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Nine shark teeth were collected at Arnager in the south-western part of the island of 
Bornholm (Baltic Sea, Denmark). They all come from the basal conglomerate of the 
Coniacian (Upper Cretaceous) Arnager Limestone Formation and belong to the genus 
Ptychodus Agassiz, 1834. Three different species are identified: P. altior, P. latissimus 
and P. mammillaris, which were hitherto unknown in Denmark. 
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Nine shark teeth belonging to the genus Ptychodus 
Agassiz, 1834 (see Giusberti et al. 2018; Brignon 2019) 
were collected by three amateur palaeontologists 
(Mette Hofstedt [7 teeth: DK 858 A-G], Marianne Nat-
testad [1 tooth: DK 858 I] and Niels Hemmer [1 tooth: 
DK 858 H]) in the south-western part of the island of 
Bornholm at Arnager (Denmark, 55°03’N, 14°46’E; Fig. 

1). The whole set was declared ‘Danekræ’ in 2016 as the 
‘Danekræ’ law that was enacted in 1989 stipulates that 
“Whoever in Denmark finds a botanical or zoologi-
cal object of fossil or sub-fossil origin or a geological 
object of unique scientific or display value, shall offer 
the object to the State […]. If the State wishes to acquire 
the object, the finder or owner shall be paid a reward” 
(Christensen & Hald 1990). Until now, only the spe-
cies Ptychodus rugosus Dixon, 1850 had been officially 
recorded from Denmark (Blume 1979; Radwanski & 
Marcinowski 1996), excluding Greenland from where 
a tooth of Ptychodus decurrens Agassiz, 1835 was de-
scribed from the late Turonian–Early Coniacian by 
Hoch (1992). In addition, one tooth from the collection 
of the Natural History Museum of Denmark (NHMD) 
is attributed to P. rugosus (Fig. 2). It was deposited, and 
probably identified, on May 5th 1950 by A. Rosenkrantz 
under the number 1950.150, that was later registered as 
NHMD 167591. According to the original label, it also 
comes from Arnager.

Teeth of Ptychodus are easily recognizable due to their 
peculiar morphology. The crown is divided into two 
parts: the marginal area and the cusp. In most species 
the cusp is ornamented with distinct transverse ridges, 
whereas the marginal area is variously ornamented, 
ranging from a granular texture to fine ridges. A few 
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Fig. 1. Map showing the location of Arnager on Bornholm 
Island.
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Geological setting
All nine teeth were recovered from the basal phos-
phorite conglomerate of the Arnager Limestone 
Formation near Arnager Pynt in the south-western 
part of Bornholm. The formation is 12–20 m thick at 
this location, but can reach up to 40 m towards the 
north-west along Stampe Å. The basal conglomerate 
is, however, only visible near Arnager Pynt. The Ar-
nager Limestone Formation has been dated as Early to 
Middle Coniacian and was deposited in a rather deep 
outer shelf environment, although not far from the 
coastline (Schiøler 1992; Hart et al. 2012; Svennevig & 
Surlyk 2019). Svennevig & Surlyk (2019) noted that the 
Arnager Limestone occupied a much more proximal 
position than most other Upper Cretaceous Chalk in 
North-West Europe. The presence of a conglomerate at 
the base of the Arnager Limestone, which is separated 
from the underlying Arnager Greensand by a hiatus 
(Svennevig & Surlyk 2019), suggests a high-energy 
environment indicative of a period of regression/
lowered sea level. This certainly explains why some 
specimens are fragmentary.

Material and method
All nine teeth are housed in the Danekræ collection 
(DK) of the Natural History Museum of Denmark 
(NHMD) at the University of Copenhagen under the 
collection number DK 858 A-I. Because of the peculiar 
arrangement of the teeth in the oral cavity, where they 
form straight, parallel tooth files directed antero-
posteriorly (cranio-caudally), the typical vocabulary 
to describe elasmobranch teeth is adapted. The usual 
mesial and distal sides are replaced by anterior (fac-
ing anteriorly) and posterior (facing caudally) sides, 
whereas the lingual side faces towards the inside of 
the mouth and the labial one towards the outside of the 
mouth (Hamm 2020). All the teeth were photographed 
at the NHMD by Sten Lennart Jakobsen. All measure-
ments were made using a calliper with an accuracy 
of a tenth of a millimetre. Important characters in the 
description of a Ptychodus tooth are the elevation of the 
cusp, the shape and number of the transverse ridges 
and the ornamentation pattern of the marginal area. 
A transverse ridge is defined here as a continuous 
unit crossing the apex of the crown from the lingual 
to the labial side. Observation of the details of the 
ornamentation was made using a stereomicroscope 
Leica MZ7.5. Specimen DK 858 B was broken during 
manipulation after it was photographed. The cusp 
was separated from the marginal area and part of the 
basal part of the cusp was lost. The systematic scheme 

species display radiating ridges instead of transverse 
ridges. The cusp is dome-shaped and elevated to vary-
ing degrees, dependent on the species and position of 
the teeth in the jaws. This general morphology suggests 
that this shark was durophagous. It was a large shark 
that could reach up to 10 m in length (Shimada et al. 
2010; Hamm 2020). Ptychodus is a genus known from the 
Middle Cenomanian to the Early Campanian in North 
and South America, Europe, Africa, Asia and Aus-
tralia (Hamm 2020). Its phylogenetic affinities among 
elasmobranchs have long been a point of contention 
(Cuny 2008), however a consensus that Ptychodus was 
a neoselachian shark seems to have emerged (Hoffman 
et al. 2016; Hamm 2020). Its precise relationships among 
neoselachians remain, however, enigmatic, although it 
has been suggested that it could be related to Lamni-
formes (Rozefelds 1993; Hamm 2010).

Fig. 2. Tooth of Ptychodus latissimus in apical view (NHMD 
167591), originally ascribed to P. rugosus, with its original label. 
Scale bar = 10 mm.
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adopted here follows Hoffman et al. (2016) and Hamm 
(2019) in attributing the genus Ptychodus to neosela-
chian sharks and Hamm (2019) in attributing it to the 
Order Ptychodontiformes.

Systematic palaeontology

Class Chondrichthyes Huxley, 1880

Subclass Elasmobranchii Bonaparte, 1838

Subcohort Neoselachii Compagno, 1977

Order Ptychodontiformes Hamm, 2019

Family Ptychodontidae Jaeckel, 1898 
 
Genus Ptychodus Agassiz, 1834

General description. The teeth measure between 5 and 
14.5 mm antero-posteriorly. A posterior sulcus, which 
allows the tooth to be oriented, is visible only when 
the tooth is complete and/or well preserved. However, 
for every specimen described below, either the tooth is 
broken, or part of the tooth is hidden in the matrix. No 
root is visible. We could therefore not differentiate the 
lingual side from the labial one. Thus, they are defined 
as lateral sides. The apical surface is flat or convex and 
represents the best-preserved region in each tooth. 
It bears three to eight transverse ridges. Three main 
morphologies of the crown can be defined:

Morphotype 1: The apical part of the cusp is ovoid, 
but it is less elongated antero-posteriorly than in mor-
photype 2 below. The antero-posterior length of the 
central elevation exceeds its height.

Morphotype 2: The apical part of the cusp is ovoid in 
outline, longer antero-posteriorly than labio-lingually. 
The antero-posterior length of the central elevation 
does not exceed its height.

Morphotype 3: The apical part of the cusp is square 
and the associated central elevation is low.

Ptychodus mammillaris Agassiz, 1835

Material. DK 858 D (Fig. 3B), DK 858 F (Fig. 3C), and 
DK 858 I (Fig. 3A).

Description. These three teeth belong to morphotype 
1. Their apical surface is flat to slightly convex. Six to 
eight thick transverse ridges cross the whole of the 
cusp labio-lingually. Their extremities are discontinu-
ous, forming an alignment of tubercles that merge with 

the ornamentation of the marginal area. The labial 
and lingual extremities of the posterior ridges curve 
anteriorly whereas those of the anterior ridges curve 
posteriorly. The transverse ridges of DK 858 F (Fig. 3C) 
appear distinctly thinner than those of DK 858 D (Fig. 
3B) and DK 858 I (Fig. 3A). The ornamentation of the 
marginal area is composed of discontinuous tubercles 
that can be quite elongate, forming a concentric pattern 
around the cusp in apical view.

Comparison. The orientation of the extremities of the 
transverse ridges described above is reminiscent of 
that seen in NHMD 167591 (Fig. 2). Nevertheless, the 
cusp is not as high and NHMD 167591 belongs to mor-
photype 3 (see below). The presence of six to eight par-
allel, thick and clearly delineated transverse ridges in 
DK 858 I (Fig. 3A) and DK 858 D (Fig. 3B) is in agreement 
with P. mammillaris, the teeth of which usually show 
five to ten ridges in medial and lateral files (Hamm 
2020). The wide marginal area of DK 858 I, the only 
tooth in our sample in which this area is preserved, 
displays a coarse and concentric ornamentation, also 
characteristic of P. mammillaris (Hamm 2020). Teeth 
of this species can reach up to 45 mm labio-lingually 
(Longbottom & Patterson 2002), whereas our largest 
and best-preserved tooth (DK 858 I) measures 14.5 mm 
labio-lingually. This suggests that these teeth belong 
to the 2nd-4th tooth file position in the jaw (S. Hamm, 
personal communication October 2021).

Ptychodus altior Agassiz, 1835

Material. DK 858 A (Fig. 3D), DK 858 B (Fig. 3E), and 
DK 858 E (Fig. 3F). 

Description. These three teeth belong to morphotype 2. 
The crown is flared at the base and can be subdivided 
into three main units: the marginal area, the base and 
the apex of the cusp. The lateral and posterior sides of 
the base of the cusp are very abrupt, almost vertical, 
whereas the anterior side is less steep. There are three 
or four straight to wavy transverse ridges, roughly 
parallel to each other, that cross the convex apex of 
the cusp labio-lingually before fading away, leaving 
the lateral sides of the cusp devoid of ornamentation. 
On the other hand, the anterior and posterior sides 
may display faint, irregular ridges or tubercles in DK 
858 A (Fig. 3D) and DK 858 E (Fig. 3F). The transition 
between the base of the cusp and the marginal area is 
sharp, the latter being ornamented by discontinuous 
ridges displaying a concentric pattern around the cusp.

Comparison. Four species of Ptychodus possess teeth 
belonging to morphotype 2: Ptychodus altior, P. rugosus, 
P. anonymus Williston, 1900 and P. whipplei Marcou, 
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Ptychodus latissimus Agassiz, 1835

Material. NHMD 167591 (Fig. 2), DK 858 C (Fig. 3G) 
and DK 858 H (Fig. 3H). 

Description. These teeth belong to morphotype 3. A 
complete marginal area is not preserved in any of the 
three samples. In anterior or posterior view the cusp 
is slightly convex. Six thick transverse ridges, the 
extremities of which point posteriorly in DK 858 H 
(Fig. 3H), cross the whole of the cusp labio-lingually. 
In NHMD 167591 (Fig. 2) and DK 858 C (Fig. 3G) only 
the first three transverse ridges point posteriorly. 
The extremities of some of the transverse ridges are 
discontinuous, forming an alignment of tubercles 
that merge with the ornamentation of the marginal 
area. The tubercles are predominantly elongated 

1858. Teeth of P. anonymus display transverse ridges 
that are closely spaced and extend to the base of the 
cusp. Moreover, this species has so far only been re-
ported from the Cenomanian (Hamm 2020). The apical 
cusp of P. whipplei teeth display a more circular outline 
compared to DK 858 A (Fig. 3D), DK 858 B (Fig. 3E) and 
DK 858 E (Fig. 3F), and the transverse ridges reach the 
marginal area (Hamm 2020). Teeth of Ptychodus rugosus 
differ from the Danish specimens by displaying more 
irregular transverse ridges that cross the apex of the 
cusp (Radwanski & Marcinowski 1996; Hamm 2020). 
DK 858 A (Fig. 3D), DK 858 B (Fig. 3E) and DK 858 E 
(Fig. 3F) are therefore attributed to P. altior based on 
their transverse ridges that are confined to the apex of 
the cusp and their smooth lateral sides (Amadori et al. 
2019). Ptychodus altior has so far only been recovered 
from Europe and Angola (Amadori et al. 2019).

Fig. 3. Ptychodus teeth from Born-
holm Island. A-C: Ptychodus mam-
millaris. A: DK 858 I; A1, posterior 
view; A2, lateral view; A3, apical 
view. B: DK 858 D, latero-apical 
view. C: DK 858 F, latero-apical 
view. D-F: Ptychodus altior. D: DK 
858 A, latero-apical view. E: DK 
858 B; E1, lateral view; E2, postero-
apical view; E3, antero-apical 
view. F: DK 858 E, latero-apical 
view. G-H: Ptychodus latissimus. 
G: DK 858 C, latero-apical view. H: 
DK 858 H, apical view. I: Ptychodus 
sp. DK 858 G, lateral view. Scale 
bar for A, E, H, I = 10 mm. Scale 
bar for B, C, D, F, G = 5 mm.
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Discussion
Ptychodus latissimus and P. mammillaris have frequently 
been described from the same stratigraphic levels 
(Welton & Farish 1993; Trbušek 1999; Longbottom & 
Patterson 2002), so their association in the Bornholm 
specimens is not surprising. All teeth described above 
are small and certainly come from lateral tooth files. 
According to the geological setting (Svennevig & 
Surlyk 2019) the conglomerate’s genesis was likely due 
to lowered sea level, hence higher energy, allowing 
disarticulation and winnowing of teeth of specimens 
into a lower energy environment. Efficient sorting has 
concentrated teeth of similar size, between 5 and 15 
mm labio-lingually, in the conglomerate. This explains 
the absence of large lower symphysial and upper para-
medial teeth from the collection.

Although NHMD 167591 (Fig. 2) cannot be at-
tributed to Ptychodus rugosus, the tooth illustrated by 
Radwanski & Marcinowski (1996: pl. 2, fig. 6), which 
displays a high cusp crossed by irregular ridges, 
is indeed typical of P. rugosus. Unfortunately, the 
whereabouts of this tooth are unknown and no de-
tails were given by the authors. Blume (1979) figures 
a single tooth of Ptychodus that was not identified to 
species level. The cusp displays at least nine ridges and 
is not elevated, which excludes the possibility that it 
could belong to P. rugosus, as the elevated cusp of P. 
rugosus never displays more than six ridges (Hamm 
2020). Although the tooth illustrated by Blume (1979) 
may superficially look similar to NHMD 167591 (Fig. 
2), its transverse ridges are too numerous and closely 
spaced for this tooth to be attributed to P. latissimus. 
The same character indicates that this specimen can 
also not be assigned to either P. altior or P. mammilla-
ris. It is therefore likely that there is at least one more 
species, and perhaps two if we take into account DK 
858 G (Fig. 3I), present in the Upper Cretaceous of 
Bornholm, but a precise identification based on a 
single photograph is premature, and without access 
to the specimen further conclusions are unattainable. 

Ptychodus altior is reported for the first time from 
Denmark. This species has predominantly been 
reported from Europe, with a single report from 
south-western Africa (Amadori et al. 2019). Ptychodus 
latissimus and P. mammillaris on the other hand have 
a more cosmopolitan distribution (Hamm 2020). The 
three species have been found together in Angola 
(Antunes & Cappetta 2002) and in the English Chalk 
(Dixon 1850).

The Arnager Limestone has been dated as Early 
to Middle Coniacian based on dinoflagellate cysts 
(Schiøler 1992). This date has been supported by 
ammonites and inoceramid bivalves (Kennedy & 
Christensen 1991). The three species of Ptychodus 

and irregular, both in shape and orientation. There 
is a gradual transition between the cusp and the 
marginal area.

Comparison. NHMD 167591 (Fig. 2) was attributed to 
P. rugosus, probably by A. Rosenkrantz based on its
original museum label; to the best of the authors’
knowledge this specimen was never published. How-
ever, this tooth is not as high and its transverse ridges 
are better developed and more regular than typically 
seen in P. rugosus (Radwanski & Marcinowski 1996;
Hamm 2020). This identification must therefore be
rejected. The number and the morphology of the
curved transverse ridges of NHMD 167591, as well
as of DK 858 C (Fig. 3G) and DK 858 H (Fig. 3H), are
more reminiscent of the species P. latissimus. The lat-
ter species possesses three to eight thick and widely
spaced ridges across a low cusp (Hamm 2020). The
ornamentation pattern of DK 858 D (Fig. 3B) is also
reminiscent of that of P. latissimus, but the crown is
too high for that tooth to be attributed to the latter
species. Adult teeth of P. latissimus can reach 60 mm
(Longbottom & Patterson 2002), whereas the largest
tooth in our sample, NHMD 167591 (Fig. 2), is roughly 
24 mm antero-posteriorly.

Ptychodus sp.

Material. DK 858 G (Fig. 3I).

Description. This tooth belongs to morphotype 2. 
Only the cusp is preserved. The transverse ridges 
are almost completely worn away, but four straight 
ridges parallel to each other can be observed. They do 
not reach the base of the cusp (Fig. 3I). Anterior and 
posterior sides are ornamented with discontinuous 
and irregular ridges. Lateral sides are ornamented 
with thinner, sparse and irregular ridges.

Comparison. DK 858 G (Fig. 3I) displays four ridges on 
the apex that do not reach the base of the cusp. How-
ever, contrary to the teeth of P. altior, the lateral faces of 
the cusp are not completely smooth, even when their 
ornamentation is sparse. The tooth cannot be assigned 
to the species P. mammillaris because the transverse 
ridges do not reach the marginal area. In addition, 
teeth of P. mammillaris display at least five transverse 
ridges, and the crown of DK 858 G is too high to cor-
respond to a posterior tooth with a reduced number 
of ridges (Hamm 2020). Morphologically, DK 858 G 
(Fig. 3I) appears to be an intermediate between P. altior 
and P. mammillaris, although admittedly closer to the 
former than to the latter. Because of the incomplete 
nature and worn appearance of the single specimen 
available, it is treated here in open nomenclature.
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Hoch, E. 1992: First Greenland record of the shark genus Pty-

described above have a stratigraphic range restricted 
to the Middle Turonian–Early Coniacian interval 
(Hamm 2020), which is in good agreement with the 
accepted age for the Arnager Limestone. Interestingly, 
P. rugosus first appeared in the Late Coniacian and has 
never been recovered in association with the three 
other species documented herein (Hamm 2020). This 
casts some doubt on the exact origin of the P. rugosus 
tooth that was initially reported from the Arnager 
Greensand (Radwanski & Marcinowski 1996), which 
is Cenomanian in age (Svennevig & Surlyk 2019). One 
possibility is that this tooth was instead retrieved from 
the Bavnodde Greensand on Bornholm, but without 
access to the specimen such a hypothesis is untestable.

Conclusion
Three species are described among the nine teeth 
declared ‘Danekræ’ from Bornholm: Ptychodus altior, 
Ptychodus latissimus and Ptychodus mammillaris. The 
identification of DK 858 G (Fig. 3I) is more difficult 
and is therefore left in open nomenclature. Even 
though Ptychodus rugosus has not been described 
here, this species is present on Bornholm (Radwanski 
& Marcinowski 1996) although, based on its known 
stratigraphic range, it is unlikely that it belongs to the 
same assemblage as the three species described here.
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