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The gastropod mollusc genus Borysthenia Lindholm, 1914 comprises many species throughout Europe, Asia, North Africa and
North America but species delimitation, based mainly on shell morphology (only possible concerning the fossil records) is often
disputable. Statistical methods used to test if the shell measurements are reliable traits in delimitation of recent and fossil
species in gastropod molluscs of the genus Borysthenia. Our analyses based on quantitative study of over 100 specimens of the
Borysthenia species both modern and fossil. It is concluded that the dimensional characteristics of their shell are suitable for the
differentiation of both recent and fossil (at least of Pontian age) species through the statistical processing of quantitative data.
Through the morphological study of type material, taxonomic status of B. jalpuchense Gozhik, 2002 and B. vinogradovkaense
Gozhik, 2002 described from the middle-pontian deposits of Ukraine revised. It is suggested that these taxa are considered
two distinct though close relative extinct species. Stratigraphic range of B. jalpuchense is expanded up to the Lower Pontian. All
the modern individuals of Borysthenia involved are attributed to B. menkeana (Jelski, 1863) due to their exact correspondence
to the lectotype of this species.

Keywords: Valvatidae, Borysthenia, fossil and modern species, shell morphology, taxonomy, south Ukraine

Pip uepeBoHormx moatockiB Borysthenia Lindholm, 1914 Bkatouae 6arato BMAIB 3 yciei EBponu, Asii, MiBHiYHOT AdprkKM Ta MiBHIUHOT
AMEPUKM, ane BU3HAUYEHHS rpaHuLb BUAIB, LLO 6A3yeTbCsi, FOAOBHUM YMHOM, Ha MOPGOAOTIT Uepenallku (EAMHE MOXAUBE AASI
BMKOMHUX 3HAXiAOK), 4acTo € AMCKYCIMHUM. HaMn BUKOPUCTAHO CTaTUCTUUHI METOAM 06POOKM NPOMIpIB YepenaLlKu racTpomnoA
poay Borysthenia paa nepeBipKku, Un € NapameTpy Yepenallkyu HaAIMHOK 03HAKOK PO3MEXYBAHHA Cy4YaCHUX Ta BUKOMHKX BUAIB.
Halw aHani3 nobyaoBaHWI Ha KinbKiCHOMY BMBYEHHI NoHaa 100 ek3emnaapiB Borysthenia, Ak cydyacHuX, Tak i BUKOMHUX. 3p0HAEHO
BUCHOBOK MPO Te, WO PO3MiPHI XapaKTepUCTUKKN Yepenallkn € NPUAATHUMK AN AMdepeHLiaLii Ak cydacHUX, Tak i BUKOMHUX
(NPUHANMHI, MOHTUYHOTO BiKY) BUAIB LUASIXOM CTATUCTUUHOT 06POOKK KiIAbKICHUX AaHUX. BUBUEHHSA TMMOBOrO MaTepiaAy AO3BOAMAO
YTOUYHWUTU TAKCOHOMIUHWI cTaTyc B. jalpuchense Gozhik, 2002 T1a B. vinogradovkaense Gozhik, 2002, wo 6yAv on1caHi 3 cepeaHbo-
MOHTUYHMX BiAKAAAIB YKpaiHWU. 3anpornoHOBaHO BBaXaTH Lii TAaKCOHW ABOMa OKPEMUMMU, xoua i BAU3bKO CNIOPIAHEHUMU BUMEPAUMMU
BraaMu. CtpaturpadiuHuin aianasoH B. jalpuchense po3wmnpeHo A0 HUXHBOTO NMOHTY. Bee cyuacHi ocobuHu Borysthenia BinHeCEHO
A0 B. menkeana (Jelski, 1863), oCKiAbKM BOHM TOUHO BiAMOBiIAAKOTb AEKTOTUMOBI LIbOrO BUAY.

KarouoBi croBa: Valvatidae, Borysthenia, BUKOMHI Ta cydacHi BUAW, MOPOAOTis yepenallku, TakCOHOMIsA, NiBAEHHa YKpaiHa.

INTRODUCTION the Europe, the North part and the mountainous
The gastropod mollusc family Valvatidae Gray, parts of Asia, North Africa and North America
1840 represents a small group of freshwater snails  (Starobogatov, 1970). Being ovoviviparous and
known from Jurassic. It is distributed throughout possessing very slender (vs. broad) marginal
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radular teeth the valvatid genus Borysthenia
Lindholm, 1914 (type species Valvata jelskii Crosse,
1863) makes a clearly distinct branch within the
family having a rank of subfamily Borystheniinae
Starobogatov in Sitnikova, 1983 (Sitnikova, 1983).
The rest of valvatid species are egg-lying molluscs.
Modern distribution of Borysthenia is limited to
the waters of South Baltic, Danube, Dniester and
Dnieper river basins (Sitnikova et al., 1986; Gloer,
2002, 2019; Welter-Schultes, 2012). In fresh waters
of the Ukraine the genus is represented by four
nominal species: B. naticina (Menke, 1846), B.
menkeana (Jelski, 1863), B. naticina var. alligans
(Lindholm, 1927), and B. jelskii (Crosse, 1863)
(Sitnikova et al., 1986; Anistratenko, Anistratenko,
2001; Anistratenko et al., 2010). However, many
authors consider these taxa as a same species
(Falkner et al., 2001; Vinarski, Kantor, 2016).

Fossil representatives of the genus were more
widely distributed and occurred in the Miocene
deposits of Europe and Kazakhstan (Starobogatov,
1970; Gozhik, 2002; Gozhik, Datsenko, 2007;
Anistratenko et al., 2010; Haszprunar, 2014). This
also concerns to Ukraine: for instance, two new
species of Borysthenia were described by Peter
Gozhik (Gozhik, 2002; Gozhik, Datsenko, 2007)
from the Pontian deposits of South Ukraine and
Moldova, namely B. jalpuchense Gozhik, 2002 and
B. vinogradovkaense Gozhik, 2002.

The protoconch traits of the valvatid snails are
well known (e.g. Anistratenko et al., 2010; Hawe et
al., 2013), however teleoconch variability of both
recent and fossil Borysthenia is not well studied.
This makes it nearly impossible to assess accurately
the conchological features in the taxonomy of the
group for reliable differentiation of species (Osipova,
Anistratenko, 2018; Osipova et al., 2019).
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Fig. 1. The geographic positions and views of the localities of material studied. Details for each sampling point

are given in Table 1.

Puc. 1. leorpadiuHe NOAOXEHHS Ta BUIASIA Miclb 360py BUBUEHOrO Matepiany. AeTai WOoAO KOXHOI 3 TOUOK 360py

HapaHo y Tabauui 1.
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Table 1. List of the examined material
The numbers of localities refer to the text and figures

Tabaunus 1. MNepenik AOCAiAKEHOTO MaTepiany

Homepu AOKaAITETIB BiAMOBIAAKOTb TAKUM Y TEKCTI Ta PUCYHKaX

Lot# .

No IZAN Locality Date N E Collect by n
Yalpug Lake, Vinogradovka village,

1 479 Bolgrad district, Odessa region, | 06.1987 45°39'29" | 28°35'08” | V. V. Anistratenko 40
Nlpl

2 | 47g | DnieperBugliman, near Rybaiche | o7 46°29'03" | 32°14'04" | not stated 39
settlement, Kherson region
Dnieper River in Kherson City near

3 390 Kherson Hydrobiological station | 18.05.2016 | 46°35'65" | 32°34'51” | V. V. Anistratenko 26
of NAN Ukraine, depth 1,5-7,5m
Total 105

The present study aims to define the ranges of
variability in features of the shell measurements in
molluscs of the genus Borysthenia and to assess
reliability of these features in delimitation of recent
and fossil species.

MATERIAL AND METHODS

Recent samples of Borysthenia were collected in the
Dnieper-Bug estuary. Molluscs were hand-picked
from aquatic vegetation and using a hydrobiological
net or Petersen dragger at depths of 0.5-7.5 m.
The fossil specimens came from the Lower Pontian
deposits of the Lake Yalpuh near Vinogradovka
village, Odessa region, Ukraine (age is determined
by V.A. Prisyazhnyuk) (Fig. 1).

Altogether 105 specimens were studied and
measured (Table 1). Apart from these the holotypes
of two Borysthenia species were also studied: B.
jalpuchense Gozhik, 2002 and B. vinogradovkaense
Gozhik, 2002 described from the Middle Pontian
(N,P,) near Vinogradovka village (ind.#3162 and
#3163 accordingly, after Gozhik, 2002). Images
of the specimens were taken with a Leica M165C
stereomicroscope equipped with digital camera.
Before photographing shells were cleaned by
ultrasound in a water bath. Measurements (Fig.
2) were made using MBS-9 stereoscopic microscope
with an ocular-micrometer of 0,4 mm precision.

RESULTS AND DISCUSSION

It was found that the shell growth geometry
(detected through the shell shape comparison)
of recent and fossil Borysthenia are significantly

112

different (Wilk’s lambda: 0,5385, F=5,864 with
significance level p=0,01). The difference is mainly
expressed in relative height of shell spire but with
the same whorls number (Fig. 3). Besides, the
whorls of spire in fossil shells are less inflated,
separated with shallower suture and therefore
an outline of entirely shell looks more trochoid in
comparison to recent ones.

In fact the studied samples have statistically
different main shell indexes (ratio HSh/WSh and
HSh/WA), although a significant overlap in some
of their shell measurements also exists (Fig. 4).

Fig. 2. Measuring of the shell parameters:

HSh — height of shell, HBW — height of body whorl,
WSh — width of shell, HSp — height of spire, HA — height
of aperture, WA — width of aperture.

Puc. 2. Bumipu napameTpiB yepenalluku:

HSh — Bucota yepenalwku, HBW — Bucota ocTaHHbOIO
3B0ot0, WSh — winpuHa yepenaluku, HSp — Bucota 3a-
BUTKa, HA — BucoTta ycta, WA — lmnpuHa ycTs.
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Fig. 3. Shells of examined Borysthenia species:

A-C — B. menkeana (Jelski, 1863) (locality 2 and 3); D — B. vinogradovkaense Gozhik, 2002 (holotype, N,P,);
E-G—B. jalpuchense Gozhik, 2002 (locality 1, N,P,); H— B. jalpuchense Gozhik, 2002 (holotype, N,P.,).

Puc. 3. YUepenallku BMBUYEHUX BUAIB Borysthenia:

A-C — B. menkeana (Jelski, 1863) (micuesHaxopxeHHs 2 Ta 3); D — B. vinogradovkaense Gozhik, 2002 (roaoTun,
N,P,); E-G— B. jalpuchense Gozhik, 2002 (micuesHaxoaxenHs 1, N,P,); H— B. jalpuchense Gozhik, 2002 (rono-

™n, N1P2).

Axis 2

Fig. 4. Graphic distribution for shell measurements
from 105 specimens of Borysthenia: ‘X’ — B. menkeana
(locality 3); ‘0’ — B. menkeana (locality 2); ‘+' — Early
Pontian B. jalpuchense (locality 1, N,P.,).

Puc. 4. padiuHnii po3noain npomipis yepenatikmu 105
3paskiB Borysthenia: ‘X’ — B. menkeana (locality 3);
‘0’ — B. menkeana (locality 2); ‘+' — Early Pontian B.
Jjalpuchense (locality 1, N, P, ).
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We consider the differences observed as sufficient
to refer to the fossil (locality 1) and recent
specimens of Borysthenia (localities 2, 3) as the
two morphologically distinct species.

Since the holotype of B. jalpuchense (Fig. 3,
H) matches well to the main shell features of the
specimens from the Lower Pontian deposits (sample
# 479) (Fig. 3, E-GQ) they may be considered
conspecific. Thus, the stratigraphic range of B.
jalpuchense in the Miocene was significantly
expanded up to the Lower Pontian deposits.

Differences between the shell morphology of B.
jalpuchense and B. vinogradovkaense (still known
only by type series from the Middle Pontian) allow us
to consider them as two distinct taxa on the species
or the subspecies level (Fig. 3, D). The holotypes
of B. jalpuchense and B. vinogradovkaense are
slightly differentiating from each other. Shell whorls
in B. vinogradovkaense comparatively inflated,
increase regularly while in B. jalpuchense the whorls
are flattened and increasing faster make more
slender shell. Studied specimens from the Lower
Pontian are characterizing with less inflated whorls,
shallower suture and relatively shorter spire. All the
specimens of Borysthenia came from the Lower
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Pontian deposits represent a highly monomorphic
sample with a narrow range of individual variability.

The studied modern mollusc individuals
of Borysthenia (Fig. 3, A-C) we attribute to B.
menkeana due to their exact correspondence
to the lectotype of this species, illustrated by
Sitnikova et al. (1986). The overall similarity of B.
menkeana and B. jalpuchense (Fig. 4) suggests that
both species are closely related; given the age, B.
Jjalpuchense might be a phylogenetic predecessor
of B. menkeana.

Based on the obtained data we suggest that
the representative taxa of the Pontian and recent
Borysthenia should be interpreted as distinct
but morphologically similar (and most likely
related) species or varieties of one polymorphic
species. Observed conchological differences can
be explained by the influence of environmental
conditions.

CONCLUSION

Analysis of the data obtained confirms that the
dimensional characteristics of the Borysthenia
shell are suitable for the differentiation of
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3oo0norudeckuii xypHan, 1983. 62 (1). Pp. 32-43.

CutHukoBa T. 1., CtapoboratoB . W., YepHoropeHko E.B. Pop
Borysthenia (Gastropoda, Valvatidae), ero cuctemartnueckoe
NOAOXEHWE U BUAOBOM cocTaB. BecTHMK 300norum, 1986, 1.
C.9-14.

CrapoboratoB fl. 1. dayHa MOAAKOCKOB 1 300reorpaduueckoe
paVIOHMpOBaHMe KOHTUHEHTaAbHbIX BOAOEMOB 3emHoro wapa.
NeHuHrpaa: Hayka, 1970. 372 c.

Welter-Schultes F.W. European non-marine molluscs, a guide
for species identification. Gottingen: Planet Poster Editions,
2012.679 p.

1HauioHaAbHWI yHiBEpCUTET
«KneBo-MormnasiHcbka akapeMisi», Kuis, YkpaiHa

2|HCTUTYT reonoriyHux Hayk HAH Ykpainu,

KuiB, YkpaiHa

SIHcTUTYT 300A0riT im. I. |. LUManbrayseHa HAH YkpaiHu,
KuiB, YkpaiHa
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N3MEHYUBOCTb PAKOBUHbI BPFOXOHOIMX MOAAIOCKOB
POAA BORYSTHENIA LINDHOLM, 1914: TECTUPOBAHUE CTATUCTUYECKOI'O MOAXOAA
B MOUCKAX NPU3HAKOB ANl PASTPAHUYEHUA COBPEMEHHbIX U UCKOMAEMbIX BUAOB

A.C. OcunoBa, 0.10. AHucTpaTeHKo, B. B. AHUCTpaTeHKO

Popa 6ptoxoHornx MoantockoB Borysthenia Lindholm, 1914 BkAtouaeT MHOXECTBO BMAOB Mo Bcelt EBpone, Asun, CeBepHoi
Adpuke 1 CeBepHoOW AMEPUKE, HO ONMPEAEAEHME FPaHULL BUAOB, OCHOBAHHOE, IaBHbIM 06pa3oM, Ha MOPGOAOTUU PAKOBUHbI
(EAMHCTBEHHO BO3MOXHOE AASl UCKOMAEMbIX HAX0AOK), YaCTo IBASETCS CMOPHbIM. HamMu MCMOAb30BaHbl CTAaTUCTUYECKUE METOADI
06paboTKM NPOMEPOB PAKOBUHbI FACTPOMOA PoAa Borysthenia pns NPOBEPKM, ABAAIOTCA AU NapaMeTPbl PAKOBUHbI HAAEXHbIM
NPU3HAKOM pa3rpaHUUYeHUs COBPEMEHHbIX U MCKOMaeMbIx BUAOB. Halll aHaAu3 OCHOBaH Ha KOAMUYECTBEHHOM M3yUYeHUn bonee
100 ak3emnaspoB Borysthenia, Kak COBPEMEHHbIX, Tak U UCKONaeMblx. CAeAaH BbIBOA O TOM, UYTO pa3MepHbIe XapaKTepUCTUKK
pPaKoBWHbI MPUTOAHbI AN AUDDEPEHLIMALIMM KaK COBPEMEHHbIX, TaK U UCKOMaeMbIX (MO KparHen Mepe, MOHTUYECKOro Bo3pacTa)
BMAOB NyTEM CTaTUCTUUECKON 06PabOTKU KOAMUECTBEHHbIX AAHHBIX. M3yueHre TMNoBOro Matepuana No3BOAMAO YTOUHWUTb TAKCO-
HOMMYeckun ctatyc B. jalpuchense Gozhik, 2002 v B. vinogradovkaense Gozhik, 2002, onucaHHbIX U3 CPpeAHE-MOHTUYECKMX
OTAOXEHWI YKpauHbl. MpeararaeTcs cuntatb 3TM TaKCOHbI ABYMSI OTAEAbHbIMMU, XOTS U GAM3KOPOACTBEHHBIMU BbIMEPLLIMMU BUAAMM.
Crtpaturpadurueckuii AanasoH B. jalpuchense paclumMpeH A0 HUXHErO NoHTa. Bce coBpeMeHHble 0cobu Borysthenia oTHECEHDI
K B. menkeana (Jelski, 1863), NOCKOAbKY OHM TOYHO COOTBETCTBYHOT AEKTOTWMNY 3TOr0 BUAA.

KaroueBnbie croBa: Valvatidae, Borysthenia, uckonaemble U COBPEMEHHbIE BUAbI, MOPOOAOTUS PAKOBUHbBI, TAKCOHOMMUS, FOXXHaSA
YkpauHa.
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