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Abstract

The Bashkirian xiphosurid assemblage of the Donets Basin comprises only three genera: Euproops, Prestwichianella, and 
Belinurus. With the exception of Euproops danae, all recorded species appear to be endemic to the basin. A small xipho-
surid assemblage consisting of Belinurus sp., ?Euproops sp., and indeterminate xiphosurid remains is described from 
non-marine deposits of the Mospyne Formation (upper Bashkirian, Lower Pennsylvanian) in the central Donets Ba-
sin, eastern Ukraine. Together with Belinurus iswarinensis (Chernyshev, 1927), previously reported from the Bashkirian 
Mandrykyne and Mospyne formations, these specimens represent the oldest known Carboniferous xiphosurids from 
the Donets Basin.
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1.	 Introduction

Extant horseshoe crabs (Xiphosura Latreille, 1802) 
comprise four species: Limulus polyphemus (Linnae-
us, 1758), Carcinoscorpius rotundicaudata (Latreille, 
1802), Tachypleus gigas (Müller, 1785), and T. triden-
tatus (Leach, 1819), distributed along the Atlantic 
coast of eastern North America and throughout 
southern and southeastern Asia (Lamsdell, 2019, 
2020). During the Pennsylvanian, regarded as the 
evolutionary heyday of the group, xiphosurids 
were characteristic components of non-marine 
faunal assemblages (Selden et al., 2019; Bicknell & 
Pates, 2020). Their fossils are relatively common 
in Bashkirian to Kasimovian coal-bearing strata 
throughout Euramerica (e.g., Bölsche, 1885; Pack-

ard, 1886; Dix & Pringle, 1929, 1930; Pruvost, 1930; 
Eller, 1938; Stainier, 1938; Schwarzbach, 1962; Am-
brose & Romano, 1972; Siegfried, 1972; Anderson, 
1994; Schultka, 1994; Filipiak & Krawczyński, 1996; 
Anderson et al., 1999; Tashman et al., 2019; Lustri et 
al., 2020; Bicknell et al., 2019, 2021, and references 
therein).

In Ukraine, Pennsylvanian coal-bearing succes-
sions occur in three principal regions: the Lviv Pal-
aeozoic Trough, the Dnipro-Donets Depression, and 
the Donets Basin (Shulga et al., 2007; Nemyrovska 
& Yefimenko, 2013; Poletaev & Vdovenko, 2013). 
To date, however, xiphosurids have been record-
ed only from the Donets Basin in eastern Ukraine 
(Chernyshev, 1927, 1928; Karlov, 1948; Shpinev, 
2018; Dernov, 2019a, b). Their stratigraphic distribu-
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tion is restricted to a relatively narrow stratigraphic 
interval extending from the lower Bashkirian (Bi-
linguites-Cancelloceras ammonoid genus zone) to 
the upper Moscovian (Pseudoparalegoceras-Wellerites 
ammonoid genus zone). This interval corresponds 
to the most coal-rich part of the Carboniferous suc-
cession in the basin (Logvinenko, 1953).

Chernyshev (1927, 1928) provided the first for-
mal descriptions of Carboniferous xiphosurids 
from the Donets Basin, although a xiphosurid spec-
imen had been earlier noted by Zalessky (1907). 
In the first paper, Chernyshev (1927) documented 
previously established species Prestwichia danae 
(Meek & Worthen, 1865) and described four new 
taxa: Prestwichianella zalesskii, Bellinurus iswarinen-
sis, B. metschetnensis, and B. stepanowi, all from the 
Pennsylvanian strata of the basin. Subsequently, 
Chernyshev (1928) briefly described and illustrat-
ed new specimens of Prestwichia danae, Bellinurus 
iswarinensis, and B. stepanowi. Because the generic 
name Prestwichia Woodward, 1867 is preoccupied, 
it was replaced by Prestwichianella Cockerell, 1905 
(Shpinev, 2018).

Karlov (1948) later described a further species, 
Prestwichianella tschernyshewi, but its taxonomic 
validity remains uncertain. Shpinev (2018) partly 
revised the taxa established by Chernyshev and ex-
amined additional material from the Donets Basin. 
Shpinev (2018) and Bicknell & Pates (2020) illustrat-
ed several specimens of the type series of the species 
described by Chernyshev (1927). Nevertheless, the 
species of Belinurus erected by Chernyshev (1927) 
require comprehensive revision to clarify their ge-
neric assignments (Lamsdell, 2022).

The present study formally documents new 
xiphosurid material from the upper Bashkirian 
Mospyne Formation of the Donets Basin. These fos-
sils represent some of the oldest horseshoe crabs 
known from the Carboniferous succession of the 
basin. Previously, Chernyshev (1928) briefly de-
scribed and figured Bellinurus iswarinensis from the 
roof shale of the g3 coal in the Mospyne Formation. 
This formation has yielded a diverse arthropod 
fauna, including trilobites (Weber, 1933; Mychko & 
Dernov, 2019), arthropleurid myriapods (Dernov, 
2019a, 2025b), conchostracans (Dernov & Udovy-
chenko, 2021), cyclids (Dernov, 2022c), phyllocarids 
(Dernov, 2025a), and insects (Dernov, 2019a, 2019b, 
2025b). Xiphosurid remains from the Mospyne For-
mation have also been briefly mentioned by the 
present author in earlier studies (Dernov, 2019a, 
2019b, 2025a).

The aims of this study are twofold: (1) to doc-
ument the systematic diversity of horseshoe crabs 
from the early late Bashkirian of the Donets Basin, 

and (2) to discuss their palaeoenvironment, habitat 
preferences, and taphonomic conditions.

2. Materials and methods

Twelve poorly to moderately preserved impres-
sions and compressions of xiphosurid exoskeletal 
fragments were examined. Owing to the generally 
poor preservation of the material, the systematic 
placement of a substantial proportion of the materi-
al remains uncertain.

The material described herein was collected by 
the author from three stratigraphic horizons within 
the Mospyne Formation (Zuyivkian Horizon, low-
er part of the Kayalian regional stage, upper Bash-
kirian, Lower Pennsylvanian; Fig. 1A) in southern 
Luhansk Oblast, Ukraine. These horizons comprise: 
(1) a 0.7 m thick interval of greyish-yellow shale 
interbedded within a deltaic sandstone succession, 
approximately 43 m below the G1

2 limestone; (2) the 
roof shale of the g1

2 coal seam; and (3) the roof shale 
of the g2 coal seam (Fig. 1B).

The fossil-bearing horizons are exposed at three 
localities in the vicinity of the village of Makedoniv-
ka, Luhansk Raion, Luhansk Oblast (Fig.  2): (1) 
sandstone quarries approximately 1 km west of the 
village (48°14'12.0"N, 39°15'19.4"E); (2) spoil heaps 
of an abandoned small coal mine near the northern 

Fig.  1. A  – Stratigraphic position of the Mospyne For-
mation within the Carboniferous succession of the 
Donets Basin. B – Stratigraphic position of the xipho-
surid-bearing horizons within the Mospyne Forma-
tion. Abbreviations: Fm, Formation; Gr, Group; M., 
Mokra.
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outskirts of the village, where the g1
2 coal seam was 

formerly exploited (48°14'36"N, 39°17'58"E); and (3) 
spoil heaps of small-scale coal mines approximately 
1.5 km north of the village, where the g2 coal seam 
was mined (48°14'54.1"N, 39°18'20.6"E).

Five impressions and compressions of prosomal 
and thoracetronic remains assigned to ?Euproops 
sp. and Xiphosurida indet. (specimens NMNHU 
G-10659/01-05) were recovered from Horizon 1 
(Fig. 3A). These are preserved within small weath-
ered siderite concretions embedded in shale associ-
ated with the deltaic sandstone succession.

Horizon 2 (Fig.  3B, C) yielded three impres-
sions and compressions of thoracetronic fragments 
referred to Belinurus sp. and Xiphosurida indet. 
(GMLNU-56/06-08). These specimens occur in 
black carbonaceous shale and in siderite and limo-
nite concretions derived from several beds within 
the roof-shale succession above the g1

2 coal seam. 
The best-preserved specimen (GMLNU-56/06) was 
collected from greyish-yellow siltstone exposed 
immediately above the entrance to the abandoned 
mine.

Three specimens consisting of the prosomal and 
thoracetronic remains assigned to ?Euproops sp. and 
Xiphosurida indet. (GMLNU-56/09-11) were col-
lected from Horizon 3 (Fig. 3D). They are preserved 
in siderite and limonite concretions enclosed within 
the roof shale of the g2 coal seam.

Most specimens are preserved either within sid-
erite and limonite concretions or as impressions on 
shale bedding planes. The concretions are strong-
ly weathered as a result of prolonged exposure on 
spoil heaps or shallow burial in the bedrock. The 
original preservation of the xiphosurid remains 
was probably considerably better, but weathering 
of the concretions substantially reduced the quality 
of preservation. In some cases (e.g. Fig. 6F), weath-
ering of the concretion core produced hollow cav-
ities containing detached internal moulds of the 
exoskeleton that move freely within the concretion. 
Such heavily weathered concretions are known 
locally as “rattles” (kolotushky in Ukrainian; Log-
vinenko, 1953). Most xiphosurid remains occur as 
flattened exoskeletal fragments preserved parallel 
to the bedding plane, although several specimens 

Fig. 2. Localities yielding horseshoe crabs. A – Geological map of the southern part of Luhansk Oblast (modified after 
Dernov, 2025a). B – Detailed map of the area outlined in Fig. 2A.
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Fig. 3. General views of the xiphosurid-bearing localities (A–D) and biota associated with horseshoe crabs from fossilif-
erous Horizon 1 (E–M). A – Siltstone exposure at fossil site No. 1; B – Spoil heap of an abandoned coal mine at fossil 
site No. 2; C – Slope above the entrance to an abandoned coal mine at fossil site No. 2; D – Spoil heap of an aban-
doned coal mine at fossil site No. 3; E–J – Non-marine bivalves from fossiliferous Horizon 1: E – Carbonicola rectilin-
earis Trueman & Weir, 1948 (IGS NASU-11/03); F – Carbonicola limax Wright, 1934 (IGS NASU-11/15); G–J – Shells 
showing injuries sustained during life (G, H) and blister pearl-like structures (I, J) (G – IGS NASU-11/09; H – IGS 
NASU-11/14; I – IGS NASU-11/17; J – IGS NASU-11/16); K – Poorly preserved prosoma of a horseshoe crab from 
the sandstone of fossiliferous Horizon 1 (GMLNU-56/01); L  – Poorly preserved pygocephalomorph crustacean 
from fossiliferous Horizon 1 (field photograph); M – Evidence of a possible fungal–plant interaction on a lycopsid 
leaf (field photograph). Scale bars = 5 mm.
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(e.g. Fig. 6D, G) appear to have been preserved in 
an enrolled posture.

One uncatalogued specimen illustrated in 
Fig. 3K is preserved in sandstone and was probably 
transported prior to burial, as indicated by its poor 
preservation and its association with fragments of 
arthropleurid exoskeletons and plant stems (Der-
nov, 2019a). In contrast, the remaining specimens 
are interpreted as autochthonous or parautochtho-
nous because neither the xiphosurid remains nor 
the associated faunal elements exhibit evidence of 
transport.

Although the studied material originates from 
only three stratigraphic horizons, it represents the 
outcome of many years of field collecting. Non-ma-
rine deposits within the Mospyne Formation, par-
ticularly the lacustrine roof shales of the coal seams 
that have yielded most Carboniferous xiphosurids 
from the Donets Basin (Chernyshev, 1927, 1928; 
Karlov, 1948; Shpinev, 2018), are uncommon in this 
formation. By contrast, the overlying Smolyanyniv-
ka Formation, deposited during the late Bashkirian 
regression (Ustinovsky, 1993), contains considera-
bly more extensive non-marine facies and preserves 
a much richer non-marine biota (Logvinenko, 1953).

The studied xiphosurid specimens are housed 
in the Department of Geology, National Museum 
of Natural History, National Academy of Sciences 
of Ukraine, Kyiv (NMNHU G-10659), and the Ge-
ological Museum of the Taras Shevchenko Nation-
al University of Luhansk, Poltava (GMLNU-56). 
Collections of associated fossils are deposited in 
the Department of Geology, National Museum of 
Natural History, National Academy of Sciences of 
Ukraine, Kyiv (NMNHU-G 8640), the Department 
of Stratigraphy and Palaeontology of the Palaeozo-
ic Sediments, Institute of Geological Sciences, Na-
tional Academy of Sciences of Ukraine, Kyiv (IGS 
NASU-11, IGS NASU-15, IGS NASU-41, and two 
uncatalogued specimens), and the Geological Mu-
seum of Taras Shevchenko National University of 
Luhansk, Poltava (GMLNU-9 and GMLNU-19).

Morphological terminology and measurement 
protocols follow Filipiak & Krawczyński (1996). The 
systematic framework adopted for the family Beli-
nuridae von Zittel in von Zittel & Eastman, 1913, 
including the spelling of the type genus, follows 
Lamsdell (2020) and Lamsdell & Clapham (2021).

3. Geological setting

The Donets Basin forms the southeastern segment 
of the northwest-southeast-trending Pripyat-Dni-
pro-Donets intracratonic rift system, which extends 

from the Baltic region to the Caspian Sea across 
Belarus, Ukraine, and Russia. The rift is situat-
ed between the Voronezh Massif to the north and 
the Ukrainian Shield to the south and occupies the 
southwestern margin of the East European Platform 
(Izart et al., 1996; Eros et al., 2012; Sachsenhofer et 
al., 2012; Van Hinsbergen et al., 2015).

The Mospyne Formation is a 315–730 m thick cy-
clic succession composed of mudstones, siltstones, 
sandstones, limestones, and coal seams (Aisenverg 
et al., 1963, 1975; Feofilova & Levenstein, 1963; 
Dunaeva, 1969; Poletaev et al., 2011; Nemyrovska 
& Yefimenko, 2013). In the study area, the lower 
part of the formation (below the g1 coal seam) is 
replaced by a shale-dominated succession that is 
notably poor in fossils. This interval is most like-
ly assignable to the Dyakove Group (upper Vise-
an–upper Bashkirian), a predominatly argillaceous 
unit recognized throught the southern Donets Ba-
sin (Reznikov, 1993; Dernov, 2022b; Dernov & Po-
letaev, 2024).

The Bashkirian coal-bearing succession accumu-
lated predominantly on an extensive alluvial-delta-
ic plain along the southeastern margin of Laurussia. 
Deposition took place under alternating continental 
and marginal-marine conditions, with repeated in-
cursions from the epicontinental sea producing the 
characteristic cyclothemic succession of the basin 
(Logvinenko, 1953; Feofilova & Levenshtein, 1963; 
Ustinovsky, 1993). During the Bashkirian, marine 
sedimentation was concentrated mainly in the 
central part of the Donets Basin, whereas margin-
al areas, including the study area, remained dom-
inated by continental depositional environments 
(Reznikov, 1993; Dernov & Poletaev, 2024).

4. Associated biota

Macroscopic plant remains assigned to genera 
Cyperites, Lepidodendron, Stigmaria, Asterophyllites, 
Eusphenopteris, Karinopteris, and Cordaites, as well as 
non-marine bivalves Carbonicola rectilinearis True-
man & Weir, 1948 (Fig.  3E) and C. limax Wright, 
1934 (Fig. 3F), and a poorly preserved impression of 
a pygocephalomorph crustacean caparace (Fig. 3L), 
co-occur with xiphosurids in fossiliferous Horizon 
1. Some shells of Carbonicola exhibit injuries sus-
tained during life (Fig. 3G–J) (Dernov, 2022d). Ly-
copsid leaves are commonly preserved in 3D form 
owing to carbonate mineralisation and occasionally 
show evidence of fungal colonisation (Fig. 3M).

Xiphosurid resting traces (Cubichnia) assigned 
to the ichnogenera Arborichnus, Selenichnites, and 
Crescentichnus, occur at several stratigraphic lev-
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Fig. 4. Biota associated with horseshoe crabs from fossiliferous Horizon 2. A, B – ?Paratergites of the myriapod Ar-
thropleura sp. (A  – NMNHU-G 8640/01; B  – GMLNU-19/01); C  – Pteridosperm Neuralethopteris schlehanii (Stur) 
Cremer (uncatalogued); D – Pteridosperm Paripteris gigantea (Sternberg) Gothan (uncatalogued); E – Galls on a plant 
stem (uncatalogued); F, G – Bivalves Curvirimula trapeziforma (Dewar, 1939) (F – IGS NASU-11/32; G – IGS NASU-
11/34); H  – Bivalve Curvirimula tesselata (Jones, 1891) (IGS NASU-11/43); I  – Gastric residue composed of frag-
mented fish scales (uncatalogued); J – Limonitised coprolite (uncatalogued); K – Trace fossil Cochlichnus anguineus 
Hitchcock, 1858 (GMLNU-9/02); L – Fish scale belonging to Rhizodopsis sauroides (Williamson, 1849) (uncatalogued). 
Scale bars = 5 mm.
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els within the Mospyne Formation, including the 
sandstone associated with fossiliferous Horizon 1 
and the sandstone overlying fossiliferous Horizon 
2 (Dernov, 2019a, 2023b). All these trace fossils orig-
inate from deltaic and prodeltaic deposits, suggest-
ing that their producers were likely marine xipho-
surids.

The width of Crescentichnus resting traces from 
the sandstone associated with fossiliferous Horizon 
1 indicates that the prosoma of some trace-making 
xiphosurids measured approximately 15 cm across 
(Dernov, 2019a). If so, the producers of these traces 
this would rank among the largest Carboniferous 
xiphosurids known. At present, the largest known 
Carboniferous horseshoe crab is Xaniopyramis linseyi 
Siveter & Selden, 1987, from the Serpukhovian of 
England, with a prosomal width of approximately 
14 cm (Siveter & Selden, 1987). Crescentichnus is as-
sociated with arthropleurid exoskeleton fragments, 
plant stem remains, and pebbles (Dernov, 2019a). A 
poorly preserved compression of the prosoma of an 
unidentified xiphosurid was also discovered at this 
level (Fig. 3K).

The roof shale of the g1
2 coal seam (fossilifer-

ous Horizon 2) yields a diverse fossil assemblage 
comprising the non-marine bivalves Curvirimula 
trapeziforma (Dewar, 1939) (Fig.  4F, G) and C. tes-

selata (Jones, 1891) (Fig.  4H); the myriapod Ar-
thropleura sp. (Fig. 4A, B); scales of crossopterygian 
fishes including Rhizodopsis sauroides (Williamson, 
1849) (Fig. 4L) and Rhabdoderma elegans (Newberry, 
1856); a bradyodont tooth referred to Helodus sp.; 
and fragmentary fish skeletal remains. Also present 
are macroproblematica, trace fossils including bur-
rows ?Palaeophycus isp., locomotion traces such as 
Cochlichnus anguineus Hitchcock, 1858 (Fig. 4K) and 
Diplichnites isp., bromalites (Fig. 4I, J), and evidence 
of plant-arthropod interactions, including gall-
ing, endophytic oviposition, and margin feeding 
(Fig. 4E) (Dernov, 2019b, 2021, 2022a, 2023a, 2025b).

The best-preserved specimen (Fig. 3A), assigned 
to Belinurus sp., was recovered directly from the 
outcrop face, in contrast to all other specimens, 
which were collected from the spoil heap. Associat-
ed with this specimen were impressions of the ter-
restrial plants Calamites and Karinopteris, bivalves, 
and trace fossils ?Palaeophycus isp. and Cochlichnus 
anguineus (Dernov, 2019b; 2023a).

A diverse assemblage of terrestrial plants was 
also collected from fossiliferous Horizon 2, includ-
ing the genera Asolanus, Bothrodendron, Cyperites, 
Halonia, Lepidodendron, Lepidophloios, Lepidostrobo-
phyllum, Syringodendron, Stigmaria, Asterophyllites, 
Calamites, Pinnularia, Sphenophyllum, Corynept-

Fig. 5. Biota associated with horseshoe crabs from fossiliferous Horizon 3. A – Bivalve Naiadites sp. (IGS NASU-11/45); 
B – Bivalve Carbonicola obtusa (Hind, 1894) (IGS NASU-11/21); C – Phyllocarid crustacean Dithyrocaris cf. granulata 
Woodward & Etheridge, 1873 (IGS NASU-41/01); D – Cyclidan crustacean Brittaniclus cf. scotti (Woodward, 1893) 
(IGS NASU-15/02); E, H – Insect wings (uncatalogued); F – Conchostracan Pseudestheria sp. (uncatalogued); G – In-
determinate conchostracan crustacean (uncatalogued). Scale bars = 5 mm.
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eris, Dictyoxylon, Eusphenopteris, Neuralethopteris 
(Fig. 4C), and Paripteris (Fig. 4D) (Dernov & Udovy-
chenko, 2019).

An assemblage of terrestrial plant remains has 
been recovered from the roof shale of the g2 coal 
seam (fossiliferous Horizon 3), including Bothroden-
dron, Cyperites, Lepidodendron, Lepidophloios, Sigillar-
ia, Stigmaria, Syringodendron, Calamites, Pinnularia, 
Dictyoxylon, Karinopteris, Paripteris, Trigonocarpus, 
Cordaianthus, Cordaicarpus, and Cordaites (Dernov, 
2025a). In addition to plants, the site has yielded a 
variety of non-marine invertebrates, including mi-
croconchids; the bivalves Carbonicola obtusa (Hind, 
1894) (Fig.  5B), Curvirimula trapeziforma (Dewar, 
1939), and Naiadites sp. (Fig.  5A); the conchostra-
cans Pseudestheria sp. (Fig.  5F); and the phyllocar-
id crustacean Dithyrocaris cf. granulata Woodward 
& Etheridge, 1873 (Fig.  5C). Other notable finds 
include a fragmentary impression of a wing base 
of a large insect (Fig. 5H), plant remains showing 
arthropod-induced damages, and pseudofossils 
assigned to Astropolithon (Dernov, 2021, 2022a, 
2025a). The cyclid crustacean Brittaniclus cf. scotti 
(Woodward, 1893), previously reported from the 
base of the g2 coal seam (Dernov, 2022c) (Fig. 5D), 
may in fact have originated from the roof shale of 
this coal seam. It was found in association with an 
assemblage dominated by terrestrial plants, as well 
as myriapods, conchostracans (Fig. 6G), and insects 
(Fig. 6E).

5. Age of the xiphosurid fauna

The Mospyne Formation contains numerous bi-
ostratigraphic indicators that constrain its age to 
the early late Bashkirian (equivalent to the Langset-
tian or Westphalian A of the West European strati-
graphic scale). These include characteristic terres-
trial plant assemblages containing stratigraphically 
significant species Sigillaria elegans Brongniart, Lygi-
nopteris hoeninghausi Potonié, Neuralethopteris rectin-
ervis (Kidston) Laveine, N. schlehanii (Stur) Cremer, 
and Karinopteris acuta (Brongniart) Boersma (Novik, 
1974; Fissunenko, 1991; Boyarina, 2016; Dernov & 
Udovychenko, 2019); ammonoids of the Brannero-
ceras-Gastrioceras Genus Zone (Popov, 1979; Der-
nov, 2022b); and non-marine bivalves belonging to 
Curvirimula trapeziforma (Dewar, 1939), C. tesselata 
(Jones, 1891), Carbonicola rectilinearis Trueman & 
Weir, 1948, C. limax Wright, 1934, which indicate 
the upper part of the lenisulcata Zone and the lower 
part of the communis Zone (Dernov, 2022a).

Conodonts identified from these strata include 
‘Streptognathodus’ expansus Igo & Koike, 1964, ‘S.’ su-

berectus Dunn, 1966, Idiognathoides sinuatus Harris & 
Hollingsworth, 1933, I. corrugatus Harris & Holling-
sworth, 1933, I. sulcatus Higgins & Bouckaert, 1968, 
and Idiognathodus sinuosus Ellison & Graves, 1941, 
all of which indicate the ‘Streptognathodus’ expansus 
Zone (Kozitskaya et al., 1978; Nemyrovska, 1999, 
2017). This zone is correlated with the Langsettian 
Idiognathoides sulcatus parvus Zone of England, the 
Idiognathodus klapperi Zone of the upper Morrowan 
(Pennsylvanian) of the United States, and the lower 
part of the Declinognathodus marginodosus Zone in 
the historical stratotype of the Bashkirian Stage in 
Bashkiria, Russia (Nemyrovska, 1999).

6. Systematic palaeontology

The best-preserved specimens of horseshoe crabs, 
assigned to Belinurus sp. and ?Euproops sp., are de-
scribed below. The more poorly preserved fossils 
are only illustrated (Fig. 6F–I).

Order Xiphosurida Latreille, 1802
Suborder Belinurina von Zittel in von Zittel & 

Eastman, 1913
Family Belinuridae von Zittel in von Zittel & 

Eastman, 1913

Genus Belinurus Bronn, 1839

Type species. Limulus trilobitoides Buckland, 
1837; by subsequent designation.

Included species. Belinurus carwayensis Dix & 
Pringle, 1929; B. concinnus Dix & Pringle, 1929; B. 
grandaevus Jones & Woodward, 1899; B. kiltorkensis 
Baily, 1869; B. morgani Dix & Pringle, 1930; B. pus-
tulosus Dix & Pringle, 1929; B. silesiacus (Roemer, 
1883); B. sustai (Prantl & Přibyl, 1956); B. trechmanni 
Woodward, 1918 (Lamsdell & Clapham, 2021).

Diagnosis. Belinurid with axis of first thorace-
tron tergite medially inflated; thoracetron ovoid 
to semicircular in outline; thoracetron fixed tergo-
pleural spines elongate, needle-like (after Lamsdell 
& Clapham, 2021, p. 1354).

Remarks. The correct authorship and spelling 
of Belinurus was recently clarified by Lamsdell & 
Clapham (2021), who demonstrated that Belinurus 
Bronn, 1839 was the correct spelling and attribution 
as opposed to Bellinurus Pictet, 1846.

Belinurus sp.

Fig. 6A
Material. One specimen (GMLNU-56/06) from 

fossiliferous Horizon 2 (fossil site No. 2).
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Description. Specimen GMLNU-56/06 is pre-
served as a compression of the dorsal surface of 
the thoracetron and the proximal part of the telson 
within a siderite nodule. The thoracetron meas-
ures 9.5  mm in length and 15  mm in width at its 
broadest point (width/length ratio = 1.58). It is 
ovoid to weakly subtriangular in outline and con-
sists of eight segments, each 0.6–1.0  mm wide. 
The thoracetronic axis is 4.2  mm wide anteriorly, 
where it reaches its maximum width, and tapers 
gradually posteriorly. The axial segments and the 
microtergite are not preserved. The lateral ends of 

the thoracetronic segments bear poorly preserved, 
narrow spines that are gently recurved posteriorly. 
The best-preserved spine, on the fourth segment of 
the right side, is 3 mm long. A roll-shaped callosity 
extends along the posterior margin of each segment 
from the pleural region to the base of the corre-
sponding spine. The thoracetronic flange is narrow, 
approximately 0.5 mm wide, and maintains a near-
ly constant width throughout. Only the proximal 
part of the telson is preserved; it is approximately 
12 mm long and 1 mm wide at the base and bears a 
distinct median ridge.

Fig. 6. Xiphosurids from the Mospyne Formation. A – Belinurus sp. (compression of the thoracetron in dorsal view, 
GMLNU-56/06); B–E – ?Euproops sp. (B – impression of the prosoma and thoracetron in dorsal view, NMNHU 
G-10659/01; C – compression of the thoracetron with part of the prosoma, in dorsal view, GMLNU-56/09; D – en-
rolled exoskeleton, NMNHU G-10659/04; E – impression of a genal spine, NMNHU G-10659/03); F–I – Xiphosurida 
indet. (F, G – enrolled exoskeletons, GMLNU-56/11 and GMLNU-56/08; H – impression of the prosoma in dorsal 
view, NMNHU G-10659/02; I – compression of the prosoma with a partially preserved thoracetron, in dorsal view, 
GMLNU-56/10). Scale bars = 5 mm.
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Remarks. The specimen described above is re-
ferred to Belinurus on the basis of its ovoid thorace-
tron bearing elongate, needle-like fixed tergopleu-
ral spines. It differs from Belinurus iswarinensis, 
specimens of which have been reported from sev-
eral localities, including the Mospyne Formation 
(Chernyshev, 1927, 1928), in possessing (1) a weakly 
subtriangular thoracetron rather than the semicir-
cular outline characteristic of B. iswarinensis and (2) 
considerably more slender spines at the lateral mar-
gins of the thoracetronic segments. On the basis of 
the overall thoracetronic outline and the presence of 
long, slender pleural spines, the specimen described 
here most closely resembles Belinurus metschetnensis 
(cf. the specimen illustrated in Shpinev, 2018, fig. 
3B, and Bicknell & Pates, 2020, fig. 15D). However, 
the poor preservation of the present specimen pre-
cludes a detailed morphological comparison with 
other representatives of the genus Belinurus.

Genus Euproops Meek, 1867

Type species. Bellinurus danae Meek & Worthen, 
1865; by original designation.

Included species. Type species only.
Diagnosis. Belinurid characterised by ophthal-

mic ridges that curve axially posterior to the later-
al eyes; a cardiac lobe bordered by dorsal furrows; 
elongate ophthalmic spines arising from the pos-
terior ends of the ophthalmic ridges and extend-
ing over the thoracetron; proximally expanded 
fixed tergopleural spines forming an opisthoso-
mal flange; and a conical opisthosomal boss (after 
Lamsdell, 2020, p. 14).

?Euproops sp.

Fig. 6B–E
Material. Four specimens (NMNHU G-10659/01, 

NMNHU G-10659/03, NMNHU G-10659/04, and 
GMLNU-56/09) from fossiliferous horizons 1 and 
3 (fossil sites Nos. 1 and 3).

Description. Specimen NMNHU G-10659/01 
(Fig. 6B) is the best-preserved specimen referred to 
?Euproops sp. It consists of a weathered, fragmen-
tary impression of the prosoma and thoracetron 
preserved within a siderite nodule. The prosoma 
is semicircular in outline, measuring approximate-
ly 11 mm in width and 3.8 mm in length. A single, 
slender genal spine is preserved; it is 2.5 mm long, 
0.7 mm wide at the base, and oriented subparallel to 
the longitudinal axis of the exoskeleton. The cardiac 
lobe is small, subtriangular, and tapers anteriorly. 
The paired ophthalmic ridges curve axially posteri-
or to the small lateral compound eyes. The median 

ocelli are situated anteriorly at the point where the 
ophthalmic ridges converge. The thoracetron meas-
ures 6.5  mm in length and 8.5  mm in maximum 
width (width/length ratio = 1.31). It is fully fused 
and has a semicircular to weakly subtriangular out-
line. The pleural segments and the axial structures 
of the thoracetron are not preserved. The thorace-
tronic axis is narrow (approximately 1.5 mm wide), 
but its outline cannot be determined.

Specimen GMLNU-56/09 (Fig.  6C) is pre-
served as an impression of the dorsal surface of the 
thoracetron together with the posterior part of the 
prosoma within a siderite nodule. The prosoma is 
very poorly preserved, and its morphology cannot 
be determined. The thoracetron measures approx-
imately 8  mm in length and 13  mm in maximum 
width (width/length ratio c. 1.63), and has a sub-
triangular to nearly semicircular outline. It appears 
to consist of seven segments, each 0.5–0.9 mm long. 
The thoracetronic axis is cylindrical and approxi-
mately 4.0 mm wide at its widest point. The axial 
segments and microtergite are poorly preserved. 
The lateral and posterior margins of the thoracetron 
bear a poorly preserved flange with narrow spines 
that curve slightly posteriorly and are approximate-
ly 2.0–2.5  mm long. A ridge-like callosity extends 
along the posterior margin of each segment from 
the pleural region to the base of the corresponding 
spine. Only the proximal part of the telson is pre-
served, with a basal width of approximately 2 mm.

Remarks. An additional specimen (Fig.  6D), 
representing an enrolled horseshoe crab, probably 
also belongs to ?Euproops sp. However, owing to its 
poor state of preservation, this assignment remains 
tentative. Specimen NMNHU G-10659/03 (Fig. 6E) 
consists of an impression of the lateral part of the 
prosoma bearing a slender, elongate genal spine.

The poor preservation of the available materi-
al precludes confident assignment to Euproops, as 
it does not permit determination of the number of 
opisthosomal segments, assessment of the morphol-
ogy of the fixed tergopleural spines, or confirmation 
of the presence of ophthalmic spines. Nevertheless, 
the specimens are tentatively referred to ?Euproops 
on the basis of several morphological features, in-
cluding the course of the ophthalmic ridges, the rel-
atively slender genal spines oriented nearly parallel 
to the longitudinal axis of the exoskeleton, the sem-
icircular prosoma, the small subtriangular cardiac 
lobe, and the position of the median ocelli.
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7. Discussion

Palaeoenvironments. According to the available 
lithological and palaeontological evidence, fos-
siliferous Horizon 1 was deposited in a shallow, 
low-energy lagoon with reduced salinity or in a 
freshwater lake (Dernov, 2022a). The bivalves from 
fossiliferous Horizon 2 are interpreted to have in-
habited shallow, freshwater or brackish lakes situ-
ated on a coastal alluvial plain. These water bodies 
were characterised by low biodiversity, slow sed-
imentation rates, dysaerobic bottom-water condi-
tions, and a continuous supply of nutrients from 
the surrounding wetlands (Dernov, 2022a, 2025b).

Bivalves of the genus Curvirimula probably 
adopted a pseudoplanktonic mode of life, attaching 
themselves to floating substrates such as fragments 
of wood or to benthic organisms, including macro-
scopic algae (Warth, 1967; Wignall & Sims, 1990). 
This life habit enabled them to remain above the ox-
ygen-depleted bottom waters. However, the pseu-
doplanktonic habit was probably facultative, and 
under more favourable environmental conditions 
these bivalves may also have adopted a benthic 
mode of life (Dernov, 2022a). Curvirimula is well 
known from brackish-water depositional environ-
ments (Betekhtina, 1974; Eagar, 1981; Anderson et 
al., 1997).

The margins of these lakes were occupied by 
dense but taxonomically monotonous hydrophilic 
vegetation, dominated by monospecific stands of 
the arborescent sphenopsid Calamites (Fissunenko, 
1987).

The fossils from fossiliferous horizons 2 and 
3 were collected from mine spoil heaps and most 
probably originated from different parts of the roof 
shales of the g1

2 and g2 coal seams. In the Donets 
Basin, the roof shales of coal seams typically com-
prise several palaeoenvironmental zones (facies) 
representing different depositional settings (Cher-
nyshev, 1931; Yefimov, 1934; Logvinenko, 1953; Po-
sudiyevsky, 1977; Dernov, 2022a): (1) swamp (lower 
part) to lacustrine (upper part) facies, represent-
ed by black mudstones and siltstones containing 
abundant plant debris, non-marine bivalves, and 
conchostracans; (2) brackish to shallow-marine fa-
cies, represented by black mudstones and siltstones 
with lingulide brachiopods, marine bivalves, and 
ostracods; and (3) offshore marine facies, represent-
ed by shales containing marine bivalves, gastro-
pods, ammonoids, and other typical marine fauna. 
The horseshoe crabs described here most probably 
originated from the lacustrine subdivision of facies 
zone 1 (Dernov, 2025a).

These lakes developed on an alluvial–delta-
ic swampy plain (Zhemchuzhnikov et al., 1960; 
Feofilova & Levenshtein, 1963; Zaritskiy, 1970; Der-
nov, 2022a, 2025a). Their occurrence directly above 
the coal seams indicates that they formed follow-
ing the burial of peat mires by clastic sediments 
and the consequent cessation of peat accumulation. 
The lake-bottom muds were probably enriched in 
hydrogen sulphide as a result of sulphate-reducing 
bacterial activity, stimulated by the abundant or-
ganic detritus, chiefly fragments of terrestrial plants 
transported into the lakes from the surrounding 
highly productive wetlands (Dernov, 2022a, 2025a). 
Hydrogen sulphide probably accumulated period-
ically within the water column or may even have 
persistently contaminated its lowermost part (Der-
nov, 2022a, 2025a).

General characteristics of the xiphosurid 
faunule. No xiphosurids have previously been de-
scribed or illustrated from the study area, namely 
the central Donets Basin. However, Shpinev (2018: 
pl. 10, fig. 6; text-fig. 6) figured and described a ju-
venile specimen of Belinurus sp. from an abandoned 
coal quarry located approximately 3.3 km south of 
the village of Zakhidne, Luhansk Raion, Luhansk 
Oblast, about 23  km northwest of the village of 
Makedonivka. The specimen was collected from the 
upper Bashkirian Smolyanivka Formation, prob-
ably from shale beds associated with the h10 coal 
seam near the top of the formation. Biostratigraph-
ically, these strata belong to the terminal Branner-
oceras–Gastrioceras Genus Zone or the lowermost 
Diaboloceras–Axinolobus Genus Zone (Popov, 1979; 
Dernov, 2022b, e).

The juvenile specimen figured by Shpinev close-
ly resembles the Belinurus sp. described herein in 
possessing long, slender pleural spines. However, 
it differs in several respects. Its thoracetron is sem-
icircular in outline, whereas that of Belinurus sp. 
described herein is weakly subtriangular, and its 
prosoma is proportionally much broader than the 
thoracetron.

The horseshoe crabs described herein, together 
with Belinurus iswarinensis described by Cherny-
shev (1927, 1928) from the roof shale of the f1 coal in 
the lower Bashkirian Mandrykyne Formation and 
from the roof shale of the g3 coal in the Mospyne 
Formation, currently represent the oldest known 
Carboniferous xiphosurids from the Donets Basin. 
In total, the following xiphosurid species have been 
reported from the Bashkirian of the Donets Basin: 
Euproops danae, ?Euproops sp., Prestwichianella tscher-
nyshewi, Belinurus iswarinensis, B. metschetnensis, 
and B. sp. (Chernyshev, 1927, 1928; Karlov, 1948; 
Shpinev, 2018; this study).
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At present, the Bashkirian xiphosurid assem-
blage of the Donets Basin comprises only three gen-
era: Euproops, Prestwichianella, and Belinurus (Fig. 7). 
Almost all recorded species appear to be endemic 
to the basin, with the exception of Euproops danae, 
which is widely distributed in Pennsylvanian de-
posits throughout Euramerica (e.g. Meek, 1867; 
Fisher, 1977, 1979; Brauckmann, 1982; Anderson, 
1994; Mikulic, 1998; Babcock & Merriam, 2000; 
Haug et al., 2012; Lucas et al., 2014; Tashman et al., 
2019; Bicknell et al., 2021, and references therein).

The generally poor preservation of xiphosurids 
in the Mospyne Formation limits detailed compari-
sons with other palaeoequatorial xiphosurid faunas 
of Euramerica. In contrast, other arthropod groups 
from the Mospyne Formation, including phyllo-
carids and cyclids identified to species level (Der-
nov, 2022c, 2025a), exhibit much broader palaeo-
biogeographical distributions and are also known 
from Westphalian (upper Bashkirian–Moscovian) 
strata of the United Kingdom.

7. Conclusions

The xiphosurid fauna of the Mospyne Formation 
provides new insights into the diversity, distribu-
tion, and palaeoecology of Carboniferous horse-
shoe crabs in the Donets Basin. New material recov-
ered from three fossiliferous horizons documents 
the presence of at least two belinurid taxa, referred 
to Belinurus sp. and ?Euproops sp., among the oldest 
known Carboniferous xiphosurids from the basin.

The specimens were recovered from deposits 
formed in low-energy continental to marginal envi-
ronments, including freshwater and brackish lakes 
developed on an alluvial–deltaic swampy plain. 
The associated faunal and floral assemblages, to-
gether with sedimentological evidence, indicate 
that these horseshoe crabs inhabited shallow wa-
ter bodies characterised by abundant organic input 
and periodically dysaerobic bottom waters. These 
environmental conditions are consistent with the 
ecological preferences inferred for Pennsylvanian 
belinurids elsewhere in Euramerica.

Biostratigraphic evidence derived from ter-
restrial plants, ammonoids, non-marine bivalves, 

Fig. 7. Stratigraphic distribution of horseshoe crab taxa within the Carboniferous succession of the Donets Basin (after 
Chernyshev, 1927, 1928, 1939; Shpinev, 2018; and this study). Abbreviations: B., Belinurus; D., Declinognathodus; E., 
Euproops. Ammonoid zonation after Popov (1979) and Dernov (2022e); conodont zonation after Nemyrovska (2017). 
Note: The precise stratigraphic position of the locality yielding the type series of Prestwichianella tschernyshewi Kar-
lov, 1948, is unknown.
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and conodonts constrains the age of the xiphosu-
rid-bearing strata to the early late Bashkirian (equi-
vakebt of the Langsettianof the Western European 
chronostratigraphic scheme). The occurrence of 
Belinurus and ?Euproops in these deposits extends 
the documented record of Carboniferous horseshoe 
crabs in eastern Euramerica.

The Bashkirian xiphosurid assemblage of the 
Donets Basin currently comprises three genera—
Belinurus, Euproops, and Prestwichianella—with 
most species apparently endemic to the basin. 
Although the available material is generally too 
poorly preserved to permit detailed taxonomic and 
palaeobiogeographical comparisons, the new dis-
coveries demonstrate that horseshoe crabs were a 
regular component of Bashkirian non-marine and 
marginal-water ecosystems in the Donets Basin and 
provide an important contribution to our under-
standing of the early evolutionary and palaeobio-
geographical history of Carboniferous xiphosurids.

Acknowledgements

The author would like to thank to Dr Jason A. Dun-
lop (Museum für Naturkunde  – Leibniz Institute 
for Research on Evolution and Biodiversity, Berlin) 
and Dr Pierre Gueriau (National Museum of Nat-
ural History, Paris), whose comments and sugges-
tions improved the quality of the final version of the 
manuscript. This study was funded by the Institute 
of Geological Sciences of the NAS of Ukraine (re-
search project “Fauna and flora of the Ediacaran 
and Palaeozoic of Ukraine: taxonomy, biostratigra-
phy, and biogeography”).

References

Aisenverg D.Ye., Belenko N.G., Dedov V.S., Leven-
shtein M.L., Makarov I.A., Nesterenko L.P., Poletaev 
V.I., Popov V.S., Sokolova G.U., Fissunenko O.P., & 
Shchegolev A.K., 1975. Stratigraficheskaya ekskursi-
ya [Stratigraphic excursion]. [In:] Aisenverg D.Ye., 
Lagutina V.V., Levenshtein M.L. & Popov V.S. (Eds), 
Putevoditel’ ekskursii po Donetskomu basseynu [Field ex-
cursion guidebook for the Donets Basin]. Nauka, Mos-
cow, 201–245.

Aisenverg D.Ye., Brazhnikova N.E., Novik K.O., Ro-
tai A.P. & Shulga P.L., 1963. Stratigrafiya kamennou-
gol’nykh otlozheniy Donetskogo basseyna [Carboniferous 
stratigraphy of the Donets Basin]. Publishing House of 
the Academy of Sciences of the Ukrainian SSR, Kyiv, 
182 pp.

Ambrose T. & Romano M., 1972. New Upper Carbonif-
erous Chelicerata (Arthropoda) from Somerset, Eng-
land. Palaeontology 15, 569–578.

Anderson L.I., 1994. Xiphosurans from the Westphalian D 
of the Radstock Basin, Somerset Coalfield, the South 
Wales Coalfield and Mazon Creek, Illinois. Proceed-
ings of the Geologists’ Association 105, 265–275. https://
doi.org/10.1016/S0016-7878(08)80179-4

Anderson L.I., Dunlop J.A., Horrocks C.A., Winkelmann 
H.M. & Eagar R.M.C., 1997. Exceptionally preserved 
fossils from Bickershaw, Lancashire, UK (Upper 
Carboniferous, Westphalian A (Langsettian)). Geo-
logical Journal 32, 197–210. https://doi.org/10.1002/
(SICI)1099-1034(199709)32:3<197::AID-GJ739>3.0.
CO;2-6

Anderson L.I., Dunlop J.A., Eagar R.M.C., Horrocks C.A. 
& Wilson H.M., 1999. Soft-bodied fossils from the roof 
shales of the Wigan Four Foot coal seam, Westhought-
on, Lancashire, UK. Geological Magazine 135, 321–329. 
https://doi.org/10.1017/S0016756899002575

Babcock L.E. & Merriam D.F., 2000. Horseshoe crabs 
(Arthropoda; Xiphosurida) from the Pennsylva-
nian of Kansas and elsewhere. Transactions of the 
Kansas Academy of Science 103, 76–94. https://doi.
org/10.2307/3627941

Baily W.H., 1863. Remarks on some Coal Measures Crus-
tacea belonging to the genus Belinurus König, with 
description of two new species from Queen’s County, 
Ireland. Annals and Magazine of Natural History 11, 107–
114. https://doi.org/10.1080/00222936308681390

Betekhtina O.A., 1974. Biostratigrafiya i  korrelyatsiya ug-
lenosnykh otlozheniy pozdnego paleozoya po nemorskim 
dvustvorkam [Non-marine bivalves, biostratigraphy and 
correlation of the Late Paleozoic Coal Measures]. Nauka, 
Novosibirsk, 178 pp.

Bicknell R.D.C. & Pates S., 2020. Pictorial atlas of fossil 
and extant horseshoe crabs, with focus on Xiphosu-
rida. Frontiers in Earth Science 8, 1–60. https://doi.
org/10.3389/feart.2020.00098

Bicknell R.D.C, Pates S. & Botton M.L., 2019. Euproops 
danae (Belinuridae) cluster confirms deep origin of 
gregarious behaviour in xiphosurids. Arthropoda 
Selecta 28, 549–555. https://doi.org/10.15298/arth-
sel.28.4.07

Bicknell R.D.C., Tashman J.N., Edgecombe G.D. & Pat-
erson J.R., 2021. Carboniferous horseshoe crab mus-
culature suggests anatomical conservatism within 
Xiphosurida. Papers in Palaeontology 8, 1–9. https://
doi.org/10.1002/spp2.1403

Bölsche W., 1885. Über Prestwichia rotundata H. Woodw. 
sp. aus der Steinkohlenformation des Piesberges bei 
Osnabrück. Jahresbericht des Naturwissenschaftlichen 
Vereins Osnabrück 6, 268–271.

Boyarina N.I., 2016. Makrofloristicheskiye zony sredne-
go i  verkhnego karbona (pensil’vanskoy podsiste-
my) Donetskogo basseyna [Macrofloristic zones of 
the middle and Upper Carboniferous (Pennsylvani-
an Subsystem) of the Donets Basin]. Geologičnij žur-
nal 354, 21–35. https://doi.org/10.30836/igs.1025-
6814.2016.1.97280

Brauckmann C., 1982. Der Schwertschwanz Euproops 
(Xiphosurida, Limulina, Euproopacea) aus dem 
Ober-Karbon des Piesbergs bei Osnabrück. Osna-
brücker Naturwissenschaftliche Mitteilungen 9, 17–26.

https://doi.org/10.1016/S0016-7878(08)80179-4
https://doi.org/10.1016/S0016-7878(08)80179-4
https://doi.org/10.1002/(SICI)1099-1034(199709)32
https://doi.org/10.1002/(SICI)1099-1034(199709)32
https://doi.org/10.1017/S0016756899002575
https://doi.org/10.2307/3627941
https://doi.org/10.2307/3627941
https://doi.org/10.1080/00222936308681390
https://doi.org/10.3389/feart.2020.00098
https://doi.org/10.3389/feart.2020.00098
https://doi.org/10.15298/arthsel.28.4.07
https://doi.org/10.15298/arthsel.28.4.07
https://doi.org/10.1002/spp2.1403
https://doi.org/10.1002/spp2.1403
https://doi.org/10.30836/igs.1025-6814.2016.1.97280
https://doi.org/10.30836/igs.1025-6814.2016.1.97280


14	 Vitaly Dernov

Bronn H.G., 1839. Fossile Limulus-Arten. Neues Jahrbuch 
für Mineralogie, Geognosie, Geologie und Petrefakten-
kunde 1839, 489–490.

Buckland W., 1837. The Bridgewater treatises on the pow-
er, wisdom and goodness of God as manifested in the 
creation. Treatise IV. Geology and mineralogy with 
reference to natural theology (second edition). Wil-
liam Pickering, London, 316 pp.

Chernyshev B.I., 1927. Zametka o predstavitelyakh 
Xiphosura iz Donetskogo basseyna [A note on repre-
sentatives of Xiphosura from the Donets Basin]. Pro-
ceedings of the Geological Committee 46, 645–655.

Chernyshev B.I. 1928. Yeshche o Phyllopoda i Xiphosu-
ra Donetskogo basseyna [More on Phyllopoda and 
Xiphosura of the Donets Basin]. Proceedings of the Geo-
logical Committee 47, 519–533.

Chernyshev B.I., 1931. Carbonicola, Anthracomya i  Na-
jadites Donetskogo basseina [Carbonicola, Anthracomya, 
and Najadites of the Donets Basin]. Geological Publish-
ing House of the Main Geological Prospecting Direc-
torate, Moscow and Leningrad, 126 pp.

Chernyshev B.I., 1939. Rakoobraznye [Crustaceans]. 
[In:] Gorsky, I.I. (Ed.), Atlas rukovodyaschikh form 
iskopayemykh faun SSSR. Tom 5. Sredniy i verkhniy kar-
bon [Atlas of index fossils of the USSR. Volume 5. Middle 
and Upper Carboniferous]. Gosgeoltoptekhizdat, Mos-
cow, 141–144.

Cockerell T.D.A., 1905. Two Carboniferous genera of 
xiphosurans. American Geologist 36, 330.

Dernov V., 2019a. Taphonomy and paleoecology of fau-
na and flora from deltaic sandstones of the Mospinka 
Formation (middle Carboniferous) of the Donets Ba-
sin. Geo&Bio 18, 37–63. https://doi.org/10.15407/
gb1805

Dernov V.S., 2019b. K izucheniyu nemorskoi fauny mos-
pinskoi svity (sredniy karbon, Donbass) [On the study 
of the non-marine fauna of the Mospino Formation 
(Middle Carboniferous, Donets Basin)]. Tectonics and 
Stratigraphy 46, 105–115. https://doi.org/10.30836/
igs.0375-7773.2019.208882

Dernov V., 2021. The earliest insect endophytic oviposi-
tion (Early Pennsylvanian, eastern Ukraine). Visnyk of 
the Taras Shevchenko National University of Kyiv. Geology 
95, 16–24. https://doi.org/10.17721/1728-2713.95.02

Dernov V., 2022a. Nemors’ki peletsypody mospyns’koyi 
svity (verkhniy bashkyr) Donets’koho baseynu: sys-
tematychnyy sklad, paleoekolohiya ta stratyhrafichne 
znachennya [Non-marine bivalves from the Mospyne 
Formation (upper Bashkirian) of the Donets Basin: 
taxonomy, paleoecology, and stratigraphic signif-
icance]. Geologičnij žurnal 380, 34–56. https://doi.
org/10.30836/igs.1025-6814.2022.3.255491

Dernov V., 2022b. Late Bashkirian ammonoids from the 
Mospyne Formation of the Donets Basin, Ukraine. 
Fossil Imprint 78, 489–512. https://doi.org/10.37520/
fi.2022.021

Dernov V.S., 2022c. The first record of Cyclida (Pancrus-
tacea, Multicrustacea) in the Carboniferous of the 
Donets Basin, Ukraine. Collection of scientific works 
of the Institute of Geological Sciences of NAS of Ukraine 

15, 78–85. https://doi.org/10.30836/igs.2522-
9753.2022.267079

Dernov V.S., 2022d. Pryzhyttyevi poshkodzhennya 
cherepashok nemors’kykh dvostulkovykh molyuskiv 
z karbonu Donets’koho baseynu [Shell injuries of the 
Carboniferous non-marine bivalves from the Donets 
Basin]. Paleontological Review 54, 56–64.

Dernov V., 2022e. Biostratyhrafiya bashkyrs’koho yarusu 
(pensyl’vaniy) Donets’koho baseynu za faunoyu 
amonoidey [Ammonoid biostratigraphy of the Bash-
kirian (Pennsylvanian) in the Donets Basin]. Collection 
of scientific works of the Institute of Geological Scienc-
es of the NAS of Ukraine 15, 123–137. https://doi.
org/10.30836/igs.2522-9753.2022.267080

Dernov V., 2023a. The first record of the trace fossils Coch-
lichnus from the Pennsylvanian continental and ma-
rine deposits in the Donets Basin, Ukraine. Geo&Bio 
25, 109–120. https://doi.org/10.53452/gb2508

Dernov V., 2023b. Horseshoe crab trace fossils Arborichnus 
Romano et Meléndez, 1985 from the Bashkirian (Car-
boniferous) of the Donets Basin, Ukraine. Fossil Im-
print 79, 9–25. https://doi.org/10.37520/fi.2023.002

Dernov V., 2025a. New records of Pennsylvanian phyllo-
carid crustaceans (Phyllocarida, Archaeostraca) from 
the Donets Basin, eastern Ukraine. Geologos 31, 1–16. 
https://doi.org/10.14746/logos.2025.31.1.01

Dernov V.S., 2025b. A new record of the myriapod ge-
nus Arthropleura Jordan in Jordan et von Meyer, 1854 
from the Pennsylvanian of Ukraine. Geologičnij žur-
nal 390, 33–43. https://doi.org/10.30836/igs.1025-
6814.2025.1.301847

Dernov V.S. & Poletaev V.I., 2024. New geological and 
palaeontological data of the Dyakove Group (Car-
boniferous) and age-related rock formations of 
the central Donets Basin, Ukraine. Geologičnij žur-
nal 386, 3–21. https://doi.org/10.30836/igs.1025-
6814.2024.1.285644

Dernov V.S. & Udovychenko M.I., 2019. K paleobotan-
icheskoy kharakteristike mospinskoy svity (sredniy 
karbon, Donbass) [On the palaeobotanical character-
istic of the Mospino Formation]. Visnyk of V.N. Karazin 
Kharkiv National University, Geology, Geography, Ecolo-
gy 51, 67–82.

Dernov V.S. & Udovychenko N.I., 2021. Nakhodka 
drevneyshego konkhostraka (Crustacea: Branchio-
poda) v karbone Donbassa [A record of the earliest 
conchostracan crustacean (Crustacea: Branchiopoda) 
in the Carboniferous of the Donets Basin]. Natural 
Sciences: Projects, Research, Prospects. Proceedings of 
the 2nd International Scientific and Practical Conference 
(Starobilsk, 21–22 December 2021). Starobilsk, 31–33.

Dewar W., 1939. Anthraconauta (Anthracomya) minima 
(Auctorum) and its associates in the Lancashire coal-
field. Bulletin of Geological Survey of Great Britain 1, 
47–66.

Dix E. & Pringle J., 1929. On the fossil Xiphosura from the 
South Wales Coalfield with a note on the myriapod 
Euphoberia. Summary of Progress, Geological Survey of 
Great Britain 1928, 90–113.

Dix E. & Pringle J., 1930. Some Coal Measure arthro-
pods from the South Wales Coalfield. Annals and 

https://doi.org/10.15407/gb1805
https://doi.org/10.15407/gb1805
https://doi.org/10.30836/igs.0375-7773.2019.208882
https://doi.org/10.30836/igs.0375-7773.2019.208882
https://doi.org/10.17721/1728-2713.95.02
https://doi.org/10.30836/igs.1025-6814.2022.3.255491
https://doi.org/10.30836/igs.1025-6814.2022.3.255491
https://doi.org/10.37520/fi.2022.021
https://doi.org/10.37520/fi.2022.021
https://doi.org/10.30836/igs.2522-9753.2022.267079
https://doi.org/10.30836/igs.2522-9753.2022.267079
https://doi.org/10.30836/igs.2522-9753.2022.267080
https://doi.org/10.30836/igs.2522-9753.2022.267080
https://doi.org/10.53452/gb2508
https://doi.org/10.37520/fi.2023.002
https://doi.org/10.14746/logos.2025.31.1.01
https://doi.org/10.30836/igs.1025-6814.2025.1.301847
https://doi.org/10.30836/igs.1025-6814.2025.1.301847
https://doi.org/10.30836/igs.1025-6814.2024.1.285644
https://doi.org/10.30836/igs.1025-6814.2024.1.285644


	 Late Bashkirian (Early Pennsylvanian) horseshoe crabs (Chelicerata: Xiphosura) from the Mospyne Formation...	 15

Magazine of Natural History 10, 136–144. https://doi.
org/10.1080/00222933008673194

Dunaeva N.M., 1969. Vidkrytyi Donbas [Open Donets 
Basin]. [In:] Bondarchuk, V.G. (Ed.), Stratygraphiya 
URSR. Tom 5. Karbon [Stratigraphy of the Ukrainian SSR. 
Vol. 5. Carboniferous]. Naukova Dumka, Kyiv, 21–48.

Dunn D.L., 1966. New Pennsylvanian conodonts from 
southwestern United States. Journal of Paleontology 40, 
1294–1303.

Eagar R.M.C., 1981. Seasonal sedimentation in the Upper 
Carboniferous of England: A discussion. The Journal of 
Geology 89, 765–766. https://doi.org/10.1086/628642

Eller E.R., 1938. A review of the Xiphosuran genus Beli-
nurus, with the description of a new species, B. alle-
ganyensis. Annals of the Carnegie Museum 27, 129–150. 
https://doi.org/10.5962/p.214431

Eros J.M., Montañez I.P., Osleger D.A., Nemyrovska T.I., 
Poletaev V.I., Davydov V.I. & Zhykalyak M.V., 2012. 
Sequence stratigraphy and onlap history of the Donets 
Basin, Ukraine: insight into Carboniferous icehouse 
dynamics. Palaeogeography, Palaeoclimatology, Palae-
oecology 313–314, 1–25. https://doi.org/10.1016/j.
palaeo.2011.08.019

Feofilova A.P. & Levenstein M.L., 1963. Osobennosti 
osadko- i  uglenakopleniya v nizhnem i  srednem karbone 
Donetskogo basseyna [Features of sedimentation and coal 
accumulation in the Lower and Middle Carboniferous of 
the Donets Basin]. Publishing House of the Academy 
of Sciences of the USSR, Moscow, 180 pp.

Filipiak P. & Krawczyński W., 1996. Westphalian xipho-
surans (Chelicerata) from the Upper Silesia Coal Ba-
sin of Sosnowiec, Poland, Acta Palaeontologica Polonica 
41, 413–425.

Fisher D.C., 1977. Functional significance of spines in 
the Pennsylvanian horseshoe crab Euproops danae. 
Paleobiology 3, 175–195. https://doi.org/10.1017/
S009483730000525X

Fisher D.C., 1979. Evidence for subaerial activity of Eu-
proops danae (Merostomata, Xiphosurida). [In:] Nitecki 
M.H. (Ed.), Mazon Creek fossils. Academic Press, New 
York, 379–447. https://doi.org/10.1016/B978-0-12-
519650-5.50022-9

Fissunenko O.P., 1987. Srednekamennougol’nyye land-
shafty Donetskogo basseyna [Middle Carboniferous 
landscapes of the Donets Basin]. [In:] Bogdanova T.N. 
& Khozatsky L.I. (Eds.), Palaeontology and geologic his-
tory of the palaeobasins Nedra, Leningrad, 92–99.

Fissunenko O.P., 1991. Zonal’naya fitostratigraficheskaya 
shkala nizhnego i srednego karbona Donetskogo bas-
seyna [Zonal phytostratigraphic scheme of the Lower 
and Middle Carboniferous of the Donets Basin]. Geo-
logichnij žurnal 3, 55–64.

Harris R.W. & Hollingsworth R.V., 1933. New Pennsyl-
vanian conodonts from Oklahoma. American Journal of 
Science, Series 5 25, 193–204. https://doi.org/10.2475/
ajs.s5-25.147.193

Haug C. Van Roy P., Leipner A., Funch P., Rudkin D.M., 
Schöllmann L. & Haug J.T., 2012. A holomorph ap-
proach to xiphosuran evolution – a case study on the 
ontogeny of Euproops. Developmental Genes and Evolu-

tion 222, 253–268. https://doi.org/10.1007/s00427-
012-0407-7

Higgins A.C. & Bouckaert J., 1968. Conodont stratigraphy 
and paleontology of the Namurian of Belgium. Brus-
sels: Service Géologique de Belgique, Mémoires pour 
servir à l’explication des cartes géologique et miniéres de la 
Belgique 10, 1–64.

Hind W., 1894–1896. A monograph on Carbonicola, An-
thracomya, and Naiadites. Palæontographical Socie-
ty, London, 182 pp. https://doi.org/10.5962/bhl.
title.11877

Hitchcock E., 1858. Ichnology of New England; a report 
on the sandstone of the Connecticut Valley, especially 
its footmarks. W. White, Boston, 220 pp.

Igo H. & Koike T., 1964. Carboniferous conodonts from 
the Omi limestone, Niigata Prefecture, central Japan 
(Studies of Asian conodonts, Part I). Transactions and 
Proceedings of the Palaeontological Society of Japan, New 
Series 53, 179–193.

Izart A., Briand C., Vaslet D., Vachard D., Coquel R. & 
Maslo A., 1996. Stratigraphy and sequence stratigra-
phy of the Moscovian in the Donets Basin. Tectono-
physics 268, 189–209. https://doi.org/10.1016/S0040-
1951(96)00224-7

Jones T.R., 1891. On some Estheriæ and Estheria-like shells 
from the Carboniferous shales of Western Scotland. 
Transactions of the Geological Society of Glasgow 9, 79–85. 
https://doi.org/10.1144/transglas.9.1.79

Jones T.R. & Woodward H., 1899. Contributions to fos-
sil Crustacea. Geological Magazine 6, 388–395. https://
doi.org/10.1017/S0016756800142487

Karlov N.N., 1948. Prestwiachinella tschernyschevi sp. 
nov. – novyy predstavnyk Xiphosura z produktyvnoyi 
tovshchi donets’koho karbonu [Prestwiachinella tscher-
nyschevi sp. nov., a new representative of Xiphosura 
from the Carboniferous coal-bearing succession of 
the Donets Basin]. Collection of papers on palaeontology 
and stratigraphy. Publishing House of the Academy of 
Sciences of the Ukrainian SSR; Kyiv, 41–47.

Kozitskaya R.I., Kossenko Z.A., Lipnyagov O.M. & Ne-
mirovskaya T.I., 1978. Kamennougol’nyye konodon-
ty Donetskogo basseina [Carboniferous conodonts of the 
Donets Basin]. Naukova Dumka, Kyiv, 122 pp.

Lamsdell J.C., 2019. Evolutionary history of the dynam-
ic horseshoe crab. [In:] Sitters H.P., Clark J.A., Smith 
P.A. & Niles L.J. (Eds), Conservation and research on 
shorebirds and horseshoe crabs in Delaware Bay 1997–
2018. International Wader Studies 21, 1–14.

Lamsdell J.C., 2020. The phylogeny and systematics of 
Xiphosura. PeerJ 8: e10431. https://doi.org/10.7717/
peerj.10431

Lamsdell J.C., 2022. One name to rule them all: Belinurus 
trilobitoides (Buckland, 1837) is senior synonym to 
fourteen named species. Journal of Paleontology 96, 
237–241. https://doi.org/10.1017/jpa.2021.84

Lamsdell J.C. & Clapham M.E., 2021. Belinurus Bronn, 
1839 (Chelicerata, Xiphosura) has priority over Bell-
inurus Pictet, 1846. Journal of Paleontology 95, 1352–
1355. https://doi.org/10.1017/jpa.2021.53

Latreille P.A., 1802. Histoire naturelle générale et particu-
lière des crustacés et des insectes: ouvrage faisant suite 

https://doi.org/10.1080/00222933008673194
https://doi.org/10.1080/00222933008673194
https://doi.org/10.1086/628642
https://doi.org/10.5962/p.214431
https://doi.org/10.1016/j.palaeo.2011.08.019
https://doi.org/10.1016/j.palaeo.2011.08.019
https://doi.org/10.1017/S009483730000525X
https://doi.org/10.1017/S009483730000525X
https://doi.org/10.1016/B978-0-12-519650-5.50022-9
https://doi.org/10.1016/B978-0-12-519650-5.50022-9
https://doi.org/10.2475/ajs.s5-25.147.193
https://doi.org/10.2475/ajs.s5-25.147.193
https://doi.org/10.1007/s00427-012-0407-7
https://doi.org/10.1007/s00427-012-0407-7
https://doi.org/10.5962/bhl.title.11877
https://doi.org/10.5962/bhl.title.11877
https://doi.org/10.1016/S0040-1951(96)00224-7
https://doi.org/10.1016/S0040-1951(96)00224-7
https://doi.org/10.1144/transglas.9.1.79
https://doi.org/10.1017/S0016756800142487
https://doi.org/10.1017/S0016756800142487
https://doi.org/10.7717/peerj.10431
https://doi.org/10.7717/peerj.10431
https://doi.org/10.1017/jpa.2021.84
https://doi.org/10.1017/jpa.2021.53


16	 Vitaly Dernov

aux Oeuvres de Leclerc de Buffon, et partie du Cours 
complet d’histoire naturelle rédigé par C.S. Sonnini, 
7. F. Dufart, Paris, 413 pp. https://doi.org/10.5962/
bhl.title.15764

Linnaeus C., 1758. Systema Naturae. Vol. 1. 10th edition. 
Laurentius Salvius, Holmiae, 824 pp.

Leach W., 1819. Entomostracés. [In:] Levrault F. (Ed.), 
Dictionnaires des Sciences Naturelles, 14. Strasbourg, 
pp. 524–543.

Logvinenko N.V., 1953. Litologiya i paleogeografiya produk-
tivnoy tolshchi donetskogo karbona [Lithology and palaeo-
geography of the Carboniferous coal-bearing deposits of the 
Donets Basin]. Publishing House of the Kharkiv Uni-
versity, Kharkiv, 436 pp.

Lucas S.G., Lerner A.J., Dimichele W.A., Cantrell A.K., 
Suazo T.L. & Chaney D.S., 2014. Xiphosurid fossils 
from the Pennsylvanian Beeman Formation, Otero 
County, New Mexico. New Mexico Geological Socie-
ty Guidebook, 65th Field Conference, Geology of the Sac-
ramento Mountains Region, 311–314. https://doi.
org/10.56577/FFC-65.311

Lustri L., Laibl L. & Bicknell R.D.C., 2020. A revision of 
Prolimulus woodwardi Fritsch, 1899 with comparison 
to other highly paedomorphic belinurids. PeerJ 9, 
e10980. https://doi.org/10.7717/peerj.10980

Meek E.B., 1867. Note on a new genus of fossil Crustacea. 
The American Journal of Science and Arts (Series 2) 43, 
394–395.

Meek F.B. & Worthen A.H., 1865. Notice of some new 
types of organic remains, from the Coal Measures of 
Illinois. Proceedings of the Academy of Natural Sciences 
12, 41–45.

Mikulic D.G., 1998. Xiphosura. [In:] Shabica C.W. & Hays 
A.A. (Eds.), Richardson’s guide to the fossil fauna of Ma-
zon Creek. Northeastern Illinois University Press, Chi-
cago, 134–139.

Müller O., 1785. Entomostraca, seu, Insecta testacea 
quae in aquis Daniae et Norvegie reperit, descripsit 
et iconibus illustravit. F.W. Thiele, Hauniae, 135 pp. 
https://doi.org/10.5962/bhl.title.14414

Mychko E.V. & Dernov V.S., 2019. Novyye nakhodki 
trilobitov v srednem karbone Donetskogo basseyna 
[New record of trilobites in the middle Carboniferous 
of the Donets Basin]. Bulletin of the Moscow Society of 
Naturalists (Geological Section) 94, 52–63.

Nemyrovska T.I., 1999. Bashkirian conodonts of the 
Donets Basin, Ukraine. Scripta Geologica 119, 1–116.

Nemyrovska T.I., 2017. Late Mississippian–Middle 
Pennsylvanian conodont zonation of Ukraine. Stra-
tigraphy 14, 299–318. https://doi.org/10.29041/
strat.14.1-4.299-318

Nemyrovska T.I., & Yefimenko V.I., 2013. Seredniy kar-
bon (nyzniy pensyl’vaniy) [Middle Carboniferous 
(Lower Pennsylvanian). [In:] Gozhyk P.F. (Ed.), Stra-
tyhrafiya verkhn’oho proterozoyu ta fanerozoyu Ukrayiny. 
Tom 1. Stratyhrafiya verkhn’oho proterozoyu, paleozoyu 
ta mezozoyu Ukrayiny [Stratigraphy of the Upper Prote-
rozoic and Phanerozoic of Ukraine. Vol. 1. Stratigraphy of 
the Upper Proterozoic, Palaeozoic and Mesozoic]. LAT&K, 
Kyiv, 283–303.

Newberry J.S., 1856. Description of several new genera 
and species of fossil fishes, from the Carboniferous 

strata of Ohio. Proceedings of the Academy of Natural 
Sciences of Philadelphia 8, 96–100.

Novik E.O., 1974. Zakonomernosti razvitiya kamennou-
gol’noy flory yuga Yevropeyskoy chasti SSSR [Develop-
ment of the Carboniferous flora of the south part of the Eu-
ropean part of the USSR]. Naukova Dumka, Kyiv, 139 
pp.

Packard A.S., 1886. On the Carboniferous xiphosurous 
fauna of North America. Memoirs of the National Acad-
emy of Sciences 3, 143–157. https://doi.org/10.5962/
bhl.title.14755

Pictet F.J., 1854. Traite élémentaire de paléontologie. Vol. 
2. Bailliere, Paris, 727 pp.

Poletaev V.I. & Vdovenko M.V., 2013. Nyzhniy karbon 
(Missisipiy) [Lower Carboniferous (Mississippian)]. 
[In:] Gozhik P.F. (Ed.), Stratygraphiya verkhnyogo prote-
rozoyu i fanerozoyu Ukrainy. Tom 1. Stratygraphiya ver-
khnyogo proterozoyu, paleozoyu i mezozoyu [Stratigraphy 
of the Upper Proterozoic and Phanerozoic of Ukraine. Vol-
ume 1. Stratigraphy of the Upper Proterozoic, Palaeozoic 
and Mesozoic]. LAT&K, Kyiv, 250–283.

Poletaev V.I., Vdovenko M.V., Shchoholev O.K., Boyarina 
N.I., & Makarov I.A., 2011. Stratotypy rehional’nykh 
stratyhrafichnykh pidrozdiliv karbonu i  nyzhn’oyi 
permi Dono-Dniprovs’koho prohynu [Stratotypes of 
the Carboniferous and Lower Permian regional strati-
graphic units of the Don-Dnipro Downwarp]. Logos, 
Kyiv, 234 pp.

Popov A.V., 1979. Kamennougol’nyye ammonoidei Don-
bassa i ikh stratigraficheskoye znacheniye [Carbonif-
erous ammonoids of the Donets Basin and their strati-
graphic significance]. Transactions of the All-Union 
Geological Institute, New series 220, 1–119.

Posudiyevsky A.B., 1977. K izucheniyu fatsial’nogo sosta-
va porod neposredstvennoy krovli ugol’nykh plastov 
v Donbasse [On the study of depositional environ-
ments of the roof shales of the coal beds in the Donets 
Basin]. Lithology and mineral resources 3, 156–159.
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