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ICHTYOCOPRUS AFFECTATUS MAKARENKO, 1993 IS A BIVALVE BORING ROCK CAST,
NOT A COPROLITE

ICHTYOCOPRUS AFFECTATUS MAKARENKO, 1993 — IAPO HIPKU BIBAAbBII, A HE KOMPOAIT
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The type material of Ichtyocoprus affectatus Makarenko, 1993, originating from the Eocene deposits of the Vizyrka quarry near
the former town of Ingulets’ (now part of the city of Kryvyi Rih), was studied. This ichnotaxon was originally classified as a fish
coprolite. The results of the study of the specimen figured and described by Dmytro Ye. Makarenko demonstrated that this
fossil is actually a rock cast of a bivalve boring belonging to the ichnogenus Gastrochaenolites Leymerie, 1842. However, it was
not possible to determine its ichnospecies affiliation due to the insufficient preservation of the material. The unusual surface
pattern of the only specimen of Ichtyocoprus affectatus described by Makarenko is an imprint of a coral substrate, rather than
a structure that can occur in the gut of a coprolite producer.

Keywords: coprolite, bivalve boring, Gastrochaenolites, Ichtyocoprus, Eocene, Ukraine.

BuBueHo tTMnoBuit Matepiaa Ichtyocoprus affectatus Makarenko, 1993, 0 NOXOAUTb 3 €0LEHOBUX BiAKAAAIB Kap’'epy Bisnpka
6iA KOAMLLHBOTO MicTa IHryAELb (HUHI BXOAWUTb AO CKAGAY M. KpuBuii Pir). B opuriHaAbHOMY OnKCi Liel iXHOTaKcoH ByAo iHTepripe-
TOBaHO K KOMPOAIT pubur. BUBUEHHA eK3eMNAApY, 306paxeHoro Ta onncaHoro AMUTpoM MakapeHKko, Nokasano, Lo HacrnpaBAi
st IXHOPOCHAIA € MOPOAHUM 3AINKOM HipKK 6iBaAbBIl, WO BiAHOCUTLCS AO iXHOPOAY Gastrochaenolites Leymerie, 1842. OpHaK,
BMU3HAUMTK ii IXHOBMAOBY HAAEXHICTb Uepes3 HeAOCTaTHIO 36epeXeHicTb MaTepiany He BAAAOCS. HE3BUUHMIA Bi3epyYHOK Ha NOBEPXHI
€AMHOro onucaHoro A. MakapeHko ek3emnasipa Ichtyocoprus affectatus € BiABUTKOM NOBEPXHi KOpaAoBoOro cybcTparty, a He
CTPYKTYPOLO, IKa MOXE BUHUKHYTU B KULLEUYHUKY MPOAYLIEHTa KOMPOAITY.

KarouoBi croBa: KONPOAIT, nepdopalii 6iBanbBii, Gastrochaenolites, Ichtyocoprus, eoueH, YkpaiHa.

INTRODUCTION producer. Additionally, the transverse section of

In 1993, Dmytro Yelyseyovych Makarenko (Fig. 1),
a prominent Ukrainian palaeontologist, described
a very unusual trace fossil Ichtyocoprus affectatus
Makarenko, 1993, which he classified as a fish
coprolite. The single specimen described by
Makarenko (1993) was collected from the middle
Eocene deposits exposed in the Vizyrka quarry near
the town of Inhulets’, which is now a part of the
city of Kryvyi Rih, Dnipropetrovsk Region, Ukraine.
Ichtyocoprus affectatus has not been cited in the
literature, except for Dernov and Udovychenko
(2014). A possible reason for this is doubts about
the belonging of this ichnotaxon to coprolites, since
the very unusual ornamentation of the outer surface
could not have arisen in the gut of its potential

Ichtyocoprus affectatus lacks the spiral pattern
that is characteristic of fish coprolites, especially
cartilaginous fishes (Milan, 2011; Dentzien-Dias
etal., 2021).

In November 2023, thanks to the courtesy
of Dr Tamara Ryabokon (Institute of Geological
Sciences of the National Academy of Sciences
of Ukraine — IGS NASU, Kyiv), the author was
able to examine a part of the collection of late
Dmytro Ye. Makarenko, stored in the Department
of Stratigraphy and Palaeontology of Cenozoic
Sediments of the IGS NASU, and found the only
figured specimen of Ichtyocoprus affectatus, as
well as two other specimens marked by Makarenko
in specimen’s labels as “coprolites”. Examination
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of this material revealed that Ichtyocoprus
affectatus is actually a rock cast of a bivalve boring
Gastrochaenolites Leymerie, 1842. This trace fossil
is briefly described below.

GEOLOGICAL SETTING, MATERIAL AND METHODS
One specimen of Gastrochaenolites isp. collected
by Dmytro Ye. Makarenko from the middle Eocene
deposits exposed in the Vizyrka quarry, located
about 2.5 km west of the former town of Inhulets’
(Fig. 2A, B) is investigated in this study. The quarry
is flooded currently (Fig. 2C) and is part of the
landscape reserve “Vizyrka”, so it is impossible to
collect fossils here.

Makarenko and Bilokrys (1985) and
Bogdanovich et al. (2006) reported that the Vizyrka
quarry exposed a Cenozoic sedimentary sequence
consisting of carbonates and clays of the Sarmatian
regional stage (late Miocene), early Oligocene
carbonate manganese ores, and the middle and
possibly late Eocene clays, sands and carbonates.
The middle Eocene rocks, especially in its lower
part, are rich in fossils, such as algae, radiolarians,
foraminifers, infusorians, sponges, corals,
bryozoans, brachiopods, gastropods, bivalves,
scaphopods, echinoids, ostracods, crabs, and fishes
(Makarenko and Bilokrys, 1985; Bogdanovich et al.,
2006). According to Bogdanovich et al. (2006), the
rocks described by Makarenko and Bilokrys (1985)
belong to the late Lutetian-early Bartonian zones
NP15 and NP16.

Currently, the sedimentary succession
described by Makarenko and Bilokrys (1985)
and Bogdanovich et al. (2006) refers to three
rock formations: Rakhmanivka, Malynivka, and
Staryi Inhulets’, which are the analogues of the
Buchak and Kyiv formations (Lutetian-Bartonian)
of northern Ukraine (for details see Berezovsky
(2009a, 2009hb, 2017, 2022); Berezovsky and
Kolesnik, (2015); Berezovsky and Pacaud (2019)).

In addition to Makarenko (1993), trace fossils
from the Eocene deposits of the Inhulets’ area
were studied by Ablets and Berezovsky (1992)
and Ablets (1993, 1994a, 1994b). Ablets and
Berezovsky (1992) identified sponge borings,
that probably belong to the ichnogenus Entobia
Bronn, 1837 (author’s interpretation), bryozoan and
barnacle borings (probably Rogerella Saint-Seine,
1951), as well as 9 types of bivalve borings. Ablets
(1993, 1994a) described the borings Simonizapfes
elongata Codez, 1957 and Zapfella isp. produced
by acrothoracic cirripedians, as well as phoronid

HII llll' Al

Fig. 1. Dmytro Yelyseyovych Makarenko (1925-2008)
(photo from the archive of the Department of Stratigraphy
and Palaeontology of Mesozoic Sediments, IGS NASU).

borings Talpina isp. from the Vizyrka quarry and the
quarry of the Inhulets’ mining and processing plant.

The Eocene deposits in the area of the former
town of Inhulets’ are significant for identifying
bivalve boring producers, as they often contain
mollusk shells preserved in situ (Bilokrys et al.,
1991, Bilokrys, 1992; Berezovsky, 1994). For
example, Berezovsky (1994) noted that shells,
belonging to the genus Coralliophaga Blainville,
1824 from the Lutetian deposits of the area of
the town of Inhulets’ occur in borings of various
morphologies, which may have a calcareous lining
of the inner surface.

The ichnofossil described below is rather poorly
preserved and represented by rock cast of the
boring. This material is housed in the Department
of Palaeontology and Stratigraphy of Cenozoic
Sediments of the IGS NASU (collection IGS-DYMO1).
Makarenko (1993) referred to Ichtyocoprus
affectatus only the specimen 1GS-DYMO01/01,
but two other specimens (IGS-DYM01/02 and
IGS-DYMO01/03), which are not described in
Makarenko’s work, were also considered coprolites
by him, as evidenced by the inscriptions on the
boxes in which they are stored. The article uses the
morphological terminology of Gastrochaenolites
proposed by Kelly & Bromley (1984: Fig. 1).
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Fig. 2. Geographical location of the Vizyrka quarry (A, B) and its current state (C). Photo in Fig. 2C taken from
#Findway (https://find-way.com.ua/oblast/dnipropetrovska/kryvyi-rih/vizyrka-kryvyi-rih).

SYSTEMATIC PALAEONTOLOGY
Ichnogenus Gastrochaenolites Leymerie, 1842

Type ichnospecies: Gastrochaenolites lapidicus
Kelly & Bromley, 1984; by subsequent designation.

Diagnosis. Clavate borings in lithic substrates.
The apertural region of the boring is harrower than
the main chamber and may be circular, oval, or
dumb-bell shaped. The aperture may be separated
from the main chamber by a neck region which
in some cases may be widely flared. The main
chamber may vary from subspherical to elongate,
having a parabolic to rounded truncated base and
a circular to oval cross section, modified in some
forms by a longitudinal ridge or grooves to produce
an almond-or heart-shaped section (after Kelly and
Bromley, 1984: p. 797).

Other included ichnospecies. G. ampullatus
Kelly & Bromley, 1984; G. anauchen Wilson &
Palmer, 1998; G. cluniformis Kelly & Bromley, 1984;
G. cor Bromley & D’Alessandro, 1987; G. dijugus
Kelly & Bromley, 1984; G. hospitium Kleemann,
2009; G. japonicus (Hatai et al., 1974); G.
oelandicus Ekdale & Bromley, 2001; G. orbicularis
Kelly & Bromley, 1984; G. ornatus Kelly & Bromley,
1984, G. pickerilli Donovan, 2003; G. raigadensis
(Badve & Ghare, 1984); G. torpedo Kelly & Bromley,
1984; G. turbinatus Kelly & Bromley, 1984 and G.
vivus Edinger & Risk, 1994 (Donovan and Jagt,
2013; Wisshak et al., 2019).

Remarks. Gastrochaenolites is one of the
most common bioerosion trace fossil in Jurassic-
Holocene carbonate substrates (Mikulas and

Dronov, 2006). The earliest Gastrochaenolites
date back to the Pennsylvanian (Wilson and Palmer,
1998) or even the Ordovician (Ekdale and Bromley,
2001; Ekdale et al., 2002). The producers of
Gastrochaenolites are mainly boring bivalves, but
also gastropods of the family Coralliophillidae and
some sipunculids (Bromley, 2004; Donovan, 2011).

Occurrence. ?Ordovician, Pennsylvanian to
present; worldwide distribution.

Gastrochaenolites isp.

Fig. 3D, E

1993 Ichtyocoprus affectatus: Makarenko, p.
88, unnumbered text-fig.

Material. One poorly preserved fragment of
the natural cast of the bivalve boring (specimen
IGS-DYMO01/01) which was found in a colonial
coral (Makarenko, 1993: p. 87). The fragment is
composed of the greyish-yellow calcareous clay.

Description. Specimen 1IGS-DYMO01/01 is
represented by the boring preserved as a fragment
of the rock cast with a rounded in cross-section,
cone-like outline main chamber (11 mm in diameter,
16 mm in length), which has a subhemispherical
base. The structure of the cast is homogeneous with
rare voids from dissolved mollusc shell fragments
(Fig. 3D). The cast’s outer surface is covered with
a complex pattern (Fig. 3E), which is probably the
imprints of the coral surface where the specimen
IGS-DYMO1,/01 was found. Boring is not lined.

Remarks. Ichnospecies of the ichnogenus
Gastrochaenolites listed above differs from each
other in the shape of the main chamber, the degree
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Fig. 3. Bivalves (A-C, F, G) and the bivalve boring (D, E) from the middle Eocene of the Vizyrka quarry. A-C —cast
of Clavagella (C.) polylophophora Bilokrys, 1991 (IGS-DYM01/03): A —lateral view, B —anterior view, C—enlarged
part of the lateral surface bearing burrows Arachnostega isp. D, E — Gastrochaenolites isp. (IGS-DYMO01/01):
D — natural fracture with a rounded cross section of the cast, E — lateral view. F, G — cast of Clavagella (C.)
polylophophora Bilokrys, 1991 (IGS-DYMO01/02): F — lateral view, G — anterior view. Scale bars =5 mm.

of the neck expression and, to a lesser extent,
the surface ornamentation. Unfortunately, the
available material only allows for comparison with
some ichnospecies of Gastrochaenolites. The
described specimen is similar to G. torpedo from
the Miocene and Pliocene deposits of the Antilles
(Donovan and Hensley, 2006: fig. 3) in the shape
of the main chamber. In addition, like the specimen
IGS-DYMO01/01, the Antilles specimens also bear
impressions of the coral substrate on the surface
of the boring casts. However, doe to the insufficient
preservation of the specimen IGS-DYM01/01,
it is not possible to make a precise comparison
with another ichnospecies of the ichnogenus
Gastrochaenolites.

Locality. Ukraine, Dnipropetrovsk Region, Vizyrka
quarry near the city of Kryvyi Rih; middle Eocene.

DISCUSSION

The described specimen IGS-DYMO01/01 cannot
be classified as the coprolite due to the absence
of characteristic coprolite morphological features

such as phosphate or sulphide composition,
undigested food fragments (e.g., fish scales, bone
or shell debris), spiral structure and spiral surface
pattern as seen in cartilaginous fish coprolites.
Furthermore, the fact that Ichtyocoprus affectatus
was found inside a colonial coral (Makarenko,
1993) provides additional evidence that it is not
a coprolite. Instead, the described trace fossil
can be confidently attributed to the ichnogenus
Gastrochaenolites, as it is not contradicting its
diagnosis provided above. In addition, the described
here trace fossil are morphologically significantly
different from the Palaeogene fish coprolites from
Ukraine (Dernov and Udovychenko, 2014, 2023)
and other countries (e.g., Dentzien-Dias et al.,
2021; Jacquet et al., 2023).

In addition to the single fragment of the rock cast
of Gastrochaenolites, two fragments of moulds of
bivalves Clavagella (C.) polylophophora Bilokrys,
1991, designated by Makarenko as coprolites, were
found in his collection (Fig. 3A-C, F, G). Clavagella
(C.) polylophophora was described by Bilokrys
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(1991) from the middle Eocene deposits of the
quarry of the Inhulets’ mining and processing plant.

The traces belonging to the ichnogenus
Arachnostega Bertling, 1992 are present on
the specimen 1GS-DYMO01/03 (see Fig. 3C).
Arachnostega is usually interpreted as a domichnia
or feeding structure in a consolidated soft- to
firmground substrate, produced by detritus- or
deposit-feeding polychaetes (Bertling, 1992;
Fatka et al., 2011; Zaton, 2020). The formation of
Arachnostega likely occurred after the mollusk shell
was filled with sediment, but before the sediment
was lithified.

In Ukraine, Gastrochaenolites have been
recorded on the surface of the Berriasian and
Albian (Early Cretaceous) rockgrounds, pebbles,
shells and corals in Crimea (Tseisler, 1958; Hekker
and Uspenskaya, 1966; Yanin, 1978; Yanin and
Vishnevsky, 1989; Baraboshkin and Baraboshkin,
2014), as well as on the Albian firmground of the
area surrounding the city of Kaniv (Makarenko and
Sokolov, 1987; Makarenko, 1990; Ogienko et al.,
2017), in the mollusk shells and colonial corals
from the Danian-Selandian (Palaeocene) deposits
of the Luzanivka fossil site in Cherkassy Region
(Ablets, 1994b), in the ?Ypresian and Lutetian
(Eocene) hardgrounds of Luhansk Region (Dernov
and Udovychenko, 2023), Lutetian of Kryvyi Rih
(Ablets and Berezovsky, 1992; Ablets, 1994b)
and the Priabonian (Eocene) of the Rybalskyi
quarry in the city of Dnipro (Ablets, 1994b and
author’s unpublished data), the Miocene (Neogene)
firmground of Podillia (Vyalov and Goretsky, 1965)
and the Quaternary sediments of the Black Sea
(Ablets, 1994b).

Gastrochaenolites described by Makarenko
and Sokolov (1987) contain the bivalve shells
Myopholas semicostatus (Agassiz, 1842) preserved
in situ. However, it is important to note that this
mollusk is of Albian or Cenomanian (Cretaceous)
age (Ogienko et al., 2017), not Callovian (Jurassic)
as previously believed by Makarenko and Sokolov
(1987), Makarenko (1990) and Dykan’ and
Makarenko (1990). This is confirmed by the fact
that the Callovian clays and siltstones are overlain
by Albian or Cenomanian sands from the contact
surface of which mollusc burrows intrude into the
Callovian rocks. This is due to the fact that the
firmground with Gastrochaenolites was formed in
the Albian or Cenomanian.

Gastrochaenolites is typical of the Trypanites
ichnofacies (Mikulas and Dronov, 20086), which is

VITALY S. DERNOV

characterised by the development of bioerosion
trace fossils belonging to the ichnogenera
Trypanites, Gastrochaenolites, Entobia, Rogerella,
Uniglobites, Maeandropolydora, Circolites,
Conchotrema and Caulostrepsis (Furlong et al.,
2015). Biological erosion is the destruction of
hard substrates, such as rocks, shells, bones, or
wood, by a variety of organisms through scraping,
perforation by chemical and mechanical means,
etc. (Bromley, 1992; Demircan, 2012). Endolithic
bioeroder communities develop on substrates
that lack sedimentation (Bromley and Asgaard,
1993). Relatively simple, shallow traces that occur
during short-term episodes of bioerosion are usually
produced by pioneer bioeroder communities
(Bromley and Asgaard, 1993), which disappear
when erosion is replaced by sedimentation.

The surface of the specimen IGS-DYM01/01
bears a pattern that is an impression of the upper
surface of a colonial coral substrate, which should
probably be called Fremdskulpturen sensu Voigt
(1971), i.e., “...imprints of diagenetically dissolved
aragonitic skeletal structure on the walls of
tunnels burrowed by worms in corals” (after Zitt
and Mikulas, 2006: p. 196). Corals have not been
studied from the Eocene deposits of the Vizyrka
quarry (some were figured by Bilokrys et al. (1991)),
but there are several works (e.g., Berezovsky and
Berezovsky, 2016; Berezovsky and Satanovska,
2018, 2020) devoted to the study of the middle
Eocene corals from the quarry of the Inhulets’
mining and processing plant, which is located about
2 km south the abandoned Vizyrka quarry.

According to Berezovsky and Girik (2016), the
coral assemblage from the quarry of the Inhulets’
mining and processing plant includes about 50
species belonging to 30 genera, of which species
of the genera Acropora, Cyathoseris, Lithophyllon,
Trochocyathus, and Turbinolia have been
formally described (Berezovsky and Berezovsky,
2016; Berezovsky et al., 2017; Berezovsky and
Satanovska, 2018, 2020). The pattern on the
surface of the specimen IGS-DYM01/01 is most
similar to the surface of the coral identified by
Bilokrys et al. (1991.: pl. 1, fig. 5) as the species
of the genus Diploria Milne Edwards & Haime,
1848. However, there are also similarities with
Colpophyllia slavutytschensis Kuzmicheva, 1987
from the Mandrykivka Beds (Priabonian, late
Eocene) exposed in the Rybalskyi quarry in the
city of Dnipro.
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Bilokrys et al. (1991) reported that the middle
Eocene corals from the Vizyrka quarry and the
quarry of the Inhulets’ mining and processing
plant are represented usually by small (several
centimetres in diameter) corallites, which
sometimes contain borings produced by Lithophaga
Roding, 1798. Bilokrys et al. (1991) figured borings
and their fills in corals from quarry of the Inhulets’
mining and processing plant with shells Lithophaga
preserved in situ. They also note that the outer
surface of the boring casts sometimes bears the
impression of the surface of the coral substrate.
This is also observed in some of the specimens
described above.

The potential producers of the above-described
boring Gastrochaenolites isp. may be bivalves
Aspidopholas armata Bilokrys, 1992, which occurs
mainly in borings in the coral substrate among the
Eocene deposits exposed by the Vizyrka quarry and
the quarry of the Inhulets’ mining and processing
plant. Borings produced by Aspidopholas armata
(Bilokrys, 1992: pl. 2, fig. 1) in the coral substrate
morphologically closely resemble Gastrochaenolites
isp. described above.

CONCLUSIONS

The study of the original material shows that the
ichnospecies Ichtyocoprus affectatus Makarenko,
1993 from the middle Eocene deposits of the
Vizyrka quarry is not the fish coprolite taxon, but
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