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Tritylodontidae comprises an extinct group of tetra-
pods that first appear in the fossil record during the
Upper Triassic (e.g., Henning 1922; Fedak et al. 2015;
Sues & Olsen 2015). Even though these animals might
have looked superficially like modern rodents when
alive, tritylodontids are neither considered to be true
mammals nor the direct ancestors of these (Watson
1942). The taxonomic position of tritylodontids within
non-mammaliaform cynodonts remains contentious,
although most scholars consider them to be a clade
of mammaliamorphs phylogenetically close to Mam-
maliaformes (e.g.,, Rowe 1993; Luo et al. 2002; Ruta et al.
2013). Notably, though, some researchers (e.g., Hopson
& Barghusen 1986, Hopson & Kitching 2001) place
tritylodontids within Cynognathia, and thus further
away from true mammals.

Regardless of precise phylogenetic affinity, tritylo-
dontids were extremely successful during the Jurassic,

with dental and skeletal elements occurring in terres-
trial environments on all continents (e.g., Bonaparte
1970; Kemp 1982; Watabe et al. 2007; Hammer & Smith
2008; Fedak et al. 2015). Until now, however, no fossil
remains have been discovered in Scandinavia. Here,
we describe an isolated tooth from the Pliensbachian
(Lower Jurassic) Hasle Formation on the Danish island
of Bornholm and discuss its affinity within the Tri-
tylodontidae as well as potential implications on the
inferred depositional environment of this rock unit.

Geological setting

The type locality of the Hasle Formation is a coastal
cliff section just south of the town of Hasle on the Dan-
ish Island of Bornholm (Fig. 1). The geology of Born-
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holm is a complex fault block system influenced by
movements of the NW-SE-trending Sorgenfrei-Torn-
quist Zone, which separates the Danish Basin from the
Baltic Shield (Surlyk & Noe-Nygaard 1986; Donovan
& Surlyk 2003). The sediments of the Hasle Formation
include yellowish-brownish sandstones with hum-
mocky cross stratification, as well as coarse-grained
siltstones. Some beds show trough cross-bedding and,
at the base of these, the swales are draped with a fos-
siliferous conglomeratic layer of basement rock clasts
(Surlyk & Noe-Nygaard 1986; Larsen & Friis 1991). The
depositional environment has been interpreted as
shallow marine, and the Hasle Formation has yielded
a diverse invertebrate fauna comprising 11 species of
ammonites, belemnites, scaphopods, serpulids, and
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bivalves (Malling & Gronwall 1909; Malling 1911, 1914,
1920; Hohne 1933; Donovan & Surlyk 2003; Koci et al.
2024). However, most of these fossils are poorly pre-
served due to the coarse-grained fabric of the encasing
matrix. Vertebrate remains are common in the Halse
Formation, especially teeth of hybodont and neosela-
chian sharks (Rees 1998), along with tooth plates from
atleast two species of holocephalians (Duffin & Milan
2017, 2022). Bony fish remains are also abundant and
include numerous (undescribed) body scales. Marine
tetrapods are represented by isolated plesiosaurian
teeth and bones, which collectively indicate the exist-
ence of at least three taxa (Milan & Bonde 2001; Smith
2008). In addition, an incomplete osteoderm from a
thalattosuchian crocodile has recently been collected
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Fig. 1. Bornholm and the Hasle Formation. a, Overview map of northern Germany and southern Scandinavia. Note the location

of the Danish Island of Bornholm in the southern part of the Baltic Sea. b, Simplified geological map of Bornholm, Denmark, with

the location of the town of Hasle and type locality of the Hasle Formation indicated by a red star (modified from Graversen 2009,

fig. 1). ¢, Middle to Upper Jurassic stratigraphy of Bornholm (modified from Sandersen et al. 2014, fig. 3.2). The Hasle Formation

is marked by a red star.
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at the type locality (Milan & Mueller-Téwe 2021).
The presence of terrestrial vertebrates in the Hasle
Formation was first hinted at by a small theropod
footprint (Milan & Surlyk 2015) and, subsequently,
by anisolated sauropod tooth (Milan & Mateus 2024),
and, most recently, by nonavian dinosaur bones and
two theropod teeth (Molin et al. unpublished).

Material and methods

This paper describes and illustrates an isolated trity-
lodontid tooth (NHMD 1725979) curated in the collec-
tions at the Natural History Museum of Denmark, Co-
penhagen, Denmark (NHMD). X-ray microtomograpy
was performed using a Zeiss XRadia Versa XRM520 at
the 4D-Imaging Laboratory, Lund University, Sweden.
3001 radiographic projections were acquired, with 6
s exposure for each, over 360° sample rotation using
the x0.4 detector and with the sample at 18.13 mm
from the X-ray source and 103.70 mm from the detec-
tor, giving a pixel size of 5 um. The X-ray source was
set at 70 kV and 6 W with the manufacturer supplied
le3 filter to reduce beam hardening effects. Tomo-
graphic reconstructions were done using the Zeiss
reconstructor software to yield image volumes with
a cubic voxel width of 6 yum that were output as 16-bit
TIFF file sequences. These data were segmented and
visualised using 3D Slicer 4.11.20200930 (Fedorov et al.
2012). NHMD 1725979 was also photographed under
an Olympus SZX16 stereomicroscope equipped with
an Olympus SC30 digital camera. The morphological
terminology (Fig. 2) is primarily based on Panciroli
et al. (2017), whereas the systematic division of Trity-
lodontidae into ‘basal’ and ‘derived /advanced’ forms
follows Watabe et al. (2007) and Panciroli et al. (2017).
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Fig. 2. Descriptive terminology of a left lower tritylodontid
postcanine (modified from Panciroli ef al. 2017, fig. 1). Abbrevia-
tions: AIA, anterior interlocking area; b, buccal cusp; 1, lingual
cusp; PIA, posterior interlocking area.

Systematic palaeontology

Synapsida Osborn, 1903
Cynodontia Owen, 1861
Mammaliamorpha Rowe, 1988

Tritylodontidae Cope, 1884

Remarks on Tritylodontidae. Tritylodontidae includes at
least 17 genera (Panciroli et al. 2017). These have been
sub-divided into basal forms, such as Oligokyphus and
Tritylodon —which first occur in the sedimentary record
during the Upper Triassic — Lower Jurassic interval —
and derived taxa, such as Stereognathus, Polistodon and
Bientheroides, which appear in the Middle Jurassic (e.g.,
Watabe et al. 2007; Panciroli et al. 2017). The stratigraphi-
cally youngest genera Xenocretosuchus and Montirictus
derive from Lower Cretaceous deposits of eastern Asia
[Tatarinov & Matchenko 1999; Matsuoka et al. 2016; see
also Averianov et al. (2017) for a different opinion on
the taxonomic status of Polistodon, Xenocretosuchus and
Montirictus].

Tritylodontids are distinguishable from other non-
mammaliaform cynodonts by their unique tooth mor-
phology (e.g., Sues 1985a, 1986a; Setoguchi ef al. 1999).
The dentition includes two pairs of enlarged incisors,
taking the function of canines, and several postcanines
with two or three longitudinal rows of cusps (e.g., Sues
1985a, 1986a; Setoguchi et al. 1999). Upper postcanines
have three rows of six or more cusps with anteriorly
curved apices, whereas lower postcanines have two
rows of cusps with two or more posteriorly inclined
cusps in each row (e.g., Clark & Hopson 1985; Sues 1985a,
19864, b). V-shaped valleys run between the cusp rows,
where the upper and lower teeth meet in occlusion (e.g.,
Simpson 1928; Kemp 1982; Kermack 1982; Hopson &
Barghusen 1986; Sues 1986c¢). This arrangement creates
adental apparatus that presumably masticated the food
when the lower teeth moved in an anteroposterior direc-
tion along the upper tooth row (e.g., Kemp 1982; Ker-
mack 1982; Sues 1986¢; Velazco et al. 2017). Tritylodontids
have traditionally been considered as predominantly
herbivorous (e.g., Kemp 1982); however, recent studies
of dental micro-wear suggest that they instead might
have been omnivorous, with a diet consisting of seeds,
plants and insects (Hu et al. 2009; Kalthoff et al. 2019).

Tritylodontidae gen. et sp. indet.

Referred specimen. NHMD 1725979: an isolated tooth-
crown (Figs 3, 4).
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Description. NHMD 1725979 has experienced some  sedimentary matrix (4h—j). The overall anteroposterior
post-depositional abrasion, resulting in that the tooth  length of the fossil is 8.20 mm and the maximum buc-
lacks the root and all cusps are worn (Figs 3, 4a-g). colingual width 5.32 mm, resulting in a length/width
Moreover, the pulp cavities have been infilled with ~ ratio of 1.54. Because both the posterior interlocking

Fig. 3. Photographs of NHMD 1725979. a, Occlusal view (stereo pair). Note slightly offset cusp rows and embayments (arrows)
representing the PIA. b, Crown base (stereo pair). Note ridged, "enamel-covered" projection (arrow) representing the AIA. ¢, d,
NHMD 1725979 in ¢, lingual and d, buccal views, respectively.

Fig. 4. Digital reconstruc-
tion and CT slice data of
NHMD 1725979. a, Oblique
posterolingual view of the
tooth. Arrows mark the
PIA. b, Buccal view of the
fossil. The dotted line marks
the pseudo-cingulid, while
the solid line indicates the
orientation of the CT slice
depicted in panel i. ¢, The
tooth depicted in lingual
view. d, Anterior view of
NHMD 1725979. Arrow
indicates the AIA. e, The
fossil in occlusal view. Note
shallow depressions on the
anterior face of b2 and 12 (ar-
rowheads). Arrow denotes
the PIA, while the lines
indicate the orientation of
the CT slice data depicted in
panel h and j, respectively.
f, Base of the crown. Arrow
marks the AIA. g, Posterior
view of NHMD 1725979.
Arrow denotes the PIA.
h, Longitudinal CT slice
through cusp b2 and parts of
bl, showing the pulp cavity

of b2. Striations radiating
from the pulp cavity likely represent growth lines, and are indicated by an arrow. i, Section placed transversely through the cusp
bases. The pulp cavities of 12 and b2 can be seen, as well as the beginning of this cavity in bl. j, Buccolingual section through b2
and 12. Note prominent pulp cavities.
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area (PIA) and parts of the anterior interlocking area
(AIA) are preserved, the cusp rows are considered to
be complete.

The cusp formula of NHMD 1725979 can be de-
scribed as 2-2’; i.e.,, comprising two longitudinal rows
of cusps with two principal cusps [lingual (1) 1 and 2,
and buccal (b) 1 and 2, respectively] in each row (Figs
2, 3a, 4a, e). The buccal cusp row is located slightly
posterior to the lingual one, and the two rows are
separated by a V-shaped intercuspal groove (Figs 3a,
4d, e, g). In buccal and lingual aspects, the crescentic
cusps are of sub-equal proportions, measuring (as
preserved) 2.3 (12), 2.6 (bl) and 2.6 (b2) mm in height,
respectively (11 is mostly missing; Figs 3¢, d, 4b, ). In
occlusal view, a shallow depression can be seen on the
anterior face of 12 and b2 (Fig. 4e). Buccal and lingual
ridges are well developed on all cusps, and those of
11 and bl embrace the base of 12 and b2, respectively
(Figs 3d, 4b). The medial ridges of 11 and bl reach the
intercuspal groove, but do not fuse (Figs 3a, 4e, j). In
contrast, the medial ridges of 12 and b2 meet at their
basal termination, creating a M-shaped structure
adjacent to the PIA (Figs 3a, 4a, e).

The occlusal outline of NHMD 1725979 likely was
broadly rhomboidal when the tooth was functional
(Figs 3a, 4e). Moreover, even though the lingual half
of the anterior edge is broken, it is evident that this
margin originally must have been indented (based
on traces of a deep sulcus in between the first pair of
cusps; Figs 3a, 4e). In buccal view (Fig. 4b), the base of
the crown is developed into a weak anteroposterior
ridge (a “pseudo-cingulid’ sensu Panciroli ef al. 2017).

The PIA consists of two shallow embayments
with faint, longitudinal ridging (‘chaotic enamel’; see
Panciroli et al. 2017) (Fig. 4a). These indentations are
separated by the posterior termination of the medial
ridges, giving the PIA a slightly M-shaped appearance
in occlusal view (Figs 3a, 4e). The preserved portion of
the AIA in turn comprises a distinctly ridged, enamel-
covered buccolingual projection (Fig. 3b).

Judging from the micro-CT slices, the enamel meas-
ures approximately 0.1 mm in thickness. Within the
dentine, presumed growth lines can be seen as stria-
tions emerging from the pulp cavities and radiating
outward towards the enamel (Fig. 4h).

Comparisons and remarks. Given the close morphologi-
cal similarity between NHMD 1725979 and previously
described tritylodontid teeth with a 2-2 cusp formula
and V-shaped intercuspal groove (e.g., Lopatin &
Agadjanian 2008; Matsuoka et al. 2016; Panciroli et al.
2017), the fossil from Bornholm is here referred to as
a left lower postcanine of that group.

In many basal tritylodontids, there are often small-
sized accessory cusps on the lower postcanines in

the vicinity of the PIA (e.g, Kemp 1982; Luo & Sun
1994). Such cuspules are, however, lacking in NHMD
1725979, and instead the PIA resembles that of derived
taxa (see, e.g., Lopatin & Agadjanian 2008; Panciroli
et al. 2017). Given that NHMD 1725979 comprises an
isolated postcanine that is lacking the root and addi-
tionally represents the first tritylodontid remain from
Scandinavia, assignment to a specific genus or species
is difficult; something that is further compounded
by the fact that the general morphology of the tooth
compares favourably with derived taxa from the Mid-
dle Jurassic to Lower Cretaceous rather than coeval
(basal) forms. Therefore, a detailed comparison with
all relevant tritylodontid genera follows below.

Oligokyphus — the most widespread tritylodontid
during the Upper Triassic — Lower Jurassic interval —is
commonly described as having a lower cusp formula
of 3-3, where the lingual cusps are slightly larger than
the buccal ones (e.g., Kithne 1956; Sues 1985b; Luo &
Sun 1994; Fedak et al. 2015). However, in some cases,
lower teeth assigned to this genus reportedly possess
a 2-2 pattern; these accounts probably pertain to more
posteriorly located postcanines (Kithne 1956; Sues
1985b; Luo & Sun 1994). In any event, the cusp rows are
not offset relative to one another as in NHMD 1725979.
The shape of the posterior margin and PIA also differ
from those of NHMD 1725979, and lower postcanines
of Oligokyphus additionally can be equipped with an
accessory cusp on the buccal side of the PIA (Kiihne
1956; Sues 1985b; Luo & Sun 1994).

Lower teeth of Tritylodon have been variously
described as having a 3-3 (Panciroli et al. 2017) or 2-2
(Kermack 1982) cusp formula. In similarity with Oli-
gokyphus, Tritylodon does not have offset cusp rows.
Furthermore, the PIA of the lower postcanines has a
rounded occlusal outline, plus there are both cuspules
in the vicinity of the PIA and an anterior cingulum in
front of 11 and bl (contra NHMD 1725979; see Kiihne
1943).

Lower postcanines of Bienotherium have a cusp for-
mula of 2-2, and the teeth occasionally are equipped
with accessory cusps (Young 1940, 1947; Luo & Wu
1994). Even though this pattern matches that of NHMD
1725979 (save for the presence of cuspules), the anterior
cusp pair is substantially larger than the posterior one
in Bienotherium (Young 1947; Luo & Wu 1994). There-
fore, NHMD 1725979 cannot be confidently assigned
to that genus. The same reasoning can be applied to
Kayentatherium because this taxon also has larger an-
terior cusps in the lower postcanines (Kermack 1982;
Sues et al. 1994).

Various sources (e.g., Luo & Sun 1994; Matsouka
& Setoguchi 2000) indicate that lower postcanines
of Lufengia have a cusp formula of 2-2; others (e.g,
Young 1974) state 3-3. Because of this discrepancy,
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some authors (e.g, Luo & Wu 1994) have suggested
that Lufengia has a 3-3 pattern in the first two lower
postcanines and a 2-2 pattern further back in the jaw.
However, well-preserved material from the Lufeng
locality of China described recently by Liu et al. (2022),
demonstrates that all lower postcanines of this genus
have a 2-2 cusp formula. Because the anterior cusps
are somewhat larger than the posterior ones, and the
posterior crown margin additionally is curved (in
occlusal view), NHMD 1725979 cannot be referred
to Lufengia.

No detailed description of lower postcanines of
the Lower Jurassic Dinnebitodon has been published
to date. The type material includes four lower postca-
nines with a 2-2 cusp formula (Sues 1986¢; Sues et al.
1994). Sues (1986b) also mentions the existence of iso-
lated jaw fragments, stating in passing that the lower
postcanines have a cusp formula comparable to that
of Kayentatherium. No figures depicting these remains
have been published, however, and size information
is currently lacking (other than that Dinnebitodon is
within the same size range as Kayentatherium; Sues
1986b, c). Due to the limited material documented in
the scientific literature, NHMD 1725979 cannot be
compared with teeth of Dinnebitodon.

Published descriptions of lower postcanines as-
signed to Yunnanodon focus mostly on the root mor-
phology (e.g., Cui & Sun 1987). Despite this, it has
been noted that the crowns have a 2-2 cusp formula,
occasionally accompanied by an accessory cusp (Luo
& Wu 1994). Due to the poor documentation of lower
postcanines of Yunnanodon, NHMD 1725979 cannot
be compared with that genus.

Stereognathus, Bienotheroides and Polistodon are
all more advanced tritylodontids (e.g., Panciroli et
al. 2017), and their lower postcanines bear striking
morphological resemblance to NHMD 1725979. This
is interesting when considering the time discrepancy
between these Middle Jurassic genera and the Pliens-
bachian NHMD 1725979. Stereognathus, Bienotheroides
and Polistodon share a 2-2 cusp formula of their lower
postcanines. Moreover, all cusps are of sub-equal
size, the posterior border is rather straight, and a
deep, V-shaped intercuspal groove separates the two
cusp rows from one another (He & Cai 1984; Sun 1984;
Matsuoka & Setoguchi 2000; Watabe et al. 2007; Avi-
eranov et al. 2017; Panciroli et al. 2017). Bienotheroides
is generally not considered to be as specialised as
Stereognathus and Polistodon and is distinguished from
the latter by the morphology of the upper dentition,
which features a cusp formula of 2-3-3 (Watabe et al.
2007). However, there are also morphological differ-
ences between lower postcanines of these genera,
which can be used for comparative purposes. Firstly,
both Stereognathus and Polistodon have offset cusp
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rows, where the individual cusps have shifted slightly
posteriorly on the buccal side of the crowns (He & Cai
1984; Matsuoka & Setoguchi 2000; Avieranov et al.
2017; Panciroli et al. 2017); the cusps seem to be more
displaced in Stereognathus than they are in Polistodon
(He & Cai 1984; Matsuoka & Setoguchi 2000; Panciroli
et al. 2017). In contrast, Bienotheroides has sub-parallel
cusp rows (Young 1982; Sun 1984; Matsuoka & Seto-
guchi 2000; Watabe et al. 2007; Panciroli et al. 2017).
When comparing the cusp arrangement in Polistodon
and Stereognathus with NHMD 1725979, the two
rows in the isolated tooth from Bornholm appear to
be more offset than in Polistodon, but less so than in
Stereognathus. Nonetheless, the offset cusp rows result
in a slanting of the otherwise rather straight posterior
edge in lower postcanines of both genera.

The PIA of Stereognathus consists of two deep pock-
ets containing longitudinal ridges and, occasionally,
also vestigial cuspules (Avieranov et al. 2017; Panciroli
et al. 2017). These embayments, which are separated
by the intercuspal groove, give the PIA an M-shaped
occlusal outline (Avieranov et al. 2017, Panciroli et
al. 2017). A similar PIA is present also on teeth of
Bienotheroides, but seemingly do not exist in teeth of
Polistodon (Sun 1984; He & Cai 1984). The PIA of Ste-
reognathus closely resembles that of NHMD 1725979,
with deep embayments and longitudinal ridging.
However, cuspules are not present in NHMD 1725979.

The anterior edge of lower postcanines attributed
to Stereognathus is M-shaped in occlusal view due to a
deep depression that separates 11 from bl (e.g., Averi-
anov et al. 2017; Panciroli ef al. 2017). Conversely, teeth
of Bienotheroides and Polistodon show a less pronounced
inclination (He & Cai 1984; Sun 1984; Matsuoka &
Setoguchi 2000; Watabe et al. 2007). Given that NHMD
1725979 is abraded on the lingual side, it is difficult
to determine whether its anterior margin originally
was as distinctly M-shaped as it is in Stereognathus.

The AIA of Stereognathus consist of a slightly con-
vex buccolingual shelf with longitudinal ridging
(Averianov et al. 2017; Panciroli et al. 2017), much like
that in NHMD 1725979. Some lower postcanines of
Bienotheroides have been reported as possessing an
accessory cusp at the anterior end of the buccal row
(Sun 1984), a feature that cannot be determined in
NHMD 1725979 because of extensive wear.

The cusp arrangement also differs between Bien-
otheroides and the more derived genera Polistodon and
Stereognathus (Matsuoka & Setoguchi 2000). While
Bienotheroides has non-overlapping anterior and poste-
rior cusps (Sun 1984; Matsuoka & Setoguchi 2000), the
anterior cusps partially straddle the posterior ones in
Polistodon and Stereognathus, thereby creating a more
complex lateral profile (He & Cai 1984; Matsuoka
& Setoguchi 2000; Panciroli ef al. 2017). In addition,



lower postcanines of Polistodon and Stereognathus are
equipped with a pseudo-cingulid that can be seen
in buccal view (He & Cai 1984; Panciroli et al. 2017).
NHMD 1725979 has a cusp arrangement that resem-
bles that in Polistodon and Stereognathus, as well as a
possible pseudo-cingulid (although the latter could
be an artefact of preservation).

Lower postcanines of the Upper Jurassic — Lower
Cretaceous tritylodontids Shartegodon, Nuurtherium,
Montirictus, and Xenocretosuchus all have a cusp for-
mula of 2-2. Moreover, the crescentic cusps are of sub-
equal size. The teeth further have a slightly M-shaped
anterior edge and a deep, V-shaped intercuspal groove
(Tatarinov & Matchenko 1999; Lopatin & Agadjanian
2008; Matsuoka et al. 2016; Velazco et al. 2017). Teeth
of Shartegodon, Montirictus and Xenocretosuchus have
offset cusp rows, and accordingly also a slanting pos-
terior edge (Tatarinov & Matchenkov 1999; Lopatin
& Agadjanian 2008; Matsuoka et al. 2016; Velazco et
al. 2017). The cusp rows in Montirictus seem to be
more offset than in Shartegodon and Xenocretosuchus
(Tatarinov & Matchenko 1999; Matsuoka et al. 2016;
Velazco et al. 2017). Nuurtherium is described as hav-
ing cusp bl offset relative to 11, but not b2 relative to
12 (Velazco et al. 2017).

The AIA and PIA are poorly described for Shartego-
don and Nuurtherium. However, according to Panciroli
et al. (2017), the PIA of these genera resembles that of
Stereognathus, with two embayments separated by an
intercuspal groove. Montirictus and Xenocretosuchus
also share this feature, with similar interlocking
properties as in Stereognathus, including ridged enamel
and a M-shaped PIA in occlusal view (Lopatin &
Agadjanian 2008; Matsuoka et al. 2016; Panciroli et al.
2017). The AIA of Montirictus differs somewhat from
that of Stereognathus (and NHMD 1725979); rather
than being developed into a vertically ridged shelf,
the AIA of Montirictus includes rounded projections
with a wrinkled surface (Lopatin & Agadjanian 2008;
Matsuoka et al. 2016). Vestigial cuspules in the PIA
(as described for Stereognathus) have also been ob-
served in Xenocretosuchus and Shartegodon (Panciroli
et al. 2017). With the exception of cuspules, the PIA
of lower postcanines of Montirictus, Xenocretosuchus,
Shartegodon, and Nuurtherium is very similar to that
of NHMD 1725979.

In conclusion, the genera that most closely resemble
NHMD 1725979 include Polistodon, Montirictus, Nu-
urtherium, Stereognathus, Xenocretosuchus, and Sharte-
godon [note that Averianov et al. (2017) synonymised
Polistodon, Montirictus and Xenocretosuchus with
Stereognathus]. Nonetheless, when considering the
difficulty in assigning isolated lower postcanines to
a specific taxon, the Hasle Formation fossil cannot be
placed in any known genus with confidence.

Discussion

The time discrepancy between the Pliensbachian
NHMD 1725979 and derived tritylodontids, to which
it shares the closest morphological resemblance, is
noteworthy. Three possible explanations exist for this
incongruity:

1. NHMD 1725979 belongs to one of the genera from
the Upper Triassic — Lower Jurassic interval in
which lower postcanines are either unknown or
poorly described (e.g., Yunnanodon, Dianzhongia and
Dinnebitodon);

2. NHMD 1725979 represents a temporally early oc-
currence of a derived tritylodontid, most likely a
member of the Stereognathus group. In effect, this
would push back the evolutionary history of more
advanced tritylodontids from the Middle to Lower
Jurassic;

3. NHMD 1725979 represents a new genus and spe-
cies that has yet to be formally described, which is
not entirely unlikely as no previous tritylodontid
records exist from Scandinavia.

Hopefully, future discoveries on Bornholm and else-
where will clarify which of the above listed scenarios
is the correct one. Notably, though, NHMD 1725979
shows that the process of cusp reduction in lower
postcanines of tritylodontids had been initiated al-
ready by the Lower Jurassic [see Panciroli et al. (2017)
for details].

Traditionally, the Hasle Formation has been inter-
preted as representing a nearshore, yet fully marine,
depositional environment based on sedimentological
features (which include well-sorted sandstones and
large-scale hummocky cross stratification) and a fossil
biota dominated by oceangoing animals (e.g., Graves-
en et al. 1982; Surlyk & Noe-Nygaard 1986; Koppelhus
& Nielsen 1994; Rees 1998). However, recent palaeon-
tological evidence suggests that the Hasle Formation
likely was more terrestrially influenced than previ-
ously thought. For instance, the discovery of a small
theropod footprint (see Milan & Surlyk 2015) indicates
that weathering patterns with strong coastal winds
might have contributed to periods with extremely low
water stand, which could have created floodplain-like
environments. Additional finds of nonavian dinosaur
dental and skeletal remains further strengthen this
partially revised environmental interpretation (Milan
& Mateus 2024; Molin et al. unpublished), as does the
tritylodontid tooth described herein.
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Conclusions

e A single tooth (NHMD 1725979) from the Lower
Jurassic (Pliensbachian) Hasle Formation on the
Island of Bornholm, Denmark, is identified as be-
longing to a tritylodontid synapsid.

e NHMD 1725979 represents the first Scandinavian
record of a non-mammaliamorph cynodont, and
possibly the oldest record of a derived tritylodontid.

e Together with recent discoveries of nonavian
dinosaur remains, NHMD 1725979 strengthens
the interpretation that the Hasle Formation fauna
contains a substantial terrestrial component.
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