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Introduction

Trace fossils attributed to arthropod producers are 
relatively common in the Pennsylvanian marine and 
nonmarine deposits of the Donets Basin (eastern Ukraine) 
and include a variety of wood borings, burrows, trackways, 
oviposition, coprolites, etc. (Snigirevskaya 1989, Schneider 
et al. 1992, Dernov 2019a, b, 2021a, b, 2022a). Among these 
ichnofossils, traces of locomotion and resting of horseshoe 
crabs, which, unfortunately, are almost unstudied, are of 
great diversity (Dernov 2019a, b).

Horseshoe crabs (Chelicerata Heymons, 1901: Xiphosura 
Heymons, 1901) are arthropods, originating in the Early 
Ordovician and reaching peak diversity in the Pennsylvanian 
(Bicknell and Pates 2020). They survived the K-T extinction 
event, and four species of these arthropods, Limulus 
polyphemus (L., 1758), Carcinoscorpius rotundicaudata 
(LatreiLLe, 1802), Tachypleus gigas (müLLer, 1785) and T. 
tridentatus (LeacH, 1819), currently live in basins along the 
Atlantic coast of North America and some regions of East 
and Southeast Asia (Lamsdell 2019).

Horseshoe crab body fossils are rare, whereas their 
trace fossils, e.g., Arborichnus romano et meLéndez, 1985, 
Crescentichnus romano et WHyte, 2015, Kouphichnium 
nopcsa, 1923, Limulicubichnus miLLer, 1982, and 
Selenichnites romano et WHyte, 1987 (Hardy 1970, Miller 

1982, Romano and Meléndez 1985, Romano and Whyte 
1987, 2015, Gibb et al. 2011) are relatively common in the 
fossil record and play an important role in understanding 
palaeoecology and the living environments of xiphosurans. 
Most of the ichnogenera listed above, except Kouphichnium 
nopcsa, 1923, are resting traces (cubichnia), i.e., various 
depressions on the surface of unconsolidated seafloor silt 
or other soft mineral substrate, resulting from the resting 
or hiding of various vertebrate and invertebrate animals 
(Mikuláš and Dronov 2006, Seilacher 2007, Gand et al. 
2008). Currently, a large number of ichnogenera associated 
with arthropod resting traces have been identified (Tab. 1). 
The most numerous among them is Rusophycus HaLL, 1852 
(Cambrian–Triassic), which includes about 30 ichnospecies 
(O’Brien et al. 2009). The producers of these traces are 
assumed to be mainly trilobites, rarely other arthropods 
(Pollard et al. 2008).

Here, I describe the horseshoe crab resting traces 
Arborichnus repetitus romano et meLéndez, 1985 from 
the flyschoid deposits of the Dyakove Group (Viséan–
Bashkirian) and the coal-bearing rocks of the Mandrykyne 
(lower Bashkirian) and Mospyne (upper Bashkirian) 
formations in the Donets Basin, eastern Ukraine. The 
deposits of the Dyakove Group have not been studied in 
depth, and the palaeontological features of this stratigraphic 

FOSSIL  IMPRINT •  vol .  79  •  2023 •  no.  1  •  pp.  9–25

HORSESHOE CRAB TRACE FOSSILS ARBORICHNUS ROMANO ET MELÉNDEZ, 1985 
FROM THE BASHKIRIAN (CARBONIFEROUS) OF THE DONETS BASIN, UKRAINE

VITALY DERNOV

Institute of Geological Sciences of the National Academy of Sciences of Ukraine, 55-b Oles Honchar Str., 01054, Kyiv, Ukraine;  
e-mail: vitalydernov@gmail.com.

Dernov, V. (2023): Horseshoe crab trace fossils Arborichnus romano et meLéndez, 1985 from the Bashkirian (Carboniferous) of 
the Donets Basin, Ukraine. – Fossil Imprint, 79(1): 9–25, Praha. ISSN 2533-4050 (print), ISSN 2533-4069 (on-line).

Abstract: This paper describes resting traces of horseshoe crabs Arborichnus repetitus romano et meLéndez, 1985 from marine 
deposits of the Dyakove Group (Viséan–Bashkirian) and the Bashkirian coal-bearing rocks of the Mandrykyne and Mospyne 
formations in the Donets Basin, eastern Ukraine. The presence of Arborichnus repetitus indicates the widespread distribution 
of horseshoe crabs in the coastal paleobiocenoses of the Dyakove Paleobasin, located in the central part of the Donets Basin. 
The horseshoe crab resting traces Arborichnus repetitus from the Bashkirian strata of the Donets Basin are typical of deltaic and 
prodeltaic rocks, usually represented by sandstones and siltstones. Horseshoe crabs are the most likely trace-makers of Arbo-
richnus romano et meLéndez, 1985, but some other arthropods, e.g., aglaspidids, could also have produce these trace fossils. 
The discovery of the presumably horseshoe crab thoracetron on the same sandstone bedding plane as the traces Arborichnus 
indirectly confirms that xiphosurans were the trace-makers of these ichnofossils.

Key words: trace fossils, horseshoe crabs, cubichnia, Arborichnus, Carboniferous, Donets Basin.

Received: 2March 28, 2023 | Accepted: June 8, 2023 | Issued: November 7, 2023

DOI 10.37520/fi.2023.002



10

unit are limited: very rare and poorly preserved remains 
of terrestrial plants, as well as rugose corals, brachiopods, 
bivalves, cephalopods, crinoids, a single dragonfly 
impression, and allochthonous remains of an acanthodian 
fishes are known from the Dyakove Group (Dernov 2016). 
The same-aged Late Mississippian and Early Pennsylvanian 

coal-bearing sediments in the Donets Basin contain a variety 
of fossils, but the trace fossils from these strata are poorly  
understood.

The finds of Arborichnus repetitus trace fossils 
has considerable palaeogeographic and stratigraphic 
significance. The results of the study are also important 

Table 1. Non-trilobite arthropod resting traces (as of March 2023)

Ichnospecies Age Potential tracemaker(s)

Alph hartselleanus RindsbeRg, 1994 Mississippian Crustacea

Arborichnus repetitus Romano et meléndez, 1985 Carboniferous Xiphosurida

Aglaspidichnus sanctacrucensis

Radwanski et Roniewicz, 1967
Late Cambrian Aglaspidida

Alacranichnus braddyi lucas et al., 2013 Cisuralian Chelicerata: Scorpionida

Chagrinichnites brooksi Feldmann et al., 1978 Late Devonian Crustacea: Eocarida

Cheliceratichnus lockleyi dalman et lucas, 2015 Early Jurassic Solifugae-like arachnid 

Crescentichnus antarcticus webeR et bRaddy, 2004 Early Ordovician Xiphosurida, Eurypterida, Aglaspidida Crustacea, Euth-
ycarcinida, Trilobita Crescentichnus langridegi TRewin et mcnamaRa, 1995 Late Silurian

Faciemichnus belosis minTeR et bRaddy, 2009 Cisuralian ?Xiphosurida

Gluckstadella cooperi savage, 1971 Carboniferous Crustacea: Peracarida

Gluckstadtella elongata lima et al., 2015 Pennsylvanian Crustacea: Peracarida 

Hankoichnus bandersnatchi deRnov, 2023 Pennsylvanian Crustacea: Phyllocarida

Hedriumichnus apacheensis bRaddy et bRiggs, 2002 Cisuralian Insecta: Ephemeroptera or Plecoptera

Herradurichnus scagliai boRRello, 1966 Cambrian–Late Cretaceous* Xiphosurida, Trilobita

Herradurichnus tesiltus (gibb et al., 2011) Middle Cambrian
Xiphosurida, Eurypterida, Aglaspidida, Crustacea, 
Euthycarcinida, Trilobita

Kingella natalensis savage, 1971 Carboniferous Crustacea: Syncarida or Peracarida

Limulicubichnus serratus milleR, 1982 Pennsylvanian Xiphosurida: Limulidae

Pollichianum cubichnum HeidTke, 1990 Cisuralian Crustacea: Astacidea

Quadrispinichna parvia bRaddy et bRiggs, 2002 Cisuralian Crustacea

Pseudobilobites jefferiesi kennedy, 1967 Late Cretaceous Crustacea

Raaschichnus gundersoni Hesselbo, 1988 Late Cambrian Aglaspidida

Rotterodichnium longinum walTeR, 1983 Cisuralian Insecta: Protodonata, Odonata or Megasecoptera

Rotterodichnium major bRaddy et bRiggs, 2002 Cisuralian Insecta: Protodonata, Odonata or Megasecoptera

Rusophycus carbonarius dawson, 1864 Cisuralian Crustacea: Notostraca

Rusophycus furcosus gand, 1994 Cisuralian Crustacea: Notostraca

Rusophycus versans scHliRF et al., 2001 Pennsylvanian Camptophyllia gill, 1924

Selenichnites cordiformis FiscHeR, 1978 Ordovician Xiphosurida

Selenichnites eotrassicus naugolnykH, 2022 Early Triassic Xiphosurida

Selenichnites hundalensis Romano et wHyTe, 1987 Middle Jurassic Xiphosurida

Selenichnites rossendalensis HaRdy, 1970 Mississippian Xiphosurida

Solusichnium southamensis o’bRien et al., 2009 Early Jurassic Crustacea: Decapoda

Svalbardichnus trilobus wissHak et al., 2004 Devonian Crustacea: Phyllocarida

Tonganoxichnus buildexensis mángano et al., 1997 Pennsylvanian Insecta: Monura

Tripartichnus triassicus vallon et RöpeR, 2006 Early Triassic Euthycarcinida

Tripartichnus imbergi vallon et RöpeR, 2006 Jurassic Crustacea: Palinuridae

* Analysis of the morphology of the «dinosaur» tracks Gumatagichnus unguliformis Gabunia et al., 1988 from Gumatag Tracksite in 
Uzbekistan (Kurbatov and Gabunia 1987, Gabunia et al. 1988, Nessov 1995) and their position in the layer and their relationship to each 
other suggests that they are morphologically identical to the ichnospecies Herradurichnus scagliai (borrello, 1966). Gumatagichnus 
unguliformis Gabunia et al., 1988 is also significantly similar to the arthropod resting traces Crescentichnus romano et Whyte, 2015. 
Thus, Gumatagichnus unguliformis Gabunia et al., 1988 is probably a junior synonym of Herradurichnus scagliai borrello, 1966 and 
some ichnospecies of the ichnogenus Crescentichnus romano et Whyte, 2015.
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for reconstruction of the depositional environments in the 
Donets Basin during the Bashkirian.

Geological settings

The study area is located in the southern part of 
Luhansk Region, eastern Ukraine (Text-fig. 1a, b); this 
territory belongs to the central part of the Donets Basin. 
The studied material was found in the coal-bearing rocks 
of the Mandrykyne and Mospyne formations and the 
marine rocks of the Dyakove Group, which laterally 
replaced the Mandrykyne and Mospyne formations  
(Text-fig. 1c).

The flyschoid sequence of the Dyakove Group, exposed 
in the central part of the Donets Basin, consist of a non-
rhythmic and fine-rhythmic sequence of mudstones and 
siltstones (80–90 % of the section) with rare sandstone beds 
(Fissunenko and Reznikov 1985, Reznikov 1993). The lower 
limit of the Dyakove Group corresponds to the base of the 
Viséan (Fissunenko and Reznikov 1985) or even Devonian-
Carboniferous boundary interval (Reznikov 1993); the 

upper boundary varies laterally from the upper Viséan to the 
upper Bashkirian (Reznikov 1993) (Text-fig. 1c).

The Mandrykyne Formation (called also C2
1 or F) is 

represented by a paralic sedimentary sequence of sandstones, 
siltstones, mudstones and limestones with very rare coal 
beds. The thickness of this formation varies from 265 m in 
the NW part of the Donets Basin to 650 m in the SE part of 
the Donets Basin (Aisenverg et al. 1963, 1975, Dunayeva 
1969, Nemyrovska and Yefimenko 2013). This formation 
corresponds to the Blagodatnian Horizon (upper part of the 
Mandrykynian Regional Stage) of the Regional stratigraphic 
scheme of the Dnipro-Donets Downwarp (Poletaev et al. 
2011, Nemyrovska and Yefimenko 2013).

Rocks of the Mandrykyne Formation contain remains 
of terrestrial plants (Novik 1974 and references there) and 
ammonoids (Popov 1979) typical for the Namurian C of 
Western Europe, as well as early Bashkirian conodonts 
(Nemyrovska 1999), and other marine and terrestrial biota: 
miospores, foraminifers, corals, chaetetids, bryozoans, 
brachiopods, gastropods, etc.

The Mospyne Formation (C2
2 or G) consists of a paralic 

sedimentary succession of sandstones, siltstones, mudstones, 

b
Roven’kyUspenka Lutuhyne

C2
2

C2
1

C2
0

C  s1 2

C  s1 1

C v1

+ +
++

+
+

+
+

??

+
+

+
+

0

1

2

3

4

5

NS

10 km

Dyakove Group
Coal-bearing
deposits

+ +++ +
C2

0

Crystalline base
Symbols of the
formations
Localities 1–3

Kyiv

Luhansk

N

100 km

UKRAINE

a

Donets
Basin

Orikhivka

2 km

Volnukhyne

Rebrykove

Chervona
Polyana

Luhanchyk

Su
kh

a

Viklhova Lutuhyne

1

Zelenodil’s’ke
2

2
1 Volnukhyne

Skelevata Ravine
3 Rebrykove
4 Makedonivka

Localities of trace fossils

ki
lo

m
et

er
s

Key

Dyakove
Group

3
4

Locality 4 c

Text-fig. 1. Geographic location and geological settings of the studied fossil sites. a, b: geographic location of the localities of 
Arborichnus repetitus, c: geological profile showing lateral replacing of the Bashkirian coal-bearing succession by flyshoid rocks 
of the Dyakove Group in the central Donets Basin (modified from Poletaev et al. 1991: fig. 6).



12

coals and limestones. The thickness of this formation varies 
from 315 m in the NW part of the Donets Basin to 730 m 
in the SE part of the Donets Basin (Aisenverg et al. 1963, 
1975, Dunayeva 1969, Nemyrovska and Yefimenko 2013). 
The Mospyne Formation corresponds to the lower part of 
the Zuyivkian Horizon (lower half of the Kayalian Regional 
Stage) of the Regional stratigraphic scheme of the Dnipro-
Donets Downwarp (Poletaev et al. 2011, Nemyrovska and 
Yefimenko 2013). The lower part of the Mospyne Formation 
(below the g1 coal layer) in the study area (Luhansk and 
Roven’ky districts) is replaced by the flyschoid rocks of the 
Dyakove Group, which are very poor in fossils.

Rocks of the Mospyne Formation contain remains of 
typical Langsettian terrestrial plants (Novik 1974, Dernov 

and Udovychenko 2019, etc.) and ammonoids (Popov 1979, 
Dernov 2022c), non-marine bivalves of the upper part of the 
lenisulcata Zone and lower part of the communis Zone (Dernov 
2022b), late Bashkirian conodonts (Nemyrovska 1999), and 
other marine and terrestrial biota, e.g., miospores, foraminifers, 
corals, bryozoans, brachiopods, scaphopods, gastropods, 
trilobites, horseshoe crabs, millipedes, insects, and fishes.

The studied material comes from four localities, which 
are briefly described below.

(1) Volnukhyne: Ukraine, Luhansk Region, Luhansk 
District, left bank of the Luhanchyk River, 0.5 km SW of the 
outskirts of the village of Volnukhyne (N 48° 20′ 0.8″, E 39° 
16′ 19.8″). The trace fossils-bearing rock is a grey marine 
siltstone (Text-fig. 2c) which lies between the F1

2 and the 
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F1
3 limestone layers in the lower part of the Mandrykyne 

Formation (early Bashkirian; Text-fig. 3a). The remains of 
the marine bivalves and allochthonous terrestrial plants, 
e.g., Calamites sp. and Paripteris gigantea (sternb. 1823) 
GotHan, 1941, as well as one specimen of Arborichnus 
repetitus romano et meLéndez, 1985 were found here.

(2) Skelevata Ravine: Luhansk Region, Roven’ky 
District, Skelevata Ravine, 2 km E of the village of 
Zelenodil’s’ke (N 48° 13′ 2.7″, E 39° 14′ 40.5″), where a part 
of the Dyakove Group section is exposed, corresponding 
to the upper part of the Mandrykyne Formation (Text-fig. 
3a, b). The rare marine bivalve steinkerns and trace fossils 
Arborichnus romano et meLéndez, 1985, Aulichnites 
Fenton et Fenton, 1937, Diplichnites daWson, 1873, Gordia 
emmons, 1844, Planolites nicHoLson, 1873, Protovirgularia 
mccoy, 1850, and Skolithos HaLdeman, 1840 were identified 
from fine-grained sandstones in this fossil site. The trace 
fossil Arborichnus repetitus romano et meLéndez, 1985 
(specimen GMLNU-5/4438) was also found 1 km SW of the 
Skelevata Ravine in a limonitized siltstone corresponding to 
the lower part of the Mandrykyne Formation.

(3) Rebrykove: Luhansk Region, Roven’ky District, 
ravine 1.2 km NE of the village of Rebrykove (N 48° 13′ 
21.5″, E 39° 17′ 33.3″). A turbidite sequence of interbedded 
siltstones and fine-grained sandstones (Text-fig. 2a) is 
exposed in the ravine containing rare isolated steinkerns of 
small marine bivalves, corresponding to the middle part of 
the Mospyne Formation (late Bashkirian) (Text-fig. 3b). One 
specimen of Arborichnus repetitus romano et meLéndez, 
1985 was also found in sandstone 10 m above this turbidite 

sequence, exposed in a small old quarry 0.4 km E of the 
ravine mentioned above.

(4) Makedonivka: Luhansk Region, Luhansk District, 
quarries near the NE outskirts of the village of Makedonivka 
(N 48° 14′ 20.5″, E 39° 18′ 23.3″). The trace fossil bearing 
rock is a sandstone bed 60 m below the G1

2 limestone layer in 
the middle part of the Mospyne Formation (Text-fig. 2b, d). 
This sandstone contains rare plant debris, shell impressions 
of marine bivalves and numerous diverse trace fossils.

The Bashkirian coal-bearing deposits in the Donets Basin 
were accumulated mainly in a large alluvial-deltaic plain, 
which was flooded periodically by the warm epicontinental 
seas (Logvinenko 1953, Feofilova and Levenshtein 1963, 
Ustinovsky 1993). Only the central part of the Donets 
Basin was characterized by a continuous regime of marine 
sedimentation during the Bashkirian (Reznikov 1993) (Text-
fig. 4).

Material and methods

In this study I examined about 30 mostly well-preserved 
specimens. Some traces could not be removed from the 
outcrop, so they were photographed and measured. The 
collection of trace fossils Arborichnus repetitus romano 
et meLéndez, 1985 (GMLNU-5), collected by the author 
between 2009 and 2013, is stored in the Geological 
Museum of the Taras Shevchenko National University of 
Luhansk (Poltava, Ukraine). The scheme used for recording 
dimensions of the trace fossils Arborichnus repetitus 
romano et meLéndez, 1985 is shown in Text-fig. 5.

Shallow sea (<100 m depth) 

High-salinity basin Coastal plain and lagoons

Land

Littoral zone of the sea

Coastal plain, periodically
flooded by the sea

Skelevata Ravine fossil site
Makedonivka, Rebrykove
and Volnukhyne fossil sites

Luhansk

Donetsk
a b

400 km 40 km

Text-fig. 3. Pennsylvanian paleogeography of eastern Ukraine. a: paleogeographic map of Europe in the Pennsylvanian (https://
deeptimemaps.com), b: paleogeographic map of the Donets Basin in the Bashkirian Age (modified from Ustinovsky 1993: fig. 33).
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Systematic ichnology

Ichnogenus Arborichnus ROMANO et MELÉNDEZ, 1985

T y p e  i c h n o s p e c i e s . Arborichnus repetita romano

et meLéndez, 1985; original designation by monotypy.

D i a g n o s i s . Sets of paired, symmetrical scratch 
marks. At the anterior end of the set, the scratches are short 

and directed inward and backward; the posterior scratches 
are aligned at approximately right angles to the mid-line of 
the set (after Romano and Meléndez 1985: 321).

I n c l u d e d  i c h n o s p e c i e s . Only the type 
ichnospecies is known to date.

O c c u r r e n c e s . Carboniferous of Spain, Canada, the 
USA, and Ukraine; Carboniferous or Permian of Uruguay.

Arborichnus repetitus ROMANO et MELÉNDEZ, 1985
Text-fi gs 6–9, 10a, c, d

1938 Series of scratches; Caster, pl. 9, fi gs 2–4, pl. 10, fi g. 2.
1985 Arborichnus repetita; Romano and Meléndez, p. 321, text-

fi g. 1, pl. 1, pl. 2, fi g. 3.
1990 Arthropod resting trace (n. gen.); Rindsberg and Box, 

fi g. VI-41A.
1994 Set of striae; Rindsberg, pl. 19, fi gs A–D.
2005 Arborichnus repetita; Lucas and Lerner, p. 150, fi g. 2F.
2005 Arborichnus repetita; Buta et al., pls 103–106.
2013 Arborichnus repetita; Kopaska-Merkel and Buta, p. 183, 

fi g. 3.
2013 Arborichnus; Buta et al., p. 50, fi gs 19E, 20A.
2016 Arborichnus repetita; Buta and Kopaska-Merkel, fi g. 16.11.

1 m

a b

c d

0.5 m

1 m

1 m

Text-fig. 4. Some studied fossil sites. a: locality Rebrykove, b, d: locality Makedonivka, c: locality Volnukhyne.

W2

W1

L1 L2

Text-fig. 5. Scheme of dimensions of Arborichnus repetitus 
romano et meléndez, 1985. W1 – maximum distance 
between two rows of ridges or grooves, W2 – maximum trace 
width, L1 – distance between ridges or grooves of the same 
row, L2 – maximum trace length.
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2019 Arborichnus repetita; King et al., p. 18, fig. 19.
2022 Arborichnus repetita; Verde et al., p. 10, fig. 6c, f.

H o l o t y p e . Specimen Z1016 in the Natural History 
Museum (London); figured by Romano and Meléndez 
(1985) in fig. 1 (2a).

Ty p e  l o c a l i t y  a n d  s t r a t i g r a p h i c  h o r i z o n . 
The area of the town of Guardo in Palencia, Spain; upper 
part of the Westphalian D (Middle Pennsylvanian).

D i a g n o s i s . As for ichnogenus.

M a t e r i a l . About 30 well-preserved trace fossils.

F i g u r e d  s p e c i m e n s . GMLNU-5/3521, 
GMLNU-5/3530, GMLNU-5/3538, GMLNU-5/4440, 
GMLNU-5/4442, GMLNU-5/4443, GMLNU-5/4444, 
GMLNU-5/5853, GMLNU-5/5853a, GMLNU-5/5853b, 
GMLNU-5/5853c, GMLNU-5/7584, GMLNU-5/7645, 
GMLNU-5/7646, GMLNU-5/7647, GMLNU-5/7653a and 
several field photos of the trace fossils in situ.

D e s c r i p t i o n . The trace fossils are represented by 
sets of short, bilaterally symmetrical systems of limb scratch 
marks on unconsolidated sediment on the lower surface of 
sandstone and siltstone layers (convex hyporelief) and on 

the upper surface of sandstone and siltstone layers (concave 
epirelief). The width of the traces is about 1.0–2.0 times 
their length (Tab. 2). Arborichnus repetitus consist of four 
pairs of slightly curved or straight, thin (0.2–0.8 mm) ridges 
(convex hyporelief) or grooves (concave epirelief). They 
usually become thinner toward the periphery of the trace.

The ridges/grooves are arranged in two rows with four 
in each. The distance between the rows is 1.8–8.0 mm; the 
distance between the ridges/grooves in the same row is 
3–10 mm. The length of the ridges/grooves is 12–30 mm. 
The general dimensions of the trace fossil are as follows: 
length 8–40 mm, width 15–41 mm (see Tab. 2 for details). 
The ridges diverge at angles of 80–110° from the midline of 
the trace fossils.

One specimen (GMLNU-5/3583; Text-fig. 6) has two 
additional short ridges approximately perpendicular to the 
other ridges in the anterior part (i.e., the part that presumably 
contains the prosoma of the horseshoe crab). They converge 
towards the anterior margin of the fossil trace in a V-shape. 
Its width is approximately the same as that of the other 
ridges in this trace, and its length is 10 mm. It is possible 
that these are chelicerae marks.

Clusters of Arborichnus repetitus romano et meLéndez, 
1985 were found on several sandstone slabs. Text-figure 7a 

Table 2. Dimensions of Arborichnus repetitus romano et meléndez, 1985 (in mm)

Specimen W1 W2 L1 L2 W2/L2 Locality

GMLNU-5/3521 7.7 41.0 10.0 38.4 1.06 Skelevata Ravine

GMLNU-5/4440a 1.9 15.6 3.7 8.5 1.83 Makedonivka

GMLNU-5/5853 7.0 26.0 5.0 18.0 1.44 Skelevata Ravine

GMLNU-5/7584 6.4 40.2 7.0 20.7 1.94 Volnukhyne

a b
Text-fig. 6. Arborichnus repetitus romano et meléndez, 1985 from the Bashkirian strata of the Donets Basin: specimen 
GMLNU-5/3538 (Skelevata Ravine); the white arrow shows the presumably chelicerae marks. Scale bars = 10 mm.
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shows a fragment of the axis of an arborescent lycophyte 
Lepidodendron sternb., 1820 with numerous traces of 
arthropod burrows (probably Arborichnus romano et 
meLéndez, 1985). The horseshoe crabs probably used the 
axis fragment of the arborescent lycophyte as a shelter. The 
Arborichnus cluster is shown in Text-fig.7d, and traces of 
horseshoe crabs burrowing in the sediment in search of food, 
similar to ichnogenus Radulichnus VoiGt, 1977 are shown in 
Text-fig. 7c.

D i s c u s s i o n . The limb scratch marks of some 
specimens of Arborichnus repetitus are straight, others are 
slightly curved; there is variation between individuals in the 
distance between scratch marks in a single row. This fact 
should not come as a surprise as these trace fossils were 
formed in different depositional environments or belong to 
individuals at different stages of ontogeny and, undoubtedly, 
belong to different taxa of horseshoe crabs, and possibly not 
only to horseshoe crabs.

Arborichnus romano et meLéndez, 1985 is 
sometimes difficult to distinguish from the ichnogenera 
Monomorphichnus crimes, 1970 and Rusophycus HaLL, 
1852; e.g., ?Rusophycus isp. from the Cambrian of the 
Czech Republic figured by Mikuláš (1995: pl. II, fig. 1) is 
very similar to Arborichnus romano et meLéndez, 1985. In 

addition, the trace fossil ?Rusophycus HaLL, 1852 from the 
sandstone bed in the lower part of the Mospyne Formation, 
morphologically similar to Arborichnus repetitus romano 
et meLéndez, 1985 is figured in Text-fig. 10b. It should be 
noted that arthropod swimming traces cf. Monomorphichnus 
biserialis mikuLáš, 1995 were found together with 
Arborichnus repetitus romano et meLéndez, 1985 on the 
same surface of the sandstone slab from the Makedonivka 
fossil site.

L o c a l i t y . See section “Geological settings”.

O c c u r r e n c e . Carboniferous of Canada, the USA, 
Spain, and Ukraine; Carboniferous or Permian of Uruguay.

Discussion

Horseshoe crabs are thought to be producers of the 
trace fossils Arborichnus romano et meLéndez, 1985 (Buta 
et al. 2005, King et al. 2019, etc.). One of the sandstone 
slabs studied (specimen GMLNU-5/3521: Text-fig. 10d, e) 
shows several trace fossils, Arborichnus repetitus romano 
et meLéndez, 1985 and Palaeophycus HaLL, 1847 and a 
body fossil very similar to the limuloid horseshoe crab 
thoracetron. In some other sites, Arborichnus romano et 

a

b

c
Text-fig. 7. Arborichnus repetitus romano et meléndez, 1985 from the Bashkirian strata of the Donets Basin. a: field photo 
(Skelevata Ravine), b: GMLNU-5/7584 (Volnukhyne), c: GMLNU-5/5853 (Skelevata Ravine). Scale bars = 10 mm (b, c) and 
20 mm (a).
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a b

c

d
e

f gh
Text-fig. 8. Arborichnus repetitus romano et meléndez, 1985 and some other trace fossils from the Bashkirian of the Donets Basin. 
a: fragment of the axis of Lepidodendron with numerous burrows of arthropods around it (probably Arborichnus), GMLNU-5/4444 
(Makedonivka), b: Arborichnus repetitus, field photo (Makedonivka), c: presumably horseshoe crab burrows similar to Radulichnus 
VoiGt, 1977 (shown by the black arrow) and Arborichnus repetitus (shown by the white arrow), GMLNU-5/4443 (Makedonivka), d: cluster 
of the trace fossils Arborichnus repetitus, GMLNU-5/4442 (Makedonivka), e: Arborichnus repetitus, GMLNU-5/7645 (unknown locality), 
f: Arborichnus repetitus, GMLNU-5/3530 (Skelevata Ravine), g: several trace fossils Arborichnus repetitus on sandstone slab surface, 
GMLNU-5/4440 (Makedonivka), h: enlarged trace fossils Arborichnus repetitus from Text-fig. 7g. Scale bars = 10 mm (b–h) and 20 mm (a).
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a b

c d e

f g

h і
Text-fig. 9. Arborichnus repetitus romano et meléndez, 1985 from the Bashkirian of the Donets Basin. a: GMLNU-5/7646 
(Makedonivka), b: field photo (Skelevata Ravine), c: enlarged part of the sandstone bedding plane shown in Text-fig. 6a (Skelevata 
Ravine), d: GMLNU-5/3521 (Skelevata Ravine), e: field photo (Makedonivka), f: field photo (Makedonivka), g: GMLNU-5/7647 
(Makedonivka), h: GMLNU-5/7653a (Rebrykove), i: field photo (Makedonivka). Scale bars = 10 mm.
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meLéndez, 1985 have also been found together with remains 
of xiphosurids, e.g., in the Blue Beach, Nova Scotia, Canada 
(Mansky and Lucas 2013). Also, chelicerae impressions 
on the specimen described above (Text-fig. 6) indicate that 
Arborichnus repetitus romano et meLéndez, 1985 belongs 
to the trace fossils of aquatic chelicerates.

Nevertheless, the presence of Arborichnus romano et 
meLéndez, 1985 in relatively geologically old deposits in 
which remains of xiphosurids and eurypterids are absent 
(e.g., Cambrian strata of India; see Chaubey et al. 2018) 
indicates that Arborichnus romano et meLéndez, 1985 
apparently can also be produced by some other arthropods, 
e.g., Aglaspidida WaLcott, 1911.

Buta et al. (2013) and Buta and Kopaska-Merkel (2016) 
suggested that Arborichnus was most likely produced by 
decapod crustaceans. This is obviously incorrect because 
decapods are not known from the Cambrian where the oldest 
trace fossils Arborichnus romano et meLéndez, 1985 were 
found (Chaubey et al. 2018).

The ichnogenus Arborichnus romano et meLéndez, 
1985 is known from the Carboniferous of Spain (Romano 
and Meléndez 1985), the United States (Buta et al. 2005, 

Lucas and Lerner 2005, Buta et al. 2013, Kopaska-Merkel 
and Buta 2013, Mansky and Lucas 2013, King et al. 2019), 
eastern Ukraine (this paper) and the Carboniferous or 
Permian of Uruguay (Verde et al. 2022).

Some of the finds described by previous authors are 
provisionally attributed to the ichnogenus Arborichnus 
romano et meLéndez, 1985. For example, ?Arborichnus isp. 
described from the Upper Pennsylvanian of Kansas (United 
States) by Leibach et al. (2021: fig. 2), in my opinion, 
should be attributed to the ichnogenus Monomorphichnus 
crimes, 1970. The trace fossil Arborichnus isp. from the 
Cisuralian strata of New Mexico (USA), described by Lucas 
et al. (2005: fig. 3A) is quite different from the discussed 
ichnogenus and, apparently, is not related to it. ?Arborichnus 
isp. which is morphologically very similar to A. repetitus 
romano et meLéndez, 1985, as already mentioned above, 
is known from the Cambrian strata of India (Chaubey et al. 
2018: fig. 8e). It is not clear what animal produced this trace 
fossil as the first xiphosurans are known from the Ordovician 
(Bicknell and Pates 2020).

At the Skelevata fossil site, locomotion traces of giant 
terrestrial arthropods Arthropleura Jordan in Jordan and von 

d

e

a b c

Text-fig. 10. Arborichnus repetitus romano et meléndez, 1985 from the Bashkirian of the Donets Basin (a, c), ?Rusophycus sp. (b) 
and presumably horseshoe crab body fossil (d, e). a: Arborichnus repetitus, GMLNU-5/5853a (Skelevata Ravine), b: ?Rusophycus 
sp. similar to Arborichnus repetitus, GMLNU-5/5853b (near Makedonivka, Mospyne Fm.), c: ?Arborichnus repetitus, GMLNU-
5/5853c (Rebrykove), d: a sandstone slab with Arborichnus repetitus and Palaeophycus hall: the arrow indicates a presumed 
thoracetron of the horseshoe crab, GMLNU-5/3521 (Skelevata Ravine), e: interpretive sketch of the possible horseshoe crab 
thoracetron. Scale bars = 10 mm (a–c, e) and 20 mm (d).
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Meyer, 1854 (Diplichnites cuithensis briGGs et al., 1979) 
along with Arborichnus repetitus romano et meLéndez, 1985 
were found. The trace fossils Aulichnites Fenton et Fenton, 
1937, Protovirgularia mccoy, 1859, Gordia emmons, 1844, 
Planolites nicHoLson, 1873, Psammichnites torreL, 1870, 
and Skolithos HaLdeman, 1840 were also found at this fossil 
site, the rocks were interpreted as deltaic and prodeltaic 
deposits. Arborichnus repetitus romano et meLéndez, 1985, 
Cochlichnus HitcHcock, 1858, Monomorphichnus crimes, 
1970, Psammichnites torreL, 1870, Selenichnites romano 
et WHyte, 1987 and Treptichnus miLLer, 1889 are often 
found in prodeltaic rocks at the Makedonivka fossil site, on 
the same bedding plane and in close proximity to each other.

The trace fossils Arborichnus romano et meLéndez, 1985 
were found in estuarine rocks of the Pottsville Formation 
(Middle Pennsylvanian) in Alabama (USA) together with 
Cochlichnus HitcHcock, 1858, Gordia emmons, 1844, 
Helminthopsis Heer, 1877, Kouphichnium nopcsa, 1923, 
Planolites nicHoLson, 1873, Treptichnus miLLer, 1889, 
Undichna anderson, 1976 and tetrapod tracks (Buta et 
al. 2005, Lucas and Lerner 2005). Arborichnus romano 
et meLéndez, 1985 has also been found together with 
Cruziana d’orbiGny, 1842, Diplichnites daWson, 1873, 
Diplopodichnus brady, 1947, Gordia emmons, 1844, 
Kouphichnium nopcsa, 1923, Limulocubichnus miLLer, 
1982, Palaeophycus HaLL, 1847, Paleohelcura GiLmor, 
1926, Planolites nicHoLson, 1873, Protichnites oWen, 
1852, Rusophycus HaLL, 1852, Skolithos HaLdeman, 1840, 
Taenidium Heer, 1877 and tetrapod tracks in the Tournaisian 
strata of Nova Scotia, Canada (Mansky and Lucas 2013).

In the deltaic deposits of the Westphalian D of Spain, 
trace fossils Arborichnus repetitus romano et meLéndez, 
1985 were found with Kouphichnium nopcsa, 1923, 
Monomorphichnus crimes, 1970, Petalichnus miLLer, 1880, 
Psammichnites torreL, 1870, and Scolicia de QuatreFaGes, 
1849 (Romano and Meléndez 1985).

In the Late Paleozoic deposits of Uruguay, Arborichnus 
repetitus romano et meLéndez, 1985 occurs together 
with Crescentichnus romano et WHyte, 1987, Cruziana 
d’orbiGny, 1842, Diplichnites daWson, 1873, Gluckstadtella 
saVaGe, 1971, Helminthoidichnites FitcH, 1850, Maculichna 
anderson, 1975, Rusophycus HaLL, 1852, Treptichnus 
miLLer, 1889 and Umfolozia saVaGe, 1971 (Verde et al. 
2022).

Carboniferous xiphosurans from the Donets Basin were 
described and/or figured in the publications of Zalessky 
(1907), Chernyshev (1927, 1928), Karlov (1948), Shpinev 
(2018), and Dernov (2019a, b). Unfortunately, these 
publications present the results of studies of exclusively non-
marine horseshoe crabs, mainly representatives of the genus 
Euproops meek, 1867; there have been no finds of marine 
xiphosurans in the Carboniferous of the Donets Basin.

Conclusions

The horseshoe crab resting traces Arborichnus repetitus 
romano et meLéndez, 1985 were described from the 
Bashkirian marine strata of the Donets Basin. These 
findings indicate a wide distribution of horseshoe crabs 
in the shallow marine paleobiocenoses of the Dyakove 

Paleobasin in the central part of the Donets Basin, as well as 
in the coastal marine environments of the northern Donets 
Basin. Horseshoe crabs are the most probable producers 
of trace fossils Arborichnus romano et meLéndez, 1985 
but some other arthropods, e.g., aglaspidids, are also 
potential producers of these trace fossils. The new data 
extends the geographic distribution of the ichnogenus 
Arborichnus romano et meLéndez, 1985 and improves the 
palaeontological characteristics of the Bashkirian strata in 
the Donets Basin.
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