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Abstract: Lowermost Cretaceous (Berriasian) strata of the Skyttegard Member (Rabekke Formation,

Nyker Group) on the island of Bornholm, Denmark, have yielded a diverse terrestrial micro-vertebrate

fauna. The assemblage is unique in several aspects, including e.g. the first Mesozoic mammal from

Scandinavia. Here, we describe the mammal fossil, identified as a multituberculate upper premolar. The

tooth is tentatively assigned to the monospecific genus Sui@odon, as it shares the largest number of di-

agnostic dental features with the approximately coeval S. notleyi from the Purbeck Limestone Formation
~—in southernmost England. \
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Introduction

During the initial phase of the Cretaceous, vast parts of what is
now the island of Bornholm in the Baltic Sea were developed
into coastal plains bordered to the south-west by an attenuated
—seaway (see Noe-Nygaard et al. 1987, fig. 1). Extensional block
aulting, eustasy, and a fluctuating climate resulted in the accu-
mulation of a series of siliciclastic deposits; the Nyker Group
(Gravesen et al. 1982). The strata reflect a mosaic of depositional
environments, including fluvial channels, alluvial plains with
palacosols, swamps, coastal lagoons, and beaches. Today, these
sediments crop out in a narrow belt stretching diagonally across
the south-western corner of the island (Fig. 1B).

Vertebrate fossils have been found in several litho-stratigraphi-
cal units throughout the Nyker Group (particularly in its upper
parts), and recorded remains include isolated teeth, finspines,
and cephalic spines of hybodont sharks (Rees 2001; Bonde &
Christiansen 2003), scales of various actinopterygians, partial
dentitions of Lepidotes Agassiz, 1832 and pycnodonts, Pleu-
ropholis Wagner, 1863 and two other small, nearly complete
stem group teleosteans, crocodile remains including teeth of
Pholidosaurus von Meyer, 1841 (Bonde & Christiansen 2003;
Bonde 2004), turtle scutes, a dentary of a scincomorph lizard
(Rees 2000), and a tooth of a dromaeosaurid dinosaur (Bonde &
Christiansen 2003; Christiansen & Bonde 2003). The record of
a titanosauriform tooth-crown (Bonde & Christiansen 2003) is
doubtful due to the extreme wear of the specimen. The most pro-
lific vertebrate-bearing strata known to date are those exposed in
the A/S Carl Nielsen’s sand pit at Robbedale (for locality descrip-

tion, see e.g. Gravesen et al. 1982; Noe-Nygaard & Surlyk 1988;
Bonde 2004). Until now, however, no mammals had been found
in Mesozoic sediments on Bornholm, nor in any other Mesozoic
deposit in northern Europe.

While searching for selachian teeth in the Rabekke Formation
(the lowermost formation of the Nyker Group), one of us (JR)
discovered a diverse fossil micro-vertebrate fauna dominated by
small crocodilians and turtles. The assemblage was extracted
from a thin lens-shaped bed within a carbonaceous claystone of
presumably Early Berriasian age (Christensen 1974), situated in
a small coastal cliff-section east of the village of Arnager on the
south coast of Bornholm (Fig. 1C). Apart from abundant crocodile
teeth and turtle carapace fragments, the assemblage also includes
numerous actinopterygian scales and jawbone fragments, skel-
etal elements of amphibians and primitive lizards, dromaeosau-
rid teeth, and one multituberculate tooth (the tetrapod fauna is
currently under study). Below, we describe the multituberculate
tooth; the first Mesozoic mammal from Scandinavia.

Geological framework and locality description

As a result of its position within the NW-SE trending Fenno-
scandian Border Zone, the geology of Bornholm is strongly
affected by large-scale, rift induced block faulting. Extensional
tectonics during the Upper Jurassic formed marked depressions
in the crystalline basement through downward faulting of several
blocks (Gravesen et al. 1982), which facilitated the deposition of
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Fig. 1. A. Simplified map over southern Scandinavia and northern Germany showing the location of the island of Bornholm in the southern part
of the Baltic Sea. B. Map over Bornholm showing the distribution of the lowermost Cretaceous Nyker Group on the south-western part of the
island (modified from Rees 2000, fig. 1). C. Close-up map of Arnager Bay with the location of the outcrop examined marked with an arrow.

a thick (locally 250 m; see Gry 1960) sequence of siliciclastic
strata during the earliest Cretaceous. The Nyker Group, compris-
ing all Lower Cretaceous strata on Bornholm, is sub-divided into
three consecutive formations, denominated, from bottom to top,
Rabekke, Robbedale, and Jydegard (Gravesen et al. 1982). The
sedimentary sequence commences with clayey to sandy limnic
and fluviatile deposits of the Rabekke Formation. These strata are
overlain by coastal and shallow marine sands of the Robbedale
Formation, which, in turn, are disconformably (see Nielsen et
al. 1996, fig. 2) replaced upsection by lagoonal and back-bar-
rier clays and sands of the Jydegard Formation (Gravesen et
al. 1982). Together, the sediments reflect varying depositional
environments ranging from fully terrestrial to shallow marine
conditions (Gravesen et al. 1982). Stratigraphically, the Nyker
Group spans the Berriasian—Valanginian interval, although
its lowermost parts may be of Tithonian age (e.g. Christensen
1974). Trace fossils are fairly common, especially in the Rab-
ekke and Robbedale formations (Nielsen et al. 1996), whereas
body fossils are generally less frequent and often restricted to
certain horizons.

The Rabekke Formation (Gry 1960) is sub-divided into the
lower Homanshald Member and the upper Skyttegard Member
(Gravesen et al. 1982). While the Homanshald Member mainly

comprises lightly coloured sandy sediments, the Skyttegarc
Member is principally composed of silts and clays with a high
content of plant detritus. The former strata have been interpreted
as representing fully continental conditions, whereas the latter
probably accumulated within the supratidal and intertidal zones
(Gravesen et al. 1982).

The outcrop that has yielded the multituberculate tooth
described and illustrated herein is a small, partly overgrown
natural cliff-section located approximately one km east of the
hamlet of Arnager, on the south coast of Bornholm (N 55°03°13”
E 14°47°517; Fig. 1C). The exposed strata (in October 2003) have
a thickness of less than two metres, a lateral extension of about
20 metres, and dip somewhat to the south-west. The section is
part of the type locality of the Skyttegard Member (probably the
middle portion, see Gravesen et al. 1982, fig. 28), and consists
primarily of coal-rich, black clays and silts, interbedded by a few
distinct lenses of lightly grey to almost brick-red silty claystone.
The lenses are almost devoid of larger coal fragments, although
abundant plant debris occurs in finer fractions. According to
Petersen et al. (1996), the dark carbonaceous clays were depos-
ited in an anoxic limnic environment with occasional marine
influx causing brackish conditions. The lake was surrounded by
dense vegetation dominated by gymnosperms which produced
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the plentiful plant litter found as detrital coal today. The forma-
tion of the lenses is currently not fully understood, although the
high content of allochthonous tetrapod remains in the A-lens (see
below) suggests that at least this bed represents some kind of con-
centration deposit. Apparently, the inferred flood event responsi-
ble for its formation gathered teeth and bones from a variety of
habitats before depositing them on the lake floor. Moreover, the
presence of scales and jawbone fragments from actinopterygians
indicates that the pale sediment accumulated during a period of
oxygenation of either the pond itself (which may normally have
been stratified with anoxic conditions close to the bottom and
oxygenated surface water) or some other open body of water
nearby. Another possible explanation to the formation of ver-
tebrate-bearing lenses has been provided by Nessov (1990; see
also Nessov & Kielan-Jaworowska 1991), who suggested that
concentrations of fossils in swampy environments were largely

(Testricted to channels linking brackish- and freshwater basins.

During periods of heavy rain the plains were submerged, caus-
ing the death of small land animals, such as dromaeosaurs and
mammals, whereas an increased influx of unoxygenated brack-
ish water (presumably originating from the deeper parts of the
channels) caused the simultaneous death of amphibians and
actinopterygians.

All accessible lenses were sampled for fossils, although only
three contained identifiable vertebrate remains. The by far most
productive horizon (denominated the A-lens herein), which
yielded the mammal tooth described below, is situated near the
base of the sedimentary sequence.

Material and methods

The material was obtained by washing and sieving the most pro-
lific vertebrate-bearing lens. Following an initial sample of about
seven kg (which yielded 26 crocodile teeth), large bulk samples
were collected, with a total of more than 300 kg having been
processed to date. The sediments were dried, treated with a solu-

(-{i()n of sodium carbonate, and washed in order to remove fine-

grained fractions of the matrix. The residues were then picked
for vertebrate remains in fractions down to 0.5 mm.

Depository acronyms. — DORCM, Dorset County Museum,
Dorchester, England; MGUH, Geological Museum, University
of Copenhagen, Copenhagen, Denmark.

Systematic palaeontology

The terminology is based mainly on that of Kielan-Jaworowska
& Ensom (1992) and Hahn & Hahn (2003), while the systemat-
ics follows that of Kielan-Jaworowska & Hurum (2001, but see
also Hahn [1993] for a discussion regarding the uncertain higher
taxonomy of Sunnyodon Kielan-Jaworowska & Ensom, 1992).
In accordance with the recommendations given by Smith &
Dodson (2003), the following descriptive terms are used herein:
mesial (anterior), distal (posterior), lingual (towards the tongue),
labial (towards the lip), apical (towards the tip of the cusp), and
basal (towards the root).

Abbreviations. — B — cusps of the labial (buccal) row, numbered
from mesial to distal; L — cusps of the lingual row, numbered
from mesial to distal; M — molars, numbered from mesial to dis-
tal; P — premolars, numbered from mesial to distal.
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ORDER MULTITUBERCULATA CoPE, 1884

FAMILY PAULCHOFFATIIDAE HAHN, 1969

SUBFAMILY INCERTAE SEDIS (SEE HAHN 1993)

Genus Sunnyodon Kielan-Jaworowska & Ensom, 1992

Type species (monotypy). — Sunnyodon notleyi Kielan-
Jaworowska & Ensom, 1992, from the Tithonian Cherty Fresh-
water Member of the Purbeck Limestone Formation in southern-
most England.

Sunnyodon? sp.
Fig. 2

Material. — MGUH 27220, a posterior premolar from the upper
left jaw.

Description. — MGUH 27220 is an incomplete posteriorly situ-
ated upper premolar (probably P4 or P5) lacking the root, the
distal end of the crown (see discussion below), and parts of the
shelf-like area lingual to the inner row of cusps. As preserved,
the base of the crown comprises a strongly vaulted elongate plate
measuring 1.24 mm in total length and 0.90 mm in maximum
width. An asymmetrical excavation on the mesial margin of the
plate divides the mesial rim into a gently bent labial corner and a
more acutely inclined lingual one. Unfortunately, parts of the lin-
gual face of the shelf-like plate are broken off, although the pre-
served mesial portion indicates that a weak ridge originally may
have been present. In occlusal view, the labial margin is nearly
straight. The inner (lingual) row includes three broad-based
conical cusps (L 1-L3) which increase in size from front to rear,
whereas the outer (labial) row comprises two cusps (B1-B2) of
sub-equal size; a smaller mesial one and a somewhat larger distal
one. Two tiny cuspules are present; one located meso-lingually
to the first cusp of the labial row and one situated immediately
anterior to the first cusp of the lingual row. All cusps are orna-
mented with coarse radiating enamel crests, a few of which
ramify halfway down the height of the cusps forming inverted
Y. The apices of the cusps are slightly posteriorly pointed, and
(with the exception of 1.3) lack apical wear. The three cusps of
the lingual row are bound together by a longitudinally directed
enamel ridge, whereas the two tubercles of the labial row are set
apart from each other. The first cusp of the outer row is, however,
connected to the second cusp of the inner row by an extended
radiating enamel crest, while the second cusp of the labial row is
linked to the third cusp of the lingual row in the same way.

Discussion. — The order Multituberculata comprises a diverse
group of extinct allotherian mammals, characterised by their
peculiar multicuspid (i.e. multituberculate) teeth (e.g. Kielan-
Jaworowska & Hurum 2001; Sigogneau-Russell & Kielan-
Jaworowska 2002). In multituberculates (as well as in other
mammals), the dentition has four basic classes; incisors, canines,
premolars, and molars. Each of these classes comprises teeth
with a highly characteristic morphology (see e.g. Hahn 1969, fig.
20; Hahn & Hahn 2000, fig. 15.2-15.5), which greatly enhances
the chances of confidently determine the specific jaw-position
of an isolated tooth. The multituberculate tooth-crown from
the Rabekke Formation displays several features diagnostic of
posteriorly situated, upper premolars, such as an elongate form
of the crown, and a relatively large number of conical cusps
(see e.g. Hahn 1969, fig. 20; Hahn & Hahn 2000, fig. 15.5B).
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Fig. 2. Sunnyodon? sp. (P4 or P5) from the lower Berriasian Skyt-
tegard Member of the Rabekke Formation (Nyker Group) on the is-
land of Bornholm, Denmark, all X45. A. Camera lucida drawing of
MGUH 27220 in occlusal view, showing the dental terminology used
in the text (note that both the cusps and the dental plate are covered
with enamel). B. MGUH 27220 in oblique meso-occlusal view: mesial
end facing the viewer. C. MGUH 27220 in oblique linguo-occlusal
view:; mesial end facing the top of the page.

Furthermore, conical cusps covered with radiating enamel
crests are typical of premolars and not of incisors, canines or
molars (Kielan-Jaworowska & Ensom 1992). Multituberculate
premolars from the maxillae have two (or sometimes three, see
Kielan-Jaworowska & Ensom 1994, pl. 1, fig. 6) rows of cusps
of sub-equal size, whereas the corresponding teeth in the mandi-
bles possess an inner row of markedly enlarged, blade-like cusps
(forming a cutting edge) and an outer row of reduced swellings
(Hahn & Hahn 2000). Upper premolars with a shortened labial
row occur in several multituberculate families, including the
Paulchoffatiidae (Hahn & Hahn 2003). In most of these taxa (but
see also below) the cusps forming the outer row are restricted
to the anterior half of the crown (see e.g. Kielan-Jaworowska

&

Lindgren et al.: The first Mesozoic mammal from Scandinavia

GFF 126 (2004)

& Ensom 1992, pl. 5, fig. 3; Hahn & Hahn 2003, fig. 5B-D).
Moreover, the mesial margin of premolars and molars has often a
more or less concave appearance (in occlusal view), whereas the
distal end of the crown is sub-triangular to gently rounded (e.g.
Hahn & Hahn 1998, fig. 1D, E, 2003; fig. 5B, C). Accordingly,
MGUH 27220 is here interpreted as representing the mesial
three-fourths of a posteriorly situated premolar (probably P4 or
P5) from the left maxilla.

The paulchoffatiid Sunnyodon notleyi was originally erected
upon a single, left ?P5 (Kielan-Jaworowska & Ensom (1992)
stated that the tooth was from the right jaw, although this is almost
certainly a typographical error as DORCM GS 18 is clearly from
the left jaw, see Kielan-Jaworowska & Ensom 1992, pl. 5, figs.
3, 10). The tooth was found in Tithonian strata of the Cherty
Freshwater Member of the Purbeck Limestone Formation on the
south coast of England (see Kielan-Jaworowska & Ensom 1992).
MGUH 27220 is tentatively assigned to Sunnyodon as it share”
the largest number of diagnostic dental characters with S. notleyt
(the type and only known species of the genus, see e.g. Kielan-
Jaworowska & Ensom 1992, pl. 5, figs. 3, 10), including: (1) the
relatively large size of the two labial cusps and their position in
the middle of the tooth length. (2) The posteriorly increasing size
of the cusps of the lingual row. (3) The connection of all cusps
of the lingual row by a longitudinal ridge. (4) The presence of
an enamel crest that links the second cusp of the labial row with
the third cusp of the lingual row. (5) The coarse radially oriented
enamel crests on the cusps. (6) The occurrence of a tiny cuspule
meso-lingually to the first cusp of the labial row. (7) The pres-
ence of a minute cuspule immediately anterior to the first cusp
of the lingual row.

However, besides these similarities, there are a few features
of MGUH 27220 that are different from those of S. notleyi, such
as: (1) its markedly concave mesial margin. In S. notleyi (i.e.
DORCM GS 18), there is only a shallow medial depression on
the mesial rim (see Kielan-Jaworowska & Ensom 1992, pl. 5,
fig. 3), whereas the mesial margin is deeply excavated in MGUH
27220. (2) The shelf-like area lingual to the inner row of cusps
appears originally to have been wider in MGUH 27220 than it
in S. notleyi. (3) MGUH 27220 is 50 percent larger than DORCM
GS 18. Even though these slight, but still distinguishing, char-
acters may be attributed to intraspecific variation (there are even
marked differences between teeth from the left and right jaw in
the same animal (cf. e.g. the basal outline of the left and right M1
in Kuehneodon simpsoni Hahn, 1969, see Hahn & Hahn 2000,
fig. 15.3), they prevent us from assigning MGUH 27220 to the
approximately coeval S. notleyi with confidence. Instead, the
multituberculate from Bornholm is kept in open nomenclature
pending the discovery of additional topotypic material of S. not-
leyi as well as additional material from the Skyttegard Member.

According to Kielan-Jaworowska & Ensom (1992) and Hahn
(1993), Sunnyodon is dentally similar to Paulchoffatia Kiihne,
1961, Kuehneodon Hahn, 1969, and Kielanodon Hahn, 1987, but
differs in the arrangement of the cusps forming the labial row,
and in the number and location of the cuspules. The combination
of a labial row of cusps located symmetrically in the middle of
the tooth length, and two cuspules (excluding the minute bump
immediately anterior to L1); one mesial and one distal to the
labial row, respectively, separate Sunnyodon from other genera
of the Paulchoffatiidae (cf. Hahn 1969, fig. 9 Paulchoffatia,
fig. 20 Kuehneodon; Hahn 1987, figs. 7. 8 Kielanodon; Kielan-
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Jaworowska & Ensom 1992, pl. 5, figs. 3, 10 Sunnyodon). Fur-
thermore, S. notleyi possesses an incipient posterior lingual ridge,
a feature otherwise unknown in this family (Kielan-Jaworowska
& Ensom 1992).

In addition to the above mentioned genera, MGUH 27220
superficially resembles two posterior upper premolars assigned
to as Pinheirodontine gen. et sp. indet. by Hahn & Hahn (1999,
fig. S9A-D) from the Berriasian of Porto Pinheiro at the Atlantic
coast of Portugal. The pinheirodontine premolars have a cusp-
arrangement similar to that of MGUH 27220, and the mesial
margin is excavated in both teeth. They differ, nonetheless, from
the Bornholm multituberculate in lacking cuspules, and the shelf-
like area labial to the outer row of cusps is more pronounced in
the two Portuguese specimens than it is in MGUH 27220.

~Palaeobiogeography

The Paulchoffatiidae is an exclusively European family of mul-
tituberculates, with a spatial distribution spanning the Iberian
Peninsula (Portugal and Spain), possibly Belgium (see below),
and the British Isles (Hahn 1993; Kielan-Jaworowska & Hurum
2001). Stratigraphically, the group ranges from the Upper Trias-
sic (Late Norian, see Hahn 1993) or the Middle Jurassic (Upper
Bathonian, see Kielan-Jaworowska & Hurum 2001) to the mid-
Cretaceous (Barremian), hence being the oldest multituberculate
clade known to date (e.g. Hahn & Hahn 1999, fig. 71). The vast
majority of described paulchoffatiids originates from the Gui-
marota Coal Mine (Middle Kimmeridgian) in Leiria, western
Portugal (e.g. Hahn & Hahn 2000). So far, eight genera have
been identified from partial skulls, mandibles and isolated teeth
collected from the lignite-bearing strata exposed in the mine,
including the paulchoffatiines Paulchoffatia, Guimar-otodon
Hahn, 1969, Meketibolodon Hahn, 1993, Pseudobolodon Hahn,
1977, Henkelodon Hahn, 1977, Kielanodon, and Meketichoffatia
Hahn, 1993, as well as the kuehneodontine Kuehneodon. Paul-
choffatiids from other areas of Europe are based solely on isolated

/\Lceth and include Galveodon Hahn & Hahn, 1992 and Lavocatia
“anudo & Cuenca-Bescos, 1996, from the Lower Barremian

of Galve and Ufia in north-eastern Spain (see also Crusafont &
Gibert 1976), and Gerhardodon Kielan-Jaworowska & Ensom,
1992 and Sunnyodon from the Tithonian part of the Purbeck
Limestone Formation in southernmost England. Other inferred
early paulchoffatiids, such as Mojo Hahn et al., 1987, from the
Upper Norian of Habay-la-Vieille in southern Belgium, and an
enigmatic incisor found in Upper Bathonian deposits of the Kir-
tlington Mammal Bed in Oxfordshire, England (Freeman 1979),
are imperfectly known and their affinity is still being debated
(Hahn 1993). The presence of Sunnyodon? sp. in the Lower Ber-
riasian of Bornholm, Denmark, extends the geographical range
of the Paulchoffatiidae beyond Portugal, Spain and England, and
represents the most northerly occurrence of the group so far.
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