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The serpulid palaeocommunity of the Late Oligocene Brejning Formation in 
Jylland (Jutland) is described and discussed based on specimens collected at Vil-
sund, Mogenstrup, Hinge, Aarhus, and Nørre Vissing localities. The serpulid spe-
cies are: Protula cf. septaria (Giebel, 1858), Filogranula mogenstrupensis sp. nov., Pla-
costegus vilsundensis sp. nov., Placostegus cf. erectus (Nielsen, 1931), and Placostegus 
cf. bilobatus (von Koenen, 1891). The semi-ordered irregularly oriented prismatic 
microstructure (SOIOP) of the tube wall of Protula cf. septaria (Giebel, 1858) is 
examined and discussed for the first time. These serpulids lived in a calm, normal 
marine palaeoenvironment below storm wave base. Furthermore, the first known 
vermetid gastropod from the Late Oligocene of Jylland, Vermetus jyllandensis sp. 
nov., is introduced, and its shell microstructure is discussed.
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Serpulidae Rafinesque, 1815, a species-rich family of 
the order Sabellida Levinsen, 1883, are tube-dwelling 
polychaetes living in a self-built calcareous tube for 
their entire life (Bianchi 1981; ten Hove & Kupriya-
nova 2009; Kupriyanova et al. 2020, 2023; Capa et al. 
2021). They inhibit all marine environments, from 
nearshore shallow water down to the bathyal and ha-
dal zones (Zibrowius 1968; Sanfilippo 1998; ten Hove 
& Kupriyanova 2009; Kupriyanova et al. 2011, 2014). 
A few species, e.g., Ficopomatus enigmaticus (Fauvel, 
1923), occur in marginal marine hypo- or hypersaline 
waters or in waters of unstable salinity or temperatu-
re. Only a single species, Marifugia cavatica Absolon 

& Hrabě, 1930, lives in freshwater habitats within 
carst caves in Slovenia and Croatia (Bosák et al. 2004; 
Kupriyanova et al. 2009; ten Hove & Kupriyanova 
2009; Lukić et al. 2023). Serpulids have existed since 
the Permian (Sanfilippo et al. 2017b, 2018; Ramsdale 
2021; Słowiński et al. 2024a).
	 Serpulid tubes consist of calcite, aragonite or a 
combination of both minerals (Vinn et al. 2008; Ippo-
litov et al. 2014; Kupriyanova et al. 2020; Vinn 2020, 
2021). In the vast majority of serpulid species, the 
tube, or at least its posterior tube portion, is attached 
to various kinds of hard substrates, such as rock, a 
pebble, a shell or other hard part of a dead or living 

https://zoobank.org/urn:lsid:zoobank.org:pub:EF03078D-9B24-4ADA-A500-0C55BD3FA6DC



marine organism; such serpulids belong to the eco-
logical group of sclerobionts (Schmidt 1955b; Taylor 
& Wilson 2002, 2023; Jäger 2005; Vinn et al. 2023). 
Mass-occurrence of attached serpulids may result in 
serpulid reefs, bioconstructions and pseudocolonies 
(ten Hove 1979; Schuhmacher & Zibrowius 1985; ten 
Hove & van den Hurk 1993; Bianchi & Morri 1996, 
2000, 2001; Antonioli et al. 2001; Sanfilippo et al. 
2015, 2017a; Rosso et al. 2015, 2020; Guido et al. 2017; 
Georgieva et al. 2019). The tubes can also be attached 
to soft and/or slightly flexible substrates, such as 
large algae or sponges (Catra et al. 2019; Rossbach et 
al. 2021).
	 Only a few serpulid taxa are free-living, such as the 
genus Ditrupa Berkeley, 1835 (Cosentino & Giacobbe 
2006; Morton & Salvador 2009; Hartley 2014), a few 
species of the genus Nogrobs de Montfort, 1808 (Jäger 
2005), the genus Spirodiscus Fauvel, 1909 (Kupriya-
nova & Ippolitov 2015; Kupriyanova & Flaxmann 
2023), and the species Serpula crenata Ehlers, 1908. 
However, the very first tube portion of recent Ditrupa 
arietina (O. F. Müller, 1776) is „organic, transparent 
and anchored by a mucous thread (3–4 times longer 
than the tube length) to numerous (i.e. more than 
30) sediment grains” (Charles et al. 2003), before for-
ming a free calcareous tube, and it remains unknown 
whether other species known only from unattached 
tubes exhibited the same behaviour. In several other 
free-living serpulid taxa, tube calcification starts so-
mewhat earlier in ontogeny, before detachment of 
the anterior, animal-bearing tube portion. Therefore, 
under favourable conditions, small fragments of the 
attached tube portion remain preserved at the pos-
terior end of the large anterior tube, for example, in 
some Eocene tubes of the genus Rotularia Defrance, 
1827 or, very rarely, in Maastrichtian tubes of No-
grobs (Tetraditrupa) canteriata (von Hagenow, 1840).
	 Although Cenozoic serpulids have been reported 
from many parts of the world, detailed publications 
dealing with Oligocene serpulids are less common 
than those dealing with Eocene or Miocene serpulids. 
This may partly reflect the relatively short duration 
of the Oligocene in absolute geological time, though 
climate and sediment types also played a consider-
able role, as discussed in more detail below.
	 Spirally coiled serpulid tubes such as those occur-
ring, for example, in the genera Protula Risso, 1826, 
Serpula Linnaeus, 1758 and Rotularia Defrance, 1827, 
have frequently been confused with shells of ver-
metid gastropods, e.g., by von Koenen (1891), and 
vice versa. In principle, clear diagnostic features al-
low for reliable distinguishing between serpulid 
tubes and vermetid shells (e.g., Schmidt 1951, 1955b; 
ten Hove & van den Hurk 1993). Despite all these di-
stinguishing features, in practice, such determination 
may remain difficult in poorly preserved fossil mate-
rial, in spite of the comprehensive and scientifically 

valuable monograph by Bieler & Petit (2011), which, 
however, still leaves some open questions.

Geological setting
The Danish land area is situated in the eastern part of 
the Cenozoic North Sea Basin (e.g., Knox et al. 2010). 
Oligocene sediments from Denmark crop out in cliffs 
and claypits in rather limited areas of Jutland (Fig. 
1), but it can be assumed that they originally had 
a much wider distribution to the east, where they 
have been removed as a result of Late Oligocene and 
Quaternary erosion. To the west, the Oligocene sedi-
ments are covered by younger deposits and continue 
under the North Sea. Recent stratigraphic overviews 
of the Oligocene in Denmark are given in Ulleberg 
(1987), Rasmussen & Dybkjær (2005), Rasmussen et 
al. (2010) and Śliwińska et al. (2012, 2014).
	 In the Limfjorden area, Oligocene sediments have 
been found at several localities (Figs 1, 2). Ravn 
(1907) recognized the Branden Clay, which he con-
sidered to be middle Oligocene, at Branden, Lamb-
jerg and Gjærup. The clay at the localities Norden-
toft, Silstrup, Agger in Thy and Sundby on Mors 
was considered to be Upper Oligocene. The Branden 
Clay is now referred to the lower Upper Oligocene 
(Schnetler & Palm 2008; Śliwińska et al. 2012), and 
Agger (Lodbjerg) to the Lower Miocene (Rasmussen 
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Fig. 1. Map of the pre-Quaternary subsurface in Denmark. 
The red asterisks indicate five Late Oligocene localities: 
Vi: Vilsund, Mo: Mogenstrup, H: Hinge, Aa: Aarhus, NV: 
Nørre Vissing.



et al. 2010). The non-glauconitic Skive Clay occurs at 
Hesselbjerg near Skive and is considered to be a fa-
cies of the Branden Clay (Heilmann-Clausen 2006; 
Śliwińska et al. 2012).
	 Ravn (1909) described the claypit of Vilsund Brick-
works on the island of Mors, where two different 
sedimentary facies were exposed: black micaceous 
clay with numerous spherical calcitic concretions 
that contain crab fossils, and greenish glauconitic 
clay with sideritic concretions. Based on the mol-
luscs, Ravn (1909) considered both facies to be of 
Late Oligocene age. Schnetler & Beyer (1990) stud-
ied the coastal cliff at Mogenstrup, north of Skive, 
and recorded 197 mollusc species in the same green-
ish glauconitic clay with sideritic concretions. They 
assigned this clay to the Brejning Clay Member of 
the Vejle Fjord Formation (now the Brejning For-
mation) of Late Oligocene (Chattian B) age, based 
on molluscs and foraminifer zonation (pers. comm. 
Ulleberg 1987). Schnetler & Palm (2008) assigned 
greenish glauconitic clay in the claypit of the former 
Vilsund Brickworks to the Branden Clay. The green-
ish glauconitic clay at Mogenstrup is either Unit X 
or the lowermost Brejning Formation (Fig. 2), and 
the glauconitic clay in the former claypit of Vilsund 
Brickworks is probably of the same age.
	 At Nørre Vissing, the Brejning Formation over-
lays the Søvind Marl Formation (Schnetler & Beyer 
1987). At Aarhus (Harder 1913) and at Hinge (unpub-
lished), the Brejning Formation overlays the Lower 
Oligocene Viborg Formation.

Vilsund
The locality is a low coastal cliff on the western coast 
of Mors. The cliff exposes outcrops of the Viborg For-
mation, the Branden Clay and the Brejning Forma-
tion. Fish otoliths have been collected from a part of 
the low coastal cliff at locality 4 of the section studied 
and described by Schnetler et al. (2024). The pectinids 
Palliolum venosum (Speyer, 1864) and Hilberia bifida 
(Münster, 1835 in Goldfuss, 1826–1844) suggest an 
assignment to the Chattian A, whereas the dinocysts 
indicate zone DO7b and an assignment to either Unit 
X (Śliwińska 2012) or the Brejning Formation.

Mogenstrup
The fossils were collected from a coastal cliff, more 
than 1.5 km long, situated north of Skive. The 
Brejning Formation is exposed there, but the chances 
of finding fossils vary considerably, because land-
slides may completely cover the fossil-bearing lay-
ers. In the northern part of the outcrop, there are 
crab nodules in a type of clay very similar to the clay 
from Lyby Strand, whereas gastropods, bivalves and 
scaphopods can be found in both parts of the cliff. 
The rich mollusc fauna was described by Schnetler & 
Beyer (1990). In addition to molluscs, fossils of other 

animal groups have been found, e.g., brachiopods, 
shark teeth, serpulids, corals, bryozoans, marginal 
plates of starfish, and otoliths of bony fish. The fossils 
described in the present article come from a rarely 
exposed glauconitic clay, which is a centimeter-thick 
layer associated with three horizons of siderite.

Hinge (near Randers)
The large claypit near Hinge exposes Eocene and 
Oligocene strata, and until 2025, the Brejning Forma-
tion had not been recognized. Large samples of this 
formation have resulted in much material, especial-
ly molluscs, but also otoliths have been found. The 
limited material of fragments of Palliolum hausmanni 
(Goldfuss, 1835 in 1826–1844) suggests a Chattian B 
age. A description of the locality was given by Larsen 
& Kronborg (1994).
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Fig. 2. Stratigraphical column of the Upper Oligocene 
deposits in NW Jylland. The stratigraphical positions of 
the five localities are indicated. Vilsund 1–3 are coastal 
outcrops, Vilsund 4 corresponds to the former Vilsund 
Brickworks. Modified and simplified after Schnetler et al. 
(2024).



Aarhus
The outcrop for the railway west of Aarhus is the 
classical locality of the Danish Oligocene. Material 
has been collected since 1860, and Harder (1913) 
published his results in a fundamental study. The 
pectinids Palliolum hausmanni and Palliolum limatum 
ambignum (H.-J. Anderson, 1958) suggest a Chattian 
B age. A single fragment of Hilberia bifida was found 
in the Harder collection by Kai Ingemann Schnetler 
(KIS). The presence of the pteropod Ireneia tenuist-
riata (Semper, 1861) suggests pteropod zone 16b, 
equivalent to upper Chattian A.

Nørre Vissing
The locality is a former claypit north of the village 
of Nørre Vissing. The clay was excavated until 1989 
by the now-demolished Galten Brickworks. Now the 
claypit is totally overgrown. The Søvind Marl at the 
base is separated from the overlying Brejning For-
mation by an unconformity. The lower part of the 
Brejning Formation consists of greenish glauconitic 
clay with many fossils and phosphorites. The pec-
tinids are represented by Palliolum hausmanni (most 
common), Palliolum venosum, Parvamussium pygmae-
um (Münster, 1835 in Goldfuss, 1826–1844) and Pseu-
doentolium corneum (J. Sowerby, 1818 in 1818–1822). 
Palliolum hausmanni indicates the Chattian age. The 
specimen of Aporrhais bicarinata Koch & Boll in Koch, 
1861, encrusted by the serpulid Protula cf. septaria 
(Giebel, 1858) (Fig. 5A), was found in situ c. 1.5 me-
ters above the Søvind Marl. The locality and its mol-
luscan fauna were described by Schnetler & Beyer 
(1987).

Material and methods
Vilsund
The vermetid Vermetus jyllandensis sp. nov. and parts 
of the material of the serpulid genera Protula, Filo-
granula and Placostegus (Table 1) were collected in 
2022–2023 from the Vilsund 2 outcrop. The main part 
of the collected material was obtained by washing 
and sieving of 900 kg of glauconitic clay from Unit 
X using 2.0 mm and 0.5 mm meshes, and the residue 
was sorted out under a binocular microscope (10 x 
magnification).

Mogenstrup
Other parts of the material of the serpulid genera 
Protula, Filogranula and Placostegus (Table 1) were co-
llected in 1987 and 1988 from the Mogenstrup cliff. 
The main part of the collected material was obtained 
by washing and sieving of several hundred kilo-
grams of the aforementioned glauconitic clay using a 
0.5 mm mesh, and the residue was sorted out under 
a binocular microscope (10 x magnification).

Hinge
In the claypit containing sediments ranging from Eo-
cene to Oligocene, a profile with the Late Oligocene 
Brejning Formation was found in the spring of 2025. 
Since then, hundreds of kilograms have been washed 
and sieved by Kent Albin Nielsen (KAN), but only 
three serpulid tubes of Placostegus cf. septaria were 
found (Table 1).

Aarhus
Harder (1913) studied material collected by him in 
1906, as well as material collected in 1860 by Kris-
tian Erslev. His fundamental study of the Danish 
Oligocene gave no information on the processing of 
the material, so we may assume that his material was 
collected by hand picking.

Nørre Vissing
Fossils were collected between 1978 and 1990. Larger 
fossils were collected by hand picking, but several 
hundred kilograms of clay from the Brejning For-
mation were processed to collect small fossils. The 
specimen of Aporrhais bicoronata encrusted by the ser-
pulid (Fig. 5A) was found in situ, c. 1.5 m above the 
Søvind Marl.

Material was photographed under a light binocu-
lar microscope Olympus SZX12. SEM images were 
taken using a Scanning Electron Microscope Hitachi 
S-3700 N. All figures of tubes were prepared using 
CorelDRAW 2018, and a few of them were improved 
using Adobe Photoshop CS6. The tube fragments of 
Protula cf. septaria shown in Figs 8–11 were cut, po-
lished by means of 320, 400, 600, 800,1000, 1500, 2000 
carborundum, plus Microlite, and treated with 1% 
acetic acid for c. 3 minutes.

All holotypes and paratypes figured in the present 
article are kept in the collection of the Museum Mors, 
The Fossil and Mo-clay Museum (FMM).

Systematic palaeontology
Phylum Mollusca J. Jonstonus, 1650 (pre-
Linnaean)

Class Gastropoda Cuvier, 1795

Subclass Caenogastropoda L.R. Cox, 1960

Order Littorinimorpha A.N. Golikov & Sta-
robogatov, 1975

Superfamily Vermetoidea Rafinesque, 1815

Family Vermetidae Rafinesque, 1815
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Genus Vermetus Daudin, 1800
Type species: Vermetus adansonii Daudin, 1800 (based on 
“Le Vermet” of Adanson, 1757: 160; see Keen 1961: 186–
188). Early authors incorrectly listed Serpula lumbricalis 
as type species (Bieler & Petit 2011).

Diagnosis. „Mainly solitary or in small clusters, coiling 
usually irregular; columellar wall smooth, without lami-
nae; nuclear whorls two, globose to elongate; operculum 
thin, spiral, one-half or less the diameter of the apertu-
re.“ (Keen 1961). For ‘The Vermetid Shell‘ in general, the 
same author states: „The shell is three-layered, with an 
inner layer that is glossy and porcellanous...“

Vermetus jyllandensis sp. nov.
Figs 3, 4

Derivation of name. Jylland (Jutland), the mainland of 
Denmark (excluding the islands).

Zoobank LSID.
https://zoobank.org/urn:lsid:zoobank.org:act:A6E731BB-152C-4DAD-
8C5C-2A32D621F604

Holotype. Fig. 3A, 4, Museum Mors, The Fossil and Mo-
clay Museum, FMM 14951a.

Paratype. Fig. 3B, Museum Mors, The Fossil and Mo-clay 
Museum, FMM 14951b.

Type locality. Vilsund, Jylland, Denmark.

Type horizon. Brejning Formation, Late Oligocene.

Material. From Vilsund, 2 specimens (holotype 
and paratype), collected by Henrik Madsen, Mu-
seum Mors, FMM 14591a, b.

Fig. 3. Vermetus jyllandensis sp. nov., more or less dam-
aged spiral tubes, showing the conspicuous densely 
spaced striation not only on the exterior surface, but 
also on the interior surface, Late Oligocene, Vilsund, 
collected by HM. A, A1: Holotype, no. 14951a. B: Pa-
ratype, no. 14951b. A, B: Upper sides. A1: Underside, 
showing imperforate septa.
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Table 1. List of the examined vermetid and serpulid species from the Late Oligocene Brejning Formation in Jylland (Jutland)

FMM: Museum Mors, The Fossil and Mo-clay Museum; HM: Henrik Madsen; specimens collected by HM are kept in Museum Mors,
The Fossil and Mo-clay Museum; KAN: Kent Albin Nielsen; KIS: Kai Ingemann Schnetler.

Species Inventory Locality Numbers Figures Collector
 number
Vermetus jyllandensis sp. nov. Holotype FMM 14951a Vilsund 2 shells Figs 3A-B, 4A HM
 Paratype FMM 14951b
Protula cf. septaria (Giebel, 1858) FMM 14949 Vilsund 7 tubes, 3 steinkerns Fig. 6A-G HM
   with tube fragments
Protula cf. septaria (Giebel, 1858) KIS 1987.363 Mogenstrup 1 spiral tube  Fig. 5B KIS
Protula cf. septaria (Giebel, 1858) KIS 1987.363 Mogenstrup 8 tubes, 1 steinkern with not figured KIS
   tube fragments, 3 fragments
Protula cf. septaria (Giebel, 1858) KIS 1988.589 Mogenstrup 7 tubes Figs 7A-G, 8A-C, KIS
    9A-B, 10A-B, 11A-B
Protula cf. septaria (Giebel, 1858) KIS 1988.589 Mogenstrup 5 tubes, 1 fragment not figured KIS
Protula cf. septaria (Giebel, 1858) KIS 1988.325, 15L Mogenstrup 2 tubes not figured KIS
Protula cf. septaria (Giebel, 1858) KIS 1988.317 Mogenstrup 4 tubes, 2 steinkerns with not figured KIS
   tube fragments
Protula cf. septaria (Giebel, 1858) KAN 2025 Hinge 3 tubes not figured KAN
Protula cf. septaria (Giebel, 1858) KIS 1985 Nørre Vissing 2 tubes attached to an Aporrhais   Fig. 5A KIS
   bicarinata Koch & Boll in Koch, 1861
Filogranula mogenstrupensis sp. nov. Paratype FMM 14952 Vilsund 1 tube  Fig. 12E HM
Filogranula mogenstrupensis sp. nov. Holotype FMM 14977;  Mogenstrup 4 tubes (holotype, 3 paratypes) Fig. 12A-D KIS
 Paratypes FMM 14978, 
 14979, 14980
Filogranula mogenstrupensis sp. nov. KIS 1987.363 Mogenstrup 1 tube  not figured KIS
Placostegus vilsundensis sp. nov. Holotype FMM 14950 Vilsund 1 tube attached to  Fig. 13A HM
   a brachiopod valve
Placostegus vilsundensis sp. nov. Paratype FMM 14954 Vilsund 1 tube Fig. 13C HM
Placostegus cf. erectus (Nielsen, 1931) FMM 14953 Vilsund 1 tube Fig. 13B HM
Placostegus cf. bilobatus (von Koenen, 1891) KIS 1988.317 Mogenstrup 1 tube Fig. 14A KIS
Placostegus cf. bilobatus (von Koenen, 1891) KIS 1988.325 Mogenstrup 1 tube attached to echinoid spine Fig. 14B KIS



Diagnosis. Shell forms a spiral measuring c. 5–10 mm 
in total diameter, consisting of five whorls reaching 
up to c. 2 mm. The entire exterior surface is covered 
by small but distinct, very densely and regularly spa-
ced transverse striae.

Description. Shell tubular in shape, from 1 mm (first 
whorls) up to 3 mm (outer whorl) in outer diame-
ter. Shell spirally coiled, with an external diameter 
over 10 mm. The inner 3¾ whorls are planispiral, the 
outer 1¼ whorls partly cover the previous whorls, 
forming a wide umbilicus. Shell wall approximately 
100–150 micron thick. Broken open shells show that 
small but distinct, very densely and regularly spaced 
transverse striae, which are very similar to the striae 
on the exterior surface but slightly higher, also cover 
the interior surface, together with similar marginal 
rests of numerous damaged hemispherical septa.

Discussion. Due to their tubular shape, fossil shells of 
some vermetid gastropods and serpulid polychaetes 
are quite similar, causing confusion already to von 

Koenen (1891) and many others, including the pre-
sent authors. It was not until Bieler & Petit (2011) that 
many but not all species were more safely assigned 
to either vermetids or serpulids.
	 At localities where aragonitic fossils are dissol-
ved and only their external or internal casts are pre-
served, gastropod shells (including vermetids) are 
also dissolved, whereas the tubes of many though 
not all serpulid species are composed entirely or 
partly of calcite and are therefore more likely to be 
well preserved. As a result, they are easily distingu-
ishable from vermetid remains simply by different 
kinds of preservation. However, in sediments with 
well-preserved gastropod shells, such as those yiel-
ding the fossils studied here, this simple differentia-
tion is not applicable.
	 Fortunately, undamaged shells of many vermetid 
specimens can be distinguished from serpulid tubes 
by a characteristic reticulate ornamentation compo-
sed of numerous thin and only slightly elevated lon-
gitudinal and transverse striae. In contrast, the tubes 
of most serpulid species have less than 10 elements 

Fig. 4. Vermetus jyllandensis sp. nov., 
SEM images. The tube-wall consists of 
tall prismatic aragonite crystals. Same 
specimen as shown in Fig. 3A–A1. A: 
Overview indicating positions of subfi-
gures A1–A5. Details showing vertical 
orientation of crystals characteristic for 
the outer layer and, in some species, 
also for the inner layer of vermetid gas-
tropods, as well as fan-shaped arran-
gement of crystals formed later during 
diagenesis. In the lower parts of A3 and 
A5 and in the upper part of A4, oblique-
ly oriented marginal remains of heimi
spherical internal septa are visible.
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of longitudinal ornamentations, or, if there are more, 
they are usually not combined with similar densely 
spaced transverse striae. By their reticulate ornamen-
tation, many of the Miocene and younger vermetid 
shells can be distinguished from serpulid tubes ea-
sily at first sight. However, Vermetus jyllandensis sp. 
nov. shows only a densely spaced transverse stria-
tion, but neither longitudinal striae nor a reticulate 
ornamentation. Thus, it is not clearly distinguishable 
from the very similarly ornamented coiled posterior 
tube portion of Protula cf. septaria (Fig. 5B), based on 
the exterior surface alone.
	 Other distinguishing features are internal and can 
be recognized only in sections, thin sections, or da-
maged specimens. Vermetid shells start with a po-
steriorly closed, more or less spherical protoconch, 
whereas the posterior end of serpulid tubes is open 
and not swollen. Unfortunately, in the studied shells 
of Vermetus jyllandensis sp. nov., the protoconch is not 
preserved.

	 Moreover, the lumen of vermetid shells is subdivi-
ded by several or numerous hemispherical imperfo-
rate septa, for example, in Thylocodes devriesi Sanfilip-
po et al., 2021 (see their fig. 4F–I). In contrast, in only 
a few serpulid taxa, especially in the subgenus Py-
rgopolon (Septenaria) Regenhardt, 1961, more or less 
plain, somewhat obliquely oriented, perforate septa 
may occur. In Vermetus jyllandensis sp. nov., hemis-
pheric septa are developed but badly damaged in the 
studied specimens. Remains of the marginal parts of 
damaged septa are not clearly visible in Fig. 3A1, but 
are obvious in the SEM images Fig. 4A3–4A5.
	 Apart from the septa, vermetid shells, just like the 
shells of other gastropods, usually have an aragonitic 
inner shell layer, which results in a smooth, nacreous, 
sometimes shiny interior surface, whereas the interi-
or surface of serpulid tubes is also smooth, but more 
or less dull, not shiny. However, in fossil specimens, 
this distinguishing feature is not always reliable due 
to diagenetic alteration or weathering. Unexpectedly, 
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Fig. 5. Protula cf. septaria (Giebel, 1858), 
Late Oligocene, collected by KIS. A, A1, 
A2: An incomplete tube and a badly 
damaged fragment attached parallel to 
each other to a gastropod Aporrhais bica-
rinata Koch & Boll in Koch, 1861, Nørre 
Vissing, no. 1985. A: Overview. A1, A2: 
Slightly oblique detailed views to the 
upper side, A1 showing the serpulid tu-
be‘s posterior cross-section, A2 showing 
its anterior end. B: A sinistrally coiled 
posterior tube portion presumably be-
longing to Protula cf. septaria, due to its 
smooth interior surface, Mogenstrup, no. 
1987: 363; unfortunately, this specimen 
was lost.



the interior shell surface of Vermetus jyllandensis sp. 
nov. and the above mentioned Thylocodes devriesi (see 
Sanfilippo et al. 2021, Fig. 4F–I) show densely spaced 
transverse striae, presumably due to the absence of 
the endostracum, the layer that dissolves first and 
most easily with fossilization, whereas the interior 
surface of the coiled posterior tube portion of Protula 
cf. septaria (Fig. 5B) is smooth. It is a paradoxical si-
tuation, as this combination of characters is contrary 
to the common diagnostic criteria for vermetids and 
serpulids.
	 Vermetid shells and serpulid tubes show different 
microstructures (Schmidt 1951, 1955b; Keen 1961; 
Morton 1965; Burchette & Riding 1977; Barash & Zen-
ziper 1985; ten Hove & van den Hurk 1993; Savazzi 
1996; Vescogni et al. 2008). Vermetids have a typical 
molluscan shell structure, consisting of one layer or 
several layers (Fig. 4A1, A3), with a strictly vertica-
lly oriented microstructure of the outer shell layer, 
in contrast to the obliquely horizontal microstructu-
re caused by the growth increments in serpulid tu-
bes. Vermetids, at least when well preserved, show 
an aragonitic nacreous inner shell layer. – SEM im-
ages of Vermetus jyllandensis sp. nov. (Fig. 4A1–4A5) 

show well-developed layers composed of long cry-
stals oriented more or less vertically relative to the 
shell‘s longitudinal axis. These layers are indicative 
of vermetid gastropods (Schmidt 1951, 1955b), even 
though some of the original vertical crystals were 
elongated and arranged in a fan-shaped pattern du-
ring diagenesis. Conversely, serpulid tubes of Protu-
la show smaller crystals arranged in the criss-cross 
pattern of the SOIOP or IOP microstructures (Vinn et 
al. 2008; Vinn & Kupriyanova 2011; Vinn 2013, 2020, 
2021); see below.
	 In summary, Vermetus jyllandensis sp. nov., despite 
the distinct transverse striation of its interior surface 
(presumably due to the absence of the endostracum), 
is considered a vermetid, not a serpulid, due to the 
fragments of hemispherical septa and the vertically 
oriented crystals seen in sections, even though some 
of these crystals are diagenetic in origin.

Phylum Annelida Lamarck, 1802

Class Polychaeta Grube, 1850

Subclass Sedentaria Lamarck, 1818
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Fig. 6. Protula cf. septaria (Giebel, 1858), Late Oligocene, Vil-
sund, collected by HM, no. 14949. A–C, C1, C2, D–G: La-
teral views. A1, B1, C3, D1–G1: Cross-sections. Note the 
smooth interior surface, which is in contrast to Vermetus 
jyllandensis sp. nov.

Fig. 7. Protula cf. septaria (Giebel, 1858), Late Oligocene, Mo-
genstrup, collected by KIS, no. KIS 1988.589. A–G: Late-
ral views. A1–G1: Cross-sections. A1, C1, E1, F show the 
smooth interior surface.



Infraclass Canalipalpata Rouse & Fauchald, 
1997

Order Sabellida Levinsen, 1883

Family Serpulidae Rafinesque, 1815

Subfamily Filograninae Rioja, 1923

Genus Protula Risso, 1826
Type species: Serpula tubularia Montagu, 1803.

Diagnosis. Tube medium-sized to very large, white, 
opaque, consisting of an irregularly curved or coiled 
attached posterior portion and a long straight or sli-
ghtly curved free anterior tube portion. Cross-section 
circular. No well-developed longitudinal keels, apart 
from occasional fine striae. Peristomes unconspicuo-
us or lacking, not flaring. No operculum.

Protula cf. septaria (Giebel, 1858)
Figs 5A–B, 6A–G, 7A–G, 8A–C, 9A–B, 10A–B, 11A–B

Synonymy list of Protula septaria sensu stricto, except 
for Protula cf. septaria in Madsen & Schnetler (2023).

non 1855 Serpula? crassa Bell. – Bellardi, p. 5.
1858 Serpula septaria – Giebel, p. 445.
1861 Serpula septaria Gieb. – Giebel, p. 46.
1864 Serpula septaria Giebel. – Bosquet, p. 796.
1864 Serpula septaria – Giebel, p. 268 (fide Albrecht & 
Valk 1943).
1868 Serpula septaria, Gieb. – Bosquet in Dewalque, 
p. 416.
1881 Serpula septaria Giebel. – Bosquet in Mourlon, 
p. 202.
1891 Vermetus crassus v. Koenen. – von Koenen, pp. 
728, 742–743, pl. 51, fig. 11a–b.
1891 Vermetus crinitus v. Koenen. – von Koenen, p. 
734, pl. 52, fig. 10a–c.
1899 Protula oligocenica n. mut. – Rovereto, p. 85.
1904 Protula septaria Giebel – Rovereto, p. 47, pl. 2, 
figs 4a–c, 5.
1905 Protula septaria Giebel – Fabiani, p. 1828.
1908 Protula septaria Giebel – Fabiani, p. 60.
1913 Vermetus crassus v. Koenen. – Harder, p. 72, pl. 
5, fig. 25.
?1914 Vermetus crassus v. K. – Gripp, p. 13.
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Fig. 8. Protula cf. septaria (Giebel, 1858), 
Late Oligocene, Mogenstrup, collec-
ted by KIS, no. KIS 1988.589, polished 
sections. A, A1: Same specimen as Fig. 
7E. B, B1: Same specimen as Fig. 7F. C, 
C1: Same specimen as Fig. 7G. A, B: Ob-
lique longitudinal sections. C: Horizon-
tal section. A1, B1, C1: Transverse sec-
tions. The tube wall consists of a single 
layer composed of numerous distinct 
increments (sublayers). The longitudi-
nal sections are comparable with recent 
Protula sp. from Sanremo, Italy (Mala-
roda 1987, Fig. 14). The transverse sec-
tions are comparable with Protula isseli 
Rovereto, 1899 from the Pliocene of Ca-
ndelo, Italy (Malaroda 1987, Fig. 15).



1925 Protula septaria Giebel – Vincent, p. 23.
1943 Serpula septaria Giebel – Albrecht & Valk, p. 14, 
pl. 26, fig. 1000.
1950 Protula septaria Giebel – Malaroda, p. 160, pl. 3, 
figs 1–4.
1952 Vermetus cf. crassus – Görges, p. 68.
1975 Serpula septaria Giebel, 1864 [sic!] – van den 
Bosch, Cadée & Janssen, pp. 58, 66, 68, 69, 70, fig. 22.
pars 1984 Protula extensa (Brander [sic!], 1766) – Lie-
nau, p. 85, pl. 10, Fig. 11; non p. 40, pl. 2, fig. 10.
1987 Protula septaria (Giebel, 1858) – Malaroda, p. 
14–18, figs 4–13.
? 2009 ?Lemintina sp. – Welle, pp. 115–116, pl. 5, fig. 8.
2011 Protula sp. – Müller, pp. 14–15, 44–46, fig. 17, pl. 
3, fig. 15a–c.
2023 Elongated round worm tube – Madsen & 
Schnetler, p. 108, left figure.

Material. From Vilsund, 7 tubes (Fig. 6A–G), and 3 

fragments on steinkerns (not figured), collected by 
HM, no. 14949.
	 From Mogenstrup, all collected by KIS, 1 spiral 
tube (Fig. 5B), no. KIS 1987.363; 8 tubes, 1 fragment 
on steinkern, 3 fragments (not figured), no. KIS 
1987.363; 7 tubes (Figs 7A–G, some of them cut and 
polished for study of microstructure and shown in 
Figs 8A–C, 9A–B, 10A–B, 11A–B), no. KIS 1988.589; 
5 tubes, 1 fragment (not figured), no. KIS 1988.589; 
2 tubes (not figured), no. KIS 1988.325, 15L; 4 tu-
bes, 2 fragments on steinkern (not figured), no. KIS 
1988.317.
	 From Hinge, 3 tubes (not figured), collected by 
KAN, no. KAN 2025.
	 From Nørre Vissing, 1 tube and 1 fragment atta-
ched to gastropod Aporrhais bicarinata (Fig. 5A), col
lected by KIS, no. KIS 1985.

Stratigraphic range. Early to Late Oligocene. In the 
eastern Netherlands, this species is an index fossil 
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Fig. 9. Protula cf. septaria (Giebel, 1858), 
Late Oligocene, Mogenstrup, collected 
by KIS, no. KIS 1988.589, polished sec-
tions. Same specimen as Fig. 7E. A, A1, 
A2: Overall view and details of oblique 
longitudinal section. B, B1, B2: Overall 
view and details of transverse section. 
A1, A2, B1, B2: Semi-ordered irregu-
larly oriented prismatic microstructu-
re (SOIOP) sensu Vinn et al. (2008) and 
Vinn (2013).



of the Serpula [sic!] septaria – Ancistrosyrinx volge-
ri – Assemblage Zone in the Rupelian Brinkheurne 
Member (van den Bosch, Cadée & Janssen 1975).

Diagnosis. A medium-sized to large-sized species of 
the genus Protula. The attached tube portion may 
form a spiral in a few specimens, but generally, 
non-spiral tubes are much more common. Transver-
se ornamentation consists of densely or irregularly 
spaced fine striation, which may be well developed, 
weakly developed, or lacking.

Description. The attached posterior tube portion in-
creases slowly to moderately in diameter (in one spe-
cimen from 2 to 2.4 mm) and is subcircular or tunnel-
shaped in cross-section. It forms a curve, a loop or a 
spiral. Its surface bears fine but conspicuous densely 
spaced transverse striation. The tube wall is thin.
The free anterior tube portion increases rather slowly 
in diameter, reaching 2 mm in small specimens and 
commonly 3–5 mm in adult specimens. The tube is 

straight, less often slightly curved or slightly serpen-
tine. Its surface may bear very fine transverse striati-
on. The cross-section is circular.
	 The thickness of the tube wall varies between mo-
derately thin and moderately thick. Already under 
a binocular light microscope at low magnification, 
the relatively simple construction of the tube wall of 
Protula cf. septaria is visible. As is typical for the ge-
nus Protula, it consists of a single layer composed of 
numerous successive increments forming sub-layers 
sticking inside each other. The boundaries between 
neighbouring increments run slightly obliquely to 
the tube‘s longitudinal axis, causing an almost con-
stant outer tube diameter and an increasing lumen 
diameter close to the aperture, but a diminishing ou-
ter tube diameter (Figs 6A, 6D, 6F, 6G, 7D) and an al-
most constant lumen diameter toward the posterior 
end of many fragments. The tube wall construction 
of genus Protula is comparable to a stack of high and 
slender one-way water or coffee drinking cups or yo-
gurt cups, but lacking their base plates.
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Fig. 10. Protula cf. septaria (Giebel, 1858), 
Late Oligocene, Mogenstrup, collected 
by KIS, no. KIS 1988.589, polished sec-
tions. Same specimen as Fig. 7F. A, A1, 
A2: Overall view and details of oblique 
longitudinal/transverse section. B, B1, 
B2: Overall view and details of trans
verse section. A1, A2, B1, B2: Semi
ordered irregularly oriented prismatic 
microstructure (SOIOP) sensu Vinn et 
al. (2008) and Vinn (2013).



Microstructure. Protula cf. septaria possesses a semi-
ordered irregularly oriented prismatic microstructu-
re (SOIOP) sensu Vinn et al. (2008) and Vinn (2013). 
The SOIOP microstructure is composed of short 
prismatic crystals. These crystals have an oriented 
substructure, being composed of thin, long crystalli-
tes, oriented parallel to the longitudinal axes of the 
SOIOP crystals. In the SOIOP microstructure as well 
as in the Ordered Fibrillar (OF) microstructure, most 
of the crystals and crystallites orient their long axes 
perpendicular to the tube‘s longitudinal axis and pa-
rallel to the tube‘s transverse section. But in contrast 
to the OF microstructure, in the SOIOP microstructu-
re a minor number of the crystals together with their 
crystallites orient their long axes more or less parallel 
to the tube‘s longitudinal axis and more or less per-
pendicular to the tube‘s transverse section, as most 
obvious in the transverse sections shown by Vinn 
(2013, figs 2, 8b) and in the schematic drawings in 
Vinn et al. (2008) and Ippolitov et al. (2014), but also 

in our Figs 9–11.
	 The tube wall microstructure of Protula cf. septa-
ria from Mogenstrup is comparable to the SOIOP 
microstructure of Protula protensa (not Gmelin, 1791) 
sensu Philippi, 1844, figured by Vinn (2013, Fig. 3) 
and Protula diomedeae Benedict, 1887, figured by Vinn 
et al. (2008, p. 640, Fig. 4A–B) and Vinn (2013, p. 454, 
Figs 1–2). However, the oriented prismatic crystals 
are less preserved and less visible.

Discussion. Jäger (unpublished) studied tubes of P. 
septaria from the Early Oligocene of Mammendorf 
and Latdorf in northeastern Germany. At Mammen-
dorf, the tubes reach larger sizes up to 8 mm in di-
ameter, and Müller (2011) has observed large tubes 
more than 150 mm long attached to vertical faces of 
Andesit blocks in situ. As in Denmark, non-spiral 
tube fragments are much more common than spiral 
tubes. While transverse striation is well-developed 
and densely spaced in Denmark, it is generally more 

162  .  Bulletin of the Geological Society of Denmark

Fig. 11. Protula cf. septaria (Giebel, 1858), 
Late Oligocene, Mogenstrup, collec-
ted by KIS, no. KIS 1988.589, polished 
sections. Same specimen as Fig. 7G. A, 
A1: Overall view and details of oblique 
longitudinal section. B, B1–B3: Overall 
view and details of transverse section. 
The arrows point to crystals which are 
oriented parallel to the tube‘s surface 
and perpendicular to the tube‘s longitu-
dinal axis, in accordance with the semi
ordered irregularly oriented prismatic 
microstructure (SOIOP) sensu Vinn et 
al. (2008) and Vinn (2013).



weakly developed, less densely and more irregularly 
spaced, and lacking in many specimens at Mammen-
dorf. Due to these regional differences, the Danish 
specimens are referred to as Protula cf. septaria.

Genus Filogranula Langerhans, 1884 (non Nielsen, 
1931)
Type species: Filogranula gracilis Langerhans, 1884.

Diagnosis. Tube opaque, increasing in diameter at a 
slow to moderate pace to reach a small to medium-
sized final diameter, but especially the obliquely or 
steeply rising free anterior tube portion may grow 
very long. The tube bears one, three, or five keels 
and conspicuous peristomes, which often are an-
nular, stellate, or spiny stellate, and may be rather 
common, especially in the free anterior tube portion. 
Operculum present in recent species (not yet found 
in fossils).

Filogranula mogenstrupensis sp. nov.
Fig. 12A–E

2023 Pentagonal worm tube – Madsen & Schnetler, p. 

109 (left figure).

Derivation of name. After the locality Mogenstrup, 
Jylland, Denmark.

Zoobank LSID.
https://zoobank.org/urn:lsid:zoobank.org:act:A45CE7A9-8027-
4A17-9C52-1BD74110D4BD

Holotype. The specimen shown in Fig. 12A, collected 
by KIS, Museum Mors, The Fossil and Mo-clay Mu-
seum, FMM 14977.

Paratypes. The specimens shown in Fig. 12B, C, D, co-
llected by KIS, Museum Mors, The Fossil and Moclay 
Museum, FMM 14978, 14979 and 14980, and in Fig. 
12E, collected by HM, FMM 14952.

Type locality. Mogenstrup, Jylland, Denmark.

Type horizon. Brejning Formation, Late Oligocene.

Material. From Vilsund, 1 tube (Fig. 12E), collected by 
HM, FMM 14952.
	 From Mogenstrup, all collected by KIS, 4 tubes, 
including the holotype FMM 14977 and 3 paratypes 
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Fig. 12. Filogranula mogenstrupensis sp. 
nov., Late Oligocene. A–D: Mogen-
strup, collected by KIS, A: Holotype, 
FMM 14977. B–D: Three Paratypes, 
FMM 14978, 14979 and 14980. E: Vil-
sund, collected by HM, Paratype, 
FMM 14952. A, B, B1, C, D, E1: Upper 
sides. A1, B1, E: Undersides. A2, B2, 
C1, D1, E1, E2: Cross-sections.



FMM 14978, 14979, 14980 (Fig. 12A–D); 1 tube, KIS 
1987.363 (not figured).

Diagnosis. The almost straight free tube portion in-
creases very slowly in diameter, reaching only up to 
0.8 mm. Five longitudinal keels are almost equally 
spaced around the circumference, but the upper me-
dian keel is slightly more widely spaced, whereas 
the other four keels on the underside and the latera 
are slightly more densely spaced. The areas between 
the keels are plain or somewhat concave. Each keel 
is topped by a sawblade-like row of almost equally 
spaced denticles. Peristomes as well as any other 
transverse ornamentation is lacking. The cross-secti-
on is pentagonal.

Discussion. The attached posterior tube portion is 
unknown, as all or almost all specimens are frag-
ments of the anterior free tube portion. At first sight, 
the straight, keeled and denticulated free tube porti-

ons resemble spines of a regular echinoid.
	 Although small size and rows of spines or granules 
are also characteristic of the subgenus Metavermilia 
(Vepreculina) Regenhardt, 1961, assignment to the ge-
nus Filogranula is preferred, due to the presence of a 
long free tube portion.

Subfamily Serpulinae Rafinesque, 1815

Tribus Ficopomatini Pillai, 1960

Genus Placostegus Philippi, 1844
Type species: Serpula tridentata Fabricius, 1779.

Diagnosis. Tube small to medium-sized, increasing 
slowly to gradually in diameter. The attached tube 
portion may form inward-coiling loops in many but 
not all species, whereas the free anterior tube porti-
on is usually straight and rises more or less steeply. 
There is one median keel in the attached portion and 
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Fig. 13. Two Placostegus species, Late Oli-
gocene, Vilsund, collected by HM. A–A6, 
C, C1: Placostegus vilsundensis sp. nov. 
A–A6: Holotype. Two tubes attached to 
a brachiopod, broken into pieces during 
the photography session, FMM 14950. 
A: Entire specimen. A1: Upper side. A2: 
Lateral view. A3: Anterior cross-section. 
A4: Oblique posterior cross-section. A5: 
Lateral view of, respectively upper side 
of, the two damaged tubes. A6: Oblique 
view of anterior cross-sections. C, C1: 
FMM 14954. C: Paratype. Lateral view. 
C1: Cross-section. B, B1: Placostegus cf. 
erectus (Nielsen, 1931), FMM 14953. B: 
Lateral view. B1: Cross-section showing 
tiny canals.



three equally spaced keels in the free portion, giving 
the tube a generally triangular cross-section in most 
species, but a few species have a circular cross-secti-
on in the free portion. The growth lines are curved 
forward towards the keel, causing a spine over the 
aperture in the attached tube portion, and three pro-
truding spines at the aperture of the free tube por-
tion. Alae (birdwing-shaped peristomes) are present 
in only a few species. Transverse riblets are present 
in a few species. Tubes of recent Placostegus speci-
mens are usually translucent, which, however, is not 
directly observable in fossil tubes. However, in fossil 
specimens, former translucidity can be inferred from 
the presence of a single-layered tube wall composed 
of a simple prismatic (SP) microstructure, which is a 
characteristic feature of fossil (Słowiński et al. 2024b) 
as well as of extant Placostegus species (Vinn & Ku-
priyanova, 2011).

Placostegus vilsundensis sp. nov.
Fig. 13A, C

Derivation of name. After the locality Vilsund, Jylland, 
Denmark.

Zoobank LSID.
https://zoobank.org/https://zoobank.org/urn:lsid:zoobank.or-
g:act:BCF47D32-8D72-4F01-ACD3-ADCFEFFF123B

Holotype. The specimen shown in Fig. 13A, collected 
by HM, Museum Mors, The Fossil and Mo-clay Mu-
seum, FMM 14950.

Paratype. The specimen shown in Fig. 13C, collected 
by HM, Museum Mors, The Fossil and Mo-clay Mu-
seum, FMM 14954.

Type locality. Vilsund, Jylland, Denmark.

Type horizon. Brejning Formation, Late Oligocene.
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Fig. 14. Placostegus cf. bilobatus (von Ko-
enen, 1891), Late Oligocene, Mogenstrup, 
collected by KIS. A, A1: no. KIS 1988.317. 
A: Upper side. A1: Anterior view. A2, A3: 
Underside. B, B1: no. KIS 1988.325. B: En-
tire specimen, attached to echinoid spine. 
B1: Detail showing tunnel-shaped apertu-
re.



Material. From Vilsund, all collected by HM, 1 tiny 
tube (the holotype, broken to pieces during photo-
graphy session) attached to a brachiopod valve (Fig. 
13A), FMM 14950; 1 short fragment of somewhat lar-
ger tube (the paratype, Fig. 13C), FMM 14954.

Diagnosis. Tube small, attached tube portion irregu-
larly curved, bearing one sharp, slightly undulating 
and locally frayed or denticulated keel in the atta-
ched portion and three such keels in the free tube 
portion. Areas between the keels are plain or only 
slightly convex, with a smooth surface, lacking any 
transverse ornamentation. Cross-section triangular 
with sharp edges and straight or only slightly convex 
sides. Tube wall moderately thick between the keels 
and thick at the keels. External surface is light brown.

Additional description. The two tubes measure between 
0.6 and 1.8 mm in diameter. Due to the sparsity of 
material, it remains unknown whether or not other 
specimens of this species form loops and whether 
or not the incremental growth lines protrude at the 
keels and form spines at the aperture.

Discussion. The present species resembles three Dani-
an Placostegus species by shape and size: P. tridentiger 
(Regenhardt, 1961) from Vincentown, New Jersey, 
U.S.A., differs by having three long spines at the 
aperture of the free tube portion. In P. erectus (Niel-
sen, 1931), the keels are straight rather than undula-
ting or frayed, and are either smooth or, less often, 
topped by a regular row of granules or blunt spines, 
and the areas between the keels bear a narrow but di-
stinct median furrow. Moreover, the cross-section of 
the free tube portion is often more rounded. P. alatus 
(Nielsen, 1931) from Faxe differs by the occasional 
presence of alae-type peristomes occurring in wide, 
irregular intervals and by a non-denticulated keel.

Placostegus cf. erectus (Nielsen, 1931)
Fig. 13B

Synonymy list of Placostegus erectus sensu stricto:

non 1831 Serpula erecta nobis. – Goldfuss, p. 238, pl. 
70, fig. 15.
non 1897 Serpula erecta n. spec. – Reis, pp. 77, 79, pl. 
9, fig. 3.
1926 Serpula (Pomatocerus) [sic!] erecta Br. N. – Ødum, 
pp. 167, 202, 204, 207, 225, 263, 265, 282–289, 295, 298, 
300–304, 306.
1928 Pomatocerus [sic!] erectus Br. N. – Ødum, p. 209.
1931 Serpentula erecta n. sp. – Brünnich Nielsen, pp. 
95, 99, 100, pl. 2, figs 12–13.
1961 Eoplacostegus (Eoplacostegus) erectus (Nielsen). – 
Regenhardt, pp. 61, 70, 103.

1961 Eoplacostegus (Concamerarius) inexspectatus n. sp. 
– Regenhardt, pp. 61–63, 103, pl. 9, fig. 10.
1993 Placostegus erectus (Brünnich Nielsen, 1931). – 
Jäger, pp. 79, 94, 100–101, 110, tbls 1–3, pl. 7, figs 5–14.
2006 Eoplacostegus inexspectatus Regenhardt, 1961. – 
Ziegler, p. 19.
2006 Proliserpula erecta (Nielsen), 1931. – Ziegler, p. 
31.
2018 Placostegus erectus (Brünnich Nielsen, 1931). – 
Jäger, Kočí, Schnetler, Andersen & Jakobsen, p. 33, 
pl. 1, fig. 15.

Material. From Vilsund, 1 short fragment of the free 
anterior tube portion (Fig. 13B), collected by HM, 
FMM 14953.

Description. The fragment of the free tube portion 
measures c. 2.5 mm in diameter. It bears three equ-
ally spaced, wide, rounded longitudinal edges. At 
least each of the two edges in basal lateral positions 
bears a very narrow median longitudinal furrow 
which, as visible in the cross-section Fig. 13B1, appe-
ars to widen within the tube wall and, perhaps, for-
ms a tiny longitudinal canal. Transverse ornamenta-
tion is lacking, but the incremental growth lines are 
curved and strongly protrude toward the longitudi-
nal edges, so that the not preserved aperture must 
have had three long protruding spines.

Discussion. The tube is similar to, but somewhat lar-
ger than Placostegus erectus (Nielsen, 1931) from the 
Danian of Faxe (Nielsen 1931; Jäger 1993, pl. 7, fig. 
12b). For this reason, the specimen is provisionally 
assigned to Placostegus cf. erectus.
	 Similar longitudinal canals within a tube wall 
have also been observed by MJ in a yet undescri-
bed species of Placostegus from the earliest Oligoce-
ne of Mammendorf in material collected by Frank 
Trostheide. In that material, the described canals are 
usually more or less well visible or at least traceable 
in cross-section and appear to be present along the 
entire length of the attached tube portion, where a 
pair of cross-sections of longitudinal canals is visible 
near each of the two lateral-basal edges and the me-
dian keel, making six canals in total. The lower four 
of the six canals are semi-circular in cross-section, 
whereas the two upper cross-sections are narrow. 
However, the morphology and degree of develop-
ment of these canals appear to be variable. Usually, 
the canals terminate at, or just anterior to, the transi-
tion from the attached to the free portion; however, 
in some tubes, they are present in the free tube por-
tion, too.
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Placostegus cf. bilobatus (von Koenen, 1891)
Fig. 14A–B

Synonymy list of Placostegus bilobatus sensu stricto:

1891 Vermetus bilobatus v. Koenen – von Koenen, pp. 
728, 735–736, pl. 41, fig. 12a, b.
1904 Vermetus bilobatus Koenen – Rovereto, p. 65, 
footnote 3. [Rovereto considered this species rather a 
Spirorbis than a juvenile Vermetus.]
2011 Vermetus bilobatus Koenen, 1891 [polychaete] – 
Bieler & Petit, p. 27.

Material. From Mogenstrup, all collected by KIS, 1 
tube (Fig. 14A), KIS 1988.317; 1 tube attached to an 
echinoid spine (Fig. 14B), KIS 1988.325.

Description. Tube small, 0.6–1.2 mm in diameter. Fol-
lowing a formerly attached initial tube portion of 
which a straight, c. 1 mm long anteriormost fragment 
is preserved, the tube forms an outward coiling spi-
ral c. 2–4 mm in diameter, consisting of two whorls. 
A straight free anterior tube portion is absent in the 
two studied specimens, but may have originally been 
present in at least one of them (Fig. 14A), which ends 
anteriorily at a transverse fracture. The tube bears a 
rounded but distinct median keel. The transverse or-
namentation consists of densely spaced, blurred but 
discernible transverse ribs, which are curved and pro-
trude toward the tube’s base and toward the keel, on 
which they may form small granules. Except for the 
keel and the plain underside which may be narrow or 
moderately wide, the tube’s cross-section is circular.

Discussion. Although originally von Koenen (1891) 
considered his new species bilobatus from the Early 
Oligocene of Latdorf to be a vermetid gastropod of 
the genus Vermetus Daudin, 1800, subsequent authors 
Rovereto (1904) and Bieler & Petit (2011) agree that 
this species may rather be, or is a serpulid, and MJ 
(unfinished manuscript) further assumes, although 
tentitavely, that it could belong to the serpulid genus 
Placostegus, due to its small size, its non-spiral initial 
tube portion followed by a spiral, and its transverse 
ribs which protrude toward the base and the keel. 
However, it remains unknown whether or not the 
present species may have formed a free anterior tube 
portion and how this was ornamented. In the Early 
Oligocene of northern Germany, Placostegus occurs at 
Latdorf, but not at Mammendorf. For the Late Oli-
gocene specimens from Denmark, a ‘cf.‘ is designa-
ted due to the – although only small – stratigraphic 
distance, as well as to the presence at Latdorf of a 
vermetid gastropod, whose juvenile shell resembles 
Placostegus bilobatus, but later in ontogeny starts to 
form a reticulate ornamentation very characteristic 
of vermetid gastropods.

Discussion
Palaeoecological and taphonomic remarks

Although in only three serpulid specimens (Figs 5A, 
13A, 14B) the original substrate to which they are 
attached is preserved, all the above-described serpu-
lids from the Brejning Formation of Jylland belong to 
genera which are known to live as epibionts attached 
to hard substrates (e.g., Schmidt 1955b; Regenhardt 
1961 (with species of Filogranula assigned to its juni-
or subjective synonym Flucticularia Regenhardt, 1961 
and with species of Placostegus assigned to its junior 
subjective synonym Eoplacostegus Regenhardt, 1961); 
Zibrowius 1968 (with species of the valid genus Filo-
granula Langerhans, 1884 assigned to their former ge-
nus name Omphalopoma Mørch, 1863 which, however, 
is considered a nomen dubium); Jäger 2005; Jäger et 
al. 2018; Kupriyanova et al. 2020).
	 In later ontogeny, all these genera raise their ante-
rior tube portion for a more or less considerable len-
gth, growing freely away from the substrate. Extant 
relatives of the serpulid genera recorded from the 
Brejning Formation of Jylland are studied by, e.g., Zi-
browius (1968), who described several species to oc-
cur in some hundred meters deep water as well as in 
sheltered submarine caves in a few tens of meters in 
the Mediterranean. The often long or very long free 
anterior tube portion of fossil and extant represen-
tatives of these genera are figured by, e.g., Schmidt 
(1955b); Rovereto (1899, 1904); Zibrowius (1968). 
Such tubes are mechanically less stable against being 
tilted, either along with their substrate or due to the 
breakage of the free anterior portion. This suggests 
that hydrodynamic energy from currents or storm 
waves must have been relatively low also at the sea-
floor where and when the sediments of the Brejning 
Formation were deposited.
	 This assumption is supported by ecology data of 
extant relatives of the Late Oligocene marine animals, 
especially of the diverse mollusc fauna co-occurring 
with the serpulids. For example, in the North Sea and 
in the Mediterranean Sea, the recent Aporrhais pespe-
lecani (Linnaeus, 1758) lives on or in soft muddy, san-
dy or shelly substrates in relatively calm waters at 
depths from below tidal zone to c. 130 m (von Cosel 
1977). The fossils found at Nørre Vissing, at least in 
unit 2, indicate “euhaline, open marine, most proba-
bly lower sublittoral conditions, with a water depth 
of about 70 to 100 m“ (Schnetler & Beyer 1987). The 
assemblages found at Mogenstrup and Vilsund in-
dicate a thanatocoenosis consisting of biota living in 
deeper water and shallow marine species transpor-
ted down the delta or shelf slope to the basin floor 
(Schnetler & Beyer 1990; Schnetler et al. 2024). Oto-
lithes found at Vilsund indicate c. 100 –200 m deep 
water at that locality, deeper than at Mogenstrup 
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(Schwarzhans, pers. comm. 2022 cited in Schnetler et 
al. 2024; Schwarzhans et al. 2024).
	 Did the above mentioned serpulids settle on hard 
parts of an alive or a dead invertebrate animal? The 
larvae of the two Protula cf. septaria individuals atta-
ched to the Aporrhais bicarinata shell (Fig. 5A) settled 
on a shell lying oriented in the most stable position, 
and they chose the most favourable position at the 
highest position above the sediment surface, but 
both is true for shells of alive as well as dead Aporr-
hais and allows no decision. However, adult aporrha-
ids are seasonal burrowers, sometimes occurring in 
large populations (Young, 1937). Only during part of 
the year do they live epifaunally, grazing on benthic 
diatoms and decaying macroalgae (Perron 1978), 
whereas during the rest of the year they burrow to a 
shallow depth below the surface of the soft seafloor. 
And according to Kupriyanova et al. (2001), juvenile 
serpulids increase faster in tube length than adults, 
serpulids of small and moderate size reach maturity 
already a few weeks after settling, and longevity va-
ries from several months to 5-6 years in small to mo-
derate serpulids and spirorbins to 35 years exceptio-
nally in the largest serpulids. Considering these data, 
it remains questionable whether or not the Aporrhais‘ 
annual epifaunal period lasted long enough to ena-
ble the attached Protula to complete its full life circle 
to maturity and spawning, respectively to complete 
building its attached posterior tube portion and to 
increase its steeply rising anterior tube portion high 
enough, before the serpulid is smothered or starved 
by the Aporrhais‘ apertural edge burrowing into the 
sediment. Therefore, it seems more probable that the 
Protula larvae settled on a dead gastropod.
	 In the case of Placostegus vilsundensis (Fig. 13A, A5, 
A6), it remains uncertain whether the brachiopod 
was alive or already dead when the serpulid larva 
settled, but a syn vivo encrustation seems more pro-
bable, because the serpulid is located close to the bra-
chiopod shell‘s edge, a position favourable for obtai-
ning food particles suspended in the water currents 
propelled by the brachiopod‘s lophophore and the 
serpulid ciliary crown. However, given the significa-
nt size disparity between the two invertebrates, the 
small serpulid certainly profited more from the wa-
ter action produced by the much larger brachiopod, 
suggesting a commensal relationship.
	 Similarly, for the spiral tube of Placostegus cf. biloba-
tus attached to an echinoid spine (Fig. 14B), a syn vivo 
encrustation seems more probable. Serpulids may 
encrust spines of living echinoids, although more 
frequently they attach to spines of dead echinoids, 
especially if the spines are large and thick, as in cida-
roids. However, the spine shown in Fig. 14B is thin 
and had certainly been very light before diagenesis. 
A dead spine, detached from the corona and encrus-
ted by the serpulid, usually lies horizontally on the 

muddy seafloor and is prone to being swept away 
and redeposited with the serpulid turned underne-
ath the spine and buried in the mud. Therefore, it 
would certainly be a more favourable strategy for the 
serpulid to encrust the spine of a living echinoid.

Serpulid evolution and fauna distribution in 
the Cenozoic, with focus on Europe and on 
Oligocene serpulid faunas
According to the International Chronostratigraphi-
cal Chart (International Commission on Stratigraphy 
2024), the Oligocene, spanning from 33.9 to 23.04 
Ma (million years ago; the age) before present, is a 
relatively short epoch (with a duration of only 10.86 
Myr (million years, the timespan), bracketed by the 
longer Eocene (22.1 Myr) and Miocene (17.71 Myr). 
This is certainly one reason why the number of publi-
cations on Oligocene serpulids is considerably lower 
than that on Eocene and Miocene serpulids. Other 
reasons include the drastic decrease in atmospheric 
CO2, temperature, and sea level around the Eocene/
Oligocene boundary, and the relatively wide areas 
with marine Miocene sediments accessible at or near 
the surface.
	 The temperature curve of the Cenozoic reached 
its absolute maximum at 51 Ma in the Early Eocene 
(Ypresian). Following this, during the Eocene, the 
plate tectonic drift of the Indian Subcontinent toward 
Eurasia caused increased weathering of the silicates 
within the elevated Deccan Traps, leading to a consid-
erable decrease in atmospheric CO2 and consequent 
global cooling (Kent & Muttoni 2008). This cooling 
culminated near the Eocene/Oligocene boundary, 
and temperature reached a minimum at 33 Ma in the 
earliest Oligocene (earliest Rupelian). Already in the 
Middle Eocene, the ephemeral formation of the Ant-
arctic ice sheet started (Ladant et al. 2014), becoming 
permanent by the Late Eocene. The opening of ocean 
gateways (Drake Passage and Tasmanian Gateway) 
enabled the development of the Antarctic Circumpo-
lar Current (ACC), causing changes in oceanic cur-
rents, water masses, and global oceanic circulation 
systems. The main drop in global temperature oc-
curred within c. 0.8 million Myr around the Eocene/
Oligocene boundary (e.g., Hutchinson et al. (2021), 
and references therein), peaking in the earliest Oligo-
cene and marking the transition from a global warm 
‘greenhouse’ climate to a cooler ‘icehouse’ climate.
	 Following the cooling event, global temperature 
rose again, albeit slowly, reaching a modest maxi-
mum at c. 15 Ma in the early Middle Miocene (Lang-
hian). This generally cooler climate was in part re-
sponsible for the prevalence of siliciclastic (sandy, 
clayey) over calcareous sedimentation in the Oligo-
cene and Miocene, particularly in Denmark, north-
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ern Germany and other parts of central/northern 
Europe. However, it should be noted that in these 
regions, the most remarkable decrease of calcareous 
sedimentation in the entire Cenozoic occurred much 
earlier, during the Paleocene, despite the prevailing 
‘greenhouse’ climate.

Paleocene – In Denmark (Nielsen 1931; Regenhardt 
1961; Jäger 1983, 2005; Jäger et al. 2018 and unpub-
lished) and in the region around the cities of Maas-
tricht (the southeastern Netherlands) and Liège 
(northeastern Belgium) (Jäger 1993), many serpulid 
genera survived the Cretaceous/Paleocene extinc-
tion event remarkably well, although many changes 
occurred at species level. Serpulids reached a diver-
sity peak in the middle Danian at Faxe, Denmark 
(Nielsen 1931; Milàn et al. 2022, 2023; Jäger et al. 2018, 
unpublished). In these parts of Europe, after the Cre-
taceous/Paleocene extinction event, sedimentation 
soon returned to deposit a similar kind of material 
as before in the respective region. In Denmark, the 
main extinction phase for serpulids (and other ben-
thic marine invertebrates) occurred near the Danian/
Selandian boundary, coinciding with a remarkable 
shift from predominantly calcareous to predomi-
nantly siliciclastic sedimentation. In the Gundstrup 
gravel pit in Denmark, hitherto in two of the numer-
ous Cretaceous and Danian genera, Neovermilia Day, 
1961 and Pentaditrupa Regenhardt, 1961, descendants 
of were found in early Selandian sediments (Kočí et 
al. 2023, 2025).
	 Following the early Selandian, serpulids became 
rare or absent across large parts of Europe for the 
rest of the Paleocene. Among the few serpulid-rich 
exceptions of Thanetian age are two localities in the 
Helvetic palaeorealm of the northernmost Alps (MJ, 
personal observations): In the glauconitic sandstone 
in the Kroisbach stream at the Haunsberg hill near 
Salzburg in Austria, tubes of the genera Protula, Filo-
grana Berkeley, 1835 and undetermined Serpulidae 
were found together with Glomerula Nielsen, 1931, a 
genus assigned not to the family Serpulidae but to 
the closely related family Sabellidae Latreille, 1825, 
although it also secretes a serpulid-like calcareous 
tube, and an undetermined species of rotulariid ser-
pulids is detected in the upper Thanetian of the Kres-
sengraben creek near Siegsdorf in Bavaria, southern 
Germany. Moreover, Wrigley (1950) reported Pyr-
gopolon (Turbinia) praecursor Wrigley, 1950 from the 
Thanetian of several localities in France.
	 Outside Europe, some regions show a higher 
abundance and diversity of serpulids during the Se-
landian and Thanetian. From the Middle Paleocene 
of the Emporer Seamounts in the northwestern Pa-
cific Ocean, Lommerzheim (1981) described frag-
mentary material tentatively assigned to Protula? 
sp. and Hydroides? sp., as well as tubes and opercula 

of Spirobranchus? sp. (reported under the synonym 
‘Pomatoceros? sp.’), and six different, morphologi-
cally advanced genera of the subfamily Spirorbinae 
Chamberlin, 1919.
	 Spirorbinae, characterized by their small spiral 
tubes, have existed since at least the Bajocian (MJ, 
personal observation) or Bathonian (Vinn et al. 2024a), 
but are recorded from only a few localities until the 
end of the Early Cretaceous. Some of the Cenoma-
nian Spirorbinae described by Lommerzheim (1979) 
are now interpreted as Serpulinae instead (Jäger, un-
published). In the Late Cretaceous and in the Danian 
(Early Paleocene), the genus Neomicrorbis Rovereto, 
1903, a phylogenetically basal genus combining fea-
tures of Spirorbinae and Serpulinae, was common 
and widespread. It was occasionally associated with 
the small Bipygmaeus Regenhardt, 1961 and, less of-
ten and mainly during the later half of the Late Cre-
taceous and in the Danian (Jäger 1983, 1993, 2005), 
with specimens of the genera Spirorbis Daudin, 1800, 
Pileolaria Claparède, 1868 in 1868–1870 and Neodex-
iospira Pillai, 1970. Given the slow diversification of 
Spirorbinae, the presence of the six above-mentioned 
Middle Paleocene genera in the Emperor Seamounts 
(Lommerzheim 1981) is surprising. Probably, an ear-
lier rise in diversity of Spirorbinae is obscured by the 
simple morphology of their tubes. Furthermore, apart 
from the relatively large and conspicuous opercula 
of Neomicrorbis, hitherto only very few of the tiny and 
therefore usually not recognized, but diagnostically 
important opercula of other Late Cretaceous and Pa-
leocene Spirorbinae have been adequately described.
	 Rotulariid Serpulinae build larger spiral tubes than 
Spirorbinae and can be distinguished by not being 
permanently cemented to a substrate for their life-
time. ‘Rotulariids’ is not a tribe or genus in the sense of 
zoological nomenclature, but a polyphyletic group of 
non-spirorbin Serpulinae displaying a uniform mor-
phogenetic countdown program (Seilacher et al. 2008) 
and forming a usually medium-sized to large, tightly 
coiled spiral. The juvenile initial tube portion is non-
spiral and attached to a substrate, but soon the tube 
starts to form a tightly coiled spiral, which is only in-
directly attached to the substrate in the small centre of 
the spiral’s underside via the anterior end of the initial 
tube portion. Later, the spiral becomes free by break-
ing off and rests on, or partly embedded in, the soft 
seafloor. Finally, at least some rotulariids turn the en-
tire spiral vertically and build a straight anteriormost 
tube portion standing upright like a chimney. Rotu-
lariids have existed since the Jurassic, but in Europe 
they thrived predominantly from the Hauterivian to 
the Cenomanian (locally to Turonian). Although they 
subsequently disappeared from Europe, they contin-
ued to flourish elsewhere, for example, in the Santo-
nian to the Maastrichtian of Western Australia (Mc-
Namara 2023), before re-colonizing Europe (southern 
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Sweden, Denmark, the Netherlands, Belgium) in the 
Danian. A non-European example of Paleocene rotu-
lariids is Tectorotularia tobar (Gardner, 1935) from the 
Late Paleocene Midway Group of Texas.

Eocene – In general, the Eocene serpulid fauna of 
Europe is rich in specimens and diversity. From the 
Early Eocene temperature maximum to the mini-
mum in the earliest Oligocene, surprisingly, serpulid 
diversity gradually increased throughout the Eocene 
and locally (Latdorf and Mammendorf, northeastern 
Germany) into the earliest Oligocene. Only close to 
the temperature minimum, partly at the Eocene/Oli-
gocene boundary, partly during the Early Oligocene, 
some phylogenetic lineages of serpulids and close-
ly related sabellids, which had been common and 
widespread during the Cretaceous, Paleocene and 
Eocene, became either extinct or disappeared from 
Europe (see below).
	 During the Eocene, two main regions with distinct 
serpulid faunas can be recognized in large parts of 
Europe:

(1) The southern European fauna occurs in calcareous, 
marly or sandy sediments and extends northward to 
the Helvetic palaeorealm of the northernmost Alps 
in northern Switzerland, Bavaria (southern Germa-
ny) and northern Austria, and to the Waschbergzone 
north of Vienna. The fauna is dominated by large 
benthic foraminifera (LBF) and often common or 
mass-occurring rotulariid serpulids, predominant-
ly Rotularia spirulaea (Defrance, 1827). This species 
ranges from the Early to Late Eocene and is recorded 
from Spain, France, Switzerland, southern Germany, 
Austria, Hungary, Italy, Croatia, Romania, Turkey, 
and, outside Europe, in Egypt, Iran and India.
	 In addition to R. spirulaea, three other species of 
Rotularia and several other genera of Serpulinae oc-
cur, including Filograna, Protula, Serpula, Ditrupa, 
Propomatoceros Ware, 1975, Spirobranchus de Blain-
ville, 1818, Placostegus, Pyrgopolon de Montfort, 1808 
(e.g., Rovereto (1904); Schmidt (1955a, b); Gatto & 
Radwańska (2000); Jäger (personal observations). 
The sabellid genus Glomerula (e.g., ‘Serpula maean-
drica’ Schmidt 1955b) is also present, but very rare. 
A morphologically specialized species of the ge-
nus Pyrgopolon, P. alata (d’Archiac, 1850), found in 
France, Italy and Croatia, bears two very large lateral 
keels acting like a snowshoe on soft ground (Savazzi 
1995, 1999). Spirorbinae stay moderately diverse in 
the Eocene, with Neomicrorbis occurring in the Late 
Eocene (Priabonian) of the Helvetic palaeorealm.
	 From western Washington State, U.S.A., Kočí et al. 
(2022a, b) introduced two new species of the genus 
Neodexiospira Pillai, 1970, one from the Early Eocene 
and one from the Late Eocene, as well as one new 
species of serpulin subgenus Metavermilia (Veprecu-

lina) from the Late Eocene.

(2) The central/northern European fauna occurs in 
predominantly clayey or sandy sediments in north-
ern France, southern England, Belgium, the Nether-
lands, northern Germany and Denmark, and extends 
to eastern Europe as far as Samland, Russia (No-
etling 1885, 1888). In claystones and sands, serpulids 
adapted to life on, or partly within, soft substrates 
dominate by far, at least in number of individuals, 
and at some localities also in number of species.
	 Rotularia spirulaea, despite being a soft substrate 
dweller, is absent from the central/northern Europe-
an fauna. In contrast, Rotularia bognoriensis (Mantell, 
1822) is very common in the Early Eocene (Ypresian) 
London Clay at the coast at Bognor Regis, southern 
England, and also occurs, together with Ditrupa pla-
na (J. Sowerby, 1815 in 1812–1815), at other London 
Clay localities in southern England. R. bognoriensis is 
also recorded from the Plastic Clay of the latest Early 
Eocene (Ypresian) to early Middle Eocene (Lutetian) 
Lillebælt Formation in Denmark (Gravesen 1993; 
specimens from the coast at Trelde near Fredericia 
exist in the collection of the late Inga Krause, which is 
now added to MJ’s collection) and extends northeast-
ward to Samland, Russia (Noetling 1888). Mychko & 
Clachula (2025, Fig. 5 m, n) figured badly preserved 
tubes of Rotularia sp. indet. under the name ‘Vermicu-
laria bognoriensis’ from the Sambia peninsula in Ka-
liningrad, Russia. However, these authors stated a 
Late Eocene age, so that the affiliation to the species 
R. bognoriensis remains questionable. It appears that 
R. bognoriensis benefited not only from the Ypresian 
temperature maximum but was also adapted to tol-
erate lower temperatures than R. spirulaea (Defrance, 
1827), which is widespread throughout the Eocene, 
but restricted to the southern parts of Europe and a 
few regions outside Europe.
	 The most characteristic serpulid assemblage in 
central European Eocene claystones consists of other 
typical soft-bottom dwellers with a long free tube 
portion and a short or absent attached tube portion. 
Here, the most common and widespread species is 
Ditrupa strangulata (Deshayes, 1825), often accompa-
nied by Pyrgopolon (Pyrgopolon) mellevillei (Nyst & Le 
Hon, 1862) and Protula extensa (Solander in Brand-
er, 1766), but also other species of these three gen-
era were described from the Eocene and Oligocene, 
mainly from England, France, Belgium, the Neth-
erlands and northern Germany (e.g., Wrigley (1950, 
1951) and references cited therein). Due to the lack of 
any characteristic ornamentation in tubes of Ditrupa 
and Protula, it is often difficult to properly distin-
guish between species, and some nominal species 
may prove to be synonyms. For example, Zibrowius 
& ten Hove (1987) detected very similar microstruc-
ture in tubes of Middle Eocene (Lutetian) Ditrupa 
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strangulata and extant Ditrupa arietina (O.F. Müller, 
1776), and ten Hove & Smith (1990) likewise noted 
the close similarity of Ditrupa strangulata and Ditrupa 
arietina. Species of the subgenus Pyrgopolon (Turbinia) 
Michelin (1845 in 1840–1847) also occur at several lo-
calities.
	 In the genus Ditrupa, the calcareous tube is not at-
tached to a substrate at all, and in adult Protula and 
Pyrgopolon the free anterior tube portion is longer 
than the attached posterior tube portion. Among 
these three genera, Ditrupa is the most specialized 
for life on soft, sandy or muddy substrate. While 
Protula and Pyrgopolon possess not only a long free 
tube portion, but also a well-developed attached pos-
terior tube portion, Ditrupa initially attaches to some 
sand grains only by means of its primary, organic 
tube (Charles et al. 2003), which is not preserved in 
any fossil and normally also not in any recent adult 
specimen. Subsequent longitudinal tube growth con-
tinues in an unattached and calcified mode and only 
from this stage onward becomes well preservable.
	 The genus Protula has existed since at least the Pa-
leocene (Thanetian) and is common from the Eocene 
to the present. A possible relationship of Protula to 
several species of the Cretaceous genus Parsimonia 
Regenhardt, 1961 may be debated; the youngest 
known specimen of Parsimonia comes from the Maas-
trichtian of Turkey (Vinn et al. 2024b).
	 Among the studies dealing more comprehen-
sively with central/northern Eocene and Oligocene 
serpulids, a considerable proportion focuses on 
the relatively large and morphologically conspicu-
ous opercula of the genus Pyrgopolon de Montfort, 
1808 (syn. Sclerostyla Mørch, 1863), e.g., Nyst (1845), 
Schmitt (1927); Gerth (1941); Wrigley (1951); Cupedo 
(1980); Gatto & Radwańska (2000).
	 Species of the genera Ditrupa, Protula, and Pyrgopo-
lon occur together at several localities, for example, 
in the late Middle Eocene (Bartonian) at the coast of 
Barton-on-Sea in southeastern England, and in the 
latest Eocene ‘Gehlbergschichten’ at Handorf near 
Peine, northwestern Germany (MJ, personal obser-
vation). At least two of these three genera are present 
in many outcrops of siliciclastic sediments, ranging 
from the Ypresian (Early Eocene) London Clay at the 
Isle of Sheppey in southeastern England to the Ear-
ly Oligocene of several central European localities. 
For example, MJ found Ditrupa and a few Pyrgopo-
lon tubes, but no Protula, in Eocene sediments at the 
coast between Cadzand-Bad in the Netherlands and 
Knokke in Belgium. A similar assemblage occurs also 
in the Eocene of Samland (Noetling 1885, 1888).
	 Together with these serpulid genera adapted to life 
on soft seafloor, a few genera adapted to permanent 
attachment to solid substrate lived during the Eo-
cene in central/northern Europe, but they are consid-
erably less common at most localities. For example, 

Noetling (1885) described and figured two species 
under the genus ‘Serpula’, which nowadays may be 
tentatively assigned to Josephella Caullery & Mesnil, 
1896 and Bipygmaeus Regenhardt, 1961.

Eocene/Oligocene boundary – The Oligocene ser-
pulid fauna is impoverished. For example, Şuraru 
& Şuraru (1966) reported five species in the Late Eo-
cene, but only three species in the Early Oligocene 
of Romania. The relatively cool Oligocene climate, 
compared to the much warmer Eocene and the some-
what warmer Miocene, probably contributed to the 
relatively lower diversity of the Oligocene serpulid 
fauna.
	 At least three serpulid genera and one sabellid ge-
nus became almost extinct at the Eocene/Oligocene 
boundary or, respectively, during the Early Oligo-
cene. Before, all four genera had very long and suc-
cessful histories. In detail:
	 The genus Rotularia Defrance, 1827 and related rot-
ulariids had existed since the Jurassic (Stevens 1967) 
and had been diverse, common and widespread from 
the Hauterivian until the Late Eocene (Priabonian).
	 Pyrgopolon is recorded by a single operculum of the 
subgenus P. (Turbinia) Michelin, 1845 in 1840–1847 
from the Middle Permian (Sanfilippo et al. 2018), 
then disappeared from the fossil record until it re-
occurred either in the Hauterivian, although more 
detailed studies are necessary to prove their possible 
affiliation to Pyrgopolon, or in the Barremian at the 
locality Serre de Bleyton, Drôme, southern France 
(Jäger 2011) and thrived in the Albian Washita Group 
in Texas, where Pyrgopolon (Septenaria) Regenhardt, 
1961 is found in high numbers of tubes encrusting 
large coronas of the echinoid Macraster F. Roemer, 
1888 (Jäger 2005 and personal observation). Since 
the Early Cenomanian (Lommerzheim 1979), dur-
ing the entire Late Cretaceous (e.g., Jäger 2005; Kočí 
2012; Kočí & Jäger 2016; Kočí et al. 2016), during the 
entire Late Cretaceous, and until the Eocene, (Wrig-
ley, 1951), Pyrgopolon, its synonym Sclerostyla, and 
several subgenera thrived at many localities, until in 
the Early Oligocene (Rupelian) only few Pyrgopolon 
species existed, although locally tubes and opercula 
of Pyrgopolon (Pyrgopolon) mellevillei were still com-
mon in the Rupelian (‘Tongrian’) in the southeastern 
Netherlands and northeastern Belgium; see below. 
Only a few questionable Pyrgopolon specimens (re-
ported under the synonym Sclerostyla Mørch, 1863) 
were recorded by Rovereto (1899, p. 90; 1904, p. 68) 
from the Pliocene of Savona, Italy.
	 Neomicrorbis has existed since at least the Bajocian 
(MJ, personal observation) or the Bathonian, but had 
been restricted to only a few localities until the end 
of the Early Cretaceous (Vinn et al. 2024a), before it 
became common and widespread from the Ceno-
manian to the Early Paleocene (Danian) (Nielsen 
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1931; Regenhardt 1961; Jäger 1983, 1993, 2005; Jäger 
et al. 2018), and persisted until the Late Eocene (Pri-
abonian) at few localities, but with several species, 
in the alpine Helvetikum realm in Bavaria, southern 
Germany (Rovereto 1904; MJ personal observation).
	 The sabellid Glomerula exists since the Middle 
Permian (Sanfilippo et al. 2017b) and was common 
and widespread in the Jurassic (e.g., Goldfuss 1831 
in 1826–1844 (reported under Serpula); Ippolitov 2007 
(reported under Cycloserpula Parsch, 1956); Jäger 
2005; Słowiński et al. 2022; and many others), Cre-
taceous and Danian (e.g., Nielsen 1931; Regenhardt 
1961; Wiesemann 1966, Jäger 1983, 1993, 2005; Kočí 
et al. 2017; Jäger et al. 2018) and locally persisted until 
the Late Eocene (late Priabonian) (Jäger 2005).
	 In summary, Rotularia and some other closely re-
lated rotulariids and also Neomicrorbis and Glomerula 
disappeared from the fossil record at, or very close 
to, the Eocene/Oligocene boundary, at least in the 
northern hemisphere, whereas from New Zealand, 
Fleming (1971) provided a simple drawing of a tube 
of ‘Glomerula sp.’ from the Oligocene and mentioned 
also occurrences in the Late Eocene, Early Miocene 
and recent tubes from dredgings. However, without 
more detailed illustrations and description it remains 
uncertain, whether or not all these tubes from New 
Zealand really belong to Glomerula. Pyrgopolon dis-
appeared somewhat later, within or at the end of the 
Early Oligocene (Rupelian).
	 Unlike Rotularia and some other closely related rot-
ulariids, which became extinct worldwide, the gen-
era Pyrgopolon, Neomicrorbis, and Glomerula still have 
living representatives. However, they are separated 
from their fossil ancestors by a long gap in the fossil 
record lasting up to 33.9 Myr in the case of Neomicror-
bis and somewhat less in Pyrgopolon, whereas in the 
case of Glomerula the gap may be shorter, depend-
ing on the interpretation of the Oligocene and Early 
Miocene specimens mentioned by Fleming (1971). 
However, extant species of most of these genera did 
not return to European seas, except for Neomicror-
bis which lives in the Azores (Zibrowius 1972). Pyr-
gopolon is known by three Recent species occurring 
near Curaçao and other Caribbean Islands (ten Hove 
1973). Perkins (1991) detected the Recent Glomerula 
piloseta (Perkins, 1991) in a lagoon near Lizard Island, 
Queensland, Australia, and introduced it under the 
synonym Calcisabella Perkins, 1991.
	 The situation is a bit different in two other serpulid 
taxa – the subgenus Metavermilia (Vepreculina) Regen-
hardt, 1961 and the genus Neodexiospira Pillai, 1970. 
In both taxa, Kočí et al. (2022a, b) introduced a new 
species from the Late Eocene (and in Neodexiospira 
also another new species from the Early Eocene) of 
western Washington State, U.S.A. While it is still un-
certain whether the Miocene ‘Serpula’ granosa Reuss, 
1860 from the Czech Republic belongs to Metavermil-

ia (Vepreculina), it is obvious from Kočí et al. (2022a, 
Table 1) that Neodexiospira reappears with different 
species in the Middle and Late Miocene and in the 
Pleistocene, and approximately a dozen Neodexiospi-
ra species live in recent seas. Despite several differ-
ences, these two genera match the above-discussed 
four genera (except for the Early Oligocene occur-
rence of Pyrgopolon) by their gap in the fossil record 
covering the entire Oligocene and the Early Miocene. 
Although this worldwide gap is considerably shorter 
than in the other four genera, the gap in the Europe-
an fossil record is also very long. In Neodexiospira, it 
begins already in the Middle Paleocene (Selandian), 
and in Vepreculina in the Early Paleocene (Danian), as 
several assignments of Danian species to Vepreculina 
are erroneous and will be revised.
	 Although the fossil histories of the above-discussed 
genera differ in detail, they share a long gap in the 
Oligocene and a more or less long timespan later. But 
except for Rotularia and related genera, they must 
have survived at unknown, presumably southern, 
localities for millions of years, until Neogene or/and 
living descendants were discovered.
	 Presumably, this long gap is partly caused by a 
sampling bias, as palaeontological research has his-
torically focused more on higher latitudes with tem-
perate (palaeo-)climate (Europe and North America) 
than on lower latitude regions with warm (palaeo-)
climate, to which many marine species may have mi-
grated at or soon after the Eocene-Oligocene cooling 
event. Another bias may be that, due to increasing 
competition in warm shallow shelf regions, several 
geologically old taxa shifted into deeper water habi-
tats with reduced competition. Sediments of such en-
vironments are in many regions still buried beneath 
younger deposits, remaining poorly accessible.

Early Oligocene (‘Latdorfian’, Rupelian) – However, lo-
cal exceptions to the general trend of low serpulid 
diversity at the Eocene/Oligocene boundary and in 
the Early Oligocene are recorded from eastern Ger-
many. In the earliest Oligocene claystones at Lat-
dorf and in the coastal Early Oligocene sediments 
at Mammendorf, the serpulids reached a maximum 
in diversity just at, respectively, shortly after the 
conspicuous minimum in the oceanic temperature 
curve. Von Koenen (1891) described part of this ex-
ceptional fauna from eastern Germany, mainly from 
Latdorf, but erroneously combined true serpulids 
and gastropods under the gastropod genus Verme-
tus Daudin, 1800. Recent revision (MJ, unpublished) 
shows the presence at Latdorf and Mammendorf of 
at least 16 different serpulid genera, 14 of which still 
exist today, albeit by different species. But the geo-
logically youngest tubes of Protectoconorca Jäger, 1983 
and the spirorbin Bipygmaeus tubes are known from 
the Early Oligocene of Mammendorf (MJ, personal 
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observations), before they became extinct. The six 
genera discussed in the previous chapter are absent 
even in these highly diverse communities.
	 The genus Ditrupa appeared in the Danian and 
rapidly became common or even mass-occurring 
in Denmark, the Netherlands and Belgium (Rosen-
krantz 1920, Jäger 1993) and was again abundant 
during the Eocene. In contrast, it is rare or absent at 
several moderately to highly diverse Early Oligocene 
soft-bottom localities. Finally, during the Late Oli-
gocene and especially since the Miocene, it became 
widespread and often abundant in soft-bottom com-
munities until today.
	 Protula is common in the Eocene and even more 
frequent in the Early Oligocene, although its worn 
fragments are sometimes hardly distinguishable 
from similarly shaped shells of vermetid gastropods 
(see Bieler & Petit 2011), which became more com-
mon and diverse in the Oligocene and Miocene.
	 The small spirals of the subfamily Spirorbinae 
slowly but steadily increased their diversity and geo-
graphical occurrences in the entire Cenozoic until to-
day.
	 Shortly before disappearing, Pyrgopolon had been 
common in the southeastern Netherlands and north-
eastern Belgium, from where Nyst (1845) named 
small fossils, which he erroneously interpreted as 
solitary corals, ‘Cyclolites trochoides’. Later, these 
small fossils were recognized to be opercula of ser-
pulids, respectively the serpulid genus Sclerostyla 
Mørch, 1863, which, however, is a junior synonym 
of Pyrgopolon de Montfort, 1808, by Rovereto (1903, 
1904), Gerth (1941), Albrecht & Valk (1943), Wrigley 
(1951) and others. From the ‘Tongrien’ (Early Oligo-
cene) of Southern Limburg, Albrecht & Valk (1943) 
described Protula septaria and Pyrgopolon (Pyrgopolon) 
mellevillei, together with Vermetus (Turbinella) tumidus 
von Koenen, 1891 and Vermetus (Turbinella) turbinatus 
(Philippi, 1846), two species which Albrecht & Valk 
considered gastropods, but perhaps may be serpu-
lids. Moreover, Kadolsky (2022) identified opercula 
of a new species, Spirobranchus limburgicus.
	 During the Early Oligocene, a narrow and only 
temporarily normal marine connection in the Rhine 
valley linked the North Sea Basin to the Molasse 
Basin along the northern border of the Alps. A less 
deeply sunken lateral widening of the Rhine valley 
is known as the Mainz Basin in western Germany. 
From the Mainz Basin, Grimm & Grimm (2003) 
documented Serpula sp. and Spirobranchus sp. (re-
ported as ‘Pomatoceros’) attached to nearshore rhyo-
lite boulders from the Eckelsheim sandpit. Grimm et 
al. (1999) listed very common Spirorbis sp. attached 
to small pebbles and rare Protula sp. and Serpulidae 
indet. from a sandpit at Siefersheim.

Late Oligocene (Chattian) – During the Late Oligo-

cene, the southern margin of the North Sea Basin 
was characterized by several embayments extend-
ing southward to southeastward into northern Ger-
many. From west to east, these bays were named: 
(1) The Köln (= Cologne) Bay extending into parts of 
the Netherlands, Belgium and westernmost regions 
of northwestern Germany, (2) the Kassel Bay in the 
central region of northwestern Germany including 
Astrup near Osnabrück, the Doberg hill near Bünde, 
Bodenburg south of Hildesheim, and the region 
around Kassel, (3) the Thuringian Basin and Subher-
cynian Basin in eastern Germany.

(1) Köln Bay: Görges (1940) reported Serpula corru-
gata Goldfuss (a junior homonym; the actual name 
is Spiraserpula? subpacta (Rovereto, 1904)), Serpula fla-
gelliformis J. de C. Sowerby, 1844 in 1840–1846 and 
Spirorbis sp. from green-grey Late Oligocene sands at 
Rumeln in Lower Rhine lowland, northwestern Ger-
many.

(2) Kassel Bay: Concerning Late Oligocene serpulids, 
the Kassel Bay and especially the localities Doberg 
hill near Bünde and Astrup near Osnabrück are the 
most diverse and most fossiliferous localities. From 
Astrup, Goldfuss (1831–1833 in 1826–1844), partly 
supported by Münster, described and figured six 
species, all introduced under the genus ‘Serpula’. Lat-
er, Diedrich (2012) provided additional details and 
small photographs of two of Goldfuss’ species and 
documented a third taxon, Josephella sp. Rovereto 
(1904) and Schmidt (1955b) provided a few system-
atic and nomenclatural updates. The current, though 
still provisional names of the six Goldfuss species 
from Astrup are as follows:

Metavermilia? quadricanaliculata (Münster in Gold-
fuss, 1833).

Spiraserpula humulus (Münster in Goldfuss, 1833); 
this species includes ‘Cementula angulata (Münster)’ 
sensu Diedrich (2012, pp. 167, 170, fig. 7.1) and one 
specimen of ‘Rotularia corrugata Goldfuss’ sensu 
Diedrich (2012, pp. 167, 170, fig. 7.3).

Spiraserpula? subpacta (Rovereto, 1904), syn. Serpula 
corrugata Goldfuss, 1833 (non Link); this species in-
cludes a different specimen of ‘Rotularia corrugata 
(Goldfuss)’ sensu Diedrich (2012, pp. 167, 170, fig. 
7.2).

Spirobranchus angulata (Münster in Goldfuss, 1831), 
syn. Spirobranchus triqueter fide Schmidt (1955b).

Spirobranchus triqueter bicanaliculatus (Münster in 
Goldfuss, 1831).
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Spirorbis umbiliciformis (Goldfuss, 1831).

Josephella sp. was not mentioned in Goldfuss’ mono-
graph, but described and figured by Diedrich (2012, 
p. 167, 170, fig. 7.4) as ‘Janita dentalina (Münster)’ 
from Astrup. Before Diedrich (2012), this species, but 
named ‘Serpula dentalina’, had been reported several 
times from the Doberg hill near Bünde. The first such 
record was by Hubach (1957, pp. 15, 31), who de-
scribed fist-sized colonies of this species, occurring at 
Doberg hill in layer no. 10. Hubach noted these tubes 
to resemble small smooth Dentalium shells. This oc-
currence of ‘Serpula dentalina’ was subsequently men-
tioned also by Pannkoke (1979) and Kaiser & Ebel 
(eds; 2014). However, a taxon of an Oligocene spe-
cies ‘Serpula dentalina Münster’ can not be traced in 
modern taxonomic databases. The only valid species, 
‘Serpula dentalina’, had been introduced by Leymerie 
(1851). This is a species occurring in Maastrichtian 
sediments in the Pyrenees; it is large-sized and has 
a long, horn-shaped, smooth free tube portion. Prob-
ably it belongs to the subgenus Pyrgopolon (Pyrgopo-
lon) de Montfort, 1808, or, less probably, to the genus 
Pentaditrupa Regenhardt, 1961. However, the colo-
nies from Doberg hill and from Astrup mentioned by 
Hubach and subsequent authors, respectively, fig-
ured by Diedrich, are much smaller in tube diameter 
and clearly belong to a different species and genus.
	 Two additional serpulid species already listed from 
Astrup also occur at Doberg hill: Hubach (1957) men-
tioned ‘Serpula’ corrugata, Pannkoke (1979) ‘Serpula’ 
angulata and corrugata.
	 From three localities – Diekholzen near Hildesheim, 
between Bodenburg and Evensen, and the Eichtei-
che lakes near Neuhof/Lamspringe – Rust (1999) 
described and figured local mass occurrences of ac-
cumulated Ditrupa tubes, and from Diekholzen and 
the Eichteiche, he also reported occasional tubes of 
Spiraserpula? subpacta (Rovereto, 1904) (as ‘Serpula 
corrugata Goldfuss’). Much earlier, Philippi (1843) 
had already listed ‘Serpula corrugata’ and an unde-
terminable ‘Serpula conorta n. sp.’ from Diekholzen, 
although Rust (1999) states that many of Philippi’s 
fossils had instead been collected at Freden. At Diek-
holzen, MJ collected Ditrupa tubes, a high-spiral tube 
of Spiraserpula? subpacta, and small spirorbins.
	 From Kassel-Wilhelmshöhe, Goldfuss (1831 in 
1826–1844) described and figured a small ‘Serpula’ 
corniculum Goldfuss, which belongs to the subfamily 
Spirorbinae and possibly to the genus Spirorbis sensu 
stricto.

(3) In eastern Germany, the Late Oligocene serpulid 
fauna appears to be scarce, although only a few lo-
calities have been studied. Serpulids, if present, are 
mainly represented by the genera Ditrupa (common, 
for example, at Kabrow gravel pit near Sternberg) 

and Protula.
	 Surprisingly, the Late Oligocene serpulid fauna in 
Denmark is very different from the approximately 
contemporary serpulid faunas in northern Germany. 
The only serpulid genus reported from both regions 
is Protula, which, however, is considerably more 
common in Denmark than in northern Germany. 
This striking difference can only partly be explained 
by the fact that the above mentioned classical fossil-
rich Late Oligocene outcrops in northern Germany 
represent more or less sandy sediments deposited in 
relatively shallow, more or less nearshore waters, in 
contrast to the clayey sediments in deeper shelf off-
shore regions of the Oligocene North Sea basin in 
Denmark. Paradoxically, the Late Oligocene serpulid 
fauna in Denmark is somewhat more similar to the 
Early Oligocene serpulid fauna in eastern Germany, 
despite the differences in facies and geological age, 
because both faunas include the common occurrence 
of Protula and the occasional presence of Filogranula 
and Placostegus (at Mammendorf; MJ, unpublished) 
and vermetid gastropods.

Miocene – The serpulid fauna in Miocene micaceous 
claystones in the southeastern part of the North Sea 
basin is relatively low diverse, and most species are 
rather rare, except for locally common occurrences of 
Ditrupa arietina or Spirorbis? sp. In contrast, a highly 
diverse but generally small-sized mollusc fauna pre-
vails during the Miocene. However, the presence of 
many small mollusc shells did not compensate for 
the disadvantage of a muddy sea-floor for fixosessile 
serpulid taxa. For example, at the classic localities 
Twistringen claypit and Morsum cliff in north-west-
ern Germany, as well as the Gram claypit in Jylland, 
Denmark, Ditrupa arietina is the only common serpu-
lid species, whereas other serpulids are rare. From 
Twistringen, Janssen (1972) described tube fragments 
belonging to four more serpulid species: Protula cf. 
canavarii Rovereto, 1899, Josephella sp., Serpula sp., 
and a very small unidentified species, but the mate-
rial is too sparse and fragmentary to allow reliable 
species-level determination. In the Middle Miocene 
Diest Sands at Ramsel, province of Antwerpen, Bel-
gium, concretions yielded relatively common ‘Spiror-
bis sp.’, very rare ‘Serpula sp.’ and other unidentified 
annelids (Janssen & Müller 1985).
	 In contrast to the serpulid-poor clayey Miocene 
sediments of the North Sea basin, the often more 
sandy or/and more calcareous sediments in south-
ern parts of central Europe and in southern Europe, 
at least locally, yield a higher diverse serpulid fau-
na, reported, for example, from southern Germany 
(Jäger & Schneider 2009), Austria (Schmidt 1955b, 
1968), the Czech Republic (Reuss 1860); southern 
Poland (Radwańska 1994a, b), Romania (Zilch 1934), 
Spain (Zibrowius in Barrier 1991; Jäger in Hoffmann 
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et al. 2020), France (Philippe & Prieur 1984) and It-
aly (Seguenza 1880; Rovereto 1899, 1904; Zibrowius 
1991). Jäger & Schneider (2009) concluded, “that con-
siderable similarity in composition exists between 
the Miocene serpulid faunas from the Mediterranean 
(Southern Alpine Molasse Basin, N Italy) via the 
Rhone Graben (SE France) into the western (North-
ern Alpine Molasse Basin, SE Germany) and eastern 
Central Paratethys (Carpathian Basin, Romania)”.
	 As shown in the major historical monographs by 
Rovereto (1904), Schmidt (1955b) and Radwańska 
(1994a), the number of described serpulid species 
increased considerably during the Miocene. Howev-
er, the number of serpulid genera distinguished by 
palaeontologists increased only moderately. When 
several of the most comprehensive works on Euro-
pean Miocene serpulids are considered together, the 
most frequently mentioned genera (in part updated 
to current nomenclature) are Josephella, Filograna (or 
Salmacina Claparède, 1870 in 1868–1870), Vermiliopsis 
de Saint-Joseph, 1894, Serpula sensu stricto (or ‘Ser-
pula’ in the broad historical sense, encompassing sev-
eral different genera), Spiraserpula Regenhardt, 1961, 
Hydroides, Ditrupa, Spirobranchus, Placostegus, Spiror-
bis sensu stricto (or ‘Spirorbis’ encompassing several 
different genera). Less frequently mentioned genera 
include Filogranula, Metavermilia Bush, 1905, Metaver-
milia (Vepreculina), Semivermilia ten Hove, 1975, Pseu-
dovermilia Bush, 1907, Janita de Saint-Joseph, 1894, 
Neovermilia, Ficopomatus Southern, 1921, Pomatoste-
gus Schmarda, 1861, the spirorbin genera Neodexio-
spira Pillai, 1970, Leodora de Saint-Joseph, 1894, Pileo-
laria and Protolaeospira Pixell, 1912. Several additional 
genera that are rarely or not at all mentioned in Euro-
pean Miocene literature must nevertheless have ex-
isted during the Miocene elsewhere on Earth, as they 
are known both from pre- and post-Miocene strata. 
Examples include Pyrgopolon and Neomicrorbis. Al-
together, slightly more than 25 genera have been 
recorded from the Miocene. This number appears 
low, if compared to the 47 genera of only the non-
spirorbin genera recognized worldwide in the extant 
fauna by ten Hove & Kupriyanova (2009), to which 
a considerable number of spirorbin genera must be 
added.
	 However, this discrepancy should not be inter-
preted as an ‘explosive’ diversification of serpulids 
within the geologically relatively short timespan of 
5.333 Myr from the end of the Miocene to the present. 
Instead, it reflects preservational and methodological 
biases. In the fossil record, usually only calcareous 
serpulid tubes are preserved as fossils, which consid-
erably diminishes the number of diagnostic features 
used for taxonomic differentiation, if compared to 
recent taxa, where soft parts morphology and often 
the non-calcified opercula are available for study and 
differentiation between taxa. In Miocene serpulids, 

the sparsity of recognized fossilized opercula (but 
see Radwańska 1994b; ten Hove & Nishi 1996 and, 
for Oligocene opercula, Kadolsky 2022), as well as 
the total lack of preserved soft parts, hamper proper 
assignment of many fossil serpulid tubes to well-es-
tablished recent genera.
	 For the determination of Miocene and geologi-
cally younger fossil serpulid tubes, it appears more 
promising to compare them with morphologically 
identical tubes of extant species than with geologi-
cally older species. This approach has been success-
fully applied by several zoologists specializing in 
recent serpulids, who revised Neogene fossils or im-
proved previous paleontological identifications; e.g., 
Zibrowius & ten Hove (1987); Zibrowius (1979, 1988, 
1991); ten Hove & van den Hurk (1993); ten Hove & 
Nishi (1996); Sanfilippo (1998, 2003).

Conclusions
The calcareous tubeworm palaeocommunity of the 
Late Oligocene Brejning Formation has yielded pre-
viously undescribed material from five localities in 
Jylland, Denmark, located along a west-northwest 
– east-southeast oriented line of subcrops/outcrops 
of Late Oligocene rocks running through northern 
Jylland. This palaeocommunity comprises the fo-
llowing serpulid species: Protula cf. septaria (Giebel, 
1858), Filogranula mogenstrupensis sp. nov., Placoste-
gus vilsundensis sp. nov., Placostegus cf. erectus (Niel-
sen, 1931) and Placostegus cf. bilobatus (von Koenen, 
1891).
	 This is further complemented by the recognition of 
Vermetus jyllandensis sp. nov., which represents the 
first documented vermetid gastropod in the Danish 
Late Oligocene. In the external view, the vermetid 
shell appears remarkably similar to the posterior 
tube portion of the serpulid Protula cf. septaria. De-
spite this macromorphological similarity, these two 
zoologically unrelated marine invertebrates can be 
distinguished by their shell microstructures. Verme-
tus possesses a shell of tall prismatic aragonite cry-
stals, whereas Protula cf. septaria displays a semi-or-
dered, irregularly oriented prismatic microstructure 
(SOIOP). The persistence of SOIOP in this lineage 
reinforces the diagnostic value of biocrystallography 
in serpulid taxonomy, especially where opercula and 
soft parts – essential for identifying extant genera – 
are absent from the fossil record.
	 The tube of the serpulid Protula cf. septaria has 
a semi-ordered irregularly oriented prismatic 
microstructure (SOIOP) sensu Vinn et al. (2008) and 
Vinn (2013), which consists of short prismatic cry-
stals. While most of these crystals and crystallites 
align their long axes perpendicular to the tube‘s lon-
gitudinal axis and parallel to the transverse section, 
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the defining feature of the SOIOP microstructure is 
that a minor portion of the crystals – and their con-
stituent crystallites – orient their long axes roughly 
parallel to the tube‘s longitudinal axis and perpen-
dicular to the tube‘s transverse section. This is most 
evident in the cross-sections illustrated by Vinn 
(2013, figs 2, 8b) and in our Figs 9–11.
	 In contrast, the shell wall of Vermetus jyllandensis sp. 
nov. consists of several layers; the most prominent 
layer is formed of tall prismatic aragonite crystals, all 
oriented perpendicular to the longitudinal axis of the 
shell. However, some similar layers in which the cry-
stals are arranged in slightly fan-shaped aggregates 
may represent secondary diagenetic features. More-
over, the shell lumen of Vermetus jyllandensis sp. nov. 
was originally subdivided by hemispherical imper-
forate septa characteristic of vermetid gastropods, 
of which, however, only marginal remnants are pre-
served in the damaged shells.
	 The vast majority of the studied tube fragments, 
especially those belonging to the genera Protula and 
Filogranula, represent the long free anterior tube por-
tion, which was originally attached only indirectly to 
a foreign substrate via a short posterior tube portion. 
In contrast, most of the few Placostegus and vermetid 
fragments belong to the attached posterior tube por-
tion. Together with the associated marine fauna and 
the clayey sediment, this result indicates a communi-
ty living on a soft seafloor in a shelf sea in relatively 
calm normal marine c. 70–200 m deep water.
	 On only three of the studied fossils, serpulid tubes 
are found still attached to the hard parts of other in-
vertebrates used as substrates. Although in neither 
of these three cases a safe decision between syn vivo 
and post-mortem encrustation is possible, comparis-
ons with the life habits respectively taphonomies of 
recent relatives of the invertebrates used as substra-
tes provide hints. Presumably, Protula encrusted the 
shell of an already dead gastropod, whereas Placoste-
gus encrusted the spine of a living echinoid, respecti-
vely, the shell of a living brachiopod. The association 
of Placostegus vilsundensis with brachiopod margins 
suggest opportunistic commensal strategies aimed at 
exploiting host-generated feeding currents.
	 The Late Oligocene serpulid palaeocommunity of 
Jylland is surprisingly different from other Late Oli-
gocene serpulid faunas in the southeastern part of 
the North Sea basin in northern and eastern Germa-
ny and Belgium, and shows only moderate similari-
ties to the considerably more diverse and somewhat 
older Early Oligocene serpulid community in eastern 
Germany.
	 A rough and certainly still incomplete overview is 
provided on the serpulid evolution and fauna dis-
tribution in the Cenozoic, with focus on Europe and 
on Oligocene serpulid faunas. Two major changes in 
serpulid communities occurred during the Cenozoic 

– the first at the Early/Middle Paleocene (Danian/Se-
landian) boundary, the second at and shortly after 
the Eocene/Oligocene boundary. The first change is 
connected with a change from calcareous to silicic-
lastic sedimentation. Global cooling is the main rea-
son for the second change.
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