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Abstract

We describe the findings of cyclidans from the unpublished collection of the famous paleon-
tologist B.I. Chernyshev (1888–1950) in the storage of theAcademician F.N. Chernyshev Central
Scientific Research Geological SurveyMuseum (CNIGRmuseum, St. Petersburg, Russia). These
cyclidans were discovered by various researchers in the Carboniferous and Permian of the Urals.
They are represented by the following taxa: Oonocarcinus uralicus new species, Uralocyclus
feldmanni new species, Ambocyclus capidulum (Chernyshev, 1933), and Magnitocyclus (?)
sp. indet. The discovery of the new species Oonocarcinus uralicus n. sp. greatly expands the
geographic and stratigraphic interval of the genus Oonocarcinus Gemmellaro, 1890, previously
known from the Middle Permian and Triassic. The discovery of Uralocyclus feldmanni n. sp. in
the Mississippian deposits of the Chelyabinsk Oblast indicates a wide distribution of the genus
Uralocyclus Mychko and Alekseev, 2018 in the Early Carboniferous, because Carboniferous
representatives of this genus were previously known only from Ireland and England. The paper
provides an up-to-date list of all known cyclidan occurrences and taxa in Russia.

http://zoobank.org/6d69be36-74ca-4205-8eb8-89d1f28458c7

Non-technical Summary

We describe the findings of cyclidans from the unpublished collection of the famous paleon-
tologist B.I. Chernyshev (1888–1950) in the storage of theAcademician F.N. Chernyshev Central
Scientific Research Geological Survey Museum (St. Petersburg, Russia). Cyclidans are extinct,
unusual arthropods that are superficially similar to crabs, and can even look like horseshoe crabs
or ticks, but are not related to any of these groups. The specimens were discovered by various
researchers in the Carboniferous and Permian of the UralMountains of Russia. Two new species
are named, and two previously known species are reported here. The new findings expand our
knowledge of this enigmatic group and will help to decipher their evolutionary history and niche
in the ancient ecosystems in which they are found. The paper provides an up-to-date list of all
known cyclidan occurrences and taxa in Russia.

Introduction

Cyclidans are an extinct group of crustaceans that existed from the Early Carboniferous
(Tournaisian) to the Late Cretaceous (Maastrichtian). Cyclidans are very rare fossils in the
geological record, and each of their occurrences is extremely valuable for understanding the
diversity and evolution of this group. Externally, cyclidans weremorphologically convergent with
crabs, but phylogenetically or evolutionarily, they are not related to them or to other decapod
crustaceans. They are distinguished in a separate order Cyclida Schram, Vonk, and Hof, 1997,
within the superclass Multicrustacea Regier et al., 2010.

Representatives of the cyclidans have an elongate-oval, convex or flattened carapace, often
ornamented with numerous and varied sculptural elements. Externally, their carapace, like that
of most arthropods, is divided into two bilaterally symmetrical parts. In the anterior (head) part
of the carapace are convex lobes, the number and shape of which varies from genus to genus.
Most have an anterior unpaired axial lobe, located in the center of the anterior part of the
carapace; on both sides of it, there can be paired axial and lateral lobes, up to three or four pairs
(Feldmann and Schweitzer, 2019).
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Posterior to the axial lobe of cyclidans is the posterior axial lobe,
with a triangular or obovate shape. In some species, numerous
transverse ridges diverge from the axial part. Closer to the ventral
(sternal) side, the carapace is bordered by a marginal rim. In the
posterior part of the carapace and border is a posterior notch
(Feldmann and Schweitzer, 2019). However, the last feature is
not present in all cyclidan genera. The surface of the entire carapace
is often ornamented with numerous tubercles and papillae.

Cyclidans have two pairs of antennae like most crustaceans. On
the ventral side, held anterior to the rostrum, there are two pairs of
maxillae, short limbs located near the oral region. Posterior to the
maxillae are the maxillipeds. Posterior to the maxillipeds are five or
six pairs of trunk limbs. Extending posteriorly from the carapace is a
pair of caudal rami of unclear function (Feldmann and Schweitzer,
2019). However, spinose caudal rami can be seen in the specimens
of Americlus rankini (Woodward, 1868) from Scotland attached to
the terminal abdominal segment andmight have functioned like the
cercopods of extant branchiopods (Clark et al., 2020).

Cyclidans lived in a variety of environments: some species are
known from relatively deep-sea shelf or shallow-water deposits, and
salinity ranged from hypersaline to (possibly) freshwater (Schweitzer
et al., 2020). Apparently, all known cyclidans were benthic forms,
possibly leading a lifestyle similar to that of crabs (Mychko, 2022a, b).

Interest in this group has been revived. Only recently, a univer-
sal morphological terminology was developed for cyclidans
(Feldmann and Schweitzer, 2019) as well as a revision of all species
and genera (Schweitzer et al., 2020). Since this last work, only a few
studies have been published on new finds of cyclidans from various
localities around the world (Tang et al., 2021, 2023; Dernov, 2022;
Mychko et al., 2022; Pieroni, 2024). Currently, Cyclida consists of
six families, 28 genera, and ~55 species.

The first very brief information about the discovery of cyclidans
inRussia (formerUSSR), attributed to the genusCyclus deKoninck,
1842, appeared in the report of the famous Soviet geologist and
paleontologist Boris Isidorovich Chernyshev (Fig. 1), which he
presented at a meeting of the Russian Paleontological Society
on 25 April 1930 (Chernyshev, 1935b). According to Chernyshev,
these crustaceans belonged to ‘primitive crabs.’ In 1931, Cherny-
shev returned to this topic and on 17 April 1931, at a meeting of the
same society, he reported ‘his findings’ of a number of arthropods,
including Cyclus, from the Lower Carboniferous of the Urals and
Turkestan (Chernyshev, 1935a). A very brief summary of both
reports was published in volume 10 of the ‘VPO Yearbook’
(Chernyshev, 1935b).

In 1933, Chernyshev published descriptions of the first cycli-
dans (Fig. 2) discovered in the USSR. These were identified as
representatives of the genus Cyclus from Lower Carboniferous
limestones of the Alapaevsk District, Sverdlovsk Oblast in Russia
(Cyclus capidulum Chernyshev, 1933) and the Lower Carbonifer-
ous locality Shurab II on the northern slope of the Turkestan Range
in Tajikistan (Cyclus spinosus Chernyshev, 1933 and Cyclus tuber-
osus Chernyshev, 1933) (Chernyshev, 1933). The collection for
Chernyshev’s 1933 paper with the description of cyclidans is stored
in the Academician F.N. Chernyshev Central Scientific Research
Ggeological Survey Museum (CNIGR museum, St. Petersburg)
under number 3694 (Kulikov, 1985, p. 138, 139) and is on display
in the ‘Paleozoic Hall.’

Later, in the Russian revised edition of the textbook on pale-
ontology by Zittel (1934, p. 899), a very short ‘addition’was placed
between Phyllocarida and Syncarida in the class Crustacea. Its
author should be considered to be Chernyshev, who took part in
the revision of the section on arthropods. We cite it in full: “From

the Lower Carboniferous, Permian and Triassic, calcareous
remains of crustaceans in the form of a cap with tubercles in
the head area and a median groove were described. These remains
cannot yet receive a sufficiently clear position in the system. They
were considered either as the larva ofMerostomata or as primitive
crabs. Glaessner thinks that these are Phyllocaridae. At present,
they are distinguished into a special group Cycloidea Glaessner
with the genera Cyclus de Kon.—Lower Carboniferous, England,
Belgium, Urals, Turkestan. Halycine Meyer—Cretaceous and
Triassic, Germany. Oonocarcinus Gemmellaro (Fig. 1767)—
Permian, Sicily; Upper Carboniferous, Urals. ParaprosoponGem-
mellaro—Permian, Sicily” (Weber et al., 1934, p. 899).

The indication of the presence of Oonocarcinus Gemmellaro,
1890 in the ‘Upper Carboniferous’ of the Urals was of parti-
cular interest to us. However, Chernyshev did not provide a
description of Oonocarcinus representatives from the USSR in
subsequent works.

Chernyshev gave an explanation regarding the ‘Upper Carboni-
ferous’ cyclidans in 1939: “For other regions of the Union, we know
crustaceans only in the amount of two species of the genus
Oonocarcinus from the Urals (they were found in the Eichwald

Figure 1.Boris Isidorovich Chernyshev (1888–1950). Photograph from the collections of
the Yeisk Museum of History and Local Lore (Yeisk, Russia).
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Figure 2. The first cyclidans of the USSR, described by B.I. Chernyshev (1933): (1–8) Chernyshevine spinosus (Chernyshev, 1933), locality Shurab II, Turkestan Range, Tajikistan,
Middle Mississippian (Viséan): (1–4) holotype, CNIGR museum no. 12/3694: (1) dorsal view; (2) posterior view; (3) anterior view; (4) lateral view; (5–8) paratype (holotype of Cyclus
tuberosus Chernyshev, 1933), CNIGR museum no. 14/3694, incomplete carapace: (5) dorsal view; (6) lateral view; (7) posterior view; (8) anterior view; (9–12) Ambocyclus capidulum
(Chernyshev, 1933), holotype, CNIGR museum no. 15/3694, Alapaevsk District, Sverdlovsk Oblast, Russia, Lower Carboniferous limestones, Upper Mississippian (Serpukhovian): (9)
dorsal view; (10) posterior view; (11) anterior view; (12) lateral view. Scale bars = 2.5 mm.
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collection) and from there one representative of Triopsidae.
These extremely interesting forms indicate the age of the strata”
(Chernyshev, 1939, p. 141, 142).

Additional information on the cyclidans of the USSR is con-
tained in the ‘Atlas of the Index Forms of Fossil Faunas of theUSSR,
Volume 4, Lower Series of the Carboniferous System,’ which was
ready for publication in 1937 but not published until 1941; it also
belongs to Chernyshev (1941, p. 154): “Very peculiar forms from
the Viséan, which have not yet received a definite place in the
system and are united in the Cycloidea group, which until recently
was generally known almost exclusively from Belgium and England
(a small number were found in North America), were first discov-
ered in Fergana on the Shurab River. Later, they were found in the
Urals and Novaya Zemlya in a significant number of samples in the
same Viséan strata. The Fergana forms with spines are closer to
what was known fromAmerica, but there are the same ones here as
in Europe and the Urals. Forms devoid of spines show similarities
with European ones. These forms are so characteristic and so
limited in time that they may be good indicators of the age of the
deposits which contain them.”

Thus, in the hands of Chernyshev back in the 1930s, there were
quite a lot of specimens of cyclidans from the Lower Carboniferous
and, as it turned out, even the Bashkirian (at that time, it was
thought that the younger Serpukhovian and Bashkirian deposits
could belong to the Viséan), including from Novaya Zemlya.
Unfortunately, Chernyshev never returned to the study of this
group.

In the volumes of the Soviet ‘Fundamentals of Paleontology’
devoted to arthropods, the genus Cyclus, defined by Chernyshev, is
absent. However, Birshtein (1960, p. 440) included a note in the
section on decapod crustaceans with the following content: “The
Permian and Triassic crustaceans described by Schafhäultl (1863),
Frech (1900) and Trauth (1918) as Brachyura, according to Glaess-
ner (1928) do not belong to Decapoda and should be separated into
a special group Cycloidea, approaching on one side Phyllopoda,
and on the other – Phyllocarida.”

A little time after publication of the ‘Fundamentals,’ Kramar-
enko (1961) described a new species of cyclidan, Cyclus milorado-
vitchi Kramarenko, 1961, based on seven well-preserved carapaces
from the Lower Permian (Asselian) of ‘Kazarmenny Kamen’
(or ‘Kazarmenny Greben’) on the Sim River in the Chelyabinsk
Oblast. After this paper, the study of this group of fossils in
Soviet/Russian paleontology was forgotten for a long time.

The study of cyclidans from the territory of Russia was resumed
almost 60 years later, thanks to the efforts of the authors of this
paper. In 2018, we described a new species and genus of cyclidans—
Skuinocyclus juliae Mychko and Alekseev, 2018 from the Lower
Permian of Shakhtau—and established a new genus Uralocyclus
Mychko and Alekseev, 2018, based on the material collected by
Kramarenko (Mychko and Alekseev, 2018). Later, the lead author
(EVM) managed to find fossil remains of cyclidans in a recently
discovered (and, unfortunately, destroyed by subsequent limestone
mining) Konzentrat-Lagerstätten (Mychko et al., 2019a) in the
Akkermanovka quarry of the Orenburg Oblast, in the Viséan.
The new cyclidans were similar to the species Prolatcyclus marti-
nensis (Goldring, 1967) from the Viséan of England, and this
material and the English findings served to describe a new species
and genus Prolatcyclus kindzadza Mychko et al., 2019b.

Several years ago, two of the authors of this paper, together with
the late Dr. R.M. Feldmann (Schweitzer et al., 2020), carried out a
revision of all known cyclidans in general. In this work, for the first
time, all species of these fossils were presented with their

classification at the level of families and genera, including using a
morphospace analysis. Several new genera were proposed, and the
taxonomic affiliation of cyclidans described by Chernyshev (1933)
was revised. Thus, the species Cyclus spinosus and Cyclus tuberosus
were synonymized and assigned to the new genus Chernyshevine
Schweitzer, Mychko, and Feldmann, 2020, named in honor of
Chernyshev. The species Cyclus capidulum was assigned to the
new genus Ambocyclus Schweitzer, Mychko, and Feldmann, 2020.

Another species and genus of cyclidan from Russia—Magnito-
cylus struveae Mychko et al., 2022—was described, the only spec-
imen of which came from the Lower Carboniferous of the Urals
(Mychko et al., 2022). It was also established there that Petschor-
ocaris kozhimensis Pirozhnikov, 1960—the ‘cyclidan’ described
from the Permian (Kungurian) along the Kozhim River (Komi
Republic)—is most likely not a cyclidan, but the internal mold of
a cap-shaped gastropod shell.

In April 2024, the lead author of this paper (EVM) serendipi-
tously discovered a box with interesting fossil crustaceans while
studying the collections at the CINGR museum. This collection
(no. 5178) was prepared by Chernyshev in 1936 under the title
‘Some Arthropoda from the Paleozoic of the USSR. Silurian-
Permian. Collections of Markovskiy, Khodalevich, Reinwald, and
others. (Ural, Turkestan, etc.)’ and contained numbered but unde-
scribed specimens of ostracods, phyllocarids, and cyclidans with
labels (Fig. 3). Apparently, Chernyshev did not have time to
describe this collection before moving from Leningrad to Kyïv
in 1939. The cyclidans in this collection are represented by five
specimens of varying states of preservation and come from the
Carboniferous and Permian of the Urals.

Localities and geological setting

The cyclidan specimens found almost 100 years ago were for
that time quite accurately tied to sections and had reliable biostrat-
igraphic dating, but most often were simply referred to the Car-
boniferous. As a result of more recent increases in stratigraphical
detail, however, these data are now so imprecise as to make it
impossible to establish their age with any accuracy. Nevertheless,
we tried to decipher the stratigraphic position of four specimens of
Uralian cyclidans, but our placement turned out to be very broad,
covering two stages or even stages of adjacent systems. Now that the
cyclidans are reported in the literature, more work can help place
them more precisely stratigraphically. See Figure 4 for Russian
stages and substages, as well as regional stratigraphic terminology
used in the discussion.

Shartymka River (Fig 4.5, point c). The primary label of CNIGR
museum, no. 12/5178 (Fig. 3) indicates that this specimen was
found by Yakovlev (the initials were added later in pencil) on the
Shartymka (Shartym) River; the year of collection and number of
the outcrop are not indicated. The recent geographical position is
Chelyabinsk Oblast, Uy District, right bank of the Shartymka River,
the so-called ‘Murchison Hill,’ 5 km southwest of the village of
Pichuginskiy, on the left bank of the Uy River.

According to Librovich (1939, p. 4), Yakovlev collected fossil
fauna on the Shartymka River in 1924 for the Geological Commit-
tee. Weber (1937) described a number of trilobites collected by
Yakovlev in outcrops 35, 38, 23, and 27. There was also unfigured
material from outcrops 34, 43, and 58. Observations of the distri-
bution of cyclidans show that they are often associated with tri-
lobites in localities, so in the absence of other information, it is
advisable to follow the levels containing them. All available
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Figure 3. Original labels for cyclidan specimens from unpublished B.I. Chernyshev collection (no. 5178) in the CNIGR museum (St. Petersburg, Russia).

Figure 4. Localities of Chernyshev’s cyclidans described herein: (1) map of northern Eurasia; (2) Middle-Southern Urals and the Cis-Urals; (3, a) vicinity of locality of ‘Kamen’ Plakun’
Rock; (4, b) vicinity of locality of Bol’shoy Azyam River; (5, c) vicinity of locality of Shartymka River; (6, d) vicinity of locality of Bol’shoy Kizil River; (7) stratigraphic scale of Middle
Mississippian–Early Permian (Cisuralian) of East European platform with position of localities (modified from Alekseev et al., 2022).
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information shows that on the Shartymka River, trilobites are
present almost only in the upper part of the section, which was
identified by Librovich as Horizon 5 or the Upper Shartymka Beds
according to Einor (1973), which the latter attributed to the Syur-
anian Regional Substage of the Lower Pennsylvanian (Bashkirian).
Ruzhentsev and Bogoslovskaya (1978, p. 18–20) analyzed the age of
the ammonoid assemblages collected in the Upper Shartymka Beds
and came to the conclusion that they all correspond to the lower
half of the Bilinguites-Cancelloceras Genozone, although they do
not contain index forms. According to modern interpretation, the
lower part of the Bilinguites-Cancelloceras Genozone corresponds
to the Akavasian Regional Substage of the Lower Pennsylvanian
(Bashkirian) (Alekseev et al., 2013, 2022).

However, cyclidans of this morphology have not yet been found
anywhere in Bashkirian rocks and this makes the presence of
cyclidans in the Upper Shartymka Beds very questionable. At the
same time, Librovich (1939, p. 18) indicated the presence of Cyclus
sp. indet. in outcrop 160, located north of ‘Murchison Hill’ in the
Upper Serpukhovian Horizon 4, together with trilobites. Cherny-
shev in 1931 at a meeting of the Russian Paleontological Society
(Summary…, Chernyshev, 1935b) reported the occurrence of
Cyclus in the Urals, during which, undoubtedly, he spoke about
where they were found. Therefore, the find on the Shartymka River
most likely became known to Librovich, and in his 1939 paper, he
had inmind precisely the specimen found byYakovlev. In the upper
part of Horizon 4 (Middle Shartymka Beds), Sultanaev collected the
assemblages of ammonoids of the Homoceras-Hudsonoceras Gen-
ozone (Ruzhentsev and Bogoslovskaya, 1978, p. 19, 20) of the
Syuranian Regional Substage of the Bashkirian.

The attribution of the outcropwith early Bashkirian ammonoids
to Horizon 4 and the general allocation of these ‘horizons’ is not
supported by geological data. In his review of the stratigraphy and
paleontology of the Shartymka Carboniferous, Einor (1973) indi-
cated that any extended outcrops of bedded carbonates are absent
in the region, and there aremany areas with breccias and limestones
strongly altered by secondary processes, the position of which in
general succession is unclear, with signs of the presence of faults,
which makes it impossible to construct a consistent summary
section. Einor’s group drilled several wells during fieldwork and
pits were excavated, but neither their columns nor the determina-
tions in the core (e.g., foraminiferans) were published. This indi-
rectly indicates that the materials of the mining work could not be
rationally interpreted. Thus, each outcrop on ‘MurchisonHill’must
be dated separately, and outcrop 160 with cyclidans could have an
age in the range from the Mikhalovian Regional Substage of the
Middle Mississippian (Upper Viséan) to the Akavasian Regional
Substage of the Lower Pennsylvanian (Bashkirian), which are
known in this area (Einor, 1973).

‘Kamen’ Plakun’ Rock (reef) (Fig. 4.3, point a). The label of CNIGR
museum specimen no. 7/5178 (Fig. 3) contains fairly detailed infor-
mation, i.e., that it was found by Fredericks in 1928 on the left bank
of the Chusovaya River in the ‘Kamen’ Plakun’ Rock. The age of the
beds is indicated as ‘lower horizon of the Upper Carboniferous C3a.’
Zenchenko (1930) described the 1928 work after participating under
the supervision of Fredericks. The faunal list from the ‘Kamen’
Plakun’ Rock contains more than 40 forms, among them Capulus
sp. indet. (Zenchenko, 1930, p. 1054). In the nineteenth and first half
of the twentieth centuries, the genus Capulus Montfort, 1810 was
often used to refer to Paleozoic cap-shaped gastropod shells, and
there is every reason to believe that this name was attributed to the
cyclidan found by Frederiсks, the carapace of which can easily be
confused with a gastropod shell (Mychko et al., 2022).

‘Kamen’ Plakun’ is a rock outcrop on the left bank of the
Chusovaya River, ~10 km southeast of the Chusovoy town in Perm
Krai between the mouths of the Bol’shaya and Malaya Isakovka
rivers, opposite the small Isakovskiy Island. The ‘Kamen’ (= rocks)
on the Chusovaya are high rocky cliffs composed of Carboniferous,
often reefal, limestones, with their base submerged, so that they can
often only be reached by boat.

The first comprehensive description of the geological structure
and stratigraphy of the area surrounding the ‘Kamen’ Plakun’
Rock was given by Nalivkin (1955). The reef limestones of
‘Kamen’ Plakun’ proper are mainly composed of hydractinoids
(Palaeoaplysina Krotov, 1888), bryozoans, and problematics of
Tubiphytes Maslov, 1956. At the base of the cliff, the limestones,
which were considered to be Upper Pennsylvanian (Upper Kasi-
movian), contain a fusulinid assemblage: Triticites ex gr. T. arcticus
(Schellwien, 1908), Triticites petschoricus Rauser-Chernousova and
Belyaev in Rauser-Chernousova, Belyaev, and Reitlinger, 1936,
Triticites aff. T. fortissimus Rauser-Chernousova, 1958, Triticites
cf. T. montiparus var. kumpani Putrja, 1940, Ozawainella cf.
O. angulata (Colani, 1924). Brachiopods and bryozoans were also
very diverse here. The reef has a height of ~70–80 m in outcrop
and a total thickness of ~100–150 m, and according to Nalivkin, it
continued to grow during the Pseudofusulina and Schwagerina
biozones, otherwise Late Pennsylvanian (Gzhelian) to Early
Permian (Asselian) time, when it expanded significantly.

Later, detailed biostratigraphic studies of the ‘Kamen’ Plakun’
Rock and its vicinity based on themodern stage and zonal division of
the Carboniferous were carried out by Shcherbakova and Shcherba-
kov (1994, 2009). They concluded that the base of the section belongs
to the Triticites stuckenbergi Biozone (now Rauserites rossicus Bio-
zone), which begins the Gzhelian Stage of the Upper Pennsylvanian.
However, they did not determine the index species of this zone. The
reef body itself covers the entire volume of Gzhelian, but the upper
part of the section belongs to the Lower Asselian of the Lower
Permian. In the western part of the rock, Asselian limestones
descend to the water level in the river and could be sampled.

Because the ‘Kamen’ Plakun’ Rock is a reef structure with a
complex relationship of facies and often with nonhorizontal bed-
ding, without information about the exact point of the find, the age
of the cyclidan-containing strata can only be determined as Upper
Pennsylvanian (Gzhelian)–lowermost Permian (Asselian).

Bol’shoy Kizil River (Fig. 4.6, point d). The label of CNIGR museum
no. 11/5178 states that the specimen belongs to the Librovich
collection andwas found in 1930 on the eastern slope of the southern
Urals on the Kizil River, outcrop 10241A. Undoubtedly, this refers to
the Bol’shoy Kizil River, in the lower reaches of which the marine
Carboniferous is widespread. The strip of outcrops of the Kizil
Formation with a total thickness of ~1,500 m extends along the left
bank of the Bol’shoy Kizil River for a distance of ~7 km to the
Kizil’skoye Village (Chelyabinsk Oblast), where it flows into the Ural
River. The total stratigraphic range of the Kizil Formation covers the
interval from the Middle Mississippian (Tulian Regional Substage,
Viséan, Holkerian) to approximately the middle of the Lower Penn-
sylvanian (Bashkirian, Askynbashian Regional Substage) (Kulagina
et al., 2009, 2015). The section does not represent a single outcrop,
rather a series of outcrops separated by intervals without outcrops.

Unfortunately, Librovich (1933, 1936) did not indicate the
numbers of the outcrops in his works on the Carboniferous stra-
tigraphy of the eastern slope of the southern Urals, so it is very
difficult to localize the stratigraphic position of this specimen.
During his studies, Librovich found many trilobite remains, which
were described by Weber (1937). Among them, Brachymetopus
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(Brachymetopus) strzeleckii var. uralica Weber, 1937 and several
other forms come from outcrop 1023b (Weber, 1937, p. 86), attrib-
uted to ‘Horizon’ 4 or Member ‘d’ of the Kizil Formation, which,
according to modern scales, belongs to the Upper Mississippian
(Serpukhovian). The closeness of the numbers of the outcrops with
trilobites and cyclidan (1023 and 1024) does not guarantee their
coeval age, but the Serpukhovian age of locality 10241A seems more
probable than the Lower Pennsylvanian (Bashkirian) one.

Bol’shoy Azyam River (Fig. 4.4, point b). The label of CNIGR
museum specimen no. 15/5178 includes ‘July 22, 1931, outcrop
38/22. Middle Urals, Izyam River, 230 m before reaching the
furnaces. Collector Markovsky.’ This river is now called Bol’shoy
Azyam, and the location itself was supposed to be on its left bank
near the village of Nikolskiy and west of the village of Zlokazovo
(Kusa District of Chelyabinsk Oblast). The exact location of the
kilns in which charcoal was burned for the Nikolskiy Ironworks is
unknown because they have not survived. A geological description
with a map of the territory near Zlokazovo has been published,
prepared on the basis of the results of geological mapping con-
ducted byNalivkin and students fromLeningradUniversity in 1926
(Schmidt, 1937). However, this map is inaccurate, because the kilns
shown on it were supposed to be located 1.5 km northeast of the
settlement, but there were unlikely to be outcrops in this location,
judging by modern aerial photographs. Most likely, the kilns were
located much closer to the village.

The cyclidan was found together with trilobites collected by
Petrenko and Markovsky and described by Weber (1937) as Viséan
fossils. Unfortunately, their images were not included in Weber’s
plates. Information about the collectors (Petrenko and Markovsky)
was provided:, furnaces were mentioned, and the outcrop number
22 (onMarkovsky’s label 38/22). One point was located immediately
adjacent to the Nikolskiy plant. Today the outcrops of bioherm
limestones are clearly visible on the left bank of the Nikolskiy pond
at thewestern end of the village, where the bank forms a ledge toward
the pond, as well as in a small quarry next to the production building.

Outcrops of Lower Carboniferous limestones, often of biohermal
structure, have been known near the village of Nikolskiy for quite a
long time (Smirnov, 1956); they were even named the Zlokazovsky
Reefs (Nalivkin, 1949). In their lower part, the brachiopod Globo-
soproductus mirus (Fredericks, 1926) was found, which is considered
characteristic of the Middle Mississippian (Tulian Regional Sub-
stage, Middle Viséan) (Litvinovich and Vorontsova, 1983). Above,
according to the definitions of Einor (1973), brachiopod assemblages
were found containing Gigantoproductus latissimus (J. Sowerby,
1822) and Spirifer bisulcatus J. Sowerby, 1825, which made it pos-
sible to attribute these beds to the “very top of the Upper Viséan”
(Smirnov, 1956, p. 133). However, Gigantoproductus latissimus also
occurs in the Upper Mississippian (lower part of the Serpukhovian)
(Litvinovich and Vorontsova, 1991; Aretz et al., 2019).

According to modern studies, the Tulian age (Middle Viséan,
Mississippian) of the lower part of the limestone succession, with a
thickness of ~150 m, developed near the Nikolskiy, is confirmed by
the foraminiferan assemblage determined by Reitlinger (Korolyuk
et al., 1991, p. 30). Above are strata composed mainly of algal
bioherms of the Middle Mississippian (Aleksinian and Mikhailo-
vian regional substages, Upper Viséan).

The easternmargin of the Ufa Amphitheater (a geological struc-
ture) near the village of Zlokazovo is distinguished by a complex
thrust-sheet structure, confirmed by drilling wells to a depth of
3 km (Kamaletdinov, 1974). There, Upper Devonian and Lower
Carboniferous rocks can alternate at depth. Therefore, their out-
crops on the surface can be a mosaic.

Upstream along the Bol’shoy Azyam River, Lower and Middle
Pennsylvanian (Bashkirian–Moscovian) terrigenous formations
are widespread, as are proximal turbidites containing blocks, peb-
bles, and even kilometer-sized landslide ‘bodies’ or tectonic rem-
nants of Viséan and Serpukhovian limestones (Mustafin et al.,
1989). The youngest rocks in the upper reaches of the Bol’shoy
Azyam River are thick conglomerates of the Abdrezyakovo Forma-
tion (Middle Pennsylvanian, Moscovian). The upper reaches of the
Bol’shoy Ik River, where Lower Permian terrigenous rocks crop out,
are ~10–15 km away, but across a watershed. The possibility of
fossil transportation to Nikolskiy from the area of Lower Permian
strata development is therefore unlikely.

Taking into account all of the information presented above, the
most probable age range of the cyclidan locality is Middle Missis-
sippian (Viséan)–Late Mississippian (Lower Serpukhovian) if we
believe the correlation given by Kabanov et al. (2016).

Materials and methods

Repositories and institutional abbreviations. Specimens examined
in this study are deposited in the following institutions: Academi-
cian F.N. Chernyshev Central Scientific ResearchGeological Survey
Museum (CNIGRmuseum), St. Petersburg, Russia; Borissiak Pale-
ontological Institute, Russian Academy of Sciences (PIN), Moscow,
Russia; Museum of theWorld Ocean (MWO), Kaliningrad, Russia.
Line drawings (Figs. 5-8) and photographic images (Fig. 9) of these
specimens illustrate their morphology.

Systematic paleontology

We follow morphological terminology and the Cyclida classifica-
tion proposed by Feldmann and Schweitzer (2019) and Schweitzer
et al. (2020).

Superclass Multicrustacea Regier et al., 2010
Order Cyclida Schram, Vonk, and Hof, 1997

Family Hemitrochiscidae Trauth, 1918

Figure 5. Diagrammatic carapace morphology of Oonocarcinus uralicus n. sp.; ak, axial
keel; ilk, inner lyrate keel; on, optic notch; pal, posterior axial lobe; tb, tubercles.
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Figure 6. New cyclidans from Chernyshev’s undescribed collection (CNIGR museum no. 5178): (1–3) Oonocarcinus uralicus n. sp., holotype, CNIGR museum no. 7/5178, ‘Kamen’
Plakun’ Rock (reef), Chusovaya River, Chusovskoy District, Perm Krai, Russia, Upper Pennsylvanian (Gzhelian)–Permian (Cisuralian, Asselian): (1) dorsal view; (2) anterior view with
labrum; (3) lateral view; (4–8) Ambocyclus capidulum (Chernyshev, 1933), CNIGRmuseum no. 12a/5178, right bank of the Shartymka (Shartym) River, right tributary of the Uy River,
Chelyabinsk Oblast, Uy District on the border with the Uchaly District of the Bashkortostan, Middle Mississippian (Upper Viséan)–Lower Pennsylvanian (Bashkirian): (4) dorsal view;
(5) posterior view; (6) lateral view; (7) anterior view; (8) CNIGR museum no. 12b/5178, fragment of the counterpart; (9, 10) Magnitocyclus (?) sp. indet., CNIGR museum no. 11/5178,
left bank of the Bol’shoy Kizil River above Kizil’skoe Village, Kizil’skoe District, Chelyabinsk Oblast, Upper Mississippian (probably Serpukhovian): (9) dorsal view; (10) lateral view;
(11, 12) Uralocyclus feldmanni n. sp., CNIGR museum no. 15/5178, Bol’shoy Azyam River, tributary of the Bol’shaya Arsha River near Zlokazovo Village, Kusa District, Chelyabinsk
Oblast, Middle Mississippian (Upper Viséan)–Upper Mississippian (Lower Serpukhovian): (11) dorsal view; (12) lateral view. Scale bars = 5 mm.
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. .Diagnosis. See Schweitzer et al. (2020, p. 278).

Genus Oonocarcinus Gemmellaro, 1890

Type species. Oonocarcinus insignis Gemmellaro, 1890, by subse-
quent designation (Glaessner, 1969).

Other species. Oonocarcinus puchoviensis Kittl in Trauth, 1918;
Oonocarcinus uralicus new species.

Diagnosis. See Schweitzer et al. (2020, p. 282).

Occurrence. Upper Pennsylvanian (Gzhelian)–Lower Permian
(Cisuralian, Asselian) to Upper Triassic (Carnian).

Oonocarcinus uralicus new species
Figures 5, 6.1–6.3

1936 Oonocarcinus uralicus Chernyshev, on label in collection
[nomen nudum].

Holotype. An almost complete carapace, CNIGR museum no.
7/5178; the specimen was discovered by Georgy Nikolaevich
Fredericks in 1928.

Diagnosis. Carapace bilaterally symmetrical, ovoid, very strongly
domed. Surface of the carapace covered with densely spaced, small
tubercles. Posterior part bearng axial keel. Inner lyrate keels barely
distinguishable. Carapace anterior regions poorly developed; axial
and lateral lobes not differentiated.

Occurrence. ‘Kamen’ Plakun’ Rock (reef), Chusovaya River,
Chusovskoy District, Perm Krai, Russia; Upper Pennsylvanian
(Gzhelian)–Lower Permian (Cisuralian, Asselian).

Description. The carapace is ovoid, longer than wide, wider in the
posterior part than in the anterior, very strongly domed. The entire
surface of the carapace is covered with densely spaced small tuber-
cles (tb) of almost equal size. However, in the anterior part of the
carapace these tubercles are slightly smaller than in the posterior
part. In the posterior part of the carapace, there is a weak longitu-
dinal lobe of the axial keel (ak); in front of it, poorly visible pairs of
inner lyrate keels (ilk) diverge to the sides; between them is a small
flat swelling of the posterior axial lobe (pal). Anterior regions are
poorly developed; axial and lateral lobes are not differentiated. On
the sides of the anterior part, there are barely noticeable optic
notches (on). The marginal rim (mr) is very narrow, tucked under
the carapace.

Etymology. The trivial name is for the territory of the Urals, the
locality of the holotype.

Figure 7. Diagrammatic carapace morphology of Ambocyclus capidulum (Chernyshev,
1933); ak, axial keel; al2, second axial lobe; al3, third unpaired axial lobe; ibr, inner
branchial region; ilk, inner lyrate keel; ll2, second lateral lobe; ll3, third lateral lobe; ll4,
fourth lateral lobe; mr, marginal rim; mck, median concentric keel; obr, outer branchial
region; pal, posterior axial lobe; tb, tubercles.

Figure 8. Diagrammatic carapace morphology of Magnitocyclus (?) sp. indet.; ak, axial
keel; al1, first axial lobe; al2, second axial lobe; al3, third unpaired axial lobe; ibr, inner
branchial region; ilk, inner lyrate keel; ll1, first lateral lobe; ll2, second lateral lobe; mr,
marginal rim; pal, posterior axial lobe; tb, tubercles.

Figure 9. Diagrammatic carapace morphology of Uralocyclus feldmanni n. sp.; ak, axial
keel; al1, first axial lobe; al2, second axial lobe; al3, third unpaired axial lobe; ibr, inner
branchial region; ilk, inner lyrate keel; ll1, first lateral lobe; ll2, second lateral lobe; ll3,
third lateral lobe; ll4, fourth lateral lobe;mck,median concentric keel;mr,marginal rim;
obr, outer branchial region; pal, posterior axial lobe; tb, tubercles.
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Measurements (in mm). Carapace length 12; posterior width 11;
anterior width 6.5; height 7.

Remarks. Oonocarcinus uralicus n. sp. is referred to Oonocarcinus
based upon its ovate, strongly domed carapace, coarsely granular
ornamentation, and small orbital notches. All of these are diagnos-
tic for the genus. The sole species of Hemitrochiscus Schauroth,
1854, is more circular in shape and possesses distinctive vermiform
ornamentation not present on the new species. Species of Cyclo-
carcinides Glaessner, 1969 have distinct, triangular spines along
their posterolateral and posterior margins, absent in the new spe-
cies. Paraprosopon Gemmellaro, 1890, has well-defined anterior
regions and a very large posterior axial lobe, not seen in the new
species. SkuinocyclusMychko and Alekseev, 2018, has much more
sparse ornamentation and better defined anterior and lateral lobes
than in the new species.

Oonocarcinus uralicus n. sp. differs from Oonocarcinus insignis
in the wider carapace in the posterior part, as well as in the
sculpture, which inOonocarcinus insignis is represented by large
tubercles on the posterior and lateral parts and small tubercles
on the anterior and dorsal parts. From Oonocarcinus puchovien-
sis, the new species differs in the absence of rows of tubercles
located at the marginal rim closer to the ventral side, as well as in
larger and densely spaced tubercles over the entire surface of the
carapace.

The other two named species of Oonocarcinus are known from
younger strata: theMiddle Permian of Italy (Oonocarcinus insignis)
and the Upper Triassic of Slovakia (Oonocarcinus puchoviensis).
Thus, the new species is significantly older than the other known
species. It is quite possible that the Uralian species belongs to a
different genus; however, we do not observe any obvious generic
differences from the type species. These circumstances could be
clarified by new finds from transitional regions—theMiddle Perm-
ian of Crimea and the Upper Permian of the Caucasus—if there
are any.

Family Cyclidae Packard, 1885

Diagnosis. See Schweitzer et al. (2020).

Genus Ambocyclus Schweitzer, Mychko, and Feldmann, 2020

Type species. Cyclus simulans Reed, 1908, by original designation.

Other species. Ambocyclus capidulum (Chernyshev, 1933); ques-
tionably Ambocyclus minutus (Rogers, 1902).

Diagnosis. See Schweitzer et al. (2020, p. 253).

Occurrence. Lower Mississippian (Tournaisian)–Upper Pennsyl-
vanian (Kasimovian).

Ambocyclus capidulum (Chernyshev, 1933)
Figures 2.9–2.12, 6.4–6.8, 7

1933 Cyclus capidulumChernyshev, p. 21 (Russian), p. 23 (English),
pl. 1, fig. 11.

2018 Cyclus capidulum; Mychko and Alekseev, p. 25.
2019 Cyclus capidulum; Feldmann and Schweitzer, p. 2.
2019b Cyclus capidulum; Mychko et al., p. 81.
2020 Ambocyclus capidulum; Schweitzer et al., p. 253–255, 297.
2021 Ambocyclus capidulum; Tang et al., p. 7.
2022b Ambocyclus capidulum; Mychko, p. 33.
2022 Ambocyclus capidulum; Mychko et al., p. 75.

Holotype. An almost complete carapace, CNIGR museum
no. 15/3694; Alapaevsk District, Sverdlovsk Oblast, Russia; ‘Lower
Carboniferous limestones,’ Upper Mississippian (Serpukhovian).

Occurrence. Right bank of the Shartymka (Shartym) River, right
tributary of the Uy River, Uy District (Chelyabinsk Oblast), Russia;
Middle Mississippian (Upper Viséan, Ladeinian Regional Sub-
stage)–Lower Pennsylvanian (Bashkirian, Akavasian Regional
Substage).

Description. The carapace is elongated, dome-shaped, ovoid,
strongly vaulted in the longitudinal and transverse directions, the
highest approximately in the middle of the length. The posterior
margin is somewhat wider than the anterior margin. The posterior
margin is steeper than the shallow anterior margin. On the sides of
the anterior margin there are small optical notches. The posterior
axial lobe (pal) is quite noticeable, but strongly flattened, triangular,
and in the anterior part, it disappears. The first pair of lateral lobes
(ll1) and the first unpaired axial lobe (al1) are not visible. On both
sides of the flattened area in front of the posterior axial lobe (pal),
the second pairs of lateral lobes (ll2) and the second pairs of axial
lobes (al2) are clearly visible. They are of approximately equal
size, quite large, subtriangular, and moderately convex. Lateral to
them and closer to the ventral part of the carapace, third lateral
lobes (ll3) are located on both sides. The posterior axial lobe (pal)
is framed by narrow, but very noticeable, inner lyrate keels (ilk),
which flatten out anteriorly and disappear, and posteriorly merge
with each other, gradually transforming into a very convex,
clearly visible axial keel (ak). This keel extends to the posterior
margin and marginal rim (mr). In the central part of the cara-
pace, on both sides of the inner branchial regions (ibr), there are
arched median concentric keels (mck). These are very narrow,
framed by densely covered tubercles. The marginal rim (mr) is
narrow, separated from the carapace by a small constriction. The
entire surface of the carapace is covered with tubercles, of two
types: very small and larger ones; the larger ones are staggered
and rather scattered.

Materials. Holotype and complete carapace (CNIGR museum
no. 12a/5178) with a fragment of the counterpart (CNIGRmuseum
no. 12b/5178).

Measurements (in mm). CNIGR museum no. 15/3694: carapace
length 10, posterior width 7.7; anterior width 6.2, carapace height 7.;
CNIGR museum no. 12a/5178: carapace length 17, posterior width
~16; anterior width ~11, carapace height 13.

Remarks. The new specimen adds to the description of Ambo-
cyclus capidulum, because it has better preserved anterior and
axial regions. The anterior lobes, the posterior axial lobe, and the
inner lyrate keel are more strongly expressed on the new spec-
imen than on the holotype, which can exhibit weathering of these
areas.

Genus Magnitocyclus Mychko et al., 2022

Type species. Magnitocyclus struveae Mychko et al., 2022, by orig-
inal designation.

Other species. None.

Diagnosis. See Mychko et al. (2022, p. 80).

Occurrence. Middle Mississippian (Upper Viséan)–Lower Penn-
sylvanian (Bashkirian).
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Magnitocyclus (?) sp. indet.
Figures 6.9, 6.10, 8

Occurrence. Left bank of the Bol’shoy Kizil River above Kizil’skoe
Village, Kizil’skoe District, Chelyabinsk Oblast, Russia; UpperMis-
sissippian (probably Serpukhovian).

Description. The incomplete carapace is significantly missing the
frontal (anterior) part, as well as the lower (supraventral) part. It is
elongated in width, weakly dome-shaped, even somewhat flattened,
vaulted in the longitudinal and transverse directions, the highest
approximately in the middle of the length. The posterior axial lobe
(pal) is clearly visible, strongly flattened, rhombic, separated from
the inner branchial regions by wide shallow grooves. The anterior
edges of this lobemeet the first pair of lateral lobes (ll1). These lobes
are quite long, elongated in the longitudinal direction, elliptical,
close to each other. They could merge with the first axial lobe (al1)
anteriorly, which is absent. Each of the first lateral lobes (ll1) is
adjacent to two pairs of lobes on both sides: the second axial (al2)
and second lateral lobes (ll2). These lobes are more convex than the
first pair of lateral (ll1) ones. Each of the second lateral lobes (ll2) is
obovate. From the second axial lobes (al2), only the right fragment
of the lobe has been preserved; their shape and size are unknown.
On both posterior sides of the posterior axial lobe (pal) are inner
lyrate keels (ilk). Toward the posterior edge of the carapace, these
keels merge and form a wide, rather convex axial keel (ak). A
section of marginal rim (mr) is preserved only on the left side of
the carapace. Judging by this, the marginal rim was broad. The
surface of the carapace is scattered with rare, large, flattened tuber-
cles located in sparse rows on the internal branchial regions (ibr);
such tubercles are also located on the anterior axial and lateral lobes.

Material. An incomplete carapace, CNIGR museum no. 11/5178.

Measurements (in mm). Length >10; posterior width ~9; anterior
width ~9; height > 6.

Remarks. The new specimen differs from the type species Magni-
tocyclus struveae, described also from the Mississippian (Upper
Viséan–Lower Serpukhovian) of the eastern Urals by having more
separated first lateral lobes (in M. struveae, they merge into one
together with the first axial lobe), a slightly different shape of the
second lateral lobes (inM. struveae, they widen toward the anterior
part of the carapace), a more rhombic posterior axial lobe, more
elongated inner lyrate keels, as well as less dense tuberculation on
the carapace.

In the Chernyshev collection, this specimen was identified as
Cyclus capidulum (Fig. 3, upper right). However, upon detailed
study, the obvious differences between this cyclidan andAmbocyclus
capidulum became clear. The carapace is less convex, has a more
obvious posterior axial lobe, has the first pair of lateral lobes, wider
inner lyrate keels, and does not have smaller tubercles on the
carapace as seen on Ambocyclus capidulum. At the same time, the
missing frontal part does not allow us to attribute it toMagnitocyclus
with great confidence. In addition, this carapace has the first pair of
lateral lobes slightly separated from each other.

Genus Uralocyclus Mychko and Alekseev, 2018

Type species. Cyclus miloradovitchi Kramarenko, 1961, by original
designation.

Other species. Uralocyclus feldmanni n. sp.; U. harknessi (Wood-
ward, 1870); U. woodwardi (Reed, 1893).

Diagnosis. See Schweitzer et al. (2020, p. 250, 251).

Occurrence. Lower?–Middle Mississippian (Tournaisian?–Viséan)–
Permian (Cisuralian, Asselian).

Remarks. The new species shares most of the diagnostic generic
characters with other species of Uralocyclus, e.g., well-developed
lyrate and median concentric keels, transverse lobes on the outer
branchial region, and transverse lobes on the marginal rim. The
well-ornamented outer branchial region and marginal rim are
particularly diagnostic for this genus.

Uralocyclus feldmanni new species
Figures 6.11, 6.12, 9

Holotype. An almost complete carapace, CNIGR museum
no. 15/5178; the specimen was discovered by B.P. Markovsky
in 1931.

Diagnosis. Carapace bilaterally symmetrical, ovate, moderately
inflated, cap-shaped, laterally bordered by marginal rim, com-
plexly ornamented with various lobes and ridges. Frontal area
dissected by large, symmetrical lobes; posterior axial lobe elongate,
widest anteriorly, then narrowing, then slightly widening posteri-
orly, extending into axial keel. First axial lobe diamond-shaped,
well defined; second axial lobes and third axial lobe approximately
same size and shape as first axial lobe; first lateral lobes approx-
imately same size and shape as first axial lobe but less inflated;
second lateral lobe longer than first, diamond- shaped; third lateral
lobe elongate, with arcuate keel on lateral margin, granular. Inner
lyrate keel weak, outer lyrate keel absent, median concentric keel
strong, inner branchial region granular, moderately inflated; outer
branchial region with seven ovate, transverse swellings. Marginal
rim wide, bearing small oblong swellings, > 12 on each side,
reaching margin.

Occurrence. Bol’shoy Azyam River (tributary of the Bol’shaya
Arsha River near Zlokazovo Village), Kusa District, Chelyabinsk
Oblast, Russia; Mississippian (Upper Viséan or Lower Serpukho-
vian).

Description. The carapace is rounded, somewhat wider than long,
highly vaulted longitudinally and transversely, with the greatest
height in the central region, complexly ornamented with various
lobes and ridges. Its entire surface is ornamented with flattened
tubercles. The frontal margin is not completely preserved; the left
part and the third unpaired axial lobe (al3) are missing. The frontal
lobes of the carapace are approximately diamond-shaped, nested
with each other, all approximately the same size. The third lateral
lobes (ll3) are elongated in width and slightly convex. The second
axial lobes (al2) are large, larger than the other axial lobes. The first
unpaired axial lobe (al1) is diamond-shaped, slightly convex, and
descends vertically toward the third axial lobe (al2). Between it and
the slightly convex posterior axial lobe (pal) is a flattened area. On
either side of it are small first lateral lobes (ll1). The posterior axial
lobe (pal) smoothly transitions into a swollen axial keel (ak) that
abuts the marginal rim in the posterior part. On both sides of the
posterior axial lobe (pal) are narrow inner lyrate keels (ilk). They are
separated by distinct grooves from the vaulted inner branchial
regions (ibr), which descend vertically to the outer branchial
regions (obr). The outer branchial regions (obr) are arched, wide,
and separated from the inner branchial region (ibr) by an arched
median concentric keel (mck), which in the anterior part widens
into triangular lobes and is bounded by the first and second pairs of
lateral lobes (ll1 and ll2). The outer branchial regions (obr) bear
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seven lobes, the size of which increases from the posterior to the
anterior. The anteriormost lobe is the largest, elongated in length.
The marginal rim (mr) is wide, reaching the anterior part and the
line of location of the first lateral lobes (ll1). On both sides of the
carapace on the marginal rim are small oblong swellings, > 12 on
each side, which reach the margin.

Etymology. In honor of our colleague and coauthor, famous Amer-
ican paleontologist, specialist in crustaceans and cyclidans in par-
ticular, Professor Emeritus Rodney Feldmann, who passed away in
May 2024.

Measurements (in mm). Length 12; posterior width ~9; anterior
width 7; height ~7.

Remarks. The new species is similar to the type speciesUralocyclus
miloradovitchi from the Lower Permian of the Urals, but has some
differences. For example, the marginal rim of the new species is
much wider than that of U. miloradovitchi and differs in ornamen-
tation: the oblong swellings on the rim of U. miloradovitchi widen
and do not reach the edge, whereas in U. feldmanni n. sp., these
swellings narrow and rest against the edge of the rim. The internal
branchial regions of U. miloradovitchi are more swollen than those
of the new species. Also, the space between the pal and ll2 lobes in
the new species is larger than inU. miloradovitchi. The new species
is also closely related to theMississippian speciesU. woodwardi and
U. harknessi but differs in the presence of transverse swellings on
the marginal rim. However, U. harknessi lacks evidence of a mar-
ginal rim, which could be an artifact of preservation.

CNIGR museum no. 15/5178 was classified in the collection by
Chernyshev not as a cyclidan, but as a phyllocarid and was condi-
tionally identified as Echinocaris Whitfield, 1880 (Fig. 3, lower
right). This, apparently, could be due to the slightly different
morphology of Uralocyclus from other cyclidans and the presence
of larger number of lobes than in other genera.

The conservative morphology of species of Uralocyclus across
time is notable. Such conservatism was noted, for example, for the
lobster genus Hoploparia M’Coy, 1849, for which dozens of species
are known from the Cretaceous to the Miocene (Tshudy and Sor-
hannus, 2003; Feldmann et al., 2007). Oligocene species of the ghost
shrimp Callianopsis are very similar to extant species (Schweitzer
Hopkins and Feldmann, 1997). Similarly, Eocene species of the squat
lobster Shinkaia Baba and Williams, 1998 are clearly similar to
extant species (Schweitzer and Feldmann, 2008). Among crabs,
members of Carpiliidae are remarkably conservative morphologi-
cally from the Paleocene to the Holocene (Schweitzer et al., 2018).
Thus, the similarities across time in morphology of species of
Uralocyclus have precedent among other crustacean groups.

Discussion

Cyclidans are a rare extinct crustacean group, and each new dis-
covery expands our knowledge of the diversity, morphology, and
evolution of these animals. Thanks to the chance discovery of this
undescribed Chernyshev’s collection, our knowledge of Russian
cyclidans has been expanded with five new finds of four species,
two of which are new (Table 1).

Table 1. All known Russian cyclidans.

Species Locality Stratigraphy Specimens References

Ambocyclus
capidulum
(Chernyshev, 1933)

Alapaevsk District, Sverdlovsk Oblast ‘Lower Carboniferous limestones’,
Serpukhovian, Upper
Mississippian

Holotype CNIGR museum
no. 15/3694

Chernyshev, 1933, p. 21;
Schweitzer et al.,
2020, p. 254

Shartymka (Shartym) River, right tributary of
the Uy River, Uy District (Chelyabinsk
Oblast) on the border with the Uchaly
District (Bashkortostan)

Upper Viséan (Ladeininsky
Substage), Middle Mississippian
–Bashkirian (Akavass
Substage), Lower
Pennsylvanian

CNIGR museum, nos.
12a/5178 and 12b/5178

This study

Uralocyclus
miloradovitchi
(Kramarenko,
1961)

Kazarmennyy Kamen’ Rock, Chelyabinsk
Oblast

Asselian, Cisuralian (Lower
Permian)

Holotype, PIN no. 1792/5;
paratypes PIN nos.
1792/1–4

Kramarenko, 1961;
Mychko and
Alekseev, 2018;
Schweitzer et al.,
2020, p. 251

Uralocyclus feldmanni
sp. nov.

Bol’shoy Azyam River, tributary of the
Bol’shaya Arsha River near Zlokazovo
Village, Kusa District, Chelyabinsk Oblast

Upper Viséan (Middle
Mississippian)–Lower
Serpukhovian (Upper
Mississippian)

CNIGR museum no.
15/5178

This study

Skuinocyclus juliae
Mychko and
Alekseev, 2018

Shakhtau Quarry, Ishimbay District,
Bashkortostan

Asselian, Cisuralian (Lower
Permian)

Holotype, PIN no. 5610/1 Mychko and Alekseev,
2018; Schweitzer et
al., 2020, p. 286

Prolatcyclus
kindzadza Mychko
et al., 2019b

Akkermanovka Quarry, Novotroitsk District,
Orenburg Oblast

Izvestkovy Dol Formation, Viséan,
Middle Mississippian

Holotype, MWO 1/59, no.
9868; paratypes, MWO
1/59 nos. 9866, 9867

Mychko et al., 2019b;
Schweitzer et al.,
2020, p. 250

Magnitocyclus
struveae Mychko et
al., 2022

Eastern slope of the Urals, Magnitogorsk
Synclinorium

Upper Viséan–Lower
Serpukhovian, Middle–Upper
Mississippian

Holotype, PIN 5871/1 Mychko et al., 2022

Magnitocyclus (?) sp.
indet.

Left bank of the Bol’shoy Kizil River above
Kizil’skoe Village, Kizil’skoe District,
Chelyabinsk Oblast

Probably Serpukhovian, Upper
Mississippian

CNIGR museum no.
11/5178

This study

Oonocarcinus uralicus
sp. nov.

‘Kamen’ Plakun’ Rock (reef), Chusovaya
River, Chusovskoy District, Perm Krai

Gzhelian (Upper Pennsylvanian)–
Asselian, (Cisuralian = Lower
Permian)

CNIGR museum no.
7/5178

This study
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New discoveries havemade it possible to revise the time range of
some genera and species of cyclidans. Thus, the stratigraphic
distribution of the genus Oonocarcinus, the oldest representatives
of which were previously known from the middle Permian
(Wordian) of Sicily, has been significantly expanded.Oonocarcinus
uralicus n. sp. extends the origin of the genus into the Late
Carboniferous or Early Permian. In addition, the geographic range
of the genus is significantly expanded from Sicily to include a
Russian locality east of Moscow, in the western Urals.

The most interesting thing is that Chernyshev mentioned the
discovery of Oonocarcinus in the Urals several times previously
(Weber et al., 1934, p. 899; Chernyshev, 1939, p. 141, 142). How-
ever, he referred to the fact that these finds came from the collection
of von Eichwald. The specimen that we are describing as Oonocar-
cinus uralicus n. sp. was discovered by Fredericks in 1928. It is quite
possible that there is another specimen of Oonocarcinus in Eich-
wald’s collection.

The discovery of Ambocyclus capidulum in the Upper Viséan–
Bashkirian of Shartymka (Table 1) expands the geographical
distribution of this species, because the holotype (monotype)
was previously known from the Serpukhovian 400 km to the
north. Also, the carapace from Shartymka provides more infor-
mation about the morphology of this species than the holotype,
because sculpture is preserved on it and some lobes are better
represented.

No less important is the discovery of Uralocyclus feldmanni
n. sp. in the Mississippian deposits of the Chelyabinsk Oblast
(Table 1). This discovery allows us to reduce the geographic
distance between the type species U. miloradovitchi, known from
the Permian (Asselian) of the Urals, and twoMississippian species,
U. harknessi and U. woodwardi, discovered in the British Isles.
The differences among the four species, despite their different
geography and age, are minimal, a pattern well-documented among
extinct crustaceans.
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