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Abstract: The fossil record of the Ophiuroidea is still patchy, especially in the Cenozoic. Only four
species have been described from the entire Oligocene, which is in stark contrast to the present-day
diversity counting more than 2000 species. Here, we describe two new species of ophiuroid, Ophiura
tankardi sp. nov. and Ophiodoris niersteinensis sp. nov., from the Lower Oligocene of the Mainz Basin.
The species are based on microfossils extracted from the sieving residues of bulk sediment samples
from a flush drill in Nierstein, Rhineland-Palatinate. The new species belong to extant genera and
add to the poor Oligocene fossil record of the class. Based on present-day distributions, the occur-
rence of Ophiodoris suggests deep sublittoral to shallow bathyal palaeodepths for the Nierstein area
of the Mainz Basin.
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1. Introduction

Ophiuroids, or brittle stars, are the slender-armed cousins of the starfish and live in
every corner of the world seas, from the poles to the tropics and from the intertidal to the
deep sea [1]. Their skeleton is composed of a multitude of high-magnesium calcite ossicles
connected with soft tissue. Because of the rapid post-mortem decay of the soft tissue, ophiu-
roid skeletons rarely fossilize intact. Disarticulated ossicles, in contrast, have a very high
fossilization potential and can be found in great numbers in marine rocks [2-4]. They can
be extracted from bulk sediment samples using standard microfossil processing tech-
niques, in particular screen-washing and picking under dissecting microscopes [5].

Although the systematic study of the ophiuroid microfossil record has started several
decades ago [2, 3], the number of new species descriptions based on fossil dissociated
lateral arm plates has skyrocketed thanks to the recent progress in understanding the com-
plex micromorphology of the ophiuroid skeleton [5, 6]. It is now well established that
specific types of ossicles, in particular the spine-bearing lateral arm plates, yield a suffi-
cient amount of morphological information for identifications to species level [5] and for
inclusion in phyloegentic estimates [7, 8]. During the last few years, the ophiuroid fossil
record has been explored systematically [4]. Nevertheless, some stratigraphic intervals are
still poorly known. The Oligocene fossil record is particularly patchy, with only four spe-
cies from that epoch [4, 9-11].

Here, we describe two new species of ophiuroids from the lower Oligocene of the
Mainz Basin, based on dissociated lateral arm plates and other skeletal components. The
study was incited by preliminary reports on ophiuroid microfossils from sieving residues
of Oligocene sediments from the Mainz Basin [12]. The species described in the present
paper significantly add to the generally poor Cenozoic fossil record of the Ophiuroidea.

2. Materials and Methods

© 2022 by the author(s). Distributed under a Creative Commons CC BY license.
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The fossils described in the present paper consist in microfossils retrieved from the
sieving residues of bulk sediment samples. The material originates from samples taken in
2005 during a geothermal drilling at the market place in Nierstein (WGS84 49° 52" 29,5™
N /8°20" 11" E), in the Mainz Basin (Fig. 1), by the employees of the drilling company.
After drying, the samples were processed with water and washed over a 63 um sieve and
the residues were picked under the binocular.

The stratigraphic interpretation of the samples was based on sedimentology and mi-
crofauna. Due to the sample collecting method (flush drilling), contamination of the sam-
ples by other material cannot always be excluded with certainty, which explains, for ex-
ample, the apparently high thickness of the Rosenberg Subformation (see below). At a
depth of 94 metres, the drilling hit Rotliegend rocks from the Permian. The sediments
between 92 and 26 metres belong to the Bodenheim Formation, with the Wallau Subfor-
mation at 92 metres depth, the Hochberg Subformation from 90 to 54 metres and the Ros-
enberg Subformation from 52 to 26 metres. The top of the drilled section belongs to the
Pfadberg Subformation of the Stadecken Formation. Ophiuroid remains were found in
several samples of the Rosenberg Subformation.
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Figure 1. Tectonic limits of the Mainz Basin, modified from Schéfer [13].

During the Oligocene, the Mainz Basin was part of an arm of the sea extending south-
wards from the then North Sea, from the Kassel Bay to the Upper Rhine Graben. Whether
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there was a connection to the Paratethys in the south, at least temporarily, is still debated
[13]. Nierstein is located at the eastern edge of the Mainz Basin at the border to the Upper
Rhine Graben, in the area of the Alzey-Nierstein horst consisting of Upper Carboniferous
to Lower Permian rocks (Fig. 2). At the time of deposition of the Rosenberg Subformation,
Nierstein was located relatively far from the coast at a greater depth, but not at maximum
water depth due to its location in the area of the Alzey-Niersteiner Horst (Fig. 2).

The Bodenheim Formation was deposited in the Oligocene during the second Ru-
pelian transgression in a fully marine sea. It is subdivided into the Wallau, Hochberg and
Rosenberg Subformations. The Rosenberg Subformation overlies not only the Hochberg
Subformation but also the older coastal sediments and the pre-Cenozoic basement, which
documents an increase in water depth and consequently an extension of the depositional
space [13]. Maximum water depth probably reached 150 metres, although some authors
argue for a shallower water depth [14, 15]. For the Hochberg Subformation, Grimm [16]
assumes a surface water temperature of 11-22°C and bottom water temperature of 8-12°C,
corresponding to a subtropical-Mediterranean climate. Based on ostracod evidence, the
depositional setting of the Rosenberg Subformation was a euryhaline, quiet area of the
middle to deep sublittoral [17].

The Rosenberg Subformation consists of grey to grey-green clayey marls and reaches
a thickness of up to 20 metres [14]. It belongs to nannoplankton zone NP 24 and to dino-
flagellate zones D 14 / D 15 [13] and thus to the Rupelian. The subformation yields a rich
microfauna dominated by foraminifera. Ostracods, sea urchin remains and fish bones and
teeth occur more rarely, but regularly, while brittle star microfossils are only found at a
few sites [18].
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Figure 2. Paleogeography of the northern Mainz Basin at the time of deposition of the Rosenberg
Subformation, modified from Schéfer [13].

The brittle-star microfossils described in the present paper were retrieved from 4
samples, taken at depths of 34, 42, 46 and 50 metres, respectively. They consist of fully
dissociated skeletal plates, including lateral, ventral and dorsal arm plates, vertebrae, arm
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spines, oral plates and genital plates, as well as a few articulated, distal arm segments.
Selected plates and arm segments were mounted on aluminum stubs and silver-coated
for scanning electron microscopy using a JEOL Neoscope JMC-5000. All figured speci-
mens are housed at the Natural History Museum Mainz / State Collection of Natural His-
tory of Rhineland-Palatinate (acronym NHMMZ).

Terminology follows Stohr et al. [1] and Thuy and Stohr [5]. We use the classification
by O’Hara et al. (2017, 2018).

The electronic version of this article in Portable Document Format (PDF) represent a
published work according to the International Commission on Zoological Nomenclature
(ICZ), and hence the new names contained in the electronic version are effectively pub-
lished under that Code from the electronic edition alone. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration
system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and
the associated information viewed through any standard web browser by appending the
LSID to the prefix http://zoobank.org/. The LSID for this publication is:
urn:lsid:zoobank.org:pub:3D4DDF80-AD07-43F4-91 A9-D934CF7647D5.

3. Systematic palaeontology

Class Ophiuroidea Gray, 1840

Subclass Myophiuroida Matsumoto, 1915

Infraclass Metophiurida Matsumoto, 1913

Superorder Euryophiurida O'Hara, Hugall, Thuy, Stéhr & Martynov, 2017
Order Ophiurida Miiller & Troschel, 1840 sensu O’Hara et al. 2017
Suborder Ophiurina Miiller & Troschel, 1840 sensu O’Hara et al. 2017
Family Ophiuridae Miiller & Troschel, 1840

Genus Ophiura Lamarck, 1801

Diagnosis (specifically for lateral arm plate morphology): lateral arm plates of rectangular
to rounded rectangular outline, with a deep, well-defined, distalwards-pointing tentacle
notch in the middle of the distal edge or slightly more ventrally, resulting in nearly equal-
sized dorsal and ventral portions of the lateral arm plate; outer surface with a fine tuber-
culation sometimes merged into a fine vertical striation; outer distal edge often with one
or two small, pointed, poorly defined spurs; generally three arm spine articulations on the
same level as the outer surface stereom, with the muscle opening proximally bordered by
a thin, rugose, vertical ridge; inner side of lateral arm plate with a thin C-shaped vertebral
articular ridge, often with the ventral and dorsal tips enlarged.

Ophiura tankardi sp. nov. (Figure 3)

urn:lsid:zoobank.org:act:5E4A429C-160F-489D-BCEB-70D7E3BF5BDE

Holotype: NHMMZ PWL 2022/5560.1-LS.

Paratypes: NHMMZ PWL 2022/5560.2-LS - NHMMZ PWL 2022/5560.7-LS

Type horizon and locality: Rosenheim Subformation, Bodenheim Formation, nanno-
plankton zone NP 24 and to dinoflagellate zones D 14 / D 15, Rupelian, Oligocene, Ceno-
zoic (33.9 — 28.1 million years before present); sample taken at 46 metres depth from flush
drill made at Nierstein market place (WGS84 49° 52" 29,5 N /8°2 0" 11" E), Rhineland
Palatinate, Mainz Basin, Germany.

Etymology: Species named in honour of German thrash metal band Tankard, to cele-
brate their loyal and consistent connection to their fan base.

Diagnosis: Small species of Ophiura with fragile lateral arm plates of oblique trapezoi-
dal outline, with a well-developed, fine vertical striation on the outer surface, three small
spine articulations on the same level as the outer surface stereom, with a distalwards
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pointing tentacle notch in proximal to distal arm segments, and with a vertebral articular
ridge on the inner side composed of two well-defined knobs connected with a thin, poorly
defined vertical ridge.

Description: Holotype specimen (NHMMZ PWL 2022/5560.1-LS), dissociated proxi-
mal lateral arm plate (Fig. 3A, B), small, fragile, approximately as high as long, of trape-
zoidal outline, with a straight, oblique dorsal edge, a straight, horizontal ventral edge with
a ventralwards-pointing protrusion close to the ventro-proximal tip, a deeply incised dis-
tal edge, and an irregularly wavy proximal edge; outer surface with a well-developed,
fine, vertical striation replaced by fine tubercles on the ventral portion of the outer surface
and close to the proximal edge; narrow band of finely meshed stereom along the outer
proximal edge of the lateral arm plate, devoid of spurs but with a small, poorly defined
area of horizontally striated stereom; three small spine articulations in the dorsal half of
the outer distal edge, at the same level as outer surface stereom and separated from the
distal edge by a wide ledge of coarsely-meshed stereom; spine articulations vertically
elongate, composed of large muscle opening proximally bordered by a thin, crenulated,
strongly bent ridge, and distally separated from a smaller nerve opening by a thick,
smooth, lip-shaped vertical ridge; spine articulations nearly equal-sized and equidistant;
very deep, conspicuous, distalwards pointing tentacle notch, ventrally bordered by
smoother stereom. Inner side of lateral arm plate with a vertical vertebral articular ridge
composed of a very thin, poorly defined central part, a large, well-defined, prominent
ventral knob composed of more finely-meshed stereom, and a similar but much smaller
dorsal knob; stereom on inner side coarsely meshed except for overlap area along the in-
ner distal edge, and along the proximal edge.

Paratype supplements and variation: dissociated median lateral arm plate (NHMMZ
PWL 2022/5560.2-LS) (Fig. 3C, D), longer than high, of rectangular outline, dorsal edge
straight, ventral edge slightly concave and with a pointed ventralward protrusion close
to the ventro-proximal tip; proximal edge lined by a narrow band of more finely-meshed
stereom, with well-developed, fine horizontal striation and a very weak, poorly-defined,
slightly protruding central spur; outer surface striation as in holotype; three spine articu-
lations similar to those of holotype but smaller and in a slightly more ventral position;
tentacle notch on distal edge smaller and shallower than in holotype; inner side of lateral
arm plate with a single, triangular, sharply-defined vertebral artuicular structure com-
posed of more finely-meshed stereom, with a poorly defined, dorsalward extension; ste-
reom on inner side coarsely meshed except for band of more finely-meshed stereom in
overlap area along the inner distal edge; well-developed dorsal and ventral contact sur-
faces with opposite lateral arm plate.

Dissociated distal lateral arm plate (NHMMZ PWL 2022/5560.3-LS) (Fig. 3E, F), ap-
proximately 2.5 times longer than high, with concave dorsal and ventral edges; proximal
edge lined by a very narrow band with a fine horizontal striation, and with a well-devel-
oped, prominent and protruding spur; outer surface striation as in holotype; two spine
articulations on outer distal edge of lateral arm plate, similar to those of holotype but in a
much more ventral position; inner side of lateral arm plate with two horizontally elongate
knobs, well defined, prominent, composed of more finely meshed stereom and arranged
in a horizontal line; stereom on inner side of lateral arm plate coarsely meshed, except for
vertically striated dorsal and ventral edges and band of more finely meshed stereom along
inner distal edge; tentacle notch deep, sharply defined, pointing distalwards; well-devel-
oped dorsal contact surface with opposite lateral arm plate.
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Figure 3. Ophiura tankardi sp. nov. from the Rupelian, Oligocene (Rosenheim Subformation,
Bodenheim Formation, nannoplankton zone NP 24 and to di-noflagellate zones D 14 / D 15) of a
flush drill made at Nierstein, Rhineland-Palatinate, Germany. Holotype (NHMMZ PWL
2022/5560.1-LS), dissociated proximal lateral arm plate in external (A) and internal (B) views; para-
type (NHMMZ PWL 2022/5560.2-LS), dissociated median lateral arm plate in external (C) and in-
ternal (D) views; paratype (NHMMZ PWL 2022/5560.3-LS), dissociated distal lateral arm
plate in external € and internal (F) views; paratype (NHMMZ PWL 2022/5560.4-LS), dis-
sociated proximal vertebra in lateral (G), ventral (H) and distal (I) views; paratype
(NHMMZ PWL 2022/5560.5-LS), dissociated proximal dorsal arm plate (J) in external
view; paratype (NHMMZ PWL 2022/5560.6-LS), dissociated oral plate in adradial (K) and
adradial (L) views; paratype (NHMMZ PWL 2022/5560.7-LS), distal arm fragment in lat-
eral view (M) and with detail of arm spines (N). Abbreviations: AAMA: adradial muscle
attachment area; AS: arm spine; di: distal; do: dorsal; PB: podial basin; R: vertebral artic-
ular ridge; SA: spine articulation; TN: tentacle notch.
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Dissociated vertebra (NHMMZ PWL 2022/5560.4-LS), very slender, with a deeply in-
cised middle saddle (Fig. 3G), and and with conspicuous, enlarged, fragile dorso-distal
muscle fossae; small, well-defined, laterally pointing tentacle basins (Fig. 3G, H); distal
articular facets with small, slender, dorsalwards converging zygocondyles and a large,
lozenge-shaped zygosphene (Fig. 3I); ventro-distal muscle fossae round and fragile.

Dissociated dorsal arm plate (NHMMZ PWL 2022/5560.5-LS) fragile, fan-shaped,
with a convex distal edge, a pointed proximal edge, and a finely tuberculated outer sur-
face (Fig. 3J).

Dissociated oral plate (NHMMZ PWL 2022/5560.6-LS) split in two halves (Fig. 3K,
L), originally longer than high, devoid of lateral wings, with adradial muscle attachment
area ventrally lining the adradial articulation area (Fig. 3K).

Distal arm fragment (NHMMZ PWL 2022/5560.7-LS) composed of two articulated
arm segments (Fig. 3M), strongly elongate, with arm spines in place (Fig. 3N), adpressed
against arm segment, short, pointed, with a rugose, irregular, longitudinal striation.

Remarks: The material described above originates from a sample taken at 46 metres
depth from the Nierstein market place flush drill, yielding only lateral arm plates of the
same species. We therefore assume that all the associated skeletal plates, in particular the
vertebrae, dorsal arm plates and oral plates, belong to the same species. Similarities in
relative size, fragile overall morphology, outer surface ornamentation (dorsal arm plate),
and lateral articular structures (vertebrae) corroborate that the lateral arm plates and all
the associated skeletal parts belong to the same species. Additional material not figured
in the present paper was found in samples taken at 34, 42 and 50 m depth in the flush drill.

The general outline of the lateral arm plates, in particular with respect to the relative
size of the ventral portion, the outer surface ornamentation, the shape and position of the
spine articulations, the shape of the vertebral articular ridges and knobs on the inner side,
and the shape of the distal arm spines suggests assignment to the genus Ophiura within
the family Ophiuridae. Ishida et al. [19] recently revised the fossil record of Ophiura, sum-
marizing the species once assigned to Ophiura that have since been transferred to other
genera, and revising the remaining fossil species of Ophiura. Apart from fossil reports of
extant species, e.g. Ophiura sarsii sarsii Liitken, 1855 from the middle Miocene to the Pleis-
tocene of Japan [20-29], only the following extinct species have been retained as probably
belonging to Ophiura: Ophiura achatae Rasmussen, 1972 from the upper Danian (lower
Paleocene) Agatdal Formation of Nugssuaq (Greenland) [30], Ophiura wetherelli Forbes,
1852 from the Lower Eocene (Ypresian) London Clay of Highgate (London, England) [31],
Ophiura furiae Rasmussen, 1972 from the Lower Eocene (Ypresian) Mo-Clay Formation of
the Island of Fur (Denmark) [30], Ophiura bognoriensis Rasmussen, 1972 from the Lower
Eocene (Ypresian) Astarte Bed and Starfish Bed (Lower Clay) of Bognor Regis (Sussex,
England) [30], Ophiura hendleri Blake and Aronson, 1998 from the Upper Eocene La Meseta
Formation of Seymour Island (Antarctic Peninsula) [32], Ophiura bartonensis Rasmussen,
1972 from the Upper Eocene (Bartonian) Lower Barton Beds of Hampshire (England) [30],
Ophiura? sternbergica Kutscher, 1980 from the Oligocene “Sternberger Gestein” of Magde-
burg (eastern Germany) [33], Ophiura marylandica Berry, 1934 from the Miocene Mary's
Member of Maryland (USA) [34], Ophiura paucilepis Stohr, Jagt and Klompmaker, 2011
from the lower Zanclean to mid-Piacenzian (Pliocene) Oosterhout Formation of Mill-
Langenboom (Noord-Brabant, the Netherlands) [35], and Ophiura pohangensis Ishida et al.,
2022 from the Middle Miocene Duho Formation (Yeonil Group) of Pohang City, (Korea)
[19]. None of these species have lateral arm plates comparable to those of the species de-
scribed in the present paper, especially with respect to the small size, the oblique dorsal
edge, the fragile architecture, and the fine vertical striation.

Among the recent species of Ophiura, closest similarities are shared with the small
species showing fragile, elongated arm segments and vertically striated lateral arm plates,
in particular Ophiura ooplax (H.L. Clark, 1911), Ophiura trimeni Bell, 1905, Ophiura ljung-
mani (Lyman, 1878) and Ophiura grubei Heller, 1863. The former two differ from the mate-
rial described in the present paper in having larger spine articulations with a dorsalward
increase in size, and in having tentacle openings transformed into perforations at least
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from median arm segments onwards. Ophiura l[jungmani and O. grubei differ from the OI-
igocene specimens in having a much weaker outer surface striation and a differently
shaped vertebral articular structure on the inner side. In the light of these differences, we
assign the material described herein to the new species Ophiura tankardi. The small size,
the elongate arm segments and the elongate, divided oral plate suggest that Ophiura tank-
ardi is a paedomorphic species.

Superorder Ophintegrida O'Hara, Hugall, Thuy, Stohr & Martynov, 2017
Order Amphilepida O'Hara, Hugall, Thuy, Stohr & Martynov, 2017
Suborder Ophionereidina O'Hara, Hugall, Thuy, Stohr & Martynov, 2017
Superfamily Ophionereidoidea Ljungman, 1867

Family Ophionereididae Ljungman, 1867

Genus Ophiodoris Koehler, 1904

Diagnosis (specifically for lateral arm plate morphology): small, relatively elongate lateral
arm plates with a coarsely meshed outer surface stereom devoid of tubercles or otherwise
modified trabecular intersections; up to three large spine articulations with massive dorsal
and ventral lobes proximally separated by single or multiple wedge-shaped knobs; inner
side with a thin, J-shaped, almost horizontal vertebral articular ridge.

Opbhiodoris niersteinensis sp. nov. (Figure 4)

urn:lsid:zoobank.org:act:0E2FF12D-6D61-451D-BOBC-BD42FD597E05

Holotype: NHMMZ PWL 2022/5561.1-LS.

Paratypes: NHMMZ PWL 2022/5561.2-LS - NHMMZ PWL 2022/5561.7-LS

Type horizon and locality: Rosenheim Subformation, Bodenheim Formation, nanno-
plankton zone NP 24 and to dinoflagellate zones D 14 / D 15, Rupelian, Oligocene, Ceno-
zoic (33.9 — 28.1 million years before present); sample taken at 42 metres depth from flush
drill made at Nierstein market place (WGS84 49° 52" 29,5 N /8°2 0" 11" E), Rhineland
Palatinate, Mainz Basin, Germany.

Etymology: Species named after the type locality Nierstein.

Diagnosis: Small species of Ophiodoris with relatively elongate lateral arm plates,
showing a coarsely meshed outer surface stereom devoid of tubercles; up to three spine
articulations composed of smooth, imperforaret dorsal and ventral lobes proximally sep-
arated by single, double or triple wedge-shaped knobs; J-shaped vertebral articular ridge
on the inner side.

Description: Holotype specimen (NHMMZ PWL 2022/5561.1-LS) is a small, dissoci-
ated proximal lateral arm plate (Fig. 4A, B), slightly longer than high, with a weakly con-
cave dorsal edge, an evenly convex distal edge, an oblique, ventro-proximalwards pro-
truding ventral portion with a large but shallow and poorly defined tentacle notch, and a
wavy proximal edge lined by a narrow, poorly-defined band of more finely meshed ste-
reom and comprising a slightly swollen, protruding central part; outer surface composed
of coarsely meshed stereom devoid of tubercles; three large, freestanding spine articula-
tions on distal edge, composed of smooth, imperforate, nearly parallel dorsal and lobes
proximally separated by a single, wedge-shaped knob; dorsalmost spine articulation
slightly smaller than the other two. Inner side of lateral arm plate with a conspicuous J-
shaped vertebral articular structure, moderately well defined, composed of slightly more
finely meshed stereom and almost horizontal; no perforation discernible; inner distal edge
tapering, composed of more finely meshed stereom, devoid of spurs; inner side of tentacle
notch shallow but large, conspicuous, bordered by a thickened part of the ventral edge.

Paratype supplements and variation: dissociated median lateral arm plate (NHMMZ PWL 2022/5561.2-LS) (Fig. 4C,
D), 1.5 times longer than high, similar to holotype, except for spine articulations showing a double or triple knob
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proximally separating the dorsal and ventral lobes; inner side as in holotype but with very poorly defined vertebral
articular ridge and smaller tentacle notch showing a ventralward pointing protrusion.

Figure 4. Ophiodoris niersteinensis sp. nov. from the Rupelian, Oligocene (Rosenheim Subfor-
mation, Bodenheim Formation, nannoplankton zone NP 24 and to di-noflagellate zones D 14 / D 15)
of a flush drill made at Nierstein, Rhineland-Palatinate, Germany. Holotype (NHMMZ PWL
2022/5561.1-LS), dissociated proximal lateral arm plate in external (A) and internal (B) views; para-
type (NHMMZ PWL 2022/5561.2-LS), dissociated median lateral arm plate in external (C) and in-
ternal (D) views; paratype (NHMMZ PWL 2022/5561.3-LS), dissociated distal lateral arm
plate in external (E) and internal (F) views; paratype (NHMMZ PWL 2022/5561.4-LS), dis-
sociated proximal dorsal arm plate (G); paratype (NHMMZ PWL 2022/5561.5-LS), disso-
ciated median to distal dorsal arm plate (H); paratype (NHMMZ PWL 2022/5561.6-LS),
dissociated arm spine (I); paratype (NHMMZ PWL 2022/5561.7-LS), dissociated proximal
vertebra in dorsal (J), proximal (K) and lateral (L) views. Abbreviations: di: distal; do: dor-
sal; K: wedge shaped knob; R: vertebral articular ridge; SA: spine articulation; TN: tentacle
notch.
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Dissociated distal lateral arm plate (NHMMZ PWL 2022/5561.3-LS) (Fig. 4E, F), al-
most two times longer than high, with a strongly concave dorsal edge and a wavy distal
edge with a narrow band of more finely meshed stereom; outer surface stereom as in hol-
otype; two spine articulations with dorsal and ventral lobes proximally separated by a
double knob; inner side as in paratype specimen.

Dissociated proximal ventral arm plate (NHMMZ PWL 2022/5561.4-LS), approxi-
mately as long as wide, of bullhead-shaped outline, with an obtuse distal angle, conspic-
uous pointed lateral protrusions, deep lateral tentacle notches, and a straight proximal
edge; outer surface with coarsely meshed stereom, thickened around the tentacle notches
(Fig. 4G).

Dissociated median to distal ventral arm plate (NHMMZ PWL 2022/5561.5-LS), al-
most two times longer than wide, with a straight distal edge, pointed lateral edges, deep
lateral tentacle notches and a straight proximal edge; outer surface stereom coarsely
meshed (Fig. 4H).

Dissociated proximal vertebra (NHMMZ PWL 2022/5561.7-LS), relatively compact
except for very large dorso-distal muscle fossae, forming a distalwards pointing, almost
keel-like protrusion (Fig. 4]); ventro-proximal muscle fossae deep, large; ventro-distal and
dorso-proximal muscle fossae smaller (Fig. 4K, L); lateral articular structure J-shaped,
poorly defined; ventral furrow large and deep; dorsal furrow large, with lateral extensions
paralleling the edge of the dorso-distal muscle fossae, devoid of dorso-proximal depres-
sion; vertebral articulation zygospondylous; podial basins well-defined, ventro-distal-
wards pointing.

Dissociated arm spine (NHMMZ PWL 2022/5561.6-LS) long, cylindrical, pointed,
with a coarsely meshed, irregular longitudinal striation beset with minute thorns (Fig. 4I).

Remarks: The lateral arm plates described above belong to the family Ophionerei-
didae on account of their outline with the large, ventro-distalwards protruding ventral
portion, and the large spine articulations composed of parallel dorsal and ventral lobes
proximally separated by single or multiple knobs. Comparison with the lateral arm plates
of recent ophionereids suggests that similarities are greatest with the lateral arm plates of
Ophiodoris owing to the plate outline, the shape of the dorsal and ventral lobes, and the
shape of the vertebral articular ridge on the inner side of the lateral arm plate [36-38].

The fossil record of Ophiodoris is very sparse so far, with Ophiodoris reconciliator Thuy,
2015 and Ophiodoris francojurassicus (Hess, 1975) from the Jurassic of France and Switzer-
land, recpectively [36, 39], Ophiodoris holterhoffi Thuy, Gale, Stohr & Wiese, 2014 from the
Cretaceous of Texas, USA [36], and an unnamed species from the Pliocene of the Mediter-
ranean [38] as the only known records so far. Unambiguous fossil occurrences of the
closely related genera Ophioplax Lyman, 1875 and Ophiochiton Lyman, 1878 are rare too
[40]. Comparison with these fossil reports and with recent species of Ophiodoris shows that
the material described above stands out in having a coarsely meshed stereom devoid of
tubercles on the outer surface, and in having an almost horizontal, conspicuously J-shaped
vertebral articular ridge on the inner side. We therefore introduce the new species Ophio-
doris niersteinensis sp. nov. to accommodate the material in question.

4. Discussion

The material described in the present paper confirm the considerable potential of mi-
crofossils to study the fossil record of the Ophiuroidea. It furthermore shows that even
well-studied areas such as the Mainz Basin can yield unknown species. With the material
described in the present paper, we add two new species to the poorly known Oligocene
fossil record of the ophiuroids. Both species described herein belong to extant genera. In
the case of Ophiodoris, the new Oligocene species bridges a considerable stratigraphic gap
between the Early Cretaceous and the Plio-Pleistocene records of the genus [36, 38].
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Ophiura has a wide geographical and bathymetric distribution in the present-day
oceans [41]. Ophiodoris, in contrast, is mostly restricted to deep sublittoral to shallow bath-
yal depths [38, 42]. Assuming that the distribution preferences of the genus can be extrap-
olated to the Oligocene, the occurrence of Ophiodoris in the deeper offshore part of the
Mainz Basin corroborates deep sublittoral to shallow bathyal paleodepths for the con-
cerned area.

The present paper describes the ophiuroid species found in a particular part of the
Mainz Basin. It seems very likely that other parts of the Basin yield additional ophiuroid
species. Ongoing investigations have confirmed the presence of yet unnamed amphiurid
ophiuroids in shallower parts of the Basin [12]. We aim to systematically describe these
additional ophiuroids in forthcoming works.
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