimorphodon) 
teeth

3 0

Lepidosauromorph 
Rhynchocephalia

1 0

Coprolites 3 16
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Trias Jurassique en France et au Luxembourg: implica-
tions à l’Europe occidentale. – Thesis. Univ. P. et M. Cu-
rie, Paris 6, Mere. Sci. Terre, 93.21: 234 pp.

Cuny, G., Godefroit, P. & Martin, M. (1995): Micro-restes 
de Vertébrés dans le Trias supérieur du Rinckebierg 
(Medernach, G-D Luxembourg). – Neues Jahrbuch für 
Geologie und Paläontologie, Abhandlungen, 196(1): 45–
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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-Prüm 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.
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