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Abstract
Relatively well-preserved echinoids from Palaeozoic strata are exceptionally rare fossils. New fossil finds can thus have an 
important impact on our understanding of the morphology, phylogenetic relationships and history of diversification of early 
sea urchins. The Devonian strata of Germany have long been known to contain echinoids, predominantly through the rela-
tively abundant record of disarticulated plates and spines. In contrast, only select articulated or semi-articulated specimens 
are recorded. We herein describe new specimens from the Middle and Late Devonian belonging to two Palaeozoic echinoid 
taxa, Rhenechinus hopstaetteri and Lepidocentrus eifelianus. These specimens are amongst the most-complete known for 
these two taxa, and provide novel insight into their morphology and stratigraphic range. Additionally, the record of Rhene-
chinus is the youngest occurrence of an echinocystitid echinoid in the fossil record, indicating that this family ranged from 
the Silurian (Aeronian or Telychian) to at least the Middle Devonian (Givetian), prior to going extinct. The morphological 
details provided by the new specimen of L. eifelianus highlights similarities between this species and other Devonian echi-
noids known from elsewhere in Europe and North America, and suggest that the lepidocentrids were widely dispersed and 
abundant during the Devonian.
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Introduction

Echinoids are important and abundant members of post-
Palaeozoic oceans (Lohrer et al., 2004; Nebelsick, 1996; 
Steneck, 2013). Despite the extensive research on their post-
Palaeozoic fossil record and patterns of diversification and 
extinction (Hopkins & Smith, 2015; Kroh & Smith, 2010; 
Mongiardino Koch & Thompson, 2021; Mongiardino Koch 
et al., 2022; Smith & Jeffery, 1998; Thompson et al., 2017a) 

the macroevolutionary dynamics of Palaeozoic echinoids 
remain less well-known. The Palaeozoic echinoid fossil 
record extends back to the Ordovician (Pisera, 1994; Reich 
& Smith, 2009; Smith & Savill, 2001; Thompson et al., 
2022a) and the Palaeozoic peak in echinoid diversity took 
place during the Carboniferous Period (Kier, 1965; Smith, 
1984). Although the Carboniferous marks the peak in Pal-
aeozoic echinoid diversity, significant familial turnover 
appears to have taken place during the preceding Devonian 
period (Pauly & Haude, 2024). While Silurian and Devonian 
echinoid faunas appear to have been dominated by echinoids 
from the families Echinocystitidae and Lepidocentridae 
(Cooper, 1931; Hawkins & Hampton, 1927; Smith et al., 
2013; Thompson et al., 2022b), the Carboniferous fossil 
record is dominated by species from the Archaeocidaridae, 
Palaechinidae, Proterocidaridae and Lepidesthidae (Kier, 
1965; Thompson & Bottjer, 2019; Thompson et al., 2020). 
While this familial turnover is easily recognized taxonomi-
cally, the relative roles of extinction of Devonian clades 
and pseudoextinction due to origination of new families 
from paraphyletic Devonian ancestors (Smith, 1994; Smith 
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et al., 2001) are not well-constrained. A phylogenetic frame-
work provides a means to distinguish between extinction 
and pseudoextinction (Smith, 1994), and in order to better 
understand the phylogenetic patterns associated with this 
Devonian–Carboniferous turnover, a keen understanding of 
the morphology of Devonian echinoids is paramount.

Sedimentary successions of the Rhenish Massif have 
yielded amongst the first described Devonian echinoids 
(Müller, 1856, 1857; Schultze, 1866). Despite the historical 
context of these taxa, most of their fossil record consists 
of disarticulated plates, and articulated or semi-articulated 
specimens are exceedingly rare. We herein describe new 
well-preserved specimens of Lepidocentrus eifelianus Mül-
ler, 1856 and Rhenechinus hopstaetteri Dehm, 1953 from 
the Middle and Late Devonian of the Eifel region, Germany. 
These new specimens clarify the stratigraphic distribution 
and morphology of these two species, providing novel infor-
mation that will be necessary to subsequently unravel the 
phylogenetic affinities, and macroevolutionary history of 
Devonian–Carboniferous echinoids.

Previous work on Rhenish Devonian echinoids

Isolated finds of conjoined plates or articulated echinoid 
specimens from the Middle Devonian of Central Germany 
are rare, and only known from two species. Within the Devo-
nian deposits of the Eifel, echinoids were first described 
by Müller (1856) as the species Lepidocentrus eifelianus 
Müller, 1856. This was based on disarticulated interambu-
lacral plates and spines from material collected near Rom-
mersheim. This material was first figured in Müller (1857) 
and supplemented by material described in Müller (1859). 
Hauser (2002) subsequently described two multi-plated and 
semi-articulated specimens attributed to Lepidocentrus eif-
elianus from the Prüm Syncline (along with a third specimen 
which is likely a cravenechinid) extending the range of the 
former to the late Frasnian.

Schultze (1866) monographed the echinoderms of the 
Devonian of the Eifel, and in doing so named a second spe-
cies of Lepidocentrus from the Eifel, L. muelleri Schultze, 
1866 based on a test fragment consisting of ambulacra and 
interambulacra. More recently, Hauser (2014) described a 
test as well as isolated interambulacral plates of Lepido-
centrus muelleri from the Mühlenberg Mergel Member of 
the Gerolstein Syncline. While L. eifelianus and L. muelleri 
constitute the first records of articulated echinoids from the 
Eifel, additional workers have elaborated upon the taxo-
nomic and morphological knowledge regarding these taxa. 
Zittel (1879) provided a short description of the morphol-
ogy of Lepidocentrus, while Jackson and Jaggar (1896) 
re-described L. muelleri and L. eifelianus, and provided a 
comparison of these taxa to other Palaeozoic echinoids. Kier 
(1968) cleaned the holotype of L. muelleri and noted its 

extensive similarities to the archaeocidarid genus Nortone-
chinus Thomas, 1920, which will be discussed further below.

Although only a few articulated echinoid remains have 
been described from the Eifel region, isolated plates are 
widely distributed and can be so common that they have 
been the basis for eponymous lithological units—the so 
called “Lepidocentrus marls” (e.g. Hotz et al., 1955; Struve, 
1955, 1992 and therein). These isolated plates have been 
figured together with the coronal descriptions by Schultze 
(1866) and Kayser (1871) additionally mentions the occur-
rence of plates in large numbers. In the Eifel, the presence of 
Lepidocentrus plates is also often noted within bed descrip-
tions and/or taxonomic lists of detailed locality descriptions. 
For example, Hotz et al. (1955) listed ten different occur-
rences from at least eight different stratigraphic units of the 
Hillersheim and Ahdorf Synclines, almost all of Eifelian age, 
except for a lone occurrence from the Givetian. Similarly, 
Fuchs (1965) lists Lepidocentrus plates occurring in seven 
localities from six different lithological units (five Eifelian 
and one Givetian in age) from the Hillersheim Syncline. 
These Lepidocentrus plates occur in fine-grained sediments 
together with crinoidal columnals, numerous brachiopods 
as well as trilobites, bivalves, gastropods (including Bel-
lerophon), rugose and tabulate corals and stromatoporids. 
The validity of these “Lepidocentrus marls” or horizons as 
lithological units has, however, been questioned as they are 
stratigraphically poorly constrained such that these terms are 
no longer in use (see detailed discussion in Hotz et al., 1955 
and Struve, 1955). Lepidocentrus plates are also well known 
from the diverse Middle Devonian units of the neighboring 
Sauerland to the east (see Haffer & Jentsch, 1962; Müller, 
1965).

In addition to plates, isolated spines attributed to echi-
noids are also abundant from the Eifel. Schultze (1866) 
described three differing spine morphotypes. Two of these 
were used to define the species Xenocidaris clavigera 
Schultze, 1866, with flared and expanding distal ends, and 
Xenocidaris cylindrica Schultze, 1866 which are fusiform, 
sculptured, and taper distally. Lastly, Schultze (1866) figured 
rather featureless spines of various sizes which were attrib-
uted to Lepidocentrus muelleri. Jackson and Jaggar (1896) 
tentatively placed Xenocidaris within the Archaeocidaridae 
M’Coy, 1844, though noted that the affinities of this taxon 
were questionable due to the poor nature of the material 
on which the genus was defined. He subsequently provided 
short descriptions of these two species of Lepidocentrus, 
and referred Xenocidaris to incertae sedis (Jackson, 1912). 
In some cases, these spines are associated with conjoined 
groups of plates (Hauser, 2002) allowing more confident 
taxonomic assignments, and recently, isolated lantern ele-
ments have also been figured (Hauser, 2014).

Further echinoids described from the Devonian of Ger-
many include the echinocystitid Rhenechinus hopstaetteri 
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(Dehm, 1953; Hopstätter, 1952) and Porechinus porosus 
Dehm (1961) from the Lower Devonian Hunsrück Slate 
(see Smith et al., 2013 for compilations of Hunsrück slate 
echinoid finds), as well as Palaechinus rhenanus (Beyrich, 
1857) and Lepidocentrus muelleri (Wolburg, 1933 as L. len-
neanus), from the Middle Devonian of the Sauerland. Syn-
onymizing L. lenneanus with L. muelleri possibly extends 
the stratigraphic extent of this taxon down to the Emsian as 
L. lenneanus was recovered by Wolburg (1933) from the 
Cultrijugatus beds, which straddle the Early/Middle Devo-
nian boundary (Langenstrassen, 2008). A fragmentary spe-
cies of the rare cravenechinid, Cravenchinus? frankei was 
also described from the Late Devonian of the Harz moun-
tains by Haude (1999). Recently, Pauly and Haude (2024) 
have described a spectacular and diverse assemblage of 
Famennian echinoids which confidently extends the range 
of many Carboniferous families down into the Devonian.

Stratigraphic and palaeoenvironmental setting

The echinoids described in this study originated from the 
Eifel region, which is part of the Rhenish Massif which 
stretches from northeastern France across Belgium and Lux-
emburg into Germany. The Rhenish Massif includes a series 
of midsized mountains consisting of diverse rocks of Cam-
brian to Carboniferous age (see compilation in the Deutsche 
Stratigraphische Kommission 2008 and Meyer, 2013). The 
Eifel is especially well known for its Devonian successions 
and is the origin of several eponymous Devonian stage 
names as well as the GSSP at the base of the Eifelian.

The Middle Devonian of the Eifel region contains numer-
ous classic fossiliferous localities leading to an expansive lit-
erature concerning stratigraphy, lithology and fossil content 
(see compilations in Struve, 1961, 1992; Weddige, 1996, 
1998; Steingötter, 2005; Menning et al., 2006; Deutsche 
Stratigraphische Kommission 2008; Struve et al., 2008; 
Meyer, 2013; for a historical synopsis see Rath, 2005). A 
number of carbonate dominated synclines (“Kalkmulden”) 
include rocks ranging from the later Emsian of the Early 
Devonian, through to the Eifelian and Givetian of the Middle 
Devonian and, in part, reaching up into the Late Devonian. 
These synclines show different lithological successions and 
facies variations such that detailed descriptions of rocks fos-
sils have been historically given separately for each syncline. 
This, together with changing understanding and interpre-
tations of biostratigraphy, lithostratigraphy and biogeog-
raphy, has hampered the synthesis of facies developments 
with older publications replete with obsolete lithological and 
stratigraphic terms.

Middle Devonian rocks of the Eifel show a wide variety 
of lithologies and fossil content. In general, a shelf gradi-
ent is present ranging from shallow water (NW) to deeper 
water (SE) with variations in siliciclastic input. Fossiliferous 

depositional environments including massive carbonates in 
a reefal facies with corals and stromatoporoids, bedded car-
bonates dominated by brachiopods and crinoids, to marls 
and sandstones. A three-part facies model was developed 
with a facies type A dominated by shallow water proximal 
siliciclastics; facies type B representing higher energy, shal-
low water reefs and carbonates; and a deeper water, lower 
energy facies type C containing carbonate-marl intercala-
tions (Faber, 1980; Meyer et al., 1977).

The lithostratigraphy and chronostratigraphy of the Mid-
dle Devonian of the Eifel area are summarized in Struve 
et al. (2008), see also Ernst (2008), Bohatý et al. (2012) and 
Ernst et al. (2014). The echinoid finds in the present study 
were recovered from the Givetian Zerberus Member (Fig. 1) 
of the Ahbach Formation of the Hillesheim Syncline. The 
Zerberus Member is the top lithostratigraphic unit of the 
Müllert Sub-Formation, which tops the Ahbach Forma-
tion. The Ahbach Formation straddles the Eifelian–Give-
tian boundary, with the Zerberus Member placed within 
the Polygnathus hemiansatus conodont biozone of the early 
Givetian. The Givetian echinoid described here originate 
from the Hallert Quarry locality, near Ahütte by Üxheim, 
Hillesheim Syncline; Zerberus Member of the Ahbach 
Formation.

Sedimentary environments within the Ahbach Formation 
range from higher energy, reefal environments to deeper, 
muddy marls and is very fossiliferous (see compilation in 
Struve, 1992; Struve et al., 2008). More recent publica-
tions on specific faunal elements of the Ahbach Formation 
in the Uxheim–Ahütte vicinity including palaeoecological 
interpretations are found in in Bohatý (2005, 2009), Bohatý 
and Hein (2013), Ernst et al. (2014) and Bohatý and Ausich 
(2021). Paleoecological reconstructions by Bohatý (2005, 
2009) contrast a shallow water, higher energy stromatopo-
ran-coral biostrome facies with a deeper water, muddy facies 
with soft substrates colonized by large fenestellid bryozo-
ans, solitary rugose and favositid tabulate corals along with 
recapticulids, sponges, trilobites, brachiopods, crinoids and 
echinoids. The Zerberus Member (Struve et al., 2008), the 
topmost member of the Ahbach Formation (Fig. 1), consists 
of 30-m-thick marls with few limestone layers.

Late Devonian strata in the Eifel region are less prevalent 
than that of Lower and Middle Devonian and are restricted to 
the Prüm Syncline (Grimm et al., 2008). The locality of the 
upper Devonian specimen described herein is Wallersheim 
Loch, from which Hauser (2002) also described articulated 
remains of Lepidocentrus eifelianus. These were found 
within a sequence of marly black shales and limestone banks 
containing small pyritized goniatites and orthocone cepha-
lopods. Following Clausen and Hauser (2005), although 
the stratigraphic extent of the published find locality is 
not conclusive, it can be correlated as a facies equivalent 
of the Frasnian portion of the Büdesheim Formation which 
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consists of monotonous dark, fine-grained, in part silty and 
marly mudstones, intercalated with subordinate grey micritic 
limestone layers (Grimm et al., 2008).

Systematic palaeontology

Repository. All specimens are registered with either the 
Naturhistorisches Museum Mainz/Landessammlung für 
Naturkunde Rheinland-Pfalz (NHMMZ) or the Maarmu-
seum Manderscheid in Manderscheid, Rhineland-Palati-
nate, Germany (MMM). All specimens are deposited at the 
MMM.

Class Echinoidea Leske, 1778

Stem Group Echinoidea

Family Echinocystitidae Gregory, 1897

Genus Rhenechinus Dehm, 1953

Diagnosis. Modified from Smith et al. (2013). Echinocysti-
tid with straight and narrow ambulacra. Plating is quadrise-
rial throughout with every other plate a demiplate which is 
occluded from the adradial suture. Pore pairs are uniform 
and with a surrounding peripodial rim, alternately displaces 

Fig. 1   Geological map of the Eifel area following Fernando-Alvarez 
et al. (1996) based on Ribbert (1992), Ledoux (1987) and Franke and 
Anderle (2001). Synclines containing Early to Late Devonian sedi-
ments are denoted. Lithostratigraphy following Bohatý and Ausich 

(2021) for the Middle Devonian and Clausen and Hauser (2005) for 
the Late Devonian. Ser. Series, Stag Stages, E. D. Early Devonian, 
EMS. Emsian
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to left and right forming a biseries down the center of each 
half-ambulacrum. Interambulacra are broad and composed 
of a large number of small, polygonal plates forming semi-
regular en chevron rows. Plates are imbricate. Basicoronal 
plate is present adorally. Coronal plates have small second-
ary tubercules or granules with short, simple, spines. Teeth 
are oligolamellar.

Type species. Rhenechinus hopstaetteri Dehm, 1953.

Other species. Rhenechinus ibericus (Hauser & Landeta, 
2007).

Occurrence. This genus is known from the Emsian of the 
Hünsruck region, Germany (Rhineland-Palatinate) and 
Asturias, Spain as well as the Givetian of the western Eifel 
region, Germany (Rhineland-Palatinate).

Rhenechinus hopstaetteri Dehm, 1953

Figure 2

1952 “Ein Seeigel aus dem Hunsrückschiefer”; Hopstätter, 
1952: 33.

1953 Rhenechinus hopstätteri; Dehm, 1953: 93, pl. 5: 1–4.
1961 Rhenechinus hopstätteri Dehm, 1953; Kuhn, 1961: 33, 

figs. 15, 16.
1966 Rhenechinus hopstatteri Dehm, 1953; Kier, 1966: 

U303, Fig. 224.2.
1970 Rhenechinus hopstätteri Dehm, 1953; Kutscher, 

1970a: 40.
1970 Rhenechinus hopstätteri Dehm, 1953; Kutscher, 

1970b: 96.
1980 Rhenechinus hopstaetteri Dehm, 1953; Mittmeyer, 

1980: 38.
1990 Rhenechinus hopstätteri Dehm, 1953; Bartels & Bras-

sel, 1990: 181, Fig. 169.
1997 “Seeigel Rhenechinus hopstätteri mit erhaltenen 

Stacheln “; Bartels et al., 1997: 49, Fig. 61.
1998 Rhenechinus hopstaetteri Dehm, 1953; Bartels et al., 

1998: 210, Fig. 188.
1999 Rhenechinus hopstätteri Dehm, 1953; Jahnke & Bar-

tels, 1999: 43.
2000 Rhenechinus hopstätteri Dehm, 1953; Jahnke & Bar-

tels, 2000: 43.
2013 Rhenechinus hopstaetteri Dehm, 1953; Smith et al., 

2013: 758, figs. 6, 7

Fig. 2   Images of Rhenechinus hopstaetteri from the from the Hallert 
Quarry locality, near Ahütte by Üxheim, Hillesheim Syncline; Give-
tian (Middle Devonian). A Specimen MMM-2010–01 showing the 
interior of the test through a lateral view. Note the hexagonal shape of 
the interambulacral plating. B Same specimen as A, showing a lateral 
view of an interambulacrum and two flanking ambulacra. Ambulacra 
bear numerous small, dense, simple, striate spines, which obscure 
many of the details of the plating. Ambulacra consist of two bise-
rial half-ambulacra with perradially located demiplates. C Specimen 

NHMMZ PWL 2023/417-LS adapical view of test showing details 
of ambulacral and interambulacral plating. Ambulacra are biserial 
with occluded demi plates. Flanges covering radial water vessel along 
interior of ambulacral plates can be seen in disarticulated ambulacral 
plates. Note the large genital plate at the summit of one interambulac-
rum. D Same specimen as C, showing disarticulated interambulacral 
and ambulacral plates, along with some hemipyramids and teeth from 
the Aristotle’s lantern. Note the simple oligolamellar tooth. All scale 
bars are 1 cm
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Occurrence. This species was first described from the Lower 
Emsian Hunsrück Slate from Gemünden and Bundenbach, 
and is now known from the Zerberus Member of the Ahbach 
Formation of the Hillesheim Syncline, which belongs to the 
early Givetian Polygnathus hemiansatus conodont zone (all 
Rhineland-Palatinate, Germany).

Diagnosis. Species of Rhenechinus with up to eight columns 
of interambulacral plates at the ambitus. Interambulacral 
plates polygonal and with sparse interambulacral spines. 
Surface of the interambulacral plates is smooth, and lacks 
small pits.

Description. Specimen MMM-2010-01 consists of a semi-
articulated test, while specimen NHMMZ PWL 2023/417-
LS is a well preserved adapical portion of the test with 
a crushed ambital and adoral side. Test regular, at least 
54.47 mm high on MMM-2010-01, though the adoral por-
tion of the test is missing. Plating is imbricate, though not 
extensively so, as many coronal plates appear to abut one 
another as opposed to heavily bevel over each other. The 
peristome and apical disc are unknown from specimen 
MMM-2010–01, though the apical disc is partially preserved 
in specimen NHMMZ PWL 2023/417-LS. Genital 2 is pre-
sent and contains the madreporite. This plate is covered with 
small tubercles and no conspicuous genital pores are visible. 
This plate is about 4.87 mm wide, and 4.85 mm tall, and is 
rounded-triangular in outline. Genital plate 1 is also present 
and 4.7 mm wide and 3.04 mm tall. Ocular plates I and 
II are present and neither appears to be perforated with an 
ocular pore. Both ocular plates appear to be insert abutting 
the periproct. The periproct appears to consist of numerous 
small irregularly shaped plates, many of which appear to 
bear at least one tubercle.

Disarticulated elements of the lantern are present in both 
specimens. A hemipyramid in specimen NHMMZ PWL 
2023/417-LS is 13.3 mm tall. The foramen magnum is 
about 3.07 mm deep, and half of its width is about 2.1 mm. 
Though only half of the foramen magnum is visible on this 
disarticulated hemipyramid, it appears to have been quite 
narrow. A narrow dental slide is present on the interior of 
the hemipyramid, which is about 7.09 mm tall. Numerous 
disarticulated teeth are present in both specimens. These 
are simple oligolamellar, and the details of individual tooth 
plates are visible in most preserved teeth. Teeth coming to a 
single point, and not serrate.

Ambulacra are composed of four columns of plates, with 
pore pairs arranged quadriserially. Each half-ambulacrum is 
about 2.6 mm wide and contains a larger, primary ambula-
cral plate, which reaches the perradial suture, and a smaller 
demi plate which is occluded from the adambulacral suture. 
About four primary ambulacral plates to each interambula-
cral plates. Primary ambulacral plates which abut the adoral 

and adapical sutures of interambulacral plates are enlarged 
and expanded along their adambulacral edge. Pore pairs in 
small peripodial ring. The most adambulacral pore in pore 
pairs on demi-plates are arranged such that they are roughly 
in line with the more perradial pore in the pore pair of pri-
mary plates above and below. Ambulacral plates with small 
secondary tubercles, each of which appears to bear a second-
ary spine. The preservation, and subsequent preparation of 
the specimen have left the number of secondary tubercles 
unknown, however where they were left intact, the spines 
densely cover the ambulacra and obscure the nature of the 
tubercles. Adapically and ambitally, there are no conspicu-
ous perradial ridges on the interior of the plates of either 
of the specimens and thus the radial water vessel appears 
to have not been internal within plates in these portions of 
the test. Towards adoral end of specimen MMM-2010-01, 
some disarticulated ambulacral plates show thickenings that 
may be perradial ridges, though these plates are partially 
obscured by matrix, thus precluding definitive identification 
as such. Primary ambulacral plates imbricate slightly under 
interambulacral plates.

Interambulacra on specimen MMM-2010-01 composed 
of eight columns of plates at its widest. Area is about 
21.1  mm wide. Adapically and adorally the number of 
plate columns decreases, and on specimen 35, there appear 
to be five or maybe six plates in contact with genital plate 
2 (the madreporite bearing plate). Interambulacral plates 
thin, about 0.8 mm thick. Plating imbricate, though very 
slightly so. Plates seem to abut each other more than bevel 
over each other. Plates hexagonal to subhexagonal in shape. 
Approximately equally high as wide, though some plates 
are slightly wider than high, and some are slightly higher 
than wide. Adambulacral interambulacral plates are often 
slightly higher than wide, and have one adambulacral edge 
expanded adorally and adapically such that there is one long, 
relatively flat edge imbricating over ambulacral plates. Plates 
on MMM-2010-01 appear to show no sculpturing, though 
this is likely due to sculpture having been lost during prepa-
ration of the specimen. Specimen NHMMZ PWL 2023/417-
LS shows sparse tubercles or granules on interambulacral 
plates, which appear to have borne small spines.

Spines relatively short, and thin. Tapering to a point dis-
tally. Spines with small striations. Up to about 2.3 mm in 
length. Spine base consists of a small bulb, and no milled 
ring is present. Spines on interambulacral plates are only 
known from specimen NHMMZ PWL 2023/417-LS, the 
longest of which is about 3 mm in length. Interambulacral 
plates appear to have borne sparser tuberculation, and thus 
sparser spine coverage, than ambulacral plates.

Materials. Specimens MMM-2010-01 and NHMMZ PWL 
2023/417-LS are from the Hallert Quarry locality, near 
Ahütte by Üxheim in the Hillesheim Syncline; from the 



585Echinoids from the Eifel region

Zerberus Member of the Ahbach Formation; Givetian (Mid-
dle Devonian).

Remarks. Previously published specimens of R. hopstaetteri 
were collected from the Hunsrück Slate (Smith et al., 2013). 
The nature of preservation in the Hunsrück slate is such that 
specimens are preserved compressed onto slate bedding 
planes, thus impeding detail of morphological structures in 
three-dimensions. These new specimens are preserved, and 
have been prepared, in such a way that their morphology 
is visible in three dimensions. This provides novel insight 
into the morphology of R. hopstaetteri. Of particular note 
is the information concerning the interior of the ambulac-
rum, which is not obviously visible in the Hunsrück R. hop-
staetteri. In R. ibericus, which is known from the Emsian of 
Spain, the radial water vessel is clearly covered by internal 
flanges. Our new R. hopstaetteri from the Eifel confirm that 
this characteristic is also present in R. hopstaetteri, although 
the covering of the radial water vessel is much less conspicu-
ous than in R. ibericus.

Our new specimens appear similar to the taxon figured 
by Haffer and Jentsch (1962) as Lepidocentrus rhenanus 
(Beyrich). Both their specimens, which were collected from 
Sauerland, and our specimens from the Hillesheim Syncline 
have regular, primarily hexagonal, interambulacral plates, 
which do not exhibit much evidence of imbrication. Our 
material differs from those specimens, however, in the struc-
ture of the ambulacra. Our specimens clearly display bise-
rial ambulacra in each half-ambulacrum, while those of the 
Haffer and Jentsch (1962) speimens display ambulacra that 
are uniserial in each half-ambulacrum. Regardless of the 
similarity of our material to the Haffer and Jentsch (1962) 
Lepidocentus rhenanus, their material clearly differs from 
the type specimen with regard to the shape of its interambu-
lacral plates and the lack of imbricating plates found in their 
material. The plates of L. rhenanus are heavily imbricate, as 
is typical for the genus, and as this character is missing from 
the specimens of Haffer and Jentsch (1962), their material 
likely belongs to a different genus.

Family Lepidocentridae Lovén, 1874a, 1874b

Genus Lepidocentrus Müller, 1856

Diagnosis. Lepidocentrid with large interambulacral plates, 
many times larger than ambulacral plates. Interambulac-
ral plates strongly imbricate, with rhomboidal shape, and 
arranged into multiple columns in each interambulacral 
area, typically not fewer than eight. Not all plates bearing 
enlarged, mamellonate primary tubercles, but in some spe-
cies this is the case. Tubercles arranged towards adambula-
cral edge of plates. Ambulacral plates enclose radial water 
vessel with flange on interior of test. Pore pairs located 

centrally on ambulacral plates between perradial and adra-
dial sutures. Spines lack a milled ring, and appear to be wid-
est at their base. Spines taper distally.

Type species. Lepidocentrus eifelianus Müller, 1856.

Other species. Lepidocentrus rhenanus (Beyrich, 1857) and 
Lepidocentrus muelleri Schultze, 1866.

Occurrence. This genus is known from the Eifelian to 
Frasnian of the Rhenish Devonian of Germany.

Remarks. This genus was erected based off of disarticulated 
material described by Müller (1856) and then described 
again with figures a year later (Müller, 1857). Though 
disarticulated material typically provides poor criteria for 
erection of generic and species level concepts in echinoids, 
the morphology of disarticulated interambulacral plates in 
species of Lepidocentrus from the Devonian of the German 
Eifel region are distinct such that plates of different species 
are diagnostic. Haffer and Jentsch (1962) showed different 
species of Lepidocentrus in the Devonian of Germany with 
non-overlapping stratigraphic distributions with L. muelleri 
restricted to the Givetian, and L. eifelianus to the Eifelian. 
Subsequently, Hauser (2002) extended the distribution of L. 
eifelianus to the Frasnian.

In addition to the type species, three others have been 
described from the Eifelian and Givetian strata of the Eifel 
and Sauerland. L. rhenanus was described from an internal 
mould of an articulated test. Though it does display heavily 
imbricate plates and a fully enclosed radial water vessel, 
these are traits common to many lepidocentrid genera, and L. 
rhenanus could belong to another genus of lepidocentrid or, 
could more likely be conspecific with L. muelleri Schultze, 
1866. L. muelleri differs from the type species in the shape 
of its interambulacral plates and the pattern of tubercula-
tion on these plates. The fourth species reported from the 
German Devonian, Lepidocentrus lenneanus Wolburg, 1933 
was described from an exceptional mouldic specimen, which 
was apparently lost during the second world war (Haffer & 
Jentsch, 1962). Haffer and Jentsch (1962) then synonymized 
L. lenneanus with L. muelleri based on the shape of the 
interambulacral plates. Although the original type material 
of L. lenneanus is lost, we think it is best to follow Haffer 
and Jentsch (1962) in synonomyzing L. lenneanus and L. 
muelleri.

In addition to taxa known from Germany, Jackson (1929) 
attributed material to three different species concepts within 
Lepidocentrus from the Carboniferous of Belgium. Jackson’s 
Tournaisian L. eifelianus was synonymized with Hyatte-
chinus elegans Jackson, 1929 by Thompson and Denayer 
(2017). Furthermore, the disarticulated plates from the 
Viséan assigned by Jackson (1929) to Lepidocidaris sp. 
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and Lepidocidaris mammillatus Jackson, 1929, are entirely 
indeterminate, and could belong to any number of taxa from 
the Proterocidaridae, Lepidocentridae or Archaeocidaridae.

Lepidocentrus eifelianus Müller, 1856
Figures 3, 4

1856 Lepidocentrus eifelianus Müller, 1856; 356
1857 Lepidocentrus eifelianus Müller, 1856; Müller, 1857: 

258, pl. 3: 1–8
1859 Lepidocentrus eifelianus Müller, 1856; Müller, 1859: 

197
1866 Lepidocentrus eifelianus Müller, 1856; Schulze, 1866: 

123, pl. 13: 2
1874 Lepidocentrus eifelianus Müller, 1856; Lovén, 1874a, 

1874b: 40
1875 Lepidocentrus eifelianus Müller, 1856; Quenstedt, 

1875: 374: pl. 75: 14–17, 19–29

1896 Lepidocentrus eifelianus Müller, 1856; Jackson, 1896: 
224

1904 Lepidocentrus eifelianus Müller, 1856; Klem, 1904: 16
1910 Lepidocentrus eifelianus Müller, 1856; Lambert & 

Thiéry, 1909–1925: 122
1912 Lepidocentrus eifelianus Müller, 1856; Jackson, 1912; 

291, pl. 20: 14
1929 Lepidocentrus eifelianus Müller, 1856; Jackson, 1929; 

20, pl. 5: 9a-g; pl. 10: 7a-b
1962 Lepidocentrus eifelianus Müller, 1856; Haffer and 

Jentch, 1962: 77, pl. 8: 3–6
2002 Lepidocentrus eifelianus Müller, 1856; Hauser, 2002: 

5, pl. 4: 1–3

Occurrence. This species is known from the Givetian of 
the German Eifel and Sauerland. Our new specimens are 
from the Zerberus Member of the Ahbach Formation of the 
Hillesheim Syncline, which falls within the Givetian Polyg-
nathus hemiansatus conodont zone.

Diagnosis. Species of Lepidocentrus with interambulacra 
arranged into at least eight columns within an interambu-
lacrum. Adambulacral and some median interambulacral 
plates bearing an enlarged non-crenulate primary tuber-
cle. All interambulacral plates bearing small, imperforate 
and non-crenulate secondary tubercles, which are sparsely 
arranged on the plate. Interambulacral plates are five-sided 
and subrounded in shape. Spines are cylindrical in cross sec-
tion, and lack ornamentation.

Fig. 3   Images of specimen NHMMZ PWL 2023/416-LS, a frag-
mentary test belonging to Lepidocentrus eifelianus from the Hallert 
Quarry locality, near Ahütte by Üxheim, Hillesheim Syncline; Give-
tian (Middle Devonian). A Lateral view of interambulacral and ambu-
lacra with associated spines. Interambulacra are arranged into at least 
eight columns of imbricate plates. Most adambulacral interambula-
cral column bears large perforate, mamellonate tubercles arranged 
towards the adambulacral edge of the plate. Ambulacra are biserial, 
with a single column of plates in each half-ambulacrum. Spines lack 
obvious ornamentation and taper distally. B Interior of test show-
ing disarticulated interambulacral plates, ambulacral plates, as well 
as teeth and spines. Note the flange located on the adradial edge of 
ambulacral plates which encloses the radial water vessel. Scale bars 
are 1 cm

Fig. 4   Specimen NHMMZ PWL 2023/418-LS, a pile of disarticu-
lated Lepidocentrus eifelianus test plates from Wallersheim/Loch 
locality in the Prüm Syncline; Frasnium (Late Devonian). Note the 
perforate tubercles on interambulacral plates. Scale bar is 1 cm
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Description. We provide novel insight into this species 
from two specimens, NHMMZ PWL 2023/416-LS, which 
is a semi-articulated and disarticulated ambulacral area 
with flanking interambulacral areas and NHMMZ PWL 
2023/418-LS which is a disarticulated pile of plates and 
spines. In NHMMZ PWL 2023/416-LS, the apical disc and 
peristome are unknown, and the known lantern elements 
consist solely of two teeth, the tips of which are obscured by 
matrix and disarticulated interambulacral plates.

Ambulacra about 9.2 mm wide, arranged into two col-
umns. Pore pairs are biserial, and are not within small 
peripodial ring. Ambulacral plates bearing at least two 
imperforate noncrenulate secondary tubercles arranged 
between pore pair and perradial suture on each plate, and 
at least one small secondary tubercle between pore pair and 
adambulacral suture. On some plates one or both of these 
perradialy located tubercles bears a small areole. More 
adapical ambulacral plates imbricating over more adoral 
plates. Interior of ambulacral plates with a small distinct 
arching ridge, which interlocked with the same on the oppos-
ing plate, thus enclosing the radial water vessel within the 
ambulacrum. A small sunken canal is also present on the 
interior side of the perradial side of these ambulacral plate, 
which leads from the perradial suture to the pore pair, and 
which likely housed the branch of the water vessel leading 
to the pore pair. Ambulacral pores are about 1.4 mm away 
from perradial suture, and 1.4 mm away from adambulacral 
suture.

The interambulacra are heavily imbricate, with the adam-
bulacral interambulacral plates beveling over the ambula-
cra. The interambulacral area is arranged into at least eight 
columns of plates, however there are likely many more, as 
only the adapical portion of the interambulacra is completely 
known. More adoral interambulacral plates imbricating over 
top of more adapical plates. A median column is present in 
the most interradial portion of the interambulacra, which 
imbricates over top of two plates to either adambulacral side. 
Moving adambulacrally in either side from this median col-
umn, plates imbricate over more adambulacral plates. Plates 
are subrounded to subpolygonal in shape, and appear slightly 
wider than high. All interambulacral plates bear sparse, 
secondary tuberculation. Large, imperforate, noncrenulate 
primary tubercles are present however, on all adambulacral 
plates. These tubercles are located towards the upper, adam-
bulacral edge of the plate. The second most adambulacral 
column is free from these large tubercles, however the third 
most adambulacral column has tubercles on some plates, 
and it appears that these large tubercles are present on every 
other plate moving adorally along the test.

Spines are present on ambulacral and interambulacral 
plates. Ambulacral spines are small, tapering distally and 
present on secondary tubercles. They are striate and at least 
3.8 mm in length. Interambulacral plates bearing primary 

spines. These are at least 10.7 mm in length and tapir dis-
tally. The most distal end of the spines is unknown. They are 
widest at their base, which is a small swelling. They lack a 
milled ring, and appear solid.

Materials. We record two new specimens, NHMMZ PWL 
2023/416-LS, and NHMMZ PWL 2023/418-LS. Speci-
men NHMMZ PWL 2023/416-LS (Fig.  3) is recorded 
from Hallert Quarry in the Hillesheim Syncline, near 
Ahütte by Üxheim. It occurs in the Zerberus Member of the 
Ahbach Formation; Givetian (Middle Devonian). Specimen 
NHMMZ PWL 2023/418-LS. (Fig. 4) is from the Waller-
sheim / Loch locality in the Prüm Syncline, Büdersheim 
Formation; Frasnian (Late Devonian).

Remarks. This species is differentiated from other species 
of Lepidocentrus largely based upon characters of the inter-
ambulacra. The interambulacral plates of L. eifelianus are 
rounded to subrounded and broadly five sided. The interam-
bulacral plates of L. muelleri, and L. rhenanus are, however, 
rhomboidal, having four straight edges. Furthermore, Haffer 
and Jentsch (1962) have shown that the stratigraphic range 
of this taxon does not overlap with that of L. eifelianus in the 
Eifel and Sauerland. Like other known species of Lepido-
centrus, L. eifelianus displays ambulacra arranged into two 
columns with uniserial pore pairs in each half-ambulacrum. 
Furthermore, it’s ambulacra enclose the radial water vessel 
as is the case with other species of Lepidocentrus (Kier, 
1968). This species also bears large primary tubercles on 
tubercles on all visible adambulacral interambulacral plates 
and on plates in some median columns. This indicates simi-
larities with Nortonechinus, which is discussed in more 
detail below.

There exists some confusion as to the first date of descrip-
tion of Lepidocentrus eifelianus Müller, 1857. As mentioned 
by Müller (1857) the Müller, 1856 version is an extract of 
the version published in 1857. Both publications, in fact, 
deal with proceedings which took place in 1856. The species 
description of 1856 is shorter, somewhat rearranged, and 
lacks the figures of the version published in 1857. Further 
material from the same locality were subsequently men-
tioned by Müller (1859).

Müller (1857) first postulates that isolated plates and 
spines which were found together in fact belong together 
as the plates possessed knobs which fit to the base of the 
spines. Then expounded on the fact that the plates were not 
articulated but arranged in a shingled pattern which cor-
responds to the shape of the plates with rim parts either 
covering or being covered adjacent plates which is accom-
modated by oblique sharpened plate edges. Different sizes of 
plates are noted as are the details of the plate edge morphol-
ogy. Tubercle differentiation is noted with larger plates pos-
sessing a one knob for a single spine and smaller knobs for 
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corresponding finer spines. A smooth non-raised and non-
deepened periphery of the larger tubercles is noted. Spines 
are described with a finely striated longitudinally surface and 
an enlarged base and in cross sections narrow dense spokes 
separated by lattice like material. Müller mentions that “the 
microscopic structure of the plates is, as in all echinoderms, 
netlike and thereby it is certain that we are not dealing with 
an animal from another class.” He also mentions that the 
spines have a construction common to all sea urchins.

In the plates; Müller (1857) reconstructs the plate 
arrangements of Lepidocentrus eifelianus based on the dis-
tribution of angled facets of the single plates and also fol-
lowing the plate arrangement of the Middle Devonian Pal-
aechinus rhenanus Beyrich, 1857 which is an articulated 
specimen containing ambulacra, interambulacral and jaws. 
Palaechinus rhenanus was described in a single paragraph, 
but not figured by Beyrich (1857, again in a correspondence 
which took place in 1856). This specimen is thus figured for 
the first time by Müller (1857).

Lastly, Jackson (1929) attributed disarticulated plates 
from the Tournaisian of Belgium to L. eifelianus, however, 
Thompson and Denayer (2017) attributed this material to the 
proterocidarid Hyattechinus elegans Jackson, 1929.

Discussion

Echinoids from the Devonian of the Eifel

The Givetian and Eifelian age strata of the Eifel represent 
some of the most diverse and well-studied echinoderm-
bearing deposits from the Devonian (Bohatý, 2006, 2009, 
2010; Bohatý & Herbig, 2010; Haffer & Jentsch, 1962; Mül-
ler et al., 2013). Amongst these echinoderms, the echinoid 
fauna of the Eifel is minimally comprised of echinocystitid 
and lepidocentrid echinoids. In addition to the aforemen-
tioned Lepidocentrus muelleri, and the spine-based taxa 
Xenocidaris clavigera Schultze, 1866, and Xenocidaris 
cylindrica Schultze, 1866, we herein record for the first 
time the presence of Rhenechinus hopstaetteri, and semi-
articulated material belonging to Lepidocentrus eifelianus.

The echinoids described here expand upon the known 
environmental distribution of R. hopstaetteri. Smith et al. 
(2013) hypothesized that echinoids from the Emsian Hun-
sruck slate, which represents an environment just below 
storm wave-base (Raiswell et al., 2008), were transported 
into these environments from shallower water ecosystems. 
The occurrences of R. hopstaetteri and Lepidocentrus eif-
elianus from the Ahbach formation are thought to represent 
occurrences in fossiliferous deeper water, muddy facies with 
soft substrates (Bohatý (2005, 2009). The finds from Lepido-
centrus eifelianus from the Frasnian are interpreted to repre-
sent even deeper water, cephalopod-dominated environments 

(Grimm et al., 2008). The occurrence of well-preserved, 
articulated, specimens of these echinoids was likely because 
specimens at these taphonomic grades are likely to have a 
higher chance of preservation in lower energy environments. 
The observed distribution of taxa in these deep water envi-
ronments most likely represents a taphonomic artifact as 
the distribution of isolated disarticulated plate material in 
the Devonian of Germany shows a much wider distribution 
(Haffer & Jentsch, 1962).

The only non-German species of Rhenechinus is Rhene-
chinus ibericus Hauser and Landeta (2007). This taxon is 
known from shallow water deposits, replete with bryozoans, 
brachiopods and pelmatozoans (Smith et al., 2013), and the 
paleoenvironment in which it inhabited is more akin to that 
of R. hopstaetteri from the Eifel. Additionally, the Givetian 
occurrence of R. hopstaetteri from the Eifel thus extends the 
stratigraphic range of this species from the Emsian into the 
Givetian, and furthermore marks the youngest occurrence in 
the fossil record of the family Echinocystitidae.

In addition to Rhenechinus, the echinoid fauna of the Eifel 
also includes the two lepidocentrid species L. eifelianus, and 
L. muelleri. These taxa are relatively common in Eifelian 
and Givetian strata in the Eifel where they occur primarily 
as disarticulated plates and spines (Haffer & Jentsch, 1962). 
The morphology of the interambulacral plates and spines 
of these taxa is similar to other disarticulated lepidocentrid 
remains assigned to numerous species of Xenocidaris from 
the Frasnian of Belgium (Maillieux, 1935, 1940), and fur-
thermore (as discussed in more detail below), the morphol-
ogy of these plates is similar to those of Nortonechinus, and 
Albertechinus from the Devonian of North America (Kier, 
1968; Stearn, 1956; Thomas, 1920, 1921). The widespread 
occurrence of lepidocentrid echinoids with this morphology 
in the Devonian may indicate that they were one of the more 
abundant and widely-dispersed groups of echinoids in the 
Devonian.

Implications of Eifelian echinoid morphology 
for stem group echinoid phylogeny

We describe herein the morphology of Lepidocentrus eif-
elianus based on semi-articulated test material. This has 
allowed for more accurate comparisons of this taxon to other 
Devonian echinoids, which has important implications for 
understanding the phylogenetic relationships of stem group 
echinoids. Of note is the close similarity in morphology 
between L. eifelianus and the archaeocidarid echinoid Nor-
tonechinus welleri Thomas, 1920, from the Frasnian of Iowa 
(Thomas, 1921). Both of these taxa have numerous columns 
of imbricate interambulacral plates bearing large tubercle 
and spines, and have ambulacral plates which enclose the 
radial water vessel. The similarities between Lepidocentrus 
and Nortonechinus were highlighted by Kier (1968), who 
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proposed that Nortonechinus gave rise to the archaeocidarid 
echinoids, and by extension the entire crown group. Kier’s 
arguments were largely based on comparisons between L. 
muelleri and Nortonechinus, who chose to place Nortone-
chinus within the Archaeocidaridae based upon the large 
primary tubercles found on its interambulacral plates. Our 
updated characterization of L. eifelianus indicates even 
closer similarities between Lepidocentrus and Nortonechi-
nus, and suggests a morphologically intermediate position 
for L. eifelianus between L. muelleri and Nortonechinus. 
The large tubercles which dominated the interambulacral 
plates of Nortonechinus, and which were the primary basis 
for Kier’s (1968) proposition that Nortonechinus was ances-
tral to the archaeocidarid echinoids, are herein shown to have 
also been present in Lepidocentrus. This could suggest that 
the character used to align Nortonechinus with the archaeo-
cidarids, large interambulacral tubercles and spines, involved 
independently across a number of stem group echinoids, 
and that in fact Nortonechinus is not in a clade with the 
archaeocidarid echinoids and other members of the crown 
group. Following the work of Kier (1968) Nortonechinus 
has recently been used as an outgroup for phylogenetic 
analyses of archaeocidarids and other crown group echi-
noids (Thompson et al., 2020). The morphology seen in L. 
eifelianus could thus cast doubt on the appropriateness of 
Nortonechinus as the outgroup to the archaeocidarids. Con-
versely, if Nortonechinus is still shown to have close affini-
ties with the archaeocidarids, then the large tubercles seen in 
archaeocidarids and many crown group echinoids can trace 
their origin to lepidocentrids like L. eifelianus, which sup-
ports the hypothesis of Thompson et al., (2020, 2017b) that 
the acquisition of characters leading to the echinoid crown 
group was step-wise. In order to fully realize the implica-
tions of this new material from the Eifel, a phylogenetic 
analysis including other Palaeozoic and stem group echinoid 
taxa is necessary. Future work will aim to do just that.
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