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The serpulid tubeworm genus Pentaditrupa is characterized by its gently curved
tube with pentagonal cross-section, formed by five longitudinal edges or keels.
Unlike most serpulid genera and unlike Jurassic species of Pentaditrupa, Cretaceous
and Paleocene species of Pentaditrupa are never found attached to solid substrates,
but instead inhabited soft-bottom environments of fine-grained seafloors that later
lithified into chalk, limestone, or marlstone. A new species, Pentaditrupa nickcavei
sp. nov., is described from the lower part of the Kerteminde Marl Formation (Se-
landian, middle Paleocene) of the Gundstrup gravel pit, Fyn, Denmark. This spe-
cies represents the first record of the genus Pentaditrupa from the Selandian, thus
extending the stratigraphic range of this genus and its temporal overlap with its
presumed descendant Ditrupa by several hundred thousand years. Previously, the
youngest known Pentaditrupa tubes were dated to the late Danian (early Paleocene).
Moreover, comparative studies on the microstructure of an early Danian tube from
Holtug quarry, Sjeelland, Denmark, resulted in “revival” of the species Pentaditrupa
interjuncta (Jessen & @dum, 1923), originally introduced for early Danian tubes
from Voxlev, Jylland, Denmark, but since decades considered a junior synonym of
Late Cretaceous Pentaditrupa subtorquata (Miinster in Goldfuss, 1831). While in the
outer aspect the tubes of Cretaceous P. subtorquata and Danian P. interjuncta are in-
distinguishable, there are small but distinct differences in microstructure. The early
Selandian P. nickcavei differs from both of these geologically older species by its
larger maximal tube diameter, sharper longitudinal edges or keels, and by details
in microstructure.

We also document new occurrences of the serpulid Neovermilia gundstrupensis
Koci, Milan & Jager, 2023 in the Gundstrup gravel pit. Neovermilia and Pentaditru-
pa were characteristic faunal elements already in the Late Cretaceous and Danian
limestones. Their presence in the Kerteminde Marl Formation somewhat mitigates
the otherwise significant faunal turnover observed between the Danian and the Se-
landian. Finally, we report the first occurrence of the slit worm-snail Tenagodus from
the Kerteminde Marl and discuss its paleoecological interactions with associated
mesofauna.
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The annelid family Serpulidae Rafinesque, 1815 is
a highly specialised group of marine segmented
worms (class Polychaeta, subclass Sedentaria; see
Kupriyanova ef al. 2023) adapted to inhabiting self-
-secreted calcareous tubes (hence the common name
‘calcareous tubeworms’). In most species, these tubes
are attached to various hard substrates. Serpulids
occur in all seas, across all depths, and within habi-
tats of normal marine salinity. Only a few species are
adapted to hypo- or hypersaline waters, and just one
species is known to inhabit freshwater in karst caves.
The calcareous tubes have significant fossilization
potential (Jager 1983, 2005; Sklenar et al. 2013; Koci
et al. 2017).

The oldest known fossil serpulids date back to
the Permian (Sanfilippo et al., 2017, 2018, Ramsda-
le 2021; Stowinski et al. 2024). Serpulids diversified
extensively during the Mesozoic and Cenozoic (Ip-
politov et al. 2014) and are currently represented by
several hundred species inhabiting modern marine
environments (e.g., ten Hove & Kupriyanova 2009;
Kupriyanova et al. 2020; Rouse et al. 2022, and ref-
erences therein). Kodi et al. (2023) reported the first
occurrence of serpulids in the Selandian Kerteminde
Marl, Neovermilia gundstrupensis Ko¢i, Milan & Jager,
2023, as a species not reworked from the Danian se-
diments.

This study aims to: (1) document additional speci-
mens of N. gundstrupensis, (2) describe Pentaditrupa
nickcavei sp. nov., a second known serpulid species
from the Kerteminde Marl, including a detailed ana-
lysis of its microstructure, (3) describe P. interjuncta
from the Danian Limestone, (4) report the first oc-
currence of the gastropod Tenagodus from the Ker-
teminde Marl and (5) interpret the palaeoecology of
the associated mesofaunal assemblage.

Geological and geographical setting

After the K-Pg boundary event, sedimentation in the
Danish Basin during the early Paleocene was initially
dominated by carbonates. Part of the Middle Danian
Limestones are excellently exposed in the huge wor-
king quarry at Faxe, and the Early Danian Limestone
in the long natural cliff of Stevns Klint, including se-
veral working and abandoned quarries in the cliff or
a few kilometres further inland. In one of these aban-
doned quarries situated directly at the cliff east of the
village of Holtug, the tube of Pentaditrupa interjuncta
was found.

However, by the end of the Danian, carbonate se-
dimentation had ceased due to a major regression
approximately 61.6 million years ago (Vandenberghe
et al. 2012; Cohen et al. 2013, updated 2022). This re-
gression resulted in an erosional unconformity be-
low the overlying Selandian deposits (e.g., Thomsen
& Heilmann-Clausen 1985; Clemmensen & Thom-
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sen 2005). The subsequent Selandian transgression
established a new depositional regime dominated
by siliciclastic sediments, including the Lellinge
Greensand in eastern Denmark and its lateral equi-
valent, the Kerteminde Marl Formation, in deeper
depositional settings towards Fyn (Clemmensen
& Thomsen 2005). The Selandian Kerteminde Marl
Formation is interpreted to have been deposited in
an outer shelf environment within the deep neritic
zone, at depths of about 100-150 m. This setting was
characterized by high sedimentation rates due to sig-
nificant input of reworked chalk, well-oxygenated
bottom waters with low current activity, and low
planktonic productivity (Clemmensen & Thomsen
2005; Heilmann-Clausen 2010). The Formation rea-
ches a maximum thickness of up to 150 metres, thin-
ning over the Ringkebing-Fyn High and thickening
northward towards the Sorgenfrei-Tornquist Zone
(Sorgenfrei & Buch 1964; Clausen & Huuse 1999,
2002; Clemmensen & Thomsen 2005). The Selandian
depocenter of the Kerteminde Marl Formation is in-
terpreted to have been located in the western part of
Sjeelland (Clemmensen & Thomsen 2005). The Kerte-
minde Marl Formation is overlain by the Selandian—
Thanetian ZAbelg Formation, which consists predo-
minantly of clay and represents progressively deeper
depositional conditions (Clemmensen & Thomsen
2005).

In recent years, the Kerteminde Marl Formation has
been recognized for its rich and diverse fauna, espe-
cially in glacially derived blocks at the Gundstrup
gravel pit. Schnetler & Nielsen (2018) described a
diverse mollusk fauna comprising 133 species. This
mollusk assemblage was later expanded by Schnetler
& Nielsen (2021), who added one more gastropod
species. In the present paper, we describe the first oc-
currence of the gastropod Tenagodus Guettard, 1770,
from the Kerteminde Marl. The brachiopod Terebrat-
ulina chrysalis (von Schlotheim, 1813) was reported
by Schroder & Surlyk (2024). King (1994) documen-
ted ostracods, sponges, and echinoderm fragments
from the Kerteminde Mar], all specimens are housed
in the collections of the Natural History Museum
of Denmark. Vertebrate remains, including abun-
dant skeletal elements of teleost fishes (King 1994;
Schwarzhans et al. 2021), turtles (Myrvold et al. 2018),
and several undescribed shark teeth, are also deposi-
ted in the collection of the Natural History Museum
of Denmark. Trace fossils are represented by Lepiden-
teron mortenseni (Schwarzhans et al., 2021) and Kop-
tichnus rasmussenae (Vallon & Rindsberg, 2022).

Material and methods

The studied material includes four rock samples
containing six serpulid tubes of Pentaditrupa nickcavei
sp. nov. from the Gundstrup gravel pit; one tube of



Pentaditrupa interjuncta (Jessen & Jdum, 1923) from
the early Danian of Holtug quarry, and seven tubes
of Pentaditrupa subtorquata (Miinster in Goldfuss,
1831) from the Campanian of Misburg and Hover
in northern Germany, four new specimens of the
serpulid Neovermilia gundstrupensis Koci, Milan &
Jager, 2023 from the Gundstrup gravel pit, and two
blocks with associated mesofauna. All figured speci-
mens are kept in the collection of the Natural History
Museum of Denamrk (MGUH & NHMD) and Ost-
sjeellands Museer (OESM).

The microstructure of the tube wall of Pentaditrupa
subtorquata was previously studied by Vinn (2005),
who analyzed the surfaces of longitudinal sections
using the following procedure: ,The examined tu-

bes were ground in longitudinal direction, polished,
and etched with 1% acetic acid for 1 min prior to
SEM examination. Thereafter, the same tubes were
re-polished and treated with a 1 : 1 mixture of 25%
glutaraldehyde and 1% acetic acid, to which alcian
blue was added (GA-solution), for 545 min before
SEM study.” Ippolitov & Rzhavsky (2008), in their
paper on Recent spirorbin serpulids, noted: ,The
microstructure of tube wall was studied on the sur-
faces of longitudinal cracks without etching.” For the
present study, we applied etching to a naturally bro-
ken tube wall at the anterior part of the tube using
1% acetic acid for 3 minutes, followed by drying
and examination under SEM in a low vacuum. This
method has the advantage of being non-destructive
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Fig. 1. a. Map of the pre-Quaternary subsurface in Denmark. The Gundstrup gravel pit is located on the isle of Fyn (55.56° N;
10.35° E), indicated by a red asterisk. Even though the boulders of Kerteminde Marl found here had been transported by Pleis-
tocene glaciers, they have been found within the subsurface area consisting of Selandian (middle Paleocene) sediments. The
nearest other outcrop of the Kerteminde Marl is at its type locality Lundsgards Klint, situated south of the town of Kerteminde,
indicated by a green asterisk. The Holtug quarry is indicated by a blue asterisk. Modified after Hakansson & Pedersen (1992)
and Schwarzhans et al. (2021). b. Schematic section showing upper Danian and Selandian stratigraphy of southeast Denmark.

Modified after Clemmensen & Thomsen (2005).
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to the studied specimens. SEM imaging was perfor-

med using a Hitachi 5-3700 N at the Palaeontological

Department of the National Museum in Prague.
This published work and the nomenclatural acts

it contains have been registered in ZooBank: http://

zoobank.org/urn:lsid:zoobank.org:pub:11B8BD11-

DE59-46F9-8EAC-B31557461BE7

Systematic palaeontology
Class Polychaeta Grube, 1850
Subclass Sedentaria Lamarck, 1818

Infraclass Canalipalpata Rouse and Fau-
chald, 1997

Order Sabellida Levinsen, 1883

Family Serpulidae Rafinesque, 1815
Subfamily Serpulinae Rafinesque, 1815
Tribe Ficopomatini Pillai, 1960

Genus Pentaditrupa Regenhardt, 1961

Type species: Pentaditrupa subtorquata (Miinster in
Goldfuss, 1831) (type by original designation).

Description. While Early Jurassic representatives
consist of a short posterior tube portion attached to
a solid substrate and a long free tube portion, Late
Cretaceous and Paleocene tubes are free, lacking any
rest of an attached tube portion; they are adapted for
lying freely on soft seafloor; for discussion of similar-
ly shaped serpulid tubes, see Seilacher et al. (2008).
Tube small, medium-sized, or moderately large,
slowly increasing in diameter, usually gently and
regularly curved like an elephant’s tusk, a horn, or a
single whorl of a wide open spiral, less often straight
or irregularly curved. The free tubes are character-
ized by five longitudinal ornaments equally spaced
all around the circumference, causing the tube’s pen-
tagonal or pentalobate cross-section. Usually, these
longitudinal ornaments are rounded edges or round-
ed low keels, but less often, mainly in small juvenile
tube parts, they may be sharp keels, but never devel-
oped as high combs. In a few Late Cretaceous popu-
lations, longitudinal ornamentation is reduced, and
the cross-section is almost circular. Transverse orna-
mentation is usually lacking, except for delicate, not
elevated, chevron-shaped incremental lines, which
protrude between the keels and retreat at the keels.
No peristomes. The surface is smooth and usually
a bit shiny; Vinn & Kupriyanova (2011) mentioned
Pentaditrupa among the taxa possessing a dense out-
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er protective tube layer, presumably an adaptation
against drilling predation by gastropods and against
dissolution in deeper water.

Microstructure. Concerning the method of tube con-
struction, the tube wall consists of two main layers:
(1) The thick, usually bright brown or bright yel-
low outer layer is the parable layer. It is built and
prolonged at the aperture at the anterior end of the
worm. In longitudinal section, it consists of parable-
shaped = chevron-shaped increments, whose outer
thighs form a thick sublayer causing a slightly re-
duced tube diameter at the aperture, whereas their
inner thighs form a much thinner sublayer. (2) The
thin inner layer is the cylinder layer. It is added to
the interior surface of the tube and consists of very
thin-walled cylinder-shaped increments that stick in-
side each other. Often the cylinder layer is pale white,
transversely striated, leafy, and slightly scaling-off.
(3) Additionally, in well-preserved tubes, a very thin
innermost organic sheet may be present.

In contrast, in SEM images of longitudinal and
transverse sections, at least of Late Cretaceous and
Paleocene Pentaditrupa tubes, the visually most con-
spicuous boundary between outer and inner tube
layer is located at a different level in a slightly more
exterior position: inside the parable layer, with the
conspicuous, strongly curved, chevron-shaped co-
nnection between outer and inner thighs of the in-
crements of the parable layer belonging to the inner
tube layer. In the present study, we follow this defi-
nition of layers and sublayers seen in SEM images,
from exterior surface to interior consisting of (1) a
rather thick outer layer, which represents the outer
thighs of the chevron-shaped increments of the pa-
rable layer, and (2) a rather thin inner layer, which
comprises (2a) the conspicuous, strongly curved
connection between the outer and inner thighs of the
parable layer, (2b) the inner thighs, (2c) the cylinder
layer, and, if the tube is well preserved, (2d) a thin
organic sheet.

In SEM images of longitudinal sections, sublayer
(2a) is usually most conspicuous. It consists of long,
needle-shaped spherulitic prismatic crystals. Gen-
erally, the crystals are oriented approximately (not
exactly) perpendicular to the boundaries between
the increments, and due to the strong curvature of
these boundaries, the orientation of the crystals in
the outer layer differs by up to c. 80 degrees from
their orientation in the inner layer. In longitudinal
sections, both elements — the curved boundaries and
the needle-shaped spherulitic prismatic crystals — to-
gether form a characteristic pattern resembling water
fountains. The crystals are longer and arranged more
strictly parallel to each other in the inner layer than
in the outer layer, where they are arranged roughly
parallel but slightly irregularly.



In longitudinal sections, microstructure shows
small but conspicuous differences in the water foun-
tain pattern of sublayer (2a) between species from
the Late Cretaceous, Danian, and Selandian ages.
These differences concern (1) the relative visual pre-
dominance of boundaries between chevron-shaped
increments versus visual predominance of the need-
le-shaped crystals, (2) the length of the crystals, and
(3) maybe the grade of curvature — narrow or wide
- of the water fountain pattern and of the boundaries
between chevron-shaped increments.

All studied Late Cretaceous and Paleocene tubes
of the genus Pentaditrupa have a spherulitic prismatic
(SPHP) microstructure sensu Vinn (2005, Vinn et al.
2008c) in the inner layer and outer layer of the tube
wall.

Stratigraphical range. P. nickcavei sp. nov. prolongs
the geological record of the genus Pentaditrupa from
Hettangian to Selandian. Hitherto, Pentaditrupa was
known only to reach up to the Danian (Jager 2005).

Discussion. Apart from its more or less rounded
pentagonal cross-section, the tube of Pentaditrupa
closely resembles the circular tube of its close rela-
tive and chronological successor, Ditrupa Berkeley,
1835. If neglecting several Ditrupa-like but possibly
not closely related serpulid species from the Late Ju-
rassic and Early Cretaceous of the Arctic realm, the
earliest secured representative of the genus Ditrupa
is D. schlotheimi Rosenkrantz, 1920 from the middle
Danian (C) and late Danian (D). In consequence, the
timespan of secured stratigraphic co-occurrence (al-
though not at the same localities) of the genera Pen-
taditrupa and Ditrupa, which hitherto was believed
to last only from Middle to Late Danian, is now
prolonged up to the Selandian. As D. schlotheimi is
very common in some facies in Denmark, the Neth-
erlands, and Belgium, Pentaditrupa even survived the
first bloom of the genus Ditrupa.

Nevertheless, the geological record of the genus
Pentaditrupa still shows a surprisingly wide gap
ranging from late Early Jurassic (Toarcian) to late
Early Cretaceous (middle Albian) (Jager 2005; Koci
et al. 2024). Apart from the fact that only the Early Ju-
rassic tubes often possess a short attached posterior
tube portion, whereas Late Cretaceous and Paleocene
tubes entirely lack such an attached portion, the geo-
logically old and young tubes are morphologically
so similar to each other that it seems appropriate to
unite them in the same genus. However, we cannot
be sure: Homeomorphies between not closely related
serpulid taxa are very common, as demonstrated in
comparable cases of morphologically very similar
‘pairs’ of tubes, one pair characterized by quadran-
gular cross-section (fossil Nogrobs de Montfort, 1808
versus recent Spirodiscus Fauvel, 1909, for discussion

see Kupriyanova and Ippolitov 2015), the other pair
or trinity characterized by hexagonal cross-section
(fossil Tectorotularia Regenhardt, 1961 versus fossil
Pyrgopolon (Hamulus) Morton, 1834 (for discussion
see Jager in Rantuch et al. 2024) versus recent Serpula
crenata Ehlers, 1908.

Pentaditrupa nickcavei sp. nov.
Figs 2-8

Etymology. In honor of the Australian musician, writ-
er, actor, artist, and performer Nick Cave for his life-
long dedication to music, literature, and lyrics.

Holotype. The tube shown in Fig. 2a, MGUH 35025.

First paratype. The tube shown in Fig. 2b, MGUH
35026.

Second paratype. The tube shown in Fig. 3a, 3al, 3a2,
MGUH 35207.

Type locality. Gundstrup gravel pit, Fyn, Denmark.

Type stratum. Selandian, lower part of Kerteminde
Marl Formation.

Material. Four rock samples with 6 tubes altogether,
including the holotype and two paratypes.

Diagnosis. An unattached, medium- to moderately
large-sized, usually gently and regularly curved
species of the genus Pentaditrupa. The five sides are
slightly concave and meet each other laterally by
forming five sharp longitudinal edges or low and
narrow but sharp keels, which are not rounded even
in the largest tube parts. In SEM images of longitu-
dinal sections, the boundaries between the chevron-
-shaped increments predominate in visibility over
the needle-shaped spherulitic prismatic crystals (Fig.
7a2, 7a3).

Description. Tube diameter gradually increasing up
to c. 5.2 mm. The longest preserved tube length is
41.9 mm as shown in Fig. 5a, though the tubes were
undoubtedly longer originally. Cross-section pen-
tagonal with sharp or only very slightly rounded
edges. Transverse ornamentation consists of densely
spaced, chevron-shaped (V-shaped) delicate striae on
a generally glossy surface. No peristomes. The tube
wall is relatively thick, 0.6 mm in a paratype. Lumen
circular, 1.2-1.3 mm in diameter in a paratype. In
SEM images, the needle-shaped spherulitic prismatic
crystals are relatively short in the inner layer.

Discussion. The tubes of P. nickcavei differ from those
of P. interjuncta and P. subtorquata by their sharper
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longitudinal edges or low keels and by reaching a
wider maximum tube diameter. Small differences in
microstructure are discussed below in the General
discussion chapter.

Pentaditrupa interjuncta (Jessen & Gdum, 1923)
Figs 9-11

1923 Ditrupa interjuncta n. sp. — Jessen & Jdum, pp.
28-29, Text-Fig. 11, PL. 2, Fig. 8a—d.

1926 Ditrupa interjuncta — Jdum, p. 167.

1931 Ditrupula subtorquata Miinster. — Nielsen, p. 96.
1961 Ditrupa (Pentaditrupa) interjuncta (ddum). — Re-
genhardt, p. 75.

? 1970 Pentaditrupa aff. interjuncta (@dum) — Rosen-
krantz, p. 426.

pars 1983 Pentaditrupa subtorquata (Miinster in Gold-
fuss, 1831) — Jager, p. 56, non PL. 7, Figs 1-8.

pars 2005 Pentaditrupa subtorquata (Miinster in Gold-
fuss, 1831) — Jager, p. 167, non P1. 8, Figs 1-2.

Holotype. The tube figured in Jessen & @dum (1923,
Pl 2, Fig. 8a), Natural History Museum of Denmark,
MGUH 34985. In this museum, also the other tubes
of Ditrupa interjuncta figured in Jessen & Jdum are
kept; their numbers are: Pl. 2, Fig. 8b: MGUH 34986;
Pl. 2, Fig. 8c: MGUH 34987; Pl. 2, Fig. 8d: MGUH
34988; Text-Fig. 11: MGUH 34996.
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Fig. 2. Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit. a, Holotype, MGUH 35025, b. First Paratype.

Type locality. Voxlev quarry, Jylland, Denmark.
Type stratum. lower Danian, Bryozoan Limestone.
Material. A single damaged tube (OESM 13330).

Diagnosis. An unattached, medium-sized, usually
gently and regularly curved species of the genus
Pentaditrupa. P. interjuncta is characterized by its five
blunt, but only slightly rounded and conspicuous
longitudinal edges or low keels, with slightly con-
cave or plane areas in between. In SEM images of
longitudinal sections, the needle-shaped crystals pre-
dominate in visibility over the boundaries between
the chevron-shaped increments. The crystals are rel-
atively tall in the outer layer.

Description. Tube diameter gradually increasing up
to c¢. 3 mm according to Jessen & @dum’s original
description, but reaching only 2.3 mm in the tube
from Holtug. Longest preserved tube length is 26
mm according to Jessen & @dum, who already stated
that originally that undoubtedly the tubes had been
considerably longer, and c. 21 mm in the incomplete
tube from Holtug (Fig. 9 shows only a part of its for-
mer length, after the tube had been cut for preparing
transverse sections). Cross-section pentagonal with




Fig. 3. Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit. a, al, a2. Second Paratype, MGUH 35027.
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Fig. 4. Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit. a. Damaged tube in sediment, which also includes
a valve of the oyster Pycnodonte (Phygraea) vesiculare (Lamarck, 1806). The rectangle shows the region figured in al. al. Detail in

high magnification showing chevron-shaped increments at the transition from outer to inner parable layer. (Specimen was lost
during preparation).
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Fig. 5. Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit. a. Tube in substrate. al. Pentagonal anterior cross-
section, MGUH 35028.
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rounded edges or pentalobate. On the interior sur-
face of the tube wall, a thin organic sheet (sensu Vinn
2013a) is preserved (ios in Fig. 11b1).

Discussion. The tubes of P. interjuncta as well as those
of P. subtorquata differ from the tubes of P. nickcavei
by their more rounded longitudinal edges and by
reaching only a smaller maximum tube diameter
than in P. nickcavei. In external tube morphology and
in tube diameter, P. interjuncta and P. subtorquata
are usually indistinguishable. Small differences in
microstructure are discussed in the General discussi-

on chapter below.
Rosenkrantz (1970, p. 426) listed P. aff. interjuncta
from the Upper Danian locality Agatdal, Greenland.

General discussion of the three studied spe-
cies and their microstructure

Exterior tube morphology. The more common twisting
of the longitudinal edges around the longitudinal
axis in P. interjuncta stated by Jessen & Jdum (1923)
is simply a consequence of more common twisting of

Fig. 6. Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit. a, al. Longitudinal views of the tube with longitu-
dinal and transverse ornamentation. a2. Posterior cross-section, on the left side of the photograph, partly longitudinally broken
approximately along the boundary between the outer and inner tube wall layer, MGUH 35029.
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the animal around its longidinal axis during ontoge-
ny, perhaps caused by more often changing the posi-
tion and orientation of the tube including its animal
by agitated water or by action of vagil marine ani-
mals. Moreover, a relatively wide morphologic va-
riety concerning rounded longitudinal edges versus
sharp keels, and convex versus plane versus concave
sides between the edges respectively keels, is seen in
most Pentaditrupa species.

Only an extremely rounded variety of Late Creta-
ceous P. subtorquata has no morphological equiva-
lent in the two Paleocene Pentaditrupa species. Such
a variety from the Campanian was named ‘Protula
pruinosa’ by Regenhardt (1961). Its longitudinal ed-
ges are inconspicuous and very much rounded, and
the sides between the edges may be convex instead
of concave or plain, so that the tube’s cross-section
becomes almost perfectly circular, resembling the
genus Ditrupa. From around the lower/upper Cam-

panian boundary to the upper Maastrichtian, such
circular tubes co-occur with tubes of the usual Pen-
taditrupa shape in north Germany (Jager 1983). Apart
from the edges and cross-section, the circular tubes
perfectly match the morphology and structure of P.
subtorquata.

Tube microstructure. In the 21st century, SEM images
showing tiny crystals and other structural details vi-
sible in high magnification in transverse, longitudi-
nal, and surface-parallel horizontal sections became
widely used and studied. Following several earlier
studies (e.g., Sanfilippo 1996, 1998; Sanfilippo & Mol-
lica 2000), researchers, predominately Olev Vinn
and co-authors, studied a high number of recent and
fossil serpulid species and other ‘tubeworms’ and
classified these details (Vinn 2005, 2007, 2008, 2011,
2013a, b, 2020, 2021; Vinn & Kupriyanova 2011; Vinn
& Mutvei 2009; Vinn et al. 2008a, b, c). They found

'/
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Fig. 7. Microstructure of Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit, same specimen as in Fig. 4. Lon-
gitudinal section. a. Overview of broken tube wall, SEM image. al. Outer tube layer consisting of several sublayers, which are
the increments of the outer parable layer, constructed of short spherulitic prismatic crystals oriented perpendicular to the tube’s
longitudinal axis. a2. Inner tube layer showing growth lamellae with spherulitic prismatic crystals. a3. Detail of inner tube layer,
distinctly showing the curved boundary lines between increments with short spherulitic prismatic crystals, which are arranged
in a pattern resembling water fountains. The microstructure of inner and outer tube layers matches the spherulitic prismatic
structure (SPHP) type sensu Vinn et al. (2008c).
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that serpulid tubes consist of only a single layer in
many species, but two, three, or even four layers in
other species, and that according to the shape of the
tiny crystals of which these layers consist and the
orientation of these crystals as visible in transverse,
longitudinal, and horizontal sections of the tube, the
microstructures can be classified in at least 13 distin-

guishable types.

Such SEM studies constituted a conspicuous step
forward in studying tube microstructure by showing
hitherto unknown details. It is generally acknowled-
ged that studies, descriptions and comparisons of
microstructure are a strong and valuable tool — com-
bined with studies on recent worm animals, their

Fig. 8. Microstructure of Pentaditrupa nickcavei sp. nov., early Selandian, Gundstrup gravel pit, same specimen as in Fig 4. Lon-
gitudinal section. a. Overview of the interior surface of the inner tube layer. al. Detail of a showing transverse growth lamellae
consisting of short prismatic crystals. a2-a5. These growth lamellae are oriented perpendicular to the tube’s longitudinal axis,
whereas their short crystals are oriented parallel to the tube’s longitudinal axis. The microstructure matches the spherulitic

prismatic structure (SPHP) type sensu Vinn et al. (2008c).
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opercula, exterior tube morphologies and genetics
- in order to distinguish serpulid tubes from super-
ficially similar tubes of other worm-shaped orga-
nisms, and, within family Serpulidae, to distinguish
between subfamilies, tribes, genera, subgenera and,
in some cases, species, and to investigate their phylo-
genetic relationships (e.g., Kupriyanova et al. 2023).

| G i

While microstructure of many different species has
been described, figured and discussed, not much is
known yet about intraspecific or (palaeo-)geogra-
phic variability of microstructure, because usually
only few SEM images of only a single tube or very
few tubes of each species are provided, and, due to
the usually high magnification of SEM images, they

q

Fig. 9. Pentaditrupa interjuncta (Jessen & @dum, 1923), early Danian, Holtug quarry, OESM 13330. a. Overview. al. Lateral view.
a2. Posterior transverse section. a3. Anterior transverse section.
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Fig. 10. Microstructure of Pentaditrupa interjuncta (Jessen & Jdum, 1923), early Danian, Holtug quarry. a-a8. OESM 13330.
Longitudinal section. a—a2. Overviews showing the tube wall, rectangles indicate positions of detailed views in the follow-
ing subfigures. a3—a7. Details of the outer tube layer in different magnifications showing approximately parallel oriented tall
spherulitic prismatic crystals, which are oriented perpendicular to the inner growth lamellae. a6—a8. Details of the inner tube
layer at different magnifications. a7—a8. Details of the boundary region between outer and inner tube layers, which is marked
by spherulitic crystals arranged in a conspicuous pattern resembling water fountains; these crystals are oriented perpendicular
to the less conspicuous chevron-shaped increments at the transition between outer and inner parable layers. b-b5. Transverse
section, rectangles indicate positions of detailed views in the following subfigures. bl-b2, b4-b5. Details of the outer tube layer
in different magnifications. b1, b3-b4. Details of the inner tube layer at different magnifications. — The microstructure matches
the spherulitic prismatic (SPHP) type sensu Vinn et al. (2008c).
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Fig. 11. Microstructure of Pentaditrupa interjuncta (Jessen & @dum, 1923), early Danian, Holtug quarry, OESM 13330. a, al, a2.
Longitudinal section. a. Overview showing the tube wall of the anterior tube portion. Rectangles show positions of detailed
views in the following subfigures. al, a2. The interior surface of the tube showing the base of the inner layer, consisting of trans-
verse incremental lamellae constructed of short prismatic crystals oriented parallel to the tube’s longitudinal axis. b. Transverse
section, photograph taken before treating the tube with 1% acetic acid for c. 3 minutes, showing the thick outer and thin inner
tube wall layers; dashed line indicates boundary between them. bl. Detailed view of inner and outer layers, ios - inner organic
sheet is exceptionally preserved. This organic sheet is an adaptation to strengthen the mechanical properties of the tubes in
clade A (sensu Aliani et al 1995, Vinn 2011, 2013, 2021). The oblique striation in the outer layer is an artifact caused by cutting or
polishing. The microstructure matches the spherulitic prismatic (SPHP) type sensu Vinn ef al. (2008c).
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Fig. 12. Pentaditrupa subtorquata (Miinster in Goldfuss, 1831), Campanian, quarries east of Hannover. a, b, ¢, d. Early Campanian,
Holcim quarry, Hover, OESM 13331. ¢, f, g. Late Campanian, Teutonia Nord quarry, Misburg, OESM 13332. a, b, ¢, d, e, f, g. Lateral

views. al, cl, el. Frontal views to apertures. bl, d1, f1, gl. Transverse sections.
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Fig. 13. Microstructure in longitudinal sections of Pentaditrupa subtorquata, Campanian, quarries east of Hannover, northwest
Germany. a, b. Same specimen as Fig. 12b, d, early Campanian, Holcim quarry, Hover. a, b. Overviews of longitudinal sections,
showing positions of details. al, a2, bl, b2. Inner layer, consisting of regularly oriented spherulitic crystals (a2, b2) of spherulitic
prismatic (SPHP) microstructure (sensu Vinn ef al. 2008); these crystals are arranged in chevron-shaped = parable-shaped incre-
ments oriented perpendicular to the longitudinal axis of the tube. b3, b4. Outer layer with crystals of semiregular spherulitic
prismatic (SPHP) microstructure.
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document only a tiny portion of the entire tube.
Concerning the exterior aspect of serpulid tubes, it
is well-known that high morphological variabili-
ty within species, together with many homeomor-
phisms between different taxa, impedes taxonomic-
-systematic research of fossil and empty recent tubes.
As microstructure has a strong influence on exterior
aspect, it may well be assumed that microstructure
may display some intraspecific variation, too. There-
fore, at least in the present state of knowledge, we
should be careful not to over-estimate small differen-
ces between SEM images showing generally similar
microstructure.

Moreover, tiny structures are more prone to faster
crystal growth and other crystallographical and mi-
neralogical changes by re-crystallisation than larger
structures. Such changes may occur already during
lifetime, or during taphocoenosis or diagenesis, or
much later by subfossil or recent weathering. Hither-
to, only a few studies focused on re-crystallisation in
serpulid tubes in more detail;, perhaps the most re-
cent and most comprehensive study is provided by
Grenier et al. (2024). Moreover, SEM images of per-
fectly plane and polished artificial sections may look
different from those of rough and uneven ‘planes’ of
natural breakage. And, of course, not perfectly lon-
gitudinal, horizontal, or transverse sections may dis-
tort the height/width ratio in the images.

Hitherto, tubes of Pentaditrupa subtorquata from
the Campanian of Hover near Hannover, north Ge-
rmany, studied by Vinn (2005: 262-263, Pl 1, figs
3, 4, 8) seem to be the only specimens of the genus
Pentaditrupa whose microstructure was studied and
published by SEM images. In the outer tube layer,
Vinn (2005: figs 3, 4) detected a semiregular spheru-
litic prismatic structure, abbreviated SPHP in Vinn &
Kupriyanova (2011: 138-139, Tab.1), and a transverse
section of the inner layer (Vinn 2005: fig. 8) shows
a possibly secondary homogeneous structure com-
posed of calcareous granules, named fine-grained
homogeneous structure, abbreviated FH, in Vinn &
Kupriyanova (2011: 138-139, Tab. 1).

We compared Vinn's results with SEM images of
polished sections of Pentaditrupa subtorquata tubes
with tubes of P. nickcavei from the early Selandian of
Gundstrup gravel pit (Figs 7-8), P. interjuncta from
the early Danian of Holtug quarry (Figs 10-11), and
some more tubes of P. subtorquata from the same re-
gion as studied by Vinn: from the early Campanian
of Hover quarry and the late Campanian of Teutonia
Nord quarry at Misburg, both located east of Hanno-
ver in north Germany (Figs 13-14).

Our SEM images of the inner tube layer are quite
consistent across all tubes, supporting the classifica-
tion of these tubes under a single genus, Pentaditrupa.
However, slight differences between the three spe-
cies should be discussed in detail.
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The outer tube layer of Pentaditrupa nickcavei is
composed of several growth sublayers — the incre-
ments of the outer parable layer (Fig. 7al). These in-
crements run somewhat obliquely to the tube’s longi-
tudinal axis and consist of needle-shaped spherulitic
prismatic crystals (Fig. 7a2, 7a3), which are oriented
approximately, but not strictly, perpendicular to the
boundaries between increments. In all three studied
Pentaditrupa species, the crystals in the outer layer
are somewhat shorter and arranged slightly less
strictly parallel to each other than similar crystals in
the inner layer. Our study confirms the spherulitic
prismatic (SPHP) type of microstructure sensu Vinn
et al. (2008c), which belongs to the oriented prismatic
structures, where the long axis of the crystals has a
uniform orientation and is continuous through suc-
cessive growth increments (Vinn 2020). Our study
shows that the outer tube layer is more or less the
same in all examined tubes from the three different
localities of three different geological ages.

As stated above, the transverse section in Vinn
(2005, fig. 8) shows a fine-grained homogeneous
structure (FH). A similar structure is also seen in P.
interjuncta from the early Danian of Holtug quarry in
the transverse section (Fig. 10b3), but in the longitu-
dinal section of the same tube, these only seemingly
fine-grained granular crystals turn out in reality to
be long sphaerulitic crystals, which are arranged in
the shape of beautiful , water fountains” (Fig. 10a7,
10a8). Vinn (2005) did not provide a longitudinal
section of the inner tube layer of P. subtorquata from
the Campanian. Nevertheless, other P. subtorquata
tubes from the Campanian of the same quarry area
east of Hannover show the same pattern of , water
fountains” (Fig. 13al, 13b1) as in the tubes of P. nick-
cavei and P. interjuncta. In the P. interjuncta tube from
Holtug (Fig. 10a7, 10a8), the crystals are more clear-
ly visible than the boundaries between increments;
therefore, the spherulitic prismatic crystals emphasi-
ze the water fountain pattern more distinctly than in
P. nickcavei (Fig. 7a2, 7a3) and in P. subtorquata (Fig.
13al, 13b1).

We have no transverse section of the inner layer of
P. nickcavei from the early Selandian of Gundstrup
gravel pit, but in the longitudinal section (Fig. 7a2,
7a3) the beautiful ‘water fountains’ most conspicu-
ously show the narrow curvature of the chevron-sha-
ped parables (increments), whose anteriorly directed
vertices (which are visible already in the lower third
of the low magnification SEM image Fig. 8al and
even in the middle of the ordinary light photograph
Fig. 4al) mark the transition between the thick ou-
ter and the thin inner parable layer. Moreover, they
show that the long crystals are oriented more or less
(not exactly) perpendicular to the boundary lines
between the parables.

The growth increments with spherulitic prisma-
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aries between the lumen, inner and outer layers. a3, b3. Tall prismatic crystals developed between the outer and inner layer. a4,

named the outer layer, the inner layer, and the very thin innermost organic layer. al — a3, bl —b3, c1 — ¢3. Details showing bound-
b4, c4. Outer layer with semiregular spherulitic prismatic microstructure.

Fig. 14. Microstructure in transverse sections of Pentaditrupa subtor

many. a. Same specimen as Fig.
Teutonia Nord quarry, Misbur




tic (SPHP) microstructure continue in the inner pa-
rable layer. Other SEM images (Fig. 8a2-8a5) of the
longitudinally broken P. nickcavei tube show a hori-
zontal view of the undamaged or only slightly ab-
raded innermost part of the inner tube layer in the
interior surface of the tube wall. It consists of crys-
tals, which in this horizontal view appear to be very
short, and incremental lines, which are sometimes
visible as transverse striae already under a binocular
microscope or even to the naked eye. This thin in-
nermost layer can be interpreted either as a cylinder
layer or as an organic sheet. Additionally, the early
Danian tube from Holtug features an exceptionally
preserved innermost organic sheet, as described by
Vinn (2013a); see the arrow labeled “ios’ in Fig. 11b1.
This organic sheet is an adaptation to strengthen the
mechanical properties of the tubes in clade A (sensu
Aliani et al. 1995; Vinn 2011, 2013, 2021).

In summary, the tube wall of Pentaditrupa nickca-
vei has two layers, the inner and the outer, both are
spherulitic layers, classified as SPHP microstructu-
re. The general construction of microstructure, as
described above in the chapter on genus Pentaditrupa,
is the same in the three species of the present study,
and justifies assigning these three species to a single
genus. In detail, however, there are small but distin-
ct differences in microstructure between the three
species, with regard to three features, all detectable
in SEM images showing longitudinal sections of the
outer sublayer of the inner tube layer — the level (2a),
showing the water fountain pattern, and adjacent
sublayers:

(1) The boundaries between the chevron-shaped in-
crements predominate in visibility over the needle-
-shaped crystals in P. nickcavei, whereas in P. interjun-
cta the crystals predominate, and in P. subtorquata,
boundaries as well as crystals are moderately visible.
(2) Although in all three Pentaditrupa species the cry-
stals in the outer layer are shorter than the crystals in
the inner layer, there are small differences in crystal
lengths between species. In the inner tube layer, the
crystals are relatively short in P. nickcavei, but tall in
P. subtorquata. In the outer tube layer, the crystals are
tall in P. interjuncta.

(3) In P. subtoquata, the chevron-shaped bounda-
ries between growth increments as well as the wa-
ter fountain pattern appear to be wider curved than
the narrower curves in P. interjuncta and P. nickca-
vei. However, this widening may be only an artifact
due to optical stretching caused by the non-central
cutting plane in P. subtorquata.

Genus Neovermilia Day, 1961

Type species. Neovermilia capensis Day, 1961 (type by
original designation).
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Neovermilia gundstrupensis Ko¢i, Milan & Jager,
2023
Figs 15, 18h

2023 Neovermilia gundstrupensis sp. nov. — Koci, Milan
& Jager, pp. 139-146, Figs 3-7.

Additional material. 4 samples, 5 tubes altogether.

Description (short version). Tube moderately large, po-
sterior portion coiled in some tubes. The transverse
ornament consists of densely spaced annular striae.
Cross-section circular. For more details, see Kodi et
al. (2023).

Discussion. These new finds are figured (Fig. 15) to
demonstrate the variability of tube shape, and to
underline their common occurrence in the lower Se-
landian at Gundstrup pit, and their non-obligate pre-
ference of attaching their tube to sponges.

Class Gastropoda Cuvier, 1795

Subclass Caenogastropa L. R. Cox, 1960
Order Caenogastropoda incertae sedis
Superfamily Cerithioidea ]J. Fleming, 1822
Family Siliquariidae Anton, 1838

Genus Tenagodus Guettard, 1770

Type species. Serpula anguina Linnaeus, 1758 (type by
subsequent designation)

Tenagodus sp.
Figs 16,17, 18¢c

Material. Several large slab of Kerteminde Marl con-
taining several damaged and poorly preserved fos-
sils. The slabs are registred for their assiciated fauna
under numbers NHMD 1986505 & NHMD 1758095.

Description. Shell medium to large-sized. Protoconch
is missing. The early whorls form a regular and tight
characteristic spiral, whereas the curvature of the last
whorl is wider, so that the anterior portion lost direct
contact with the previous whorl and may grow so-
mewhat irregular or even partly straight. Periostra-
cum is not preserved. Surface smooth, lacking any
ornamentation. The shell wall is thin.

Discussion. The genus Tenagodus is known from the
Middle Triassic to the Recent (Wenz 1939; Davies
1971; Squires 1990). The often cited genus Siliquaria
is a junior objective synonym of Tenagodus (see Bie-
ler 1992; Bieler & Petit 2011). The specimens from
Kerteminde Marl are similar to Tenagodus terebellus



(Lamarck, 1818), which is recorded from the Oligoce- Pal anQCOIOgy
ne of the North Sea Basin, the Adour Basin, northern

Italy, and Iran (Harzhauser 2004), but are larger than Serpulids
Tenagodus cf. terebellus (Lamarck, 1818) mentioned
by Harzhauser (2004: 122) from the Late Rupelian to
Early Chattian of Abadehin Esfahan-Sirjan Basin in
Central Iran.

The genus Pentaditrupa, characterized by its penta-
gonal cross-section and its short (in Early Jurassic
representatives) or entirely absent (in Late Albian to

Fig. 15. Neovermilia gundstrupensis Ko¢i, Milan & Jager, 2023, early Selandian, Gundstrup gravel pit. a, b, c. Damaged tubes show
the variability of the tube’s shape of this species. a, MGUH 35030. b, MGUH 35031. c, MGUH 35032.
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Selandian representatives) attached posterior tube
portion, belongs to a group of phylogenetically un-
related serpulid taxa adapted to life on soft seafloor,
where larger solid substrates suitable for attachment
are rare or absent. Other soft-bottom dwelling serpu-
lid species include representatives of the following
genera and subgenera: Ditrupa Berkeley, 1835, No-

v i -
Fig. 16. a, al. Siliquarid gastropod Tenagodus sp., early Selandian, Gundstrup gravel pit, specimens appears as associated fauna
on NHMD 1986505.
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grobs de Montfort, 1808, Pyrgopolon (Pyrgopolon) de
Montfort, 1808, Pyrgopolon (Hamulus) Morton, 1834,
Rotulispira Chiplonkar and Tapaswi, 1973 (= Praerotu-
laria Lommerzheim, 1979), Tectorotularia Regenhardt,
1961, Austrorotularia Macellari, 1984, Rotularia De-
france, 1827. Seilacher et al. (2008) discussed several
representatives of this palaeoecological group in de-



Fig.17. a, al, a2. Siliquariid gastropod Tenagodus, early Selandian, Gundstrup gravel pit, specimens appears as associated fauna
on NHMD 1758095.
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Fig. 18. The associated mesofauna and flora, early Selandian, Gundstrup gravel pit. a. Pentaditrupa nickcavei sp. nov., b. Brachio-
pod Terebratulina chrysalis (von Schlotheim, 1813). c. The siliquarid gastropod Tenagodus sp. d, d1. Gastropod Aporrhais sp., frag-
ment of bird-foot-shaped aperture. e. Fragment of undetermined gastropod. f. Bivalve Lima sp. g. Gymnosperm cone. h. Serpulid
Neovermilia gundstrupensis Koci, Milan & Jager, 2023. Specimens appear as associated fauna on NHMD 1758095.
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tail.

Unlike the soft-bottom dwellers Pentaditrupa
nickcavei sp. nov. and P. subtorquata, Neovermilia
gundstrupensis Koc¢i, Milan & Jager, 2023, typically
has its coiled posterior tube portion attached to a
large sponge Ventriculites (see Koci et al. 2023, p. 141,
Fig. 4A, Al, and p. 142, Fig. 5A) or, less commonly,
to another hard substrate. This attachment suggests a
dependence on such hard substrates, at least during
the early stages of its life.

Vinn (2024) measured and discussed the distance
between adjacent incremental lines in several serpu-
lid tubes. In the inner layer of the Selandian tubes of
Pentaditrupa nickcavei from the Kerteminde Marl, we
observed up to six incremental lines per 50 um, with
larger tubes showing a tendency toward fewer incre-
mental lines within the same distance. This suggests
a greater distance between adjacent incremental lines
in larger tubes. Our observations agree with those of
Vinn (2024), who reported 5-20 growth lines per 50
pm in Cenozoic serpulids.

Di Geronimo et al. (2000) suggested that larger
serpulid tube sizes are a response to a lower sea tem-
perature. The relationship between the effect of tem-
perature during tube growth, tube size, and the asso-
ciated number of incremental lines cannot, however,
be confirmed in the Danish serpulids. The tubes of
Pentaditrupa and Neovermilia from the Kerteminde
Marl are medium in size: The tube diameter of Pen-
taditrupa nickcavei reaches up to 5.2 mm; this is so-
mewhat larger than in Late Cretaceous P. subtorquata.
Neovermilia gundstrupensis reaches up to 5 mm; this
is smaller than the maximum size of 10 mm (Jager,
1983) of Late Cretaceous Neovermilia ampullacea. The
Kerteminde Marl was deposited at a depth of 100-
150 m (King 1994, 2015; Clemmensen & Thomsen
2005), where seafloor temperatures were relatively
low despite a subtropical climate, with palaeotem-
perature estimates of 11.7-14.7°C (Buchardt 1977).
Small- and large-sized serpulid tubes have not yet
been found there. Absence of small tubes can easily
be explained by sampling bias. Collectors often focus
on specimens visible to the naked eye at outcrops, se-
lecting only the best-preserved ones. The scarcity of
large tubes may be explained by the scarcity of large
substrates. For species whose tubes are attached to
some hard substrate, e.g., Neovermilia, the size of the
substrate plays an important role. The correlation
between the size of substrates and the size of epibi-
onts has already been documented (e.g., Kocova Ve-
selska et al. 2021). A nice example of this phenome-
non can be observed in the middle Danian bryozoan
and corallian chalk of the Faxe quarry. These lime-
stones were deposited in cold waters, but serpulids
remained predominantly small in size. This size li-
mitation is certainly not related to water temperature
but rather to the small diameter of octocoral and scle-

ractinian coral branches, along with the limited size
of cryptic cavities within the dense coral thickets, to
which many tubes are attached. These cavities were
also already occupied by competing invertebrates,
further limiting the growth of the serpulid tubes.

The size of serpulid tubes may also be influenced
by nutrient richness and availability (Clemmensen &
Thomsen 2005). The abundant supply of calcium car-
bonate from reworked chalk, indicated by the high
sedimentation rate, may have contributed to the me-
dium sizes of serpulid tubes in the Kerteminde Marl.
Despite this, the bottom water was well-oxygenated,
current activity was low, plankton production was
minimal, and benthic food availability was reduced
(Clemmensen & Thomsen 2005). Similarly, the lar-
ger sizes of serpulids observed in the Maastrichtian
chalk deposits of Denmark (Koci, Milan, personal ob-
servations) can be linked to a greater supply of calci-
um carbonate. However, a thorough paleoecological
comparison of serpulids from the Kerteminde Marl
and the Maastrichtian chalk, as well as more accu-
rate interpretations, will require further intensive
sampling of the Kerteminde Marl. While serpulids
from the Gundstrup gravel pit (Kerteminde Marl)
have only recently been the focus of more intensive
collection, those from Maastrichtian chalk and Dani-
an limestones have been studied since the early 19th
century (e.g., von Hagenow 1840 for Maastrichtian
serpulids from the Isle of Riigen, Germany). This su-
ggests that collecting bias may once again be a contri-
buting factor.

Mollusks and brachiopods

The oyster Pycnodonte vesiculare initially required a
hard substrate for attachment during its early on-
togeny, but soon became free-lying, stabilized by
the increasing weight of its massive shell. The bra-
chiopod Terebratulina chrysalis (Fig. 18b, arrow) was
adapted to a soft substrate environment, similar to
the Cretaceous species Terebratulina striata (Wahlen-
berg, 1821), which anchored itself to skeletal sand on
the seafloor using a rootlet pedicle (e.g., Schreder et
al. 2018: fig. 10; Schreder & Surlyk 2024).

The gastropod Tenagodus exhibits a worm-like shell
shape and slit band, features thought to be adaptati-
ons for living among seaweeds and sponges.

Due to palaeocurrents, mollusks are often found
in small to large accumulations. Notable examples
include two slabs: one containing approximately 30
specimens of Kangilioptera gundstrupensis Schnetler
& Nielsen, 2018, and another with about 20 speci-
mens of Quadrinervus wienekei Schnetler & Nielsen,
2018. Several specimens of the bivalve Pteria thomseni
Schnetler & Nielsen, 2018 and the gastropods Metace-
rithium hauniense (Koenen, 1885) and Cerithiopsis an-
dreae Schnetler & Nielsen, 2018 have also been found
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in slabs. Occasionally, concentrations of diverse spe-
cies have been observed.

Bivalves are predominantly represented by in-
faunal species, including members of Nuculanidae,
Pholadomya  (Bucardiomya) margaritacea (Sowerby,
1821), and Cuspidariidae. Sessile bivalves, either
byssate or cementing, are less common and include
pectinids and Limaria geinitzi (von Hagenow, 1842).
Boring bivalves are represented by Teredinidae,
?Lithophaga Roéding, 1798, and ?Netastoma Carpenter,
1864. The dentalids were endobenthic.

The gastropod fauna includes only a few herbivo-
rous species. All specimens of the gastropod Scurria
rieae Schnetler & Nielsen, 2018 have been found in
association with fossilized wood, probably sunken
driftwood, indicating transport. Most gastropod spe-
cies were carnivorous.

The presence of pelagic cephalopods suggests open
marine conditions, with a soft seabed at an estimated
depth of 100-150 metres in a nutrient-rich envi-
ronment.

General palaeoecology

Clemmensen & Thomsen (2005, Fig. 11) described
the palaeoenvironment in the Storebeelt area as fully
marine, with moderately good oceanic connections,
a water depth of 100-150 m, and a very high sedi-
mentation rate due to a significant input of reworked
chalk. The bottom waters were well-ventilated, with
low current activity. The planktonic production was
low, resulting in a reduced benthic food supply. A
rich and diverse non-mollusks fauna was also doc-
umented, including foraminifera, sponges, antho-
zoans, annelids (serpulids), decapod crustaceans,
cirripedes (excluding barnacles), bryozoans, brachio-
pods, asteroids, ophiuroids, crinoids, echinids, che-
lonids, ganoids (skeletal parts, otoliths and scales in
burrows), sharks (teeth) and birds (breastbone). This
fauna supports the palaeoecological interpretation
provided.

Schnetler and Nielsen (2018) confirmed that the
mollusk fauna inhabited this environment at an es-
timated palaeodepth of 100-150 metres, and presu-
med a subtropical climate. The palaeoenvironment
is linked to the transgression of the Selandian Sea,
which included the erosion of underlying Danian
sediments. Initially, a near-shore environment cha-
racterized the early Selandian, followed by a gradu-
al increase in water depth, leading to the deposition
of fine-grained Kerteminde Marl and, subsequently,
the clay of the ZAbels Formation.
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Conclusions

The serpulid tubeworm Pentaditrupa nickcavei sp. nov. from
the Selandian (middle Paleocene) Kerteminde Marl at the
Gundstrup gravel pit on Fyn, Denmark, represents the geo-
logically youngest known species of the genus Pentaditrupa
Regenhardt, 1961.

The species name Pentaditrupa interjuncta (Jessen &
@dum, 1923), after being considered a junior syno-
nym of P. subtorquata for several decades, is ‘revived’
for Danian representatives of the genus Pentaditrupa
from Denmark. In exterior view, the tubes of both
species are usually indistinguishable, but there are
small but distinct differences in microstructure.

Pentaditrupa nickcavei sp. nov. differs from the clo-
sely related Late Cretaceous to Danian P. subtorquata
(Miinster in Goldfuss, 1831) by reaching a larger tube
diameter, possessing sharper longitudinal edges or
low keels, and specific microstructural features.

The palaeoecology of the serpulids Pentaditrupa
nickcavei sp. nov., Neovermilia gundstrupensis Kodi,
Milan & Jager, 2023, and associated fauna is discus-
sed.

Additionally, the siliquarid gastropod Tenagodus is
reported for the first time from the Kerteminde Marl.
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