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Extensive collections of land molluscs from the many sections of Middle and Late Pleistocene deposits in the region of the
Middle Dniester River were made by Professor Mykola Kunytsia (1925-2002). These collections, now at the Natural Mu-
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seum, Yuriy Fedkovych Chernivtsi National University, were for the most part analysed, but remained partially unpublished.
M. Kunytsia used them for regional reconstructions of palaeolandscapes during various stages of the Pleistocene. In our
study, we used these collections to assess the land snail diversity in the region during consecutive stages of the Middle and

Late Pleistocene. Our analysis of faunas of cold and warm stages showed that the latter were more diverse. While all or most
of the cold stages had many species in common, the faunas of the warm stages were more heterogeneous. Such a feature
may play an essential role in Quaternary biostratigraphy.
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INTRODUCTION

Due to its numerous well-explored Quaternary sequences,
the Middle Dniester region can be regarded as on one of the key
territories for Quaternary studies in Eastern Europe. The region
covers the canyon-like part of the Dniester River valley, approx-
imately between towns of Halych and Rybnytsia, including can-
yon-like sections of the Dniester tributaries. In this region, the
Dniester valley is quite deep (270-300 m), and wide, with a
well-developed succession of ancient river-terraces. Most of
the Late and Middle Pleistocene terraces are located inside the
deep and narrow canyon-like part of the valleys; however, some
high terraces of the Early Pleistocene and Pliocene are wide
and developed outside the canyon (Ridush and Marchuk,
2018).

Different authors have identified various numbers of ter-
races in the Dniester valley, from 6 to 13 (Tomeniuk, 2010).
Based on a palaeopedological method, VVeklitch (1982) distin-
guished 16 terraces above the modern floodplain. His approach
was adopted by the State Geological Survey of Ukraine.

The general pattern of the Dniester valley looks like a series
of huge, deeply incised meanders. As a rule, the inner-canyon
Pleistocene terraces, numbered from 1st to 10th, and from 10
to 100 m high above the modern water table, are preserved on
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the convex sides of the meanders, while the concave bank of
the river is usually steep. Overall, these terraces have a
two-fold structure, consisting of an alluvial suite, resting on the
bedrock basement, and a sub-aerial suite, comprising slope
and aeolian deposits. Both alluvial and sub-aerial suites contain
rich faunas of terrestrial snails.

The middle section of the Dniester River valley is famous for
its numerous Palaeolithic sites associated with the Pleistocene
loess-palaeosol sequences of the ancient river terraces (e.g.,
Goretsky and Tzeitlin, 1977; Goretsky and lvanova, 1982;
Ivanova and Tzeitlin, 1987; Anisyutkin, 2013; Kulakovska et al.,
2015; tanczont and Madeyska, 2015). Almost all strata of
these sequences contain shells of terrestrial molluscs which
have traditionally been used for the palaeoecological recon-
structions. A number of scholars have studied the Pleistocene
snail faunas since 1880 (Dunikowski, 1880; Bakowski, 1880,
1881, 1884, 1885, 1891; Lomnicki, 1886, 1887, 1900, 1908;
Teisseyre, 1900; Friedberg, 1906; Wisniewski, 1908; Rogala,
1907; Rychlicki, 1913; Polianskyi, 1925; Petrbok, 1930;
Ambrozewicz, 1932, 1938; Lungersgauzen, 1933, 1938;
Bondarchuk, 1933, 1959; Danilovskyi, 1940, 1961; Berg, 1946;
Radzijevskyi, 1957, 1959; Veklitch, 1961, 1968; lvanova, and
Popov, 1961; Kunytsia, 1964, 1965, 1966, 1968, 1969, 1971,
1974, 1975, 1978; Melnychuk, 1972, 1984, 2004; Motuz, 1977,
1982, 1987; Dmytruk, 1998, 2000, 2001).

The greatest contribution to the study of the Pleistocene
malacofauna of the region was made by prof. Mykola Kunytsia
(1925-2002). His summarising research, which covered almost
all the territory of Ukraine, was published a few years after his
death. He collected and studied molluscs of the different Pleis-
tocene lithological-stratigraphic units, identified the species,
provided a palaeontological-stratigraphic correlation and traced
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zonal-geographical changes of the malacofauna. He was the
first to reconstruct palaeolandscapes and palaeoclimates of the
glacial and interglacial phases based on ecological-zoogeo-
graphical analysis and to prepare palaeolandscape maps of
Ukraine (Kunytsia, 2007). Most of Kunytsia’s sites were located
in the Middle Dniester region.

Most of previous studies of the mollusc assemblages of the
region had used them for palaeoecological reconstructions, as
temperature and humidity indicators. Our paper focuses on
their species diversity, and on identifying common or distinctive
features of the Middle and Late Pleistocene mollusc faunas of
the region.

MATERIAL AND METHODS

The mollusc diversity analysis was based on the abundant
material published by Kunytsia (1965, 1966, 1971, 1974, 1984,

and 2007), as well as on his unpublished collections. The list of
species was supplemented with data of other researchers
(Motuz, 1977, 1982, 1987; Melnychuk, 1984, 2004; Dmytruk,
2004; Bogucki et al., 2011, 2012; Alexandrowicz et al., 2014;
Alexandrowicz, 2015a, b).

In the biodiversity analysis, in the determination of changes
in species composition at different stages of the Pleistocene
(Table 1), and in the interpretation of palaeoecological condi-
tions, we specified the most common species which were pres-
ent at more than one site. To avoid interpretation errors and to
exclude random finds, we excluded from the analysis species
which were represented at single sites only. Such finds may in-
dicate local differences or re-deposition and require further veri-
fication.

Despite the great number of publications dealing with the
malacofauna of the region, not all of them specify the exact
stratigraphic position of the samples, and this is often true also
of Kunytsia’s research. In some other publications, some spe-

Table 1
Main stratigraphic units of the Middle and Late Quaternary in Eastern and Western Europe (complled after Lindner et al., 2004;
Lisiecki and Raymo, 2005; Gerasimenko, 2010a; Velichko et al., 2011)
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* The age in ka is given for stages after Gerasimenko (2010a) and after Lisiecki and Raymo (2005) for MIS
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cies are largely assigned to MIS 2-4 (Alexandrowicz et al.,
2014). We used that part of the material which was unambigu-
ously assigned to particular stratigraphic levels and ages within
the deposits.

The comparative analysis and assessment of biodiversity of
the Pleistocene mollusc assemblages was carried out sepa-
rately for cold and warm stages. It was found that the frequent
climate changes led to ecological and geographical variability of
snail assemblages at different stages. Primarily, this concerns
changes in the species composition of mollusc assemblages in
the warm and cold stages of the Pleistocene (glacials and
interglacials).

The faunas of the cold and warm stages differed signifi-
cantly. However, the species’ composition could also vary
among the faunas of warm and cold phases. Such variations
depended mainly on the temperature, humidity, duration of indi-
vidual cold or warm stages, and the cyclic nature of climate
changes within those stages, as well as on the ability of some
species to survive climate change, adapt, and reappear in sub-
sequent stages as relict forms. The interaction of all these fac-
tors should be reflected in the individual features of mollusc as-
semblages at different stages. Because of this, we considered it
appropriate to compare the diversity of molluscs separately in
cold and warm stages. It is such comparisons that should allow
us to specify the differences in the taxonomic and ecological
composition of small-scale units of different ages.

Ecological classification of the species was based on
Alexandrowicz and  Alexandrowicz ~ (2011), detailing
malacological analysis, research methods, processing, and in-
terpretation of subfossil mollusc assemblages. The inferred en-
vironmental conditions of the Pleistocene stages based on the
mollusc assemblages of the region were compared with the re-
sults of palaeo-palynological reconstructions of the Pleistocene
(Gerasimenko, 2010a).

Apart from Kunytsia’s publications, much material accumu-
lated during his lifetime long remained unpublished. Most was
deposited at the Natural Museum, Yuriy Fedkovych Chernivtsi
National University, more than 15 years ago. They are of con-
siderable value and analysing them is important for Quaternary
malacology. Some of the material originates from land now
flooded by the Dniester reservoir, and so their presence and
significance are especially relevant. We are the first to analyse
Kunytsia’s unpublished materials. The work was carried out in
several stages, which included cataloguing of the material, its
curation and identification. Overall, the collection consists of
897 glass tubes containing mollusc shells from different regions
of Ukraine, which we sorted by locality. The most abundant ma-
terial come from the Middle Dniester valley, and only molluscs
from that area are described in this paper.

The labels mostly pertain to the geographical location (near-
est town or village in whose vicinity the sampled geological sec-
tion was situated); sediments in the sections; mollusc species
identified; rarely, detailed geographic reference of the section
relative to the town or village; and depth of sampling in the sec-
tion. Overall, more than 458 glass tubes with subfossil material
are from the middle part of the Dniester valley. Unfortunately,
many of the tubes do not bear any indication of the location, or
just give the number of the section (for example, section 226 —
‘P. 226’). The information regarding such samples was con-
tained in Kunytsia’s diaries, which are lost.

We were able to reconstruct information concerning a num-
ber of localities (Fig. 1; 1-43); these include sections in the vil-
lages of Ataky (19 samples), Rukhotyn (5 samples), Gorodok
(6 samples), Dnistrove (8 samples), Isakivtsi (5 samples),
Zavallya (2 samples), Kudryntsi (4 samples), Kamyanka
(4 samples), Naddnistrianka (26 samples), Smotrych (27 sam-

ples), Teremtsi (8 samples), Stara Ushytsia (15 samples),
Molodove (29 samples), Repuzhyntsi (29 samples),
Zalishchyky (30 samples), Ozhevo (59 samples), Lypchany
(54 samples), Vasylivka (20 samples), Voloshkovo (45 sam-
ples), Nezvysko (19 samples) and Halych (31 samples).

The following species are represented in the samples from
these localities: Acicula polita, Carychium minimum, Succinea
oblonga, S. o. elongata, S. putris, Cochlicopa lubrica, C. nitens,
Acanthinula aculeata, Vallonia costata, V. pulchella,
V. enniensis, V. tenuilabris, Pupilla muscorum, P. loessica,
P. sterri, Vertigo pygmaea, V. parcedentata, V. angustior,
Columella edentula, C. columella, Orcula dolium, Chondrula
tridens, Cochlodina laminata, Clausilia dubia, CI. cruciata,
Laciniaria plicata, Vitrea crystallina, Nesovitrea hammonis,
Euconulus fulvus, Trichia hispida, Helicopsis striata, Xerolenta
obvia (= Helicella candicans), Perforatella bidentata,
Pseudotrichia rubiginosa, Euomphalia strigella, Cepaea
vindobonensis, Helix domatia, Theodoxus fluviatilis, Fagotia
acicularis, Bithynia tentaculata, Lithoglyphus naticoides,
Lymnaea (Stagnicola) palustris, Physa fontinalis, Anisus
spirorbis, Pisidium casertanum. Many samples have not yet
been identified and require further research.

Since the stratigraphic position of some samples remains
unknown, not all species from the collection are included in our
analysis. However, information on the location of the sections
makes it possible to re-sample the sites in the future, to refine
the data.

RESULTS

The Pleistocene climate changes involved a succession of
cold and warm phases of different amplitude. It is obvious that
the mollusc faunas of cold and warm phases were quite differ-
ent, but even mollusc assemblages among the cold and warm
phases varied considerably; that is why we analyse the mollusc
diversity separately for the cold and warm phases.

An essential feature of molluscs during the cold phases is
their adaptation to climate changes, as expressed by morpho-
logical changes in the shell size and structure: aperture size,
shell thickness, presence of apertural barriers etc. As noted by
Kunytsia (1966), the shells of ubiquitous species of prolonged
cold phases differ from those of warm stages in marked traces
of adverse habitat effects. For example, terrestrial species have
smaller shells (some being dwarfed) compared with typical
specimens, possess a diminutive aperture, are thin-walled in
areas close to the ice front and thickened on calcium-rich cal-
careous deposits. Freshwater snails in cold conditions are rela-
tively small and have thickened shell walls. Such variation
serves as an effective basis for the reconstruction of climate
conditions not only in the case of stenoecious species, but also
for euryoecious snails. Climate changes were also reflected in
the species composition of the Pleistocene mollusc assem-
blages and their geographical distribution at different climatic
stages. All these patterns are well-reflected in the assemblages
from the Middle Dniester region.

Within this region, species assemblages of different warm
phases are more different than those of different cold phases,
while individual features are clearly manifested in some inter-
vals. This specificity of interglacial faunas has also been noted
for northwestern Europe (Limondin-Lozouet and Preece,
2014). This is due to the more significant variability of the land-
scapes during the warm stages.

Our studies show that the ubiquitous Succinea oblonga was
common throughout the Pleistocene, both in the cold/warm,
and in the dry/wet phases. Typical cold-loving species which
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Fig. 1. Pleistocene sites with mollusc faunas in the Middle Dniester valley
(according to unpublished materials by M. Kunytsia)

1—Halych, 2 — Koropets, 3 — Nezvysko, 4 — Zalishchyky, 5 — Repuzhyntzi, 6 — Dobrovliany, 7 — Horodok, 8 — Onut, 9 — Rukhotyn,
10 — Dnistrove, 11 — Kudryntsi, 12 — Zavallya, 13 — Isakivtsi, 14 — Ataky, 15 — Hotyn, 16 — Smotrych, 17 — Kamianka, 18 —
Voronovytsia, 19 — Makarivka, 20 — Nagoriany, 21 — Hrushivtsi, 22 — Lenkivtsi, 23 — Babyn, 24 — Dnistrivka, 25 — Molodove, 26 —
Korman, 27 — Stara Ushytsia, 28 — Neporotove, 29 — Lomachyntsi, 30 — Naddnistrianske, 31 — Zhvan, 32 — Bernashivka, 33 —
Lypchany, 34 — Ozheve, 35 — Vasylivka, 36 — Rozpopyntsi, 37 — Voloshkovo, 38 — Yaryshiv, 39 — Mogyliv-Podilskyi, 40 — Bila, 41

— Porogy, 42 — Kosoutsy, 43 — Velyka Kisnytsia

occurred throughout all the cold phases of the Pleistocene are
Columella columella and Vallonia tenuilabris (Kunytsia, 1965,
1966, 1971, 1974, 1984, 2007; Motuz, 1977, 1982, 1987;
Melnychuk, 1984, 2004; Dmytruk, 2001; Bogucki et al., 2002,
2004; Alexandrowicz et al., 2014). Xerolenta obvia (= Helicella
candicans) is thermophilous. However, it sometimes appears in
the cold intervals, and this is clearly due to the aridity because it
is also associated with xeric habitats. Despite the comparatively
uniform composition of snail assemblages of the cold phases,
there are some phase-to-phase differences.

Malacofaunas of the cold stages of the Middle and Late
Pleistocene and their diversity

The Sula Stage (650-600 ka, MIS 18) is distinguished by a
considerable species diversity (Table 2). Typical species of this
stage do not occur in the succeeding cold Pleistocene periods:

Vertigo aff. ronnebyensis, Vallonia pulchella, V. enniensis,
Cochlicopa lubrica, Nesovitrea petronella. Two species in the
middle Dniester valley, Vertigo alpestris and Vertigo genesii,
have been found only in Sula and Bug loesses.

The fauna of the Sula stage has a specific ecological and
zoogeographical composition. The assemblage includes spe-
cies of different habitat preferences, while mostly cold-loving or
cold-resistant. Besides the predominance of mesophiles,
hygrophiles and psychrophiles are present (Vertigo genesii,
Vallonia enniensis, Pseudotrichia rubiginosa); they prefer moist
areas and possibly even wetlands. Alexandrowicz (2015a)
noted that assemblages with Vertigo genesii are characterized
by the presence of many moist-loving and cold-loving species.
The fauna of this stage includes also numerous xerophiles
(Pupilla sterri, P. triplicata, Chondrula tridens, Xerolenta obvia
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(= Helicella candicans); there are many species of open habi-
tats (Vertigo parcedentata, Pupilla muscorum, P. densegyrata,
P. sterri, P. triplicata, Vallonia pulchella, V. tenuilabris), and typi-
cal forest-dwellers (Vertigo aff. ronnebyensis). Such a diverse
set of species in the context of ecological conditions suggests
that during the 50 ky of the Sula Stage (650-600 ka)
(Gerasimenko, 2010a), within the Middle Dniester area, several
assemblages successively developed, often regarded as one
taphocoenosis. The vertical facies variation of the deposits, and
of those assemblages, shows that the beginning of the Sula
Stage was rather cold and relatively humid, and its later phase
was cold and dry (Kunytsia, 1974). This is supported by the
palynological data, according to which two cold sub-stages (sl
and sl,) and one relatively warm stage (sl;) occurred in Sula
time (Gerasimenko, 2010a).

The Tyligul fauna (500—410 ka, MIS 12) is typical of Pleis-
tocene loess deposits (Table 2). An exception is the presence
of Oxyloma (Succinea) elegans, which reflects particular
palaeo-geomorphological conditions, often being found on
floodplains. Pupilla sterri, which is present at all other cold
stages of the Middle and Late Pleistocene, was not found in the
Tyligul set. In general, the fauna is represented mainly by
open-habitat species (Vertigo parcedentata, Pupilla muscorum,
P. triplicata, Vallonia tenuilabris). Its bulk is composed of meso-
and xerophiles. There is a large group of cryophilic species
(Columella columella, Vallonia tenuilabris, Vertigo parceden-
tata). This assemblage was characteristic of the Pleistocene
cold steppe (tundra-steppe; Kunytsia, 2007). Despite the ab-
sence of pronouncedly shade-loving species, it included such
species as Euconulus fulvus and Pseudotrichia rubiginosa
which prefer forested or partially shaded wet habitats. Some-
times they inhabit dry habitats, but still with moderately rich veg-
etation (Moine et al., 2005). Pseudotrichia rubiginosa is also
classified as a psychrophile, inhabiting mostly wet or moist for-
ests.

Mainly cold-loving and cold-resistant species of open dry
habitats (Table 2) are typical of the Dnieper Stage
(180-127 ka, MIS 6, Saalian): Vertigo parcedentata, Columella
columella, Pupilla muscorum, P. sterri, P. triplicata, P. loessica,
Vallonia tenuilabris, Xerolenta obvia (= Helicella candicans),
Helicopsis striata. Psychro- and hygrophiles are represented by
Vertigo genesii (Alexandrowicz et al., 2014) and Zonitoides
nitidus (Melnychuk, 2004).

Pseudotrichia rubiginosa, which was present at all other
cold stages of the Pleistocene, is absent from the Dnieper as-
semblages. However, here for the first time appears Helicopsis
striata, which is present in all subsequent cold stages. It is not
known from earlier cold stages, but in the Middle Dniester the
species also appears in the Middle Pleistocene assemblages of
the warm Zavadivka time.

According to Melnychuk (2004), Pupilla loessica and
Zonitoides nitidus have been found in the Dnieper deposits, and
are known also from the Bug loesses. According to Kunytsia
(2007) Pupilla loessica is an index form for the last glaciation. Its
rare finds in the deposits of the Dnieper Stage are known from
the Dnieper valley (Vasyl’kiv). The species is typical of dry cold
Pleistocene stages. It is regarded as an indicator of active ae-
olian loess accumulation (Lozek, 1964). For a long time, it was
considered extinct (Kunytsia, 2007), but now it is known from
the recent fauna in the mountainous regions of Central Asia
(Lozek, 1986; Meng and Hoffmann, 2009).

Mollusc assemblages of the Tyasmyn Stage (110-104 ka)
are relatively species-poor (Table 2). The most characteristic

cold-loving mesophiles are Columella columella and Vallonia
tenuilabris; xerophiles of open habitats include Pupilla sterri,
Helicopsis striata, and Xerolenta obvia (= Helicella candicans).
The psychrophile Pseudotrichia rubiginosa is less common.
The deposits do not contain the cryophile Vertigo parcedentata,
which is present in assemblages of all the other cold stages of
the Pleistocene. The xerophile Pupilla triplicata, which was
found in the deposits of all the previous cold stages, also disap-
peared. Later it appears only at the end of the Pleistocene, in
the Prychornomorya Stage (see below).

The fauna of the Uday Stage (74-55 ka, MIS 4) is mainly
composed of xero- and mesophiles of open habitats, which are
often found in other cold periods of the Pleistocene (Table 2).
The characteristic cryophylic species are present. Vitrea
crystallina, which inhabited the area at that time, is specific for
this stage. This is a typical representative of shade-loving group
(Alexandrowicz and Alexandrowicz, 2011) and was not de-
tected in the other cold stages. It prefers cool and wet condi-
tions (Moine et al., 2005). The xerophile Helicopsis instabilis
appears here for the first time; it also occurs in the following cold
stages of the Pleistocene.

Among all other stages of the Pleistocene (cold and warm),
the mollusc assemblages of the coldest Bug Stage (27-18 ka,
MIS 2) show the greatest taxonomic and ecological diversity
(Table 2). Besides the more widespread species, at that time
the middle part of the Dniester valley was inhabited by: the
cryophiles Columella columella, Vallonia tenuilabris, Vertigo
parcedentata; typical species of open habitats Pupilla
muscorum, P. loessica, Vallonia excentrica, etc.; the meso-
philes Cochlicopa Iubrica, Vertigo alpestris, V. arctica,
V. pseudosubstriata, Trichia hispida; xerophiles Pupilla sterri,
P. triplicata, Chondrula tridens, Xerolenta obvia (= Helicella
candicans), Helicopsis striata, Helicopsis instabilis; and the
psychro- and hygrophiles Vertigo genesii, Zonitoides nitidus,
Pseudotrichia rubiginosa.

Vallonia excentrica, Vertigo arctica and V. pseudo-
Substriata during the Pleistocene are found only in Bug time; to-
day they inhabit tundra and marshy habitats of Scandinavia, the
British Isles and Iceland. Vertigo arctica is also distributed in the
Tatra Mountains and the Austrian Alps (Nekola et al., 2018).

Vertigo alpestris has been found in the cold phases of the
Bug and Sula time only; V. genesii was found in the deposits of
the Bug, Dnieper, and Sula times. Shells of Pupilla muscorum
densegyrata in the Middle Dniester region are known only from
the Bug Stage, though in general Pupilla muscorum is also
characteristic of many cold stages.

Such a great taxomomic, quantitative, ecological, and geo-
graphical richness of the fauna during a relatively short time
(compared to other cold stages), which was the coldest time in
the Pleistocene, deserves special attention. Obviously, in cer-
tain palynologicaly established sub-stages (cryo-hygrotic bgg.e
and cryo-xerotic bgq; Gerasimenko, 2010a), when the
palaeolandscapes changed significantly, some mollusc assem-
blages were replaced by others. Such a diversity of molluscs re-
flects the landscape-climate changes of the Bug Stage.

Some relict cryophiles survived to the Prychornomorya
Stage (15-10 ka, MIS 2; Table 2). The proportion of
hydrophiles and mesophilous forest-dwellers increased.
Clausilia dubia, Cl. bidentata, Arianta arbustorum, which are
associated with coldstorms (Moine, 2005), appear for the first
time in the cold stages. Nesovitrea hammonis, which was
known from Sula time, reappears.
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Table 2

Changes in the species diversity of major molluscs during the cold stages of the Pleistocene in the Middle Dniester area

(after Kunytsia, 1965, 1966, 1971, 1974, 1984, 2007; Motuz 1977, 1982, 1987; Melnychuk, 1984, 2004; Dmytruk, 2004;

Ivchenko, 2010; Bogucki et al., 2011, 2012; Alexandrowicz et al., 2014)

Terrestrial snails in deposits of cold stages
Species Ecolog. of the Middle and Late Pleistocene
grode pé bg ud ts dn or* tl sl pr*

Succinea oblonga (Drap.) M + + + + + + +
Succinea (Oxyloma) elegans (Risso) H - - - - - + -
Cochlicopa lubrica (Mll.) M - + - - - - +
Vertigo alpestris Alder M - + - - - - +
Vertigo aff. ronnebiensis (Westerlund) F - - - - - - +
Vertigo genesii (Gredl.) H - + - - + - +
Vertigo arctica (Wall.) M - + - - - - -
Vertigo pseudosubstriata (Lozek) M - + - - - - -
Vertigo parcedentata (Sandb.) (0] + + + - + + +
Columella columella (Mart.) M + + + + + + +
Pupilla muscorum (L.) (0] - + - - + + +
Pupilla sterri (Voith) O(X) + + + + + o +
Pupilla triplicata (Studer) O(X) + + o 5 + + +
Pupilla loessica Lozek O - + - - + - -
Vallonia pulchella (Mll.) (@) - - - - - - +
Vallonia enniensis (Gredl.) H - - - - - - +
Vallonia excentrica Sterki o - + - - - - -
Vallonia tenuilabris(Al. Br.) (0] + + + + + + +
Chondrula tridens (Mdill.) O(X) + + + - + o +
Vitrea crystallina (Mall.) F(B) - - + - - - -
Nesovitrea hammonis (Strém) M + - - - - - +
Nesovitrea petronella (L. Pfeiffer) M - - - - - - +
Zonitoides nitidus (Mull.) H - + - - + - -
Euconulus fulvus (Mall.) M + - + - - + +
Clausilia bidentata (Strém) F + - - - - - -
Clausilia dubia (Drap.) M + - - - - - -
Xerolenta obvia (Menke) (=Helicella

candicans (L. Pfeiffer) X * * * * * * *
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Tabl. 2 cont.
Helicopsis striata (Mll.) O(X) + + + + + - =
Helicopsis instabilis (Ross.) X + + + - - - -
Pseudotrichia rubiginosa (Al.Schm.) M(H) + + + + - + +
Trichia hispida (L.) M + + + - - o =
Arianta arbustorum (L.) F(B) + - - - - - -

* the deposits of these stages were not found in the Middle Dniester region

Ecological groups (after Alexandrowicz and Alexandrowicz, 2011): O — species of open biotopes, F (B) — species of shaded biotopes,

M — mesophilic species, H — hygrophilic species, X — xerophilous species.

typical of all of them

MALACOFAUNAS OF THE WARM STAGES
OF THE MIDDLE AND LATE PLEISTOCENE
AND THEIR DIVERSITY

Compared with the cold stages, the mollusc assemblages
of warm stages differ more among themselves. The assem-
blages of the last warm stages, Pryluky, Vytachiv, and Dofinivka
(Table 1), are richer in species. The latter is distinct in having
relic cryophilic species.

The assemblages of the Martonosha Stage (780-650 ka,
MIS 19-17) are species-poor (Table 3). Besides the ubiquitous
forms, Vallonia pulchella and Chondrula tridens, representing
open dry habitats and widespread in the warmer stages, were
found.

Inhabitants of open dry habitats (Pupilla muscorum,
Vallonia pulchella, V. costata, Chondrula tridens, Xerolenta
obvia (= Helicella candicans) are characteristic of the Lubny
Stage (600-500 ka, MIS 15-13). The meso- and psychrophiles
are represented only by Carychium minimum and Punctum
pygmaeum; this suggests that during this period, the area was
inhabited by species of warm steppes and only the last two spe-
cies provide evidence of periods of higher humidity (Table 3).

According to Gerasimenko (2010a), the Lubny Stage con-
sists of three sub-stages: two of these were moderately warm,
with a significant southward expansion of forests (sometimes
up to the steppe boundary), and a cold interval separating them.
However, by the end of each warm sub-stage, forests were re-
placed by meadow-steppe landscapes. The ecological compo-
sition of the assemblages which inhabited the Middle Dniester
valley at that time indicates longer dry phases, as shown by the
presence of numerous dry-loving species. At the same time, it
cannot be ruled out that the deposits of wetter stages with their
fauna were simply not preserved, or have not been found yet,
since cold-loving species in the fauna are also absent, and in
sub-stage /b2, along with the formation of thin loess/loam in
sub-periglacial landscapes, two generations of primary ground

species typical of all cold stages of the Middle and Late Pleistocene

species commonly present in mollusc assemblages of some cold stages of the Middle and Late Pleistocene, but not

+ species is present only in some cold stages of the Middle and Late Pleistocene

- species absent only from some cold stages of the Middle and Late Pleistocene

vines had also developed (Gerasimenko, 2010a). Therefore,
the existing mollusc materials of the Lubny Stage should be re-
vised.

In Zavadivka time (410-250 ka, MIS 11-7) the area was in-
habited mainly by open-ground species (Euomphalia strigella),
as well as xerophiles: Pupilla sterri, Helicopsis striata, and Helix
lutescens. Aegopinella nitens and Helix pomatia represent spe-
cies of forest or well-shaded habitats. The mesophile Trichia
hispida, widespread in the warm stages of the Pleistocene, was
also present. Vallonia pulchella and Chondrula tridens, charac-
teristic of the other warm stages, are absent from the deposits
of the Zavadivka and Dofinivka stages. These species prefer
open and dry habitats; other members of this ecological group
are characteristic. The species composition of the these stages
is significantly different since in the Dofinivka there is a signifi-
cant proportion of cryophiles, which are not found in the
Zavadivka (Table 3).

The deposits of the Kaydaky Stage (130—110 ka, MIS 5e)
contain mainly species which are typical of most of the warm
stages of open dry habitats: Vallonia pulchella, Chondrula
tridens, Xerolenta obvia (= Helicella candicans). Vallonia
costata represents the same ecological group, but it is less
common in the warm stages (only in the Lubny and Kaydaky).
The hygrophile Succinea (Oxyloma) elegans, which lives in wet
habitats close to water, was found only in the deposits of the
Kaydaky Stage. lts presence suggests floodplain conditions
during deposition at those localities (Table 3).

The assemblage of the Pryluky Stage (104-74 Kka,
MIS 5a-c) is the richest in species among the warm stages (Ta-
ble 3). Itis also diverse in its ecological composition. The typical
representatives of the light-loving and xerophilous fauna are
Pupilla sterrii, Vallonia pulchella, Chondrula tridens, Xerolenta
obvia (= Helicella candicans), Helicopsis striata. The group of
shade-loving forms is also numerous: Clausilia dubia, Vitrea
diaphana, Arianta arbustorum, Cepaea aff. nemoralis, Helix
pomatia. The association of this warm stage also includes the
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Table 3

Changes in the species diversity of major molluscs during warm Pleistocene stages in the Middle Dniester area
(after Kunytsia, 1965, 1966, 1971, 1974, 1984, 2007; Motuz, 1977, 1982, 1987; Melnychuk, 1984, 2004; Dmytruk, 2004;
Ivchenko, 2010; Bogucki et al., 2011, 2012; Alexandrowicz et al., 2014)

Terrestrial snails in deposits of warm stages
Species Ecolog. of the Middle and Late Pleistocene

group df vt pl kd pt*| zv Ib mr
Carichium minimum - - - - - + _
Succinea oblonga (Drap.) M + + + + + + +
Succinea (Oxyloma) elegans (Risso) H - - - + - - -
Vertigo parcedentata (Sandb.) (e} + - - - - - -
Columella columella (Mart.) M + - - - - - -
Pupilla muscorum (L.) (e} - + - - - + -
Pupilla sterri (Voith) O (X) W + + - + - -
Vallonia pulchella (Mll.) (0] - + + + - + +
Vallonia costata (Mull.) o - - - + - + -
Vallonia tenuilabris (Al. Br.) (0] + - + - - - -
Chondrula tridens (Mull.) O (X) - + + + - + +
Cochlodina laminata (Montagu) F + - - - - - -
Clausilia parvula Férussac M - + + - - - -
Clausilia dubia (Drap.) F + + + > = - -
Laciniaria plicata (Drap.) M + - - - - - -
Punctum pygmaeum (Drap.) M - - - - - 4 -
Vitrea diaphana (Studer) F - + + - - - -
Aegopinella nitens (Michaud) F - - - - + - -
Xerolenta obvia (Menke) (=Helicella candicans % . . . . ) . )
(L. Pfeiffer)
Helicopsis striata (Mll.) 0O (X) + + + - + = -
Pseudotrichia rubiginosa (Al.Schm.) M (H) + - - - - - -
Trichia hispida (L.) M + + + . + = -
Euomphalia strigella (Drap.) (0] - - - - - + - -
Arianta arbustorum (L.) F (B) + + + . = - -
Cepaea aff. nemoralis(L.) F (B) - - + - - - -
Helix pomatia (L.) F (B) - - + - + - -
Helix lutescens (Ross.) 0 (X) - - - - + - -

*deposits of these stages have not been found in the Middle Dniester region
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Tabl. 3 cont.

Ecological groups (after Alexandrowicz and Alexandrowicz, 2011): O — species of open biotopes, F (B) — types of shaded biotopes,

M — mesophilic species, H — hygrophilic species, X — xerophilous species.

species typical of all warm stages of Pleistocene

species commonly present in mollusc assemblages of some warm stages of the Pleistocene, but not typical to all of them

+ species present only in some warm stages of the Pleistocene

- species absent from only some warm stages of the Pleistocene

Pleistocene cryophile Vallonia tenuilabris. Trichia hispida and
Clausilia parvula represent the mesophilous group. The speci-
ficity of the assemblage of the Pryluky Stage is the presence of
the mesophile Clausilia parvula. In the Middle Dniester region, it
is known only from the next warm Vytachiv Stage. At present,
the species inhabits Western and Central Europe, but the distri-
bution range reaches the fringes of the Western Carpathians. It
has been found and studied in detail in Poland, where it belongs
among rare modern species (Maltz, 1999; Pokryszko et al.,
2004; Pokryszko and Cameron, 2005). It is a mesophile,
petrophile and calciphile (Pokryszko and Maltz, 2007). It is
characteristic of open, moderately moist areas, and is often
found in rocky habitats, especially on vegetation-covered lime-
stone and rarely in forest leaf-litter. At present, this species
does not live in Ukraine (Likharev, 1962).

The fauna of the Vytachiv Stage (55-27 ka, MIS 3) is also
quite rich in species (Table 3). The greatest proportion is
formed by dry-loving species of open areas: Pupilla muscorum,
P. sterri, Vallonia pulchella, Chondrula tridens, Xerolenta obvia
(= Helicella candicans), Helicopsis striata. Shade-loving spe-
cies (Clausilia dubia, Vitrea diaphana, Arianta arbustorum) and
mesophiles (Clausilia parvula, Trichia hispida) also constitute a
significant proportion of the assemblage. Most of the species
listed are typical of the warm Pleistocene stages.

The deposits of the short Dofinivka Stage (18—15 ka,
MIS 2), hold many cold-loving species (Vertigo parcedentata,
Columella columella, Vallonia tenuilabris) which are not charac-
teristic of warm periods. Xerophiles of open areas are repre-
sented by Pupilla sterrii, Xerolenta obvia (= Helicella candicans)
and Helicopsis striata. The shade-loving group forms a consid-
erable proportion: Cochlodina laminata, Clausilia dubia, Arianta
arbustorum; the same is true of meso- and psychrophiles —
Laciniaria plicata, Trichia hispida, Pseudotrichia rubiginosa (Ta-
ble 3). The assemblage is quite diverse for the rather short du-
ration of the Dofinivka Stage. It indicates that at that time the cli-
mate conditions and landscapes in the region of the Middle
Dniester often changed. In different sections, deposits of the
stage are represented by steppe-type brown soils, cher-
nozem-like soils, and grey forest soils. In the section close to
Koropets village (Figs. 1 and 2), two soils can be traced: a lower
chernozem and an upper grey forest soil, which are separated
by inter-soil loams containing cold-loving fauna (Kunytsia,
1974).

The mollusc assemblages and the deposits of the Dofinivka
Stage are a vivid example of Pleistocene environmental-climate
changes, that could lead to a drastic change of landscapes
within rather short time intervals, and of how the mollusc fauna,
as an excellent ecological indicator, reacted to these changes
by replacing of some species (assemblages) with others. A sim-

ilar phenomenon can be observed in the Holocene, when dur-
ing 12 ky the environmental conditions changed repeatedly.
Analysing the late stages of the Pleistocene, and the nature and
frequency of these changes, the question arises: “Could such
changes have taken place during the more ancient stages of
the Pleistocene, which lasted 50-100 ky?” To answer this, it is
necessary to study in detail the depositional sequence of such
stages, the sequence and changes in their succession, facies
variability and, crucially, to sample molluscs strictly in accor-
dance with the morphological characteristics of the deposits.
This methodological approach should make it possible to avoid
artificially “mixed” assemblages and to reconstruct the natural
conditions at the level of stages and sub-stages more precisely.

DISCUSSION

A “mixed” character (Kunytsia, 2007) is commonly regarded
as a specific feature of the Pleistocene land snail faunas of the
Middle Dniester and Ukraine. This shows the presence of spe-
cies from different ecological groups, which today do not co-oc-
cur, in one mollusc assemblage. In our opinion, such mixed as-
semblages should be interpreted as a result of the diversity of
different stages of the Pleistocene. It is misleading to try to com-
bine them while reconstructing a single landscape, since they
include species characteristic of different natural zones. The
“mixed fauna” is a sign of a mixed taphocoenosis rather than a
feature which could distinguish Pleistocene mollusc assem-
blages from modern ones. The molluscs lived in different habi-
tats but were buried together in sediments of the same strati-
graphic unit. Their mixing in the taphocoenosis should be con-
sidered as evidence of short-term intervals of climate change
which could lead to changes in faunal assemblages. Even dur-
ing the Holocene, there were short warm/cold, dry/wet intervals
(Gerasimenko, 2010b), which led to landscape changes. Such
malacocoenoses could also exist at various stages of the Pleis-
tocene. The mixed assemblages should be interpreted as rep-
resenting a succession following each climate change rather
than representing faunas of the whole stage. This is the ap-
proach we used in this paper. To avoid the bias of “mixed fau-
nas” in the study of Pleistocene molluscs, sampling should be
done with references to well-defined stratigraphic units and
must be supported by accompanying methods (palynological,
palaeopedological, radiocarbon, etc.).

A critical approach to palaeoecological reconstructions of
the Pleistocene for mollusc faunas, which are indicators not
only of palaeoclimatic, but also of palaeoenvironment condi-
tions, is necessary. Why the “palaeoenvironment™? In some
cases, it is impossible to interpret the environmental tolerances
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Fig. 2. Number of terrestrial mollusc species in the Middle
and Late Pleistocene stages in the Middle Dniester area

Horizontally: number of species; vertically: Pleistocene stages
(see the indices in Table 1); * — stages not recorded in the area
studied

of certain species of molluscs based on climate conditions, as
this is controversial. This is especially true of Columella
columella. It is a mesophile, but it is not suitable for reconstruc-
tions of humidity levels. As noted by Rousseau (2001), although
the Pleistocene Pupilla assemblages indicate low precipitation
with intense evaporation, and the Columella assemblage im-
plies low precipitation with almost no evaporation, the recent C.
columella lives in a tundra-mountainous environment in Scandi-
navia, with annual precipitation of 300-473 mm. Even though
this amount of precipitation is low, the habitats stay damp due to
the low evaporation, which keeps the rocks moist and the land-
scapes waterlogged. Therefore, we consider it misleading to
use C. columella to interpret the level of precipitation, and we
regard this species only as an indicator of cold conditions.

For a more complete interpretation of mollusc faunas in dif-
ferent stages of the Pleistocene, of their species composition
and their spatial distribution, one would need to trace them
along specific stratigraphic horizons and between different lo-
calities of the Middle Dniester valley, as has been done, for ex-
ample, for the site of Bullendorf in NE Austria (Carobene et al.,
2018). However, due to a present lack of original material, it is
not yet possible to so compare the sections studied by Kunytsia
with new sections both from the valley of the Middle Dniester
and with sites in the rest of Ukraine and Europe.

Mollusc assemblages varied among different warm and
cold stages largely because of different landscape and climatic
conditions, with extreme values of temperatures and humidity
varying within individual stages. Relief also played an important
role, especially slope exposure. In the study area, the Pleisto-
cene deposits are best preserved in the Dniester valley, and
mollusc faunas were obtained by Kunytsia and other research-
ers only from the terrace sections. Molluscan species diversity
within individual palaeogeographical stages may also have
been influenced by sedimentary conditions (subaerial or
subaquatic) and the distance from the river channel (low
floodplain, high floodplain, low, medium, or high terrace). This
factor could primarily affect the presence or absence in the mol-
lusc assemblages of moisture-sensitive species. River valleys,
especially deeply incised, are also characterized by significant
landscape differentiation, commonly related to the distance

from the river. Even in a dry climate in the region, meso- and
hygrophilous species of molluscs can live on floodplains.

Despite the species composition diversity of the molluscan
fauna in different stages of the Pleistocene of the Middle
Dniester, the dominance of some species can be recognised.
Succinea oblonga (Drap.) was found in all stages of the Pleisto-
cene. The following species are also characteristic of the cold
stages: Columella columella (Mart.), Vallonia tenuilabris
(AlLBr.), Xerolenta obvia (Menke) [= Helicella candicans
(L. Pfeiffer)). The last of these species is also found in the de-
posits of almost all warm stages, except for Martonosha and
Zavadivka. Apparently, Xerolenta obvia (Menke) [= Helicella
candicans (L. Pfeiffer)] was quite plastic to the temperature con-
ditions during the Pleistocene providing the climate relatively
arid (as a xerophilous species)]. The cryophilic species of cold
climatic cycles have been found in the deposits of only some
warm stages: Columella columella (Mart.) only in Dofinivka
time, and Vallonia tenuilabris (Al. Br.) in Pryluky and Dofinivka
times. The presence of these and some other cryophilic species
and in particular, Vertigo parcedentata (Sandb.) was explained
by Kunytsia (2007) in terms of complex transitions in time and
space between the cold and warm stages of the Pleistocene,
which was reflected in the formation of mixed, heterogeneous
faunal assemblages.

Dominant species of the cold stages include Vertigo
parcedentata (Sandb.), Pupilla sterri (Voith), Helicopsis striata
(Mdll.) and Pseudotrichia rubiginosa (Al. Schm.), which are
characteristic of most, though not all, cold stages. The following
species are also quite common: Pupilla triplicata (Studer),
Chondrula tridens (Mull.) and Euconulus fulvus (Mll.).
Helicopsis instabilis (Rossmassler) and Trichia hispida (L.),
characteristic of the last cold stages (Uday, Bug and
Prychornomoria). The presence of the latter two species in ear-
lier cold climatolithes seems not to have been noted (Kunytsia,
1965, 1966, 1971, 1974, 1984, 2007; Motuz, 1977, 1982, 1987;
Melnychuk, 1984, 2004; Dmytruk, 2004; Ivchenko, 2010;
Bogucki et al., 2011, 2012; Alexandrowicz et al., 2014).

Groups of molluscs of warm Pleistocene climatolithes of the
Middle Dniester differ significantly in species composition, so
fewer dominant species are found here. Succinea oblonga
(Drap.), noted above, is found at all stages. Taxa such as
Vallonia pulchella (Mull.) and Chondrula tridens (Mdll.) have not
been identified only for the Zavadika and Dofinivka stages.
Quite common are Pupilla sterri (Voith), Clausilia dubia (Drap.),
Xerolenta obvia (Menke) (= Helicella candicans (L. Pfeiffer),
Helicopsis striata (MUll.), Trichia hispida (L.), Arianta
arbustorum (L.), but these taxa are not characteristic of all
stages.

The following taxa are moderately rare in the Upper and
Middle Pleistocene deposits of the Middle Dniester Valley:
Vallonia  excentrica  Sterki, Vertigo arctica (Wall.),
V. pseudosubstriata Lozek, Cochlodina laminata (Montagu),
Clausilia bidentata (Strom), Laciniaria plicata (Drap.), Punctum
pygmaeum (Drap.), Vitrea crystallina (Mll.), Aegopinella nitens
(Michaud), Nesovitrea petronella (L. Pfeiffer), Euomphalia
strigella (Drap.).

In general, biostratigraphic analysis of the Pleistocene
molluscs of the Middle Dniester showed that the mollusc as-
semblages of the cold stages are more diverse than in the warm
stages (Fig. 2). The highest species diversity was established
for the Bug climatolith. It is also high for the Sula and
Prychornomoria stages. Among the warm stages, the highest
species diversity is characteristic for the last three: Pryluky,
Vytachiv and Dofinivka. For both cold and warm stages, high
species diversity is observed at the end of the Pleistocene
(Pryluky—Prychornomoria stages).
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CONCLUSIONS

Analysis of mollusc faunas from different stages of the
Pleistocene in the Middle Dniester area shows that the species
and ecological composition of the assemblages vary from stage
to stage. The differences in the assemblages’ species composi-
tion reflect the spatial and temporal changes of the
palaeolandscapes and as well as global and local climate
changes. Accordingly, each stage of the Pleistocene has its
own individual taxonomic and ecological set of species.

The mollusc assemblages of those stages in which the envi-
ronmental conditions were particularly changeable are more
varied. The changes involved two factors — air temperature
(warm/cold phases) and humidity (wet/dry). Such changes, in
the first place, led to landscape changes and, consequently, af-
fected the species composition and ecology of the mollusc fau-
nas, which now makes it possible to interpret those changes.

Analysing the fauna of the cold and warm stages of the
Pleistocene, we found that the latter were more diverse. While

during the cold stages there were many species in common for
all or most stages, the faunas of the warm stages were more
varied. Such a feature can play an important role in Quaternary
biostratigraphy.

The biodiversity and specific features of the Middle Dniester
mollusc assemblages facilitate understanding of the evolution
of environmental conditions during the Pleistocene and make it
possible to identify individual environmental events reflected by
responses among the mollusc communities. These results can
serve as a powerful instrument in regional palaeogeographic
analysis.
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