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abstract

Sinusoidal trace fossils Cochlichnus anguineus are described for the
first time from marine and continental siltstones and sandstones of the
Mospyne and Smolyanynivka formations (late Bashkirian, Early Penn-
sylvanian) in Luhansk Oblast, eastern Ukraine (central Donets Basin).
Previously, in Ukraine, Cochlichnus anguineus was recorded in the early
Bashkirian Buzhanka Formation of the Lviv Paleozoic Trough. Cochli-
chnus isp. is known from the Ediacaran of western Ukraine. The stud-
ied ichnofossils come from four localities representing sedimentary se-
quences of shallow marine, lagoonal, and lacustrine terrigenous rocks.
The ichnogenus Cochlichnus Hitchcock, 1858 is known from the Pre-
cambrian to Holocene and were generally distributed in non-marine
environments in the Carboniferous, although it has been recorded in a
wide range of environments, from lacustrine (Mermia Ichnofacies) to
marine (Cruziana Ichnofacies). In the Pennsylvanian deposits of eastern
Ukraine, these trace fossils are predominantly found in lacustrine black
shales, but also in lagoonal siltstones and shallow marine sandstones and
siltstones. Cochlichnus has been interpreted as traces of grazing, feeding,
and locomotion, and it is suggested that traces, depending on the envi-
ronmental conditions and potential producers, may be combinations of
all these ethological categories. Potential producers of Cochlichnus in-
clude worms sensu lato, as well as nematodes, annelids, insect larvae,
or cyclostomates. In modern freshwater basins, traces morphologically
similar to Cochlichnus are produced by nematodes and dipteran larvae.
It seems that nematodes and/or annelids are the most likely producers of
the studied Cochlichnus, since representatives of Diptera are not known
in the Carboniferous. In the Donets Basin, Cochlichnus anguineus usu-
ally co-occurs with the trace fossils Lockeia, Planolites, and Palaeophycus.
Sometimes these ichnofossils are found on the layer surfaces bearing
microbially induced sedimentary structures together with Taphrhelmin-
thopsis and Aulichnites.
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Ilepura 3naxinka ixuogocuniit Cochlichnus
Yy IEHCM/TbBAHCHKIX KOHTMHEHTATBHUX Ta MOPCHKUX
Bigkmagax [loHennbkoro 6aceitny, Ykpaina

Biraniin JepHos
InctutyT reonoriunnx Hayk HAH Ykpainn (Kuis, Ykpaina)

Pestome. Cunycoinanbi ixnodocunii Cochlichnus anguineus Hitchcock, 1858 Bmepie ommcaHi 3 Bepx-
HbOOAIMIKMPCHKUX (HVDKHIN MEHCUIbBAHI) MOPCHKIUX Ta KOHTVMHEHTAIbHUX BIK/IaliB MOCOMHCHKOI Ta
CMOJISTHMHIBCBKOI BiT JIyrancbkoi obmacti (mentpansuuit [Jornbac). Ha teputopil Ykpainn ixnodocwii
Cochlichnus anguineus 6ynu BifoMi paHille 3 Bifk/aanis 6y>kaHCbKOI CBiTI (HVDKHS YacTHHA OAIIKMPCHKOTO
spycy) JIpBiBcbKOTO Maneosolicpkoro nporuny; Cochlichnus isp. Binomuii 3 egiakapito 3axony Ykpaiun. Bu-
BYeHI iXxHODOCHIIII TOXOAATh 3 YOTUPHOX MiCIIe3HAXOMKEHDb, 10 IIPECTABIAITb OCA0OBI MOCIi[OBHOCTI
MiJIKOBOTHO-MOPCHKIX, JIATYHHUX Ta 03epHUX TepureHHux nopin. Crigu Cochlichnus BigoMi mounHaro-
4y 3 oKeMOpito i o cydacHicTb. B kapOoHi BoHM Oynu mommnpeHi B OCHOBHOMY B HeMOPChKMX (arisx,
Xoua 3arajioM ix 3adikcoBaHO B IIMPOKOMY fAianasoHi ¢aniambHuUX 06CTAaHOBOK: Bil 03epHUX (MepMie-
Ba ixHodauis) [0 MoOpchKux (kpysiaHoBa ixHOdalist). Y meHCcuIbBaHCHKMX Bifnkaagax Cxony Ykpainu ui
ixHo(oCHIil TPAIUIAIOTBCA IePeBAKHO B 03€PHUX YOPHUX CIAHIAX, @ TAKOX B JIATYHHUX aJIeBPOJIITaX i
MIZIKOBOJHMX MOPCHKIX ITICKOBUKAX 1 aeBpoitax. Ixuopin Cochlichnus iHTeprpeTyeThCs SIK CTi/ TACTh-
611, XapuyBaHHA Ta IepeCyBaHH:, i IPUIYCKAETbCA, 10 BOHM, B 3aJIOKHOCTI BiJl YMOB HaBKOIUIIHBOTO
cepefoBMILa TA IOTEHI[{THIX IPOAYLIEHTIB, MOXYTb 6yTU KOMOIHALIAMY BCIX LIMX €TOMOTIYHNX KaTeropii
ixnogocuniit. Ilorenniinumm nponyuentamu Cochlichnus MOXyTb 6yTi 4epBu sensu lato, a TaKOX He-
MAaTOfV, AHETIM, IMYMHKY KOMaX a60 KpyIIOpOTi. Y Cy4acHUX IPiCHOBOTHUX 6aceliHax cinn, cxoxi abo
HaBiTh igenTwyni Cochlichnus, TpoORyKyIOTbCA HeMaTOlaMU Ta MMYMHKaMy KoMax pspy Diptera. Cxoxe,
II[0 HEMATOAM Ta/abo0 aHesIiaM € HalBipOrigHiNMMY MpoAyLeHTaMu BuBYeHuX ixuodocuniit Cochlichnus,
ocKinbku npencraBHuky Diptera He BigoMi B kap6oHi. B loneunkomy 6aceitni Cochlichnus anguineus 3a-
3BMYAll TPAIULAIOTBCA pa3oM 3 ixHodocuniamu Lockeia, Planolites Ta Palaeophycus. IHoni BOHU, a TaKoX
ixnodocunii Taphrhelminthopsis 1 Aulichnites mpucyTHi Ha MOBEPXHAX HALIAPYBAaHHS, SIKi HECYTh MIiKpO-
6ianmpHI 0cafoBi CTPYKTYpHL.

KniouoBi cnosa: Ixnodocunii, Cochlichnus anguineus, BepxHs 4acTiHa 6ALIKMPCHKOTO APYCY,
neHcwIbBaHil, JloHenpkuit 6aceiis, Ykpaina

Appeca nna 38’asky: B. C. lepros; IncturyT reonoriunnx Hayk HAH Ykpainu; Byn. Onecs Tondapa, 55-6,
Kuis, 01054 Ykpaina; email: vitalydernov@gmail.com; orcid: 0000-0002-5873-394X

Introduction

Cochlichnus Hitchcock, 1858 is a trace fossil in the form of a sinusoidal wave preserved on lower
and upper bedding surfaces mainly of sandstones and siltstones [Hitchcock 1858; Gluszek 1995; Metz
1995, 1996; Buatois et al. 1996; etc.]. These trace fossils occur in marine and continental deposits from
the Ediacaran to Holocene and are described in many works [e.g. Hitchcock 1858; Gluszek 1995;
Buatois et al. 1996, 1997; Keighley & Pickerill 1997; etc.]. However, the producers of these ichnofossils
are not reliably known, although traces identical to them have also been found in recent non-marine
sediments [Chamberlain 1975; Ratcliffe & Fagerstrom 1980; Metz 1987].

In Ukraine, Cochlichnus anguineus Hitchcock, 1858 was recorded in the early Bashkirian Buzhan-
ka Formation of the Lviv Paleozoic Trough [Shul'ga et al. 2007: fig. 30; author’s interpretation]. In
addition, Cochlichnus isp. is known from the Ediacaran of Podillia (western Ukraine) [Paliy 1978;
Gureev 1986; Ivantsov et al. 2015]. Cochlichnus isp. figured by Ivantsov et al. [2015: pl. 7, fig. 3] is very
similar to Cochlichnus anguineus from the Pennsylvanian strata of Indiana, USA [Archer & Maples
1984: fig. 3c] and Early Devonian rocks of Algeria [Bendella et al., 2022: fig. 4G].

Here, I describe the first record of Cochlichnus anguineus in the continental and marine deposits of
the late Bashkirian Mospyne and Smolyanynivka formations exposed in the southern part of Luhansk
Oblast, Ukraine. The studied material indicates a wide distribution of these trace fossils in the Penn-
sylvanian rocks of eastern Ukraine and brings us closer to uncover their producers.
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Geological setting and Material

Material. In this study, I investigated 13 sandstone and siltstone slabs with c. 30 well-preserved
Cochlichnus anguineus (specimens GMLNU-9/01 to GMLNU-9/13) and several field photos of these
trace fossils in situ. The studied collection (GMLNU-9) is stored in the Geological Museum of Lu-
hansk Taras Shevchenko National University (Poltava, Ukraine).

Fossil sites. The studied material was collected at four fossil sites of the Mospyne and Smoly-
anynivka formations (Fig. 1) in the central part of the Donets Basin:

(1) Makedonivka-1: Ukraine, Luhansk Oblast, Luhansk Raion, quarries near the village of Make-
donivka (coordinates: 48°1420.5"N 39°1823.3"E). These quarries exposed a thick fine-grained sand-
stone bed, which lie 60 m below the G,? limestone layer of the Mospyne Formation (Fig. 2¢). The
sandstone contains rare plant debris, impressions of marine bivalves and diverse trace fossils, includ-
ing Arborichnus, Circulichnis, Laevicyclus, Lockeia, Psammichnites, Treptichnus, etc. [Dernov, 2023].

(2) Makedonivka-2: Luhansk Oblast, Luhansk Raion, the ravine slope and old coal mine dumps
near the northern outskirts of the village of Makedonivka (coordinates: 48°14'36"N 39°17'58"E). This
fossil site represents the 10-m-thick shale-dominated succession that lie above the g, coal layer, Mo-
spyne Formation (Figs 2a, b).
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Fig. 1. Stratigraphic position (a) and geographical location (b, ¢) of the Cochlichnus-bearing fossil sites.
Puc. 1. Crparurpacgiuse nonoxeHH: (a) Ta reorpagiyte posramryBanss (b, ¢) BUBUCHUX MiCIie3HAXOfKEHb.

p-ISSN 2617-6157 e-ISSN 2617-6165 GEO&BIO « 2023 « Tom 25 1 11



The roof shale of the g2 coal bed contains remains of the non-marine bivalves Curvirimula trape-
ziforma (Dewar, 1939) and C. tesselata (Jones, 1891) [Dernov 2022a], horseshoe crabs [Dernov 2019],
crossopterygian scales Rhizodopsis sauroides (Williamson, 1849) and Rhabdoderma elegans (New-
berry, 1856) [Dernov 2019], coprolites, and evidence of plant-arthropod interactions (endophytic
oviposition, leaf margin feedings, etc.) [Dernov 2021].

A rich terrestrial plant assemblage consisting of the genera Asolanus, Bothrodendron, Cyperites,
Lepidodendron, Lepidophloios, Lepidostrobophyllum, Syringodendron, Stigmaria, Asterophyllites, Cala-
mites, Pinnularia, Sphenophyllum, Corynepteris, Alethopteris, Dictyoxylon, Eusphenopteris, Karinop-
teris, Mariopteris, Lyginopteris, Neumlethopteris, Paripteris, Trigonocarpus, Cordaicarpus, Cordaites,
and Samaropsis was studied from this locality by Dernov and Udovychenko [2019].

The siltstone with Cochlichnus anguineus is grey and greyish-yellow, fine-grained, micaceous, hor-
izontally bedded with plant debris and rare steinkerns of non-marine bivalves. Cochlichnus anguineus
is concentrated mainly in a 3 to 4-cm-thin interlayer of limonitised brown siltstone with small plant
debris and the trace fossils ?Palaeophycus isp. and Diplichnites isp. A thin interlayer of ellipsoidal
siderite nodules with rare remains of horseshoe crabs [Dernov 2019: fig. 3.8] and pteridosperms Ka-
rinopteris lies in the lower part of the siltstone layer, just above limonitised siltstones with Cochlichnus
anguineus.

(3) Volnukhyne: Luhansk Oblast, Luhansk Raion, a quarry near the village of Volnukhyne (coor-
dinates: 48°21'28"N, 39°16'53"E). This quarry exposed lacustrine and lagoonal siltstones that lie above
the g, coal layer of the Mospyne Formation (Fig. 2d).

A single slab of the fine-grained grey lacustrine or lagoonal siltstone with several Cochlichnus
anguineus was found on the talus along with trace fossils Planolites, microbially induced sedimentary
structures, and gas-escape structures (Fig. 2e). At this fossil site, in the roof shale of the g, coal layer,
a rich assemblage of terrestrial plants, including the genera Asolanus, Bothrodendron, Cyperites, Lepi-
dodendron, Lepidophloios, Lepidostrobophyllum, Asterophyllites, Calamites, Calamostachys, Spheno-
phyllum, Alethopteris, Cardioneura, Cyclopteris, Karinopteris, Lyginopteris, Mariopteris, Neuropteris,
Palmatopteris, Artisia, Cordaites, and Samaropsis was recorded [Dernov & Udovychenko 2019]. Plant
debris often bears attached microconchids, as well as galls, endophytic oviposition, etc. [Dernov &
Udovychenko 2019; Dernov 2021].

(4) Kartushyne: Luhansk Oblast, Roven’ky Raion, heap spoils of the coal mine 1.2 km south of
the village of Kartushyne (coordinates: 48°09'53.7"N, 39°15'33.1"E); upper part of the Smolyanynivka
Formation, roof shale of an unidentified coal layer in the interval between the h, and h,, coal beds.

The mine dumps are composed mainly of slabs of black and dark grey lacustrine siltstones with
remains of terrestrial plants (Bothrodendron, Cyperites, Lepidodendron, Lepidophloios, Lepidostrobo-
phyllum, Sigillaria, Stigmaria, Annularia, Asterophyllites, Calamites, Radicites, Sphenophyllum, As-
terotheca, Renaultia, Eusphenopteris, Neuropteris, Paripteris, Odontopteris, Alethopteris, Mariopteris,
Cyclopteris, Cordaianthus, Cordaites, Samaropsis, etc.), microconchids, non-marine bivalves Carbo-
nicola acuta (Sowerby, 1812), ?millipedes, insects, horseshoe crabs, scales of the crossopterygians
Rhizodopsis sauroides and Megalichthys sp., fish egg capsule Palaeoxyris sp. and the trace fossils Co-
chlichnus anguineus, ?Skolithos, Palaeophycus, and Diplichnites.

Regional stratigraphy. The Mospyne Formation (C,2 or G) consists of a paralic succession of
sandstones, siltstones, mudstones, coals, and limestones [Aizenverg et al. 1963, 1975; Dunaeva 1969;
Poletaev et al. 2011; Nemyrovska & Yefimenko 2013]. 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 [Aizenverg et al.
1963; Dunaeva 1969; Poletaev et al. 2011; Nemyrovska & 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; Nemy-
rovska & Yefimenko 2013].
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Fig. 2. Geological setting of the studied fossil sites: (a) general view of the fossil site Makedonivka-2; (b) siltstone
layer with Cochlichnus anguineus (Makedonivka-2), scale bar = 100 mm; (c) general view of the fossil site
Makedonivka-1; (d) siltstone layer with Cochlichnus anguineus (Volnukhyne); (e) gas-escape structure in the
siltstone with Cochlichnus anguineus (Volnukhyne).

Puc. 2. eonoriudi 0co6MMBOCTI BUBYEHNUX Miclie3HAXOMKeHb: (a) 3araJibHUI BUITIAL, MicLIe3HAXOMKeHHs Ma-
KenoHiBKa-2; (b) anesporitu 3 Cochlichnus anguineus (MakenoniBka-2), MacuTabHa niniiika = 100 My (c) 3a-
raJIbHUI BUIJIA] MiCLle3HaXOmKeHHA MakepioHiBKa-1; (d) anesponitu 3 Cochlichnus anguineus (Bonmnyxuse);
(e) 3HaKu BUAiNeHHA rasy i3 HenmitudikoBaHoro ocaay B anesponirax 3 Cochlichnus anguineus (Bonnyxuse).
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The Smolyanynivka Formation (C,3 or H) consists of a paralic succession of sandstones, siltstones,
mudstones, coals, and limestones [Aizenverg et al. 1963, 1975; Dunaeva 1969; Poletaev et al. 2011;
Nemyrovska & Yefimenko 2013]. This formation is characterised by thick (40-60 m) beds of coarse-
grained alluvial sandstones [Aizenverg et al. 1963]. The thickness of this formation varies from 330 m
in the NW part of the Donets Basin to 670 m in the SE part of the Donets Basin [Aizenverg et al. 1963;
Dunaeva 1969; Poletaev et al. 2011; Nemyrovska & Yefimenko 2013]. The Smolyanynivka Formation
corresponds to the upper part of the Zuyivkian Horizon (stratigraphic interval between the H, and
the H, limestone layers) and almost completely to the Makiyivkian Horizon (interval between the H,
and the I, limestone layers) [Poletaev et al. 2011].

Age. Mospyne and Smolyanynivka formations contain remains of typical Langsettian terrestri-
al plants [Novik 1974; Dernov & Udovychenko 2019; etc.] and ammonoids [Popov 1979; Dernov
2022b], non-marine bivalves of the upper part of the lenisulcata Zone and lower part of the communis
Zone (Mospyne Formation) [Dernov 2022a] and upper part of the communis Zone and lower mo-
diolaris Subzone (Smolyanynivka Formation) [Sergeeva 1981], as well as late Bashkirian conodonts
[Nemyrovska, 1999], and other marine and terrestrial biota, such as miospores, foraminifers, corals,
bryozoans, brachiopods, scaphopods, gastropods, horseshoe crabs, millipedes, insects, and fishes.

Palaeogeography. 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 & Levenshtein 1963; Ustinovsky 1993]. Only the central part of the
Donets Basin was characterised by a continuous regime of marine sedimentation in the early late
Bashkirian (Fig. 3).

KEY
- High salinity basin - Shallow sea (<100 m depth)
I:I gggﬁ% ;agllepggodlcally - Coastal plain and lagoons

- Littoral zone of the sea - Land

Fig. 3. Bashkirian palaeogeography of eastern Ukraine: (a) palacogeographic map of Europe in the Pennsylvanian
(https://deeptimemaps.com); (b) palaecogeographic map of the Donets Basin in the Bashkirian (modified from
Ischenko et al.[1993: fig. 33]).

Puc. 3. ITaneoreorpadis Cxony Ykpainu B 6amkupcbkuii gac: (a) mameoreorpadivyta kapra €BpoOnyu B IeH-
cunbBadii (https://deeptimemaps.com); (b) maneoreorpadiuna kapra JJonb6acy B 6amkmupcbkimit yac (B3ATO 3
[Ischenko et al., 1993: fig. 33]).
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Systematic ichnology
Ichnogenus Cochlichnus Hitchcock, 1858

Type ichnospecies. Cochlichnus anguineus Hitchcock, 1858; original designation, by monotypy.

Other included ichnospecies. C. annulatus Orlowski, 1989; C. antarticus Tasch, 1968.

Diagnosis. Regular, sinusoidal, horizontal trails and burrows resembling a compressed and
stretched corkscrew. The overall width of an individual trace may change progressively [after Han-
tzschel 1975; Keighley & Pickerill 1997; Uchman 1998].

Remarks. Cochlichnus differs from Belorhaphe Fuchs, 1895 by smooth rounded rather than an-
gular curves of the trace. Cochlichnus differs from Helminthopsis Heer, 1877 by regular curves of the
sinusoid, while the outlines of Helminthopsis resemble river meanders rather than sinusoidal wave
[Buatois et al. 1997].

Stratigraphic range. From the Ediacaran to the present.

Cochlichnus anguineus Hitchcock, 1858

Figs 4 and 5

See Stanley & Pickerill [1998: p. 9], Schlirf [2000: p. 176] and Uchman et al. [2004: p. 135] for
synonymy.

Diagnosis. Regular, sinusoidal, smooth, horizontal trails and burrows resembling a compressed
and stretched corkscrew. The overall width of an individual trace may change progressively [after
Héntzschel 1975; Keighley & Pickerill 1997; Uchman 1998].

Material. Thirteen sandstone and siltstone slabs preserving c. 30 trace fossils and several field
photos of the trace fossils in situ (specimens GMLNU-9/01 to GMLNU-9/13).

Description. Horizontal, cylindrical, thin, sinusoidal trails and burrows with a smooth surface
preserved as a convex hyporelief on the lower bedding surface and concave epirelief on the upper
surface of the fine-grained sandstone and siltstone layers. The traces are straight, less often weakly
arched (Fig. 4d) or sharply curved at an angle of about 45° (Fig. 4a), not branching, and usually oc-
cur singly; if several traces co-occur, they may intersect (Figs 4d and 5d). The diameter of the trails/
burrows mainly ranges between 1.2 and 1.5 mm; much less frequently, the width of the trails is 5.0
mm (Fig. 5¢). The length of the most complete trace fossil is 150 mm (Fig. 4a). The wavelength of the
sinuous meanders ranges between 8.0 and 12.0 mm, and the amplitude between 3.0 and 5.5 mm. The
cross section of the positive ridges is rounded or ellipsoidal, sometimes slightly flattened from above.

Remarks. Cochlichnus anguineus differs from other ichnospecies of the ichnogenus Cochlichnus
in the absence of annulation and lateral markings [Buatois et al. 1996, 1997]. Cochlichnus kochi (Lud-
wig, 1869), which is widely distributed in the Westphalian strata of England [Elliott 1985], is a junior
synonym of Cochlichnus anguineus [Gluszek 1995]. Stanley & Pickerill [1998] consider Cochlichnus
antarcticus to be a junior synonym of C. anguineus; ichnospecies C. kochi, C. serpens Webby, 1970, C.
lagartensis Muniz, 1980, C. duomaensis Yang et al., 1983 and C. sousensis Muniz, 1985 are all junior
synonyms of C. anguineus [Fillion & Pickerill 1990; Buatois & Mangano 1993; Stanley & Pickerill
1998].

In 1994, a new name Cymataulus Rindsberg, 1994 was proposed for sinusoidal traces inside rather
than on the surfaces of layers [Rindsberg 1994]. However, this idea has not found support among
researchers, because in many cases it is difficult and sometimes impossible to establish whether Co-
chlichnus burrows inside the sediment or traces on its surface [Pickerill & Narbonne 1995]. Thus,
Cymataulus is considered a junior synonym of Cochlichnus [Buatois et al. 1996, 1997; Keighley &
Pickerill 1997].

Localities. See ‘Geological setting and Material’ section.

Occurrences. Ediacaran-Holocene.

p-ISSN 2617-6157 e-ISSN 2617-6165 GEO&BIO « 2023 = Tom 25 115



Fig. 4. Cochlichnus anguineus Hitchcock, 1858 from the Mospyne Formation: (a-d) Makedonivka-1 fossil site
(a—GMLNU-9/01, b—GMLNU-9/05, c—GMLNU-9/03, d—field photo of the trace fossil in situ); (e-g) Make-
donivka-2 fossil site (e—GMLNU-9/02, f—GMLNU-9/04, g—GMLNU-9/06). Scale bars = 10 mm.

Puc. 4. Cochlichnus anguineus Hitchcock, 1858 3 MocmmucpKoi cBitit: (a-d) MicuesHaxomKeHHs MaKeIOHiB-
ka-1 (a — GMLNU-9/01, b — GMLNU-9/05, c — GMLNU-9/03, d — nmonbose ¢oro ixHOoDocuiit in situ);

(e-g) micuesHaxomkenHs MakegoniBka-2 (e — GMLNU-9/02, f — GMLNU-9/04, g — GMLNU-9/06). Macu-
TabHi Bigpisku = 10 MM.
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Fig. 5. Cochlichnus anguineus Hitchcock, 1858 from the Mospyne and Smolyanynivka formations: (a-c,
e) Kartushyne fossil site (a—GMLNU-9/09, b—GMLNU-9/07, ¢c—GMLNU-9/10, e—GMLNU-9/12); (d)
Makedonivka-2 fossil site (GMLNU-9/11); (f) Volnukhyne (GMLNU-9/08). Scale bars = 10 mm.

Puc. 5. Cochlichnus anguineus Hitchcock, 1858 3 MocIMHCBKOI Ta CMOJSIHMHICBKOI CBiT: (a-¢, e) Kaprymn-
e (a — GMLNU-9/09, b — GMLNU-9/07, ¢ — GMLNU-9/10, e — GMLNU-9/12); (d) MakeznoHiBka-2
(GMLNU-9/11); (f) Bonmayxuue (GMLNU-9/08). Macuta6Hi Bifpisku = 10 MM.

Discussion and concluding remarks

In the Donets Basin, Cochlichnus anguineus usually co-occurs with Lockeia (Makedonivka-1), Pla-
nolites (Volnukhyne), and Palaeophycus (Makedonivka-2). Sometimes these trace fossils are found
on the bedding surfaces bearing microbially induced sedimentary structures (Fig. 4a) together with
Taphrhelminthopsis and Aulichnites (Makedonivka-1).

Cochlichnus is known from the entire Phanerozoic [Buatois et al. 1996; Lucas et al. 2004] and was
generally distributed in non-marine environments in the Carboniferous, although it has been re-
corded in a wide range of environments, from lacustrine (Mermia Ichnofacies) to marine (Cruziana
Ichnofacies) [Buatois et al. 1997; Lucas & Lerner 2005; Uchman et al. 2008, 2009; Smith ef al. 2011).

Cochlichnus has been interpreted as traces of grazing, feeding, and locomotion and it is suggested
that traces, depending on the environmental conditions and potential producers, may be combina-
tions of all these trace fossil ethological categories [Buatois ef al. 1997]. Potential producers of Cochli-
chnus include worms sensu lato [Webby 1970; Hakes 1976], nematodes [Moussa 1970; Chamberlain
1975; Metz 1998], annelids [Hitchcock 1858], cyclostomates [Gluszek 1995] or insect larvae [Toula
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1908; Uchman et al. 2004]. In modern freshwater basins, traces morphologically similar to Cochli-
chnus are produced by nematodes [Chamberlain 1975], larvae of Ceratopogonidae [Metz 1987],
Therevidae [Michealis 1972] and Chironomus motilator [Tarr 1935]. It seems that nematodes and/or
annelids are the most likely producers of Cochlichnus, since representatives of Diptera are not known
from the Carboniferous.
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