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Anew crinoid fauna is described from the Trogkofel Group of the Southern Karavanke Mountains, Slovenia (lower Permian,
Artinskian). This fauna is from a shallow platform or upper slope setting and is comprised primarily of isolated aboral cups.
One taxon, Protencrinus baliensis, previously described from the lower Permian of Crete, is the only species known from
elsewhere. New taxa from the Trogkofel Group include Karavankecrinus bedici gen. et sp. nov., Moapacrinus dovjensis sp.
nov., Parastachyocrinus sloveniaensis sp. nov., and Sinocrinus websteri sp. nov. Several taxa are left in open nomenclature,
including Dieuryocrinus? sp., Platycrinitidae indet., Eucladida indet. A, and unidentified Crinoidea. If Dieuryocrinus? sp.
belongs to Dieuryocrinus, this would expand the range of this genus, previously known from the Viséan (Mississippian)
of the United Kingdom. Other genera are well known as lower Permian taxa. In addition, the species-level systematics
of Parastachyocrinus is revised, and one new species from the lower Permian of Timor is described, P. wanneri sp. nov.
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Introduction

The knowledge of Permian crinoids as compared to Devo-
nian and Carboniferous crinoids, has expanded in recent
years. However, it is still relatively inadequate, at least in
some areas. The bulk of Permian crinoid studies (quali-
tatively and quantitatively) is from Asia (China, India,
Oman, Pakistan, Thailand, and Timor; Waagen 1887,
Wanner 1916, 1924, 1937; Tien 1926; Kirk 1940; Marez
Oyens 1940; Moore and Teichert 1978; Chen and Yao 1993;
Jell and Willink 1993; Webster and Jell 1993; Webster and
Sevastopulo 2007; Webster and Donovan 2012; Webster
et al. 2009a, ¢, 2022; Webster 2012a; Mao et al. 2018),
Australia and Oceania (Australia, Tasmania; M’Coy 1847;
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Sieverts-Doreck 1942; Teichert 1949, 1954; Webster 1987,
1990; Willink 1978, 1979a, b, 1980; Webster and Jell 1992,
1999; Teichert and Webster 1993), South America (Bolivia;
Strimple and Moore 1971; Burke and Pabian 1978) and
North America (Canada, Mexico, USA; Weller 1930; Moore
1939; Moore and Plummer 1940; Lane and Webster 1966;
Webster and Lane 1967, 2007; Strimple 1971; Pabian and
Strimple 1974; Webster et al. 2009b). In addition, Valette
(1934), Termier and Termier (1949, 1958, 1977) and Lane
(1979) documented two camerates and two mespilocrinid
flexibles from the Wordian (Guadalupian) at Djebel Tebaga,
Tunisia (North Africa).

In Europe, complete or nearly complete (possessing cups
and/or crowns) Permian crinoids have come from Norway,
Russia, Italy, and Greece. Holtedahl (1911), based on an ar-
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ticulated cup from lower Permian of Spitsbergen (Norway),
erected Platycrinites spitzbergensis. However, Gorzelak et
al. (2013) noted that this species is exclusively known from
the Carboniferous. From lower Permian of the same area
Gorzelak et al. (2013) described a nearly complete specimen
assigned to Catacrinidae gen. indet. Yakovlev (1926, 1927,
1930), Yakovlev and Ivanov (1956) and Arendt (1968, 1970)
mentioned several upper Permian crinoid taxa from some ar-
eas in the Urals of Russia (Krasnoufimsk city, Pechora Basin,
KolvaRiver). Additionally, Moore and Strimple (1978a, 1978b,
respectively) indicated the presence of Apographiocrinus and
Metallagecrinus in the upper Permian strata of the European
part of Russia, although they did not specify the exact local-
ity. Gregorio (1930), Yakovlev (1934), Ramovs and Sieverts-
Doreck (1968), and Strimple and Sevastopulo (1982) recorded
several crinoids from the upper Permian, including microcri-
noids from Italy (Sicily). Webster (2012b) described five new
taxa from the lower Permian of Greece (Crete) and concluded
that at the generic level the fauna had greater affinity with
North America than with the fauna from Timor.

The presence of crinoid ossicles in lower Permian of
Slovenia have been noted by Ramovs$ and Sieverts-Doreck
(1968), Ramovs and Kochansky-Devide (1979) and Novak
and Skaberne (2009). Ramovs and Sieverts-Doreck (1968)
mentioned Palermocrinus jaekeli, Entrochus sp. 1, Entrochus
sp. 2, “Poteriocrinus” sp. indet. and identified a new species,
Palermocrinus togatus Ramovs & Sieverts-Doreck, 1968
(see also Lach et al. 2013). Unfortunately, all of them were
documented from only fragments of stems, and their value
has been questioned (see also e.g., Lane and Webster 1980;
Holterhoff 1997). Additionally, Gorzelak et al. (2013) noted
that such isolated ossicles are common and widespread in
Permian rocks. Nonetheless, an artificial (parataxonomic)
classification scheme based on isolated columnals and plu-
ricolumnals has been established and used mainly for the
biostratigraphic purposes (e.g., Moore and Jeffords 1968;
Donovan 1986, 1989, 1995; Gluchowski 2002 and literature
cited therein).

Here, for the first time, we systematically evaluate cri-
noids known from the lower Permian (Cisuralian, Artin-
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skian) of Slovenia. Identified taxa include the following:
Dieuryocrinus? sp., Parastachyocrinus sloveniaensis sp.
nov., Karavankecrinus bedici gen. et sp. nov., Moapacrinus
dovjensis sp. nov., Sinocrinus websteri sp. nov., and Proten-
crinus baliensis Webster, 2012b. In additional, several other
taxa left in open nomenclature are discussed; and the genus
Parastachyocrinus Wanner, 1949, is re-evaluated with one
new species from Timor described.

The majority of known Permian crinoids are from Timor,
where the chronostratigraphic position of crinoid occurrences
is basically unresolved (Webster and Jell 1992, 1999; Webster
1998a, b; Charlton et al. 2002). Thus, description of new Per-
mian crinoid faunas from sections with well-defined chro-
nostratigraphy is especially important in order to understand
the temporal, palacoenvironmental, and palaeogeographic
history of crinoids leading up to Permian extinctions, during
which crinoids nearly underwent total extinction.

Institutional abbreviations—CrdKap, Geologisch-Paldon-
tologisches Institut, Freiburg im Breisgau, Germany; GMJ:
PAL, Upper Sava Museum, Jesenice, Slovenia; PMSLJ, Slo-
venian Museum of Natural History, Ljubljana, Slovenia;
RGM, Naturalis Biodiversity Center, Leiden, Netherlands.

Other abbreviations—ACH, aboral cup height; ACW, aboral
cup width; CaW, calyx width.

Nomenclatural acts.—Thispublished work and thenomencla-
tural acts it contains have been registered in ZooBank: urn:1-
sid:zoobank.org:pub:D6FB3782-2A7F-4ABD-97BD-A65F-
FCAFBS872.

Geological and stratigraphical
setting

The outcrops of the upper Paleozoic (upper Carboniferous—
lower Permian) fossiliferous shallow marine deposits in
the Southern Karavanke Mountains are scattered between
Sol¢ava and Kranjska Gora (Fig. 1). The lower Permian

Table 1. List of crinoidal remains stored in Upper Sava Museum Jesenice collected by Joze Bedi¢ (Jesenice, Slovenia).

Specimen number Taxon Description Figures
GMIJ:PAL-0000011 Karavankecrinus bedici gen. et sp. nov. cup on slab Fig. 4E
GMJ:PAL-0000002 Protencrinus baliensis cup on slab Fig. 5C
GMIJ:PAL-0000014a Moapacrinus dovjensis sp. nov. cup Fig. 4D
GMIJ:PAL-0000014b Eucladida indet. A cup Fig. 5SA
GMJ:PAL-0000014c Parastachyocrinus sloveniaensis sp. nov. cup Fig. SD
GMJ:PAL-0000014d Crinoidea indet. cup not illustrated herein
GMIJ:PAL-0000369 Parastachyocrinus sloveniaensis sp. nov. cup Fig. 4C
GMIJ:PAL-0000371 Parastachyocrinus sloveniaensis sp. nov. | cup on slab Fig. 4F
GMJ:PAL-0000373a Crinoidea indet. basal Fig. 5E
GMIJ:PAL-0000373b Crinoidea indet. basal Fig. 5F
GMJ:PAL-0000372 Crinoidea indet. arm portion Fig. 4A
GMIJ:PAL-0000370 Crinoidea indet. arm portion Fig. 4B
GMJ:PAL-0000368 Dieurycrinus? sp. calyx Fig. 5G
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Fig. 1. Location of the crinoid locality within Slovenia (A, C). Index map the outcrops of lower Permian (Trogkofel Group) clastic-carbonate beds in
Southern Karavanke Mountains (Slovenian part) study area indicated by the rectangle (B).

beds are best exposed north of Trzi¢, in the famous fossil
site of the Dovzanova soteska and Jelendol Valleys (Novak
and Skaberne 2009; Novak et al. 2019). To the west of the
Southern Karavanke Mountains, the lower Permian beds are
mainly exposed in Javorniski Rovt and Pristava and between
Crni vrh and Dovje villages (Novak and Skaberne 2009).
On the opposite side of Sava Valley in the Julian Alps, small
outcrops are present in the vicinity of Kranjska Gora and
also farther west toward the Slovenian-Italian border. In the
Trogkofel Beds (after Ramovs and Kochansky-Devide 1979)
from some of these localities, Artinskian microfossils have
been noted (such as fusulinid foraminifera and dasyclad-
acean algae), as well as ossicles of the crinoid Palermocrinus
togatus (Ramovs and Kochansky-Devide 1979; Novak and
Skaberne 2009) and some scattered macrofossils.

The lithostratigraphic subdivision of the lower Permian
rocks in the Southern Karavanke Mts. is comprised of the
Rattendorf Group and Trogkogel Group (base to top) (No-
vak and Skaberne 2009; Fig. 2). The Trogkofel Group, with
a maximum of thickness 400 meters, consists of carbonate
and clastic sediments. The carbonates include light-grey,
dark-red, and rose-red reefal fossiliferous limestones and
fore-reef limestone breccias in some parts. The Trogkofel
Limestone is massive to thick-bedded and fossiliferous. The

clastic sediments include the alternation of dark to light-
grey shales, siltstones, and sandstones with rare conglom-
erate beds (Novak and Skaberne 2009). Within this clastic
succession, layers or lenses of dark-grey to black biosparitic,
biomicritic, and oolitic limestones and limestone breccias
also occur with a biota that includes rock-forming algae,
fusulinids, brachiopods, rare corals, and crinoids (Novak
and Skaberne 2009). The age of the Trogkofel Group (with
the Trogkofel Limestone) in Southern Karavanke is middle
to late Artinskian (Novak and Skaberne 2009).

An outcrop exposed near Dovje (Vogrije in local di-
alect; Fig. 1), consisting of dark-grey limestones and al-
ternating light-grey shales and siltstones, along the forest
road between Dovje and Plavski Rovt, has yielded crinoids
of Artinskian age (Novak and Skaberne 2009; Kriznar
2022; Matijaz Novak, personal communication 2023). The
exposed beds are very fossiliferous (fossiliferous cherts)
containing disarticulated crinoid remains. The associated
fauna includes productid and spiriferid brachiopods, bi-
valves, gastropods, larger foraminifera (fusulinids), algae
(Shamovella—Archaeolithoporella), and bryozoans (fenestel-
lid bryozoans). Rare vertebrate remains of chondrichthyan
teeth bases of genus Petalodus was previously described by
Kriznar (2022) from these beds.
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The succession of Trogkofel Group beds in the vicinity
of Dovje indicates open marine sedimentary environments.
Trogkofel Beds are interpreted as shelf margin reefs, with
shallow platform deposits (fossiliferous bedded limestones)
and the upper slope platform (with breccia sedimentation)
environment (Novak and Skaberne, 2009). No complete cri-
noids have been noted, suggesting that all samples contain
material that was transported.

Material

The entire Slovenian collection from the Dovje area (see
Fig. 1, Tables 1 and 2) consists of one partial calyx, 11
cups, two isolated basal or infrabasal circlets, two partly
preserved arm portions, and several hundreds of columnals
and pluricolumnals (only a few of the latter are illustrated
herein) (Figs. 3-5).

Two cups and several hundreds of columnals and plu-
ricolumnals are stored in Palacontological collections of
the Slovenian Museum of Natural History (Prirodoslovni
muzej Slovenije), Ljubljana, and acronymed as PMSLJ Ba
(Table 2). Several columnals and pluricolumnals have not
yet been registered.

Classification and terminology—Ordinal and superordinal
classification of crinoids follows Cole (2017, 2018), Wright
(2017a, b), and Wright et al. (2017). Family-level classification
of crinoids follows Moore and Teichert (1978). Morphologic
terminology for crinoids is from Webster (1974), Ubaghs
(1978a), Kammer et al. (2013), Webster and Maples (2008),
Ausich et al. (2020), and Ausich and Donovan (2023). A, B, C,
D, and E represent echinoderm rays following the Carpenter
Ray system (see Ubaghs 1978a: T63).

All measurements in mm; * after a measurement indi-
cates the specimen is crushed or the feature is incomplete.

Systematic palacontology

Class Crinoidea Miller, 1821
Infraclass Eucamerata Cole, 2017
Subclass Camerata Wachsmuth & Springer, 1885
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Fig. 2. Upper Permian lithostratigraphy of western part of Southern Kara-
vanke Mountains, correlated with the subdivision and the standard zo-
nation in the Carnic Alps (Austria) and with the stratigraphic position of
studied crinoids in Trogkofel Group beds near Dovje (adopted after Novak
and Skaberne 2009).

Order Monobathrida Moore & Laudon, 1943
Suborder Glyptocrinina Ubaghs, 1978b
Superfamily Platycrinitoidea Austin & Austin, 1842
Family Platycrinitidae Austin & Austin, 1842
Platycrinitidae indet.

Fig. 3A.

Material —PMSLJ Ba381; well-preserved columnal on a
bedding surface; Trogkofel Group, Permian (middle to up-
per Artinskian), near Dovje, Slovenia.

Table 2. List of crinoidal remains stored in Slovenian Museum of Natural History, Ljubljana, collected by Jozef Bati¢ (Kranj, Slovenia) and

unknown collectors.

Specimen number Taxon Description Figures
PMSLJ Ba373 Sinocrinus websteri sp. nov. cup Fig. 5B
PMSLJ Bal744 Crinoidea indet. cup on slab not illustrated herein
PMSLJ Ba370 Crinoidea indet. columnal Fig. 3A
PMSLJ Ba369 Crinoidea indet. columnal Fig. 3B
PMSLJ Ba374 Crinoidea indet. columnals+pluricolumnals Fig. 3D
PMSLJ Ba381 Crinoidea indet. columnals+pluricolumnals Fig. 3F
PMSLJ Ba381 Crinoidea indet. pluricolumnal Fig. 3E
PMSLJ Ba381 Crinoidea indet. pluricolumnal Fig. 3C
PMSLJ Ba381 Crinoidea indet. pluricolumnal Fig. 3G
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Fig. 3. Crinoid columnals and pluricolumnals from Dovje, Slovenia, lower Permian, Cisuralian, Artinskian. A. Multiple columnals and one pluricolumnal;
Platycrinitidae indet., PMSLJ Ba381. B. PMSLJ Ba381, crinoid pluricolumnal, articulation surface of one columnal (B;), pluricolumnal in lateral view
(B,). C. PMSLJ Ba381, pluricolumnal with moldic preservation. D. PMSLJ Ba369, articular facet. E. PMSLJ Ba370, articular facet. F. PMSLJ Ba374,
pluricolumnal with associated plates from radices. G. PMSLJ Ba381, crinoid pluricolumnal, articulation surface of one columnal (G,), pluricolumnal in

lateral view (G,). Scale bars 10 mm.

Remark—On a small limestone piece, crinoid columnals
and pluricolumnals, brachiopods, and bryozoans are pre-
served (Fig. 3A). One columnal on this piece is elliptical
and has the articular ridge oriented symmetrically along the

widest portion of the columnal facet. This columnal has a
maximum diameter of 12.6 mm and a minimum diameter of
7.4 mm, and it belongs to the Platycrinitidae. Such columnals
were once regarded as diagnostic for the genus Platycrinites.
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However, now this basic columnal morphology is recognized
as a family character for the Platycrinitidae (Ausich and
Kammer 2009). During the Permian, this form of columnal
could belong to Platycrinites Miller, 1821; Neoplatycrinus
Wanner, 1916; or Pleurocrinus Austin and Austin, 1843.

Subclass Pentacrinoidea Jaekel, 1894

Infraclass Inadunata Wachsmuth & Springer, 1885
Parvclass Cladida Moore & Laudon, 1943
Magorder Eucladida Wright, 2017a

Superorder Flexibilia Zittel, 1895

Order Sagenocrinida Springer, 1913

Superfamily Sagenocrinoidea Roemer, 1854
Family Euryocrinidae Moore & Strimple, 1973
Genus Dieuryocrinus Wright, 1954

Type species: Euryocrinus duplex Wright, 1942, by original designa-
tion. Coplow Knoll, Clitheroe, UK; Mississippian (upper Tournaisian).

Stratigraphic and geographic range—Viséan, Mississip-
pian, Carboniferous, UK and questionably Artinskian, Cis-
uralian, Permian, Slovenia.

Dieuryocrinus? sp.
Fig. 4A.

Material —GMJ:PAL-0000368, well-preserved partial ca-
lyx; Trogkofel Group, Permian (middle to upper Artinskian),
near Dovje, Slovenia.

Description—Calyx large in size; flat cone shape; plates
flat to gently convex, smooth plate sculpturing. Infrabasal
circlet plate and basal plate circlets not preserved and only
distal-most portion of two radial plates visible. CD inter-
ray unknown. Regular interrays with one relatively small,
pentagonal first interradial plate supporting two interradial
plates above, regular interray plating 1-2-2-2-2-2-2-7; in-
terray plates above the first interradial plate are hexagonal
and diminish in size distally. Oral surface and anal sac
unknown. Brachials fixed through at least the fifth secundi-
brachial. First secundibrachial hexagonal, wider than high;
second primibrachial axillary, heptagonal, wider than high.
Fixed secundibrachials wider than high. Fixed intrabrachi-
als present between fixed secundibrachials, arranged 1-2-2-
2-2-?. Free arms and column unknown.

Measurements.—CaW, 8.9%.

Remarks.—Previously, Dieuryocrinus was only known from
Viséan strata of the United Kingdom, so if this questioned
generic assignment proves correct, this Slovenian occurrence
greatly expands the temporal and geographic range of this ge-
nus. The generic assignment is questioned because only a par-
tial crown of Dieuryocrinus? sp. is preserved. Taxonomically
useful attributes of this specimen are a low to flat bowl-
shaped calyx, fixed calyx plates through at least the proximal
tertibrachials, two primibrachials, three or more secundibra-
chials, absence of patelloid processes on fixed brachial plates,
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first interradial plate followed by two columns of interradial
plates, and fixed intrabrachial plates separating second se-
cundibrachials and higher fixed brachials. Important mor-
phological information missing on this specimen is the nature
of the proximal column, plating in the posterior interray, ex-
tent of fixed brachials, and characters of the free brachials.

Most Permian flexible crinoids belong to specialized
clades, such as the Calycocrinidae, Mespilocrinidae, Palaco-
holopidae, and Prophyllocrinidae. This flexible crinoid
from Slovenia is more typical of Permian Sagenocrinitoidea
with numerous fixed brachials and intrabrachial plates.
Previously four sagenocrinitoid genera have been described
from Permian strata note, as listed in Webster and Webster
(2014), Forbesiocrinus siculus Gregario, 1930, does not be-
long to the Forbesiocrinus).

The Slovenian flexible crinoid is most similar to two
genera in the Euryocrinidae: Caldenocrinus Wright, 1946,
and Dieuryocrinus Wright, 1954 (both Viséan, Scotland)
that lack patelloid processes and have both interradial and
intrabrachial plates. With a double row of interradial plates
and several intrabrachial plates, this flexible crinoid is most
similar to Dieuryocrinus and is assigned to Dieuryocrinus?
sp., which may extend the range of this genus into the lower
Permian. The generic assignment is questioned and a spe-
cies is not named because key morphological characters of
this taxon remain unknown.

Superorder Cyathoformes Wright et al., 2017

Cyathoformes incertae sedis “Poteriocrinida”
Jaekel, 1918

Superfamily Erisocrinoidea Wachsmuth & Springer,
1886

Family Stachyocrinidae Moore & Strimple, 1973

Remarks.—Moore and Strimple (1973: 22) erected the
Stachyocrinidae to include erisocrinoids with a cylindrical
to ovoid crown, low bowl to saucer-shaped aboral cups with
a shallow basal concavity, proximal tips of the radial plates
reaching the basal plate or well above it, primanal not vis-
ible from the exterior of the cup in lateral view, ten arms
with rectilinear uniserial brachials, and a circular proxi-
mal column. They included Stachyocrinus Wanner, 1916,
and Parastachyocrinus Wanner, 1937, with Stachyocrinus
having aboral cups with the basal plates not visible in lat-
eral view, whereas the basal plates are clearly visible in
Parastachyocrinus.

Two specimens (Fig. 5C and F) from the Trogkofel
Group are placed in the Stachyocrinidae because they have
a very low bowl-shaped aboral cup with infrabasals partly
in a shallow basal concavity and not visible in lateral view,
modestly convex basal plates, plenary radial facets, and no
posterior plates visible in lateral view of the aboral cup. This
new material is placed within Parastachyocrinus because
the basal plates are not confined to the base of the aboral cup
and are visible in lateral view.
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Fig. 4. Crinoids from Dovje, Slovenia, lower Permian, Cisuralian, Artinskian. A. Crinoidea indet. GMJ:PAL-0000373a, infrabasal circlet in basal view.
B. Parastachyocrinus sloveniaensis sp. nov., GMJ:PAL-0000014c¢, aboral cup in basal view. C. Protencrinid Protencrinus baliensis Webster, 2012b,
GMIJ:PAL-0000002, aboral cup in basal view. D. Crinoidea indet. GMJ:PAL-0000373Db, infrabasal circlet in basal view. E. Euryocrinid Dieuryocrinus? sp.
GMIJ:PAL-0000368, an incomplete calyx in basal view. F. Erisocrinid Sinocrinus websteri sp. nov., holotype, PMSLJ Ba373, aboral cup in basal (F,) and
lateral (F,) views. G. Eucladid indet. A, GMJ:PAL-0000014b, aboral cup in basal (G,) and lateral (G,) views. Scale bars 10 mm.

As presently understood, species-level systematics within
Parastachyocrinus is very poorly defined and is revised
herein. First, species currently assigned to Parastachyocrinus
have a wide range of morphologies that would more typically
be indicative of more than one genus. Second, the morphol-
ogy of the type species requires emphasis.

Intheinitial description of Erisocrinus malaianus Wanner,
1924, two morphotypes were illustrated (“Exemplar a” and
“Exemplar b”). “Exemplar a” has very convex and/or spinose
basal and radial plates (Wanner 1924: pl. 18: 25-27), and he
referred to this specimen as the holotype (herein “Exemplar
a” of Erisocrinus malaianus Wanner, 1924, is regarded as the

holotype of the type species of Parastachyocrinus). Wanner
(1924: pl. 18: 22-24) illustrated a second morphology as
“Exemplar b”. This specimen has an aboral cup of similar
shape to “Exemplar a”, but the aboral cup plates are only
moderately convex and nodes and spines are absent. Wanner
(1924) also described Erisocrinus obliquus and illustrated
five specimens (“Exemplar a” to “Exemplar d”). As noted
below, Erisocrinus obliquus was subsequently reassigned to
Parastachyocrinus.

In 1949, Wanner erected Parastachyocrinus, desig-
nated Erisocrinus malaianus Wanner, 1924, as its type
species, and listed Wanner (1924: pl. 18: 22-27), both
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Fig. 5. Crinoids from Dovje, Slovenia, lower Permian, Cisuralian, Artinskian. A. GMJ:PAL-0000372, incomplete arms of a eucladid crinoid in lateral
view (A1, A,). B. GMJ:PAL-0000370, incomplete arms of a eucladid crinoid in lateral view (B, B,). C. Stachyocrinid Parastachyocrinus sloveniaensis
sp. nov., holotype, GMJ:PAL-0000369, aboral cup in oral (C;), lateral (C,), and basal (C;) views. D. Cromyocrinid Moapacrinus dovjensis sp. nov.,
GMJ:PAL-0000014a, aboral cup in basal (D,) and lateral (D,) views. E. Stachyocrinid Karavankecrinus bedici gen. et sp. nov., GMJ:PAL-0000011, cup

in basal view. F. Stachyocrinid Parastachyocrinus sloveniaensis sp. nov., paratype, GMJ:PAL-0000371, aboral cup in lateral (F;) and basal (F,) view.
Scale bars 10 mm.
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“Exemplar a” and “Exemplar b” to refer to the morphology
of Parastachyocrinus malaianus. However, Wanner (1949)
did not re-illustrate “Examplar a”. Instead, he illustrated
five additional specimens of P. malaianus, “Exemplar ¢” to
“Exemplar g” (Wanner 1949: pl. 3: 10-17). He also intro-
duced P. malaianus var. ornata (Wanner 1949: pl. 3: 18-19),
which was subsequently corrected to P. malaianus ornatus
by Webster and Webster (2014).

Also in 1949, Wanner reassigned Erisocrinus granulatus
Wanner, 1924, and Erisocrinus obliguus Wanner, 1916, to
Parastachyocrinus and named the new species P. inflatus
Wanner, 1949. Finally, Moore et al. (1978: fig. 475.1) illus-
trated two specimens of P. malaianus, “Exemplar a” and
“Exemplar c¢”, which are very dissimilar in morphology, but
designated “Exemplar a” as the “holotype” in the figure ex-
planation.

In summary, Webster and Webster (2014) recognized
five species-level taxa in Parastachyocrinus, and two new
species are recognized herein.

Genus Parastachyocrinus Wanner, 1949
Type species: Erisocrinus malaianus Wanner, 1924. Unknown series
of Permian, Timor.

Included species: Parastachyocrinus granulatus (Wanner, 1924),
Parastachyocrinus inflatus Wanner, 1949; Parastachyocrinus malai-
anus (Wanner, 1924), Parastachyo crinusobliquus (Wanner, 1916),
Parastachyocrinus ornatus Wanner, 1949; Parastachyocrinus wanneri
sp. nov.; Parastachyocrinus sloveniaensis sp. nov.

Remarks.—Even with the revisions proposed herein,
some morphological variability exists within species of
Parastachyocrinus. Species diagnostic characters, as listed
below for each species, are aboral cup symmetry, aboral
cup shape, aboral cup outline in basal view, aboral cup plate
sculpturing, degree of depression along the aboral cup su-
tures, presence or absence of a basal concavity, whether in-
frabasal plates are confined to the basal concavity, whether
infrabasal plates are visible in lateral view, relative convex-
ity of basal plates, presence or absence of spines or nodes on
basal plates, radial plate convexity, and presence or absence
of spines or nodes on radial plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor; Artinskian, Permian, Slovenia.

Parastachyocrinus malaianus (Wanner, 1924)

1924 Erisocrinus malaianus sp. nov. “Exemplar a”; Wanner, 1924:
291, pl. 18, figs. 25-27.

1943 Erisocrinus malaianus Wanner, 1924, in part; Bassler and Mood-
ey 1943: 459.

1948 Erisocrinus malaianus, Wanner, 1924, in part; Branson 1948: 192.

1949 Parastachyocrinus malaianus, (Wanner, 1924), in part; Wanner
1949: 44.

1973 Parastachyocrinus malaianus, (Wanner, 1924), in part, Webster
1973: 195.

1978 Parastachyocrinus malaianus, (Wanner, 1924), in part; Moore et
al. 1978: T720, fig. 475.1.

2014 Parastachyocrinus malaianus (Wanner, 1924), in part; Webster
and Webster 2014: 2014.
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Holotype: RGM.873646, illustrated by Wanner (1924: pl. 18: 25-27.
Type locality: Basleo, West Timor.
Type horizon: Permian (uncertain series).

Emended diagnosis.—Aboral cup symmetrical, aboral cup
shape very low bowl, subcircular aboral cup shape in basal
view, smooth aboral cup plate sculpturing, aboral cup plate
sutures strongly impressed, basal concavity present, in-
frabasal plates not confined to basal concavity, infrabasal
plates not visible in lateral view, basal plates strongly con-
vex, spines or nodes present or absent on basal plates, radial
plates strongly convex, spines or nodes present or absent on
basal plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus granulatus (Wanner, 1924)

1924 Erisocrinus granulatus sp. nov. “Exemplar a”, Wanner 1924: 290,
pl. 18: 28-30; pl. 19: 5.

1943 Erisocrinus granulatus Wanner, 1924; Bassler and Moodey 1943:
459.

1948 Erisocrinus granulatus Wanner, 1924; Branson 1948: 192.

1949 Parastachyocrinus granulatus (Wanner, 1924); Wanner 1949: 42.

1973 Parastachyocrinus granulatus (Wanner, 1924); Webster 1973: 195.

2002 Erisocrinus granulatus Wanner, 1924; Pabian and Rushlau 2002:
23.

2014 Parastachyocrinus granulatus (Wanner, 1924); Webster and Web-
ster 2014: 2014.

Holotype: RGM.873914, illustrated by Wanner (1924: pl. 18: 28-30).

Type locality: Basleo, West Timor.

Type horizon: Permian (uncertain series).

Emended diagnosis.—Aboral cup asymmetrical, aboral cup
shape medium bowl, subcircular aboral cup shape in basal
view, granulose aboral cup plate sculpturing, aboral cup
plate sutures slightly impressed, basal concavity present,
infrabasal plates not confined to basal concavity, infrabasal
plates not visible in lateral view, basal plates moderately
convex, spines or nodes not on basal plates, radial plates
moderately convex, spines or nodes not on basal plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus inflatus Wanner, 1949

1949 Parastachyocrinus inflatus sp. nov.; Wanner 1949: 42, pl. 3: 20-21.

1973 Parastachyocrinus inflatus Wanner, 1949; Webster 1973: 195.

2014 Parastachyocrinus inflatus Wanner, 1949; Webster and Webster
2014:2014.

Holotype: RGM.892856, illustrated by Wanner (1949: pl. 3: 20-21).

Type locality: Basleo, West Timor.

Type horizon: Permian (stage uncertain).

Emended diagnosis.—Aboral cup symmetrical, aboral cup
shape very low bowl, pentalobate aboral cup shape in basal
view, smooth aboral cup plate sculpturing, aboral cup plate
sutures very strongly impressed, basal concavity present,
infrabasal plates confined to basal concavity, infrabasal
plates not visible in lateral view, basal plates very strongly
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convex, spines or nodes not on basal plates, radial plates
very strongly convex, spines or nodes not on basal plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus obliquus (Wanner, 1916)

1916 Erisocrinus obliquus sp. nov. “Exemplar a”’; Wanner 1916: 225,
pl. 103(8): 10a—c.

1924 Erisocrinus obliguus Wanner, 1916 “Exemplar b”’; Wanner 1924:
288, pl. 18: 20; text-fig. 56.

1924 Erisocrinus obliquus Wanner, 1916 “Exemplar ¢”’; Wanner 1924:
288, pl. 18: 18-19.

1924 Erisocrinus obliquus Wanner, 1916 “Exemplar d”’; Wanner 1924:
288, pl. 18: 17.

1924 Erisocrinus obliguus Wanner, 1916 “Exemplar ¢”; Wanner 1924:
288, pl. 18: 20, 21.

1943 Erisocrinus obliqguus Wanner, 1916; Bassler and Moodey 1943:
459.

1948 Erisocrinus obliquus Wanner, 1916; Branson 1948: 192.

1949 Parastachyocrinus obliquus (Wanner, 1916); Wanner 1949: 42.

1964 Erisocrinus obliquus Wanner, 1916; Sant in Sant and Lane: 1964:
65, fig. 23.1

1973 Parastachyocrinus obliquus (Wanner, 1916); Webster 1973: 195.

2014 Parastachyocrinus obliquus (Wanner, 1916); Webster and Web-
ster 2014: 2014-2015.

Holotype: RGM.873661, illustrated by Wanner (1916: pl. 103(8):
10a—c).

Type locality: Basleo, West Timor.

Type horizon: Permian (uncertain series).

Emended diagnosis.—Aboral cup asymmetrical; aboral
cup shape low cone, very low bowl, low bowl, or low urn;
subpentagonal aboral cup shape in basal view (as known);
smooth aboral cup plate sculpturing; aboral cup plate su-
tures slightly or moderately impressed or not impressed;
basal concavity present or absent(?); infrabasal plates not
confined to basal concavity; infrabasal plates visible in lat-
eral view; basal plates slightly to moderately convex; spines
or nodes not on basal plates; radial plates slightly to moder-
ately convex; spines or nodes not on basal plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus ornatus Wanner, 1949

1949 Parastachyocrinus malaianus var. ornata var. nov.; Wanner
1949: 45, pl. 3: 18-19.

1973 Parastachyocrinus malaianus var. ornata Wanner, 1949; Webster
1973: 195.

2014 Parastachyocrinus malaianus ornatus (nomen correctum) (Wan-
ner, 1949); Webster and Webster 2014: 2014.

Holotype: Holotype not located, well preserved aboral cup illustrated
by Wanner (1949: pl. 3: 18-19).

Type locality: Timor.
Type horizon: unknown series of Permian.

Emended diagnosis.—Aboral cup symmetrical, aboral cup
shape low bowl, subcircular aboral cup shape in basal view,
granulose? aboral cup plate sculpturing, aboral cup plate su-
tures slightly impressed, basal concavity present, infrabasal
plates not confined to basal concavity, infrabasal plates
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not visible in lateral view, basal plates moderately convex,
spines or nodes not on basal plates, radial plates moderately
convex, spines or nodes not on basal plates.

Remarks.—The subspecies Parastachyocrinus malaianus
ornatus (Wanner, 1949) is elevated herein to species rank
Parastachyocrinus ornatus.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus wanneri sp. nov.

1949 Parastachyocrinus malaianus Wanner, 1924, “Exemplar ¢”; Wan-
ner 1949: pl. 3: 10-11.

1949 Parastachyocrinus malaianus, “Exemplar d”; Wanner 1949: pl.
3:12.

1949 Parastachyocrinus malaianus, “Exemplar ¢”; Wanner 1949: pl.
3:13.

ZooBank LSID: urn:lsid:zoobank.org:act:95SB7DCDE-897F-427E-AE

7A-09C679348E62.

Etymology: In recognition of Johannes Wanner (1878-1959), whose
extensive work on Permian crinoids of Timor has been instrumental in
our understanding of crinoids from the late Paleozoic.

Holotype: Holotype not located, “Exemplar ¢” illustrated by Wanner
(1949: pl. 3: 10-11).

Type locality: Timor.

Type horizon: Unknown series of Permian.

Diagnosis.—Aboral cup symmetrical, aboral cup shape low
to medium bowl, circular to subcircular aboral cup shape
in basal view, smooth aboral cup plate sculpturing, aboral
cup plate sutures not impressed, basal concavity absent (as
known), infrabasal plates confined(?) or not confined to
basal concavity, infrabasal plates visible or not visible in
lateral view, basal plates slightly to strongly convex, spines
or nodes not on basal plates, radial plates slightly to strongly
convex, spines or nodes not on basal plates.

Stratigraphic and geographic range—Unknown series of
Permian, Timor.

Parastachyocrinus sloveniaensis sp. nov.
Figs. 4B, 5C, F.

1924 Erisocrinus malaianus, “Exemplar b”; Wanner 1924: 290, pl. 18:
22-24.

1943 Erisocrinus granulatus Wanner, 1924, in part; Bassler and Moo-
dey 1943: 459.

1948 Erisocrinus granulatus Wanner, 1924, in part; Branson 1943:
192.

1949 Erisocrinus malaianus Wanner, 1924 “Exemplar f; Wanner
1924: 290, pl. 3: 14.

1949 Erisocrinus malaianus Wanner, 1924 “Exemplar g”; Wanner
1924: 290, pl. 3: 15-17.

1973 Parastachyocrinus malaianus Wanner, 1924, in part; Webster
1973: 195.

2014 Parastachyocrinus malaianus Wanner, 1924, in part; Webster and
Webster 1973: 2014.

ZooBank LSID: urn:lsid:zoobank.org:act:105458F9-A6EA-4AAB-BB
C8-00640946DDD2.

Etymology: After Slovenia, from where the species is recognized.
Type material: Holotype: GMJ:PAL-0000369, moderately preserved
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aboral cup. Paratype: GMJ:PAL-0000371, moderately preserved ab-
oral cup.

Type locality: Near Dovje, Slovenia.

Type horizon: Trogkofel Group, Permian, Cisuralian, middle to upper
Artinskian.

Material —Type material and PMSLJ Ba373, moderately
preserved aboral cup from the type locality and horizon.

Diagnosis.—Aboral cup symmetrical, aboral cup shape
very low bowl, circular to subcircular to subpentalobate
aboral cup shape in basal view, smooth aboral cup plate
sculpturing, aboral cup plate sutures slightly to moderately
impressed, basal concavity present (as known), infrabasal
plates not confined to basal concavity (as known), infrabasal
plates not visible in lateral view, basal plates slightly to mod-
erately convex, spines or nodes not on basal plates, radial
plates slightly to moderately convex, spines or nodes not on
radial plates.

Measurements.—GMI:PAL-0000369: ACH, 19.0;, ACW,
~40.0; GMJ:PAL-0000371: ACW, 40.0*.

Description.—Aboral cup symmetrical very low bowl shape,
circular to subcircular aboral cup shape in basal view, height
width ratio ~0.42; plates broadly convex, smooth sculpturing,
plate sutures slightly to moderately impressed. Infrabasal cir-
clet confined to a shallow basal concavity, proximal column
covers ~50% of infrabasal circlet, not visible in lateral view;
infrabasal plates five, equal in size as known not confined
to basal concavity (as known). Basal circlet visible in lat-
eral view; basal plates five, pentagonal, smaller than radial
plates, wider than high, slightly to moderately convex, spines
or nodes not on basal plates. Radial plates presumably five,
pentagonal, ~2.0 times wider than high. Radial facets ple-
nary, horizontally oriented as known, articular ridge probably
across full width of facet, but other details of radial facet un-
known. No posterior interray plates in external wall of aboral
cup. Oral surface, anal sac, and arms unknown. Proximal
column circular, lumen circular, other details unknown.

Remarks.—Two specimens are definitely assigned to P. slo-
veniaensis sp. nov. Both are aboral cups, and most aboral
cup characters are known. Parastachyocrinus sloveniaensis
sp. nov. is a species of Parastachyocrinus with a symmet-
rical aboral cup and smooth aboral plate sculpturing. It is
differentitated from other Parastachyocrinus species with
these two attributes because P. malaianus has an aboral cup
shape very low bowl, subcircular aboral cup shape in basal
view, aboral cup plate sutures strongly impressed, basal
concavity present, infrabasal plates not confined to basal
concavity, infrabasal plates not visible in lateral view, basal
plates strongly convex, spines or nodes present or absent on
basal plates, radial plates strongly convex, spines or nodes
present or absent on basal plates; P. inflatus has an aboral
cup shape very low bowl, pentalobate aboral cup shape in
basal view, aboral cup plate sutures very strongly impressed,
basal concavity present, infrabasal plates confined to basal
concavity, infrabasal plates not visible in lateral view, basal
plates very strongly convex, spines or nodes not on basal

plates, radial plates very strongly convex, spines or nodes
not on basal plates; and P. wanneri has an aboral cup shape
low to medium bowl, circular to subcircular aboral cup
shape in basal view, aboral cup plate sutures not impressed,
basal concavity absent (as known), infrabasal plates con-
fined(?) or not confined to basal concavity, infrabasal plates
visible or not visible in lateral view, basal plates slightly to
strongly convex, spines or nodes not on basal plates, radial
plates slightly to strongly convex, spines or nodes not on
basal plates. In contrast, P. sloveniaensis sp. nov. has an ab-
oral cup shape very low bowl, circular to subcircular to sub-
pentalobate aboral cup shape in basal view, aboral cup plate
sutures slightly to moderately impressed, basal concavity
present (as known), infrabasal plates not confined to basal
concavity (as known), infrabasal plates not visible in lateral
view, basal plates slightly to moderately convex, spines or
nodes not on basal plates, radial plates slightly to moderately
convex, spines or nodes not on radial plates.

The plate structure of the aboral cup in Fig. 4B is un-
certain because of the lack of a defined infrabasal circlet
with defined infrabasal plates, which was definitely present.
It is not clear if individual infrabasal plates existed or if
infrabasal plates are fused. A more probable explanation
is that an isolated plate from another crinoid specimen is
lodged in the basal concavity and obscures the infrabasal
plates. Because of the similarity of the basal and radial
plates of Fig. 4B, this specimen is questionably assigned to
P. sloveniaensis sp. nov.

All three specimens attributed to Parastachyocrinus slo-
veniaensis sp. nov. appear to have been variously weathered,
so the plate sculpturing may be a question. However, plate
sculpturing is considered smooth until better specimens can
be collected.

Stratigraphic and geographic range.—Trogkofel Group,
Permian, Cisuralian, middle to upper Artinskian, near
Dovje, Slovenia.

Genus Karavankecrinus nov.

ZooBank LSID: urn:lsid:zoobank.org:act:FC74C6BA-D4BA-42C6-
809E-73AAC49BFC92

Type species: Karavankecrinus bedici gen. et sp. nov.; see below.

Etymology: In reference to the Karavanke Mountains, the part of the
Alps from which this new crinoid was collected.

Diagnosis.—As for the type species.

Remarks.— Karavankecrinus bedici gen. et sp. nov. is a very
distinctive eucladid crinoid because in at least two interrays a
basal plate and an interradial plate are in sutural contact, thus
separating adjacent radial plates. This occurs in many cri-
noids in the posterior interray only. However, this condition is
only common in Ordovician—Mississippian Rhodocrinitoidea
diplobathrid camerates. It is extremely rare in other clades.
An exception is the Permian flexible crinoid Trampidocrinus
Lane & Webster, 1966 from the Permian of Nevada, USA
(see Lane and Webster 1966: fig. 6, pl. 2; Moore 1978: fig.
353.3). A flexible crinoid identification cannot be confirmed
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because of the relatively few preserved characters, and none
are diagnostic for the Flexibilia. Almost uniformly, flexi-
ble crinoids have three infrabasal plates (one small and two
large). In Karavankecrinus gen. nov., the number and position
of infrabasal plates is unclear. Radiating “lines” that appear to
be sutures are present, but more than three (and not five) po-
tential sutures exist; and unlike the expectation these “lines”
are not oriented in the typical fashion in which they bisect the
superjacent basal plate. Thus, it is questioned whether these
“lines” represent sutures. Also, Trampidocrinus and many
other flexible crinoids have well-developed patelloid pro-
cesses between the radial plate and first primibrachial plate,
as well as between higher brachial plates. A patelloid process
is absent on the two, well-preserved radial plates on K. bedici
gen. et sp. nov. We are unaware of any eucladid crinoid that
has the radial plates separated in any interray except in the
posterior interray. Although the specimen is incompletely
known, this unique character justifies designation of a new
genus and species: K. bedici.

Stratigraphic and geographic range.—Permian, Cisuralian,
Artinskian, Slovenia.

Karavankecrinus bedici sp. nov.
Figs. 5E, 6B.

2013 Codiacrinacea Bather, 1890; Lach et al. 2013: 32, fig. 1.

ZooBank LSID: urn:1sid:zoobank.org:act:0BD46C5C-FCEC-4115-B43
B-93E5BFA30881.

Etymology: In honour of Joze Bedi¢ (1923-2002) (Jesenice, Slovenia),
who collected the holotype of this new species as well as some other
specimens considered in this study.

Holotype: GMJ:PAL-0000011; moderately preserved aboral cup.
Type locality: Near Dovje, Slovenia.

Type horizon: Trogkofel Group, Permian, Cisuralian, middle to upper
Artinskian.

Diagnosis.—Aboral cup very low to flat cone, infrabasal
circlet almost entirely covered by proximal columnal, in at

A
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least two interrays adjacent radial plates are separated by a
basal plate and first interradial plate in sutural contact.

Measurements.—ACW, 40.1.

Description.—Aboral cup very low to flat cone shape; plates
gently convex, smooth sculpturing. Infrabasal circlet almost
completely covered by proximal columnal, in shallow basal
concavity, not visible in lateral view. Individual infrabasal
plates very poorly defined. Basal circlet slightly visible in lat-
eral view; basal plates five, hexagonal or heptagonal CD basal
plate, smaller than radial plates, ~1.2 times wider than high;
each radial plate in sutural contact with an interradial plate
above (Fig. 6B). Radial plates five, pentagonal, ~2.0 times
wider than high, separated in all interrays. Radial facets ple-
nary, declivate, details of the radial facets unknown. CD in-
terray plating presumably with only the radianal plate in the
aboral cup. Radianal plate is directly above the CD basal plate
along a wide suture and separates the C and D radial plates. In
addition to the CD interray, plates in the radial circlet inter-
rupted in other interrays with the basal plate in sutural contact
with an interradial plate. Oral surface, anal sac, and arms un-
known. Proximalmost columnal circular, lumen pentalobate,
other details of column unknown.

Remarks.—The plating of this crinoid is highly unusual with
the radial circlet interrupted in at least two interrays. One
is presumed to be the CD interray, and if that is correct, the
other definite example is in the BC interray (Figs. SE, 6B).

Stratigraphic and geographic range.—Trogkofel Group,
Permian, Cisuralian, middle to upper Artinskian, near Dovje,
Slovenia.

Family Cromyocrinidae Bather, 1890
Genus Moapacrinus Lane & Webster, 1966

Type species: Moapacrinus rotundatus Lane & Webster, 1966. Nevada,
USA; Permian, Sakmarian?.

Included species: Moapacrinus cuneatus Webster & Jell, 1999; M.

Fig. 6. Plate drawings of the basal view of aboral cups. A. Protencrinid Protencrinus baliensis, GMJ:PAL-0000002, note the suture connection between
the infrabasal and radial plates that separate all adjacent basal plates. B. Stachyocrinid Karavankecrinus bedici gen. et sp. nov., PMSLJ Ba381, in two
interrays, not{e?} the suture connection between the basal plate and the first interradial plate that separate all adjacent radial plates.
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dovjensis sp. nov.; M. inornatus Webster & Lane, 1967; M. rotundatus
Lane & Webster, 1966.

Remarks.—Moapacrinus was originally erected to include,
among other things, eucladids with a very low bowl-shaped
aboral cup, plenary radial facets, and one anal plate (radianal)
partially in the aboral cup. Moapacrinus elexensis Pabian &
Strimple, 1993, has two posterior plates in the aboral cup
and is not considered, herein, a species Moapacrinus. Also,
Webster et al. (2009b) described Moapacrinus sp. nov. 1 and
Moapacrinus? sp. nov. 2 based on uncollectable specimens
from British Columbia, Canada. Neither specimen is suffi-
ciently preserved to confidently place them in Moapacrinus;
and, further, Moapacrinus? sp. nov. 2 appears to have two
posterior plates in the aboral cup. Because of morphological
differences and poor preservation, M. elexensis Pabian &
Strimple, 1993; Moapacrinus sp. nov. 1; and Moapacrinus?
sp. nov. are not considered in the discussion of M. dovjensis
sp. nov. below.

Stratigraphic and geographic range.—Carboniferous, Penn-
sylvanian, Kasimovian and Permian, USA; Permian, upper-
most Artinskian or lowermost Roadian, Australia; Permian,
Cisuralian, middle Sakmarian?, Oman; Permian, Cisurialian,
Asselian to Sakmarian, Slovenia.

Moapacrinus dovjensis sp. nov.
Fig. 5D.

1978 cup of sea lily; Ramovs 1978: 74, fig. 37.1.

ZooBank LSID: urn:lsid:zoobank.org:act:6FBF99D0-50F9-4A83-9D
DF-14BF50D84AS5F.

Etymology: In reference to the village of Dovje, Southern Karavanke
Mountains, Slovenia, which is close to the locality where this specimen
was collected.

Holotype: GMI:PAL-0000014a; moderately preserved aboral cup.
Type locality: Near Dovje, Slovenia.

Type horizon: Trogkofel Group, Permian, Cisuralian, middle to upper
Artinskian.

Diagnosis.—Very low bowl-shaped aboral cup shape, out-
line of aboral cup in basal view slightly elliptical; smooth?
aboral cup plate sculpturing; aboral cup plate sutures slightly
depressed; presence or absence of basal concavity unknown;
infrabasal circlet pentagonal; infrabasal plates not visible
in lateral view; basal plates slightly higher than wide, ori-
entation of distal basal plates angled upward, position of
the maximum width of the basal plates at base of aboral
cup; radial plate >2.5 times wider than high; radianal plate
large, pentagonal, ~50% below top of radial plates; CD basal
plate-radianal plate suture at an angle, arms unknown.

Measurements.—ACH. 19.7;, ACW, 35.8.

Description.—Aboral cup very low bowl-shaped, height
width ratio ~2.9, very slightly elliptical in outline from a
basal view; plates broadly convex, smooth sculpturing,
aboral cup plate sutures slightly impressed; presence or
absence of basal concavity unknown. Infrabasals circlet
pentagonal, not visible in lateral view, presumably five in-
frabasal plates. Basal plates five, hexagonal, smaller than

459

radial plates, slightly higher than wide, orientation of distal
basal plates angled upward, position of maximum width
of basal plates at the base of the aboral cup. Radial plates
presumably five, pentagonal, ~2.5 times wider than high.
Radial facets not known. CD interray plating with only ra-
dianal in aboral cup; radianal plate large, pentagonal, ~50%
below top of radial plates, angled suture between radianal
and CD interray plates. Oral surface, anal sac, arms, and
column unknown.

Remarks.—Moapacrinus dovjensis sp. nov. is known from
a single aboral cup with the infrabasal circlet missing.
However, the aboral cup shape and a single large posterior
interray plate align this specimen with Moapacrinus. This
new species is distinguished from species recognized herein
as members of Moapacrinus because M. cuneatus has an
outline of the aboral cup in basal view unknown; coarsely
nodose aboral cup plate sculpturing; aboral cup plate sutures
moderately to deeply impressed; basal concavity shallow;
infrabasal circlet shape unknown; infrabasal plates not vis-
ible in lateral view; basal plates ~1.3 times wider than high,
orientation of distal basal plates angled upward, position of
the maximum width of the basal plates near base of aboral
cup; radial plate ~1.8 times wider than high; radianal plate
large, hexagonal, ~50% below top of radial plates; CD basal
plate-radianal plate suture at an angle; distal primibrachial
and first secundibrachial do not form a projection; smooth
brachial sculpturing; brachials cuneate uniserial; M. inorna-
tus has an outline of the aboral cup in basal view slightly el-
liptical; smooth aboral cup plate sculpturing; aboral cup plate
sutures very slightly impressed; basal concavity narrow,
deep; infrabasal circlet pentalobate; distal tips of infrabasal
plates visible in lateral view; basal plates slightly wider than
high or equidimensional, orientation of distal basal plates
nearly vertical, position of maximum width of the basal
plates well above base of aboral cup; radial plate >2.0 times
wider than high; radianal plate large, hexagonal, ~67% be-
low top of radial plates; CD basal plate-radianal plate suture
horizontal; distal primibrachial and first secundibrachial
form a projection; smooth brachial sculpturing; and brachi-
als rectilinear uniserial; and M. rotundatus has an outline of
the aboral cup in basal view circular; aboral cup plate sculp-
turing variable, nearly smooth, coarse nodes, or irregular
wavy ridges; aboral cup plate sutures moderately impressed;
basal concavity narrow and deep; infrabasal circlet pentago-
nal; infrabasal plates not visible in lateral view; basal plates
wider than high, nearly vertical orientation of distal basal
plates, position of the maximum width of the basal plates
above the base of aboral cup; radial plate >2.0 times wider
than high; radianal plate large, pentagonal, ~50% below top
of radial plates; CD basal plate-radianal plate suture hori-
zontal; distal primibrachial and first secundibrachial do not
form a projection; transverse sculpturing on brachial; and
brachials rectilinear uniserial. In contrast, M. dovjensis sp.
nov. has an outline of the aboral cup in basal view slightly
elliptical; smooth? aboral cup plate sculpturing; aboral cup
plate sutures slightly impressed; presence or absence of basal
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concavity unknown; infrabasal circlet pentagonal; infrabasal
plates not visible in lateral view; basal plates slightly higher
than wide, orientation of distal basal plates angled upward,
position of the maximum width of the basal plates at base of
aboral cup; radial plate ~2.5 times wider than high; radianal
plate large, pentagonal, ~50% below top of radial plates; CD
basal plate-radianal plate suture at an angle; arms unknown.

Stratigraphic and geographic range.—Trogkofel Group,
Permian, Cisuralian, middle to upper Artinskian, near Dovje,
Slovenia.

Superfamily Erisocrinoidea Wachsmuth & Springer,
1886

Family Erisocrinidae Wachsmuth & Springer, 1886

Included genera: Aikyshicrinus Hashimoto, 1995; Eperisocrinus Burke,
1977; Erisocrinus Meek and Worthen, 1865; Exaetocrinus Strimple
and Watkins, 1969; and Sinocrinus Tien, 1926.

Genus Sinocrinus Tien, 1926

Type species: Sinocrinus microgranulatus Tien, 1926 = Sinocri-
nus granulatus (Wanner, 1924); see discussion in Sheffield (2015);
Sakmarian, Permian, China.

Included species: Sinocrinus asymmetricus Strimple, 1976; S. websteri
sp. nov.; Sinocrinus cernuus (Trautschold, 1867); Sinocrinus granula-
tus (Wanner, 1924); Sinocrinus houkouensis Tien, 1924; Sinocrinus
lichengensis Tien, 1924; Sinocrinus nodosus Tien, 1924; Sinocrinus
obliquus (Wanner, 1916); Sinocrinus sheareri Strimple & Watkins,
1969; Sinocrinus websteri sp. nov.

Diagnosis.—Aboral cup shape variable (low bowl, very low
bowl, low cone), granulose plate sculpturing, circular to
subpentalobate basal view outline of aboral cup, basal con-
cavity present, infrabasal plates confined or not confined
to basal concavity, infrabasal plates visible or not visible
in lateral view, large basal plates, planate to slightly decli-
nate radial facets, no posterior interray plates in aboral cup,
distal spinose projection from axillary first primibrachial
present or absent, second primibrachial and above biserial,
circular proximal columnal.

Stratigraphic and geographic range.—Pennsylvanian, Mos-
covian, Permian, Cisuralian, Artinskian; China, Russia,
Slovenia, Timor, USA.

Sinocrinus websteri sp. nov.
Fig. 4F.

ZooBank LSID: urn:lsid:zoobank.org:act:44E00651-5794-41FF-9452-
899180B7D977.

Etymology: In honour of Gary D. Webster (1934-2021), whose work
greatly advanced our understanding of Permian crinoids around the
world.

Holotype: PMSLJ Ba 373; moderately preserved aboral cup.

Type locality: Near Dovje, Slovenia.

Type horizon: Trogkofel Group, Permian, Cisuralian, middle to upper
Artinskian.

Diagnosis.—Low bowl-shaped aboral cup, aboral cup plate
sculpturing unknown, aboral cup circular in basal view,
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basal concavity present, proximal column cicatrix >60% of
infrabasal circlet diameter, infrabasal circlet not confined to
basal concavity, height of all infrabasal plates equal, basal
plates gently convex, basal plates wider than high, arms
unknown, moderately developed crenulae in the proximal
column cicatrix, proximal columnal circular.

Measurements.—ACH, 19.2; ACW~34.0.

Description.—Aboral cup low bowl shape, height width
ratio ~0.5, circular in basal view, basal concavity present;
plates convex, sculpturing not certain due to weathering, im-
pressed sutures. Infrabasal circlet not visible in lateral view,
not confined to basal concavity column cicatrix ~77% of the
width of the infrabasal circlet; infrabasal plates presumably
partially fused into one plate with very faint sutures, height
of all infrabasal plates equal. Basal plates five, pentagonal,
gently convex, smaller than radial plates, ~1.7 times wider
than high. Radial plates presumably five, pentagonal, ~1.6
times wider than high. Radial facets plenary, horizontally
oriented, articular ridge probably across full width of facet,
but other details of radial facet not known. No posterior
interray plates in CD interray. Oral surface, anal sac, and
arms unknown. Moderately developed crenulae in proximal
columnal cicatrix, proximal column circular, other aspects
of column unknown.

Remarks.—Other Permian species of Sinocrinus include
S. granulatus, S. lichengensis, S. obliquus, and S. sheareri
(see Sheffield 2015; Mao et al. 2018). These species are dif-
ferentiated on the shape of the aboral cup, aboral cup plate
sculpturing, aboral cup outline in basal view, width of the
basal concavity on the infrabasal circlet, relative sizes of
infrabasal plates, nodose projection on first primibrachials,
column impression on infrabasal circlet, and shape of the
proximal columnal. Sinocrinus granulatus has a low cone-
shaped aboral cup, fine granulose aboral cup plate sculp-
turing, circular calyx outline in basal view, basal concavity
occupies <60% of infrabasal circlet diameter, all infrabasal
plates are of equal height, nodose projections on distal side
of first primibrachials, pronounced impression of proximal
column crenulae on infrabasal circlet, and proximal col-
umn circular; S. lichengensis has a low cone-shaped aboral
cup, faintly granulose aboral cup plate sculpturing, slightly
pentalobate calyx outline in basal view, basal concavity oc-
cupies <60% of infrabasal circlet diameter, individual in-
frabasal plates of varying heights, first primibrachials un-
known, pronounced impression of proximal column crenulae
on infrabasal circlet, and proximal column pentalobate; S.
obliguus has a low conical aboral cup shape, coarse irregular
granulose aboral cup plate sculpturing, circular calyx outline
in basal view, basal concavity occupies <60% of infrabasal
circlet diameter, individual infrabasal plates of varying
heights, first primibrachials unknown, pronounced impres-
sion of proximal column crenulae on infrabasal circlet, and
proximal column circular; and S. sheareri has a very low
bowl aboral cup shape, smooth aboral cup plate sculpturing,
circular calyx outline in basal view, basal concavity occupies
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100% of infrabasal circlet diameter, all infrabasal plates are
of equal height, first primibrachials unknown, moderately
developed impression of proximal column crenulae on in-
frabasal circlet, and proximal column circular. In contrast,
S. websteri sp. nov. has a low bowl-shaped aboral cup, un-
known aboral cup plate sculpturing, circular calyx outline in
basal view, basal concavity occupies >60% of infrabasal cir-
clet diameter, all infrabasal plates are of equal height, nodose
projections on distal side of first primibrachials, moderately
developed impression of proximal column crenulae on in-
frabasal circlet, and proximal column circular.

Pennsylvanian Sinocrinus were cosmopolitan with a
distribution including China, Spain, and USA. However,
Permian occurrences of Sinocrinus include now Sinocrinus
granulatus and S. obliquus in the Artinskian of Timor, S.
lichengensis in the Sakmarian of Crete, Greece, S. shearieri
from the Asselian of the North China Block, and S. websteri
sp. nov. in the middle to upper Artinskian of Slovenia.

Stratigraphic and geographic range.—Trogkofel Group, Per-
mian, Cisuralian, middle to upper Artinskian, near Dovje,
Slovenia.

Family Protencrinidae Knapp, 1969

Genus Protencrinus Jaekel, 1918

Type species: Protencrinus moscoviensis Jaekel, 1918; Pennsylvanian
(Moscovian), Russia.

Included species: Protencrinus atoka (Strimple, 1961); Protencrinus
baliensis Webster, 2012b; Protencrinus lobatus Yakovlev, 1948; Pro-
tencrinus moscoviensis Jaekel, 1918; Protencrinus mutabilis Knapp,
1969; Protencrinus? sp. indet. in Hashimoto, 1984.

Remarks.—Sutural contact between the infrabasal plates
with radial plates is a very unusual character in crinoids.
This character is present on all rays or present in some rays
in all species of Protencrinus. It also occurs in one species of
Prolobocrinus, i.e., P. striatus Wanner, 1937. Protencrinus
and Prolobocrinus are distinguished by, among other things,
the height of the crown, morphology of the radial facets, the
size and position of the basal and radial plates, the aboral
cup plate sculpturing, and the anal sac.

At present five Protencrinus species are named, and one
species indeterminate is designated. Species of Protencrinus
are differentiated on the basis of outline of the aboral cup in
oral view, relative depth of the basal concavity, presence
and/or absence of sutural contact between the infrabasal
circlet and radial plate (and following whether basal plates
are separated laterally), if present the relative width of the
infrabasal sutural contact between the infrabasal plate and
radial plate, and relative size of the basal plates.

Stratigraphic and geographic range.—Lower Permian,
Crete (Greece), West Timor; Permian, Cisuralian, Artins-
kian, Slovenia.

Protencrinus baliensis Webster, 2012b
Figs. 4C, 6A.

Type material: Holotype: CrdKap12, aboral cup without arms or col-
umn. Paratype: CrdKap11, moderately preserved aboral cup.

Type locality: Crete, Greece.

Type horizon: Galinos Beds, Permian (Cisuralian).

Material—GMJ PAL-0000002, aboral cup without arms
or column from Permian, Cisuralian, middle to upper
Artinskian, Slovenia.

Diagnosis.—Aboral cup subpentagonal in outline, shallow
basal concavity, smooth sculpturing, relative width of suture
between infrabasal plates and radial plates wide, basals not
in lateral contact, basal plates relatively large.

Measurements.—ACW, ~21.1.

Description.—Aboral cup flat(?) bowl shape, subpentago-
nal in outline, shallow basal concavity, plates gently convex,
smooth sculpturing. Infrabasal circlet extends well beyond
proximal columnal; five infrabasal plates, wider than high,
in sutural contact with radial plates distally. Basal circlet
visible in lateral view, interrupted in all rays (Fig. 6A);
basal plates five, tetragonal with each side convex, as wide
as high, smaller than radial plates. Radial circlet not inter-
rupted in CD interray; radial plates five, hexagonal, much
wider than high. Radial facets plenary, other details of the
radial facets unknown. No posterior interray plates in aboral
cup. Oral surface, anal sac, arms, and column unknown.

Remarks.—Protencrinus baliensis is diagnosed by having
an oral cup subpentagonal in outline, shallow basal concav-
ity, smooth sculpturing, relative width of suture between
infrabasal plates and radial plates wide, basals not in lateral
contact, basal plates relatively wide. In contrast, P. atoka has
an oral cup subcircular in outline, shallow? basal concavity,
presumably smooth sculpturing, relative width of suture
between infrabasal plates and radial plates narrow or absent,
lateral contact between radial and basal plates present or ab-
sent, basal plates relatively wide; P. lobatus has an oral cup
pentalobate in outline, deep basal concavity, smooth plate
sculpturing, relative width of suture between infrabasal
plates and radial plates narrow, basals not in lateral contact,
basal plates relatively small; P. moscoviensis has an oral cup
circular in outline, shallow basal concavity, relative width
of suture between infrabasal plates and radial plates narrow,
basals not in lateral contact, basal plates relatively wide; P.
mutabilis has an oral cup subcircular in outline, deep basal
concavity, relative width of suture between infrabasal plates
and radial plates narrow or absent, lateral contact between
basal plates present or absent, basal plates relatively narrow;
and Protencrinus? sp. indet. (in Hashimoto 1984) has an
oral cup subpentagonal in outline, shallow basal concavity,
suture between infrabasal plates and radial plates wide nar-
row or absent, lateral contact between basal plates present or
absent, basal plates relatively wide.

Stratigraphic and geographic range.—Lower Permian,
series undesignated, Crete, Greece; Permian, Cisuralian,
Asselian, Dajian Member, Taiyuan Formation, North China;
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Trogkofel Group, Permian, Cisuralian, middle to upper
Artinskian, near Dovje, Slovenia.

Eucladida indet. A
Fig. 4G.

Material.—GMI:PA-0000014b, isolated aboral cup with
radial facets broken from radial plates, from lower Per-
mian, West Timor; Permian, Cisuralian, middle to upper
Artinskian, Slovenia.

Measurements.—ACH, 16.7, ACW, ~36.0.

Description.—Aboral cup low bowl shape, height width ratio
~0.55; plates convex, smooth sculpturing. Infrabasal circlet
very small, presumably hidden beneath proximal columnal.
Basal plate circlet large; basal plates appear to be fused but
five basals separated by faint sutures. Radial plates five, pen-
tagonal, slightly wider than high. Radial facets plenary, hor-
izontally oriented, articular ridge probably across full width
of facet, but other details of radial facet not known. Posterior
interray, oral surface, anal sac, and arms unknown. Proximal
columnal circular; other aspects of the column unknown.

Remarks.—Eucladida indet. A (Fig. 4G) has a very distin-
ctive morphology with a very small infrabasal circlet com-
pletely covered by the proximal columnal and a large, con-
vex basal circlet in which the plate sutures are so faint that
the basal plates appear to be fused into a single plate. This
appears to be a unique morphology for Permian crinoids,
but the non-preservation of the posterior interray and arms
preclude naming a new taxon.

The unusual character of the basal circlet is similar to
species of Bronaughocrinus Strimple, 1951; Pentaramicrinus
Sutton and Winkler, 1940; Cryphiocrinus Kirk, 1929; and
Contocrinus Knapp, 1969—all of which are Carboniferous
in age.

Crinoidea indet.
Figs. 3, 4B, D, E, 5A, B.

Material —PMSLJ Ba369, Ba370, Ba374, Ba381, Bal744,
GMIJ:PAL-0000014d, 0000370, 0000372, 000373a, b, from
Permian, Cisuralian, middle to upper Artinskian, Slovenia.

Remarks.—Based on incompletely preserved arms, aboral
cups, isolated infrabasal circlets, and columnals and pluri-
columnals, crinoids named above are only a small part of
the overall crinoid diversity in the Trogkofel Group. Fig. SA
is an incomplete set of arms that are broad and flat to gently
convex, and the brachials are chisel biserial. Fig. 5B is also an
incomplete set of arms with chisel biserial brachials. These
incomplete sets of arms belong to two taxa. The individual
brachials in Fig. 5A are flat to gently convex, whereas those
in Fig. 5B are moderately convex with a nodose appearance.
Without knowing the structure of the aboral cup it is not pos-
sible to identify these arms to a genus.

Infrabasal circlets for a cladid crinoid (Fig. 4D, E) and
are most likely distinct taxa, but the specimens are too in-
complete or too poorly preserved to assign to a genus or
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species. Fig. 4D is 18.4 mm in diameter. It is an infrabasal
circlet with a very wide column attachment covering ~50%
of the diameter of the circlet with a narrow crenularium
and a wide areola. Five infrabasal plates are in this circlet.
Similarly, Fig. 4E is an infrabasal circlet that cannot be as-
signed to a genus. It is 31.6 mm in diameter, and it contrasts
with Fig. 4D by having a very small column attachment
covering only ~18% of the circlet width. It has a raised rim
around the column attachment and radially arranged ridges
and grooves.

In addition to the Platycrinitidae columnal discussed
above, many isolated columnals and pluricolumnals are
present in the Trogkofel Group fauna (Fig. 3). They are
preserved both in calcite (e.g., Fig. 3D) or in moldic preser-
vation (Fig. 3C). Sizes of these columnals and pluricolum-
nals vary considerably with the largest column diameter
~45 mm and the largest pluricolumnal height 80.2 mm.
Fig. 3F is probably the distal, holdfast portion of a column.
In addition to a few columnals, numerous plates from the
partially disarticulated radices are preserved. With the
exception of the Platycrinitidae columnals noted above,
isolated columnals and pluricolumnals cannot be linked to
crown-based taxa.

Discussion

Taphonomy.—Withthe possible exception of Dieuryocrinus,
all of the crinoids known from the Trogkofel Group belong
to clades with few aboral cup/calyx plates that are not firmly
cemented together during life. Even Dieuryocrinus with
multiple calyx plates has calyx plates that were not firmly
cemented during life, hence the superorder name Flexibilia.
Meyer (1971) determined that a dead crinoid lying on the sea-
floor would disarticulate within a few days. Consequently, in
order to be preserved with arms and column, a crinoid must
be buried intact rapidly and permanently. None of the speci-
mens described herein were preserved with arms, calyx, and
the proximal column. Preservation of complete specimens is
typically the result of burial by a tempestite (storm deposit)
(Lewis 1980; Donovan 1991; Taylor and Brett 1996; Brett et
al. 1997; Ausich and Sevastopulo 1994; Ausich 2001; among
others). Furthermore, once buried, fossil echinoderms with
complete or nearly complete preservation were not exhumed
by a subsequent high-turbulence event.

Ausich and Sevastopulo (1994) considered crinoid preser-
vation along a Mississippian palacoslope in southern Ireland.
They concluded that the middle slope setting was optimal for
preservation of complete specimens. High-turbulence events
that buried living organisms would have been less common
along the middle slope than along the upper slope, and the
majority of storm events did not reach deep into storm wave
base to exhume buried crinoids. In contrast, in an upper shelf
setting, the frequency and depth of sediment disturbance
was high and disarticulated most echinoderms prior to final
burial. At the other extreme, deep shelf settings were well
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below storm wave base and had few to no disturbances of the
sea floor. Crinoids that lived in deep shelf settings typically
disarticulated on the seafloor prior to burial.

Novak and Skaberne (2009) interpreted the Trogkofel
Group as a shallow platform or upper slope platform palae-
oenvironmental setting, where the surface of the sediment
would have been subjected to relatively common high-tur-
bulence events. Thus, the lack of complete crinoids in the
Trogkofel Group is consistent with predictions of Ausich
and Sevastopulo (1994). In this setting, the preservation of
common complete specimens is not anticipated.

Stratigraphic and palaeogeographic distribution of
Trogkofel Group crinoids.—By the middle of the 20
century, the vast majority of described Permian crinoids
were from Timor (e.g., Wanner 1916, 1924, 1937, 1949;
Marez Oyens 1940), but the dating of this Permian mate-
rial was uncertain. As noted above, our understanding of
Permian crinoids has expanded greatly since 1940s and the
fauna of the Trogkofel Group adds to this understanding.
Permian crinoids are especially significant because the class
Crinoidea came very close to total extinction at the end of
the Paleozoic. Thus, delineating the temporal history of cri-
noids through the Permian is critical.

A genus-level comparison of Permian crinoids from Slo-
venia versus the temporal and geographic distribution of other
occurrences of these genera is given in Fig. 7. The Trogkofel
Group crinoids are Artinksian, Cisuralian, and all other oc-
currences of these Trogkofel Group genera are Cisuralian:
either Asselian, Sakmarian, Artinskian, or in an age range
that overlaps with the Artinskian. The only Trogkofel Group
species known elsewhere is Protencrinus baliensis, which oc-
curs of the lower Permian of Crete and China (Webster 2012b;
Mao et al. 2018). At the genus level, co-occurrences include
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Fig. 7. Range chart comparing Permian crinoid genera from Slovenia with
occurrences of these genera elsewhere in the world. Black, range known
within one stage; dark gray, range known with two stages; light gray, lower
Permian but stage unknown. Black, range known within one stage; dark
gray, range known with two stages; light gray, lower Permian but stage
unknown.

Australia, Canada, China Crete (Greece), Oman, Russia,
Sicily (Italy), USA, and West Timor. Most co-occurrences are
from Australia, Crete, Sicily, and West Timor (Fig. 7).

Conclusions

The lower Permian (Artinskian) Trogkofel Group of the
Julian Alps in Slovenia was deposited in shallow marine
conditions, shallow platform or upper slope settings. In
carbonate and clastic sediments of this group, the fauna
is diverse and abundant. The crinoid fauna includes cri-
noid cups of Protencrinus baliensis, which was previously
only described from lower Permian sediments of Crete and
China. The remaining crinoids are represented by one new
genus and four new species, designated as Moapacrinus
dovjensis sp. nov., Parastachyocrinus sloveniaensis sp. nov.,
Sinocrinus websteri sp. nov., and Karavankecrinus bedici
gen. et sp. nov. Fragmentary aboral cups, infrabasal circlets,
incompletely preserved arms, columnals and pluricolumnals
are also recorded; but due to their fragmentary nature, are
left in open nomenclature. These include Dieuryocrinus?
sp., Platycrinitidae indet., Eucladida indet. A, and Crinoidea
indet. It must be noted that all crinoids, with the possible
exception of Dieuryocrinus? sp., were from clades in which
calyx plates were typically not firmly cemented together
during their life cycle. The state of preservation of Trogkofel
Group crinoids is consistent with preservation in relatively
shallow water settings influenced by frequent storms.
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