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Abstract Depth reconstruction based on the extrapolation
to fossil assemblages of present-day depth ranges of closely
related groups is one of the most widely used approaches in
palaeobathymetry. Here, we assess the ophiuroid fauna of
the Bajocian to Bathonian (Middle Jurassic) Hauptrogen-
stein Formation and coeval formations in Switzerland with
respect to the depth ranges of extant members of the groups
identified. In addition to previously known taxa, we
describe three new species, one assignable to the extant
genus Ophiotholia within the family Ophiomycetidae
(resurrected herein), and two belonging to new genera
within the family Ophiacanthidae. The Hauptrogenstein
ophiuroid fauna is shown to display a striking similarity to
modern bathyal brittle star assemblages. In combination
with taphonomic evidence of the autochthonous nature of
the ophiuroid occurrences, the direct extrapolation of
present-day depth ranges, as performed in various previous
studies, would imply the Hauptrogenstein Formation to
have been deposited in a bathyal setting. This, however, is
in stark contrast with the generally accepted, sedimentol-
ogy-based concept of this unit as a very shallow, high-
energy carbonate platform deposit. Evidently, direct
extrapolation of modern depth distribution patterns fails to
provide a reliable palacobathymetrical assessment here. In
this respect, the case of the Hauptrogenstein ophiuroid
fauna serves as a remarkable example to stress the pitfalls of
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assemblage-based palaeodepth estimates: (1) depth distri-
bution patterns might not be controlled by water depth, or
not even by a factor directly related to depth, (2) habitat
preferences of a group might have changed through time
without being reflected by morphological modifications and
(3) shifts in depth ranges might occur due to the rise or
extinction of groups interacting with the organism in
question. Thus, extrapolation of present-day depth ranges to
ancient communities can only produce reliable palaecodepth
estimates if there is a mechanistic explanation why organ-
isms are confined to a particular depth.
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Introduction

Reconstructing environmental conditions of ancient depo-
sitional settings is the prime goal of palacoecology and
facies analysis. Depth of deposition is definitely not only
the most important but also the most challenging among
parameters of interest in marine palacoenvironmental
interpretations. Modern sequence stratigraphy and studies
of macroevolutionary patterns commonly rely on robust
palaeodepth reconstructions which go well beyond the
simplistic notion of “shallow” or “deep”. While water
depth can be directly measured in modern marine envi-
ronments, ancient bathymetries have to be inferred from
evidence preserved in the sedimentary record (e.g. Fliigel
2004). Various sources of evidence have been explored
with respect to their potential as palacodepth indicators,
including sedimentary structures and textures (e.g. Allen
1967; Bathurst 1967), authigenic minerals (e.g. Porrenga
1967), stable isotopes (e.g. Oberhinsli 1984), ichnofacies
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(e.g. Seilacher 1967), micro-endolithic ichnofossils (e.g.
Hofmann 1996) and fossil communities including micro-
faunas (e.g. Funnell 1967; Bourbon et al. 1980; Benson
1984; Charbonnier et al. 2007). Especially the last-named
have received particular attention in recent years as they
provide for easily accessible and potentially powerful
palaeodepth indicators in cases where sample size is very
small (e.g. sediment cores) or where deposits are devoid of
informative sedimentary structures.

Probably the most important factor boosting the interest
in assemblage-based palaeodepth estimates, however, is
the tremendous progress made in recent decades in the
understanding and documentation of present-day marine
benthic communities and their depth distribution, which
have provided an array of tempting modern analogues for
ancient communities. The dramatic changes in faunal
composition along the depth gradient, discovered in the
early days of deep-sea research, have been intensively
investigated during the past decades (e.g. Menzies et al.
1973; Gage and Tyler 1991). As a result, it is now well
known that most modern groups, assemblages and abun-
dance patterns among taxa are restricted to a particular
depth range (Phleger 1960, 1964; Boltovskoy 1965; Ben-
son 1984). In some groups, faunal composition patterns
change so rapidly along the depth gradient that they have
been suggested as basis for bathymetrical zonation models
(Menzies et al. 1973). In the light of these, it is not sur-
prising that countless attempts have been made to extrap-
olate the present-day depth distribution data directly to
fossil relatives. Considering, however, how little is known
about the factors which control the bathymetrical distri-
bution of organisms, a direct application of these patterns
to fossil assemblages is highly precarious.

Here, we assess the ophiuroid fauna of the Middle Jurassic
Hauptrogenstein Formation of Switzerland, one of the most
extensively studied formations of this age, from a palaeo-
bathymetrical point of view. Our aim is to test the widely
applied actualistic approach estimating palaecodepths on the
basis of direct comparison with present-day bathymetrical
distribution patterns of close modern relatives. The assess-
ment includes the description of previously unknown, pal-
aeoecologically highly relevant components of the
Hauptrogenstein ophiuroid fauna. We oppose the results of
our actualistic assemblage-based depth interpretation to the
robust palaecobathymetrical models available for the Haup-
trogenstein based on sedimentological evidence. Finally, we
discuss the implications for assemblage-based palacodepth
estimates in the absence of a comprehensive explanation of
the factors controlling the present-day bathymetrical distri-
bution patterns of the relevant groups.

This study is based on material housed at the Naturhisto-
risches Museum Basel (NMB). Many of the specimens have
been described and/or figured in previous accounts on the

Hauptrogenstein fauna (Hess 1972; Hess and Holenweg
1985). Documentation of the specimens was carried out using
digital microphotography (Keyence VHX-500F) and, when
applicable, a scanning electron microscopy (LEO 1530
Gemini). Terminology follows Thuy and Stohr (2011) and
Stohr et al. (2012). Higher taxonomic classification is adopted
from Smith et al. (1995) and Thuy et al. (2012).

Geological context

The Burgundy carbonate platform with its Bahama-type
sediment was a vast area (Fig. 1) with a general high-
energy water regime under oligotrophic conditions. All
ophiuroid-bearing outcrops, in particular Schinznach,
Auenstein (both Canton Aargau) and Schonthal (Canton
Basel-Country), display laterally discontinuous, thickly
bedded grainstones, a feature typical of the upper part of
the Hauptrogenstein Formation. The beds that contain the
ophiuroid assemblages consist of medium- to fine-grained
oolitic limestone (grainstone) with small-scale cross-bed-
ding. All brittle stars are preserved complete, without any
major signs of decay. We interpret the sequences as part of
a small calcarenitic, subaquatic dune.

The preservation corresponds to the taphonomic grade 1
Echinoderms of Brett et al. (1997), considered to be
extremely rare in the fossil record. Furthermore, the
locality of Schinznach can be classified genetically as an
obrution deposit and belongs to the widely recognised
“Hauptrogenstein type” (Meyer 1988; Brett and Seilacher
1991; Brett et al. 1997).

The presence of widespread blanket-like deposits of
echinoderm skeletal grain and packstones with cross-bed-
ding assigns the present Lagerstitte to Taphofacies I A of
Brett et al. (1997); carbonate dominated skeletal shoals.
According to those authors, this taphofacies is usually
found during High Stand Transgressive System Tracts.

The sequence-stratigraphic interpretation of Gonzalez
(1996) of the “untere oolithische Serien”, the “Obere
Oolithische Serien”, the coeval Klignau Formation as well
as the Varians beds as deposits of a High Stand Trans-
gressive System Tract is in accordance with the interpre-
tation of Brett et al. (1997) that the observed taphofacies is
generally found during such system tracts.

Results and discussion

The Hauptrogenstein ophiuroid community:
composition and comparison with modern equivalents

Systematic assessment of ophiuroids from the Hauptro-
genstein Formation started as early as the latest nineteenth
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century with the description of Ophiomusium ferrugineum
by Boehm (1899). This small, thick-plated species was
figured and described several times after its original
description (Hess 1975; Hess and Holenweg 1985), but no
comprehensive reappraisal of its systematic position has
been carried out yet. The presence of tentacle pores up to
median arm portions, developed as between-plate open-
ings, precludes assignment to the extant genus Ophiomu-
sium, in spite of an otherwise marked superficial similarity.
Kutscher and Jagt (2000) introduced the genus Mesophi-
omusium to accommodate extinct Ophiomusium-like lateral
arm plates with between-plate tentacle openings developed
well beyond the basalmost arm segments. However, the
type species, M. moenense, is based on dissociated lateral
arm plates which bear a close similarity to those of extant
Ophiomastus (B. Thuy, personal observation). At present,
all available evidence suggests that Ophiomusium ferrugi-
neum most probably belongs to an undescribed genus
which shares greatest affinities with the extant

ophiolepidids Ophiomusium and Ophiosphalma and the
ophiurids Ophiomastus and Ophiomisidium.

The monograph by Hess (1972) added two more species
to the Hauptrogenstein ophiuroid fauna, namely Dermo-
coma wrighti Hess 1964 and Ophiopetra bathonica Hess
1964. The former is herein considered to be an ophia-
canthid, as discussed in detail below. Ophiopetra bathonica
is close to the extant ophiolepidid Ophiozonella (previ-
ously unpublished observation). In their review of the
faunal components accompanying the dense crinoid
meadows of the Swiss Middle Jurassic, Hess and Holenweg
(1985) illustrated and briefly described Sinosura wolburgi
Hess, 1960 and Ophiacantha? constricta Hess, 1966. While
the latter is transferred to a new genus and new species in
the present study, Sinosura wolburgi most probably
belongs to the extant ophiurid subfamily Ophioleucinae
(Smith et al. 1995; Thuy et al. 2011). The recently
described Hauptrogenstein ophiuroid Geocoma schoental-
ensis Hess & Meyer, 2008, originally assigned to the
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Fig. 1 Palaeogeographical map of the Bahama-type carbonate plat-
form during the Middle Jurassic, with ophiuroid occurrences in
northwest Switzerland (stars) and indication of ebb (black arrows)
and tide (grey arrows) currents (arrows). Redrawn from Wetzel et al.

sandy muds

shallow-marine
calcareous muds

shallow-marine
carbonates,
mainly oolites

shallow-marine
muds

(2013). Inset map shows the localities mentioned in the text:
A = Auenstein, H = Hottwiler Horn, S = Sichtern, SC = Schinzn-
ach, SL = Schonthal



B. Thuy, C. A. Meyer

40

35 1

30 1

25

20

15 A

Diversity (%)

10 A

Ophiacanthidae
------- Ophioleucinae
— — — Ophiozonella
""""""" Ophiomusium-like species

O. spathifer

g s m O, mitrephora

mm O. odissea

O. montana

% % % % % % D % % % % N %% % % % %

Depth (m)

Fig. 2 Diversities of Recent Ophiacanthidae, Ophioleucinae, Ophi-
ozonella and Ophiomusium-like forms (see text for details), indicated
as a percentage of the total diversity per group, along the depth
gradient, together with depth ranges of Recent species of Ophiotholia

extinct family Aplocomidae, is most probably also best
placed in the Ophioleucinae (B. Thuy, pers. obs.).

In addition to these previously recorded ophiuroid spe-
cies, the present study describes another new ophiacanthid
and a new species of the extant genus Ophiotholia. The
Hauptrogenstein ophiuroid fauna thus currently comprises
three ophiacanthids, a species of the extant ophiomycetid
(see below for details) genus Ophiotholia, two probable
ophioleucines, one Ophiozonella-like ophiolepidid and one
species with strong affinities to the ophiolepidids Ophi-
omusium and Ophiosphalma and the ophiurids Ophioma-
stus and Ophiomisidium. When the present-day diversity of
these groups is plotted against water depth (Fig. 2), a
conspicuous pattern emerges. Diversities are very low in
the first 100 m of the water column, strongly increase
between 150 and 200 m, reach their maximum between
200 and 1,000 m and slowly decrease towards greater
depths. This analysis corroborates previous observations
that the above-mentioned groups are predominantly, if not
exclusively, deep-sea groups (Tyler 1980; Stohr 2011). The
case of extant Ophiotholia is particularly conclusive: no
species of this genus occurs in depths shallower than 200 m
(Koehler 1904; Irimura 1982). Ophiuroid assemblages
comparable, in terms of composition, to the Hauptrogen-
stein fauna have been documented, for example, from
upper to lower bathyal depths (200-2,000 m) in the Phil-
ippine area (Koehler 1922; Guille 1981) and in the North
Pacific (Clark 1911).

A rigorous quantitative assessment of the Hauptrogen-
stein brittle star fauna is precluded by the patchiness of the
ophiuroid occurrences. Nevertheless, the ophiacanthids and

(abbreviated ‘O.’; grey bars at the bottom of the graph). Depth ranges
compiled from Litvinova (1992) for Ophiotholia and from respective
original species descriptions [see Stohr and O’Hara (2007) for a
complete list] for other taxa

Ophiomusium ferrugineum account for the majority of
independent (i.e. scattered rather than preserved as a single
group) occurrences, although they might not necessarily be
the most abundant in terms of absolute specimen counts. In
fact, of Geocoma schoentalensis a total of 34 specimens are
known (Hess and Meyer 2008) which is thus probably
represented by the highest number of individuals, but these
all belong to a single mass occurrence. In contrast,
Ophiotholia aurora and Ophiopetra bathonica both are
very rare. An ophiuroid fauna dominated by ophiacanthids
and by an Ophiomusium-like ophiolepidid or ophiurid
matches the majority of present-day bathyal ophiuroid
assemblages (e.g. Lyman 1882, 1883; Koehler 1922; Clark
1911; Tyler 1980).

Actualistic assemblage-based palacobathymetry vs.
sedimentological evidence

The comparison between the Hauptrogenstein ophiuroid
fauna and modern-day equivalents clearly shows that
similarities are greatest to modern bathyal ophiuroid
communities. Supporting evidence comes from the present-
day bathymetrical distribution of isocrinids, which consti-
tute the major faunal element of the ophiuroid-producing
beds within the Hauptrogenstein Formation. In fact, mod-
ern isocrinids predominantly occur in upper to middle
bathyal depths (200-1,000 m) (Hess 2011). Given these
striking similarities to present-day equivalents, it is
tempting to assume that the Hauptrogenstein ophiuroid
fauna is, in fact, a bathyal assemblage. Since preservation
of articulated ophiuroid skeletons requires rapid and
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effective burial (Ausich 2001), the Hauptrogenstein
ophiuroids, most of which retain even the finest structures
in place, suffered very little pre-burial transportation, if any
at all. Thus, the Hauptrogenstein Formation must have
been deposited in bathyal depths.

A deep-sea setting for the Hauptrogenstein Formation is,
however, in stark contrast with clear-cut sedimentological
evidence in the form of obliquely stratified oolithic to
bioclastic grainstones interpreted as tide-induced sand
waves in the immediate horizontal and vertical vicinity of
the deposits which yield echinoderms (Gonzalez 1996;
Gonzalez and Wetzel 1996). Indeed, the Hauptrogenstein
Formation is part of the broad oolithic belt on the eastern
and central parts of the Middle Jurassic Burgundy platform,
widely interpreted as high-energy, shallow-water, Bahama-
type carbonate platform (e.g. Mégnien 1980). Taphonom-
ical aspects as well as the geometry of the facies belts and
patterns of facies succession within the Hauptrogenstein
Formation suggest that the echinoderm beds were depos-
ited in proximal offshoal settings under the influence of
storms or strong tidal currents (Meyer 1987, 1990; Gonz-
alez 1996; Hess et al. 1999).

Dermocoma wrighti, Ophiomusium ferrugineum, Alter-
nacantha occulta gen. et sp. nov. and Sinosura wolburgi
occur already at the base of the Hauptrogenstein Formation
within dense accumulations of the isocrinid crinoid
Chariocrinus andreae (Desor); this part is of Niortense
Zone (Bajocian) age and water depth was estimated to have
been between 5 and 10 m (Meyer 1987; Gonzalez 1993).
Similarly, in the upper part of the Hautprogenstein For-
mation (outcrops at Auenstein, Schinznach and Schonthal),
of Parkinsoni Zone (Bajocian) age and yielding Ophio-
tholia aurora sp. nov., Hanshessia trochitophila gen. et sp.
nov., Ophiopetra bathonica and Alternacantha occulta
gen. et sp. nov., palaecowater depth estimates are around
5-10 m (Meyer 1987; Gonzalez 1993).

In addition, Alternacantha occulta gen. et sp. nov.
co-occurs with dense accumulations of the comatulid
crinoid Paracomatula helvetica Hess and the isocrinid
Isocrinus nicoleti (Desor) in the Klingnau Formation at the
Hottwiler Horn locality (Canton Aargau), a unit that
comprises more marly intercalations and is thought to have
been deposited in slightly deeper water (15-20 m).

This depth range is at least one order of magnitude
shallower than the palaeobathymetrical estimate based on
the above-performed strictly actualistic interpretation of
the Hauptrogenstein ophiuroid assemblage. The competing
depth ranges are separated by the continental shelf break
(at 130 m water depth on average), which classically sets
the division between the shallow shelf and the deep sea
(e.g. Davis 1977) and which marks one of the most
important ecological boundaries in the marine realm (e.g.
Menzies et al. 1973). It is thus of prime interest to come up

with an explanation for the discrepancy between the
assemblage-based depth estimate and the general geologi-
cal evidence.

The reliability of assemblage-based palacodepth
estimates

It is clear from the comparison made above that the sedi-
mentological and general geological evidence for the
shallow-water nature of the Hauptrogenstein Formation is
very robust, if not irrefutable. Nevertheless, the great
similarity between the Hauptrogenstein ophiuroid fauna
and modern bathyal brittle star assemblages is a valid
observation as well. At present, we can only speculate on
the factors that made assemblages typically found in
modern bathyal settings occur at much shallower depths
during the Jurassic. In any case, the echinoderm fossil
record suggests that the Hauptrogenstein ophiuroid fauna is
not an exception is this respect (e.g. Gale 2011; Thuy et al.
2011). The crucial conclusion to be drawn here is that the
bathymetrical distribution of the groups represented in the
Hauptrogenstein ophiuroid fauna is controlled neither by
water depth itself nor by a physical factor directly corre-
lated with water depth, such as light penetration or current
strength.

Unfortunately, our knowledge of the depth distribution
patterns of modern organisms very rarely exceeds the level
of mere observation of depth ranges (Gage & Tyler 1991).
This leaves almost endless possibilities for factors and
combinations of factors controlling both present-day and
ancient depth ranges. Matters become even more compli-
cated when non-analogue situations come into play:
changes in habitat preferences of organisms can occur over
macroevolutionary time spans without necessarily being
reflected by conspicuous morphological modifications.
Alternatively, a new group can arise at some point in earth
history and oust an older group from a particular habitat.
Thus, present-day depth ranges cannot simply be extrapo-
lated to ancient communities, no matter how striking
similarities between assemblages are, as exemplified by the
case of the Hauptrogenstein ophiuroids described herein.

Conspicuous as the above-made observations may be, a
surprisingly high number of studies have relied entirely on
a strictly actualistic approach, uncritically extrapolating
present-day depth ranges to fossil communities (e.g.
Bourbon et al. 1980; Charbonnier et al. 2007) and ichno-
fossil suites (e.g. Seilacher 1967). Ekdale (1988) rightly
discouraged the use of trace fossil assemblages as indica-
tors of water depth, stressing that water depth was not
necessarily the critical factor controlling the distribution of
such suites and that environmental shifts of certain trace
fossils might have occurred through time. Palacobathy-
metries based on skeletal remains, however, have remained
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surprisingly unimpressed by these warnings. An interesting
example is the interpretation of the Middle Jurassic La
Voulte Lagerstitte as a deep-sea setting on the basis of
present-day depth ranges of siliceous sponges and stalked
crinoids (Charbonnier et al. 2007). Insights into the factors
controlling bathymetrical ranges of siliceous sponges and
stalked crinoids are sparse but strongly suggest that water
depth plays a subordinate role (e.g. Hess et al. 1999;
Conway et al. 2001). As a result, the possibility of shallow-
water occurrences under slightly different conditions than
those prevailing in modern oceans cannot be excluded.
Indeed, both siliceous sponges (Gammon et al. 2000) and
stalked crinoids (e.g. Hess 1975) have been documented
from ancient shallow shelf settings, challenging the reli-
ability of the palaeodepth estimate of Charbonnier et al.
(2007). Furthermore, the highly diverse crinoid fauna of La
Voulte bears some resemblance to an equivalent fauna
from the sponge facies of the Birmensdorf Member
(Oxfordian) in Switzerland and therefore does not indicate
a deep-sea setting (Hess in press). In addition, the presence
of sponge tempestites (A. Wetzel & C.A. Meyer, pers.
obs.) in the Birmensdorf Member strongly supports a
depositional environment above storm wave base, at c.
20-30 m water depth.

Pitfalls of direct depth range extrapolations become
even more apparent when the broader implications of
reconstructions come into play. In fact, the Middle Jurassic
La Voulte section was interpreted as a deep-water setting
on the basis of comparable modern bathyal sponges and
crinoids (Charbonnier et al. 2007), and the presence of such
deep-sea pycnogonids (Charbonnier et al. 2007), asteroids
(Villier et al. 2009) and arthropods in general (Charbonnier
et al. 2010) has subsequently been interpreted as evidence
for a pre-Callovian deep-sea colonisation of these groups.
This, of course, is a case of circular reasoning.

Many studies suffer from such pitfalls even by restrict-
ing extrapolations to fossil faunas which are stratigraphi-
cally and/or regionally close to the present-day calibration
assemblages. Strictly speaking, however, stratigraphic and
regional proximity, per se, do not necessarily imply a
greater comparability. The key to an unproblematic
extrapolation of bathymetrical ranges to ancient commu-
nities clearly lies in our understanding of the factors con-
trolling them—in other words, in a mechanistic
background which meaningfully explains why organisms
must have lived at the same depth as they do in modern
oceans.

Mechanistic backgrounds for palacodepth estimates
One of the most obvious factors controlling the depth

ranges of organisms is the availability of light. The inten-
sity of sunlight directly correlates with water depth, and

there is no reason to assume that this correlation has
undergone major changes throughout the Phanerozoic.
Thus, it can be safely assumed that the vast majority of
phototrophic organisms invariably inhabited depths sig-
nificantly shallower than 200 m, i.e., the deepest known
base of the photic zone being at 274 m according to Littler
et al. (1985). Palaeodepth estimates based on benthic algae,
zooxanthellate corals, large benthic foraminifera and other
light-dependent organisms are robust (providing that the
assemblages are autochthonous), because they are endorsed
by a very clear mechanistic background: these organisms
can only live at depths where there is sufficient light. One
of the most remarkable studies in this respect is the pal-
aeobathymetrical analysis of pelagic deposits of Late
Jurassic age in the Apennines by Gill et al. (2004) using
pennular corals. Both living and fossil representatives of
the latter are known to display light-amplifying adaptations
associated with highly sophisticated skeletal structures for
suspension feeding, allowing them to colonise poorly
illuminated zones (for details, see Insalaco 1996; Gill et al.
2004). This is a solid mechanistic background on the basis
of which Gill et al. (2004) legitimately interpreted the
occurrences of pennular corals on top of submarine highs
and basin margins in the Tethyan Upper Jurassic as indi-
cators of water depths close to the base of the photic zone.

Another convincing case of a mechanistic background
for palaeodepth estimates are micro-endolithic ichnofossil
assemblages (e.g. Radtke et al. 1997; Glaub 1999; Glaub
et al. 2007). Microscopic borings, mostly in calcareous
substrates such as shells, occur from intertidal to abyssal
depths but their producers (cyanobacteria, sponges, red and
green algae, fungi, foraminifera) show a non-random depth
distribution primarily controlled by light intensity. Thanks
to the direct correlation with illumination, and thus relative
water depth (excluding exceptional cases such as shallow-
water caves), a direct extrapolation of depth ranges of
microendolith assemblages to fossil communities can be
considered reasonably robust.

Mechanistic backgrounds based on depth-related factors
other than illumination (density, hydrostatic pressure,
water motion, temperature, etc.) are far more difficult to
elaborate (e.g. Funnell 1967). This is in part due to the less
obvious and often non-preservable adaptations of organ-
isms to depth-related gradients in these factors. Another
reason is that some of these factors, in contrast to illumi-
nation, are commonly subject to considerable regional
variability irrespective of water depth. Protected shallow-
water settings can display very low current strengths, and
relatively high temperatures can occur in low latitude deep-
sea areas, for example. Therefore, any mechanistic, and
thus truly reliable palaeobathymetrical, reconstructions
below the photic zone are extremely difficult to achieve.
This is not surprising, considering how little is known even
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of present-day deep-sea zonation patterns (Gage and Tyler
1991; Herring 2002).

To summarise, the Hauptrogenstein ophiuroid assem-
blage described herein is typical of modern bathyal set-
tings, which, however, strongly contrasts with the generally
accepted reconstruction of this unit as a very shallow, tide-
to storm-dominated carbonate platform deposit. This
implies that water depth itself is not the critical factor
which controlled the bathymetrical distribution of the
ophiuroid groups involved. The present study is an exam-
ple of the pitfalls of palacobathymetries based on extrap-
olated present-day depth ranges of close relatives, and
provides evidence to stress an important call for caution.
No matter how great similarities between a fossil com-
munity and its modern analogue may be, and no matter
how striking the present-day depth zonation patterns of the
respective groups may seem, as long as we have no
mechanistic background explaining why organisms are
confined to a particular depth, we cannot simply extrapo-
late present-day depth ranges to ancient communities.

Systematic palaeontology

Class Ophiuroidea Gray, 1840
Order Ophiuridea Miiller & Troschel, 1840
Family Ophiomycetidae Verrill, 1899

Diagnosis: Ophiuroids with highly flexible disc, covered by
thin scales and often dorsoventrally elongated or sack-like;
radial shields strongly reduced or absent; arms capable of
being raised vertically above disc; oral plates commonly
beset with multiple rows of papillae; some forms with
highly distinctive parasol-shaped arm spines.

Genus Ophiotholia Lyman, 1880
Ophiotholia aurora sp. nov, Fig. 3

Etymology: from “Aurora”, the Roman goddess of the
dawn, in reference to the early occurrence of the new
species in the fossil record.

Holotype: M11202.

Diagnosis: Species of Ophiotholia with at least seven arm
spines, and with ventral arm plates in contact in proximal
arm segments.

Locus typicus: Schinznach, Canton Aargau, Switzerland.

Stratum typicum: Upper Hauptrogenstein Formation, Par-
kinsoni Zone, upper Bajocian.

Description: M11202 is an articulated specimen exposing
the jaws and three nearly complete arms. Dorsal disc

covered by arms. Thin, small, round scales discernible
between proximal arm segments, suggesting a tall, cone-
shaped dorsal disc. Very few, small spines, four to five
times longer than wide, scattered on dorsal disc scales.
Jaws forming a conspicuous, widely gaping ring. Oral
plates large and thick, height nearly equal to width, tallest
proximally. Lateral and ventral edges of oral plates beset
with numerous large papillae, at least ten per pair of oral
plates; the proximalmost and lateralmost papillae blunt,
spine like, four to five times longer than wide, slightly
flattened; papillae becoming increasingly spatulate distal-
wards; distalmost pair of papillac very large and conspic-
uously paddle shaped, widest at the tip, with fine
longitudinal striation. No teeth or apical papillae preserved.
Dental plate entire, slender, wedge shaped, with single
series of small tooth sockets. Ventral interradial areas
narrow and mostly hidden by oral papillae; outlines of oral
and adoral shields not seen.

Three arms exposed, nearly complete, raised vertically
above disc. Arms 1.5 mm wide near base. Longest arm
length preserved 14.6 mm. Ventral arm plates large, with
strongly concave lateral edges and gently convex distal
edge; proximal ventral arm plates nearly as long as wide
and with conspicuous longitudinal groove; distal ones
slightly elongate and without groove. Ventral arm plate of
proximalmost arm segment with deep proximal notch.
Ventral arm plates in contact in proximal arm segments,
and separated by lateral arm plates in median and distal
segments. Tentacle pores very large, developed as inter-
plate openings throughout the arm, covered by two blunt,
spatulate scales in proximal and median arm segments, and
probably by a single scale in distal segments. Lateral arm
plates rather massive, slightly bulging distally, with con-
spicuous tentacle notch and protruding ventro-proximal tip.
Ornament of outer surface consisting of coarse granulation
or coarsely reticulate stereom. Proximal lateral arm plates
taller than wide, distal ones slightly elongate. Row of spine
articulations vertical, on slightly elevated distal portion of
lateral arm plate. At least seven arm spines in proximal arm
segments, slightly longer than one arm segment, flat; most
arm spines of lanceolate outline: slender near the base,
widest in the middle of the distal half, and with pointed tip.
At least five arm spines in median segments and three in
distal ones. Single, poorly preserved parasol-shaped spine
discernible on one of the distalmost segments, nearly
equalling half the length of an arm segment, attached to the
middle part of the lateral arm plate. Dorsal side of arms not
exposed.

Remarks

The most striking character of M11202 is that the arms
are raised vertically above the disc. Only four extant
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Fig. 3 Ophiotholia aurora sp. nov., M11202 (holotype) from the
Upper Hauptrogenstein Formation, Parkinsoni Zone, upper Bajocian
of Schinznach, Switzerland. a General aspect of specimen; b detail of
ventral disc surface in ventro-lateral view; ¢ detail of distal arm
segments in ventral view showing poorly preserved parasol-shaped

ophiuroid genera are known to display this extraordinary
feature: Ophiomyces Lyman, 1869, Ophiotholia Lyman,
1880, Ophiohelus Lyman, 1880 and Ophiothauma H.L.
Clark, 1938. Of these, only Ophiotholia presents the
combination of parasol-shaped spines in distal arm seg-
ments and oral papillae on both lateral and ventral edges

spine; d detail of ventral disc with base of arm in ventral view;
e drawing of d. LAP lateral arm plate; OP oral plate; OPa oral papilla;
PS parasol-shaped spine; S arm spine; 7P tentacle pore; VAP ventral
arm plate

of the oral plates seen in M11202. A total of six species
are currently considered valid in the genus Ophiotholia
(Stohr & O’Hara 2007), and similarities to the Middle
Jurassic specimen are so strong that separation on the
genus level would seem arbitrary rather than based on
sound morphological differences. Particularly striking are
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the similarities in shape and arrangement of oral papillae
to Ophiotholia spathifer (Lyman, 1879) and O. mitre-
phora H.L. Clark, 1910) and the presence of lanceolate
arm spines to O. gibbosa Litvinova, 1992. Although
assignment of the Hauptrogenstein specimen to an extant
genus creates an excessively long stratigraphic generic
range of some 160 myr, it effectively expresses the
astonishing morphological similarity between the Jurassic
and the extant forms. At the species level, M11202
differs from the modern species in the higher number of
arm spines and i having ventral arm plates in contact in
proximal arm segments. Since no comparable fossil form
is known to date, we erect a new species for the
Hauptrogenstein specimen.

The systematic position of the genera Ophiomyces,
Ophiotholia, Ophiohelus and Ophiothauma has been a
matter of debate ever since the discovery of the first rep-
resentatives in the late nineteenth century. Lyman (1880)
already pointed out that these forms stood quite apart from
the other ophiuroids. Verrill (1899) proposed the new
family Ophiomycetidae to include all forms with arms
raised vertically over the disc known at that time, but
Koehler (e.g. 1904, 1922) was the only one to adopt this
view. In Clark’s (1915) standard compilation, Ophiomyces,
Ophiotholia and Ophiohelus were considered to be mem-
bers of the Ophiacanthidae. This assignment has been
generally adopted since (e.g. Fell 1960). Even following
Paterson’s (1985) revision and subdivision of the Ophi-
acanthidae, these genera were treated as ophiacanthids,
albeit as members of a separate subfamily, the Ophioheli-
nae. For the first time, Martynov (2010) challenged the
ophiacanthid affinities of the ophioheline genera, referring
to fundamental differences in spine articulation morphol-
ogy. He failed, however, to propose an alternative classi-
fication for the former Ophiohelinae.

The discovery of Ophiotholia in sediments as old as
Middle Jurassic brings a new perspective to the debate. In
fact, the astonishing similarity between the Jurassic and the
modern forms suggests that former ophiohelines have been
a morphologically highly distinctive and conservative
lineage since at least 160 myr. Along with their unique
morphology, unlike that of any other ophiuroid lineage, the
long stratigraphic range of Ophiotholia strongly suggests
that the former ophiohelines should be separated from the
remaining ophiuroids on a higher level than subfamily. We,
therefore, propose to resurrect Verrill’s (1899) Ophiomy-
cetidae to accommodate Ophiomyces, Ophiotholia, Oph-
iohelus and Ophiothauma, pending a revision of ophiuroid
phylogenies to substantiate further the position and the
level of separation of the lineage with respect to other
ophiuroid groups.

Family Ophiacanthidae Ljungman, 1867
Genus Hanshessia nov.

Etymology: named in honour of Hans Hess (Binningen,
Switzerland) for his continuing contributions to echino-
derm palaeontology, his pioneering work on the Hauptro-
genstein echinoderms and for introducing both authors to
the ins and outs of ophiuroid palaeontology.

Type, and only known, species: Hanshessia trochitophila
Sp. nov.

Diagnosis: Ophiacanthid ophiuroid with large, near-circu-
lar radial shields, numerous, granule- to stump-like oral
papillae covering the oral plates and adoral shields in
multiple rows, relatively small tentacle pores covered by a
single, very large, leaf-like scale pointing to the arm
midline and perpendicular to the axis of the arm, up to 11
arm spine articulations increasing in size dorsalwards.

Hanshessia trochitophila sp. nov.
Fig. 4

Synonymy

1985 Ophiacantha? cf. constricta Hess (1966): Hess &
Holenweg (1985), pp. 164-166, fig. 17.

Etymology: from “trochos”, Greek for wheel and sealily
and the Latin suffix “philus”, meaning “loving”, in ref-
erence to the fact that the new taxon is found in close
association with stalked crinoids.

Holotype: M9765.

Additional material: M11203.
Diagnosis: as for genus.

Locus typicus: Quarry Egg near Auenstein, Canton Aargau,
Switzerland.

Stratum typicum: Upper Hauptrogenstein Formation, Par-
kinsoni Zone, upper Bajocian. Description of holotype: M9765
is a fragment of an articulated disc with two arms preserving
proximal and, in one case, median segments. Originally on a
large slab with articulated individuals of Pentacrinites dar-
gniesi Terquem & Jourdy and exposing the dorsal side only,
the ophiuroid specimen was detached from its matrix to enable
examination of both dorsal and ventral sides.
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Fig. 4 Hanshessia trochitophila gen. et sp. nov., M9765 (holotype)
from the Upper Hauptrogenstein Formation, Parkinsoni Zone, upper
Bajocian of Quarry Egg near Auenstein, Switzerland. a Disc fragment
in ventral view; b drawing of a; ¢ disc fragment in dorsal view;
d proximal arm segments in ventral view; e median arm fragments in
ventral view; f proximal arm segments in dorso-lateral view;

g proximal arm segments in dorsal view. AOS adoral shield; AS
arm spine; DAP dorsal arm plate; DS disc spine; LAP lateral arm
plate; OPa oral papilla; OP oral plate; OS oral shield; RS radial
shield; 7 tooth; TS tentacle scale; VAP ventral arm plate; VAP! first
ventral arm plate
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Reconstructed disc diameter 15.4 mm. Disc originally
circular in outline, dorsal side covered by small, round
plates, very densely beset with large, conical spines, up to
eight times longer than wide, bearing minute thorns. Spines
longest in disc centre, becoming shorter towards disc edge.
Radial shields stout, nearly circular, about one-third of disc
radius, completely separated by round disc scales, sur-
rounded and partially covered on their margins by short
disc spines and stumps, two to four times longer than wide.
Ventral interradial areas with small, round disc scales
similar to those of the dorsal disc, beset with disc stumps
and spines, two to five times longer than wide. Jaws nearly
as wide as long, densely covered laterally and ventrally
with multiple rows of small stump- to granule-like papillae,
at most two times longer than wide, longest near apex of
jaws. Single major apical papilla, triangular to tetrahedral,
several times larger than oral papillae, followed dorsally by
single row of slightly larger, pointed, tongue-like to tetra-
hedral teeth. Adoral shields relatively short, approximately
two times longer than wide, abutting proximally, not sep-
arating oral shield from first lateral arm plate, covered by
oral papillae. Oral shield arrow shaped, with slightly obtuse
proximal angle and strongly concave latero-distal edges,
slightly wider than long.

Two arm fragments visible, preserving proximal and
median segments. Ventral arm plates slightly wider than
long, widest distally, with strongly convex distal edge and
notched lateral edges, separated by lateral arm plates on all
visible arm segments. Tentacle pores medium sized,
smaller than two times the width of the ventral arm plate,
covered by a single very large, leaf-like scale pointing to
the arm midline and perfectly perpendicular to the axis of
the arm. Three proximalmost ventral arm plates approxi-
mately two times wider than long, grooved proximally.
Dorsal arm plates fan- to bell-shaped, slightly wider than
long, with pointed proximal angle, slightly concave lateral
edges and convex distal edge; abutting on all observable
arm segments except for the distalmost preserved (median
arm segments). Lateral arm plates several times taller than
wide, strongly arched, ventral tip protruding and with
conspicuous tentacle notch; outer surface of proximal and
median lateral arm plates without conspicuous spurs on the
proximal edge or ornament; large, ear-shaped spine artic-
ulations with sigmoidal fold in continuous row on large,
strongly elevated ridge on distal part of lateral arm plate;
ridge only weakly protruding on ventral side of the arms;
dorsalmost or second-dorsalmost spine articulation largest;
progressive ventralward decrease in size of spine articula-
tions and gaps separating them; at least 10 spine articula-
tions in proximal and median arm segments. Arm spines
very large, cylindrical, pointed, finely striated, as long as
three to four arm segments; ventral arm spines much

smaller than dorsal ones, slightly curved but not developed
into hooks on observable arm segments.

Paratype supplements and variation

M11203 is a semi-articulated disc (dd: 10.1 mm) exposing
the dorsal surface and preserving proximal portions of at
least three arms. The morphology of the dorsal disc and
arm skeleton agrees well with that of the holotype. Due to
the partial disintegration of the skeleton, vertebrae are
exposed and show large, vertical, wing-like muscular fos-
sae and streptospondylous articulation pegs.

Remarks

The presence of a single row of teeth in combination with
large, ear-shaped spine articulations presenting a sigmoidal
fold and positioned on a strongly elevated ridge unques-
tionably places these specimens in the family Ophiacan-
thidae. Within this family, the specimens fall into the group
including the former ophioplinthacines and ophiochond-
rines, characterised by well-developed disc plates, large
radial shields and relatively small tentacle pores, and
grouping on top of the large clade of nestled ophiacanthid
lineages recently found by Thuy et al. (2012). The com-
bination of large, near-circular radial shields and numerous
small, granule- to stump-like oral papillae densely covering
the oral plates and adoral shields in multiple rows is unique
among these lineages. The peculiar, large tentacle scales
pointing to the arm midline are not found in any other
ophiacanthid genus either, thus underscoring the unique
status of this material. We therefore erect the new genus
Hanshessia within the Ophiacanthidae to accommodate the
Hauptrogenstein specimens.

A number of Jurassic ophiacanthid species have been
described on the basis of dissociated lateral arm plates
(Thuy et al. (2012)). Among these, the lateral arm plates of
Ophiacantha? constricta Hess, 1966 from the Oxfordian of
Switzerland and France share the greatest similarities with
the Hauptrogenstein specimens. Hess and Holenweg
(1985), who mentioned the above-mentioned specimens for
the first time, already noted these similarities and tenta-
tively assigned them to Ophiacantha? cf. constricta. In the
lateral arm plates of the Hauptrogenstein specimens,
however, the spine articulation ridge protrudes much less
strongly ventralwards than in Ophiacantha? constricta, and
the spine articulations show a slight but clear dorsalward
increase in size. Based on these differences, we consider
the Hauptrogenstein to be a distinct species. It cannot be
decided on the basis of the material available whether the
Hauptrogenstein species and Ophiacantha? constricta are
congeneric. In spite of the similarities in lateral arm plate
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morphology, transfer of 0.7 constricta to the new genus
Hanshessia appears to be premature.

Genus Alternacantha nov

Etymology: name composed of “alternans”, Latin for
alternating, and “acantha”, the name of a Greek nymph,
literally translating into “thorny”, in reference to the alter-
nating position of the dorsalmost arm spine articulation.
Type, and only known, species: Alternacantha occulta sp.
nov.

Diagnosis: Large ophiacanthid with arms displaying a
conspicuous alternating pattern in the position of the dor-
salmost arm spine articulation, varying between close to
the remaining spine articulations and separated by the latter
by a large gap; arm spines as long as three arm segments;
radial shields thin, oval, as long as one-third of the disc
radius or slightly longer; dorsal disc covered by minute
spherical granules.

Alternacantha occulta sp. nov.
Figs. 5, 6

Etymology: from “occultus”, Latin meaning “well hid-
den” in reference to the new species that is almost invisible
amongst the dense colonies of crinoids.

Synonymy:

1972 Dermocoma wrighti Hess 1964: Hess, pp. 36-39,
figs. 39-41; pl. 13, fig. 1.

1985 Dermocoma wrighti Hess 1964: Hess & Holenweg,
p. 157, fig. 10.

Etymology:

Holotype: M9761.

Additional material: M9599, M9384/1-2 and M11200
(paratypes); M11205 and M9527.

Diagnosis: as for genus.

Locus typicus: Sichtern near Liestal, Canton Basel-Coun-
try, Switzerland.

Stratum typicum: Varians beds, middle Bathonian.

Occurence: Lower Hauptrogenstein Formation, Niortense
Zone; upper Bajocian; Upper Hauptrogenstein Formation,
Parkinsoni Zone, upper Bajocian; Klingnau Formation,

Parkinsoni Zone, upper Bajocian; Varians beds, middle
Bathonian.

Description of holotype: M9761 (Fig. 5) is an articulated
specimen preserving four near-complete arms and exposing
the ventral side. Dorsal side of disc embedded in matrix
(dd = 6.6 mm). Disc nearly circular in outline. Ventral
interradial areas covered by very small, thin scales. Jaws
slightly wider than long, beset with a single continuous row
of seven leaf-like oral papillae: three to four large, flat,
blunt distal oral papillae followed by a single slightly
smaller blunt papilla and two to three much smaller,
pointed proximal papillae. Tip of jaws with two to three
apical papillae similar in size and outline to the middle,
medium-sized oral papilla. Teeth of similar size but cone-
shaped and pointed. Oral shields very large, wider than
long, nearly oval with slightly pointed proximal edge.
Adoral shields long and relatively narrow, separating oral
shield from lateral arm plates; proximal tips of adoral
shields relatively broad, blunt, in contact. Few scattered
granules on oral shields, adoral shields and jaws.

Four arms exposed, entangled with stalks and cirrals of
the isocrinid crinoid Hispidocrinus leuthardti (de Loriol)
and arms of Ophiomusium ferrugineum. Longest arm pre-
served almost as long as three times the disc diameter.
Ventral arm plates very large, nearly as long as wide
(proximal and median arm segments) to slightly elongate
(distal ones), widest distally, with pointed proximal edge,
gently notched lateral edges and evenly convex distal edge.
Ventral arm plates abutting on all observable arm segments.
Tentacle openings smaller than half the width of the ventral
arm plate, covered by two short, flat, leaf-like tentacle
scales on all observable arm segments. Lateral arm plates
taller than wide in proximal segments, elongate in distal
ones; well-developed constriction, resulting in bulging
distal portion of lateral arm plate; ventral portion strongly
protruding, with large tentacle notch; outer surface with
vertical striation, best developed near spine articulations,
fading into finely reticulate stereom towards proximal edge
of lateral arm plate; at least two moderately well-defined,
prominent and protruding spurs on proximal edge of lateral
arm plate; four spine articulations in all observable arm
segments, freestanding on bulging distal portion of lateral
arm plate, encompassed by gentle notches interrupting the
vertical striation of the outer surface; lateral arm plates in
contact ventrally underneath ventral arm plates on all
observable arm segments; spine articulations large, ear
shaped with sigmoidal fold, dorsalward increase in size of
spine articulations; position of dorsalmost spine articulation
variable, closer to remaining spine articulations or separated
from the latter by a considerable gap, irregularly alternating
between segments. Arm spines large, cylindrical and almost
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Fig. 5 Alternacantha occulta gen. et sp. nov., M9761 (holotype) e median arm segments in dorso-lateral view; f distal arm segments in
from the Varians beds, middle Bathonian of Sichtern near Liestal, dorsal view; g median arm segments in ventral view. AOS adoral
Switzerland. a General aspect of specimen from Hess and Holenweg shield; DP dental plate; LAP lateral arm plate; OS oral shield; OP oral

(1985); b detail of oral skeleton; ¢ detail of jaw; d drawing of c; plate; OPa oral papilla; S arm spine; T tooth; VAP ventral arm plate



18

B. Thuy, C. A. Meyer

Fig. 6 Alternacantha occulta gen. et sp. nov. from the Upper
Hauptrogenstein, Parkinsoni Zone, upper Bajocian of Schinznach,
Switzerland. a M112000 (paratype), disc exposing dorsal side;

as long as three arm segments. Dorsal arm plates exposed on
distal segments only, fan shaped, more than two times
longer than wide, with acutely pointed proximal angle and
strongly convex distal edge, separated by lateral arm plates,
slightly arched and with fine transverse striation.

Paratype supplements and variation

M9599 [amply figured by Hess (1972)] is a fragment of an
articulated disc (reconstructed dd = 18.6 mm) completely
free of matrix and preserving the ring of jaws and two arm
bases. The ventral disc plating agrees well with that of the
holotype. Ventral interradial areas much better preserved,
densely covered by minute granules. Jaws beset with a single
continuous row of nine to ten oral papillae, including five large,
flat, leaf-like distal ones, two medium-sized blunt middle ones
and two to three small pointed proximal ones. First ventral arm
plate about half the size of successive ones, wider than long,
with rounded proximal and lateral edges and pointed distal
edge. Following three ventral arm plates with proximal, pro-
truding keel lined on both sides by grooves, best developed on
second ventral arm plates, grooves gradually shallowing in
third and fourth ventral plates and completely lacking in suc-
cessive ones. Five arm segments observable, all incorporated
into disc, best preserved arm broken at disc edge. Five spine
articulations on fourth and fifth arm segments.

Dorsal side poorly preserved. Dorsal disc plates very
thin but outline not discernible. One radial shield pre-
served, oval, slightly longer than one-third of the disc
radius. Dorsal disc including radial shield densely covered
by small, spherical granules.

b M9384/X (paratype), proximal arm fragments in dorsal view.
DAP dorsal arm plates; RS radial shields; S arm spine; SA spine
articulation

MO9384/1-2 (Fig. 6b) is a slab containing two large arm
fragments, one approximately 65 mm long and exposing
the ventral and lateral sides, and one largely covered by
matrix and exposing the dorsal side of several proximal to
median segments. Ventral and lateral arm morphology
agrees well with that of the holotype. Four arm spine
articulations on all observable segments. Position of dor-
salmost spine articulation alternating between close to the
remaining spine articulations and separated from the latter
by a large gap. Proximal and median dorsal arm plates in
contact, slightly longer than wide, bell- to fan-shaped, with
acute proximal angle; straight to slightly convex lateral
edges and convex to pointed distal edge, with fine trans-
verse striation; proximal dorsal arm plates clearly arched
longitudinally, median ones only slightly arched.

M11200 (Fig. 6a) is an articulated specimen exposing the
dorsal side and preserving a major portion of the disc
(dd = 10.2 mm) and three arm fragments, the longest of
which measures 30.4 mm in length. Overall morphology
agrees well with other type specimens. Disc preserving sev-
eral radial shields in place, oval, approximately 1.8 times
longer than wide, equalling one-third of the disc radius,
widely separated and apparently covered by fewer granules
than remaining disc plates. Outline of jaws discernible
underneath relatively thin disc plates impressed on jaws; oral
plates relatively short and devoid of lateral wings.

Remarks

The above-described specimens are unquestionably
assignable to the Ophiacanthidae on account of the large,
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ear-shaped spine articulations positioned on an elevated
ridge, the lack of tooth papillae and oral plates that are
devoid of lateral wings. Although the exact phylogenetic
position within the Ophiacanthidae requires further
research, the specimens fall within the group composed of
former ophioplinthacine and ophiochondrine genera char-
acterised by well-developed disc plates, relatively large
and radial shields which are not bar like, and small tentacle
pores (Thuy et al. 2012). Within this group, only Ophio-
camax displays a slight alternation in the position of the
dorsalmost spine articulation. The main alternation pattern
in this genus, however, concerns the position of the largest
spine articulation, which is alternately the dorsalmost or
the second or third dorsalmost. In addition, Ophiacamax
displays spine-like oral papillae arranged in multiple rows
and erect tentacle scales enclosing the two or three basal-
most tentacle pores. The above-described specimens thus
clearly differ from any known extant ophiacanthid.

Striking similarities in disc morphology are shared with
the type specimens of Dermocoma wrighti Hess, 1964 from
the Bathonian of England. The latter differ mainly in
having adoral shields with conspicuously pointed proximal
tips and slightly smaller oral shields. The arm skeleton, in
contrast, is markedly different. The English specimens
display much less strongly bulging distal portions of the
lateral arm plates, five spine articulations even in segments
not incorporated into the disc, ventral arm plates with a
near-straight distal edge, small spine-like tentacle scales in
median to distal segments, much shorter arm spines, and,
most importantly, no alternation in the position of the
dorsalmost spine facet. In spite of the admittedly strong
similarities in disc plating, the utterly different arm mor-
phologies, in particular the alternating spine articulation
pattern, justify the creation of a new genus.

The close resemblance in disc morphology between
Dermocoma wrighti and the present specimens prompted
Hess (1972) and Hess and Holenweg (1985) to place their
Hauptrogenstein material in that species. While this is most
probably true for the specimen in Fig. 2 of Hess and
Holenweg (1985), in view of the short arm spines and
gently bulging distal portions of the lateral arm plates, all
other specimens figured and described by Hess (1972) and
Hess and Holenweg (1985) are assignable to the new
genus. Examination of the type material of Dermocoma
wrighti housed at the Natural History Museum in London
(UK) confirmed the presence of ear-shaped spine articu-
lations displaying a sigmoidal fold. This clearly places D.
wrighti in the extant family Ophiacanthidae. As a conse-
quence, the family Dermocomidae, as introduced by Hess
(1972), should be suppressed.

As already noted by Hess (1972), the specimens
described here share a remarkable similarity, especially in
terms of alternating spine articulation pattern, with arm

fragments described by d’Orbigny (1850) as Ophiurella
bispinosa and later redescribed by de Loriol (1872) as
Ophiurella royeri, probably on the basis of the same
material (Hess 1972). An allegedly closely similar indi-
vidual from the Oxfordian of France was described by Hess
(1960) and assigned to the same species. Examination of
Hess’s specimen deposited in the Naturhistorisches
Museum Basel suggests that it most probably belongs to
the new genus Alternacantha. Yet, transfer of Ophiurella
bispinosa (and its probable synonym O. royeri) to Alter-
nacantha awaits re-examination of d’Orbigny’s type
material.
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