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Abstract: Ophiuroids, the slender-armed cousins of starfish, constitute an important component of modern
marine benthos and have been used successfully in the exploration of (palaeo)-ecological and evolutionary
trends, yet their fossil record is still poorly known. One of the major gaps in the known palaeobiodiversity
of this group coincides with a global palaeoenvironmental crisis during the early Toarcian (Early Jurassic,
183 myr ago), known as the Jenkyns Event. Here we describe ophiuroid remains retrieved from a series of sam-
ples from the Dudelange (Luxembourg) drill core, which spans the lower part of the Toarcian, between the top
of the Pliensbachian and the onset of the Jenkyns Event. A total of 21 species are recorded, including three new
genera and 12 new species. Ophiuroid diversity and abundance fluctuate in parallel with depositional facies,
with lowest values coinciding with black shales. Highest diversities, including exceptional occurrences of
taxa nowadays restricted to deep-sea areas, are recorded from just below the black shales, corresponding to
the onset of the Jenkyns Event. Our results show that even small (100 g) bulk sediment samples retrieved
from drill cores can yield numerous identifiable ophiuroid remains, thus unlocking this group for the study
of faunal change across palaeoenvironmental crises.

The Jenkyns Event, formerly known as the Toarcian
Oceanic Anoxic Event, ranks amongst the major
environmental perturbations of the Mesozoic (Hes-
selbo et al. 2000, 2007; Jenkyns 2010; Suan et al.
2010). It was marked by global warming (McArthur
et al. 2000; Suan et al. 2010; Krencker et al. 2014,
2015; Korte et al. 2015) and marine mass extinctions
(Little and Benton 1995; Dera et al. 2010; Caruthers
et al. 2013). The basis for a better understanding of
potential links between palaeoenvironmental pertur-
bations and biodiversity changes associated with this
event are high-resolution studies of the fossil record
of various biotic groups (e.g. Danise et al. 2019).
Most previous efforts in this respect have focused
on cephalopod (e.g. Dera et al. 2010) and bivalve
(e.g. Aberhan and Fürsich 1996) molluscs, as well
as brachiopods (e.g. Joral et al. 2011), benthic fora-
minifera (e.g. Rita et al. 2016) and ostracods (e.g.
Arias 2013). In contrast, the fossil record of echino-
derms has received only little attention within the
context of the Jenkyns Event.

Ophiuroids rank amongst the five extant classes
of echinoderms and form an important component
of benthic invertebrate communities in all parts of
the world’s oceans (Stöhr et al. 2012). They have
recently emerged as a promising model organism
to explore large-scale biogeographical and

evolutionary patterns of marine benthos (e.g. Thuy
2013; O’Hara et al. 2014; Woolley et al. 2016;
Bribiesca-Contreras et al. 2017). Ophiuroids have a
rich fossil record that consists mostly of microscopic
skeletal remains as a result of the rapid post-mortem
disintegration of their multi-element skeleton (Hess
1962a; Jagt 2000; O’Hara et al. 2014). The spine-
bearing lateral arm plates have been identified as
the most character-rich and diagnostic components
of the ophiuroid skeleton (Hess 1962a; Thuy and
Stöhr 2011, 2016). Thanks to detailed micromorpho-
logical studies and systematic comparisons with
Recent equivalents, it has been demonstrated that
fossil ophiuroid lateral arm plates can be identified
to species level (Thuy and Stöhr 2011) and can
even be included in phylogenetic analyses (Thuy
and Stöhr 2016). Ophiuroid microfossils occur in
all types of marine rocks, at least from the Silurian
onwards, and can often be retrieved in great numbers
from sieving residues of bulk sediment samples (e.g.
Numberger-Thuy and Thuy 2020).

However, in spite of these promising conditions,
ophiuroid microfossils remain understudied, leaving
extensive taxonomic and stratigraphic gaps in the
fossil record of the group (e.g. Thuy 2013). One of
the intervals with a particularly patchy record of
ophiuroid palaeobiodiversity is the lower part of
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the Toarcian. Whereas several relatively diverse
ophiuroid assemblages have been described from
the upper Toarcian (Kutscher 1996; Kutscher and
Villier 2003), only two single-species occurrences
based on articulated skeletons have been described
for the lower Toarcian Posidonia Shale of southern
Germany: Enakomusium geisingense (Kutscher
1992) from Bachhausen, and Sinosura brodiei
(Wright 1866) from Ohmden (Hess 1991). Both
records, however, lack a more precise stratigraphic
context, thus precluding a conclusive interpretation
in the light of the Jenkyns Event.

Here, we describe ophiuroid microfossils from a
series of bulk sediment samples taken from the
basal Toarcian interval of the Dudelange drill core.
The material represents 35 stratigraphically succes-
sive assemblages comprising a total of 21 species,
thus adding significantly to the Toarcian palaeobio-
diversity of Ophiuroidea and filling an important
gap in the fossil record of this group. In addition to
an exhaustive taxonomic assessment of the assem-
blages, we explore species range and diversity pat-
terns across the sampled interval and investigate
potential palaeobiological implications.

Material and methods

The material described herein consists of several
thousands of dissociated ophiuroid lateral arm plates
and vertebrae extracted from sieving residues of 35
bulk sediment samples taken from a drill core housed
at the Luxembourg Geological Survey under number
FR-216-200. The core was retrieved from an
exploration well at a disused industry site called
Neischmelz near Dudelange, southern Luxembourg
(Fig. 1), and is herein informally referred to as the
Dudelange drill core. It recovers, among others, a
thick Toarcian succession, ranging from the basal-
most Tenuicostatum chronozone (sensu Page 2003)
starting at a depth of 137 m to the Thouarsense chro-
nozone at the top of the core. The Toarcian and
uppermost Pliensbachian parts of the core have
been extensively sampled for geochemical analyses
(work in progress). Ammonites are relatively com-
mon on bedding planes of drill-core fragments,
allowing for a chronozone-level biostratigraphic
subdivision of the drill-core succession.

The samples that yielded the material described
herein were taken from the levels between the high-
est occurrence of ammonites of the genus Pleuroce-
ras at 138.62 m and the lowermost occurrence of
members of the genus Harpoceras ammonites at
124.78 m, corresponding to, or at least including,
the Tenuicostatum chronozone. This interval was
selected because it yielded echinoderm debris that
was visible to the naked eye in several beds, and
directly underlay the bituminous shales of the

Serpentinum chronozone, thus potentially preserv-
ing ophiuroid assemblages from shortly prior to the
Jenkyns Event. Samples consisted of approximately
100 g of bulk sediment each, extracted from the core
at every 30 cm using a hammer and chisel, resulting
in a total of 35 samples

Samples were soaked in Rewoquat for 24–48 h
and then screen-washed using hot tap water. Ophiu-
roid remains were picked from air-dried residues
under a dissecting microscope. Selected specimens
were cleaned in an ultrasonic bath, mounted on alu-
minium stubs and silver-coated for scanning electron
microscopy using the JEOL NeoScope JCM-5000 at
the Natural History Museum Luxembourg.

Ophiuroid microfossils (Fig. 2) were identified
following Thuy and Stöhr (2011, 2016), Thuy
(2013) and Numberger-Thuy and Thuy (2020),
using the terminologies defined in those papers.
We adopt the classification by O’Hara et al. (2017,
2018). Type and figured specimens are housed in
the collections of the Natural History Museum Lux-
embourg (abbreviated as MnhnL OPH).

The residues that yielded the ophiuroid material
described herein are currently being explored for
ostracods and benthic foraminifera in order to obtain
a more precise biostratigraphic subdivision of the
succession. It should be stressed that the stratigraphic
interpretation of the studied drill core is still in pro-
gress. Chronozone boundaries are based on ammon-
ite and lithostratigraphic evidence available at the
time of submission of the present study, and there-
fore should be considered to be tentative.

Results

Of the studied 35 samples, 25 yielded a total of 1131
ophiuroid lateral arm plates (Table 1; Fig. 3). The 10
remaining samples, almost all from within black
shale intervals, were barren. A total of 21 ophiuroid
species were identified, 12 of which are new and for-
mally described herein (see below). Some species
range throughout the entire series of samples (e.g.
Inexpectacantha acrobatica), others are restricted
to specific parts of the studied interval. Four species
(i.e. the unnamed ophiomusin and ophiopyrgid,
Ophiohelus sp. nov., and Ophiocopa sp. nov.) were
found exclusively in a single sample each.

Both abundance and taxonomic diversity show
considerable variation along the studied succession
of samples. The most marked drops in plate abun-
dance and species diversity coincide with intervals
of black shales. The transition from the marlstones
of the uppermost Tenuicostatum chronozone to the
bituminous shales of the Serpentinum chronozone,
assumedly corresponding to the onset of the Jenkyns
Event, is accompanied by a drop in species diversity
and plate abundance, leaving only two species
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(Inexpectacantha acrobatica and Sinosura
dieschbourgae).

Systematic palaeontology

Class Ophiuroidea Gray (1840)
Subclass Myophiuroida Matsumoto (1915)
Infraclass Metophiurida Matsumoto (1913)

Superorder Euryophiurida O’Hara, Hugall, Thuy,
Stöhr and Martynov (2017)

Order and family unknown
Genus Inexpectacantha Thuy (2011)

Type species. Inexpectacantha acrobatica Thuy
(2011), by original designation.

Emended diagnosis. Small euryophiurid with five
unbranched arms, thick dorsal disc scales covered
by scattered granules; radial shields small, rounded
isosceles-triangular, single row of blunt oral papillae;
up to three spine-like tentacle scales; tentacle pores

Fig. 1. Location of the drill core sampled in the present study.
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developed as between-plate openings throughout the
arm; small to moderately large lateral arm plates of
thick, rounded and bulging aspect; outer surface ster-
eom often coarsely meshed but otherwise devoid of
conspicuous ornamentation; no spurs on outer prox-
imal and inner distal edges; spine articulations free-
standing or in shallow depressions, composed of a
muscle opening encompassed proximally by a
thick, prominent, rugose, C-shaped ridge, and dis-
tally separated from a smaller nerve opening by a
large, thick vertical ridge; arm spines conical, dorsal-
most spines often much longer than ventral spines;
hook-shaped arm spines in distal arm segments.

Remarks. The genus Inexpectacantha was first
described by Thuy (2011) on the basis of exception-
ally well-preserved, intact skeletons from the lower
Pliensbachian (Davoei chronozone) of Sedan in the
French Ardennes. Due to the unusual combination
of characters, the higher-level classification of Inex-
pectacantha proved challenging, but the superfi-
cially ear-shaped spine articulations prompted
Thuy (2011) to assign the genus to the family Ophia-
canthidae. This classification was adopted by Thuy

(2013) and Thuy and Stöhr (2016), who scored the
spine articulations based on assumptions made by
Thuy (2011).

The material described herein has enabled new
insights into the microstructure of the lateral arm
plates and thus a re-evaluation of the spine articula-
tionmorphology of Inexpectacantha. The newobser-
vations have revealed surprisingly that the spine
articulations are not composed of tilted dorsal and
ventral lobes. Instead, the prominent, rugose proxi-
mal ridge encompasses the muscle opening, while
the nerve opening is situated further distally, widely
separated from the muscle opening by a thick vertical
ridge. This configuration precludes assignment to the
family Ophiacanthidae or to the suborder Ophinte-
grida in general and, instead, suggests a position
within the suborder Euryophiurida. Based on a tenta-
tive evaluation of the evidence at hand, we speculate
that Inexpectacantha holds a basal positionwithin the
order Euryalida. A more conclusive classification of
this genus, however, should be based on a phyloge-
netic analysis, also taking into account the closely
related genus Ophioleviathan Thuy (2013), which
is beyond the scope of the present paper. We here

(a)

(c)

(b)

Fig. 2. Recent ophiuroid (a) to show the position of the lateral arm plates (c) within the arm of the animal (b),
indicating some of the most relevant morphological details (di, distal; do, dorsal; pr, proximal; ve, ventral; MO,
muscle opening; NO, nerve opening; R, vertebral articular ridge; SA, spine articulation; SP, spur on the outer
proximal edge; TN, tentacle notch). Scale bars equal 1 mm.
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Table 1. Sample numbers, with depth in metres, in drill core and the number of lateral arm plates per species
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DUD-01 126.58 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 8
DUD-02 126.97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-03 127.30 3 0 0 3 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 5 26
DUD-04 127.76 0 0 0 1 0 0 0 0 0 0 15 11 0 1 0 0 0 0 0 0 8 36
DUD-05 128.32 3 0 0 4 0 0 1 6 0 0 7 0 4 0 0 0 0 0 0 0 1 26
DUD-06 128.81 2 0 0 0 0 0 0 4 2 0 3 0 10 3 0 1 2 2 11 0 31 71
DUD-07 129.13 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 3 0 0 19 26
DUD-08 129.83 7 2 0 0 1 0 1 26 8 0 3 0 2 8 0 0 0 2 5 0 7 72
DUD-09 130.25 4 0 0 0 0 0 7 49 1 0 0 2 6 6 0 0 0 1 0 0 6 82
DUD-10 130.60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-11 130.92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-12 131.08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-13 131.34 7 0 0 0 0 0 0 0 4 0 0 0 0 20 0 0 0 2 42 0 4 79
DUD-14 131.71 3 0 0 0 0 0 2 27 0 0 0 0 0 0 0 0 0 1 22 0 6 61
DUD-15 131.94 5 0 0 0 0 0 3 51 0 0 0 5 0 10 0 0 0 0 8 0 3 85
DUD-16 132.30 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
DUD-17 132.72 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2
DUD-18 133.05 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5
DUD-19 133.49 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 8
DUD-20 133.89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-21 134.16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-22 134.63 27 9 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 16 55
DUD-23 134.91 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-24 135.30 1 0 2 2 3 0 0 20 13 0 0 11 0 10 1 0 0 0 0 0 0 63
DUD-25 135.61 0 0 0 0 0 0 0 15 2 0 0 1 0 0 0 0 0 0 2 0 5 25
DUD-26 135.91 9 1 0 0 0 0 0 53 8 0 0 0 0 6 0 0 0 0 8 0 25 110

(Continued)
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Table 1. Continued.
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DUD-27 136.22 0 0 5 0 1 0 0 49 4 0 0 16 0 1 0 0 0 0 0 0 5 81
DUD-28 136.68 3 0 0 0 0 0 0 8 1 0 0 1 0 4 0 0 0 0 4 0 3 24
DUD-29 137.17 0 0 14 2 2 0 0 10 9 0 0 16 0 17 2 0 0 0 4 0 2 78
DUD-30 137.59 1 0 1 1 1 0 0 9 0 0 0 11 0 1 0 0 0 1 0 0 0 26
DUD-31 137.89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-32 138.11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-33 138.53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DUD-34 138.94 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 48 0 53
DUD-35 139.53 1 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 21 0 26
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treat Inexpectacantha as a member of the Euryo-
phiurida with unknown affinities.

Inexpectacantha acrobatica Thuy (2011)
Figure 4a–e

Inexpectacantha acrobatica Thuy (2011): p. 217, pls
1–3, pl. 4 figs 1–6.

Inexpectacantha acrobatica – Thuy et al. (2011):
p. 179, fig. 3f.

Inexpectacantha acrobatica – Thuy (2013): p. 192,
fig. 33: 9–10.

Description. Thick, robust lateral arm plates of
rounded, bulging general outline; relatively small
height/width ratio even in proximal lateral arm

Fig. 3. Log of the studied drill-core interval showing depth, lithology, tentative stratigraphy, occurrence of species,
diversity and abundance (total number of lateral arm plates).
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Downloaded from https://www.lyellcollection.org by Guest on Dec 01, 2023



(a)

(c) (f) (g)

(i)

(j)

(h)

(k)

(n) (o)
(p) (q)

(l) (m)

(b) (d) (e)

Fig. 4. Ophiuroid lateral arm plates from the lowermost Toarcian (Tenuicostatum chronozone) of the Luxembourg
Geological Survey drill core FR-216-200, Neischmelz near Dudelange, Luxembourg. (a)–(e) Inexpectacantha
acrobatica Thuy (2011): sample DUD-09; MnhnL OPH108: proximal lateral arm plate in external (a) and internal (b)
views, and with detail of spine articulations (c); MnhnL OPH108: median to distal lateral arm plate in external (d)
and internal (e) views. (f)–(j) Inexpectacantha ullmanni sp. nov.: sample DUD-19, MnhnL OPH109 (holotype):
proximal lateral arm plate in external (f ) and internal (g) views, and with detail of spine articulation (h); MnhnL
OPH110 (paratype): median to distal lateral arm plate in external (i) and internal ( j) views. (k)–(q) Thanataster
desdemonia gen. et sp. nov.; sample DUD-29, MnhnL OPH111 (holotype): proximal lateral arm plate in external (k)
and internal (l) views, and with detail of spine articulation (m); MnhnL OPH112 (paratype): distal lateral arm plate in
external (n) and internal (o) views; MnhnL OPH113 (paratype): median lateral arm plate in external (p) and internal
(q) views. Scale bars equal 0.2 mm. Abbreviations: di, distal; do, dorsal; MO, muscle opening; NO, nerve opening;
SA, spine articulation.
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plates; outer surface with moderately coarsely
meshed stereom and a weak constriction resulting
in concave dorsal edge and a shallow, poorly defined
furrow parallel to the proximal edge; up to six rela-
tively small spine articulations freestanding on a
bulging distal portion of the lateral arm plate; spine
articulations composed of a comma-shaped muscle
opening proximally encompassed by a thin, rugose,
C-shaped ridge, and distally separated from a
smaller, round nerve opening by a large, conspicu-
ous, lip-shaped vertical ridge. Inner side of lateral
arm plates with a single large, moderately well-
defined ridge with a proximally curved, broad,
tongue-shaped dorsal tip; tentacle notch relatively
wide; no spurs or perforations discernible.

Remarks. In addition to the type material from the
Pliensbachian of Sedan, France (Thuy 2011), Thuy
(2013) assigned dissociated lateral arm plates from
the lower Pliensbachian (Davoei chronozone) of
the UK and the lowermost Toarcian (Tenuicostatum
chronozone) of Belgium to this species. The material
described herein falls within the morphological spec-
trum of Inexpectacantha acrobatica as previously
observed and thus adds another lowermost record
to the relatively long fossil range of the species. A
detailed comparison with Inexpectacantha ullmanni
sp. nov. is provided below.

Inexpectacantha ullmanni sp. nov.
Figure 4f–j

Holotype. MnhnL OPH109.

Paratype. MnhnL OPH110.

Type locality and stratum. Sample DUD-19 taken at
133.49 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of Clemens
V. Ullmann, for his work on the geochemistry of
modern and ancient biominerals, and for his enthusi-
asm to venture into geochemical analyses of the
ophiuroid microfossils studied herein.

Diagnosis. Species of Inexpectacantha with rela-
tively thin lateral arm plates with a very strong con-
striction, resulting in a deeply concave dorsal edge
and a strongly bulging distal portion; up to four
large spine articulations showing a strong dorsal-
ward increase in size; outer proximal edge of the lat-
eral arm plate with a very narrow, poorly defined
band of more finely meshed stereom, if at all.

Description of holotype. MnhnL OPH109 is a
medium-sized dissociated proximal lateral arm
plate, relatively thin, slightly higher than long, with

evenly convex proximal and distal edges, a straight
ventral edge and a deeply concave dorsal edge as a
result of a strong constriction; proximal edge devoid
of spurs, lined by a very narrow, poorly defined band
of more finely meshed stereom; outer surface ster-
eom very coarse, with trabecular intersections trans-
formed into irregular, slightly pointed tubercles
smaller than the surrounding pores; four large, con-
spicuous spine articulations freestanding at the
same level as the surrounding outer surface stereom,
at a short distance from the distal edge of the lateral
arm plates and not bordered proximally by any ridge;
spine articulations composed of a large, vertically
elongate muscle opening proximally encompassed
by a large, prominent, rugose, C-shaped ridge, and
distally separated from a smaller nerve opening by
a large, prominent, lip-shaped vertical ridge; size of
spine articulations strongly increasing dorsalwards,
with dorsalmost spine articulations very large and
strongly prominent on protruding dorso-distal tip
of the lateral arm plate.

Inner side of lateral arm plate with a large,
moderately well-defined, tongue-shaped vertebral
articular ridge, with a wide, proximally curved dorsal
tip; large, ventralward-pointing tentacle notch; no
perforations and no spurs discernible on inner
distal edge.

Paratype supplements. MnhnL OPH110 is a dissoci-
ated median to distal lateral arm plate, slightly longer
than high; proximal edge pointed, not lined by a band
of differentiated stereom; constriction and outer sur-
face stereom as in holotype; four spine articulations
as in holotype, albeit with a weaker dorsalward
increase in size; inner side as in holotype.

Remarks. The lateral arm plates described above
show a combination of characters that is typically
found in Inexpectacantha, including the highly char-
acteristic rounded, bulging overall shape, the rugose
outer surface without striation, tubercles or spurs,
and the conspicuous spine articulations. They differ,
however, from all currently known species of the
genus, including the co-occurring I. acrobatica, in
having a much stronger constriction, larger spine
articulations with a stronger dorsalward increase in
size and a very weak band of differentiated stereom
lining the outer proximal edge. We therefore assign
these lateral arm plates to a new species.

Order OphiuridaMüller and Troschel (1840) sensu
O’Hara et al. (2017)

Suborder Ophiomusina O’Hara, Hugall, Thuy,
Stöhr and Martynov (2017)

Family unknown
Genus Thanataster nov.

Type species. Thanataster desdemonia gen. et sp.
nov., by present designation.
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Other species included: Mesophiomusium sinemur-
ensis (Kutscher and Hary 1991).

Etymology. Genus name composed of ‘Thanatos’,
the personification of death in Greek mythology,
and ‘astron’, Greek for celestial body, literally trans-
lating into ‘star of death’.

Diagnosis. Ophiomusin genus with small, robust lat-
eral arm plates of rounded outline, with convex dor-
sal, ventral and distal edges; outer surface with a
conspicuously coarse stereom; outer proximal edge
lined by a band of more finely meshed stereom,
with small, poorly defined spurs and a very shallow
furrow, if at all; small, inconspicuous, equal-sized
spine articulations close to distal edge of lateral
arm plate; inner side of lateral arm plate with low
tomoderately high contact surfaces with the opposite
lateral arm plate; tentacle pores developed as notches
in proximal and median lateral arm plates.

Remarks. The ophiuroid material described herein
includes several forms that superficially resemble
species of the ophiomusin genus Enakomusium.
The latter was introduced by Thuy (2015) to accom-
modate extinct ophiomusin taxa previously referred
to Ophiomusium but differing from that genus, as
well as from all other extant ophiomusin genera, in
a number of critical aspects, in particular the more
rounded outline of the lateral arm plates, the rela-
tively large spine articulations that bore relatively
long spines, and the tentacle pores developed as
between-plate openings in proximal and often also
in median arm segments.

While the Enakomusium-like lateral arm plates
described herein match the diagnosis of the genus
in having between-plate tentacle openings beyond
the proximalmost lateral arm plates, they differ in
having much smaller spine articulations positioned
close to the distal edge, and in lacking the typical
deep furrow parallel to the outer proximal edge.
We therefore refrain from assigning the forms
described herein to Enakomusium in order not to
expand the morphological spectrum of the genus
beyond meaningful limits. Instead, we introduce
two new genera and anticipate a third new genus
without formally naming it here.

The combination of characters of the Enakomu-
sium-like forms described herein, in particular the
thickness of the lateral arm plates, their compact out-
line, the shape of the spine articulations and the
development of the tentacle pores, suggests an
assignment to the Ophiomusina. Within this subor-
der, however, relationships are more difficult to eval-
uate with the evidence available at present. The
systematic position of Enakomusium with respect
to the two extant ophiomusin families Ophiomusai-
dae and Ophiosphalmidae has not yet been resolved
(Thuy et al. 2021). The forms described herein are

morphologically closest to Enakomusium, which
prompts us to consider them as Ophiomusina incer-
tae sedis for the time being.

Thanataster desdemonia sp. nov.
Figure 4k–q

Holotype. MnhnL OPH111.

Paratypes. MnhnL OPH112 and OPH113.

Type locality and stratum. Sample DUD-29 taken at
137.17 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named after the Luxembourg
death metal band Desdemonia, to honour their enthu-
siasm for the cross-fertilization between palaeontol-
ogy and rock music.

Diagnosis. Species of Thanataster gen. nov. with
two very small, poorly developed spurs on the
outer proximal edge, and with two small, inconspic-
uous spine articulations.

Description of holotype: MnhnL OPH111 is a small
dissociated proximal lateral arm plate, of rounded
rectangular outline, slightly higher than long, with
rounded, dorsal, ventral and distal edges; proximal
edge concave, lined by poorly defined, slightly
depressed band of more finely meshed stereom bear-
ing two small, horizontally elongate, poorly defined
spurs; ventral spur slightly larger and better defined
than dorsal one; outer surface with a conspicuously
coarse stereom showing extremely large pores and
irregular but not particularly thickened trabecular
intersections; two small, inconspicuous spine articu-
lations integrated into outer surface stereo, one close
to the ventro-distal tip of the lateral arm plate, the
other one in the middle of the distal edge; muscle
and nerve openings of the spine articulations almost
the same size as the surrounding stereom pores, and
ridges encompassing the openings very similar to the
surrounding stereom trabeculae. Inner side of lateral
arm plate with a small, short, well-defined, rounded-
triangular vertebral articular ridge; very large dorsal
and ventral contact surfaces with opposite lateral arm
plate; two small horizontally elongate, poorly
defined spurs on inner distal edge; moderately
large, poorly defined tentacle notch pointing ventral-
wards to slightly ventro-distalwards.

Paratype supplements. MnhnL OPH112 is a small,
dissociated median lateral arm plate, slightly longer
than high; proximal edge and outer surface ornamen-
tation as in holotype; two spine articulations as in
holotype but slightly better discernible; inner side
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as in holotype but with better-defined vertebral
articular ridge.

MnhnL OPH113 is a small, dissociated distal lat-
eral arm plate, almost 1.5 times longer than high;
plate outline and outer surface ornamentation as in
holotype; two spurs on outer proximal edge less
well defined than in holotype; two spine articulations
as in holotype; inner side with slightly lower dorsal
and ventral contact surfaces with opposite lateral
arm plate; vertebral articular ridge as in holotype,
albeit lower; tentacle pore developed as within-plate
perforation distally bordering vertebral articular
ridge.

Remarks. The lateral arm plates described above
have spine articulations composed of muscle and
nerve openings separated by a vertical ridge, placing
them into the Euryophiurida. In addition, they are
strongly ornamented, very thick, and show moder-
ately large dorsal and ventral contact surfaces with
the opposite lateral arm plate, placing them in the
Ophiomusina. Within this suborder, greatest similar-
ities are shared with Mesophiomusium sinemurensis
(Kutscher and Hary 1991) from the Hettangian of
Belgium and Luxembourg (Thuy 2011), and the
Sinemurian of Luxembourg (Kutscher and Hary
1991), especially with respect to the coarse outer sur-
face ornamentation and the small spine articulations.
The lateral arm plates described herein, however, dif-
fer in having smaller, less conspicuous spurs on the
outer proximal edge, and fewer and smaller spine
articulations, thus suggesting close ties but distinc-
tion at the species level.

Mesophiomusium sinemurensis was explicitly
excluded from Enakomusium by Thuy (2015) on
account of fundamental differences with the lateral
arm plates of the type species, E. weymouthiense.
These differences, in particular the much coarser
outer surface stereom, the much smaller, almost
indiscernible spine articulations close to the distal
edge, and the absence of a deep furrow lining the
outer proximal edge, are corroborated by the new
species described above. We therefore introduce
the new genus Thanataster to accommodate this
new species, as well as the morphologically closely
similar Mesophiomusium sinemurensis. Although it
seems very probable that Thanataster gen. nov.
and Enakomusium share close phylogenetic ties,
we cannot further substantiate the systematic posi-
tion of the former within the Ophiomusina.

Genus Barbaraster nov.

Type species. Barbaraster colbachi gen. et sp.
nov., by present designation.

Other species included: Barbaraster muenzbergerae
sp. nov.

Etymology. Genus name formed in honour of Saint
Barbara, the patron saint of geologists, amongst
others.

Diagnosis. Ophiomusin genus with rounded-rectan-
gular lateral arm plates, with low height/length ratio;
outer proximal edge lined by very shallow, poorly
defined furrow with large, albeit weakly prominent
spurs and faint horizontal striation; outer surface
with a fine tuberculation; small spine articulations
directly at distal edge of lateral arm plate; inner
side of lateral arm plate with thin dorsal and ventral
contact surfaces with opposite lateral arm plates; ten-
tacle pores developed as between-plate openings in
proximal and median lateral arm plates.

Barbaraster colbachi sp. nov.
Figure 5a–e

Holotype. MnhnL OPH114.

Paratypes. MnhnL OPH115.

Type locality and stratum. Sample DUD-04 taken at
127.76 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of Robert Col-
bach, head of the Luxembourg Geological Survey,
for his work on the geology of Luxembourg, and
for promoting a close collaboration with the palaeon-
tology department of the Natural History Museum
Luxembourg.

Diagnosis. Species of Barbaraster gen. nov. with
outer proximal edge of lateral arm plates lined by a
very shallow furrow and bearing a dorsal and a ven-
tral spur; up to three spine articulations distributed
evenly along the entire distal edge.

Description of holotype. MnhnL OPH114 is a disso-
ciated, medium-sized proximal lateral arm plate,
slightly longer than high, relatively thin and of
rounded-rectangular outline, with weakly convex
dorsal, ventral and distal edges; proximal edge
evenly concave, lined by very shallow, poorly
defined furrow composed of slightly more finely
meshed stereom and bearing two large, weakly
prominent, horizontally elongate spurs; outer surface
ornamentation composed of finely meshed stereom
with trabecular intersections transformed into small
tubercles, arranged in a weak grit-like pattern; three
small, inconspicuous spine articulations directly at
distal edge of the lateral arm plate at the same level
than surrounding stereom; spine articulations com-
posed of a small muscle opening proximally bor-
dered by a relatively low, thin, rugose C-shaped
ridge, and distally separated from a slightly smaller
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Fig. 5. Ophiuroid lateral arm plates from the uppermost Pliensbachian (Spinatum chronozone) and lowermost
Toarcian (Tenuicostatum chronozone) of the Luxembourg Geological Survey drill core FR-216-200, Neischmelz near
Dudelange, Luxembourg. (a)–(e) Barbaraster colbachi gen. et sp. nov.: sample DUD-04; MnhnL OPH114
(holotype): proximal lateral arm plate in external (a) and internal (b) views, and with detail of spine articulations (c);
MnhnL OPH115 (paratype): median to distal lateral arm plate in external (d) and internal (e) views. (f )–(j)
Barbaraster muenzbergerae gen. et sp. nov.: sample DUD-29, MnhnL OPH116 (holotype): proximal lateral arm plate
in external (f ) and internal (g) views, and with detail of spine articulation (h); MnhnL OPH117 (paratype): median to
distal lateral arm plate in external (i) and internal ( j) views. (k)–(o) Unnamed ophiomusin genus and species; sample
DUD-35, MnhnL OPH118: proximal lateral arm plate in external (k) and internal (l) views, and with detail of spine
articulation (m); MnhnL OPH119: median lateral arm plate in external (n) and internal (o) views. Scale bars equal
0.1 mm in (c) and (m), and 0.2 mm in all others. Abbreviations: di, distal; do, dorsal; MO, muscle opening; NO,
nerve opening; TO, tentacle opening.
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nerve opening by a well-defined, thick and promi-
nent vertical ridge; spine articulations nearly equal-
sized and evenly spaced.

Inner side of lateral arm plate with thin dorsal
and ventral contact surfaces with opposite lateral
arm plate, leaving a relatively large cavity for the
vertebra; single large but poorly defined vertebral
articular ridge, with proximally curved, tongue-
shaped dorsal tip; relatively narrow, well-defined,
ventralward-pointing tentacle notch; two weakly
defined spurs on inner distal edge; no perforations
discernible.

Paratype supplements. MnhnL OPH115 is a dissoci-
ated median to distal lateral arm plate, approximately
1.5 times longer than high; plate outline as in holo-
type; spurs and furrow lining proximal edge better
defined than in holotype; outer surface stereom as in
holotype; three spine articulations similar to those
of holotype; inner side of lateral arm plate with larger
dorsal and ventral contact surfaces with opposite lat-
eral arm plate; vertebral articular ridge wider and bet-
ter defined than in holotype; tentacle pore developed
as small within-plate perforation close to the ventro-
distal edge of the vertebral articular ridge.

Remarks. The lateral arm plates described above
belong to the Ophiurida on account of their spine
articulation morphology and general shape. Within
this order, however, affinities are less clear cut.
Similarities are closest to some species of the ophio-
musin genus Enakomusium, in particular E. geisin-
gense, especially on account of general shape, the
outer surface ornamentation and the development
of the tentacle pores. The lateral arm plates described
above differ, however, in having smaller spine artic-
ulations directly at the distal edge without a dorsal-
ward increase in size. They furthermore lack a
deep furrow along the outer proximal edge and
have much thinner contact surfaces with the opposite
lateral arm plate on the inner side of the plate. In view
of these differences, assignment to Enakomusium
would expand the morphological spectrum of that
genus beyond meaningful limits. We therefore intro-
duce the new genus Barbaraster to accommodate the
lateral arm plates described above, as well as those of
Barbaraster muenzbergerae sp. nov. described and
discussed below.

Barbaraster muenzbergerae sp. nov.
Figure 5f–j

Holotype. MnhnL OPH116.

Paratypes. MnhnL OPH117.

Type locality and stratum. Sample DUD-29 taken at
137.17 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg;

Tenuicostatum chronozone, lowermost Toarcian,
Lower Jurassic.

Etymology. Species named in honour of Petra Münz-
berger for her excellent work on the geology of the
Dudelange drill core.

Diagnosis. Species of Barbaraster with lateral arm
plates showing a conspicuously rounded distal por-
tion; centre of the outer proximal edge of the lateral
arm plates with a C-shaped furrow proximally bor-
dered by a central spur; two small spine articulations
grouped close to ventro-distal edge of the lateral
arm plate.

Description of holotype. MnhnL OPH116 is a disso-
ciated proximal lateral arm plate, slightly longer than
high, with weakly convex dorsal and ventral edges
and with a conspicuously rounded, strongly convex
distal edge; proximal edge slightly concave; well-
defined, C-shaped furrow lining the outer proximal
edge, proximally bordered by a narrow band of hor-
izontally striated stereom and a central, prominent,
moderately well-defined spur; outer surface orna-
mentation consisting of small, tightly spaced tuber-
cles; two small spine articulations grouped at
ventro-distal edge of the lateral arm plate, slightly
sunken; spine articulations composed of a comma-
shaped muscle opening proximally encompassed
by a narrow, thin, poorly defined, rugose ridge, and
distally separated from a much smaller, round
nerve opening by a small, narrow vertical ridge.

Inner side of lateral arm plate with thin dorsal and
ventral contact surfaces with the opposite lateral arm
plate, leaving a large cavity for vertebra; single ver-
tebral articular ridge large, wide, well-defined; shal-
low, poorly defined ventralward-pointing tentacle
notch; single central, poorly defined spur on inner
distal edge.

Paratype supplements. MnhnL OPH117 is a dissoci-
ated median to distal lateral arm plate, approximately
1.5 times longer than wide; outline as in holotype but
with slightly less strongly rounded distal portion;
outer proximal edge as in holotype but without hor-
izontally striated stereom and with less clearly
defined central spur; outer surface ornamentation as
in holotype; two spine articulations close to ventro-
distal tip of lateral arm plate, as in holotype; inner
side of the plate as in holotype but with larger dorsal
and ventral contact surfaces with the opposite lateral
arm plate; tentacle notch as in holotype.

Remarks. The lateral arm plates described above are
similar to those of Barbaraster colbachi in showing
an Enakomusium-like morphology without fully
matching the diagnosis of that genus, in particular
with respect to the smaller spine articulations, the
development of the furrow along the outer proximal
edge and the size of the contact surfaces with the
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opposite lateral arm plate on the inner side. These lat-
eral arm plates are closest to those of Barbaraster
colbachi but differ in the number and position of
the spine articulations and in the ornamentation of
the outer proximal edge. We therefore describe
them here as a second new species of the genus
Barbaraster.

Unnamed ophiomusin genus and species
Figure 5k–o

Material analysed. MnhnL OPH118 and OPH119.

Description. Small, dissociated lateral arm plates of
rounded-quadrate outline, slightly bulging, the prox-
imal plates almost as high as long, the median and
distal ones longer; dorsal, ventral and distal edges
weakly convex; proximal edge evenly concave and
proximalward tapering, lined by a clearly-defined
band of more coarsely meshed stereom with a fine
horizontal striation and three large, well-defined,
prominent and protruding spurs and up to three
smaller ones; outer surface ornamentation composed
of very finely meshed stereom with trabecular inter-
sections transformed into tiny, close-set spaced
tubercles; up to three small spine articulations
grouped in the ventral half of the distal edge, at
same level as surrounding outer surface stereom and
separated from the distal edge by a very narrow band
of pinnacled stereom; spine articulations composed
of a comma-shaped muscle opening proximally
encompassed by a thin, finely rugose and very
large C-shaped ridge, and distally separated from a
nearly equal-sized but slighty more ventral nerve
opening by a prominent, knob-shaped vertical ridge.

Inner side of lateral arm plates with a conspicu-
ous, very large, rounded-triangular dorsal contact
surface with the opposite lateral arm plate; small,
moderately well-defined, triangular vertebral articu-
lar ridge; proximalmost lateral arm plates with a nar-
row, deep, well-defined tentacle notch, proximal,
median and distal lateral arm plates with a within-
plate tentacle pore perforation close to the ventro-
distal tip of the vertebral articular ridge; inner
distal edge with at least three large, round, weakly
prominent spurs composed of more finely meshed
stereom.

Remarks. The lateral arm plates described above are
strikingly similar to such from the Pliensbachian of
the UK that were described by Hess (1964) as
Ophiura? astonensis Hess (1964), and to those
later reported from the Sinemurian of Luxembourg
by Kutscher and Hary (1991). A reassessment of
Hess’ (1964) original material, however, has
revealed that the holotype of O.? astonensis differs
fundamentally from the other lateral arm plates
shown. While the holotype belongs to Ophiotardis,
a new ophiopyrgid genus described in the present
study (see below), the non-type specimens of O.?

astonensis figured by Hess (1964), represents a dif-
ferent, previously unknown genus and species.
Kutscher and Hary (1991) described very similar lat-
eral arm plates but assigned them to O.? astonensis,
unaware of the discrepancy between the holotype
and the non-type specimens of Hess (1964).

In view of the fact that the material described
herein yielded lateral arm plates similar to the non-
type specimens of Hess’ (1964) O.? astonensis, we
seize the opportunity to initiate the disentangling of
this taxonomic chimaera. We here provide the first
unambiguous description of the lateral arm plate
type formerly mixed with Ophiotardis astonensis.
The combination of characters displayed by the lat-
eral arm plate type in question, in particular their
thickness, the spine articulation morphology, the
large contact surfaces with the opposite lateral arm
plate and the development of the tentacle pores, sug-
gests an assignment to the Ophiomusina. Previous
reports of such lateral arm plates by Hess (1964)
and Kutscher and Hary (1991) indicate that they
form a morphologically consistent type of lateral
arm plates, differing only in minor details (e.g. the
number of spine articulations and spurs). Thus,
they probably represent a different, yet unnamed,
species of a new ophiomusin genus. We refrain
from formally naming the lateral arm plates
described herein because the new genus should be
based on a more exhaustive assessment including a
revision of previously described occurrences.

Family Ophiomusaidae O’Hara, Stöhr, Hugall,
Thuy and Martynov (2018)

Genus Ophiomusa Hertz (1927)

Type species. Ophiomusium lymani Wyville-
Thomson (1873), by original designation.

Diagnosis (emended from O’Hara et al. 2018). Few
disc scales, primary plates obvious, radial shields
enlarged; extremely short genital slits, rarely as
long as first arm joint; only two proximalmost pairs
of tentacle pores developed as between-plate open-
ings; ventral arm plates, and in some species also
dorsal arm plates present on few proximal arm joints
only; lateral arm plates with numerous spurs along
proximal edge, commonly with a constriction and/
or an oblique dorsal edge; inner side of lateral arm
plates commonly with a conspicuously large, trian-
gular dorsal contact surface with the opposite lateral
arm plate.

Ophiomusa perezi sp. nov.
Figure 6a–g

Holotype. MnhnL OPH120.

Paratypes. MnhnL OPH121 and OPH122.

Type locality and stratum. Sample DUD-09 taken at
130.25 m from the Luxembourg Geological Survey
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Fig. 6. Ophiuroid lateral arm plates from the lowermost Toarcian (Tenuicostatum chronozone) of the Luxembourg
Geological Survey drill core FR-216-200, Neischmelz near Dudelange, Luxembourg. (a)–(g) Ophiomusa perezi sp.
nov.: sample DUD-09; MnhnL OPH120 (holotype): proximal lateral arm plate in external (a) and internal (b) views,
and with detail of spine articulations (c); MnhnL OPH121 (paratype): median lateral arm plate in external (d) and
internal (e) views; MnhnL OPH122 (paratype): distal lateral arm plate in external (f ) and internal (g) views. (h)–(m)
Ophiogojira andreui Thuy, Numberger-Thuy and Pineda, 2021: sample DUD-15, MnhnL OPH123: proximal lateral
arm plate in external (h) and internal (i) views; MnhnL OPH124: median lateral arm plate in external ( j) and internal
(k) views; MnhnL OPH125: distal lateral arm plate in external (l) and internal (m) views. (n)–(s) Ophiogojira aliorbis
sp. nov.; sample DUD-26, MnhnL OPH126 (holotype): median lateral arm plate in external (n) and internal (o);
MnhnL OPH127 (paratype): proximal lateral arm plate in external (p) and internal (q) views; MnhnL OPH128
(paratype): distal lateral arm plate in external (r) and internal (s) views. Scale bars equal 0.1 mm in (c), and 0.2 mm in
all others. Abbreviations: di, distal; do, dorsal; MO, muscle opening; NO, nerve opening; SA, spine articulation.
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drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of Benigno
Perez, for bringing back to life the Toarcian Ocean
using modern digital technologies.

Diagnosis. Species of Ophiomusa with small, elon-
gate proximal lateral arm plates with a weak constric-
tion resulting in a gently concave, oblique dorsal
edge; outer proximal edge proximalward tapering,
lined by a wide, slightly prominent band of more
finely meshed and horizontally striated stereom bear-
ing up to three small, inconspicuous spurs; outer sur-
face ornamentation consisting of a coarse mesh of
irregular tubercles; two small spine articulations
at a distance from the distal edge of the lateral
arm plate.

Description of holotype. MnhnL OPH120 is a small,
dissociated proximal lateral arm plate, approximately
1.5 times longer than high; distal and ventral edges
straight, dorsal edge gently concave and oblique as
a result of a weak constriction; proximal edge weakly
concave, proximalward tapering, lined by a wide,
slightly prominent band of more finely meshed, hor-
izontally striated stereom; three small, inconspicu-
ous, poorly defined but slightly protruding spurs
evenly arranged along the proximal edge; outer sur-
face stereom relatively coarsely meshed, with trabec-
ular intersections transformed into small, irregular,
partly confluent tubercles; two small spine articula-
tions at the same level as outer surface stereom, sep-
arated from the distal edge by almost double the
diameter of the spine articulations, one in the middle
of the distal edge and the second one close to the
ventro-distal edge of the lateral arm plate; spine artic-
ulations oblique, composed of a small, oval muscle
opening proximally encompassed by a thin, irregular,
rugose ridge, and distally separated from the slightly
smaller, round nerve opening by a short, strongly
prominent vertical ridge.

Inner side of lateral arm plate with a conspicuous,
large, triangular dorsal contact surface with the
opposite lateral arm plate; small, inconspicuous,
moderately well-defined, roughly triangular verte-
bral articular ridge; small within-plate tentacle perfo-
ration close to ventro-distal tip of the vertebral
articular ridge; inner distal edge strongly pinnacled,
with three small, poorly defined spurs.

Paratype supplements. MnhnL OPH121 is a small
dissociated median lateral arm plate, almost twice
as long as high, of rectangular outline, with a straight
ventral edge, a slightly convex distal edge and a
weakly oblique dorsal edge; proximal edge concave,
lined by a slightly sunken band of more finely

meshed stereom with a weak horizontal striation
and with three small, inconspicuous spurs; outer sur-
face ornamentation as in holotype but with a very
weak tendency towards a vertical orientation of the
tubercles; two spine articulations as in holotype;
inner side with very large dorsal and slightly smaller
ventral contact surfaces with the opposite lateral arm
plate; vertebral articular structure very small; tenta-
cle pore and inner distal edge as in holotype.

Remarks. Numerous extinct ophiuroids have been
assigned to the extant genus Ophiomusium Lyman
(1869). However, for the majority of these, the
generic assignment has been based on a superficial
similarity, at most. To make matters worse, the phy-
logenetic analyses by O’Hara et al. (2017, 2018)
have revealed that the genus Ophiomusium should
be limited to its type species, O. eburneum Lyman
(1869), whereas all other species previously
assigned to Ophiomusium belong to a different
genus and family, namely Ophiomusa, which
forms the monotypic family Ophiomusaidae. With
the new genus- and family-level taxonomy of the
Ophiomusina at hand, the fossil record of the
group needs a thorough reappraisal.

While an exhaustive revision of all the fossil taxa
previously assigned to Ophiomusium is beyond the
scope of the present study, we here anticipate some
of the species that comply with the diagnosis of the
Ophiomusaidae and thus, by default, of the genus
Ophiomusa (O’Hara et al. 2018): Ophiomusium
granulosum (Roemer 1840) from the Upper Creta-
ceous and Lower Paleocene of Europe, and Ophio-
musium lux Jagt (2000) from the Maastrichtian of
The Netherlands, as well as Ophiomusium biconca-
vum Kutscher and Jagt, in Jagt (2000), O. sinuatum
Kutscher and Jagt, in Jagt (2000) and O. sentum
Kutscher and Jagt, in Jagt (2000) all from the Maas-
trichtian of Germany. These five species should thus
be transferred to Ophiomusa, representing the only
confirmed fossil representatives of the Ophiomusai-
dae. Jurassic species previously assigned to Ophio-
musium, in contrast, differ in several critical
aspects from Ophiomusa. While some of them
have been transferred to the extinct genus Enakomu-
sium, several others still await reappraisal.

The lateral arm plates described above stand out
in being the first pre-Cretaceous form to comply
fully with the diagnosis of Ophiomusa, in particular
with respect to the constriction and the oblique dorsal
edge, as well the tentacle pore morphology. While
they share a superficial similarity with the lateral
arm plates of Ophiomusa biconcavum, they differ
in a finer outer surface tuberculation, a weaker con-
striction and fewer spine articulations. We therefore
describe them herein as a new species, representing
the oldest unambiguous fossil record of the
Ophiomusaidae.
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Suborder Ophiurina Müller and Troschel (1840)
sensu O’Hara et al. (2017)

Family unknown
Genus Ophiogojira Thuy, Numberger-Thuy and

Pineda (2021)

Type species. Ophiogojira labadiei Thuy, Num-
berger-Thuy and Pineda, 2021, by original
designation.

Diagnosis. Ophiurin ophiuroid with disc covered by
small scales and large radial shields; row of contigu-
ous, block-shaped papillae along the genital slit,
extending to distal tip of the abradial genital plate
at the dorso-ventral mid-line of the arms; second
oral tentacle pore opening deep inside the mouth
slit; arms cylindrical, with pentagonal dorsal arm
plates in contact in proximal arm segments; ventral
arm plates diamond-shaped, separated by lateral
arm plates; rounded rectangular lateral arm plates
with finely tuberculated outer surface and proximal
edge lined by numerous well-defined spurs; small
spine articulations integrated into outer surface ster-
eom, with a lip-shaped vertical ridge separating the
muscle and nerve openings; short, slightly flattened
arm spines; tentacle pores developed as between-
plate openings in proximal segments, and within-
plate perforations in median to distal segments.

Ophiogojira andreui Thuy, Numberger-Thuy and
Pineda (2021)
Figure 6h–m

Ophiogojira andreui Thuy, Numberger-Thuy and
Pineda (2021): p. 7, figs 7(a–g)

Description (MnhnL OPH123–OPH125). Large,
robust, dissociated lateral arm plates, proximal
ones slightly higher than long, and median and distal
ones longer than high; straight dorsal and ventral
edges, slightly concave proximal edge and very
weakly convex, almost straight distal edge, resulting
in a rectangular outline of the plates; ventral part of
the lateral arm plates not protruding; proximal edge
lined by a band of more finely meshed stereom
with a fine horizontal striation and up to six well
defined, prominent, weakly protruding, oval and
approximately equal-sized and evenly spaced
spurs; outer surface with very finely meshed stereom
with trabecular intersections transformed into
weakly enlarged, tightly spaced tubercles; up to
four very small spine articulations in a vertical row
near the ventral two-thirds of distal edge of the lateral
arm plate, equal-sized, at same level as outer surface
stereom and separated from the distal edge of the
plate by a slightly thinned and lowered area com-
posed of more coarsely meshed stereom; spine artic-
ulations composed of nearly equal-sized muscle and
nerve openings separated by a large, well-defined,
strongly protruding, lip-shaped vertical ridge; proxi-
mal edge of muscle opening tightly encompassed by

thin but sharply defined and protruding, weakly
denticulate ridge.

Inner side of lateral arm plate with large, conspic-
uous, sharply defined, tongue-shaped central verte-
bral articular ridge composed of more finely
meshed stereom; inner distal edge with up to six
oval, well-defined, weakly prominent, equal-sized
and equidistant spurs composed of more finely
meshed stereom; tentacle pore developed as deep,
narrow, sharply defined, ventralward-pointing
notch in proximalmost lateral arm plates, and as
small, within-plate perforation close to the ventro-
distal tip of the vertebral articular ridge in all other
lateral arm plates.

Remarks. The lateral arm plates described herein
fully comply with the diagnosis of Ophiogojira
andreui from the lowermost Toarcian (Tenuicosta-
tum chronozone) of Sanem, Luxembourg (Thuy
et al. 2021) and are therefore described as a second
record of the species.

Ophiogojira aliorbis sp. nov.
Figure 6n–s

Holotype. MnhnL OPH126.

Paratypes. MnhnL OPH127 and OPH128

Type locality and stratum. Sample DUD-26 taken at
135.91 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species name composed of ‘alium’,
Latin for another, and ‘orbis’, Latin for world, to cel-
ebrate the song Another World by French metal band
Gojira, a key element of the soundtrack that accom-
panied the time-consuming picking, sorting, scan-
ning and assembling.

Diagnosis. Species of Ophiogojira with relatively
small lateral arm plates with a low height/width
ratio; poorly defined spurs along outer proximal
edge; relatively coarsely meshed outer surface ster-
eom; up to three relatively large spine articulations
along distal edge; dorsal contact surface with oppo-
site lateral arm plate relatively large.

Description of holotype. MnhnL OPH126 is a rela-
tively small, dissociated proximal to median lateral
arm plate, longer than high, rectangular outline,
with straight dorsal and ventral edges and a gently
convex distal edge; proximal edge almost straight,
lined by a narrow, slightly tapering band of more
coarsely meshed stereom with a weak horizontal
striation and at least six small, poorly defined
spurs; outer surface stereom comparatively coarse,
with trabecular intersections transformed into minute
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tubercles arranged in faint vertical rows; three rela-
tively large spine articulations composed of a
round muscle opening proximally encompassed by
a narrow, denticulate ridge, and distally separated
by a large, swollen, lip-shaped vertical ridge from
a slightly smaller nerve opening; spine articulations
equal-sized and evenly spaced, very close to
distal edge.

Inner side of lateral arm plate with a large, well-
defined, tongue-shaped central vertebral articular
ridge composed of more finely meshed stereom;
inner distal edge with up to six oval, poorly defined,
spurs; tentacle pore developed as small, within-plate
perforation close to the ventro-distal tip of the verte-
bral articular ridge.

Paratype supplements. MnhnL OPH127 is a rela-
tively small dissociated proximal lateral arm plate,
as high as long, rounded squarish outline, with a con-
vex dorsal edge and an oblique ventral edge with a
very deep, conspicuous tentacle notch; distal edge
fragmented; proximal edge concave, lined by a
broad band of more coarsely meshed stereom with
a weak horizontal striation and with at least four
poorly defined and/or poorly preserved spurs;
outer surface as in holotype; four spine articulations
as in holotype; inner side with vertebral articular
ridge as in holotype; inner distal edge poorly pre-
served; deep, narrow, sharply defined tentacle
notch close to ventro-distal tip of vertebral articular
ridge.

MnhnL OPH128 is a small dissociated distal lat-
eral arm plate, more than 1.5 times longer than high;
generally similar to holotype but with better defined
horizontal striation and four spurs along outer prox-
imal edge; two spine articulations similar to those of
holotype; inner side as in holotype.

Remarks. The lateral arm plates described above
show the combination of characters typically found
in Ophiogojira. However, they differ from the two
previously described congeners in smaller size,
smaller height/length ratio, coarser outer surface
stereom, more rounded outline and larger spine artic-
ulations. This combination of characters cannot be
explained by ontogenetic differences alone (Thuy
and Stöhr 2011). We therefore consider the lateral
arm plates described above as a new species of
Ophiogojira rather than plates of immature speci-
mens of O. andreui.

Family Ophiopyrgidae Perrier (1893)
Genus Palaeocoma d’Orbigny (1850)

Type species. Ophiura milleri Phillips (1829), by
subsequent designation.

Diagnosis. Ophiopyrgid ophiuroid with a robust disc
skeleton, densely covered in minute, spherical gran-
ules except for the central part of the large radial

shields; continuous row of large, block-like genital
papillae forming a well-developed arm comb on
the dorsal side of the arm bases; cluster of papillae
at the tip of the jaws; second oral tentacle pores open-
ing deep inside the mouth slit; arms cylindrical, with
pentagonal, contiguous dorsal arm plates and wide,
bullhead-shaped, contiguous ventral arm plates; lat-
eral arm plates weakly arched, with numerous
spurs on outer proximal edge and conspicuous,
strongly prominent, J-shaped vertebral articular
ridge on the inner side; spine articulations in deep
notches of the distal edge, composed of comma-
shaped muscle and nerve openings separated by a
thin, low vertical ridge; vertebrae typically barrel-
shaped, with extremely dorso-ventrally elongate
zygocondyles.

Remarks. Palaeocoma is one of the first fossil ophi-
uroids to have been formally described and ranks
amongst the most commonly cited, but still is one
of the least well known. It was one of the fossil gen-
era included in the morphological phylogeny of
Thuy and Stöhr (2016) and was surprisingly found
to be a member of the order Ophiurida. The latest
phylogenetic analysis by Thuy et al. (2021) has
confirmed this position and furthermore suggested
assignment to the family Ophiopyrgidae. The
genus Palaeocoma was previously known from the
Hettangian, Sinemurian and Pliensbachian of Europe
(Hess 1962b, 1964; Kutscher and Hary 1991), with a
questionable Triassic record (Toula 1887; Hess
1965a). The species described herein is the first
Toarcian representative of the genus and at the
same time its youngest record.

Palaeocoma kortei sp. nov.
Figure 7

Holotype. MnhnL OPH129.

Paratypes. MnhnL OPH130–OPH133.

Type locality and stratum. Sample DUD-04 taken at
127.76 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of Christoph
Korte, for his outstanding work evolving around
the use of geochemical approaches to reconstruct
Jurassic climate and oceans, and for being a reliable
source of inspiration and motivation.

Diagnosis. Species of Palaeocoma with small, very
weakly arched, rounded lateral arm plates with a
low height/width ratio even in proximal parts of
the arm; continuous row of large, round spurs
along outer proximal edge; proximal lateral arm
plates without spine articulations or with a single
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Fig. 7. Ophiuroid lateral arm plates from the lowermost Toarcian (Tenuicostatum chronozone) of the Luxembourg
Geological Survey drill core FR-216-200, Neischmelz near Dudelange, Luxembourg. (a)–(n) Palaeocoma kortei sp.
nov.: sample DUD-04; MnhnL OPH129 (holotype): proximal lateral arm plate in external (a) and internal (b) views,
and with detail of spine articulation (c); MnhnL OPH130 (paratype): proximal lateral arm plate in external (d) and
internal (e) views, and with detail of ventro-distal tip of lateral arm plate (f ); MnhnL OPH131 (paratype): median
lateral arm plate in external (g) and internal (h) views, and with detail of spine articulation (i); MnhnL OPH132
(paratype): distal lateral arm plate in external ( j) and internal (k) views; MnhnL OPH133 (paratype): proximal
vertebra in lateral (l) and distal (m) views. Scale bars equal 0.2 mm. Abbreviations: di, distal; do, dorsal; MO, muscle
opening; NO, nerve openings; SA, spine articulation; ZC, zygocondyle; ZS, zygosphene.
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one in a notch directly at the ventro-distal tip of the
plate; distal lateral arm plates with two small spine
articulations in notches close to the ventro-distal
edge of the plate; inner side with an extremely
wide, well-defined vertebral articular ridge.

Description of holotype. MnhnL OPH129 is a rela-
tively small, dissociated proximal lateral arm plate
nearly as high as long, with gently convex dorsal
and distal edges and a ventro-proximalward-protrud-
ing ventral portion; proximal edge concave and lined
by a pinnacled band of more coarsely meshed ster-
eom with a continuous row of four large, round,
prominent and weakly protruding spurs ventrally
bordered by a prominent and protruding spur-like
elevation of the outer surface stereom; very finely
meshed stereom covering the outer surface, with tra-
becular intersections transformed into tiny, close-set
tubercles; single small spine articulation in a notch
directly at the ventro-distal tip of the lateral arm
plate, composed of comma-shaped, equal-sized mus-
cle and nerve openings separated by a thin, low ver-
tical ridge.

Inner side of lateral arm plate with a single,
extremely large, wide, strongly prominent and
sharply defined vertebral articular ridgewith a rectan-
gular dorsal tip; inner distal edge pinnacled, with five
small, poorly defined, round spurs; small, but well-
defined, ventralward-pointing tentacle notch close
to ventro-distal tip of the vertebral articular ridge.

Paratype supplements. MnhnL OPH130 is a dissoci-
ated proximal lateral arm plate, very similar to holo-
type but completely devoid of spine articulations;
inner side as in holotype but damaged, probably
due to bioerosion.

MnhnL OPH131 is a dissociated median lateral
arm plate, slightly longer than high, with nearly
straight dorsal edge; five spurs along the outer prox-
imal edge, all with a fine horizontal striation, and
ventrally bordered by spur-like elevation of the
outer surface stereom; ornamentation of outer sur-
face as in holotype; two spine articulations in notches
at ventro-distal tip of the plate; inner side as in holo-
type but with five more clearly defined spurs along
inner distal edge.

MnhnLOPH132 is a dissociated distal lateral arm
plate, approximately 1.5 times longer than high, with
nearly straight dorsal edge; outer proximal edge with
four spurs as in holotype, ventrally bordered by spur-
like elevation of outer surface stereom; two small
spine articulations in notches, one directly at ventro-
distal tip of the plate and the second just above; inner
side as in holotype.

MnhnLOPH133 is a dissociated proximal, barrel-
shaped, laterally compressed vertebra; dorsal and
ventral muscle fossae forming almost continuous,
vertical ring on distal and, even more, on proximal
sides; zygocondyles parallel and extremely elongate

dorso-ventrally, with very small zygosphene barely
extending beyond ventral tip of zygocondyles; dorsal
and ventral grooves deep; articular surface on lateral
sides very wide, sharply-defined, J-shaped.

Remarks. The lateral arm plates and the co-occurring
vertebrae belong together because of similarities in
size and matching mutual articular structures. Both
show the highly characteristic combination of char-
acters found in Palaeocoma: the typical shape of
the poorly arched lateral arm plates, the small spine
articulations in notches at their distal edge and the
conspicuous, strongly prominent, J-shaped vertebral
articular ridge on their inner side, as well as the
barrel-shaped vertebrae with their extremely elon-
gate zygocondyles. The lateral arm plates described
above differ notably from those of congeners in
their lower height/length ratio, the much fewer
spine articulations and the extremely large vertebral
articular ridge. We therefore describe them as a new
species of Palaeocoma andextend the range of the
genus into the lowermost Toarcian.

Genus Ophiotardis nov.

Type species. Ophiotardis tennanti sp. nov., by
present designation.

Other species included. Ophiura? astonensis Hess
(1964).

Diagnosis. Ophiopyrgid genus with large, high,
strongly arched and rounded lateral arm plates;
numerous well-developed, prominent and protrud-
ing spurs along outer proximal and inner distal
edges; numerous large spine articulations sunken in
notches of distal edge, composed of comma-shaped
muscle and nerve openings separated by a thin,
low vertical ridge; single, large vertebral, articular
ridge on inner side; tentacle pores developed as
within-plate perforations in median and distal lateral
arm plates, occasionally also in proximal ones.

Etymology. Genus name formed as a combination of
óphis, Greek for serpent, a commonly used prefix in
ophiuroid genus names, and Tardis, acronym for
‘Time And Relative Dimension In Space’, the time
machine and spacecraft used by Dr Who.

Ophiotardis tennanti sp. nov.
Figure 8a–g

Holotype. MnhnL OPH134.

Paratypes. MnhnL OPH135 and OPH136.

Type locality and stratum. Sample DUD-04 taken at
136.22 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.
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Fig. 8. Ophiuroid lateral arm plates from the uppermost Pliensbachian (Spinatum chronozone) and lowermost
Toarcian (Tenuicostatum chronozone) of the Luxembourg Geological Survey drill core FR-216-200, Neischmelz near
Dudelange, Luxembourg. (a)–(g) Ophiotardis tennanti gen. et sp. nov.: sample DUD-27; MnhnL OPH134
(holotype): proximal lateral arm plate in external (a) and internal (b) views, and with detail of spine articulations (c);
MnhnL OPH135 (paratype): median lateral arm plate in external (d) and internal (e) views; MnhnL OPH136
(paratype): distal lateral arm plate in external (f ) and internal (g) views. (h)–(l) Unnamed ophiopyrgid: sample
DUD-35, MnhnL OPH137: proximal lateral arm plate in external (h) and internal (i) views, and with detail of spine
articulations ( j); MnhnL OPH138: median to distal lateral arm plate in external (k) and internal (l) views. (m)–(q)
Ophiomisidium pratchettae sp. nov.; sample DUD-06, MnhnL OPH139 (holotype): proximal lateral arm plate in
external (m) and internal (n) views, and with detail of spine articulations (o); MnhnL OPH140 (paratype): median to
distal lateral arm plate in external (p) and internal (q) views. Scale bars equal 0.1 mm in ( j) and in (m)–(q), and
0.2 mm in all others. Abbreviations: di, distal; do, dorsal; MO, muscle opening; NO, nerve opening; SA, spine
articulation; TO, tentacle opening.
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Etymology. Species named in honour of Scottish
actor David Tennant, for his performance as the
10th incarnation of The Doctor in the science fiction
series Dr Who, bringing us inspiration during
moments of frustration while writing the present
paper.

Diagnosis. Species of Ophiotardis with up to three
large spurs along outer proximal edge; up to four
(rarely five) large, equal-sized spine articulations in
deep notches of distal edge; tentacle notches devel-
oped as within-plate perforations in almost all lateral
arm plates.

Description of holotype. MnhnL OPH134 is a disso-
ciated, moderately large proximal lateral arm plate,
slightly higher than long, arched, with weakly con-
vex dorsal and ventral edges, and a strongly convex
distal edge; proximal edge evenly concave, lined by
a band of more coarsely meshed stereom with a very
faint horizontal striation and three large, prominent
and protruding spurs; outer surface ornamentation
composed of trabecular intersections transformed
into small, tightly spaced tubercles; four large, equal-
sized and evenly spaced spine articulations sunken in
deep notches of the distal edge, each composed of
comma-shaped, equal-sized muscle and nerve open-
ings separated by a thin, low vertical ridge.

Inner side of lateral arm plate with a single, large,
wide and well-defined vertebral articular ridge with a
tongue-shaped dorsal edge; three large, prominent,
moderately-well defined spurs on inner distal edge;
tentacle pore developed as small within-plate perfo-
ration close to ventro-distal tip of vertebral articular
ridge.

Paratype supplements. MnhnL OPH135 is a dissoci-
ated median lateral arm plate, slightly longer than
high, closely similar to holotype but with better pre-
served microstructures; fine horizontal striation
along outer proximal edge tightly encompassing
spurs; four spine articulations as in holotype; inner
side as in holotype.

MnhnLOPH136 is a dissociated distal lateral arm
plate, longer than high; outer proximal edge with two
spurs; two spine articulations, the dorsal one with a
swollen, lip-shaped vertical ridge; inner side with a
shorter vertebral articular ridge and with two spurs
on inner distal edge.

Remarks. The lateral arm plates described above
belong to a particular type that have been described
and figured in the past but, surprisingly, have always
been intermingled with other taxa (e.g. Hess 1962b,
1964). As outlined above, the holotype of Ophiura?
astonensis from the Pliensbachian of the UK belongs
to this type of lateral arm plates but most of the asso-
ciated non-type specimens belong to a different
genus (Hess 1964). The Palaeocoma millerimaterial
from the Pliensbachian of Switzerland described by

Hess (1962b) includes representatives of the lateral
arm plate type in question.

Here we provide the first unambiguous descrip-
tion of this particular type of lateral arm plates and
introduce the new genus Ophiotardis. In spite of a
superficial similarity to the lateral arm plates of
Ophioderma Müller and Troschel (1840), those of
Ophiotardis gen. nov. have their muscle and nerve
openings separated by a vertical ridge, implying
assignment to the Euryophiurida. The general plate
shape, the outer surface ornamentation, the spine
articulation morphology and the development of
the tentacle pores suggests ophiopyrgid affinities.
Pending a phylogenetic analysis, however, this
family-level position should be considered
as tentative.

The lateral arm plates of Ophiotardis gen. nov.
show a certain similarity to those of Palaeocoma,
especially with respect to the spine articulation mor-
phology. In Palaeocoma, however, the lateral arm
plates are more rectangular, the ventral portion pro-
trudes ventro-proximalwards and the tentacle pore
is always developed as between-plate notch.

The holotype and some of the non-type speci-
mens of Ophiura? astonensis are here transferred
to Ophiotardis gen. nov. They differ from the
slightly younger material described herein in having
smaller and more numerous spine articulations and
spurs. We therefore introduce the new species
Ophiotardis tennanti to accommodate the lateral
arm plates described herein. The enlarged, lip-
shaped vertical ridge seen in the distal lateral arm
plates of the new species suggest the presence of
hook-shaped arm spines, as observed in articulated
specimens of Inexpectacantha acrobatica (see
Thuy 2011).

Unnamed ophiopyrgid genus and species
Figure 8h–l

Material analysed. MnhnL OPH137 and OPH138.

Description. Small dissociated lateral arm plates,
relatively thick, straight, proximal ones higher than
long, distal ones longer than high, all of rounded
general outline, with convex dorsal and distal
edges and with ventro-proximalward-protruding
ventral portion; proximal edge unevenly concave,
lined by a band of horizontally striated stereom
devoid of spurs; outer surface stereom finely meshed
with trabecular intersections transformed into minute
tubercles; up to three small (two in distal lateral arm
plates) spine articulations sunken in very shallow
depressions of a pinnacled distal edge, evenly dis-
tributed, composed of tiny muscle and nerve open-
ings separated by a small, low, rugose vertical ridge.

Inner side of lateral arm plates with large, round
(elongate in distal plates) dorsal contact surface
with opposite lateral arm plate in proximal plates;
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single large, weakly prominent and moderately well-
defined vertebral articular ridge, in proximal lateral
arm plates with a kink between the main plate
body and the ventral portion; tentacle pore devel-
oped as well-defined, ventralward-pointing notch.

Remarks. The spine articulation morphology, com-
bined with the overall shape of the lateral arm plates
including a ventro-proximalward-pointing ventral
portion, suggest assignment to the suborder Ophiur-
ina. Within this group, similarities are closest to
members of the Ophiopyrgidae, especially on
account of the ventralward-pointing tentacle notch.
The lateral arm plates in question differ from those
of the Palaeocoma d’Orbigny (1850) species in the
large dorsal contact surface with the opposite lateral
arm plate, and the shape and position of the spine
articulations. A superficial similarity is shared with
the lateral arm plates of the basal euryalid Aspidur-
iella Bolette (1998) from the Triassic. These differ,
however, in lacking an outer surface ornamentation
(Thuy and Stöhr 2018).

The lateral arm plates cannot be assigned to any
known fossil type of such plates. They probably rep-
resent a new genus and species of ophiopyrgid ophi-
uroid. In view of the fact that only few specimens are
available at present, we refrain from formally
naming them.

Family Astrophiuridae Sladen (1879)
Genus Ophiomisidium Koehler (1914)

Type species. Ophiomisidium speciosum Koehler
(1914), by original designation.

Diagnosis. Disc covered by few thick scales and
obvious primary plates; arms short, rapidly tapering,
composed of elongate segments; skeletal plates often
with a coarsely meshed, tuberculous stereom; basal
lateral arm plates often widened, carrying a horizon-
tal row of spines; spine articulations composed of a
muscle opening encompassed by thickened stereom,
with a strongly reduced nerve opening; between-
plate tentacle openings in proximal segments.

Ophiomisidium pratchettae sp. nov.
Figure 8m–q

Holotype. MnhnL OPH139.

Paratypes. MnhnL OPH140.

Type locality and stratum. Sample DUD-06 taken at
128.81 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of English
video game writer and journalist Rhianna Pratchett
for her gamebook Crystal of Storms, which

reinvigorated stamina in moments of frustration dur-
ing work on the present study.

Diagnosis. Species of Ophiomisidium with small,
strongly elongate lateral arm plates with very
coarsely meshed outer surface stereom; two small,
inconspicuous spine articulations on distal edge; ten-
tacle pores developed as narrow ventralward-
pointing notches in proximal lateral arm plates, and
as small within-plate perforations in median to
distal ones.

Description of holotype. MnhnL OPH139 is a disso-
ciated, very small proximal lateral arm plate, almost
twice as long as high, very thick, rounded, with con-
vex dorsal, ventral and distal edges; proximal edge
irregularly wavy, lined by a slightly tapering band
of more finely meshed stereom, no spurs discernible;
outer surface stereom very coarsely meshed, with
trabeculae thickened and trabecular intersections
transformed into small, widely spaced tubercles;
two small, equal-sized, inconspicuous spine articula-
tions near distal edge of the lateral arm plate, inte-
grated into outer surface stereom, almost invisible.

Inner side of lateral arm plate with very thick dor-
sal and ventral contact surfaces with opposite lateral
arm plate, leaving an extremely narrow vertebral
cavity; no vertebral articular structure discernible;
inner distal edge pinnacled but devoid of spurs; nar-
row, deep, sharply defined and ventralward-pointing
tentacle notch.

Paratype supplements. MnhnL OPH140 is a dissoci-
ated, very small median to distal lateral arm plate,
approximately 2.5 times longer than high; similar
to holotype but inner side with very narrow vertebral
cavity; tentacle pore developed as small within-plate
perforation close to distal end of vertebral cavity.

Remarks. The lateral arm plates described above are
highly peculiar because of their small size, the thick,
rounded, elongate shape, and the coarse outer surface
ornamentation. The only previously known type of
fossil lateral plates that resembles the material
described above belong to Mesophiomusium moe-
nense Kutscher and Jagt, in Jagt (2000) from the
Maastrichtian of Denmark. They differ, however,
in having more strongly convex dorsal and ventral
edges and a much finer outer surface ornamentation.
Mesophiomusium scabrum (Hess 1962b) from the
Toarcian of Switzerland is only superficially similar
due to the coarse outer surface stereom, and differs
in a fundamentally different spine articulation
morphology.

The general shape of the lateral arm plates
described above, the coarse outer surface, the small
spine articulations composed of a muscle opening
only and the ventralward-pointing tentacle notch in
proximal segments hint at the astrophiurid genus
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Ophiomisidium. Given the extremely small size of
the lateral arm plates, we cannot entirely rule out
the possibility that they represent a strongly paedo-
morphic ophiomusin instead. With the evidence in
hand, however, an assignment to Ophiomisidium
seems the most plausible.

Ophiomisidium pratchettae is by far the oldest fossil
representative of the Astrophiuridae. Although
molecular estimates have predicted an ancient origin
for that family, the fossil record of astrophiurids has
proven extremely sparse to date (Thuy et al. 2019).

Superorder Ophintegrida O’Hara, Hugall, Thuy,
Stöhr and Martynov (2017)

Order Ophioscolecida O’Hara, Hugall, Thuy, Stöhr
and Martynov (2017)

Family Ophioscolecidae Lütken (1869)
Genus Lapidaster Thuy (2013)

Type species. Lapidaster hystricarboris Thuy
(2013), by original designation.

Diagnosis, emended from Thuy (2013). Ophioscole-
cid with lateral arm plates displaying large tentacle
notches; spine articulations not positioned on ele-
vated ridge and not sunken into depressions or
notches; ventral portion of lateral arm plate protrud-
ing ventro-proximally; generally single, poorly to
moderately defined, spur on outer proximal and
inner distal edge of lateral arm plate; spine articula-
tions generally tilted, composed of elongate, arched
dorsal and ventral lobes; inner side with single, well-
defined ridge generally separated by rounded kink
into dorsal and ventral halves.

Remarks. Lapidaster was originally described as a
basal, large-pored ophiacanthid (Thuy 2013). Since
then, however, considerable progress has been
made in ophiuroid higher systematics. The size of
the tentacle pore has been debunked as irrelevant
for higher-level systematics within ophiacanthids.
Furthermore, several assumedly basal ophiacanthid
genera have been transferred to the new family
Ophioscolecidae on the basis of a molecular phylog-
eny (O’Hara et al. 2018). Based on these new
insights, we suggest the transfer of Lapidaster to
the family Ophioscolecidae within the order Ophio-
scolecida on account of the spine articulation mor-
phology and because of striking similarities to the
lateral arm plates of some modern ophioscolecids
such as Ophioplexa Martynov (2010) and Ophio-
cymbium Lyman (1880).

Lapidaster fasciatus (Kutscher and Villier 2003)
Figure 9a–d

Sinosura fasciata Kutscher and Villier (2003):
p. 185, pl. 3 fig. 9, pl. 4 figs 1–2.

Sinosura schneideri – Kutscher (1996): p. 9, pl. 2,
figs 6–8 (material incorrectly assigned to Sinosura

schneideri Kutscher 1987).

Lapidaster fasciatus – Thuy (2013): p. 32,
fig. 7: 7–8.

Diagnosis. Species of Lapidaster with small- to
medium-sized lateral arm plates displaying an irreg-
ular, coarse vertical striation, a relatively short ridge
on the inner side, and up to four spine articulations
composed of confluent dorsal and ventral lobes.

Description (MnhnL OPH141–OPH142). Moder-
ately large lateral arm plates, proximal ones slightly
higher than long, distal ones longer than high; with a
strongly ventro-proximalward-protruding ventral
portion and a ventralward-protruding ventro-distal
tip; single, poorly defined spur on concave outer
proximal edge; outer surface with a coarse, irregular
vertical striation; up to four large, spine articulations,
freestanding along distal edge, with a dorsalward
increase in size; spine articulations oblique, com-
posed of a large muscle opening and a smaller
nerve opening both encompassed by elongate,
slightly rugose dorsal and ventral lobes; inner side
of lateral arm plates with a single, very thin, sharply
defined vertebral articular ridge, with a kink between
the dorsal and ventral portions; single, small, poorly
defined spur on inner ventro-distal tip of the plate;
large, deep, well-defined tentacle notch close to
kink of vertebral articular ridge.

Remarks. Thuy (2013) provided a detailed descrip-
tion of Lapidaster fasciatus based on material from
the middle Toarcian of France and considered them
conspecific with lateral arm plates previously
described by Kutscher (1996) from the uppermost
Toarcian to the lower Aalenian of Germany, and
by Kutscher and Villier (2003) from the middle to
upper Toarcian of France. The latter were originally
described as a new species of Sinosura, S. fasciata,
but Thuy (2013) argued that the species has ophia-
canthid affinities and transferred it to the newly
erected genus Lapidaster, highlighting similarities
to the type species of the genus L. hystricarboris.
The lateral arm plates described above comply
with the diagnosis of Lapidaster fasciatus. They
extend the stratigraphic range of the species down
to the lowermost Toarcian.

Lapidaster hougardae sp. nov.
Figure 9e–h

Holotype. MnhnL OPH143.

Paratypes. MnhnL OPH144.

Type locality and stratum. Sample DUD-29 taken at
137.17 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.
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Fig. 9. Ophiuroid lateral arm plates from the lowermost Toarcian (Tenuicostatum chronozone) of the Luxembourg
Geological Survey drill core FR-216-200, Neischmelz near Dudelange, Luxembourg. (a)–(d) Lapidaster fasciatus
(Kutscher and Villier 2003): sample DUD-15; MnhnL OPH141: proximal lateral arm plate in external (a) and internal
(b) views; MnhnL OPH142: median to distal lateral arm plate in external (c) and internal (d) views. (e)–(h)
Lapidaster hougardae sp. nov.: sample DUD-29, MnhnL OPH143 (holotype): proximal lateral arm plate in external
(e) and internal (f ) views; MnhnL OPH144 (paratype): median to distal lateral arm plate in external (g) and internal
(h) views. (i)–(k) Ophiohelus sp. nov.; sample DUD-06, MnhnL OPH145: proximal lateral arm plate in external (i)
and internal ( j) views, and with detail of spine articulations (k). (l)–(p) Ophiocopa sp. nov.; sample DUD-06, MnhnL
OPH146: proximal lateral arm plate in external (l) and internal (m) views, and with detail of spine articulations (n);
MnhnL OPH147: median to distal lateral arm plate in external (o) and internal (p) views. Scale bars equal 0.1 mm in
(k) and (n), and 0.2 mm in all others. Abbreviations: di, distal; DL, dorsal lobe; do, dorsal; MO, muscle opening;
NO, nerve opening; VL, ventral lobe.
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Etymology. Species named after Iben Winther Hou-
gård for her work on the geochemistry of Lower
Jurassic successions including the Jenkyns Event,
and as a souvenir to commemorate the joint sampling
of the Dudelange drill core.

Diagnosis. Species of Lapidaster with small, elon-
gate lateral arm plates; very weak constriction;
outer surface stereom coarsely meshed, without
striation or enlarged tubercles; up to four relatively
small, round spine articulations.

Description of holotype. MnhnL OPH143 is a disso-
ciated, relatively small proximal lateral arm plate
almost 1.5 times longer than high; dorsal edge
slightly concave as a result of a weak constriction;
distal edge strongly convex; ventral portion protrud-
ing ventro-proximalwards; ventro-distal tip of lateral
arm plate slightly protruding ventralwards; proximal
edge concave with a strong kink close to ventral por-
tion of plate; relatively large, prominent, horizontally
elongate but poorly defined spur close to ventro-
proximal tip of lateral arm plate; outer surface ster-
eom coarsely meshed but devoid of vertical striation
or enlarged tubercles; four moderately large spine
articulations with slightly dorsalward increase in
size, freestanding on weakly elevated distal portion
of the lateral arm plate; spine articulations round,
oblique, composed of strongly arched, proximally
merged dorsal and ventral lobes.

Inner side of lateral arm plate with single, uni-
formly narrow vertebral articular ridge with a sharp
kink in the middle; single relatively large, prominent,
elongate spur on the inner ventro-distal tip of the
plate; tentacle notch wide, deep and sharply defined.

Paratype supplements. MnhnL OPH144 is a dissoci-
ated, small median to distal lateral arm plate; slightly
stronger constriction; spur on outer proximal edge
poorly defined; three arm spine articulations similar
to those of holotype; inner side with vertebral articu-
lar ridge obscured by matrix.

Remarks. The lateral arm plates described above fall
within the morphological spectrum of Lapidaster as
defined by Thuy (2013). Within that genus, similar-
ities are closest to the species that have a constriction
but lack a vertical striation. Lapidaster etteri Thuy
(2013) differs in having a widened dorsal tip of the
vertebral articular ridge, L. lukenederi Thuy (2013)
as more finely meshed outer surface stereom and L.
coreytaylori Thuy (2013) has a stronger constriction.
The lateral arm plates described above cannot be
accommodated in any of the currently known species
of Lapidaster. We therefore introduce the new spe-
cies Lapidaster hougardae for them.

Family Ophiohelidae Perrier (1893)
Genus Ophiohelus Lyman (1880)

Type species. Ophiohelus pellucidus Lyman (1880),
by original designation.

Diagnosis. Ophiohelid with lateral arm plates show-
ing a coarsely meshed outer surface stereom and an
oblique row of large, freestanding spine articulations
composed of comma-shaped, parallel, dorsal and
ventral lobes; umbrella-shaped spines along the
entire arm.

Ophiohelus sp. nov.
Figure 9i–k

Material examined. MnhnL OPH145 from sample
DUD-06 taken at 128.81 m from the Luxembourg
Geological Survey drill core FR-216-200 (Dude-
lange drill core), drilled at Neischmelz near Dude-
lange, Luxembourg; Tenuicostatum chronozone,
lowermost Toarcian, Lower Jurassic.

Description. MnhnL OPH145 is a dissociated, prob-
ably proximal lateral arm plate, slightly longer than
high, conspicuously oblique, with an irregular out-
line; distal edge with a protruding but non-prominent
spur; outer surface stereom coarsely meshed but
devoid of striation or tubercles; conspicuous, oblique
row of 13 tightly spaced spine articulations running
from the dorsal to the ventral edge of the plate,
with a weak ventralward increase in size; spine artic-
ulations composed of nearly parallel, straight, mas-
sive dorsal and ventral lobes, the dorsal one
slightly larger, encompassing a single opening.

Inner side of lateral arm plate with a large, trian-
gular ventral contact surface with opposite lateral
arm plate; single nose-shaped vertebral articular
ridge, well-defined, widest at its base, with a pointed
tip and a slightly more strongly prominent proximal
half; ventro-distal tip of inner side thickened to bor-
der a large, deep, well-defined tentacle notch.

Remarks. The lateral arm plate described above is
among the most extraordinary known from the
Lower Jurassic so far. It stands out on account of
its oblique shape and the oblique row of tightly
spaced spine articulations running along the entire
height of the lateral arm plate. There is a superficial
similarity to the lateral arm plates described as
Ophiacantha? liesbergensis Hess (1963) from the
Callovian of Switzerland, especially because of the
peculiar outline and the oblique row of tightly spaced
spine articulations. However, the lateral arm plates of
O.? liesbergensis are much more fragile and have a
deep tentacle incision, as well as dorsal and ventral
lobes forming a circle encompassing a single open-
ing. The lateral arm plate described herein unques-
tionably represents a previously unknown form. In
view of the fact that we have only a single specimen
at hand, however, we refrain from formally naming
it, awaiting the discovery of more material to further
substantiate its highly unusual morphology.
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The shape and position of the spine articulations
together with the shape of the vertebral articular
ridge of the lateral arm plate described above favour
an assignment to the Ophiohelidae. Although the
family is of ancient origin (O’Hara et al. 2018), it
has a very poor fossil record (Thuy and Meyer
2013; Thuy et al. 2014). Thus, the present record,
albeit based on a single specimen only, adds consid-
erably to a better knowledge of fossil Ophiohelidae.

Order Ophiacanthida O’Hara, Hugall, Thuy, Stöhr
and Martynov (2017)

Suborder Ophiacanthina O’Hara, Hugall, Thuy,
Stöhr and Martynov (2017)

Family Ophiotomidae Paterson (1985)
Genus Ophiocopa Lyman (1883)

Type species. Ophiocopa spatula Lyman (1883), by
original designation.

Diagnosis. Ophiotomid genus with disc covered by
few large scales carrying large, scattered spherical
granules; radial shields triangular, largely exposed;
relatively long jaws with a continuous row of
small, blunt oral papillae; lateral arm plates showing
a ventro-proximalward-protruding ventral portion;
outer surface ornamentation with a well-defined ver-
tical striation; prominent and protruding spur on
outer proximal edge; large spine articulations on an
elevated distal portion of the lateral arm plates, com-
posed of a semi-circular dorsal lobe and a triangular,
knob-shaped ventral lobe; single vertebral articular
ridge on inner side of lateral arm plates with widened
dorsal tip.

Ophiocopa sp. nov.
Figure 9l–p

Material examined. MnhnL OPH146 and OPH147.

Description. MnhnL OPH146 is a dissociated prox-
imal lateral arm plate, higher than long, with a small,
ventro-proximalward-protruding ventral portion;
concave dorsal edge as a result of a constricted
outer surface; proximal edge with a large, central,
prominent and protruding spur; outer surface with
a well-developed vertical striation proximalwards
fading into a moderately finely meshed stereom;
five large spine articulations on elevated distal por-
tion of lateral arm plate, bordered by wavy edge of
vertical striation; dorsalward increase in size of
spine articulations and in gaps separating them;
spine articulations composed of a semi-circular dor-
sal lobe encompassing a very large muscle opening
and a knob-like, nearly triangular ventral lobe dis-
tally merged with the dorsal lobe by a small sigmoi-
dal fold encompassing the much smaller nerve
opening.

Inner side of lateral arm plate with a single, well-
defined vertebral articular ridge with a widened dor-
sal tip; single, large, prominent and protruding spur

in the middle of the inner distal edge; deep, sharply
defined tentacle notch; two or three perforations in
a vertical row between the vertebral articular ridge
and the distal edge of the plate.

Supplements. MnhnL OPH147 is a dissociated distal
lateral arm plate, longer than high, similar to holo-
type but with second more ventral and pointed spur
on outer proximal edge; outer surface ornamentation
and spine articulation morphology as in holotype;
inner side as in holotype.

Remarks. The two lateral arm plates described above
unambiguously belong to the Ophiacanthina on
account of their constriction and the shape, position
and size pattern of the spine articulations. The pro-
truding ventral portion favours assignment to the
family Ophiotomidae and rules out the majority of
the superficially similar fossil ophiacanthids such
as Ophiogaleus Thuy (2013). Similarities are closest
to the Recent genusOphiocopa because of the spine-
articulation micromorphology, the constriction, the
spur morphology and the tentacle notch, as well as
the vertebral articular ridge on the inner side.

Thuy (2013) provided an extensive assessment of
the ophiacanthid fossil record, and considered
Ophiocopa to be the closest living relative of the
extinct Dermocoma Hess (1964) and Alternacantha
Thuy andMeyer (2013). The latter two, however, are
herein transferred to the suborder Ophiodermatina
because of fundamental differences in the micro-
structure of the spine articulations, in particular the
lack of a genuine, well-developed sigmoidal fold
(see below).

The lateral arm plates described above probably
represent a fossil species of Ophiocopa or, more
likely, an extinct sister genus. In view of the limited
material available, however, we refrain from for-
mally naming this species.

Suborder Ophiodermatina Ljungman (1867)
Family unknown

Genus Dermocoma Hess (1964)

Type species. Dermocoma wrighti Hess (1964), by
original designation.

Diagnosis. Ophiodermatin with disc covered by thin
scales, small, rounded-triangular radial shields; tiny,
spherical granules densely covering disc scales; fan-
shaped dorsal arm plates in contact at least in proxi-
mal arm segments; lateral arm plates with a large,
ventro-proximalward-protruding ventral portion;
outer surface of lateral arm plates with a weak con-
striction and a fine vertical striation close to row of
spine articulations; often several protruding, slender
spurs on outer proximal edge; relatively large, ear-
shaped spine articulations in shallow depressions
of a slightly elevated distal lateral arm plate portion;
single, slender ridge with pointed to slightly widened
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dorsal tip on inner side of lateral arm plate, devoid of
conspicuous kinks.

Remarks. The genus Dermocoma was introduced by
Hess (1964) on the basis of articulated skeletons
from the Middle Jurassic of the UK. While the
genus was initially left unclassified due to its unusual
combination of characters, it was later assigned to its
own family Dermocomidae by Hess (1972). Thuy
and Meyer (2013) transferred Dermocoma to the
family Ophiacanthidae, as understood at that time,
based on similarities in spine articulation morphol-
ogy. Thuy (2013) adopted this view and introduced
a number of new species mostly on the basis of dis-
sociated lateral arm plates.

A lot of progress has been made in understanding
ophiuroid diversity, phylogeny and arm-plate micro-
morphology since the monograph by Thuy (2013),
imposing a revision of fossil ophiuroid genera
described until then. Viewed from this new perspec-
tive, Dermocoma is incompatible with the revised
diagnosis of the family Ophiacanthidae (O’Hara
et al. 2018). Within the order Ophiacanthida, Der-
mocoma shares greatest similarities to members of
the family Ophiotomidae and with some long-spined
representatives of the suborder Ophiodermatina. The
vertebral articular ridge on the inner side of the lat-
eral arm plate being devoid of conspicuous kinks
and the spine articulations showing only a weakly
developed sigmoidal fold, we favour an assignment
to Ophiodermatina. Affinities within this group are
better explored using phylogenetic methods, which
is beyond the scope of the present study.

Dermocoma sp.
Figure 10a–c

Material examined. MnhnL OPH148 and OPH149

Description. Relatively large, robust lateral arm
plates, proximal ones nearly as high as long, distal
ones elongate; ventral portion of proximal plates
strongly protruding ventro-proximalwards; up to
two small, poorly defined spurs along a concave
outer proximal edge; outer surface with very weak
constriction, if at all, and with a fine vertical striation
becoming coarser towards the row of spine articula-
tions; four moderately large, ear-shaped spine articu-
lations in proximal lateral arm plates, three in distal
ones, sunken in deep notches of the distal plate por-
tion, separated from the distal edge by a thin, smooth
shelf; inner side of lateral arm plates with a single,
slender, well-defined vertebral articular ridge devoid
of sharp kinks; two small, moderately well-defined
spurs on inner distal edge; tentacle notch narrow,
deep.

Remarks. The lateral arm plates described herein
show a combination of characters typically found
in Dermocoma. The closely related Alternacantha

Thuy and Meyer (2013) has very similar lateral
arm plates in median to distal arm portions. The
more proximal lateral arm plates of the material
described herein, however, show no sign of the
large gap between the dorsalmost and the remaining
spine articulations. We therefore favour an assign-
ment to Dermocoma, emphasizing, however, that
this is a tentative identification based on sparse and
fragmentary material. We cannot rule out that some
of the more distal lateral arm plates belong to
Alternacantha.

Species of the Dermocoma–Alternacantha group
tend to have very similar lateral arm plates, differing
only in minor details of their microstructure. The
material we have before us consists of sparse and
often fragmentary lateral arm plates mostly from
median to distal arm portions, precluding an exhaus-
tive assessment of the morphology and a conclusive
comparison with congeners. We therefore describe
the specimens in open nomenclature, awaiting the
discovery of more complete material.

Order Amphilepidida O’Hara, Hugall, Thuy, Stöhr
and Martynov (2017)

Suborder Ophionereidina O’Hara, Hugall, Thuy,
Stöhr and Martynov (2017)

Superfamily Ophionereidoidea Ljungman (1867)
Family Ophionereididae Ljungman (1867)

Genus Dermacantha Thuy (2013)

Type species. Dermacantha leonorae Thuy (2013),
by original designation.

Emended diagnosis. Ophionereid with small, fragile
lateral arm plates with a low height/length ratio even
in proximal plates; outer surface often with a fine but
poorly developed vertical striation stereom; up to
five small spine articulations in notches of slightly
elevated distal portion of lateral arm plates; ventral
and dorsal lobes of spine articulations proximally
separated by up to three tiny knobs; up to two poorly
to well-defined spurs on outer proximal and inner
distal edges; inner side of lateral arm plates with sim-
ple, slender ridge devoid of sharp kinks or strongly
thickened parts.

Remarks. The genus Dermacantha was introduced
by Thuy (2013) to accommodate species with super-
ficiallyDermocoma-like lateral arm plates but differ-
ing in their spine articulation morphology and their
lower height/length ratio. As explained above, the
substantial progress during recent years in under-
standing ophiuroid systematics and evolution
demands a reassessment of most fossil genera.
Seen from the perspective of these new insights,
the spine articulation morphology of Dermacantha
is more typical of the Ophionereididae than of the
Ophiacanthidae, especially because of the tiny
knobs proximally separating the dorsal and ventral
lobes, and because of the poorly developed
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sigmoidal fold. We therefore transfer the genus to
Ophionereididae.

The lateral arm plates of Dermacantha share
greatest similarities with those of the extinct ophio-
nereidid Ophiopetra Hess, in Enay and Hess
(1962) from the Upper Jurassic of Europe and the
Lower Cretaceous of Argentina (Fernández et al.
2019). The general plate architecture and the spine
articulation morphology are similar to such an extent
that we anticipate close phylogenetic ties, to be
explored using phylogenetic analyses. Differences
between Dermacantha and Ophiopetra pertain
mostly to the position of the spine articulations (free-
standing inOphiopetra v. sunken in shallow notches
in Dermacantha).

Dermacantha reolidi sp. nov.
Figure 10d–j

Holotype. MnhnL OPH150.

Paratypes. MnhnL OPH151 and OPH152.

Type locality and stratum. Sample DUD-15 taken at
131.94 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named in honour of Matías
Reolid Pérez for his work on the Jenkyns Event,
and for inviting us to contribute to this volume.

(a)

(d)

(f)

(g)

(i)

(j)
(h)

(b) (c)

(e)

Fig. 10. Ophiuroid lateral arm plates from the lowermost Toarcian (Tenuicostatum chronozone) of the Luxembourg
Geological Survey drill core FR-216-200, Neischmelz near Dudelange, Luxembourg. (a)–(c) Dermocoma sp.: sample
DUD-14; MnhnL OPH148: proximal to median lateral arm plate in external (a) and internal (b) views; MnhnL
OPH149: distal lateral arm plate in external (c) view. (d)–(j) Dermacantha reolidi sp. nov.: sample DUD-15, MnhnL
OPH150 (holotype): proximal lateral arm plate in external (d) and internal (e) views, and with detail of spine
articulations (f); MnhnL OPH151 (paratype): median lateral arm plate in external (g) and internal (h) views; MnhnL
OPH152 (paratype): distal lateral arm plate in external (i) and internal ( j) views Scale bars equal 0.1 mm in (f), and
0.2 mm in all others. Abbreviations: di, distal; DL, dorsal lobe; do, dorsal; KN, knob(s); VL, ventral lobe.
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Diagnosis. Species of Dermacantha with small,
elongate lateral arm plates devoid of vertical stria-
tion; two moderately well-defined spurs along the
outer proximal edge; up to four small arm spine artic-
ulations; widened dorsal tip of vertebral articular
ridge on inner side of lateral arm plates.

Description of holotype. MnhnL OPH150 is a small,
dissociated proximal lateral arm plate slightly longer
than high, with evenly convex dorsal and distal
edges and a strongly ventro-proximalward-protrud-
ing ventral portion; proximal edge concave with a
sharp kink, lined by a narrow band of horizontally
striated stereom including two small, moderately
well-defined, weakly prominent and protruding
spurs; outer surface with finely meshed stereom,
with trabecular intersections transformed into tiny
tubercles without a particular order (no vertical stria-
tion); four small arm spine articulations in shallow
notches close to the distal edge of the plate, the
two middle spine articulations larger than the ventral
and dorsal ones; spine articulations composed of a
straight, oblique ventral lobe and a strongly arched
dorsal lobe, proximally separated by one or two
small knobs. Inner side of lateral arm plate with a sin-
gle slender, well-defined vertebral articular ridge
with a widened dorsal tip but devoid of sharp
kinks; single small, well-defined, spur close to ven-
tral tip of inner distal edge; large, deep, well-defined
tentacle notch.

Paratype supplements. MnhnL OPH151 is a dissoci-
ated median lateral arm plate almost 1.5 times longer
than high; outline similar to that of holotype; two
spurs along outer proximal edge better defined than
in holotype; outer surface as in holotype; three
spine articulations as in holotype but leaving a gap
between the dorsalmost spine articulation and the
dorso-distal tip of the plate; dorsal spine articulation
slightly smaller than the other two; inner side as in
holotype but vertebral articular ridge without wid-
ened tip, and inner distal edge of plate with two
well-defined spurs.

MnhnLOPH152 is a dissociated distal lateral arm
plate almost twice as long as high, otherwise similar
to specimen MnhnL OPH151.

Remarks. The lateral arm plates described above
unambiguously comply with the diagnosis of
Dermacantha. Within this genus, similarities are
greatest to Dermacantha leonorae from the Pliens-
bachian of the UK, especially because of the lack
of outer surface striation. The lateral arm plates
described above differ in having up to four, rather
than five, spine articulations, and two spurs along
the outer proximal and inner distal edges instead of
one. We therefore describe them as a new species
of Dermacantha, adding a Toarcian record to
the genus.

Order Ophioleucida O’Hara, Hugall, Thuy, Stöhr
and Martynov (2017)

Family Ophioleucidae Matsumoto (1915)
Genus Sinosura Hess (1964)

Type species. Acroura brodiei Wright (1866), by
original designation.

Diagnosis. Ophioleucid genus with very large,
rounded triangular radial shields surrounded by
small disc scales covered by large, scattered gran-
ules; arms slender, cylindrical; large tentacle pores
covered by large, oval scales; lateral arm plates
thin, fragile, strongly arched, with conspicuous ver-
tical striation on outer surface; ventral portion
strongly protruding ventro-proximalwards; numer-
ous small spine articulations directly adjacent to dis-
talmost stripe of outer surface striation; row of spine
articulations distally bordered by very wide, thin,
smooth shelf forming a ventralward-protruding
ventro-distal tip of the lateral arm plate; regular
arm spines with a coarse longitudinal striation; in
some species small, specialized, saw-like dorsalmost
arm spines.

Remarks. The genus Sinosura was introduced by
Hess (1964) for specimens from the Pliensbachian
of the UK originally described as Acroura brodiei.
Hess (1964) included Ophiopinna wolburgi Hess
(1960) andOphiopinna derectaHess (1963) in Sino-
sura, and synonymized Ophiopinna helvetica Hess
(1962b) and Ophiura longivertebralis Wolburg
(1939) with the type species S. brodiei. A number
of species have subsequently been transferred to
Sinosura or described as new species of the genus
(Hess 1965b; Kutscher 1987; Kutscher and Jagt, in
Jagt 2000; Kutscher and Villier 2003; Hess and
Meyer 2008). As a result, the morphological dispar-
ity of Sinosura has increased beyond the spectrum
typically observed in ophiuroid genera (Thuy and
Stöhr 2011). A revision of the genus, taking into
account the latest advances in ophiuroid systematics
and evolution, thus appears long overdue.

Sinosura cf. brodiei (Wright 1866)
Figure 11a–f

Acroura brodieiWright (1866): p. 152, pl. 17, fig. 5.
Ophiura longivertebralis Wolburg (1939): p. 24, pl.

1, figs 1–23; pl. 2, figs 1–8.
Ophiopinna helvetica Hess (1962b): p. 623, figs 20–

24, 34–35, 126.
Sinosura brodiei – Hess (1964): p. 776, figs 37–40,

pl. 1; pl. 2, fig. 1.

Description (MnhnL OPH153–OPH155). Very thin,
fragile, strongly arched lateral arm plates, proximal
ones as high as long, median ones longer than high
and distal ones strongly elongated; dorsal edge con-
vex in proximal lateral arm plates, straight in median
to distal ones; ventral portion small, protruding
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ventro-proximalwards in proximal lateral arm plates;
proximal edge concave, lined by a band of finely
meshed stereom with a weak horizontal striation
but devoid of spurs; outer surface stereom

transformed into a conspicuous vertical striation
composed of large, smooth, mostly continuous,
occasionally braided, distalward overlapping stripes
increasing in size towards the distal edge of the plate;

(a)

(d)
(f)

(g)

(i)

(j)
(k)

(l) (m)

(h)

(b)

(c) (e)

Fig. 11. Ophiuroid lateral arm plates from the uppermost Pliensbachian (Spinatum chronozone) and lowermost
Toarcian (Tenuicostatum chronozone) of the Luxembourg Geological Survey drill core FR-216-200, Neischmelz near
Dudelange, Luxembourg. (a)–(f) Sinosura brodiei (Wright 1866): sample DUD-34; MnhnL OPH153: proximal
lateral arm plate in external (a) and internal (b) views; MnhnL OPH154: median distal lateral arm plate in external (c)
and internal (d) views; MnhnL OPH155: distal lateral arm plate in external (e) and internal (f ) views. (g)–(m)
Sinosura dieschbourgae sp. nov.: sample DUD-07, MnhnL OPH156 (holotype): proximal lateral arm plate in external
(g) and internal (h) views and with detail of spine articulations (i); MnhnL OPH157 (paratype): median lateral arm
plate in external ( j) and internal (k) views; MnhnL OPH158 (paratype): distal lateral arm plate in external (l) and
internal (m) views. Scale bars equal 0.1 mm in (i), and 0.2 mm in all others. Abbreviations: di, distal; do, dorsal; MO,
muscle opening; NO, nerve opening.
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up to six small spine articulations directly adjacent to
distalmost stripe of outer surface striation; spine
articulations composed of strongly tilted, arched dor-
sal and ventral lobes encompassing a comma-shaped
muscle opening; smaller nerve opening at distal tip
of converging dorsal and ventral lobes; spine articu-
lations mostly evenly spaced and without conspicu-
ous increase in size; some plates with a dorsalward
increase in size of the spine articulations and of the
gaps separating them; row of spine articulations dis-
tally bordered by a very wide, fragile, smooth shelf
forming a ventralward-pointing ventro-distal tip in
proximal to median lateral arm plates.

Inner side of lateral arm plates with a single very
slender, strongly prominent, J-shaped vertebral artic-
ular ridge in proximal lateral arm plates; much
smaller, shorter ridge in median lateral arm plates,
and two small knobs in distal lateral arm plates; no
spurs on inner distal edge; tentacle pore developed
as deep, sharply defined notch in proximal lateral
arm plates, shallow notch in median ones, and
within-plate perforation in distal ones.

Remarks. Sinosura brodiei has been described from
several localities ranging in age from the early Sine-
murian (Kutscher and Hary 1991) to the late Toar-
cian (Kutscher 1996; Kutscher and Villier 2003).
Kutscher and Hary (1991) already expressed doubts
about the conspecificity of their Sinemurian speci-
mens with the type material from the Pliensbachian
of the UK. A detailed reassessment of this material
taking into account the latest insights into the sys-
tematic relevance of lateral arm-plate micromorphol-
ogy (Thuy and Stöhr 2011) will probably result in the
erection of a new species. As for the late Toarcian
records previously assigned to S. brodiei (Kutscher
1996; Kutscher and Villier 2003), Thuy (2013) iden-
tified fundamental morphological differences and
reassigned the records to the ophiacanthid Ishida-
cantha hirokoae Thuy (2013). The remaining,
uncontested published records of S. brodiei suggest
that the species is restricted to the Pliensbachian.

The material described herein is sufficiently sim-
ilar to the type material of S. brodiei to justify assign-
ment to the same species. The variability pertaining
to the size pattern and arrangement of the spine artic-
ulations observed in the present material is also seen
in specimens from the type locality of S. brodiei, in
some cases even within the same articulated arm
fragment. Lateral arm plates unambiguously assign-
able to Sinosura brodiei are restricted to the lower-
most samples of the series studied herein,
corroborating the assumption that the species is
restricted to the Pliensbachian.

Sinosura dieschbourgae sp. nov.
Figure 11g–m

Sinosura brodiei – Hess (1991): p. 3, figs 1–5.

Holotype. MnhnL OPH156.

Paratypes. MnhnL OPH157 and OPH158.

Type locality and stratum. Sample DUD-07 taken at
129.13 m from the Luxembourg Geological Survey
drill core FR-216-200 (Dudelange drill core), drilled
at Neischmelz near Dudelange, Luxembourg; Tenui-
costatum chronozone, lowermost Toarcian, Lower
Jurassic.

Etymology. Species named after Carole
Dieschbourg, Luxembourg Environment Minister
at the time of publication of this paper, for her
achievements towards a more sustainable society
but also as an incentive to pursue a rigorous,
science-based policy towards climate change
mitigation.

Diagnosis. Species of Sinosura with small, strongly
elongate lateral arm plates; very large ventro-
proximalward-protruding ventral portion; single,
poorly defined and weakly prominent and protruding
spur in the middle of the outer proximal edge; outer
surface with a fine vertical striation composed of
smooth, weakly overlapping stripes; three small,
oblique lens-shaped spine articulations; large, deep
tentacle notch in proximal lateral arm plates,
replaced by large within-plate perforation in
distal ones.

Description of holotype. MnhnL OPH156 is a
small, dissociated proximal lateral arm plate,
slightly more than 1.5 times longer than high, with
a straight ventral edge and a slightly concave dorsal
edge as a result of a weak constriction; distal edge
convex; ventral portion of lateral arm plate
extremely large, accounting for almost half of the
lateral arm plate, ventro-distally incised by a deep
tentacle notch; proximal edge concave, lined by a
narrow band of more finely meshed stereom with
a very weak horizontal striation and with a central,
poorly defined, weakly prominent and protruding
spur; outer surface with a fine vertical striation com-
posed of smooth, partly braided, tightly spaced but
only slightly overlapping stripes; three small spine
articulations freestanding close to distal edge of
plate, equal sized and evenly spaced along the entire
edge, composed of a strongly arched smooth ventral
lobe and an equally arched and smooth, slightly
smaller, mirrored dorsal lobe, together forming a
slightly distorted, oblique lens-shaped spine articu-
lation encompassing the muscle opening and bor-
dering the slightly smaller nerve opening at its
distal tip; spine articulations separated from distal
edge by a conspicuous, wide, smooth and very
fragile shelf.

Inner side of lateral arm plate with a single small,
extremely thin, sharply defined vertebral articular
ridge; no spurs of the inner distal edge; deep, wide,
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well-defined tentacle notch at the ventro-distal tip of
the lateral arm plate.

Paratype supplements. MnhnL OPH157 is a dissoci-
ated median lateral arm plate, approximately twice as
long as high, with straight dorsal and ventral edges
resulting in an overall rectangular outline except
for ventro-distal tentacle pore incision; very weak
constriction; ventral portion accounting for one quar-
ter of the lateral arm plate; proximal edge and outer
surface as in holotype; three spine articulations as
in holotype; inner side of lateral arm plate with a
small, triangular vertebral articular ridge proximally
and a small, round knob distally.

MnhnLOPH158 is a dissociated distal lateral arm
plate, almost three times as long as high, of rectangu-
lar outline except for distalward-protruding ventro-
distal tip; very weak constriction; ventral part of lat-
eral arm plate not separated from the rest of the plate;
proximal edge and outer surface ornamentation as in
holotype; three spine articulations as in holotype;
inner side with two small, weakly prominent knobs
instead of a vertebral articular ridge; tentacle pore
developed as large within-plate perforation emerging
at ventro-distal edge of the ventralmost spine
articulation.

Remarks. The lateral arm plates described above
resemble those of Sinosura brodiei, especially
where median and distal ones are concerned. When
the proximal lateral arm plates are taken into
account, however, a number of differences become
evident. The specimens described above have a
much smaller height/length ratio in all parts of the
arm, a much larger ventral portion, a finer vertical
striation composed of weakly overlapping stripes
and a maximum of three small, slightly oblique
spine articulations. The only other superficially sim-
ilar species is Sinosura extensa Kutscher and Villier
(2003) from the upper Toarcian of France. The lat-
eral arm plates of that species differ, however, in
having small, well-defined, pointed spurs along the
proximal edge, a vertical striation on the outer sur-
face composed of more rugose, irregular stripes,
and a gap between the dorso-distal tip of the plate
and the dorsalmost spine articulation.

The material described herein thus represents a
new species of Sinosura, filling a stratigraphic gap
between the Pliensbachian S. brodiei (see above)
and the late Toarcian S. extensa. Interestingly, Hess
(1991) described a slab with three articulated ophiu-
roids from the Posidonia Shale of Ohmden, southern
Germany, and assigned them to Sinosura brodiei.
However, the lateral arm plates show a small
height/length ratio, an extremely large ventral por-
tion and three spine articulations throughout
the arm, suggesting that the specimens belong to
Sinosura dieschbourgae sp. nov. rather than to S.
brodiei.

Discussion

Significance of the present ophiuroid
assemblages

The Dudelange drill core yielded an unexpectedly
high diversity of ophiuroids from a relatively short
stratigraphic interval, ranging from the topmost
Pliensbachian Spinatum chronozone to the base of
the lower Toarcian Serpentinum chronozone. In
fact, compared to similar ophiuroid records (e.g.
from the upper Toarcian of Thouars, France
(Kutscher and Villier 2003) or the Pliensbachian–
Toarcian of Seewen, Switzerland (Hess 1962b)), it
stands out as one of the most diverse on record to
date. One reason for this high diversity might be the
more advanced state of knowledge with respect to
ophiuroid systematics and evolution (e.g. Thuy and
Stöhr 2011, 2016; O’Hara et al. 2014, 2017), allow-
ing for a more rigorous and exhaustive analysis of
fossil ophiuroid assemblages. Thus, a reassessment
of previously described assemblages using the same
approach has the potential of increasing the number
of species in these records. Another reason for the
high diversity recorded in the present study, however,
might be the high resolution of the sampling. Rather
than focusing on a few promising sections, we sam-
pled a stratigraphic succession at regular intervals,
unbiased by estimated fossil content. This non-
selective approach allowed the capture of inconspic-
uous variations in facies and associated changes in
the composition of the ophiuroid fauna. Thus, at
least for intervals with known or expected palaeoen-
vironmental change, high-resolution sampling is
likely to provide a much more complete picture of
ophiuroid palaeobiodiversity.

The high share of previously unknown species in
the present assemblages, with 12 out of 21 species
formally described as new and another four identi-
fied as new but left unnamed, shows that there are
still significant gaps in the fossil record to be
explored, even in seemingly well-studied intervals
such as the Lower Jurassic. Here again, however,
the recent progress in deciphering the micromor-
phology of ophiuroid skeletal elements (Martynov
2010; Thuy and Stöhr 2011, 2016) has contributed
to a more precise assessment of ophiuroid micro-
fossils and therefore a much higher resolution in
identifying species even if they are known from dis-
sociated lateral arm plates only. As a result, superfi-
cially similar types of lateral arm plate can be told
apart and assigned to morphologically consistent
taxa, thus reducing the risk of taxonomic chimaeras
and lump species with implausibly long stratigraphic
ranges and overly variable morphological spectra.
Among the most notable examples treated in the pre-
sent study is a species formally known as Ophiura?
astonensis, here debunked as a taxonomic amalgam
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composed of two fundamentally different taxa (i.e. a
yet unnamed ophiomusin genus and the new ophio-
pyrgid genus Ophiotardis), and the species Sinosura
brodiei, previously assumed to have spanned a range
of more than 20 myr from the lower Sinemurian to
the upper Toarcian, here shown to be restricted to
the Pliensbachian.

Apart from revealing an unexpected ophiuroid
diversity, the present study also provides one of the
first examples of ophiuroid assemblages based on
microfossils retrieved from drill-core samples
(Thuy et al. 2012). It shows that a significant number
of identifiable ophiuroid remains can be extracted
from as little as 100 g of bulk sediment, and thus
unlocks the full array of drill cores as potential
sources of evidence to study the ophiuroid fossil
record. The material described herein furthermore
stands out in describing ophiuroids from a strati-
graphically successive series of samples, rather
than a single assemblage only, thus allowing ophiu-
roid diversity to be explored across time (e.g. Jagt
2000).

Ophiuroid diversity through time

Our results (Fig. 3) show that most of the species
identified in the present study occur only at specific
parts of the sampled interval. Only very few span
the entire series of samples (e.g. Inexpectacantha
acrobatica) or at least most of it (e.g. Ophiogojira
andreui and Lapidaster fasciatus). As for the other
species, the present state of knowledge is too incom-
plete to explore potential causes or patterns. Future
studies of similar assemblages from the lowermost
Toarcian might reveal biogeographical patterns or
potential biostratigraphic index species. What the
present study clearly does show, however, is that
ophiuroid diversity in the lowermost Toarcian is suf-
ficiently high and variable on a fine stratigraphic
scale to justify far-reaching investigations in search
of palaeobiological trends.

Ophiuroid diversity across the series of samples
described herein fluctuates considerably, with diver-
sity lows coinciding with black shales. This parallels
previous observations (e.g. Danise et al. 2019) and is
not surprising considering that black shales were
deposited under conditions unfavourable for most
benthic organisms including ophiuroids. Astonish-
ingly, however, if there are ophiuroid remains
recorded in black shale intervals, they belong to
the same few species. In particular, Inexpectacantha
acrobatica and Sinosura dieschbourgae sp. nov.
persistently occur in black shale intervals and are
the only species recorded in the topmost sample,
reflecting the onset of the Jenkyns Event. The occur-
rence of the latter species in the Posidonia Shale of
Ohmden, southern Germany (see above), further
underlines this observation. These species thus

seem to represent resilient and/or opportunistic
taxa that were capable of surviving the conditions
that prevailed during the deposition of black shale.

Another surprising observation is that ophiuroid
diversity reached its maximum in the samples from
just below the base of the black shales of the Serpen-
tinum chronozone (samples DUD-09–DUD-04:
Fig. 3). These samples furthermore yield species
that occur in no other part of the studied succession.
Of particular interest are species of the generaOphio-
misidium, Ophiomusa, Ophiohelus and Ophiocopa,
all restricted to or centred around sample DUD-06.
In fact, these genera are nowadays exclusively
found in the deep sea (Lyman 1880, 1883; Koehler
1914; Hertz 1927). Occurrences of fossils belonging
to these extant genera, or to very closely related
extinct genera, in shallow-water deposits thus docu-
ment a historical shift in bathymetric range. It is not
uncommon that fossil representatives of extant deep-
sea genera are found in rocks deposited at much shal-
lower depths (e.g. Thuy 2013; Thuy and Meyer
2013). Driving mechanisms behind such occur-
rences are still poorly understood and have been
related to onshore–offshore trends (e.g. Jablonski
et al. 1983) or temporary expansions of originally
deep-sea lineages into shallow waters (Thuy
2013). At least the case of Ophiohelus reported
herein seems to comply with a scenario of a tempo-
rary emergence of an ancient deep-sea lineage
(Thuy et al. 2014). Additional series of samples
from other localities, and a more precise biostrati-
graphic framework for the present succession, will
help to understand this remarkable, concentrated
occurrence of deep-sea taxa in shallow-water sedi-
mentary rocks. We speculate that the environmental
change that eventually led to the Jenkyns Event
facilitated faunal exchange across bathymetric
boundaries (e.g. due to temporarily attenuated ther-
mal gradients).

For far-reaching analyses of ophiuroid diversity
within the context of the Jenkyns Event, the evidence
at hand is still too sparse. The present study is an
important first step in building the required taxo-
nomic framework in order to start exploring diversity
patterns and trends.
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