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Abstract. This article presents a description of the shell injuries in the Early Devonian brachiopods Lanceomyonia
borealiformis (Siemiradzki, 1906) from western Ukraine. Approximately eight percent of the shells (8 out of 101
specimens) exhibit shell injuries, which are classified into three morphological types: (a) rounded and ellipsoidal pits,
measuring approximately 2-5 mm in diameter, located on the anterior margin and lateral slopes of the valves; (b)
longitudinal, sublongitudinal, and transversal thin straight or sinuous furrows, measuring approximately 5-6 mm long
and 0.5-1.5 mm wide; (c) irregularly shaped concave zones on the lateral area of the valve. The majority of the shell
injuries can likely be attributed to evidence of unsuccessful predator attacks and traces of an attachment point of an
epizoan organism. The potential agents responsible for the predatory injuries include cephalopods, arthropods and
fishes. The frequency of injured shells among the studied brachiopods is within the range observed in other

Palaeozoic-aged brachiopod assemblages.
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INTRODUCTION

The study of fossils with abnormalities and
malformations is of great significance for the fields of
palaeoecology and evolutionary studies (Peel, 1984;
Ebbestad & Hogstrom, 2000; Lindstrom, 2003; Zaton et
al., 2015; Hoffmann et al., 2018; Bicknell & Kimmig,
2023). The records of malformed brachiopods have been
the subject of relatively extensive study (e.g. Brunton,
1966; Alexander, 1981, 1986a, 1986b; Elliott & Brew,
1988; Ebbestad & Hogstrom, 2000; Dernov, 2024).
However, the available evidence is insufficient to
determine the causes of these occurrences with certainty,
except for their classification as abiotic or biotic types.

Devonian brachiopods have been identified in several
regions of Ukraine, including the Donets Basin
(Tchernyshov, 1886; Aisenverg, 1966), the Dnipro-
Donets Depression (Kotlyar, 2008, 2017, 2021), and the
Volyn-Podillia Monocline, consisting of the Podillian
Uplift and Lviv Palaeozoic Trough (Siemiradzki, 1906;
Koztowski, 1929; Pomyanovskaya, 1963, 1970, 1971,
1974, 1981; Modzalevskaya, 1985; Nikiforova et al.,
1985; Balinski, 2010, 2012; Kotlyar, 2021; Kotlyar &
Serobyan, 2024).

Nevertheless, the most extensively studied of these
are the Early Devonian brachiopods from the Podillian
Uplift belonging to Podillia region in western Ukraine, as
the Lower Devonian deposits are exposed here and
represented by normal marine facies (Grytsenko et al.,
1999; Drygant, 2010; Konstantynenko et al., 2013;
Kotlyar, 2021). The Early Devonian-aged marine
deposits here are very rich in fossil biota, including
brachiopods,  bivalves, cephalopods, graptolites,
conodonts, etc. (for reviews, see Grytsenko et al., 1999;

Drygant, 2010; Konstantynenko et al., 2013). This makes
it possible to obtain collections of fossils belonging to the
same species from various localities and thus to obtain
rich material, including fossils with skeletal injuries
received during life. Devonian brachiopods with
malformations are known from numerous localities
around the world (e.g. Alexander, 1986a; Balinski, 1993;
Leighton, 2003; Tessitore et al., 2012; Zong & Gong,
2022; Serobyan et al., 2024). However, such fossils have
never been documented in Ukraine. This article presents
the results of studying shell injuries in the rhynchonellid
brachiopod Lanceomyonia borealiformis (Siemiradzki,
1906) from the Early Devonian Mytkiv Formation in
Podillia. This is the first record of malformed
brachiopods from the Devonian of Ukraine. Previously,
Palaeozoic brachiopods bearing shell injuries from
Ukraine were recorded only from the Pennsylvanian of
the Donets Basin in eastern Ukraine (Dernov, 2024;
Dernov & Poletaev, 2024).

MATERIAL AND METHODS

The material was collected by the amateur
palaeontologist lllia Zakharov and the second author
(VG) at the Verkhnyakivtsi section near the town of
Borshchiv (Chortkiv Raion, Ternopil Oblast, western
Ukraine: Fig. 1a). This section represents the mudstone-
dominated succession of the Mytkiv Formation (Tiverian
Group, Lochkovian, Lower Devonian: Fig. 1b).

Bicknell & Kimmig (2023) and Bicknell et al. (2023)
used the example of trilobites to review the terminology
related to skeletal pathologies, which is also used in this
paper. Adapted to brachiopods, this terminology is as
follows (modified after Bicknell & Kimmig, 2023:
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Fig. 1. a. Schematic geological map of western Ukraine showing the geographical location of the studied fossil site; b.
Lower Devonian stratigraphy of the Podillian Uplift and the stratigraphic position of the Mytkiv Formation; c—f. Sketch
drawings showing measurements of injuries on valves of Lanceomyonia borealiformis (Siemiradzki, 1906) (modified
from Dernov, 2024): c, d — for elongated injuries, e — for isometric or nearly isometric injuries, f — cross-sectional
dimensions of an injury (D — depth, D, — longitudinal diameter, Dt — transverse diameter, L — length, W — width).
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p. 201, and Bicknell et al., 2023: p. 4):

Injury: Shell breakage through accidental physical injury
or attack complications;

Malformation: Evidence for injuries, teratologies or
pathologies;

Pathology: Deformed shells resulting from parasitic
activity or infections;

Teratology: External expressions of developmental,
embryological, or genetic malfunctions.

The scheme of measurement for injuries is shown in
Fig. 1c.

Of the 101 complete shells of the rhynchonellid
brachiopod  species  Laceomyonia  borealiformis
(Siemiradzki, 1906) examined, only eight bear injuries,
i.e. c. 8% of the total number of shells. Studied specimens
are represented by well-preserved undeformed articulated
shells almost completely naturally cleaned from rock.
This material was collected from a single mudstone bed
in the Mytkiv Formation.

The studied collection (IKHAJI®TT MOH_8686/7) is
stored in the Department of Geology of the National
Museum of Natural History of the NAS of Ukraine, Kyiv.
Shells of Lanceomyonia borealiformis (Siemiradzki,
1906) are dorsibiconvex, transversely subelliptical to
subcircular in outline, 15.0-21.0 mm long, 15.4-23.0 mm
wide and 11.5-16.0 mm thick, slightly wider than long
(Width/Length = 1.05-1.20) (Fig. 2a-h); convex in lateral
aspect ventral valves bearing a strongly incurved beak
and a sulcus that appears at approximately 8 mm from the
umbo; the tongue (linguiform extension) is long with a
convex bottom. Dorsal valves are strongly convex and a
fold appears at 5-6 mm from the umbo, rather low; 5-9
mm of the shell surface is smooth, but simple, rounded
ribs occur in the anterior part of the shell (Fig. 2a-d).

GEOLOGICAL SETTING

The Volyn-Podillia Monocline represents the
southwestern margin of the East European Platform
located between the Ukrainian Shield in the east and the
Precarpathian Trough in the west; the western submerged
part of the monocline is represented by the Lviv
Palaeozoic Trough (Konstantynenko et al., 2013; Kotlyar
& Serobyan, 2024).

Devonian deposits in Podillia are represented only by
the lower part of this system. The Lower Devonian
deposits are subdivided into two groups, the Tiverian
Group (represented mostly by the grey-colored marine
strata) and the Dniester Group (red-bed continental
strata); the Mytkiv Formation belongs to the Tiverian
Group (Konstantynenko et al., 2013; Kotlyar, 2021) (Fig.
1b).

The Mytkiv Formation is exposed in the Dniester
River basin from the town of Mel’nytsia-Podil’s’ka in the
east to the village of Bridok in the west, and in the
Nichlava River basin (left tributary of the Dniester River)

from the village of Davydkivtsi in the north to the mouth
of the river (Konstantynenko et al., 2013).

The Mytkiv Formation is above the Khudykivtsi
Formation (Lochkovian) and are overlain by the Chortkiv
Formation (Lochkovian) (Konstantynenko et al., 2013;
Grytsenko & Naumenko, 2022). In the stratotype section
located on the right bank of the Dniester River between
the villages of Musorivka and Mytkiv, the Mytkiv
Formation is represented by a 47-metre-thick sequence of
shallow marine dark grey mudstones with 1 to 5-cm-thick
lenticular interbedded layers of fossiliferous argillaceous
limestones and coquina; in the upper part of the
formation, the number of limestones interbeds increases
and their thickness reaches 10-15 cm (Tsegelnyuk,
1974). Numerous brachiopods are found in these strata at
the stratotype section including Plectodonta (P.) mariae
Koztowski, 1929,  Strophochonetes  medicostatus
Koztowski, 1929, Dalejina frequens (Koztowski, 1929),
Mutationella podolica Koztowski, 1929, Atrypa
nieczlaviensis Koztowski, 1929, and Stropheodonta
(Brachyprion)  subinterstrialis  Koztowski, 1929
(Tsegelnyuk, 1974).

Numerous other species of brachiopods, as well as
corals, bryozoans, bivalves, nautiloids, trilobites,
ostracods, crinoids, graptolites, and conodonts, have been
found in other outcrops of the formation (Tsegelnyuk,
1974; Konstantynenko et al., 2013). These fossils,
especially graptolites and conodonts, prove Lochkovian
age for the formation (Drygant, 2010; Konstantynenko et
al., 2013). The total thickness of the formation reaches
125 m (Tsegelnyuk, 1974; Konstantynenko et al., 2013).

DESCRIPTIONS OF SHELL INJURIES

The shell injuries in Lanceomyonia borealiformis
referred to three morphological types, which were
previously identified by the first author (Dernov, 2024) in
the shells of the Pennsylvanian productidines
Densepustula sp. from the Donets Basin in eastern
Ukraine, are described below.

Type A: Rounded and ellipsoidal pits, about 2-5 mm
in diameter, located on the anterior margin and the lateral
slopes of the valves.

Specimen 8686/7-02 (Fig. 2a, i). In the left lateral part
of the ventral valve there is an ellipsoidal depression (L =
8.0 mm, W = 5.5 mm, D = 2.0 mm) elongated along the
posterior-anterior direction of the valve. The edges of the
depression are broadly rounded, the walls are wide,
flattened, and inclined. An ellipsoidal elevation (D, = 5.0
mm, Dt = 4.0 mm), approximately 1.5-2.0 mm in height,
and with a wedge-shaped transverse profile occurs
approximately in the central part of the depression; it is
slightly displaced to the antero-lateral margin of the
depression. The transverse profile of the depression is W-
shaped with sloping walls and a central elevation.

Specimen 8686/7-08 (Fig. 2f). The shell injuries are
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represented by a subtriangular pit on the antero-lateral
part of the dorsal valve. The pit (DL = 3.0 mm, Dr = 4.0
mm, D = 2.0 mm) is located on the left lateral part of the
dorsal valve, approximately at the midpoint of its length.
The pit’s transverse profile is V-shaped with a narrow,
concave bottom and steep, smooth walls and gradually
rounded edges.

Specimen 8686/7-05 (Fig. 2h). The shell injuries are
represented by elongated and rounded pits on the antero-
lateral part of the dorsal valve. The rounded pit (DL = 2.0
mm, Dr = 2.0 mm, D = 1.5 mm) is located on the right
lateral part of the dorsal valve (Fig. 2h, arrow on right),
approximately at the midpoint of its length. The pit’s
transverse profile is U-shaped with a wide, slightly
concave bottom and steep, smooth walls and gradually
rounded edges. The pit is located in the area of the radial
rib, but there is no radial rib between it and the anterior
margin of the valve. The elongated pit (L =c. 5mm, W =

¢c. 1.0 mm, D = 0.8-1.0 mm) located at an angle of
approximately 130° to the plane of symmetry of the shell
is in the dorsal valve antero-lateral area, at approximately
5 mm from the smaller pit. The maximum depth of the pit
occurs in the middle of its length; it gradually decreases
towards its narrow margins. The transverse profile of the
pit is V-shaped with a narrow, strongly concave medial
zone (bottom) and steep, flattened walls, and sharp edges.
The longitudinal profile is V-shaped, but much wider
than the transverse profile. The radial rib disappears in
the shell surface area between the pit and the anterior
margin of the valve.

Specimen 8686/7-06 (Fig. 2c). The shell injury is
represented by a small rounded pit (DL = 2.0 mm, Dt =
2.0 mm, D = 0.6 mm) located in the lateral right area of
the ventral valve. The transverse profile of the pit is U-
shaped with a wide slightly concave bottom, flattened
vertical walls and sharp angular edges. There are no

Fig. 2. Shell injuries in Lanceomyonia borealiformis (Siemiradzki, 1906) from the Mytkiv Formation of the
Verkhnyakivtsi section near the town of Borshchiv (Chortkiv Raion, Ternopil Oblast, western Ukraine; a, i, specimen
8686/7-02 (a — lateral view, i — enlarged shell injury); b, j, specimen 8686/7-07 (b — dorso-lateral view; j — enlarged shell
injury); c, specimen 8686/7-06 (ventro-lateral view); d, specimen 8686/7-04 (dorso-lateral view); e, k, specimen 8686/7-
01 (e — ventral view; k — enlarged shell injury); f, specimen 8686/7-08 (dorsal view); g, specimen 8686/7-03 (ventro-
lateral view); h, specimen 8686/7-05 (dorso-lateral view). Scale bars =5 mm.
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radial ribs in the pit, but they are present in the space
between the pit and the valve anterior and lateral margins.

Type B: Longitudinal, sublongitudinal, and
transversal thin straight or sinuous furrows, about 5-6
mm long and 0.5-1.5 mm wide.

Specimen 8686/7-01 (Fig. 2e, k). The malformation is
represented by a narrow furrow (L = 6.0 mm, W = 1.0—
1.2 mm, D = 0.4 mm) situated on the middle of the length
of the ventral valve. The furrow is located at an angle of
about 120° to the plane of symmetry of the valve. Its
profile is U-shaped with a wide, slightly concave bottom
and steep, almost vertical walls; the edges of the furrow
are rather sharp. The edge facing the umbo is straight,
almost rectangular. The margin facing the anterior margin
of the valve is wavy, relatively sharp. Left narrow margin
of the furrow is rather sharp, rectangular; the right margin
is more gentle. There is a slight decrease in the depth and
width of the furrow in the direction from the left lateral
margin of the valve to the right margin. The furrow
crosses almost two radial ribs (one completely and
another for about 75% of its width). There are no signs of
rib modification in the area of the injury.

Specimen 8686/7-07 (Fig. 2b, j). The injury is
represented by a furrow (L = 8.0 mm, W = 0.5-0.9 mm,
D = 0.3-0.5 mm), located in the left lateral area of the
dorsal valve, approximately transverse to the direction of
the valve length. The furrow is slightly arcuate, widens
and deepens significantly near the lateral margin of the
valve. The cross-section profile of the furrow is U-shaped
with a wide flattened bottom (right side of the furrow)
and a narrow-flattened bottom (left side of the furrow),
flattened vertical walls and sharp edges (right side of the
furrow) and gradual edges (left side of the furrow).

Type C: Irregularly shaped concave zone on the
lateral area of the valve.

Specimen 8686/7-03 (Fig. 2g). The probable shell
injury is represented by a slightly concave area,
measuring 8.0 mm in width and 8.0 mm in length, located
on the right half of the ventral valve. The depth of the
area is approximately 1.5-3.0 mm, and it increases from
the anterior margin of the valve to its posterior margin.
Other parts of the shell are undeformed. The cross-section
profile of the area (along the line of the shell width) is
semi-elliptical with walls sloping downward at very small
angles, which gradually turn into a slightly concave wide
bottom. The transverse profile of the concave area,
parallel to the direction of the shell length, is also semi-
ellipsoidal, but the margin close to the anterior margin of
the shell is rather sharp and is probably the place where
the deforming force was applied.

Specimen 8686/7-04 (Fig. 2d). The possible shell
injury is represented by a concave ellipsoidal area (W =
c. 80 mm, L = 9.0 mm, and Dmax = 2.0) slightly
elongated in the posterior-anterior direction located on
the left antero-lateral part of the dorsal valve. There are

three radial ribs within the concave area, which do not
bear any evidence of modification. The anterior end of
the area coincides with the anterior margin of the valve;
the edge close to the middle of the valve is very sharp,
rectangular, even slightly overhanging; the edge close to
the lateral edge and the umbo are gradual. The cross-
section profile of the area in the direction of the valve
width is asymmetrical V-shaped with the apex
significantly shifted to the right side of the area, an
almost vertical right wall and a very gentle wide flattened
left wall and a narrow strongly concave bottom. The
cross-section profile of the zone in the direction of the
valve length is U-shaped with a wide, flattened, very
slightly concave bottom, which gradually turns into
gentle, wide, flattened walls.

DISCUSSION AND CONCLUDING REMARKS

The Palaeozoic deposits in Podillia have not been
affected by significant tectonic deformation or
metamorphism, which further indicates the origin of the
brachiopod shell injuries described here as originating
during life. Malformations of Palaeozoic brachiopod
shells can occur in several ways, namely: (1) as a result
of close settlements of brachiopods that interfere with
each others’ normal growth (Sarytcheva, 1949; Tessitore
et al., 2012); (2) as healed injuries caused by predators
(Alexander, 1981, 1986a; Mundy, 1982; Elliott &
Bounds, 1987; Elliott & Brew, 1988; Balinski, 1993;
Ebbestad & Hodgstrom, 2000; Leighton, 2003; Dernov,
2024); (3) as a result of a parasitic infestation (Zhang et
al., 2020; Vinn et al., 2023); (4) as healed injuries caused
by traumatic environmental effects, such as transport of
shells by water during brachiopod’s life (Tessitore et al.,
2012).

Most of the shell injuries described above can
probably be attributed to evidence of unsuccessful
predator attacks (Fig. 2b-h, j, k) and traces of an
attachment point of an epizoan organism (Fig. 2a, i). The
latter type includes an ellipsoidal pit in the specimen
8686/7-02. The ellipsoidal pit could have been created by
the breaking off of an attached unknown epibiotic animal,
along with the outer layers of the shell.

The producers of rounded drill holes in the skeletons
of Palaeozoic marine invertebrates, which somewhat
resemble the injuries in 8686/7-02, are usually considered
to be platyceratid gastropods (Leighton, 2001;
Kowalewski et al., 1998; Kowalewski, 2002;
Klompmaker et al., 2016). Additionally, the producers of
these holes may be mysterious soft-bodied animals
(Carriker & Yochelson, 1968; Rohr, 1976; Ausich &
Gurrola, 1979), but it is impossible to verify this
assumption. In the Palaeozoic, naticid-like drill holes in
shells are known, but they cannot be attributed to naticid
producers because skeletal remains of these organisms
are not preserved with the drilled ichnotaxa.

The malformation in the specimen 8686/7-02 differs
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from the Palaeozoic cylindrical holes, which penetrate
shells completely and are attributed by the vast majority
of researchers to be traces of gastropod predation (see
above) by several important morphological features: 1)
the pit described in this paper are not complete holes, but
concavities on the surface of the valves; 2) the shape of
the described pit and drill holes of predatory gastropods is
different: the former are conical and semicircular, and the
latter are cylindrical in longitudinal section.

All other specimens, with the exception of the
specimen 8686/7-02, are classified as evidence of
unsuccessful predation on brachiopods. The potential
agents responsible for injuries include cephalopods
(Alexander, 1986a; Elliot & Brew, 1988; Brett, 2003),
arthropods (Mundy, 1982; Brett, 2003), and fishes
(Sarytcheva, 1949; Brunton, 1966; Alexander, 1981,
Elliott & Bounds, 1987; Brett, 2003). Numerous
nautiloids including discosorids, actinocerids, oncocerids,
and orthocerids (Zhuravleva, 1972, 1974, 1978), as well
as rare eurypterids (Fig. 3a) and marine fishes (Fig. 3b)
occur in the Lochkovian succession of sedimentary rocks
in Podillia.

The morphology of the jaw apparatus of Palaeozoic
nautiloids is not fully understood due to incomplete and
contradictory data (Holland et al., 1978; Vojtéch, 1978;
Edgecombe & Chatterton, 1987; Holland, 1987; Mapes,
1987). However, there is a possibility that large
individuals of Devonian cephalopods could have been
capable of damaging brachiopod shells as a result of
predation, even if their jaw apparatus was poorly
mineralised, but it should be borne in mind that the
brachiopod shell had to be completely fractured to be
consumed. It is not known whether Devonian
cephalopods were capable of this.

Arthropods (for example eurypterids, trilobites, and
phyllocarid crustaceans) are another potential group
responsible for predation marks on Lanceomyonia

borealiformis. While there are differing views on the
feeding habits of trilobites, they are generally considered
scavengers, predators, or sediment feeders within their
respective taxonomic groups (Fortey & Owens, 1999;
Devonian trilobites from

Fortey, 2014). However,

Padillia are unlikely to have caused significant damage to
the shells of brachiopods. Fossil phyllocarids were
scavengers/predators, and are documented to feed on
small organisms such as mollusks and arthropods,
organic particles in sediments (deposit-feeding), or
carrion (Liu et al, 2023). However, remains of
phyllocarids are not known in the Devonian of Paodillia.

The malformation of the specimen 8686/7-04 (see
Fig. 2d) morphologically resembles the deformations of
brachiopod shells that occurred at the stage of diagenetic
sediment compaction (cf. Ferguson, 1962). However, in
contrast to diagenetically deformed shells, the specimen
8686/7-04 has only one concave zone, while the rest of
the shell is undeformed. At the same time, the damage in
specimen 8686/7-04 is very similar to predation shell
damage in Mississippian brachiopods from Utah, USA
(Alexander, 1981: pl. 1, figs 11, 17, 20, 25) and the
Recent brachiopods Terebratulina retusa (Linnaeus,
1758) (Alexander et al., 1992: fig. 1C).

Alexander (1986b) reports that the number of injured
brachiopod shells from the Upper Ordovician of the USA
varies approximately from 0.5% to 26.0% for different
taxa. A similar number (7%) of injured shells of Late
Devonian brachiopods from China is given by Zong &
Gong (2022) for a collection consisting of 603
specimens. Elliott & Bounds (1987) recorded damage to
53.7% of shells (503 out of 935) of the brachiopod
Composita subtilita (Hall in Stansbury, 1852) from the
Middle Pennsylvanian-aged Naco Formation of Arizona,
USA. It seems to us that this value is somewhat
overestimated, since not all brachiopod specimens with
evidence of predator attacks figured by Elliott & Bounds
(1987) may actually be such. Many of them (e.g. Elliott
& Bounds, 1987: fig. 2D, K) are probably effects of
diagenetic sediment compaction.

Leighton (2003, fig. 5) reported that the frequency of
sublethally injured shells of Palaeozoic brachiopods
ranges from <1.0% to 9.7%. These values are probably
the closest to real values, as they are based on the results
of studying 14 assemblages of Palaeozoic brachiopods.
Dernov (2024) reported the presence of shell injuries in
15% of ventral valves of the Pennsylvanian productidine

Fig. 3. Remains of possible culpits of shell injuries in Lanceomyonia borealiformis from the Mytkiv Formation: a. coxa

of a large eurypterid Pterygotidae indet.

from

the Lochkovian Khudykivtsi Formation (specimen

IKHJI®TI MOH_8686/7-102 stored in the National Museum of Natural History, NAS of Ukraine); b. fish fin spine
from the Lochkovian Mytkiv Formation (specimen IKHIJI®I' MOH_8686/7-103 stored in the National Museum of

Natural History, NAS of Ukraine). Scale bars =5 mm.
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brachiopods Densepustula sp.

Thus, the values of the frequency of injured shells of
the studied brachiopods Lanceomyonia borealiformis
(i.e., approximately 8% or eight shells out of 101) are
well within the limits of the frequency determined for
brachiopod assemblages of other Palaeozoic-aged
stratigraphic intervals.
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