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Enigmatic corkscrew-shaped Liobaicalia (Caenogastropoda:
Truncatelloidea: Baicaliidae): description of three new species
and their relations with regular shell species
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ABSTRACT. Three new species have been added to the formerly monotypic genus Liobaicalia Martens,
1876. We employed a combination of morphological, anatomical, and molecular approaches using mitochon-
drial COI gene, nuclear intron of the A7P synthase subunit alpha gene (47Psa), and /TS spacer to delineate
species boundaries between Liobaicalia stiedae (W. Dybowski, 1875), L. sidelevae sp. nov., L. karabanovi
sp. nov., and L. riedeli sp. nov. The Liobaicalia species inhabit burrowing into sandy substrates in disparate
regions of the ancient and/or recent deltas of the inflows to the south and central Baikal basins near tectonic
faults where gases discharge happens. The genus Liobaicalia was not recovered as monophyletic based on
current molecular-phylogenetic analyses based on mitochondrial COI data. We discussed discordance between
morpho-anatomical and genetic traits, the possible origin of the Liobaicalia species, and the occurrence of
scalariform shells in Baikal and non-Baikal gastropods belonging to different families.
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PE3IOME. K panee cyuiecTBoBaBIiieMy MOHOTHITHYE-
ckomy pony Liobaicalia Martens, 1876, noGaBieHbl Tpu
HOBBIX BUa. MBI HCTIONB30BaJIF KOMOMHAITHIO MOP]O-
JIOTHYECKNX, aHATOMHUYECKUX ¥ MOJIEKYJISIPHBIX IO/
XOJIOB C MpUMEHEHHnEeM MUToXoHApHansHoro (COI) u
SIEPHBIX (UHMPOH 2eHa anba-cyoveounuyvl ATDazvl
n ITS1) MapkepoB AJIsl ONPEAEICHUsI TPaHUIl BUJIOB
Liobaicalia stiedae (W. Dybowski, 1875), L. sidelevae
sp. nov., L. karabanovi sp. nov. u L. riedeli sp. nov.
Bunst Liobaicalia 00uTaroT Ha IeCYaHBIX CyOCTpaTax B
Pa3pO3HEHHBIX PErMOHAX JIPEBHUX M/WITH COBPEMEHHBIX
JIeNbT IPUTOKOB FO’KHOM U LIEHTPaIbHON KOTJIOBUH 03.
Baiikai, 01131 TEKTOHMYECKHUX Pa3IOMOB M MECT pas-
rpy3ku ra3oB. Pon Liobaicalia oxa3ancs He MOHO(U-
JIETUYHBIM 10 HYKJICOTHUIHBIM IOCIIEI0BATEIBHOCTIM
rera COI mt/JHK. OO6cyxmaeTcss HECOOTBETCTBHE
MEXAy MOp(O-aHATOMUYECKUMH M T'€HETHYECKUMHU

IIPU3HAKAMU, [IPEII0IAracMoe IPOUCXOKACHUE BUOB
Liobaicalia, a Tak)xe BCTpE4aeMOCTh CKaJSIPHEBUTHBIX
paKoBHH y OaiKaIbCKUX ¥ BHEOAMKAIBCKIX TacTPOIIO]]
Pa3HbIX CEMENCTB.

Introduction

The gastropod family Baicaliidae P. Fischer,
1885, is widely distributed in Lake Baikal and
includes more than 40 endemic species combined
into eight genera [Sitnikova, 1991]. The monotypic
genus Pyrgobaicalia Starobogatov, 1972, described
from Dunkulduk (Dunkeldyk?) Lake, Tajik Republic,
Pamir was preliminarily assigned to Baicaliidae or
Amnicolidae [Sitnikova et al., 2017], and its position
in Truncatelloidea is still unclear due to the complete
lack of data.

A detailed revision of the Baicaliidae has not been
carried out since the beginning of the last century
[Kozhov, 1936], although the female reproductive
system has been studied in representatives of the
genera [Sitnikova, 1991] and several new species
have been described [Beckman, Starobogatov, 1975;
Sitnikova et al., 2016].

The first study of COI mtDNA sequences from
14 species in the family showed discordance be-
tween morphological traits and genetic differentia-
tion [Zubakov et al., 1997]. Subsequent molecular
phylogenetic studies (COl mtDNA and /7S nDNA)
were devoted to the genus Baicalia Martens, 1876. It
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was shown that the intraspecific differentiation of B.
carinata (W. Dybowski, 1875) is higher than between
5 species of this genus, thus some of the subspecies
have been considered as separate species [Peretol-
china et al., 2007; 2008]. The full mitochondrial
introgressions from B. carinata to B. turriformis (W.
Dybowski, 1875) and to B. dybowskiana (Lindholm,
1909) had been suggested; these two introgressions
were not simultaneous and occurred with a time gap
[Poroshina et al., 2020]. The complete mitochondrial
genomes were obtained for four Baicaliidae species
[Peretolchina et al., 2020]; the sets of nuclear DNA
repeats of the nuclear genomes of these species have
been compared to each other, and an intriguing as-
sumption was made that some of the repeats were
involved in horizontal transfer between sympatri-
cally occurring species [Yuxiang et al., 2023]. The
molecular phylogenetic research of other baicaliids
involved an additional nuclear marker, an intron of
the ATP synthase a-subunit gene [Kovalenkova et al.,
2013]. The use of 22 species in the analysis allowed
us to show the divisions of the Baicaliidae into two
clades, which partially coincide with the two clades
revealed by the mitochondrial COI gene and do not
fully coincide with the morphological traits and
modern taxonomy of the family. At least two genera,
Parabaikalia Lindholm, 1909 and Pseudobaikalia
Lindholm, 1909 appeared to be polyphyletic [Kova-
lenkova et al., 2020a].

The analysis of the nucleotide sequences of CO!
mtDNA of Liobaicalia representatives inhabiting
three regions (Bolshie Koty, Posolskaya Bank, and
Babushkin) revealed the high genetic differentiation
between them [Kovalenkova et al., 2020b]. Initial
investigation of the morphological and anatomical
traits testified that the snails of these regions dif-
fer from L. stiedae (W. Dybowski, 1875), the type
locality of which is Kultuk Bay (southern part of
the Lake).

Before describing and naming new species, we
tested the possibility of using the names of the in-
traspecific forms of Liobaicalia stiedae delineated
without mentioning their locality by B. Dybowski
and J. Grochmalicki [1920]. There are four intraspe-
cific forms: L. s. f. parva has the smallest shell, 5-6
mm in height with 5-6 whorls; the shell height of
the three other forms reaches up to ~10 mm; one of
them, L. s. f. polita, has a smooth shell; the second,
L. s. f. rugosa, is characterized by a wrinkled shell
surface with transverse (or axial) microsculpture; and
the third, L. s. f. hispida, has a spiral and transverse
microsculpture with ‘cilia’ (periostracal outgrowths).
Our investigations revealed substantial variability in
shell microsculpture among and within Liobaicalia
populations, complicating the use of these listed
external features for reliable species delimitation.
The names of the intraspecific forms proposed by
B. Dybowsky and J. Grochmalicki [1920] cannot

be used for the newly delineated species; thus, we
named three new species L. sidelevae sp. nov., L.
karabanovi sp. nov., and L. riedeli sp. nov. in honor
of'the scientists who study or studied the Baikal fauna.

Snails were collected in the south and central
basins of the lake in various years from 1990 to 2024
by scuba divers or using box-core and dredge. The
snails were found multiple times on sandy sediments
with plant detritus and filaments of the sulfur bacteria
Thioploca in some places at the depths from 12 to
~100 m in the regions of underwater river deltas,
including underwater uplands (or Banks) that are
remnants of the ancient delta surface [Voropinov,
1965; Naudts et al., 2012; Khlystov et al., 20164, b;
2018; Kononov et al., 2019; 2023]. In some locations
(Babushkin, Posolskaya Bank, Solsan, Goloustnoe,
and Malye Koty) the gas emission (bubbles or dif-
fusion) was registered nearby the focal snail habita-
tions [Kalmychkov et al., 2006; 2017; Naudts et al.,
2012; Hachikubo et al., 2023; V.G. Ivanov, personal
communication, own observations].

The main goal of our investigations is the spe-
cies delimitation and description. We employed a
combination of morphological, anatomical, and mo-
lecular approaches to delineate boundaries between
corkscrew-shell species inhabiting south and central
basins of Lake Baikal.

Material and methods

Material

We studied the snails, including types of Lioba-
icalia stiedae, hosted in the collections of the Zoo-
logical Institute RAS (ZIN RAS, Saint Petersburg,
Russia) and the Limnological Institute SB RAS
(Irkutsk, Russia), and our material collected in vari-
ous years. Literature data was also used to investigate
the Liobaicalia distribution (Fig. 1). More than 190
individuals in total (dry shells and alcohol-fixed
specimens) were studied; the detailed information
about used material is presented in Supplementary
Table S1, S2, S3 and in the section “Type material”
of each species.

Morpho-anatomical investigation

The specimen identification was carried out by
the same person in the present and previous studies
[Zubakov et al., 1997; Kovalenkova et al., 2020a,
b] using the comparison with type specimens of the
Baicaliidae’ species hosted in ZIN RAS collection.
Teleoconch characters were studied in all speci-
mens. Shell morphology, including protoconchs,
and anatomy were studied in more detail in up to
12 individuals fixed in 80% alcohol from every
locality; the foot of 3-9 of these snails was used for
molecular-phylogenetic investigations. Every shell
was firstly photographed with a scale bar using a
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FIG. 1. The maps of the Liobaicalia spp. records, under water landscapes, and photographs of the habitats. A. A map: red
circles — L. stiedae; green circles — L. karabanovi sp. nov., blue circles — L. sidelevae sp. nov., yellow circles — L. riedeli
sp. nov., violet circles — records of other studied baicaliids. 1. Kultuk Bay, Shaman Cape, Slyudyanka. 2. Sukhoy Creek. 3.
Utulik. 4. Baikalsk city, Solsan River. 5. Murinskaya Bank. 6. Snezhnaya River mouth. 7. Babushkin city. 8. Boyarskaya. 9.
Posolskaya Bank. 10. delta Selenga River. 11. Enckaluk. 12. Sukhaya River. 13. Talanka. 14. Maritui. 15. Bolshie Koty. 16.
Goloutsnoe. 17. Nizhnie Khomuty. 18. Peschanaya Bay. 19. Barguzin Bay. 20. Maloe More strait. B-F. Geomorphological
maps from publications with the snail samplings indicated by yellow circles. G—K. Photographs of the bottom taken by
(ROV) Rovbuilder RB-300. B. Goloustnaya River mouth and its paleodelta [Kononov et al., 2019]. C. Kultuk Bay, deltas
of inflows [Kononov et al., 2023]. D. Murinskaya Bank [Kononov et al., 2023]. E. Posolskaya Bank [Naudts ef a/., 2012].
F. Babushkin (Bc) and Boyarskaya (Bo) regions [Khlystov ez al., 2018, 2021]. G. Bolshie Koty Bay, sandy sediments of the
modern delta area. H. Bolshie Koty River canyon. L. Snails Liobaicalia stiedae burrowing into sand [photo by P. Ropstorf].
J. Coal-bearing layers of the Tankhoi formation. K. Gas methane bubbles in the area near Babushkin city; red lines on the
C, E, F — active tectonic faults.

PUC. 1. Kapra-cxema Haxonok BunoB Liobaicalia spp., KapThl MOABOAHBIX JaHAIIA(TOB ¢ pa3nomMaMu U ¢oTtorpaduu mMect
oburanus. A. Kapra HaXxonok: KpacHble KpyrH — L. stiedae; 3enensie Kpyru — L. karabanovi sp. nov., roimy0sie kpyru — L.
sidelevae sp. nov., xenteie Kpyru —L. riedeli sp. nov., GpuoneToBbie Kpyru — Mecta cOOpoB OaliKaInu I, UCTIOIH30BAHHBIX
B aHanuse. 1. 3amus Kynryk: noc. Cinronsnka, [llamanckuit Meic. 2. 3anuB Kynryk: noc. Kynrtyk, Cyxoii pyueil. 3. 3anus
Kyaryk: Yrynuk. 4. 1. Batixansck, p. Conmsan. 5. Mypunckas 6anka. 6. p. Cuexxnast. 7. babymkun. 8. Bosipckast. 9. [Tocombsekast
6anka. 10. lensra p. Cenenra. 11 Dukanyk. 12 p. Cyxas. 13. Tananka. 14. Mapuryii. 15. boasue Koter. 16. ['onoyctHoe.
17. Hiwxuaue XomyTsl. 18. [Tecuanas. 19. baprysunckuii 3amus. 20. Manoe mope. B — F. [eomopdonoruueckre kapThl, MeCTa
cOopa ynuTok 00603HaueHBI )KeNTHIMU Kpykkamu. G — K. ®@otorpaduu nHa, momydeHHbIE TOABOAHBIM poboToM Rovbuilder
RB-300. B. Yctbe peku [onoyctHas u ee naneoaensTa [Kononov et al., 2019]. C. Kyntyk, nensrbl mputokoB [Kononov et
al., 2023]. D. Mypunckas 6anka [Kononov ef al., 2023]. E. [Toconbckas 6anka [Naudts et al., 2012]. F. babymkun (Bc) u
Bosipckas (Bo) [Khlystov ef al., 2018, 2021]. G. byxrta Bonbue Kotsl, nmecuansie 0TI0XKeHHs1 COBpeMeHHO! aenbThl. H.
kaHboH peku bombimue Kotel. 1. Ymutku Liobaicalia stiedae, 3apwiBimecs B iecok [¢doro [1. Pericropda)]. J. YrenocHbie
cion Tanxoiickoii ceuthl. K. ITy3pIppkn MeTaHa B paliOHE TUTIOBOTO MECTOHAXOXAeHUS L. sidelevae sp. nov. KpacHbie
smuaun Ha C, E, F — akTuBHBIE TEKTOHUYECKHE PA3JIOMBI.
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Canon EOS 60D with a Canon MP-E 65 mm £/2.8
1-5x macro lens, a Nikon SMZ 25 stereomicroscope
with a mounted Nikon DS-Ri2 digital camera (Japan)
and using the stereomicroscope BiOptic CS-100
(Russia) with a mounted digital camera BUCSF-
830DC (China).

Most live individuals, collected in 2020-2025
were treated with boiling water according to the
Niku-Nuki method (Fukuda et al., 2008) and then
fixed in 80% alcohol. The snails collected in earlier
years were fixed in 80% alcohol or 4% formaldehyde
without being treated with boiling water and partly
dried.

Then the foot was cut off and used for DNA se-
quence analysis, and the other parts of the soft body
were anatomically investigated using Nikon SMZ
25 and BiOptic CS-100 stereomicroscopes. Some
organs of the female reproductive system have been
stained with an alcohol solution of the orcein, and
then they have been transparentized with clove oil.
The protoconchs and radulae of the snails have been
examined using a scanning electron microscope,
Quanta 200 (USA). Prior to the investigation, the
radulae and protoconchs were rinsed in chlorine
bleach, washed with distilled water and alcohol,
dried, and gold-plated. To describe the radular teeth
and protoconch morphology, and anatomy, we fol-
lowed the terminology of Radoman [1983], and
Hershler and Ponder [1998].

Shells of Liobaicalia were measured using
ImagePro-Plus v. IPWIN60. We measured five shell
characters: shell height—SH, shell width—SW, ap-
erture height—AH, aperture width—AW, and whorl
number—WN.

DNA extraction, amplification, and sequencing

Total DNA was extracted using the CTAB method
[Doyle, Doyle, 1987] from part of the foot. We used
universal primers for amplification and sequencing
fragments of the mitochondrial cytochrome ¢ oxi-
dase subunit I gene (COI), the nuclear intron of ATP
synthase a-subunit gene (47Psa), and the internal
transcribed spacer (/7517) [Folmer et al., 1994; Jar-
man et al., 2002; White et al., 1990, respectively].

Thermocycling conditions were as follows: 94°C
—2 min, 35 cycles: 94°C —20's, 50°C — 1 min, 72°C
— 1-2 min (with a final elongation step of 3 min) for
all markers. PCR products were separated on 1%
agarose gel and purified using the freeze-squeeze
method [Tautz, Renz, 1983]. The amplification
products were sequenced at JSC Sintol (Moscow)
and CCU “Ultramicroanalysis” (LIN SB RAS,
Irkutsk). All nucleotide sequences are deposited
in GenBank (see Supplementary Table S1). ITS/
sequences from four Liobaicalia species have been
deposited in GenBank NCBI under accession num-
bers PP786386-PP786394 with the same sample

codes. Double peaks in intron chromatograms were
labelled according to IUPAC nomenclature with the
Heterozygotes plugin (Geneious) using a threshold
of 50% peak height. Intron alleles for heterozygous
specimens were twice identified using the PHASE
algorithm in DnaSP v. 5.10.01 [Librado, Rozas,
2009]. Both-end Sanger sequencing was used for
heterozygotes with length polymorphism.

Phylogenetic analysis

For the phylogenetic inferences, additional
sequences of four other Baicaliidae species were
downloaded from GenBank (Table S1). The COI
haplotype of Maackia herderiana (Lindholm, 1909)
(HM543406, HM559316), was used as the outgroup,
because this snail belongs to the other Baicaliidae
clade than Liobaicalia and related psammophilic
species [Zubakov et al., 1997; Kovalenkova et al.,
2020a]. The COI and ATPso sequences of Korot-
newia korotnevi (Lindholm, 1909), K. angygira
(Lindholm, 1909), and Pseudobaikalia zachwatkini
(Kozhov, 1936) as closely related species [Zubakov
etal.,1997; Kovalenkova et al., 2020a, b] have been
included as well in the dataset.

Variations in the size of orthologous introns are
well documented at the intraspecific level [Moriyama
etal., 1998], as well as on an evolutionary timescale
[Vinogradov, 1999]. Single nucleotide substitution
carries sufficient information for phylogenetic infer-
ence, thus the 47Pso sequences were included in
the analysis.

The sequences were aligned and trimmed to the
shortest length for each fragment using the MAFFT
E-INS-i algorithm [Katoh, Standley, 2013], yield-
ing final alignments lengths of 618 bp (COI), 525
bp (ATPsa), and 348 bp (ITS1). The genetic uncor-
rected p-distances with pairwise deletion between
species for direct comparison were calculated using
the “ape” package in R [Paradis et al., 2004]. The
COI'uncorrected p-distances greater than 1.5% have
been considered as species level, adopting the similar
value reported for North American Taylorconcha
(Amnicolidae) according to Hershler et al. [2006]
and Sitnikova et al. [2023].

Species delimitation was performed automati-
cally for COI alignment using the distance-based
ASAP method (Assemble Species by Automatic
Partitioning) with raw distances [https://itaxotools.
org/download.html#hyperlinkDelimit, Puillandre et
al., 2020].

The best-fit model of sequence evolution
(HKY+I+G) for COI was inferred based on the
Bayesian information criterion in ModelFinder
[Kalyaanamoorthy et al., 2017]. Maximum likeli-
hood phylogenetic analysis with ultrafast bootstrap,
SH-aLRT, and aBayes [Anisimova et al., 2011]
supports in 10000 replicates was subsequently per-
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Table 1. Intra- and interspecific uncorrected p-distances (%) based on the COI/ATPsa/ITS1 for Liobaicalia spp. and their close-
related species:1 — L. sidelevae sp. nov., 2 — L. karabanovi sp. nov, 3 — L. riedeli sp. nov. 4 — L. stiedae, 5 —K. angigyra,

6 — K. korotnevi, 7 — P. zachwatkini.

Tabmuma 1. BayTpu- 1 MeXBHI0BEIE HEKOPPEKTHPOBAHHEIE TTOMIAPHBIE TUCTAHINH (B %) ans Liobaicalia spp. n Ommkaimmx
K HUM POJICTBEHHHKOB, paccunTaHHble o renam COI/ATPso/ITS].

Species 1 2 3 4 5 6 7
1 0.81/0.19/0
2 4.09/0.27/1.43 | 0.65/0.38/0
3 3.48/-/2.02 1.98/-/2.88 0/-/0
4 3.95/0.24/0.29 | 2.94/0.19/1.15 | 2.57/-/1.73 | 0.16/0.38/0
5 3.96/1.03/- 1.82/1.15/- 1.46/-/- 2.45/1.12/- -/0/-
6 3.64/1.11/- 0.65/1.23/- 1.78/-/- 2.73/1.2/- | 1.62/0.08/- -/0.19/-
7 3.96/0.41/- 4.09/0.43/- 3.72/-/- 5/0.41/- 3.56/1.29/- | 3.88/1.37/- | -/0.19/-

formed with IQ-tree 2.3.2 [Minh et al., 2020] without
specific starting tree.

The phylogenetic tree was inferred based on all
haplotypes of the COI gene using BEAST v. 1.8.4
[Drummond, Rambaunt, 2007] with HKY+I+G
model. The molecular clock test was performed
using the coefficient of variation criterion with log-
normal distribution in the relaxed clock model. The
95% highest posterior density (HPD) interval for the
coefficient of variation of branch rates includes zero,
supporting the plausibility of a strict-clock model.
Marginal likelihoods were estimated using path sam-
pling and stepping-stone sampling to compare the
strict-clock models with either a birth-death process
or a Yule process.

To estimate divergence times of L. stiedae hap-
lotypes and related baicaliids, we used the earlier
suggested normal distributed divergence rate for
HKY+I+G model of the “Folmer region” COI with
1.57 %+ 0.45% Myr' of Protostomia consistent with
the hydrobioid gastropod rates [Wilke et al., 2009].
Two Markov chain Monte Carlo (MCMC) chains
were run for 107 generations with strict-clock birth-
death model, sampling every 1000 steps. The result-
ing posterior trees were combined using LogCom-
biner v1.10.4 [Rambaut et al., 2018]. The parameters
after convergence (ESS > 200) were compared in
TRACER v.1.7.2 [Rambaut ef al., 2018], first 10%
of trees were discarded as burn-in. TreeAnnotator
was used to summarize posterior trees as maximum
clade credibility (MCC) tree. The midpoint-rooted
consensus tree was visualized using FigTree v1.4.1
[http://tree.bio.ed.ac.uk/software/figtree/ ].

Median-joining networks of ATPsa and ITS] al-
leles were inferred using the “Pegas v. 1.2” package
in R [Paradis, 2010]. Intron alleles of heterozygous
specimens were shown independently.

Since some species are highly similar in teleo-
conch morphology and may be considered as cryptic,
species-specific nucleotide substitutions (molecular
diagnostic characters) were identified by comparison
with others using the DeSignate web application
[Hiitter et al., 2020]. The diagnostic molecular
characters (signature characters) for all species were
defined as the position of a nucleotide in an align-
ment, which is monomorphic within each species
and differ between species.

Results

Molecular-phylogenetic traits and divergence

The optimal threshold distance of Liobaicalia
and closely related species sequences of COI for the
ASAP delimitation method was identified as 0.73%
(p=0.04). This threshold successfully discriminated
four clades within corkscrew-shaped molluscs. One
of them consisted of sequences of the snails from
Utulik and Murinskaya Bank, located in Kultuk
Bay, near the type locality of Liobaicalia stiedae.
The second clade included the sequences of the
snails collected in the water area of Babushkin city
(Mysovaya railway station), and they were named
L. sidelevae sp. nov. The sequences of the third
clade belonged to habitats of the underwater upland
Posolskaya Bank, and they were named L. riedeli
sp. nov. The sequences of the individuals collected
in Bolshie Koty Bay with a corkscrew-shaped shells
perfectly fit into a joined clade with Korotnewia
korotnevi having the normal, regularly coiled shell
having been the exception. The snails K. korotnevi
were sampled in the Maloe More Strait, which is far
distant from Bolshie Koty (Fig. 1A), where it has
never been found.
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FIG. 2. Visualization of the results of the molecular-phylogenetic analyses. A. Time-calibrated Bayesian phylogeny for the

COI gene fragment. Bayesian posterior probabilities (BPP) are shown at nodes without brackets, while SH-aLRT support,
aBayes support, and ultrafast bootstrap values are given in brackets. Poorly supported nodes (BPP < 75) are collapsed to
polytomy. Bars around nodes represent the 95% HPD interval; B. Median-joining network of ATPsa variants of Liobaicalia
spp. and close (sister) species; C. ITS1 alleles of Liobaicalia spp. The colors indicate every species of Liobaicalia spp. (S)
and sister species (N); the dots indicate mutation steps. Empty dots represent median vectors. The zigzag indicates a large
intron insertion in L. riedeli sp. nov.

PUC. 2. Buzyanuzauus pe3yiabTaToB MOJIEKYIIPHO-(HIOTeHETHIECKOTo aHann3a. A. baliecoBckoe maTupoBaHHOE IEpPEBO Ha

ocHoanuu rea COI. BaiiecoBckue arnocrepropHbie BepostHocTH (BPP) mokasansr Hax y3nmamu 0e3 ckoOOK, Toraa Kak
noxnepxku SH-aLRT, aBayes 1 3HaueHHs ynbTpadbIcTpOro OyTcTpena MpuBeIeHBI B CKOOKaX cOOTBETCTBEHHO. Crado mox-
nepxkuBaemble y3ibl (BPP<75) ceepHyThl B mosutomuio. [1oiockl B y3iax npencranisitor 95% UHTEpBaJIb alloCTEPUOPHOM
BepositHocTH AatnpoBok (HPD); B. Menuannas cets amteneii rena ATPso; C. Mennannas cets amieneit /751 Bunos Lioba-
icalia spp. 1 cecTprHCKHX BUI0B. LIBeTa 0003Ha4atoT Kaxkablil Bug Liobaicalia spp. (S) v cECTPUHCKHE BUJIBI C HOPMAIIBHOM
paxoBuHOH (N); TOUKH 0003HAYAIOT KOJIMYECTBO My TAIIMOHHBIX IIaroB. [1ycThle TOUKH IPEACTABIISIOT MEANAHHBIC BEKTOPEI.

3ur3ar 0603Ha4aeT BCTAaBKY (MHCEPIHIO) B UHTPOHE L. riedeli sp. nov.

Meanwhile, a pairwise comparison of the CO/
sequences of corkscrew-shell snails revealed the
significant uncorrected p-distances between snails
from Bolshie Koty and other localities (from 1.98
to 4.09%) (Table 1). Thus, these snails were named
L. karabanovi sp. nov. (Fig. 2A).

Despite the CO! similarities of L. karabanovi
sp. nov. and L. riedeli sp. nov. the distance between
their /751 alleles is the largest (2.9% uncorrected
p-distance) within Liobaicalia (Fig. 2C).

More distant in COI sequences, L. sidelevae sp.
nov. and L. stiedae differ in one substitution only of

the ITS1 spacer. Each of the Liobaicalia species pos-
sesses, along with the unique ones, a single shared
allele of /TS 1. The number of binary and asymmetric
molecular unique characters based on CO/l and ITS1
sequences to distinguish Liobaicalia species, are
presented in Supplementary Table S4.

Another genetic relationship was obtained for
Liobaicalia spp. in ATPso intron sequences (Fig.
2B). A shared allele of ATPsa intron was found in all
Liobaicalia spp. except L. riedeli sp. nov. Agarose
gel electrophoresis revealed a large insertion (~5
kb) of unknown origin within the A7Psa intron of L.
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riedeli sp. nov. that obstructed its full-length sequenc-
ing. However, the 5’ (1-85 bp) and 3’ (255-523 bp,
corresponding to positions 1-265 bp downstream
of the insertion) regions were identical to the shared
Liobaicalia spp. allele. Another allele was shared
exclusively by L. stiedae and L. karabanovi sp. nov.,
while L. sidelevae sp. nov. possessed a unique allele
detected only in heterozygous specimens alongside
the shared Liobaicalia allele. The difference between
L. karabanovi sp. nov. and K. korotnevi is larger in
ATPsa intron (1.23% p-distance or 6 substitutions)
than in COI p-distance (0.65%), and within Lioba-
icalia spp.

Bayesian and maximum likelihood (ML) phy-
logenetic trees based on COI sequences exhibited
highly similar topologies showing the polytomy
node group of Liobaicalia and Korotnewia; the
genus Liobaicalia not recovered as monophyletic
(Fig. 2A). We did not combine here the genera Lio-
baicalia Martens, 1876, Korotnewia Kozhov, 1936,
and Pseudobaikalia Lindholm, 1909, into a single
genus for the lack of sequences of nuclear genes,
especially for species inhabiting sympatrically with
Liobaicalia species. To achieve this, we require sig-
nificantly longer and more variable sequences. Thus,
we consider here four corkscrew-shaped species only
in the frame of the Liobaicalia genus.

Our analysis indicates that the COI haplotypes
of L. sidelevae sp. nov. diverged from the common
ancestor of Liobaicalia spp. and P. zachwatkini ap-
proximately 1.68 Mya (95% HPD: 1.1-2.3 Mya)
(Fig. 2A). The other Liobaicalia species, along
with two Korotnewia species (K. angigyra and K.
korotnevi), form a polytomy dating to ~0.8 Mya (95%
HPD: 0.5-1.12 Mya). Notably, the haplotypes of L.
karabanovi sp. nov. and K. korotnevi diverged even
later than those of L. sidelevae sp. nov., around 200
ka (95% HPD: 80400 ka).

Taxonomy

Class GASTROPODA Cuvier, 1795
Subclass CAENOGASTROPODA
Superfamily TRUNCATELLOIDEA Gray, 1840
Family BAICALIIDAE P. Fisher, 1885

(=Subfamily Liobaicaliinae B. Dybowski, Gro-
chmalicki, 1913)

Genus Liobaicalia Martens, 1876
(Fig. 3)
(=Leucosia W. Dybowski, 1875)

Type species Liobaicalia stiedae (W. Dybowski,
1875), by subsequent designation Dall, 1877.

Diagnosis. Protoconch planospiral shape, signifi-
cantly turned to the teleoconch axis; the teleoconch
corkscrew-shaped (scalariform).

The genus includes L. stiedae, L. sidelevae sp.
nov., L. riedeli sp. nov., and L. karabanovi sp. nov.

Description. Teleoconch corkscrew-shaped with
coiled open (scalariform) 4.5-5.5 whorls, slightly
brown or green-brown, smooth or finely net-sculp-
tured with periostracum outgrowths (Fig. 4 Aa, b),
especially visible on the last whorls; aperture oval-
rounded, basal lip rounded or slightly angular, outer
lip straight, inclined, columellar lip thin, rounded
(Fig. 3Aa, Ba, Ca, Da, Ea). Protoconch planispiral
(Fig. 5Aa, Ba, Ca, Da), about 1.5 rounded whorls
with variously expressed spiral microsculpture (Fig.
7); protoconch axis turned to the teleoconch axis 40°
or more. Operculum a little smaller than the aperture
size, very thin, transparent, oval, paucispiral with
about 20 axial growth lines and submarginal nucleus
(Fig. 6A). Radula taenioglossate, the central (rachid-
ian) tooth trapezoidal of various widths (from narrow
to wide) in a ribbon, basal cusps of the central tooth
are absent, the central cusp does not stand out strictly
from other (up to 24) cusps on the cutting edge,
and the cusps are small and sharp. The shape of the
lateral tooth varies within the same radula (Fig. 6B,
C). The working parts of the cutting edge of lateral
teeth with short and mainly destroyed cusps of varied
length and width, the central cusp is visible in some
teeth, and there are about 16 cusps on each side of
it. The wide outer wing of the lateral tooth straight,
and a little longer or equal in length to the squarish
face. The marginal teeth with thin and short cusps,
numbering about 16-20. Mantle edge and snout
slightly grey or black pigmented. ‘The pocket” for
trapping food particles from mantle cavity on the
right side of the snout (Fig. 5Db). Prostate lobular,
like a short fan, its central part thin with a passing
vas deferens (Fig. 8Cc). The penis lancet shaped its
tip with short, pointed papillae (Fig. 8), a glandular
cap- or ellipsoid-shaped part on the dorsal-base side
of the penis. Ventral groove of the female gonoduct
of different widths. The renal loop of the oviduct
varies in length and width; 3—-6 narrow tube-like
evaginations (“clusters”) playing the role of seminal
receptacles (Fig. 8) dilated the terminal part of the
loop. One or two seminal receptacles visible in the
dorsal side of the albumen gland (Fig. 8Ad, Be, Dd).

Liobaicalia stiedae (W. Dybowski, 1875)
(Figs 3A; 5A; 6C; 7A, B; 8A)

Leucosia stiedae Dybowski W., 1875: 38, Taf. 111, Fig. 20-23;
Taf. VI, Fig. 1, Taf. VII, Fig. 9-10;

Baicalia (Liobaicalia) stiedae — Martens, 1876: 182; West-
erlund, 1877: 96;

Liobaikalia stiedae — Crosse, Fischer, 1879: 155, P1. 4, Fig. 5;

Baikalia (Liobaikalia) stiedae — Westerlund, 1886: 24; Lind-
holm, 1909: 43;

Liobaikalia stiedae — Kobelt, 1910: 40, Fig. 2361; Dybowski
B., Grochmalicki, 1920: 89, Fig. 1 — 7, 9, 14—15; Thiele,
1931: 158, Fig. 133; Shadin, 1933: 160, fig. 144; Kozhov,
1936 (partm): 125, Tabl. IV, Fig. 23 — 24; Tabl. XI, Fig.
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FIG. 3. Shells of the Liobaicalia species. A. L. stiedae (Aa) the lectotype, both views, (Ab) L. s. hirsuta (ZIN No. 1, det. Lind-
holm), (Ac) the topotype, leg. & det. P. Ropstorf, (Ad, Ae) the individuals from Utulik, (Af, Ag) from Murinskaya Bank,
(Ah) from Solsan. B. L. sidelevae sp. nov., (Ba) the holotype., both views, (Bb—Bf) the paratypes. C. L. cf. sidelevae sp. nov.
from Talanka Bay. D. L. karabanovi sp. nov., (Da) the holotype, both views, (Db—De) the paratypes, (Df) from Goloustoe,

(Dg) from Peschanaya Bay. E. L. riedeli sp. nov., (Ea) the holotype, both views, (Eb—Ef) the paratypes. Scale bar: 2 mm.
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FIG. 4. SEM photographs of Liobaicalia. A. L. sidelevae sp. nov. teleoconch (without bleaching), (Aa) microsculpture with
periostracal outgrowths. (Ab) the same, increasing part. B. The teleoconch microsculpture of L. riedeli sp. nov. (after bleach-
ing). C. L. riedeli sp. nov., upper parts of the gill leaflets with granules, possible bacteria-ectosymbionts. Scale bars: Aa =
0.5 mm; Ab =0.05 mm; B=0.2 mm; C =0.02 mm.

PUC. 4. dotorpaduu cCkaHUPYIOIIETO MIEKTPOHHOTO MUKpockona Liobaicalia. A. L. sidelevae sp. nov., TeineokoHX (06€3 YUCTKH),
Aa. MUKpOCKYJBIITYpa C HEpUOCTPaKaIbHBIMU BIpocTaMH, (Ab) yBenuyeHnHas yacTb. B. MUKpOCKYIbITYpa TEICOKOHXA
L. riedeli sp. nov. (mocne unctku). C. L. riedeli sp. nov., BepxHue 9acT >ka0epHBIX JIETIECTKOB C TPAHyIaMH, BO3MOKHBIMA
aKTOCHUMOHOHTaMU-0akTepusMu. Macirabubie muaeiikn: Aa = 0.5 mm; Ab = 0.05 mm; B = 0.2 mm; C = 0.02 mm.

24; Shadin, 1952: 279, Fig. 242; Slugina, 1983: 144;
Sitnikova, 1991: 283, Fig. 1, 1; Sitnikova et al., 2001: 65,
68, 77, Fig. 4B, 6A; Ropstorfer al., 2003: 165; Ropstorf,
Sitnikova, 2006: 123; Sitnikova et al., 2004 (partim): 946;
Kantor, Sysoev, 2005: 69; Vinarski, Kantor, 2016: 189;
Kovalenkova et al., 2020a (partim): 724.

Type material. We designate the lectotype (with
the preserved protoconch) and 11 paralectotypes

from 12 syntypes of the ZIN No. 1; other 23 syn-
types under ZIN No. 2 have been designated as the
paralectotypes; both lots have the identical labels:
“Baikal, collection of W. Dybowski, 1875.”
Material studied. See Supplementary Table S2.
Type locality. Lake Baikal, Kultuk Bay (southern
part of Lake Baikal), between the river mouths of the
Medlyanka and Slyudyanka [Dybowski B., Groch-

PUC. 3 (na mpenpinymeit crpanune). PakoBunsl BunoB Liobaicalia. A. L. stiedae, (Aa) IeKTOTHIL, ¢ IBYyX CTOpPOH, (Ab) L. s.
hirsuta (ZIN No. 1, onp. Lindholm), (Ac¢) Tonotum, coop u onpenencuue I1. Penicropd, (Ad, Ae) ocodu u3 Yrynuka, (Af,
Ag) c MypuHckoii 6anku, (Ah) 3 Conzana. B. L. sidelevae sp. nov., (Ba) ronorumn ¢ neyx cropos, (Bb—Bf) maparumsr. C.
L. cf. sidelevae sp. nov. u3 Oyxtel Tananka. D. L. karabanovi sp. nov., (Da) ronorurn ¢ aByx cropos, (Db—De) naparurisi,
(Df) u3 I'onoycrroro, (Dg) n3 6yxts! [lecuanas. E. L. riedeli sp. nov., (Ea) ronorumn ¢ aByx cropon, (Eb—Ef) maparumsr.

Scale bar: 2 mm.
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FIG. 5. The Liobaicalia spp. some morpho-anatomical characters. A. L. stiedae. B. L. sidelevae sp. nov. C. L. karabanovi sp.
nov. D. L. riedeli sp. nov. (Aa, Ba, Ca, Da) the transition from protoconch to teleoconch, (Ab, Bb, Cb, Db) the last body
whorl, (Ac¢, Be, Ce, Dc) the gill and osphradium. Abbreviations: a — angle between protoconch and 1-th teleoconch whorl;
cg — capsulae gland, g — gill, me —edge of the mantle, o — osphradium, p — “food pocket” on the right side, ph — height of
the protoconch last whorl. Scale bars: 1 mm.

PUC. 5. Hexotopsie Mopdo-aHnaromuueckue npusHaku Liobaicalia spp. A. L. stiedae. B. L. sidelevae sp. nov. C. L. karabanovi
sp. nov. D. L. riedeli sp. nov. (Aa, Ba, Ca, Da) nepexon npoTokonxa k teneokoxy, (Ab, Bb, Cb, Db) nociennuii o6opot
tena, (Ac, Be, Ce, De) sxabpa n ochpagnym. O603HaUCHNS: @ — YTOJI MEK/Ly IPOTOKOHXOM H IIEPBBIM 000POTOM TEIICOKOH-
Xa; cg — KalCyJIbHas xKeje3a, g — )kabpa, me — Kpaif MaHTHH, 0 — ochpaguii, p — «KapMaH Ui IHIIU» CIIPABOH CTOPOHBI,
ph — BeIcoTa OCIIETHEr0 000pOTa MPOTOKOHXA. MacmTabHble TrHelKku: 1 mm.

malicki, 1920], so between Kultuk and Slyudyanka
settlements, possible, near Shaman Cape, 51°40'N,
103°42'E (Fig. 1A, C) where the snails of this species
have been found many times by different researchers
(see Supplementary Table S2).

Description. The shell of medium size for the
genus, shell height up to 12 mm with 5.5-6 whorls,
the teleoconch whorls shouldered and strongly flat-
tened in shape, the upper lip of aperture triangular
(Fig. 3Aa—h). Protoconch diameter 0.78—0.89 mm,
last whorl height 0.37-0.42 mm, and whorl number
1.75-1.85; the spiral sculpture of the 1-st whorl

consists of by 4-5 spiral grooves with pits of various
sizes, and the spiral threads of the last whorl continue
on the teleoconch, where they form about 1115 spi-
ral rows of hair-like outgrowths. Osphradium thin,
gill leaflets wide-triangular, in number of 72—74 (Fig.
5Ac). Penis unpigmented or slightly grey-pigmented
with cap-shaped glandular part (Fig. 8Aa, Ab). The
length of the capsular gland shorter than the albu-
men gland on the dorsal side (Fig. 8 Ad), the ventral
part of the capsule gland subdivided into diverticula
(Fig. 8Ac); the top of the renal loop (Fig. 8Ad) vi-
sible on the dorsal part of the albumen gland; and the
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Table 2. Shell dimension of Liobaicalia stiedae, including the published data; average + standard deviation (minimal-maximal).

Tabnuma 2. Pazmeps! pakoBuHbI Liobaicalia stiedae, Bkimoyast TUTEpaTypHBIE JaHHbBIC; CPEHEE 3HAYCHUE + CTAHIAPTHOE OT-

KJIOHEHHEe (MHHUMYM—MaKCHMYM).

Locality/ shell characters SH (mm) | SW (mm) AH (mm) AW (mm) WN
The lectotype 7.8 2.9 2.1 1.8 5.5
Syntypes [Dybowski, 7.9+0.5 | 2.92+0.30 2.23+0.29 1.75+0.13 4.3+0.4
Grochmalicki, 1920] (n = 6) (7.25-10.5) | (2.5-3.4) | (1.87-2.62) (1.5-1.87) (4.0 -5.0)
Slyudyanka [Kozhov, 1936] (n=3) 10.0-11.0 4.5-5.0 2.75-3.0 2.0 5+
Sluydyanka, Shaman Cape (n=17) | 8.1£0.89 | 3.62 £0.29 2.32+0.20 2.1+0.16 495-6.0
leg. P. Ropstorf (8.7-11.7) | (3.05-3.9) | (2.05-2.6) (1.86-2.3) ' )

_ 7.7 +0.6 2.9+0.2 1.9+0.1 1.68+0.14 4.5+£5.0
Solzan (LIN No. 528) (n =7) 6887 | (2532) | (18200 | (14-18) | (45-4.0)
Murino [Kozhov, 1936] (n=2) 8.75-10.75 | 3.0-4.75 2.6-3.0 2.0-2.5 5+
Murinskaya Bank (n =3) 74-789 | 267285 | 19430 | 161-1.78 | >3.253.5
leg. M. Kovalenkova
. B 8.1£0.8 2.94+0.3 2.3+0.3 1.7+0.1

Utulik (n = 7) leg. M. Kovalenkova (7.1-9.2) (2.7-3.4) (1.7-2.7) (1.5-2.0) 4.25-5.5

left part of an oviduct thin and coiled. The seminal
receptacles thin, numbering 4-6 (Fig. 8Af, Ag). The
ventral groove width about %2 of the capsulae gland
width (Fig. 8Ae).

The shell dimensions see in Table 2. Intraspecific
variation of the teleoconch includes mainly the vari-
ability of the basal lip shape, which is triangular-
rounded in some shells.

Molecular diagnostic characters. COI: 159,
288,300 —A; 267 T, 294 -G; 93, 186 — C.

Distribution. The shells identified as L. stiedae
were found in some localities along the western and
eastern shores of the Kultuk Bay (Maritui — Kul-
tuk — Slyudyanka — Sukhoi Stream), Solsan and in
the Vydrino water area along the eastern shore of
the south Baikal basin (Fig. 1A; C, D) at the depth
zone of 9—100 m in sand sediments with detritus;
in Murinskaya Bank the sandy sediments included
iron-magnesium nodules, which are evidence of past
hydrothermal venting, usually accompanied by the
release of the gas-methane [Zemskaya et al., 2012].

Liobaicalia sidelevae Sitnikova et

Kovalenkova sp. nov.
(Figs 3B, C; 4A; 5B; 6A, B; 7C; 8B)

Zoobank registration: urn:lsid:zoobank.org:act:
EA9C945E-387C-4BA7-92EA-2EECIEEDAB19

L. stiedae —Dybowski B., Grochmalicki, 1920 (partim): 106,
Fig. 8, 10-13; Kozhov, 1936 (partim): 125, T. IV, Fig. 22.

Type material. Holotype (dry shell): ZIN No. 1/509-2022
and 18 paratypes (dry shells, ZIN No. 2/509-2022), Lake
Baikal, near Babushkin city, 51°44'05"N 105°49'05"E, 18 m,
yellow sand, leg. Sitnikova T., dredge, 07. 10.1993. Paratypes:
ZIN No. 2/509-2022 (18 dry, 6 dissected), ZIN No. 3/509-
2022 (17 in alcohol), LIN No. B1234 (39 in alcohol), near
Babushkin city, 51°44'N 105°49'E , 18-20 m, yellow sand,

06.06 2020, leg. Zhuikova N., dredge; LIN No. B1233 (6 in
alcohol and 3 dissected) near Babushkin city, 51°45'3.9"N
105°50"16"E, 3345 m, coarse sand, pebbles, 18.07.2018,
dredge, leg. Sitnikova T.

Additional studied material. See Supplemen-
tary Table S3.

Description. The shell height up to 14 mm with
5.5—-6 whorls. The teleoconch whorls slightly convex
and round-shouldered (Fig. 3B, C); the protoconch
diameter 1.0—1.2 mm, the height of its last whorl
0.4-0.6 mm, in total 1.5—1.85 whorls, the protoconch
spiral threads of varying prominence without pits
and pigtails or braids, and with axial intersecting
lines (Fig. 7C). Osphradium thin, gill leaflets wide-
triangular, 70-76 in number (Fig. 5Bc), without
round granules. Penis slightly grey-pigmented with
cap-shaped glandular part (Fig. 8Ba, Bb). The length
of the capsular gland shorter than the albumen gland
on the dorsal side (Fig. 8Be); the ventral part of
the capsule gland subdivided into diverticula (Fig.
8Bd); the top of the renal loop visible on the dorsal
part of the albumen gland; and the left branch of the
oval renal loop straight, with 4-6 elongated seminal
receptacles that significantly vary in width (Fig. 8Bf,
Bg, Bi). The width of ventral groove about ' of the
capsule gland in transverse section (Fig. 8Bh).

The shell dimensions see in Table 3. The intraspe-
cific variability of the shell is expressed in the degree
of opening of the whorls from weak (Fig. 3C) to
stronger (Fig. 3Bf), and in the aperture shape — from
rounded (Fig. 3Be) to oval (Fig. Bb).

Remarks. It differs from other species of Lio-
baicalia in the unevenly increasing whorls of the
protoconch; its last whorl is more heightened, and
in the weak manifestation of the microsculpture. The
teleoconch of L. sidelevae sp. nov. strongly differs
in the rounded whorls, sometimes weakly opening
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FIG. 6. SEM photographs of the operculum and radular teeth of Liobaicalia spp. A, B. L. sidelevae sp. nov. C. L. stiedae. (Aa)
the outer side of the operculum, (Ab) the inner side of the operculum, (Ba, Ca) the part of the radular ribbon, (Bb, Be, Bd)
the radular teeth of three individuals, (Cb) the central teeth, (Cc) the lateral teeth. Scale bars: A =1 mm; Ba = 0.05 mm;
Bb, Bc, Bd, Cb, Cc = 0.01 mm; Ca = 0.02 mm. Photo P. Ropstorf (C).

PUC. 6. dotorpaduu KpbIlieuku u paayisl Liobaicalia spp. A, B. L. sidelevae sp. nov. C. L. stiedae. (Aa) HapyXHasICTOPOHA
KpbIIeukd, (Ab) BHYTpeHH:IsI cTOpoHa Kpbimeuky, (Ba, Ca) wacte pangyinsi, (Bb, Be, Bd) 3y0sr pangynst 3-x ocobei, (Cb)
HeHTpasbHbIe 3y0bl, (Cc) marepanbHbiii 3y0. Macimtadubie auaeiiku: A = 1 mm; Ba = 0.05 mm; Bb, Be, Bd, Cb, Cc =0.01
Mmym; Ca = 0.02 mm. @oro I1. Penicropd (C).
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Table 3. Shell dimension of the L. sidelevae sp. nov., average + standard deviation (minimal-maximal). Abbreviations see in

Table 2.
Tabmnuua 3. Pasmeps! pakoBuHbI L. sidelevae sp. nov., cpejjHee 3HaYCHNE + CTaH[apTHOE OTKIOHEHNE (MUHUMYM — MaKCHMYM).
Locality/ shell characters SH SW AH AW WN
(mm) (mm) (mm) (mm)
The holotype 8.12 3.26 2.34 2.0 5.25
The paratypes (n=31) 99+1.16 | 4.18+0.53 2.58+0.39 2.50+0.32 48+0.5
paratyp (114-6.5) | (3.1-5.8) (2.05-3.1) (1.7-3.1) 425-55
Talanka Bay (n=1) 6.3 2.9 1.8 1.3 4.5

Table 4. Comparison of the morpho-anatomical characters of the Liobaicalia spp.

Tabnuua 4. CpaBHHTENIBHAS XapaKTepUCTHKA MOP(PO-aHATOMUYECKUX MPU3HAKOB Liobaicalia spp.

Characters/species L. stiedae L. sidelevae sp. nov. | L. karabanovi sp. nov. | L. riedeli sp. nov.
Strongly flattened, Slightly convex, Flattened, slightly
Teleoconch whorls shape shouldered Rounded shouldered convex, shouldered
, B 1.2+0.1 _ -
Protoconch diameter, mm | 0.78-0.89 (n=3) (1.02-1.22) (n=5) 0.9-1.0 (n=3) 0.65-0.71 (n=4)
Protoconch last whorl 0.41+0.1
height, mm 0.25-0.4 (0.34-0.6) 0.28-0.4 0.2-0.28
Irrecular weak spiral Spiral irregular threads Strong spiral
Protoconch Spiral regular rregu P with transversal irregular threads,
: P lines and transversal | . . D -
microsculpture grooves with pits lines discontinuous lines in | some of them like
some parts braids
Angle between the
protoconch and first 56-70° 27-63° 57-70° 65-67°
teleoconch whorl
Osphradium Slender Slender Slender Widened
Gill leaflets number 72-74 (n=2) 72-76 (n=2) 70-72 (n=2) 52-58 (n=2)
Capsule gland length to Shorter Shorter Equal Equal

albumen gland

Capsule gland surface

With diverticula

With diverticula

Without diverticula

Without diverticula

Albumen gland surface

Strong-grained

Strong-grained

Slight-grained

Fine-grained

Renal loop shape

Oval, long, twisted
left branch

Oval, long, straight
left branch

Rounded, short,
straight left branch

Rounded, short,
straight left branch

Broaden

Broaden

Thin

Thin

Ventral groove

(Table 4). This new species is closer to L. stiedae in
shape and size of the osphradium, in the number of
gill leaflets and in structure of the female reproduc-
tive system, but its left branch of the renal oviduct
is straight versus twisted in L. stiedae.

Molecular Diagnostic Characters. CO/ binary:
54,210, 264,297,384 —A; 39,507 -T; 150-G; 72,
99, 126 — C; ITS] asymmetric: 210 — G.

Etymology. The species name ‘sidelevae’ is in
honor of the Russian scientist Prof. Valentina Side-
leva (Zoological Institute RAS, Saint Petersburg).
She lived on the shores of Lake Baikal and studied
its fauna for more than 15 years, and now she still
continues to be interested in the animals inhabiting
gas-methane and oil seepage areas of the Lake.

Distribution. This species was many times found
in some localities on flattened sandy bottoms near
Babushkin city (Mysovaya railway station) near gas
bubble seepages (Fig. 1A, I, K) and coal-bearing
layers of the sediments (Fig. 1J). Possibly, this spe-
cies also lives near Boyarskaya Bay (not far from

Babushkin), where snails were recorded as L. stiedae
by Kozhov [1936]. Shells (Fig. 3C) similar to this
new species were found twice in Talanka Bay (east
of'the central basin) (Fig. 1A, 13) on sandy sediments
at the depth of 7-10 m. The methane emission was
detected in the deep zone of the Talanka Bay [Ha-
chikubo et al., 2023].

Liobaicalia riedeli Sitnikova et

Kovalenkova sp. nov.
(Fig. 3E; 4 B-C; 5D; 7D; 8C)

Zoobank registration: urn:lsid:zoobank.org:act:
18347763-CBAA-4047-B33C-191E4819AFF3

Liobaicalia stiedae— Kozhov, 1936(partium): 125; Bazi-
kalova, 1977: 102

Type material. Holotype: ZIN No. 1/508-2025, Po-
solskaya Bank, 52°03'24.8"N, 105°52'12.8"E, 35-50 m,
sand, silt, iron-manganese nodules, leg. M. Kovalenkova,
16.06.2024, dredge. Paratypes: ZIN No. 2/509-2025 (4 dry);
LIN B1225/a (2 in alcohol, 5 dissected), the same label; LIN
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FIG. 7. SEM photographs of the protoconchs of the Liobaicalia spp. A. L. stiedae, the topotypes (Aa). the protoconch and
visible boundary with teleoconch (Ab) the initial whorl. B. L. stiedae from Utulik. C. L. sidelevae sp. nov. the paratype.
(Ca) the apex view, (Cb) the initial whorl of the apex, (Cc) the umbilicus side. D. L. riedeli sp. nov. paratype, (Da) the
apex view, (Db) the microsculpture of the first whorl (De¢) the microsculpture of the umbilicus side. E. L. karabanovi sp.
nov., the paratype, (Ea) the apex view, (Eb) the initial whorl, (Ec) the first whorl end. F. L. cf. karabanovi sp. nov. from
Goloustnoe. Scale bars: Ca, Cc, B, Ea, F = 0.5 mm; Da = 0.4 mm; Aa = 0.2 mm; Cb, Db, D¢, Eb, Ec = 0.1 mm; Ab = 0.05
mm. Photo P. Ropstorf (Aa, Ab).

PUC. 7. ®otorpadun npotokoHxoB Liobaicalia spp., MOTydeHHBIE ¢ TOMOIIBIO MEKTPOHHOTO CKAaHUPYIOIIET0 MHKPOCKOTIA.
A. L. stiedae, Tonotun (Aa). [IpoTokOHX ¢ BUIUMOI rpaHuIiell y Teneokonxa (Ab) HauansHbIil 000poT, B. L. stiedae u3
Vrymuka. C. L. sidelevae sp. nov., naparun, (Ca) anukanbHas cropoHa, (Cb) HauansHBII 000pOT ¢ alMKaIbHONW CTOPOHBI,
(Cc) co ctoponsl mynka. D. L. riedeli sp. nov., naparumn, (Da) anukansHast ctopoHa, (Db) MukpockynsnTypa nepsoro 06o-
pota ¢ anukansHO# croponsl, (De¢) co cropons! nynka. E. L. karabanovi sp. nov., naparur, (Ea) anukansnast cTtopoHa,
(Eb) HauanpHBII 000poT cBepxy, (Ec) xonen mepsoro obopota cBepxy. F. L. cf. karabanovi sp. nov. u3 T'onoyctHoro.
Macmradusie nuneiiku: Ca, Cc, B, Ea, F = 0.5 mm; Da = 0.4 mM; Aa = 0.2 mm; Cb, Db, D¢, Eb, Ec = 0.1 mm; Ab = 0.05
mm. @oto I1. Penipcropd (Aa, Ab).
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Table 5. Shell dimension of L. riedeli sp. nov., average + standard deviation (minimal — maximal).

Tabnuua 5. Pasmepsr pakoBuHbI L. riedeli sp. nov., cpenHee 3Ha4eHUE + CTaHAAPTHOE OTKJIOHEHHE (MUHIMYM — MaKCUMYM).

Locality/ shell characters SH SW AH AW WN
(mm) (mm) (mm) (mm)
The holotype 6.9 2.6 1.6 1.5 5.0
The paratypes (n=10) 64+0.8 25+0.3 1.5+0.15 1.4+0.13 5.0+0.45
paratyp 6.5-72) | (2.4-2.8) (14— 1.75) (13- 1.6) (4.0 -5.5)

B1225/b (15 juvenile in alcohol, 4 dissected), Posolskaya
Bank, 52°03’10"N, 105°51'49"E, 37.3-39 m, coarse and
fine sand, iron-manganese nodules, leg. M. Kovalenkova,
27.07.2018, dredge.

Additional studied material. See Supplemen-
tary Table S3.

Description. Shell (Fig. 3E) height up to 8 mm
with 5.5 whotls (Table 5); teleoconch whorls strongly
shouldered, flattened or slightly convex. Protoconch
diameter 0.7-1.0 mm with 1.5-1.75 whorls number
(n=3), height of the last whorl of the protoconch
0.2-0.28 mm, its angle with the first teleoconch
whorl about 65-67° (Fig. 5Da). Protoconch with
strong spiral sculpture, braids visible between some
spiral striae (Fig. 7D). Foot, head and mantle edger
slightly pigmented, gill leaflets 52—58, osphradium
wide, with orange border (Fig. 5Dc). Gill leaflets
with spherical granules, which look like bacteria (Fig.
4C). Albumen gland fine-grained, equal length to not
diverticular capsule gland (Fig. 8Dc, Dd), the renal
loop straight, wide, and short; includes 2—5 seminal
receptacles (Fig. 8De, Df). Ventral groove narrow
(Fig. 8Dc). Penis coiled to left side; its glandular
part cap-shaped (Fig. 8Da, Db).

The shell dimensions provided in Table 5. The
intraspecific shell variation low in the type locality
is mainly expressed in the shape of the whorl shoul-
der, which varies from rounded to sharp-angled.
The variability of the shells found in other localities
was similar.

Remarks. This species differs from other Lio-
baicalia spp. in smaller shell size (up to 8§ mm with
5.5 whorls), in the smaller height of the protoconch
last whorl, and in the presence of the spiral braids
in protoconch microsculpture. L. riedeli sp. nov. is
closer to L. karabanovi sp. nov. in female reproduc-
tive organs and differs from it in wider osphradium
and in the smaller number of the gill leaflets (Table
4), which are covered by spherical granules not found
on the leaflets of other Liobaicalia spp.

Molecular Diagnostic Characters. CO/ binary:
166 — T; 435, 576 — G; 127 — C; ITS1 binary: 123,
134,284 —-T; 20, 81,307 - G; 274 - C.

Distribution. It was collected multiple times on
the Posolskaya Bank (Fig. 1A, H) near the water area
of gas methane bubbles [Kalmychkov et al.,2017] on
sandy sediments with iron-manganese nodules at the
depth zone of 35-45 m. Perhaps, this species inhabits
regions of the Kukui mud volcanoes of the Selenga

River delta. According to Bazikalova [1977], snails
of Liobaicalia have been found in “open” regions of
the Selenga River delta at the depth zone of 14-280
m on silt-sand and silt sediments. The shells from
the Selenga area, near Enkhaluk and the Sulkhaya
River (Fig. 1A, 1112, Table S3) have been identified
as L. stiedae by Kozhov [1936], but they are more
similar to L. riedeli sp. nov. than to L. sidelevae sp.
nov. and L. stiedae, from which they differ in a small
shell height (up to 5 mm) and a sharp angle of the
whorl shoulders. Two dry shells were collected by a
trawl at 460 m depth on a transect between Krestovy
Cape and Kukui (Table S3). The gas discharge was
registered in the deep water area of the Selenga River
delta, including Kukui mud volcanoes, and near
Enkhaluk [Hachikubo et al., 2023].

Etymology. The species name ‘riedeli’ is in honor
of the German malacologist and paleontologist Prof.
Frank Riedel (Free University of Berlin), who studies
the fauna of the ancient lakes of the world, including
Baikal. He participated in some Baikal expeditions
and initiated the investigations of the Baicaliidae
and Choanomphalus (Planorbidae), using methods
of scanning electron microscopy.

Liobaicalia karabanovi Sitnikova et

Kovalenkova sp. nov.
(Figs. 3D; 5C; 7E, F; 8D)

Zoobank registration: urn:Isid:zoobank.org:act:
86C53BF6-8358-4DAD-9148-F2A74A9E7CCE

Liobaicalia stiedae— Kozhov, 1936 (partim): 125; Sitnikova
etal., 2010: 7.

Type material. Holotype. ZIN No. 1/510-2025, Bolshie
Koty Bay, 51°54'N 105°04' E, 20-25 m, sand, leg. I. Khanaev,
scuba diver, 28.08. 2020. Paratypes: ZIN No. 2/511-2025
(10 in alcohol) the same sample; LIN B1232 (8 in alcohol, 5
dissected), the same sample.

Additional studied material. See Supplemen-
tary Table S3.

Diagnosis. Shell (Fig. 3D) height up to 11 mm
with 5.5 whorls; teleoconch whorls shouldered,
flattened, slightly convex in the middle or lower
part. Protoconch diameter 0.9—1.04 mm with whorls
number 1.5-1.75. The height of the last protoconch
whorl 0.28-0.40 mm, with the angle between the first
whorl of a teleoconch varying from 57 to 70° (Fig.
5Ca). Protoconch microsculpture with irregular spiral
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FIG. 8. The photographs of Liobaicalia spp. reproductive organs. A. L. stiedae. B. L. sidelevae sp. nov. C. L. riedeli sp. nov.
D. L. karabanovi sp. nov. (Aa, Ba, Ca, Da) the front of male body with a penis, (Ab, Bd, Cb) the penis ventral view, (Db)
the penis dorsal view, (Bc) the penis tip, (Ad, Be, Cc, Be) female organs, ventral view, (Ae, Bd, Cd, Dd) the dorsal view,
(Af, Bf, Bg, De) the renal loop, ventral view, (Ag, Cf, Df), the renal loop, dorsal view, (Be, Bh) the cross-section through
the capsular gland and ventral groove, (Cc) the prostate. Abbreviations: ag — albumen gland, cg — capsulae gland, lo — left
part of the renal loop, p — penis, ro — right part of the renal loop, pg — penial gland, trl — top of the renal loop; vg — ventral
groove. Scale bars: Aa, Ab, Ad, Ae, Af, Ag, Ba, Bd, Be, Ca, Cc, Cd, Dc, Dd = 1 mm; Bb, Bf, Bg, Bh, Bi, Ce, Cf, Da, De,
Df =0.5 mm; Bc =0.1 mm. Ae, Ae, Ag, Bg, De — stained with an alcohol solution of the orcein and transparent with clove
oil; Cd, Ce, Cf — without staining in clove oil.

PUC. 8. ®otorpadun opraHoB penpoayKTHBHOM cucteMbl Liobaicalia spp. A. L. stiedae. B. L. sidelevae sp. nov. C. L. riedeli
sp. nov. D. L. karabanovi sp. nov. (Aa, Ba, Ca, Da) nepeansist uacth Tena camua ¢ neaucom, (Ab, Bd, Cb) nenuc, BeHTpaib-
Has cropoHa, (Db) menwuc, nopcansHas cropoHa, (Be) konen nenuca, (Ad, Be, Cc, Be) jxeHCKre opraHbl ¢ BEHTPaIbHON
cTopoHsl, (Ae, Bd, Cd, Dd) Toxe ¢ nopcansHoli ctoponsl, (Af, Bf, Bg, De) penanbHas memis ¢ BEHTPaJbHOM CTOPOHEI (Ag,
Cf, Df), peranbHas netis ¢ fopcajibHOU cTopoHsl, (Be, Bh) nonepeunstii cpes uepes KalcyabHy0 kKeae3y U BEHTPaJIbHbII
xen000k, (Ce) mpoctara. O0o3HaueHHs: ag — OenKOBas JKene3a, Cg — KalcyabHas jKene3a, lo — neBast 4acTh peHaTbHON
IETJIH, p — [IEHUC, IO — IIpaBasi YacTh PEHAIBHOI NEeTIIN, Pg — IEHHAIbHast JKelle3a, trl — BepXyIlika peHaIbHOW TeTIH; Vg —
BEHTpaIIbHBIH xKeTn00oKk. MacmrabHble muHerkn: Aa, Ab, Ad, Ae, Af, Ag, Ba, Bd, Be, Ca, Cc, Cd, Dc, Dd = 1 mwm; Bb, Bf,
Bg, Bh, Bi, Ce, Cf, Da, De, Df =0.5 mm, Bc = 0.1 mm. Ae, Ae, Ag, Bg, De — okpaliieHbl CTUPTOBBIM PACTBOPOM OPCEHHA
U IIpocBeTIeHs! rBo3auuHbM MacioM, Cd, Ce, Cf — B rBo3andHOM Maciie 6e3 OKpaIInBaHus.

threads of different widths, with axial discontinuous capsule gland (Fig. 8Dc, Dd), the renal loop rounded
lines in some parts (Fig. 7E, F). Front of body, foot, and short, with a straight left branch; the right branch
head and mantle edge pigmented black with a violet with 2-5 seminal receptacles (Fig. 8De, Df). Ventral
tint, the body light grey-violet; gill leaflets 70-72, groove narrow (Fig. 8Dd). Penis coiled; its glandular
osphradium slender (Fig. 5Cc). Albumen gland, part cap-shaped (Fig. 8Da, Db).

slightly grained, equal in length to not diverticular The shell dimensions provided in Table 6. The
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Table 6. Shell dimension of the L. karabanovi sp. nov., average + standard deviation (minimal — maximal).
Tabnuua 6. Pasmepsr pakoBuH L. karabanovi sp. nov., cpeqHee + CTaHAAPTHOE OTKIOHEHHE (MHHUMYM—MaKCUMYM).

Locality/ shell characters SH SW AH AW WN
The holotype 9.9 3.8 1.3 1.1 5.0
The paratypes (n=6) 8.0+1.3 3.4+0.5 2.16+0.5 1.98+0.4 5.0£0.5

paratyp (6.8-10.0) | (2.9-4.2) (1.9-2.8) (1.5-2.6) | (3.0-5.25)

_ 10.0+0.73 4.85+0.5 3.2+0.2 2.3+0.3 5.0£0.4

B. Koty (n=5) (Kozhov, 1936) 9.0-10.5) | (40-55) | (3.03.5) | (20-275) | (40-5.5)
N. Khomuty (n=2) (Kozhov, 1936) | 10.0-10.6 4.0-4.25 3.0 2.25-23 4.5-5.0+
Goloustnoe (n=1) 7.1 2.9 1.2 1.5 5.15

FIG. 9. Shells and penises of the close relatives of the Liobaicalia species. A. Pseudobaikalia zachwatkini from Maloe More.
B. Korotnewia angigyra from Barguzin Bay. C. K. korotnevi, (Ca) from Maloe More and (Cb) near Posolskaya Bank. (Ac,
Cc) usual penis positions, (Be) penis during copulation. Scale bars: 1 mm (a short bar for shells and a long bar for penises).

PUC. 9. PakoBUHBI ¥ NEHUCHI OIM3KOPOACTBEHHBIX BUIOB Liobaicalia A. Pseudobaikalia zachwatkini w3 Manoro mops. B.
Korotnewia angigyra n3 Baprysunckoro 3amuBa. C. K. korotnevi, (Ca) n3 Manoro mopsi, (Cb) u3 [Toconsckoii 6anku. (Ac,
Cc) oOb1uHas no3unys nenuca, (Be) nernc Bo Bpems xomyssiunu. MacitaOHble THHEHKH: | MM (KOpOTKast TMHEHKA — U1

PaKoOBUH, JUIMHHAS JIMHEHKA — JJIsl TICHUCOB).

intraspecific shell variation is high level and is
expressed in the shape of the whorls and in level of
opening whorls.

Molecular Diagnostic Characters. CO/ binary:
43, 309, 519 — T; 240, 387 — G; ITSI binary: 204,
302 - G.ITSIasymmetric: 210—-A;215-T; 291 -C.

Remarks. The teleoconch of this species is simi-
lar to that of L. stiedae, from which it differs in the
structure of the female reproductive organs, which
are similar to L. riedeli sp. nov. The other differences
between species are presented in Table 4.

Etymology. The species name ‘karabanovi’ is in
honor of the Russian scientist of broad knowledge
Prof. Evgeniy Karabanov (Limnological Institute
SB RAS), who studied the geological, geomorpho-

logical, ecological, and biological aspects of Baikal
Lake. He was a diver-scientist, and he was the first
who studied the biological traits of the underwater
Baikal landscapes.

Distribution. The species was found at the depth
of 12-130 m on sandy sediments along the western
shore of the south Baikal basin: Bolshie Koty Bay,
near the Goloustnoe settlement, Peschanaya Bay
(Fig. 1A, 15, 16, 18), and near the Nizhnie Khomuty
settlement (Fig. 1A, 17). According to E. Karabanov
[personal communication], the type locality of L.
karabanovi sp. nov. belonged to the landscapes of
the ancient delta of the river Bolshaya Kotinka (Fig.
1, E, F). The Goloustnoe is also located near the pa-
leodelta of the Goloustnoe River (Fig. 1B) [Kononov
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FIG. 10. Protoconchs of the close related species to Liobaicalia spp. A. Pseudobaikalia zachwatkini. B. Korotnewia angigyra.
C, Korotnewia korotnevi. (Aa), apex view, (Ab) hatching in apertural view, (Ba, Ca) apex view, slightly turned, (Ac, Bb)
the initial part, (Be) increased microsculpture, (Cb) back view. Scale bars: Aa, Ab, Ba, Ca, Cb = 0.4 mm, Ac, Bb, Bc = 0.1
mm. A — from Sitnikova et al. 2001.

PUC. 10. A. Pseudobaikalia zachwatkini. B. Korotnewia angigyra. C. Korotnewia korotnevi. (Aa), Buj cBepxy, (Ab) Buz co
cTOpOoHHI ycThs, (Ba, Ca) Buz cBepxy, cierka moBepHyT, (Ac, Bb) nadanpaas dacts, (Be) yBenuuennas ckyasnrypa, (Cb)
BHJI c3aau. Macmtabuble auHeiiku: Aa, Ab, Ba, Ca, Cb = 0.4 mm, Ac, Bb, Bc = 0.1 mm. A — from Sitnikova et al. 2001.

et al., 2019]; the sediments at the depth of 100 m of
the Goloustnoe area included the filaments of sulfur
bacteria Thioploca, and the gas emission has been
observed in this region.

Discussion

Comparison of Liobaicalia spp. and their
close related species

The snails with open coiled whorls never have
been found within P. zachwatkini (Fig. 9A), K.
angigyra (Fig. 9B) and K. korotnevi (Fig. 9C). The
teleoconch of P. zachwatkini (Fig. 9A) has the shoul-
dered whorls and the ribbed sculpture. Similarly, to
Liobaicalia spp., the teleoconch of both K. korotnevi
(Fig. 9Cb) and K. angigyra (Fig. 9Bb) has the perio-
stracal outgrowths, but their shell closed whorls are
rounded and increase more rapidly in width than in
Liobaicalia.

At present, a planispiral protoconch turned is a
characteristic for Liobaicalia only [Sitnikova et al.,
2001]; the protoconch of P. zachwatkini is a discoid
shape (Fig. 10Ab), and that is close to L. sidelevae sp.
nov., but the spiral microsculpture of P. zachwatkini
protoconch is stronger than the weakly visible one
in L. sidelevae sp. nov.

The protoconchs of K. korotnevi and K. angigyra
are rather spherical or wide-conical in shape (Fig.

10Ca, Cb). The protoconch microsculpture of both
consists of numerous spiral threads and axial lines
(Fig. 10 10 Ba, Ca), similar to L. sidelevae sp. nov.
and L. karabanovi sp. nov., and in contrast to L.
stiedae and L. riedeli sp. nov. has not pits and braids,
The protoconch microsculpture of K. angigyra has
reticulate patches in some parts (Fig. 10Bc).

The significant differences in penis structure be-
tween Liobaicalia spp. and three discussed species
belonging to other genera (Fig. 9Ac, Be, Cc) were
not found. The observed variability in the penis posi-
tion (curved, looped, or circular) should be studied
in more detail. The differences in the characters of
the female reproductive organs between Liobaicalia
and their closely related species of other genera are
more significant. The elongated oval renal loop,
diverticular capsule gland, and wide ventral groove
of the female reproductive system of P. zachwatkini
(Sitnikova, 1991) make it close to L. sidelevae sp.
nov. and L. stiedae. But the extended part of the renal
loop of P. zachwatkini is larger than in Liobaicalia.

The female reproductive system of K. korotnevi
and K. angigyra (Sitnikova, 1991) is similar to L.
karabanovi sp. nov. and L. riedeli sp. nov.; all of
them have a rounded short renal loop and a thin ven-
tral groove, but the capsule gland of both Korotnewia
species is subdivided into diverticula, which is not a
characteristic of the two listed Liobaicalia species.

The combination of differences in the shape of the
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protoconch and its position relative to the teleoconch,
as well as the differences in the female reproductive
organs between Liobaicalia and Korotnewia, pre-
vents combining these genera.

Discordance between morpo-anatomical and
molecular traits

The genus Liobaicalia was not shown to be
monophyletic based on mitochondrial COI data.
This is not unique for the Baikal endemic gastropods.
For instance, the mitochondrially defined clades are
in conflict with taxonomy of rock-dwelling cichlid
fishes in Lake Tanganyika [Verheyen ef al., 1996].
The genetic and morphological discordance oc-
curred within gastropods in other ancient lakes, for
instance in Biwa [Kohler, 2016] and Titikaka [Kroll
et al., 2012]. There are some evidences indicating
that mitochondrial markers alone can lead to mis-
leading estimates due to mito-nuclear discordance
within different groups of organisms, and using ad-
ditional genetic markers play down this inconsistency
[Toews, Brelsford 2012; Hupato et al., 2023; Gusmao
et al., 2025, etc.]. The mito-nuclear discordance
was illustrated for Baicalia genus [Poroshina et al.,
2020]. Unlike Liobaicalia and Baicalia, the genus
Kobeltocochlea Lindholm, 1909 (Truncatelloidea:
Benedictiidae) is paraphyletic based on nuclear
ITS1 sequences and monophyletic in COI dataset
[Sitnikova et al., 2021].

Our analysis revealed that the distinction in
ATPso. sequences between L. karabanovi sp. nov.
and Korotnewia is larger than in COI (6 substitutions
versus 3). We studied only two (K. korotnevi and K.
angigyra) of three Korotnewia species and one of the
three subspecies of K. korotnevi. The third species,
K. semenkewitschi (Lindholm, 1909), includes two
subspecies, one of which co-occurs with four Lioba-
icalia species. Genus Pseudobaikalia includes eight
species; most of them are needed to study.

According to Blasco-Arostegui et al. [2025],
the evolutionary incongruence between the mito-
chondrial and nuclear genomes may obscure signals
of introgression and hybridization important for
understanding evolutionary trajectories and species
boundaries. The mito-nuclear discordance is ex-
plained by hybridization, for instance, between river
and lacustrine species of Biwa Lake Semisulcospira
Boettger, 1886 [Morita et al., 2024], between African
cichlid fishes differentiated in morphology, trophic
and reproductive behavior, and other biological
traits, and environment patterns [Verheyen et al.,
1996; Loh et al., 2013; Svardal et al., 2020; etc.].
Biogeographical patterns and vicariance may result
in the discordance between mtDNA and nDNA,
which was found in some animals [Toews, Brelsford,
2012; Blasco-Arostegui et al., 2025; etc.] We agree
with Santos ef al. [2023], who wrote that the evolu-

tionary histories of rapid radiations are challenging
to reconstruct due to the prevalence of incomplete
lineage sorting in combination with introgression and
hybridization, which are so complex that they can-
not be fully described, especially in young lineages.
The revealed discordance between mito- and nuclear
differences within Liobaicalia spp. is to indicate the
complicated process of these species’ diversification
during the Quaternary. The calculated age for the
recent Baikal endemic gastropods, including Baicali-
idae, is 3.5-2.5 My, which is evidence of their rapid
speciation [Zubakov et al., 1997; Sherbakov, 1999]
after mass extinction during global climate cooling
on the boundary of the Pliocene—Pleistocene.

Origin of the scalariform species

Three species, L. stiedae, L. sidelevae sp. nov.
and L. karabanovi sp. nov. characterized by the same
intron allele in ATPsa that can be indicated their
share a common ancestor. The fourth, L. riedeli sp.
nov., has a similar allele but with a large insertion,
which is likely the result of a single mutation. Com-
mon ancestor of corkscrew-shell baicaliids, possibly,
was adapted to life inside the soft sediment (Fig. 11).
The available information on the species distribution
indirectly indicates a vicariate way of subdivision of
Liobaicalia.

Species with similar morphology of the female
reproductive organs, L. stiedae and L. sidelevae
sp. nov. (3.95% uncorrected p-distance of COJ),
live nearby along the eastern shoreline (Fig. 1), but
were not found syntopically. Another pair of species
with similar genital morphology, L. karabanovi
sp. nov. and L. riedeli sp. nov. (1.98% uncorrected
p-distances) are geographically isolated from each
other. The first of them inhabits the western part of
the lake, while the second was found on an underwa-
ter upland not far from the east shore, and in Selenga
River region, wedging to the range of L.sidelevae sp.
nov. The differences in morphology of the female
genitals and in COI p-distance (3.48%) are signifi-
cant between L. riedeli sp. nov. and L. sidelevae sp.
nov. The distribution of L. karabanovi sp. nov. and
L. stiedae (COI 2.94% uncorrected p-distance) is
interrupted by the Angara outlet.

The time divergence of L. sidelevae sp. nov. ac-
cording to our calculation, was about 1.7 Mya, which
coincided, according to Karabanov et al. [2000] with
the beginning of warming after the I cold period of
1.75-1.45 Mya in the Pleistocene. Similarly, the cal-
culated age of L. riedeli sp. nov. and L. stiedae (about
0.8 My, MIS 19) and L. karabanovi sp. nov. (about
0.2 My, MIS 6) coincided with the different regis-
tered interglacial stages (Karabanov et al., 2001).
Cold periods were accompanied by a significant
reduction in photosynthetic food [Karabanov et al.,
2000, 2001, etc.], and animals including gastropods,
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capable of assimilating the chemosynthetic organic
matter (free-living methanotrophic microorganisms),
survived in regions similar to recent of the methane
discharge area in Baikal (Fig. 1E, F, K) [Zemskaya
et al.,2012; Sideleva, Sitnikova, 2021, etc.]. So, we
speculate that climate changes and geo-hydrological
processes in zones of active tectonic faults (includ-
ing earthquakes and gas emissions) [Khlystov et al.,
2016a, 2018] likely triggered habitat fragmentation
and population decline among low-mobility burrow-
ing gastropods, thereby possibly hybridizing differ-
ent species with similar genitalia. In this context,
especially two pairs of species deserve attention:
corkscrew-shaped L. karabanovi sp. nov. — normal-
shaped K. korotnevi (0.65% uncorrected p-distance
of COI), and corkscrew-shaped L. riedeli sp. nov.
—normal-shaped K. angigyra (1.46% uncorrected p-
distance of COI), which are characterized by similar
(not identical) morphology of the female genitalia.
These small genetic distances were revealed between
individuals of the normal- and corkscrew-shaped
shells that lived far from each other (Fig. 1A), and
they are deprived of the possibility meeting and
interbreeding. It should be noted that due to the
young age of the species, L. karabanovi sp. nov.
and K. korotnevi, even in the absence of gene flow,
the expected genetic distances can be quite small.
The data on the radular teeth morphology of
the listed above species [Dybowski, 1875; Kozhov,
1936; own data] allow us to assume the trophic dif-
ferentiation between close related species of Lioba-
icalia and Korotnewia inhabiting sandy substrate.
Divergent adaptation to different trophic resources
recorded among sympatric gastropod taxa in ancient
lakes, for example in Tanganyika [Michel, 2000]
and Sulawesi, Indonesia [von Rintelen et al., 2004].

Occurrence of scalariform shells

The scalariform shells were recorded among
fossil baicaliids (Fig. 11) in Low-Middle Miocene
deposits and named Liobaicalia substiedae by Mar-
tinson [1961]. The affiliation of this fossil to the
genus Liobaicalia is conditional, since the shell apex
is not similar to recent representatives of the genus;
however, this circumstance is possible evidence of
the multiple and independent occurrences of the
scalariform shells during Baikal history.

At present, scalariform shells sometimes appear
as aberrant variants within Baikal endemics, for
instance, among Choanomphalus patulaeformis
Lindholm, 1909 (Planorbidae), Megalovalvata ba-
icalensis (Gerstfeldt, 1859), and M. demersa (Lind-
holm, 1909) (Valvatidae). The scalariform shells
were often found in the eastern littoral of the central
Baikal basin but not in abundance. In contrast to
Liobaicalia spp., these snails with open coiled whorls

FIG. 11. Fossil holotype of L. substiedae Martinson, 1961,
Miocene deposits of the Tankhoi formation, southeastern
shore of Baikal Lake, No. 96/177 of the collection of the
Karpinsky Russian Geological Institute (VSEGEI, St.
Petersburg, Russia). Scale bar: 1 mm.

PUC. 11. T'onotun uckomamoro L. substiedae Martinson,
1961, MuonieHOBEIE OTIOXKEHUS TaHXOWCKOW CBHTEHI,
I0r0-BOCTOYHOE nobepexbe 03. baiikan. Komnexus
Bcepoccuiickoro HayYHO-HUCCIIEIOBATEIECKOTO TEOJIOTH-
yeckoro nHctuTyTa M. A.Il. Kapnuackoro, Ne 96.177.
Macirabnast JuHelka = 1 MM.

do not form the stable populations, shells of which
would be characterized by equally opening whorls.

Similarly, scalariform shells were registered
among Gyraulus spp. (Planorbidae) in Lake Ban-
gong, Tibetan Plateau [Clewing et al., 2015], and
Bulinus sp. (Bulinidae) from Lake Malawi [Clewing
et al., 2020] or were described like the species, for
example, Heleobia mirum (Haas, 1957) (Hydrobi-
idae) from Lake Titicaca [Kroll et al., 2012] and
stygobiotic Caucasopsis sp. 3 (Hydrobiidae) from
Caucasus [Chertoprud et al., 2025]. The corkscrew
morpho-ecotype of Bulinus sp., lives together with
snails of normal, regularly shaped shells, from which
it is low genetically differentiated [Clewing ef al.,
2020]. The corkscrew Caucasopsis sp. 3 inhabits a
separate cave from a sister, normal-shaped species
[Chertoprud et al., 2025].

Thus, the description of the three-new species
raised new questions in the taxonomy of Baicaliidae
and gastropod endemic diversification. Further stud-
ies of the morphology and ecology of a larger number
of representatives of Baicaliidae, as well as the use
of specific genetic markers and analysis of the stable
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carbon and nitrogen isotopes in tissues, are necessary
to study the origin of closely related species. We have
not yet studied all species of baicaliids living on sand,
the shell of which has hair-like short outgrowths
and planispiral protoconch similar to Liobaicalia.
According to Riedel [1993], the knowledge of the
protoconchs of freshwater gastropods is essential
to taxonomic decisions and to trace back evolution.
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