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Abstract: Here we report about the presence of fossils belonging to different beaver lineages from the late Miocene (MN 9,
Vallesian) of Grytsiv (western Ukraine). Among them, nine isolated molars were assigned to Chalicomys jaegeri and described
in detail here for the first time. Morphologically and metrically these specimens fit well into the range known for this species
from other localities. The teeth are of different wear stages, mainly moderately or strongly worn. Two other teeth (a germ and
one with a little wear), are tentatively identified as belonging to a smaller-sized beaver resembling Euroxenomys minutus. This
is based mainly on their smaller size as measured at the occlusal surface. Taxonomic status and palaeoecology of Chalicomys
Jjaegeri and other species of this genus are discussed in the paper.
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Introduction

Beavers (family Castoridae) are known in the fossil
record of Europe up from the early Miocene (Hugueney
1999, Stefen 2011). The taxonomic, morphological, and
geological history of these rodents has been presented in a
number of publications dating from the nineteenth century.
However, some of the evolutionary and taxonomic issues of
this group of rodents are still debatable (Aldana Carrasco
1992, Korth 2002, Rybezynski 2007, Rekovets et al. 2009,
Stefen 2020). A thorough analysis of publications regarding
the history of the genus Chalicomys and morphologically
related groups in Europe was presented by Casanovas-
Vilar et al. (2008), Casanovas-Vilar and Alba (2011).
There are also known data on the evolution of beavers on
the basis of DNA studies with the reconstruction of their
possible phylogenetic relationships (Horn et al. 2011,
2014). For Eastern Europe, including Ukraine, the study of
extinct castorids is still inadequate, although their remains
are frequently found in Miocene and Pliocene deposits
(Topachevsky et al. 1987, Nesin and Nadachowski 2001,
Rekovets et al. 2009). The scarce information available
on the ultrastructure of the tooth enamel of extinct beavers
and other rodents from this region was published several
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years ago (Rekovets and Nowakowski 2013, Rekovets and
Kovalchuk 2017, Nowakowski et al. 2018).

However, it is necessary to conduct a thorough
morphological and taxonomic revision of the osteological
material previously assigned to the family Castoridae,
followed by a study of the systematics and evolution
of beavers in this part of Europe (see Maul et al. 2013,
Apoltsev and Neofitny 2014, Apoltsev and Rekovets 2015 —
about the study of the fossil remains of Trogontherium and
Chalicomys).

The main task of our research is to analyse the dental
morphology and taxonomic status of beavers from the late
Miocene locality Grytsiv in western Ukraine (Text-fig. 1).
This locality was discovered in 1982 by a local historian
V. N. Kushniruk. Korotkevich (1988) and Topachevsky et
al. (1996) characterised the rich fauna of Grytsiv as one of
the most ancient in Eastern Europe (MN 9, with species
of the Anchitherium fauna). The mammalian fauna of this
age was assigned to the Gritsevian faunal complex (Nesin
and Nadachowski 2001), which corresponds to Vallesian
(MN 9-10). The fauna of this locality resembles that of
Can Llobateres in Spain and Klimentovichi in Ukraine
(Korotkevich 1988, Topachevsky et al. 1997).
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Text-fig. 1. Location of Grytsiv locality, Ukraine.

According to Nesin (2013), the species list of mammals
from Grytsiv comprises 31 taxa representing the orders
Eulipotyphla, Lagomorpha, and Rodentia. Large mammals
include Gomphotherium sp., Chalicotherium sp., Hipparion
primigenium, Euprox sp., and Lagomeryx sp. as well as
representatives of Carnivora. Numerous remains of other
vertebrates (reptiles, amphibians, and fishes) were also
found there (Korotkevich 1988, Topachevsky et al. 1996,
Nesin 2013, Kovalchuk 2017).

The fossil remains of beavers from Grytsiv were reported
under various names — Monosaulax sp., Chalicomys
castoroides, Steneofiber sp. (Nesin and Nadachowski
2001, Rekovets et al. 2009, Nesin 2013). However, the
referred material was hardly investigated morphologically.
Therefore, all available castorid fossils from this locality are
reconsidered by ourselves and described in detail below.

Material and methods

For this study, 11 isolated teeth collected in 1990 were
involved. These specimens are housed in the Department of
Paleontology of the National Museum of Natural History
(NMNHU-P), National Academy of Sciences of Ukraine
(Kyiv), collection no. 22. Nine of these specimens were
previously assigned to Chalicomys castoroides, while two
others — to a smaller beaver species, Trogontherium minutum
or Euroxenomys minutus (Hugueney and Duranthon 2012
argued for Euroxenomys minutum, but it is not within the
scope of this study to go into detail here). The teeth were
measured at the occlusal surface: length — largest extension
in mesio-distal direction, width — largest extension in linguo-
buccal direction. The length to width ratio of the occlusal
surface is given as a percentage. These measurements are
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used commonly but not necessarily at the straight angle to
the long tooth axis. The height of the teeth was measured
as maximum height (H,,,,) from the end of the root to the
top of the protoconid or hypocone, while the minimum
height (H,,;,) — from the end of the root to the hypoconid
or protocone (not necessarily at the straight angle to the
chewing surface). The dental terminology follows Stirton
(1935) and Hugueney (1999), which in turn partly adapted
them from Wood and Wilson (1936). We used uppercase
letters for upper teeth and lowercase letters for lower teeth.

Systematic palaeontology

Family Castoridae HEmPRICH, 1820
Genus Chalicomys Kaup, 1832

Comments. The anatomy and dental morphology
of Chalicomys (Kaup 1832) is similar to that of the genus
Castor. Therefore, during the morphometric analysis, it is
important to distinguish morphological features that are
specific only for Chalicomys. Those diagnostic features,
according to Casanovas-Vilar et al. (2008), are less hypsodont
teeth with developed roots, less extensive cement, shorter
hypostria and hypostriids, longer both upper and lower
third molars in relation to other molars (however, the M3
is not extended as in Trogontherium). In addition, there is a
long and “8”-shaped p4 like those in Steneofiber but differs
from the latter in greater size, stronger hypsodonty, and the
development of tetralophodont pattern.

Chalicomys jaegeri Kaup, 1832
PL 1, Figs 1-9

1832 Palaeomys castoroides; Kaup, p. 993, pl. XX VI, figs 1-4.

1832 Chalicomys Jaegeri; Kaup, p. 995, pl. XX VI, figs 1-6.

1832 Chelodus typus; Kaup, p. 996, pl. XX VI, figs 1, 2.

1948  Castor vidali n. sp.; Crusafont Pair¢ et al., p. 348, fig. 4, pl.
11, figs 1-4.

2009  Palaeomys castoroides Kaupr, 1832; Rekovets et al., p. 99.

2001  Steneofiber sp.; Nesin and Nadachowski, p. 112, tab. 1.

2013  Monosaulax sp.; Nesin, p. 17.

2013 Palaeomys sp.; Nesin, p. 17.

2013 Palaeomys castoroides; Rekovets and Nowakowski, p.
160, fig. IA, IB.

Material. Two p4 (NMNHU-P 22/214, 22/215),
four P4 (NMNHU-P 22/211, 22/212, 22/213, 22/216), two
M1/2 (NMNHU-P 22/219, 22/220), one M3 (NMNHU-P
22/222).

Description. The right p4 (NMNHU-P 22/214; PI.
1, Fig. la—c) is slightly worn and belongs to a fairly young
individual. On the occlusal surface, the paraflexid is slightly
longer than the metaflexid, oriented diagonally, and opens
mesially and lingually. The mesial opening is represented
by a single tiny striid. All flexids are orientated diagonally
on the occlusal surface. Para- and metaflexids extend nearly
from side to side of the tooth width. The mesostriid ends
adjacent and slightly mesial to the short hypoflexid. On
the lingual side, striids are well visible: the parastriid is the
shortest (2.5 mm), the metastriid is 3.5 mm long, and the
mesostriid is the longest (8.5 mm) and extends to almost
half of the crown height (Pl. 1, Fig. 1c). On the buccal



Table 1. Measurements of the studied beaver teeth from Grytsiv.
The collection numbers of the material in the Paleontological
Museum of the National Museum of Natural History (Kyiv,
Ukraine).

Collection number p::i(;::n Length  Width Hr:ﬁ? t H;iag’l:t
Chalicomys jaegeri
Grytsiv — N2 22-214 p4 9.7 8 21.3 24.1
Grytsiv — N2 22-215 p4 10 72 21.8 242
Grytsiv — N¢ 22-211 P4 10.02 8.6 16.2 19.2
Grytsiv — N2 22-212 P4 10 11 19.1 20
Grytsiv — N2 22-213 P4 7.5 6.7 229 23
Grytsiv — N2 22-216 P4 7.7 7.9 223 223
Grytsiv — N2 22-219  M1/2 73 79 14.6 16.7
Grytsiv — N2 22-220  M1/2 7.3 7.8 132 14
Grytsiv — N2 22-222 M3 7.9 6.2 13.4 154
cf. Euroxenomys minutus

Grytsiv — N2 22-217 M3 43 4.2 11.4 13.6
Grytsiv — N2 22-218 P4 6.2 5.1 159 15.9

side, the hypostriid extends to the crown base (Pl. 1, Fig.
1b). There is a thin cement layer in this tooth with a little
wear, as the genus Chalicomys is characterized by the
appearance of cement in the ontogenesis process (Lychev
1977). The enamel thickness is almost the same around the
entire tooth crown but slightly stronger at the hypo- and
the entoconid, and thinner at the protoconid. The enamel
surrounding the paraflexid shows some small crenulations.
The measurements are presented in Table 1.

Another right p4 specimen (NMNHU-P 22/215; PL 1,
Fig. 2a—c) is slightly damaged at the mesial side, and the
enamel is missing at the protoconid or anterolophid. The
tooth is worn and belongs to a relatively young individual.
Its paired root is poorly developed. Contrary to all the other
examined fourth lower premolars, the parafossettid is closed.

The parafossettid is hook-like on the lingual side
and curves towards the hypoflexid. The hypo- and the
mesoflexid end adjacent and opposite to each other in about
the middle of the tooth length. The mesoflexid is straight
linguo-buccally and not curved mesially as in the other p4.
The metaflexid starts straight at the lingual side but then
curves mesially and extends diagonally on the occlusal
surface towards the hypoflexid. The enamel surrounding the
para- and the metaflexid show some crenulations. On the
lingual side, there are a short metastriid (0.8 mm long) and a
longer mesostriid extending about half of the crown height.
At the base of the mesostriid, there is an additional stylid
(P1. 1, Fig. 2¢). There is cement in the meso- and hypostriid.
The hypostriid on the buccal side extends to the crown
base (PL. 1, Fig. 2b). The enamel around the tooth is thin,
particularly at the entoconid and the hypoconulid.

The right P4 (NMNHU-P 22/212; Pl. 1, Fig. 5a, b) is
strongly worn so the para-, meta-, and mesoflexus are closed.
The parafossette is curved or hook-like and is partially parallel
to the hypoflexus on the occlusal surface. The hypoflexus
extends over more than half of the tooth width; it is diagonally
oriented and straight. The mesofossette is strongly curved

(convex) and the smaller metafossette fills the distal part of
the tooth. It is also slightly curved or hook-like and slightly
diagonal linguo-distally. The enamel at the buccal, distal,
and linguo-distal sides of the tooth is broken and thin. There
are two well-developed roots. The hypostria ends above the
crown base; it is very narrow, and filled with some cement.

Another right P4 specimen (NMNHU-P 22/213; PI. 1,
Fig. 6a, b) is broken mesially and bucco-lingually. On the
occlusal surface, the hypoflexus, mesoflexus and metaflexus
are visible. On the lingual side, the hypostria does not reach
the crown base. There are short meso- and metastriae on the
lingual side.

The left P4 (NMNHU-P 22/211; PL 1, Fig. 7a, b) is
associated with a small bone fragment, and shows open para-,
hypo-, and mesoflexi and only a closed metafossette. The
paraflexus extends slightly less than half of the tooth width
and ends adjacent and opposite to the hypoflexus (“face to
face”). Where they meet, both flexi show a small extension
in mesial direction. The mesoflexus is narrow, strongly
curved distally, and extends over the total tooth width nearly
to the linguo-distal enamel. The smaller metafossette is
nearly straight and occupies the distal part of the tooth.

Another specimen of left P4 (NMNHU-P 22/216; PI. 1,
Fig. 8a, b) shows closed para- and metafossette but open
meso- and hypoflexid. The parafossette extends from the
buccal side to the hypoflexus less than half of the occlusal
surface. It ends mesially to the hypoflexus with an additional
enamel fold. The mesoflexus is narrow and curves from the
buccal opening to the linguo-distal side of the tooth. The
metafossette is small but reaches diagonally from side to
side on the occlusal surface. The enamel is thin, but thicker
at the proto- and hypocone as well as the mesoflexus. The
hypostria does not extend to the crown base.

The left M1/2 is represented by two specimens
(NMNHU-P 22/219; PL. 1, Fig. 4; NMNHU-P 22/220; PI. 1,
Fig. 3). Only the hypoflexus is open, and the hypostria
does not extend to the crown base and has some cement.
The paraflexus is directly adjacent (or “face to face”) to the
hypoflexid which extends over slightly more than half of the
occlusal surface. The meso- and metafossette are slightly
curved. The enamel on the lingual and distal sides is thin
and partially worn. In contrast, it is thick on the mesial side
of the tooth. Due to their advanced wear stage, the teeth are
relatively low-crowned.

The left M3 (NMNHU-P 22/222; Pl. 1, Fig. 9) is strongly
worn and all fossettes still present, here interpreted as hypo-,
meso- and metafossette, are closed, and orientated linguo-
buccally. They appear “on the top of the previous one” on
the occlusal surface. The mesofossette is strongly curved,
the metafossette is small and oval, and the hypofossette is
convex and the longest one. There are three roots.

Genus Euroxenomys SamsoN et RApULEsco, 1973

cf. Euroxenomys minutus (voN MEYER, 1838)
PL 1, Figs 1011

2015 Trogontherium  (Euroxenomys)  minutum  minutum;
Apoltsev and Rekovets, p. 521, fig. 1.

Comments. Two teeth from Grytsiv belong to a
small-sized beaver, and these specimens are tentatively
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assigned resembling those to FEuroxenomys minutus
following Hugueney and Duranthon (2012). These authors
accepted the genus as valid and not as a subgenus within
Trogontherium.

Description. The right P4 (NMNHU-P 22/218; PL
1, Fig. 11a, b) is broken at the base. The tooth is small and also
appears more fragile than other beaver teeth from Grytsiv.
The described specimen is slightly worn, its paraflexus has
a tiny lateral opening. The metafossette is wide, appears
to be just closed, and fills the distal part of the tooth. The
mesoflexus has a wide buccal opening which shows some
cement and is curved on the occlusal surface extending to
the linguo-buccal side. The hypoflexus is straight, short,
oriented diagonally, and ends in about the middle of the
tooth width adjacent to the paraflexus. The hypostria
extends lingually to the broken end of the tooth crown (P1.
1, Fig. 11b). The specimen fits well into the size range of
upper premolars of small beavers from Sansan assigned to
Euroxenomys minutus (see Hugueney and Duranthon 2012
for details).

The left M3 (NMNHU-P 22/217; PL. 1, Fig. 10a, b) is not
fully developed tooth germ. The tooth is small and slenderer
than the other teeth assigned to Chalicomys. The tooth is
unworn, without roots. The lingual hypostria is narrow
and nearly reaches the crown base. The buccal mesostriia
does not extend to the middle of the crown height. The
ridges are visible on the occlusal surface. Anteriorly, at the
protocone, there is a relatively wide fossette, interpreted
herein as pre-parafossette. The narrow paraflexus shows a
narrow lateral opening and extends to the hypoflexus on the
occlusal surface. The hypoflexus appears as a pointed and
wide triangle on the occlusal surface. Distal to the para- and
hypoflexus, there is a narrow mesoflexid extending from
side to side of the tooth. The metaflexus is open distally.

Discussion

Taxonomy of the castorid genus Chalicomys has been
thoroughly revised by Casanovas-Vilar and Alba (2011).
These authors follow Mdrs and Stefen (2010) in suggesting
that the fossils assigned to Chalicomys from the early middle
Miocene (MN 4 to MN 6) should be referred as Steneofiber,
and follow Stefen (2009) in questioning the validity of the
assignment of later middle Miocene (namely MN 7 and
MN 8) beaver material to Chalicomys. Thus, Chalicomys can
be considered as occurring from the late Miocene (MN 9) to
the Pliocene (Hugueney 1999). Thus, the description of the
teeth of Chalicomys jaegeri from Grytsiv interpreted to be
MN 9 extends our knowledge of this extinct beaver genus.

The remains of Chalicomys so far known are represented
mainly by isolated teeth (often only a few specimens)
from several late Miocene to early Pliocene localities in
Eurasia, i.e., Austria, Germany, Spain, Turkey, Ukraine, and
Kazakhstan (see Kowalski 1967, Unay 1974, Lychev 1977,
Agadjanian and Erbajeva 1983, Hugueney 1999, Dema
2000, Korth 2002, Rekovets et al. 2009, Sen 2016).

A single maxillary fragment of Chalicomys jaegeri with
nearly complete set of cheek teeth (lacking only the right
M3) and mandibular fragments with p4-m2 were described
from the type locality Eppelsheim (Kaup 1832, revised by
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Stefen 2009). A maxilla and two mandibular fragments
from Canakkale, Turkey (Unay 1974) as well as a single
mandibular fragment with p4-m2 were reported from
Kiiciikgekmece, Turkey (Sen 2016). Postcranial material
assigned to this species has been described by Daxner-
Hock (2004) from Mataschen, Austria (MN 7/8-9), and by
Kowalski (1967) and Sen (2016) from other localities.

The isolated cheek teeth described herein and assigned
to Chalicomys jaegeri are morphologically similar (if
not identical) to those from other localities, in particular
Eppelsheim and Kiigiikgekmece (Stefen 2009, Sen 2016). A
main distinctive feature for Chalicomys are the hypostriid/ia
on p4/P4 extending to the tooth base (Hugueney 1999,
Stefen 2009, Mors and Stefen 2010). All the teeth have a
thin cement layer on striae/ids and resemble a basically
tetralophodont pattern also characteristic for Chalicomys
(Casanovas-Vilar and Alba 2011). Additional flexi/ids or
fossettes/ids were not observed. One p4 shows an additional
stylid at the base of a striid (Pl. 1, Fig. 2¢), being also present
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Text-fig. 2. Scatter diagram of the length/width ratio of the
upper fourth premolar (P4) of Chalicomys jaegeri from Grytsiv
as compared to those of C. jaegeri only (a) and additionally of
Euroxenomys minutus rhenanus (E. min rhen), Euroxenomys
minutus (Eurex min) (b) from other localities. Abbreviations
for localities: Cana — Canakkale (probably MN 8/9 after Sen
2016; data from Unay 1974), DornD - Dorn-Diirkheim 1
(MN 11; data from Franzen and Storch (1975) for both
C. jaegeri and E. minutus rhenanus), Epp — Eppelsheim (MN 9;
Stefen 2009), Kiiciik — Kiiciikcekmece (probably MN 8/9; Sen
2016), and Sansan (MN 6 after Sen 1997; data from Hugueney
and Duranthon 2012). A single specimen from Grytsiv (G) —
NMNHU-P 22/218 is tentatively assigned to Euroxenomys
minutus based on its size.
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Text-fig. 3. Scatter diagram of the length/width ratio for upper
molars (M1/2, if not indicated otherwise) of Chalicomys jaegeri
from Grytsiv and comparable material from C. jaegeri only (a)
and additionally of Euroxenomys minutus (E. min) (b) from
Sansan and Petersbuch 50. Abbreviations as in Text-fig. 2.
Eich - Eichkogel (data from Daxner-Hock 1980), Kazak —
Kazakhstan (data from Lychev 1977), Peters — Petersbuch 50
(MN 8; Stefen and Rummel 2003).

in other castorids, e.g., Steneofiber depereti from Gracanica
(Stefen 2020). The teeth from Grytsiv are characterized by
different wear stages: two specimens (M1/2 and M3) are
strongly worn, three others (P4, p4, M3) are slightly worn
(juvenile individuals), while all other specimens show
medium to strong wear.

Nine teeth described herein are well comparable to those
of Chalicomys jaegeri, and fall into the size range known
for this species or slightly exceed it (Text-figs 2, 3). There
are four upper premolars that at least partially indicate
the variability of the species from Grytsiv, and the size
range is particularly well comparable to that known from
Eppelsheim. Measurements of premolars from five localities
(MN 8/9 — MN 11) indicate that the size range for C. jaegeri
remains similar over these MN zones.

Meristic comparison supports the tentative assignment
of two cheek teeth from Grytsiv to Euroxenomys minutus.
They are comparable in size with P4 (Text-fig. 2b) and M3
(Text-fig. 3b) of this species; the size neither resembles
C. jaegeri nor T. minutum from Dorn-Diirkheim 1 (Franzen
and Storch 1975). The tooth falls into the size range of
E. minutus from Sansan.

Chalicomys jaegeri, like other castorid species, is usually
a single beaver species in the assemblage from each locality,

e.g., Eppelsheim (other beaver species originally named
by Kaup (1832) are all synonymised), Eichkogel (Daxner-
Hock 1980), Canakkale (Unay 1974), or Kiigiikgekmece
West (Sen 2016). Three beaver species were originally
described from Dorn-Diirkheim 1, MN 11 (Franzen and
Storch 1975). However, one of these species, Palaecomys
plassi, was represented only by 2 teeth. One of them has
been redetermined as Furoxenomys minutus rhenanus, and
the other one — the holotype — assigned to C. jaegeri by
Casanovas-Vilar and Alba (2011).

A few localities actually yielded the fossil remains of
different beaver taxa. Among them, Hambach (MN 5) is
characterized by the presence of Steneofiber depereti MAYET,
1908 (Mors and Stefen 2010) and Anchitheriomys (Stefen
and Mors 2008), while the material from Sansan (MN 6)
comprises Euroxenomys minutus and a handful number of
specimens assigned to Steneofiber aff. eseri (Hugueney and
Duranthon 2012). Thus, Grytsiv is one of such localities
from which at least two beaver species of different size are
known.

Extant beavers are generally associated with a semi-
aquatic lifestyle. The same is also assumed for some Miocene
forms as revealed by the finding of a fossilized beaver lodge
full of nicely preserved postcranial remains belonging to
several individuals of Steneofiber castorinus (Hugueney
and Escuillié 1995). Thus, beaver remains are expected to
be associated with lacustrine, fluviatile, or swampy deposits.
Only few beaver remains have so far been found in karstic
environments and fissure fillings (e.g., a small species from
Weze (MN 15; Sulimski 1964); Euroxenomys minutus from
Petersbuch 50 (MN 8; Stefen and Rummel 2003)). Knowing
the lifestyle of extant beavers with an affinity to water, it
should be expected that they are rare or absent as well in
generally drier karstic environments. Beavers might have
been brought into such areas by birds of prey or carnivores,
or lived in small nearby creeks.
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Explanations to the plate

PLATE 1

Chalicomys jaegeri, late Miocene, Grytsiv

1.

2.

W

Right p4, NMNHU-P 22/214, in occlusal (a), buccal
(b) and lingual (c) view.

Right p4, NMNHU-P 22/215, in occlusal (a), buccal
(b) and lingual (c) view.

Left M1 or M2, NMNHU-P 22/220, in occlusal view.
Left M1 or M2, NMNHU-P 22/219, in occlusal view.
Right P4 (strongly worn), NMNHU-P 22/212, in
occlusal (a) and lingual (b) view.

Right P4, NMNU-P 22/213, in oblique occlusal (a) and
lingual (b) view.

Left P4, NMNHU-P 22/211, in occlusal (a) and buccal
(b) view.

Left P4, NMNHU-P 22/216, in occlusal view with a
strongly curved mesoflexus (a) and lingual view (b).
Probably right M3 (strongly worn), NMNHU-P
22/222, in occlusal view.

cf. Euroxenomys minutus, late Miocene, Grytsiv

10.

11.

Left M3, NMNHU-P 22/217, in occlusal (a) and buccal
(b) view.

Right P4, NMNHU-P 22/218, in occlusal (a) and
lingual (b) view.

Scale bar equals 1 mm for all figured teeth.

172



PLATE 1

173



