r-reviewed open-access

ZooKeys 955: 1-77 (2020) A pee journal
doi: 10.3897/z00keys.955.51983 RESEARCH ARTICLE $ Z OOI(CVS

https://zookeys.pensoft.net Launched to accelerate biodiversity research

Revealing the stygobiotic and crenobiotic molluscan
biodiversity hotspot in Caucasus: Part I.

The phylogeny of stygobiotic Sadlerianinae Szarowska,
2006 (Mollusca, Gastropoda, Hydrobiidae) from
Georgia with descriptions of five new genera and

twenty-one new species

Jozef Grego', Levan Mumladze?, Andrzej Falniowski?, Artur Osikowski?,
Aleksandra Rysiewska’, Dimitry M. Palatov®, Sebastian Hofman®

| Hornd Micind 219, 97401, Banskd Bystrica, Slovakia 2 Institute of Zoology, Ilia State University, Kakutsa
Cholokashvili Ave 3/5, Tbhilisi 0162, Georgia 3 Department of Malacology, Institute of Zoology and Biomedi-
cal Research, Jagiellonian University, ul. Gronostajowa 9, 30-387, Krakéw, Poland 4 Department of Animal
Reproduction, Anatomy and Genomics, University of Agriculture in Krakow, al. Mickiewicza 24/28, 30-059,
Krakéw, Poland 5 Department of Hydrobiology, Biological Faculty, Moscow State University, 1-12 Leninskie
Gory, 119991, Moscow, Russian Federation 6 Department of Comparative Anatomy, Institute of Zoology and
Biomedical Research, Jagiellonian University, ul. Gronostajowa 9, 30-387, Krakdéw, Poland

Corresponding author: Artur Osikowski (a.osikowski@urk.edu.pl)

Academic editor: M. Haase | Received 14 March 2020 | Accepted 27 April 2020 | Published 5 August 2020

http://zoobank.org/ CSEF4A4B-6F05-4621-BIB5-AE47FEE7C217

Citation: Grego J, Mumladze L, Falniowski A, Osikowski A, Rysiewska A, Palatov DM, Hofman S (2020) Revealing
the stygobiotic and crenobiotic molluscan biodiversity hotspot in Caucasus: Part 1. The phylogeny of stygobiotic
Sadlerianinae Szarowska, 2006 (Mollusca, Gastropoda, Hydrobiidae) from Georgia with descriptions of five new

genera and twenty-one new species. ZooKeys 955: 1-77. https://doi.org/10.3897/z00keys.955.51983

Abstract

The position of the southwestern Caucasus as a stygobiotic Mollusca hotspot is confirmed. Molecular data
of stygobiotic gastropods revealed the diversity of subfamily Sadlerianinae Szarowska, 2006, inhabiting
the subterranean environment of Georgia. In addition to the well-known endemic genera Pontohoratia
Vinarski, Palatov & Gloer, 2014 and Motsametia Vinarski, Palatov & Gléer, 2014, five more genera were
identified in northwestern Georgia as new to the science: Kartvelobia gen. nov., Imeretiopsis gen. nov.,
Caucasopsis gen. nov., Caucasogeyeria gen. nov., and Hausdorfenia gen. nov. Additionally, 21 new species
were found to inhabit the studied area (Samegrelo, Imereti, Racha regions in Georgia).
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Introduction

The southwestern Great Caucasus hosts a remarkable biodiversity of stygobiont and
crenobiont molluscan species. The stygobiont fauna of the region was brought to the
attention of the scientific community by Shadin (1932) from Rion Cave (= lazoni
= Tskal-Tsitela Cave) near Kutaisi with the description of Horatia borutzkii (= Mot-
sametia borutzkii (Shadin, 1932)) and Pisidium subterraneum (= Euglesa subterranea
(Shadin, 1932)). Later Shadin (1952) described the Pisidum cavaticum (= Euglesa
cavatica (Shadin, 1952)) from Uschelna Cave at the upper Khosta River in Abkhazia.
Tzvetkov (1940) had highlighted the presumably high stygobiont diversity of the re-
gion. Based on the field collection of Birstein (1959-1960) and Lyovuschkin (1961),
14 new stygobiont taxa were described by Starobogatov (1962) from western Great
Caucasus: Horatia birsteini (= Pontohoratia birsteini); Horatia sokolovi (= Pontohoratia
birsteini); Horatia ljovuschkini (= Pontohoratia birsteini); Paladilbiopsis shadini; Paldi-
lhiopsis subovata; Paladilhiopsis pulcherrima; Paladilhiopsis orientalis; Paladilhiopsis
schakuranica; Paladilhopsis aculeus; Belgrandiella caucasica (= Tschernomorica cauca-
sica); Belgrandiella abchasica (= Tschernomorica caucasica); “Geyeria” (= Plagigeyeria)
valvataeformis; “Geyeria” (= Plagigeyeria) horatieformis; Pisidum ljovuschkini (= Euglesa
ljovuschkini (Starobogatov, 1962)). Type specimens of Yaroslav Igorevich Staroboga-
tov with his species from the southwestern Caucasus deposited in ZIN St. Petersburg
were figured by Sitnikova et al. in 2017. The figured “Paladilhiopsis” subovata and
“R” orientalis holotypes are represented only by fragments of broken shells, while the
original descriptions depict drawings of complete shells. It is likely the fragile subfos-
sil shells could have been damaged later, after the descriptions. For decades the stygo-
biont Mollusca of the Caucasus were not in the focus of malacologists. Only Schiitt
and Sesen (1993) described a new species of Belgrandiella nemethi (= Tschernomorica
caucasica (Starobogatov, 1962)), based on dry material collected by Ldzl6 Németh
near the village of Rostsvet in the Khosta valley. Vinarski et al. (2014) revised the
species assigned to Horatia. Statistical conchological analysis revealed that three of
the Starobogatov “Horatia” species were conspecific, and anatomical investigations
supported the erection of the new genus Pontohoratia Vinarski, Palatov & Glder,
2014. Shadin’s Horatia borutzkii species was transferred to the new genus Motsame-
tia Vinarski, Palatov & Gloer, 2014, and a new species, Pontohoratia smyri Vinarski,
Palatov & Gloer, 2014, was described from Novoafonskaya Cave. The Caucasian
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stygobiont species were included by Bole and Velkovrh (1986) in their “Mollusca
from Continental Subterranean Aquatic Habitats”, listed by Kantor et al. (2010), by
Barjadze et al. (2015), and by Vinarski and Kantor (2016). Chertoprud et al. (2016)
summarised the species detected during their research in the southeast Caucasus.
Nevertheless, it was clear from the above works and from recent studies of the Balkan
fauna (Szarowska 2006; Falniowski at al. 2008; Beran et al. 2015, 2016; Rysiewska
etal. 2017; Grego et al. 2018; Hofman et al. 2018; Osikowski et al. 2018; Grego et
al. 2019), that the Caucasian species were assigned to respective Balkan genera (Be/-
grandiella, Paladilhiopsis, Plagigeyeria) based only on the few morphological features
of the shell, and it is not likely that they are closely related to the geographically
distant morphotypes. Molecular investigations of genus Belgrandiella from Georgia
(Grego et al. 2017) revealed its close relationship to the genus Agrafia Szarowska &
Falniowski, 2011 from Greece. Later Vinarski and Palatov (2019) transferred the
Caucasus and Crimean members of Belgrandiella to a new genus, Tschernomorica
Vinarski & Palatov, 2019, based on their anatomical differences from Belgrandiella
Wagner, 1927 and Agrafia. Two new species of Tschernomorica from Caucasus were
established: 7. inconspicua (Vinarski & Palatov, 2019) and 7. lindholmi Vinarski &
Palatov, 2019.

In the present work we provide the results of our recent field work in the karst
massifs of the southwestern Great Caucasus which revealed a remarkable diversity of
the subterranean mollusc fauna. Based on morphological and genetic investigations,
we here describe 21 new species in five new genera belonging to subfamily Sadleriani-
nae Szarowska, 2006 (Gastropoda, Hydrobiidae) and provide diagnostic features and
distribution data.

Materials and methods

The studied material was collected during field trips to the Samegrelo, Imereti, and
Racha provinces of Georgia in 2018 and 2019 (Fig. 1). Different caves, spring outflows
and karstic springs were sampled (Figs 1-4). Microhabitat preference and sampling
methods were used as described by Grego et al. (2017). Samples of fine sand were
freshly wet screened under a stereomicroscope to retrieve live animals. Then the sam-
ples were dried and screened again for shells that might have been overlooked during
the wet screening. Frontal, ventral, and lateral view images of the shells were made
by a Nikon SMZ25 microscope equipped with a Nikon D200 camera and an AF-S
Micro NIKKOR 60 mm lens at the Vienna Natural History Museum (NHMW),
Austria. Image] image analysis software was used to measure the specimens (Rueden
etal. 2017). The shell morphology features were followed after Davis et al. (1992) and
Hershler and Ponder (1998).

Snails for molecular analysis were fixed in 80% ethanol, changed twice, and later
stored in 80% ethanol. DNA was extracted from whole specimens; tissues were hy-
drated in TE buffer (3 x 10 min); then total genomic DNA was extracted with the
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Figure 1. Map of stygobiotic Sadlerianinae distribution in the southwestern Caucasus: historical locali-
ties (blue dots) and new studied localities (red dots) 0 Krasnoalexandrovskaya Cave | New Athos Cave
2 Tsebedinska Cave 3 Srednaya Sakuranskaya Cave 4 Nizhnaya Sakuranskaya Cave 5 Abrskila Cave
6 Tskhal-Tsiteli Cave 7 Prometheus Cave 8 Nakerala Spring 9 small spring near Gorgoleti 3 10 Tsivtskala
2 Spring near power station | I Kidobana Cave 12 Cholaba Spring 13 Shakishore Cave 14 Dolabistavi
Cave 15 Krikhula Spring 16 Kinchkha Cave and Spring and Kinchkha Waterfall 17 Kinchkhaperdi
Spring 18 Upskhero Spring 19 Nakhriduri Spring 1 and 2 20 Turchu Gamosadivari Cave 21 Turchusm-
tha Spring 22 Motena Cave 23 Pirveli Balda Spring 24 Nazodelavo Cave 25 Kachara Cave 26 Shisha
Spring 27 Mapeli Cave 28 Shurubumu Springs 29 Kanti, Mapeli Spring 30 Letsurtsume Cave 31 Ga-

rakha, Savekuo Cavern.

Sherlock extraction kit (A&A Biotechnology), and the final product was dissolved in
20 pl of tris-EDTA (TE) buffer. The extracted DNA was stored at -80 °C at the De-
partment of Malacology, Institute of Zoology and Biomedical Research, Jagiellonian
University in Krakéw (Poland).

Mitochondrial cytochrome oxidase subunit I (COI) and nuclear histone 3 (H3)
loci were sequenced. Details of PCR conditions, primers used, and sequencing were
given in Szarowska et al. (2016). Sequences were initially aligned in the MUSCLE (Ed-
gar 2004) Programme in MEGA 7 (Kumar et al. 2016) and then checked in Bioedit
7.1.3.0 (Hall 1999). Uncorrected p-distances were calculated in MEGA 7. The estima-
tion of the proportion of invariant sites and the saturation test for entire data sets (Xia
2000; Xia et al. 2003) were performed using DAMBE (Xia 2013). In the phylogenetic
analysis, additional sequences from GenBank were used as reference (Table 1). The
data were analysed using approaches based on Bayesian Inference (BI) and Maximum
Likelihood (ML). In the BI analysis, the GTR + I + I" model of nucleotide substitu-
tion was applied. Model was selected using MrModelTest 2.3 (Nylander 2004). The
analyses were run using MrBayes v. 3.2.3 (Ronquist et al. 2012) with default of most
priors. Two simultaneous analyses were performed, each with 10,000,000 generations,
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Figure 2. Photographs of studied localities in Georgia A Imereti, Kutaisi, Iazoni (Tskhal-Tsiteli) Cave,
entrance B Tskalsithela Cave, cave stream € Racha, Nikorsminda, Shareula River Spring from Shareula
Cave D Racha, Tsivtskala 2 Spring at left side of the Shareula River near power station E Imereti, Satsis-
kvilo, spring near Turchusmtha F Imereti, Zeda Gordi, Upskhero Spring at Turchu Gamosadivari Basin
near Nakhriduri. Photograph M. OlSavsky.

with one cold chain and three heated chains, starting from random trees and sampling
the trees every 1,000 generations. The first 25% of the trees were discarded as burn-in.
The analyses were summarised as a 50% majority-rule tree. Convergence was checked
in Tracer v. 1.5 (Rambaut and Drummond 2009). The Maximum Likelihood analysis
was conducted in RAXML v. 8.2.12 (Stamatakis 2014) using the ‘RAXML-HPC v.8
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Figure 3. Photographs of studied localities in Georgia A Imereti, Zeda Gordi, Turchu Gamosadivari
Cave spring B Imereti, Zeda Gordsi, spring in Nakhriduri € Racha, Skhartali, Shakishore Cave D Racha,

Shua Skhava, Krikhula Spring E Samegrelo, Pirveli Balda, spring in village F Samegrelo, Mukhuri, Shu-
rubumu 1, spring at left bank of Khobistskali River. Photograph M. OlSavsky.

on XSEDE (8.2.12) tool via the CIPRES Science Gateway (Miller et al. 2010). We
applied the GTR model which is the only nucleotide substitution model implemented
in RaxML, whose parameters were estimated by RaxML (Stamatakis 2014). Two spe-

cies delimitation methods were performed: Poisson Tree Processes (PTP) (Zhang et al.
2013) and Automatic Barcode Gap Discovery (ABGD). The PTP approach was run
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Figure 4. Photographs of studied localities in Georgia A Samegrelo, Chkhorotsku, Letsurtrume, Lesurt-

sume Cave entrance B Lesurtsume Cave stream € Samegrelo, Mukhuri, Shisha Spring D Samegrelo,
Chkhorotsku, Kachara Cave E Samegrelo, Chkhorotsku, Nazodelavo Cave F Samegtelo, Pirveli Balda,
Motena Cave. Photograph M. Ol$avsky.

using the web server https://species.h-its.org/ptp/, with 100,000 MCMC generations,
100 thinning and 0.1 burn-in. We used RAxML output phylogenetic tree. The ABGD
approach using the web server (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.
html) and the default parameters.
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Table I. Taxa used for phylogenetic analyses with their GenBank accession numbers and references.

Species COI/H3 GB numbers References
Agrafia wiktori Szarowska & Falniowski, 2011 JF906762/MG543158 Szarowska and Gler 2011/Grego et al. 2017
Belgrandiella kusceri (Wagner, 1914) KT218511/MG551366 Falniowski and Beran 2015/Osikowski et al. 2018
Bithynia tentaculata (Linnacus, 1758) AF367643/— Wilke et al. 2001
Bythinella austriaca (von Frauenfeld, 1857) JQ639858/— Falniowski et al. 2012b
Bythiospeum acicula (Hartmann, 1821) KU341350/ MK609536 Richling et al. 2016/ Falniowski et al. 2019
Ecrobia maritima (Milaschewitsch, 1916) KX355830/MG551322 Osikowski et al. 2016/Grego et al. 2017
Emmericia expansilabris Bourguignat, 1880 KC810060/— Szarowska and Falniowski 2013
Hauffenia michleri Kuicer, 1932 KY087865/KY087878 Rysiewska et al. 2017
Heleobia maltzani (Westerlund, 1886) KM213723/ MK609534 Szarowska et al. 2014/ Falniowski et al. 2019
Iglica cf. gracilis (Clessin, 1882) MH720988/MH721003 Hofman et al. 2018
Iglica hellenica Falniowski & Sarbu, 2015 KT825581/MH721007 Falniowski and Sarbu 2015/ Hofman et al. 2018
Islamia zermanica (Radoman, 1973) KU662362/MG551320 Beran et al. 2016/Grego et al. 2017
Littorina littorea (Linnaeus, 1758) KF644330/KP113574 Layton et al. 2014/ Neretina 2014, unpublished
Marstoniopsis insubrica (Kiister, 1853) AF322408/- Falniowski and Wilke 2001
Moitessieria cf. puteana Coutagne, 1883 AF367635/MH721012 Wilke et al. 2001/Hofman et al. 2018
Montenegrospeum bogici (Pesi¢ & Gloer, 2012) KM875510/MG880218 Falniowski et al. 2014/Grego et al. 2018
Paladilhiopsis grobbeni Kuscer, 1928 MH720991/MH721014 Hofman et al. 2018
Paladilhiopsis turrita (Kuscer, 1933) MH720992/MH721015 Hofman et al. 2018
Pontobelgrandiella sp. Radoman, 1978 KU497024/MG551321 Rysiewska et al. 2016/Grego et al. 2017

The conservation status evaluation of each newly described species is based on the
categories and criteria of [UCN and recommendations provided by Cardoso etal. (2011).

Abbreviations:
AH Aperture height;
AOO Area of occupancy;
AW Aperture width;
BH Height of the body whorl;
BW Width of the body whorl;
CA Aperture declination angle: Angle of aperture-elongation axis vs. the columella;
EOO Extent of occurrence;
H Shell height;
HNHM  Hungarian Natural History Museum, Budapest, Hungary;
ISU Ilia State University, Tbilisi, Georgia;
LT Type locality;
MNHN  Muséum national d’Histoire naturelle, Paris, France;
NHMW  Naturhistorisches Museum Wien, Austria;
NHMUK Natural History Museum London, UK;
NMBE Naturhistorisches Museum Bern, Switzerland;
SBMNH Santa Barbara Museum of Natural History, California, USA;
SMF Senckenberg Museum, Frankfurt, Germany;
W Shell width;
ZIN Zoological Institute of Russian Academy of Science, St Petersburg, Russia;
ZMH Zoological Museum University Hamburg.



10 Jozef Grego etal. / ZooKeys 955: 1-77 (2020)

1Z80 - Caucasopsis letsurtsume
92/0.99 L 1282 - Caucasopsis letsurtsume
1267 - Caucasopsis letsurtsume
100/1.0 2E37 - Pontohoratia pichkhaiai
4&2 E58 - Pontohoratia pichkhaiai
2E59 - Pontohoratia pichkhaiai
1Z74 - Pontohoratia vinarskii
2E60 - Pontohoratia mapeli

100/1.0 ' 2E61 - Pontohoratia mapeli
1266 - Kartvelobia sinuata

71/0.79 2EA48 - Imeretiopsis gorgoleti
2EA49 - Imeretiopsis gorgoleti
100/1.0 2E50 - Imeretiopsis gorgoleti

1Z71 - Imeretiopsis prometheus
1272 - Caucasogeyeria ignidona

81/0.86 1Z73 - Caucasogeyeria gloeri
2E44 - Caucasogeyeria colchis
1265 - C. geyeria chry I
0=z 2E56 - Caucasogeyeria chrysomallos
10001587 . ¢ geyeria chrysomall
2E51 - H. forfenia pseudohauffeni
Pontobelgrandiella sp.
Islamia zermanica
—— Agriﬂa T‘//'ktgri
/

michleri
L|_,7 Belgrandiella kusceri

Montenegrospeum bogici

Iglica cf. gracilis
94/1.0 Paladilhiopsis turrita
Paladilhiopsis grobbeni

Iglica hellenica

Ecrobia maritima
Heleobia maltzani
72/0.75 Moitessieria sp.
Bythiospeum acicula

Emmericia expansilabris
Marstoniopsis insubrica
Bithynia tentaculata
Bythinella austriaca ehrmanni

Littorina littorea

e
0.05

Figure 5. Maximum Likelihood tree inferred from mitochondrial COI. Bootstrap supports and Bayesian

probabilities are given. Newly obtained sequences in bold.

Results
Molecular phylogeny

We obtained 21 new sequences of COI (409 bp, GenBank Accession Numbers
MT406082-MT406102) (Fig. 5), and 21 new sequences of H3 (309 bp, GenBank
Accession Numbers MT410508-MT410528) (Fig. 6). The tests by Xia et al. (2003)
for COI and H3 revealed no saturation. Phylograms were constructed for COI, H3
and for combined COI+H3 dataset. In all analyses, the topologies of the resulting
phylograms were identical in both the ML and BI.

In all three cases (COI, H3, and COI+H3), the newly obtained sequences formed
well-supported distinct lineage, with closest relation to the subfamily Sadlerianinae.
For COI most phylogeny relationships were unresolved, since the low bootstrap sup-
ports are typical for deep nodes inferred with COI. Fortunately, the tree for COI+H3
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Figure 6. Maximum Likelihood tree inferred from nuclear H3. Bootstrap supports and Bayesian prob-

abilities are given. Newly obtained sequences in bold.

gave a clear phylogeny of the new species. This ‘georgian’ clade consisted of six sub-
clades (Figs 5-7), representing most probably six distinct genera. The inter-genus p-
distances for COI and H3, and intra-genus for COI are given in Table 2. Intra-genus
p-distances for H3 are not shown due to very low or lack of variation. For both studied
loci, clades A (Pontohoratia) and B (Caucasopsis) were most similar (p-distance 0.074
and 0.014 for COI and H3, respectively: Table 2). The other subclades also formed
distinct lineages, but the relationships among them are not clear due to low boot-
strap and BP supports. The p-distances among these four clades (C — Caucasogeyeria,
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1274 - Pontohoratia vinarskii
2E60 - Pontohoratia mapeli
100/1.0' 2E61 - Pontohoratia mapeli
1267 - Caucasopsis letsurtsume
100/1.0|] 1280 - Caucasopsis letsurtsume clade B
84/0.89- 1782 - Caucasopsis letsurtsume
1272 - Caucasogeyeria ignidona
1Z73 - Caucasogeyeria gloeri
2E44 - Caucasogeyeria colchis

clade A

100/1.0

1265 - C geyeria chrysomallo clade C
2E56 - C: geyeria chry
2ES57 - C: geyeria chry I
1Z71 - Imeretiopsis prometheus
100/1.o|— B . .
2E50 - Imer J gorgoleti clade D
100/1.0 2EA48 - Imeretiopsis gorgoleti
2E49 - Imeretiopsis gorgoleti
/0.9 1Z66 - Kartvelobia sinuata clade E
2E51 - Hausdorfenia pseudohauffenia clade F

Islamia zermanica
Pontobelgrandiella sp.

72/0.78 84/0.85 Belgrandiella kusceri
74/0.80 Montenegrospeum bogici

P Hauffenia michleri
Agrafia wiktori
78/0.87 Ecrobia maritima

Heleobia maltzani

100/1.0 Paladilhiopsis turrita
ﬂ’_: Paladilhiopsis grobbeni

Iglica hellenica

Iglica cf. gracilis
92/0.97 Moitessieria sp.
Bythic

peum acicula

Littorina littorea

—
0,05

Figure 7. Maximum Likelihood tree inferred from COI + H3. Bootstrap supports and Bayesian prob-

abilities are given. Red and green bars indicate results from the ABGD and PTP methods, respectively.
Newly obtained sequences in bold.

Table 2. P-distances between main clades for COI (below diagonal) and H3 (above diagonal); intra-
genus p-distances for COI are also shown if present (in bold).

Pontohoratia C. )psi C geyeria Imeretiopsi: Kartvelobi. Hausdorfenia
Pontohoratia 0.055 0.014 0.027 0.025 0.027 0.024
Caucasopsis 0.074 0.005 0.020 0.018 0.020 0.017
Caucasogeyeria 0.130 0.107 0.035 0.018 0.020 0.017
Imeretiopsis 0.119 0.113 0.099 0.014 0.018 0.014
Kartvelobia 0.130 0.117 0.113 0.098 - 0.017
Hausdorfenia 0.148 0.137 0.132 0.121 0.112 -

D — Imeretiopsis, E — Kartvelobia, and ¥ — Hausdorfenia) varied from 0.098 to 0.132
(for COI) and from 0.014 to 0.020 (for H3).

Both species delimitation methods (PTP and ABGD; Fig. 7) distinguished twelve
new species described below, including four within Cawucasogeyeria, three within Ponto-
horatia, and two within Imeretiopsis.
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Taxonomic accounts
Class: Gastropoda Cuvier, 1795

Clade Littorinimorpha Golikov & Starobogatov, 1975
Superfamily Truncatelloidea Gray, 1840

Family Hydrobiidae Stimpson, 1865

Subfamily Sadlerianinae Szarowska, 2006

Genus Kartvelobia Grego & Mumladze, gen. nov.
http://zoobank.org/21FOC1AB-8EA0-49BF-A84F-592032DD2D85

Type species. Kartvelobia sinuata Grego & Mumladze, sp. nov.

Species assigned to the genus. Kartvelobia sinuata Grego & Mumladze, sp. nov.,
K. kinchkha Grego & Mumladze, sp. nov., K. shishaensis Grego & Mumladze, sp. nov.

Diagnosis. The new genus differs from all known stygobiotic Hydrobiidae and
Moitessieriidae by general shell shape with characteristically deeply sinuated labral
margin; however, the smaller representatives of the genus can possess only very weak
labral sinuation while still having elongate-oval shells with inflated whorls and aperture
slightly detached from the body whorl.

Etymology. Name derived from the name of Georgia in local language Sakarteve-
lo (Lago®nggarm), which is frequently used in its short vocative form as Kartvelo
(JoOm39em). Its gender is feminine.

Distribution. The new genus is known from western Imereti region, where it can
be found in springs and caves in the Turchu Gamosadivari basin and around the karstic
Pakhe Plateau. In the Samegrelo region it is distributed in springs and caves on the
eastern slope of Pakhe Plateau and from the springs around Mukhuri village (Fig. 8).

Kartvelobia sinuata Grego & Mumladze, sp. nov.
http://zoobank.org/86E484BD-58E7-45E4-84FC-DB969532B845
Plates 1(1-3); 2(1-15); 3(1-4); 4(5-7); 5(3); Fig. 9A-E

Type locality. Georgia * Imereti, Satsiskvilo, Turchusmtha (0>9)®BmLdms, LemRgaro
Lofobdgoamm); 42°29'49"N, 42°32'49"E; 980 m a.s.l.; Small spring at left side of
path to the plateau.

Material. Holotype: Georgia 1 adult, dry; type locality; 02 May 2018; J. Grego,
L. Mumladze and M. Ol$avsky leg.; ISU FM-T020-H. Paratypes: Georgia ® same as
for holotype; ISU FM-T020-P1/500 dry specimens, SBMNH 633041/7 dry, NHMW
113374/10 dry, HNHM 104683/10 dry, NHMUK 20191339/10 dry, NHMB
563971/10 dry, SMF 358930/10 dry, ZMH 140635/10 dry, MNHN-IM-2016-7894,
ZIN 1/511-2020/10 dry, coll. JG F0989/500 dry, coll. Gléer/2 dry; Other material:
Georgia ® Imereti, Nakhriduri, Turchu Gamosadivari Cave; 42°29'13"N, 42°31'20"E;
951 m a.s.l; 03 May 2018; J. Grego, L. Mumladze and M. Olsavsky leg., JG/3 dry.
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Figure 8. Distribution map of Kartvelobia gen. nov. 16 K. kinchkha sp. nov. (blue dot) 17-21 K. sinuata
sp. nov. (magenta dots) 22,23 K. cf. sinuata (purple dots) 26,27 K shishaensis sp. nov. (red dots).

Plate 1. 1-3 Kartvelobia sinuata sp. nov. Imereti, Satsiskvilo, Turchusmtha, specimens used for molecu-

lar and anatomical study. Measurement of aperture declination angle (CA): aperture-elongation axis vs.
the columella is depicted in green. The numbers correspond to individuals, and the letters represent the
different views of the same individual. Photograph A. Falniowski.

* Imereti, Nakhriduri 3 spring at Turchu Gamosadivari Basin left side; 42°28'41"N,
42°30'45"E; 860 m a.s.l.; 03 May 2018; J. Grego, L. Mumladze and M. Olsavsky leg.
JG/5 dry. * Imereti, Nakhriduri 2, Turchu Gamosadivari Basin left side spring above
small ford; 42°28'39"N, 42°30 43"E; 860 m a.s.l.; 03 May 2018; J. Grego, L. Mum-
ladze and M. Ol$avsky leg., JG/6 dry. * Imereti, Kinchkhaperdi (306Bbsg396q00),
spring right along the road to Askhi Plateau; 42°30'7"N, 42°33'34"E; 880 m a.s.l;
02 May 2018; J. Grego, L. Mumladze and M. Olsavsky leg. JG/3 dry. ® Imereti, Up-
skhero Spring Lake (/gL3g®m @ds) at Turchu Gamosadivari Basin; 42°27'47"N,
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0.5 mm

Figure 9. Kartvelobia sinuata sp. nov., Imereti, Satsiskvilo, Turchusmtha, morphology of the reproduc-
tive organs A=D morphology of the penis E female renal and pallial section of reproductive organs. Bc
— bursa copulatrix; cbc — duct of bursa copulatrix; ga — albuminoid gland; gn — nidamental gland; gp — go-
noporus; ov — oviduct; ovl — loop of oviduct; rs — receptaculum seminis; vc — ventral channel. Photograph
and drawing A. Falniowski.

42°30'3"E; 890 m a.s.l; 03 May 2018; J. Grego, L. Mumladze and M. Olsavsky
leg. JG/6 dry. * Imereti, Turchusmtha, spring of Okatse above Kinchkha waterfall;
42°29'49"N, 42°32'49"E; 1050 m a.s.l; 02 May 2018; J. Grego, L. Mumladze and
M. Ol3avsky leg. JG/5 dry.

K. cf. sinuata

Other material. Georgia * Imereti, Samegrelo, Pirveli Balda, Motena Cave (9m@gbsl
003009), sandy sediment at terminal sump lake; 42°28'36"N, 42°23'29"E; 485 m
a.s.l; 09 May 2018; J. Grego, L. Mumladze and M. Olsavsky leg. ® Samegrelo, Pirveli
Balda (306390 35¢0»), spring at village; 42°29'2"N, 42°23'53"E; 295 m a.s.l;
09 May 2018; J. Grego, L. Mumladze and M. Olsavsky leg. ® same as preceding; 13
October 2019; J. Grego leg.
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Plate 2. |1-5 Kartvelobia sinuata sp. nov., Imereti, Satsiskvilo, Turchusmtha | holotype 2-5 paratypes
6 K. sinuata sp. nov., Imereti, Turchusmtha, spring of Okatse above Kinchkha waterfall 7,8 K cf. sinuata,
Samegrelo, Pirveli Balda, Motena Cave 9-11 K. cf. sinuata, Samegrelo, Pirveli Balda, spring in village
12 K sinuata sp. nov., Imereti, Nakhriduri, spring cave Turchu Gamosadivari 13 K. sinuata sp. nov.,
Imereti, Nakhriduri spring at Turchu Gamosadivari Basin 14, 15 K sinuata sp. nov., Imereti, Nakhriduri
side spring at Turchu Gamosadivari Basin. The numbers correspond to individuals, and the letters repre-

sent the different views of the same individual. Photograph J. Grego.
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Plate 3. Kartvelobia sinuata sp. nov. | Imereti, Turchu Gamosadivari Basin, Nakiduri spring, paratype
SBMNH 633100 2 K. sinuata sp. nov., Imereti, Turchu Gamosadivari Basin, Nakhriduri 5, paratype
SBMNH 633103 3 K. sinuata sp. nov., Samegrelo, Pirveli Balda, Motena Cave, paratype SBMNH
633043 4 K. sinuata sp. nov., Samegrelo, Pirveli Balda, spring in village, paratype SBMNH 633070. SEM
SBMNH Vanessa Delnavaz. Scale bars: 1 mm.
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Table 3. Measurement comparisons of Kartvelobia sinuata sp. nov. from different localities.

Genus species H | W BH|BW | AH | AW | CA H/W|AH/| W/ | H/ | H/ |W/ | H/(W-
mm | mm |mm| mm | mm | mm | deg. AW | BW | BH | AH | AW | BW)

Kartvelobia sinuata sp. nov. 1.67]0.96 | 1.16| 0.81 | 0.76 | 0.61 | 38 | 1.74 | 1.25| 1.19 | 1.43 | 2.20 | 1.58| 11.00
Holotype LT
Kartvelobia sinuata sp. nov. 1.620.91 |1.16| 0.76 | 0.68 | 0.61 | 36 | 1.78 | 1.13 | 1.20 | 1.39 | 2.37 | 1.50| 10.67
Paratype LT 1.770.96 |1.16| 0.86 | 0.71 | 0.56 | 35 | 1.84 | 1.27 | 1.12| 1.52 | 2.50 | 1.73| 17.50
1.7211.01 |1.11] 0.81 | 0.76 | 0.61 | 36 | 1.70 | 1.25 | 1.25 | 1.55 | 2.27 |1.67| 8.50
1.82| 1.06 |1.16| 0.91 | 0.81 | 0.71 | 43 | 1.71 | 1.14 | 1.17 | 1.57 | 2.25 | 1.50]| 12.00
Kartvelobia sinuata sp. nov. 2.07 | 1.11 | 1.26| 0.86 | 0.81 | 0.66 | 38 | 1.86 | 1.23 | 1.29 | 1.64 | 2.56 | 1.69| 8.20
Okatse Spring
Kartvelobia cf. sinuata sp. nov.| 1.87 | 1.06 | 1.31] 0.86 | 0.76 | 0.76 | 44 | 1.76 | 1.00 | 1.24 | 1.42 | 2.47 | 1.40| 9.25

Motena Cave 1.7710.96 |1.21| 0.83 | 0.73 | 0.63 | 40 | 1.84 | 1.16 | 1.15 | 1.46 | 2.41 | 1.52]| 14.00
Kartvelobia cf. sinuata sp. nov. | 1.79 | 1.16 | 1.09| 0.86 | 0.76 | 0.66 | 42 | 1.54 | 1.15 | 1.35 | 1.65 | 2.37 | 1.77| 5.92
Priveli Balda spring 1.87|1.01|1.26| 0.83 | 0.81 | 0.66 | 45 |1.85|1.23 | 1.21 | 1.48 | 2.31 |1.54| 10.57

Kartvelobia sinuata sp. nov. 1.62 1091 |1.11] 0.81 | 0.71 | 0.58 | 43 | 1.78 | 1.22 | 1.13 | 1.45 | 2.29 |1.57| 16.00
Turchu Gamosadivari
Kartvelobia sinuata sp. nov. 1.62| 0.86 |1.06| 0.78 | 0.71 | 0.58 | 38 | 1.88 | 1.22 | 1.10 | 1.52 | 2.29 | 1.48]| 21.33
Nakriduri 1 spring
Kartvelobia sinuata sp. nov. 1.46|0.78 10.98| 0.71 | 0.66 | 0.48 | 35 | 1.87 | 1.37 | 1.11 | 1.49 | 2.23 | 1.63| 19.33
Nakriduri 2 spring
Kartvelobia sinuata sp. nov. 1.36 1 0.96 {0.91] 0.81 | 0.71 | 0.66 | 23 | 1.42 | 1.08 | 1.19 | 1.50 | 1.93 |1.46| 9.00
Nakriduri 2 spring

Diagnosis. The new species differs from all known stygobiotic gastropods by the
characteristically and deeply sinuated labral margin with two to three large tooth-like
folds. The two most closely related species, Kartvelobia kinchkhba sp. nov. and Kartvelobia
shishaensis sp. nov., have only weakly sinuated labral margin and generally smaller shell.
Compared to K. kinchkha sp. nov. the protoconch is smoother and to K. shishaensis sp.
nov. it is more conspicuously pitted. Both of the latter species generally have smaller shells.

Description. Shell: shape is ovate-conical, 1.36-2.07 mm high with four whorls sep-
arated by a deep suture, a blunt protoconch, and a closed umbilicus. Shell surface whitish,
translucent, smooth to glossy, with very faint growth lines. The aperture ovate-ellipsoid
with its axis declined from columella by 38° and separated from the body whorl by a gap or
groove. Its labral margin characteristically sinuated with a deeply cut broad round shaped
adapical sinulus, continuing with a triangular tooth-like structure curved inward, and
smoothly followed by two more, similar tooth-like structures down to lower extremity of
the shell. The wavy labral margin varies significantly within the species. The lateral profile
of the columellar margin more-or-less straight. The protoconch surface very weakly pitted.

Operculum: yellowish, translucent, elongate ellipsoid, paucispiral with an excen-
tric nucleus.

Animal body: milky whitish coloured, eyeless.

Holotype measurements: H-1.67 mm; W-0.96 mm; BH-1.16 mm; BW-0.81 mm;
AH-0.76 mm; AW-0.61 mm; CA: 38°.

Anatomy: the penis (Fig. 9A-D) simple, broad and massive, proximally bent, with
a small outgrowth in the middle of its left side, the vas deferens running straight. The
female reproductive organs (Fig. 9E) with a short and broad oviduct loop, small distal
receptaculum seminis (at the position of rs, of Radoman: see Szarowska (2006)) and
big spherical bursa copulatrix with a long duct.
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Etymology. Named after the conspicuously sinuated labral margin.

Habitat. The empty shells of the new stygobiotic species were found in the sandy
sediments of several cave streams or karst spring heads. Few live individuals were found
in a small concrete basin built on a small permanent spring emerging from a fissure
in the thick limestone beds. The individuals of this hypogean species were washed out
from its stygobiont habitat and accumulated in the small artificial basin.

Distribution. This species is known from the Pakhe karstic platcau N'W of
Kinchkhaperdi and Satsiskvilo (south of the Askhi Plateau) in the caves and springs
emerging from cliffs at its foot and slopes, as well from the springs and caves at Turchu
Gamosadivari Basin situated at the top of the plateau the Turchu Gamosadivari River
sink at the western edge of the basin, and appearing again in First Toba Cave and in
Arsen Okrojanashvili Cave. A more conical form of the new species with slightly dif-
ferent labral margin (K. cf. sinuata is known from the southernmost tip of the Pakhe
Plateau massif, from the springs in village Pirveli Balda and from Motena Cave. A local
form with minute shell, inflated whotls is found around Kinchkhaperdi below the NW
foot of the plateau. The taxonomic status of both forms should be clarified.

Conservation status. The number of known locations is 11 and EOO is ca.
70 km?. The AOO is represented by only several underground karst conduits with
much smaller total area compared to EOO. Each karst conduit is supplied by surface
water through swallow holes, where stochastic events, as human driven pollution or
habitat destruction, could lead to rapid species decline or extinction. Therefore, it is
assessed as Vulnerable (VU) D2.

Remarks. The labral sinuation intensity can vary by specimen, especially juvenile
individuals have only weakly developed sinuation.

Kartvelobia kinchkha Grego & Mumladze, sp. nov.
http://zoobank.org/25A99522-9ACE-4F14-B78C-01E73755595D
Plates 4(3, 4); 5(1)

Type locality. Georgia * Imereti, Kinchkhaperdi, Kinchkha; 42°29'42"N, 42°33'01"E;
855 m a.s.l.; a small spring above right edge of the lower waterfall.

Material. Holotype: Georgia * 1 adult, dry; type locality; 02 May 2018; J. Grego,
L. Mumladze and M. Ol$avsky leg.; ISU FM-T018-H. Paratypes: Georgia ® same as
for holotype; ISU FM-T018-P1/1 dry, SBMNH 633106/1 dry, coll. JG F0987/1 dry.

Diagnosis. The new species differs from Kartvelobia sinuata sp. nov. by its less
weakly-sinuated labral margin without tooth-like folds, by smaller shell size, smooth
protoconch surface and the different shape of the aperture. From the similar sized K.
shishaensis sp. nov. it differs by its more smoothly sinuated labral margin, by proportion-
ally larger body whorl, by smoother protoconch surface and by more inflated whorls.

Description. Shell: the minute shell (1.29-1.32 mm high) with 3%2 whorls and a
blunt apex, with elongate-oval shape, inflated whorls, weak suture and closed umbili-
cus. Shell surface smooth to glossy, whitish translucent. The aperture of an irregular
tear-shaped with pronounced upper-right tip and separated from the body whorl by a
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Plate 4. 1-4 Kartvelobia shishaensis sp. nov., Georgia, Samegrelo, Mukhuri, Shisha Spring I holotype 2 para-
type 3,4 K. kinchkha sp. nov., Imereti, Kinchkha, small travertine waterfall at right bank of Okatse below the

large waterfall: 3 holotype 4 paratype 5, 6 K. sinuata sp. nov., Imereti, Kinchkhaperdi, spring along road to

Askhi Plateau, dwarf population 7 K. sinuata sp. nov., Imereti, Satsiskvilo, Turchusmtha, paratype — typical
form 8,9 K. cf. shishaensis sp. nov., Georgia, Samegrelo, Mukhuri, Mapeli Cave. The numbers correspond to
individuals, and the letters represent the different views of the same individual. Photograph J. Grego.
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Plate 5. | Kartvelobia kinchkha sp. nov., Georgia, Imereti, Kinschkhaperdi, paratype SBMNH 633106
2 K shishaensis sp. nov., Samegrelo, Mukhuri, Shisha Spring, paratype SBMNH 633084 3 K. sinuata sp.
nov., Imereti, Satsiskvilo, Turchusmtha Spring, SBMNH 633041 4 hishaensis sp. nov., Samegtelo,
Mukhuri, Mapeli Cave, SBMNH 635905. Scale bars: 1 mm. SEM SBMNH Vanessa Delnavaz.
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deep groove. The lateral profile of labral margin characteristically weakly sinuated and
anteriorly elongated. The labral columellar profile almost straight, only slightly curved.
Protoconch with a smooth surface.

Operculum: not known.

Animal body: not known.

Holatype measurements: H-1.32 mm; W-0.71 mm; BH-0.95 mm; BW-0.62 mm;
AH-0.58 mm; AW-0.52 mm; CA: 45°.

Anatomy: not known.

Etymology. Name derived from the tallest Georgian waterfall Kinchkha (3066bol
BoBBJg®0) near Kinchkhaperdi. Type locality is situated between the two lower cas-
cades of the waterfall.

Habitat. Stygobiotic species. The habitat represents small permanent water springs,
where the water leaks out from fissures in the large limestone beds. The water emerging
from fissures could be supplied from the springs and water-episaturated zones above
the Kinchkha waterfall. The very narrow fissures likely lead to evolution of the more
minute shell shape of the species. Some of the small springs are captured as tap water
for the nearby cabins.

Distribution. Only known from the type locality.

Conservation status. Number of known locations (1) fewer than 5 and AOQ small-
er than 20 km? There is no reason to suppose that AOO, EOO, number of locations,
number of subpopulations or the number or mature individuals are declining or extreme-
ly fluctuating. However, due to very small AOO it is assessed as Vulnerable (VU) D2.

Kartvelobia shishaensis Grego & Mumladze, sp. nov.
http://zoobank.org/A96A5432-AC26-460A-BAIF-AF01A8B63BDF
Plates 4(1, 2, 8, 9); 5(2, 4)

Typelocality. Georgia ® Samegrelo, Mukhuri, Shisha Spring; 42°37'47"N, 42°11'26"E;
250 m a.s.l.; sediment from the spring lake bottom.

Material. Holotype: Georgia ¢ 1 adult, dry; type locality; 42°37'47"N,
42°11'26"E; 250 m a.s.l; 10 May 2018; J. Grego, L. Mumladze and M. Olsavsky
leg.; ISU FM-T019-H. Paratypes: Georgia ® same as for holotype; ISU FM-T019-
P1/3 dry, SBMNH 633084/2 dry, coll. JG F1043/3 dry; ® same as for holotype; 12
October; 2019; J. Grego, L. Mumladze and G. Bananashvili leg.; NHMW 113373
ISU-T019-P2/4 dry, coll JG F1056/4 dry; Georgia ® Samegrelo, Mukhuri, Mapeli
Cave (05390l 003009); 42°38'22"N, 42°11'39"E; 330 m a.s.l.; 12 October 2019;
J. Grego, L. Mumladze and G. Bananashvili leg.

Diagnosis. The new species differs from the Kartvelobia sinuata sp. nov. by its
very weakly sinuated almost straight labral margin, minute shell size, more pitted
protoconch and different shape of the aperture. From the similar sized K. kinchkha
sp. nov. differs by its less sinuated labral margin, by less inflated whorls and by the

pitted protoconch surface. Measurement comparison of Kartvelobia species is giv-
en in Table 4.
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Table 4. Measurement comparison of species from genus Kartvelobia gen. nov.

Genus species H | W | BH |BW | AH | AW | CA H/W|AH/|W/| H/ | H/ | W/ H/(W-
mm | mm | mm | mm | mm | mm | deg. AW | BW | BH | AH | AW | BW)

Kartvelobia shishaenis sp. nov. | 1.45 | 0.74 | 1.02 | 0.62 | 0.55 | 0.58 | 51 | 1.96|0.95|1.20| 1.42|2.61|1.26| 11.75
Holotype LT
Kartvelobia shishaenis sp. nov. | 1.32 1 0.68 | 0.95 | 0.62 | 0.54 | 0.52 | 48 | 1.95 | 1.03|1.10| 1.39 | 2.46 | 1.29 | 21.50
Paratype LT
Kartvelobia kinchkha sp. nov. | 1.32 | 0.71 ] 0.95 | 0.62 | 0.58 | 0.52 | 45 | 1.87 | 1.12|1.15| 1.39 | 2.26 | 1.35 | 14.33
Holotype LT
Kartvelobia kinchkha sp. nov. | 1.29 | 0.77 | 0.92 | 0.65 | 0.58 | 0.49 | 46 | 1.68 | 1.19|1.19|1.40 |2.21|1.56 | 10.48

Paratype LT

Kartvelobia sinuara sp. nov. 1.5110.95|0.95|0.71 | 0.62 | 0.55 | 25 | 1.58 |1.11|1.35|1.58 |2.45|1.72| 6.13
dwarf Kinchkaperdi 1.60 | 0.98 | 0.98 | 0.71 | 0.66 | 0.55 | 31 1.63 | 1.19 | 1.39 | 1.63 | 2.42 | 1.78 | 5.78
Kartvelobia sinuata sp. nov. 1.91 | 1.17 | 1.29 | 0.92 | 0.80 | 0.65 | 27 | 1.63|1.23|1.27|1.48|2.38|1.80| 7.75
Paratype LT

Kartvelobia shishaenis sp. nov. | 1.51 | 0.77 | 0.95 | 0.66 | 0.55 | 0.46 | 42 | 1.96 |1.20|1.16|1.58 |2.72|1.67 | 14.00
Mapeli Cave 1.48 | 0.74 1 0.92 | 0.62 | 0.58 | 0.42 | 34 |2.00 | 1.41|1.20|1.60|2.53 |1.78 | 12.00

Description. Shell: minute, 1.32-1.45 mm high, elongated-oval shell with four
whorls, semi-blunt apex and smooth whitish glossy surface; slightly inflated whorls
separated by weak suture. Aperture irregularly tear-shaped, slightly expanded and de-
tached from the body whorls by a distant grove or gap. Lateral profile of labral margin
almost straight with very inconspicuous sinuation; columellar labral profile straight.
Protoconch surface pitted.

Operculum: not known.

Animal body: not known.

Holotype measurements: H-1.45 mm; W-0.74 mm; BH-1.02 mm; BW-0.62 mm;
AH-0.55 mm; AW-0.58 mm; CA: 51°.

Anatomy: not known.

Etymology. Name after the type locality: the karst spring Shisha at southeast end
of village Mukhuri.

Habitat. Stygobiotic species. The empty shells of the species were washed out
through the small spring lake after large water flow induced by heavy rains in May
2018. The deep spring Lake Shisha drains karstic waters from the nearby limestone
massif, but likely gets a portion of its water directly from the surface through a nearby
sinkhole (more opalescent water observed shortly after the heavy rain). The condition
of the shells (few worn shells and many fragments) suggests its stygobiont habitat
deeper than the spring head.

Distribution. Only known from the type locality and from nearby Mapeli Cave
in Mukhuri.

Conservation status. The number of known locations (2) is no more than 5 and
EOQ is smaller than 20 km?. There is no reason to suppose that AOO, EOO, number
of locations, number of subpopulations or the number or mature individuals are de-
clining however due to its extremely small EOO we assessed as Vulnerable (VU) D2.

Remarks. The second population from Mapeli Cave generally has a more elon-
gate and conical shell with more inflated whorls. Its taxonomic position needs to be
further investigated.
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Genus Imeretiopsis Grego & Mumladze, gen. nov.

http://zoobank.org/6DA03D4C-31F4-412B-8D68-30E9EAC228E4

Type species. Imeretiopsis prometheus Grego & Palatov, sp. nov.

Species assigned to the genus. /. prometheus Grego & Palatov, sp. nov., 1. gorgoleti
Grego & Mumladze, sp. nov., 1. nakeralaensis Grego & Mumladze, sp. nov., 1. cameroni
Grego & Mumladze, sp. nov., /. iazoni Grego & Mumladze, sp. nov.

Diagnosis. The general shell morphology of the new genus is similar to some
stygobiotic genera from the Balkans (Paladilhiopsis Pavlovi¢, 1913; Iglica A. ].
Wagner, 1910), Middle Europe (Bythiospeum Bourguignat, 1882) and Southeast Asia
(Pseudoiglica Grego, 2018). The main conchological difference distinguishing the
new genus from Caucasopsis gen. nov., is the sinuated labral profile. The penis long,
without the filament characteristic of Caucasopsis, but with two broad outgrowths
on its left side.

Etymology. Name is derived from the Imereti (09969m0) region, where the type
locality and the known distribution of the genus are located. The suffix —iopsis refers
to the resemblance to the shells of the Balkan genus Paladilhiopsis Pavlovi¢, 1913. Its
gender is feminine.

Distribution. The genus Imeretiopsis gen. nov. is known from the Imereti and
West Racha regions of Georgia (Fig. 10).
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Figure 10. Distribution map of Imeretiopsis gen. nov.: (magenta dots) and Caucasopsis gen. nov. (blue
dots) 6 I cameroni sp. nov. and 1. iazoni sp. nov. T Imeretiopsis prometheus sp. nov. 8 1. nakeralaensis sp.
nov. 9 I gorgoleti sp. nov. 0 Caucasopsis orientalis (Starobogatov, 1962), C. subovata (Starobogatov, 1962)
and C. pulcherrima (Starobogatov, 1962) 3 C. shadini (Starobogatov, 1962) 4 C. aculeus (Staroboga-
tov, 1962) and C. schakuranica (Starobogatov, 1962) 22, 23 C. egrisi sp. nov. 24 C. olsavskyi sp. nov.
25,30, 31 C. letsurtsume sp. nov.
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Imeretiopsis prometheus Grego & Palatov, sp. nov.
http://zoobank.org/70A971CF-7229-4C46-93CC-8D31DDCG65E07
Plates 6(1-6); 7(1); 9(7)

Type locality. Georgia ® Imereti, Kumistavi, Prometheus Cave (36039009L 9003009);
42°22'33"N, 42°36'2"E; 175 m a.s.l.; bottom of cave stream.

Material. Holotype: Georgia * 1 adult, dry; type locality; 01 May 2018; J. Grego,
L. Mumladze and M. Olsavsky leg.; ISU FM-T017-H. Paratypes: Georgia ® same as
for holotype; ISU FM-T017-P1/21 dry, SBMNH 633098/4 dry, NHMW 113372/1
dry, HNHM 104682/1 dry, NHMUK 20191338/1 dry, NHMB 563970/1 dry, SMF
358929/1 dry, ZMH140634/1 dry, NHMW 113372/1 dry, ZIN 1/508-2020/1 dry,
coll. JG F/21 dry and 2 wet, coll. Gléer/1 dry.

Plate 6. 1-6 Imeretiopsis prometheus sp. nov., Imereti, Kumistavi, Prometheus Cave, specimens used for

molecular and anatomical studies. The numbers correspond to individuals, and the letters represent the
different views of the same individual. Photograph A. Falniowski.



26 Jozef Grego et al. / ZooKeys 955: 1-77 (2020)

Plate 7. | Imeretiopsis prometheus sp. nov., Imereti, Kumistavi, Prometheus Cave, paratype SBMNH
633098 2 I nakeralaensis sp. nov., Imereti, Tikbuli, spring below Nakerala Pass, paratype SBMNH
633110 3 1. gorgoleti sp. nov., Racha, Gorgoleti, above road to Tsakhi, paratype SBMNH 635910 4 Cau-
casopsis egrisi sp. nov., Pirveli Blada, spring in village, paratype SBMNH 639559. Scale bars: 1 mm. SEM
SBMNH Vanessa Delnavaz.
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Figure 1 1. Morphology of the penis A, B Caucasopsis letsurtsume sp. nov., Samegrelo: A ventrally B dor-

sally € Imeretiopsis gorgoleti sp. nov. Photograph A. Falniowski and A. Rysiewska.

Diagnosis. The species differs from all the related morphotypes from the Cauca-
sus by the more conical-elongate shell with typical triangular shell shape, by the more
oval aperture situated more right of the columellar axis (to viewer; shell in apertural
pose, apex up). L. cameroni sp. nov. has a much narrower elongated shell shape with a
more elongated aperture and less inflated whorls with closed umbilicus, and 7. naker-
alaensis sp. nov. has more robust, oval shell with proportionally smaller aperture and
narrower umbilicus.

Description. Shell: clongate-conical, 1.42—1.66 mm high with five whorls, blunt
protoconch, inflated whorls, deep suture and proportionally larger body whorl. Um-
bilicus narrow, slit like. Shell surface glossy, translucent with horny-yellowish periostra-
cum, occasionally covered by rusty-brown inorganic incrustations. Aperture irregu-
larly ovate, slightly expanded, separated from body whorl by a grove and by broaden-
ing adapical apertural gap. Lateral labral profile weakly sinuated, columellar profile
straight. Protoconch strongly pitted.

Operculum: yellowish, translucent, elongate ellipsoid, paucispiral with excen-
tric nucleus.

Animal body: eyeless, milky whitish coloured with light brown pellets.

Holotype measurements: H-1.66 mm; W-0.53 mm; BH-0.87 mm; BW-0.72 mm;
AH-0.60 mm; AW-0.47 mm; CA: 33°.

Etymology. Name is derived from the type locality inside Prometheus Cave
(30m3gmgL 003009). The cave was named after Prometheus, the Titan of Greek my-
thology, who created mankind from clay, stealing the fire from gods and providing it
to humanity. As punishment, he was eternally bound to a rock at Caucasus Mountains,
where each day an eagle was sent to feed on his liver.



28 Jozef Grego etal. / ZooKeys 955: 1-77 (2020)

Habitat. Stygobiotic species. Empty shells of the new species were found among
the sandy sediments inside the cave stream of Prometheus Cave. Live individuals were
found attached at the slimy surface of boulders and gravel at the bottom of under-
ground streambed. The rock surface was covered by dark brown- black slimy microbial
mats likely serving as a food substrate. More specimens were found in flowing stream
than semi-stagnant water.

Distribution. Only known from the type locality.

Conservation status. The number of known localities (1) is no more than 5
and EOO is smaller than 20 km?. There is no reason to suppose that AOO, EOQO,
number of locations, number of subpopulations or the number or mature individu-
als are declining however due to its extremely small EOO we assessed as Vulner-

able (VU) D2.

Imeretiopsis gorgoleti Grego & Mumladze, sp. nov.
http://zoobank.org/9326015A-DFD6-4CE8-BFE4-4A35FBFC981C
Plates 7(3); 8(1-4, 9—14); Fig. 11C

Type locality. Georgia ® Racha, Gorgoleti; 42°31'03"N, 42°54'59"E; 620 m a.s.l.; small
cave spring on the right bank of the Shareula River between Gorgoleti and Tsakhi villages.

Material. Holotype: Georgia * 1 adult, dry; type locality; 13 October 2019; J.
Grego, L. Mumladze and G. Bananashvili; ISU FM-T013-H. Paratypes: same as for

Figure 12. A, B Caucasopsis letsurtsume sp. nov., Samegrelo, Chkhorotsku, Letsurtsume, Letsurtsume

Cave, specimens used for molecular studies. Photograph A. Falniowski.
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Plate 8. 1-4 Imerctiopsis gorgoleti sp. nov., Racha, Gorgoleti, small spring above the road to Tsakhi:
I holotype 2 paratype NHMW 113279 3,4 paratypes 5, 6 1. iazoni sp. nov., Imereti, Kutaisi, [azoni Cave:
5 holotype 6 paratype 7, 8 I cameroni sp. nov., Imereti, Kutaisi, lazoni Cave, paratypes 9—13 1. gorgoleti
sp. nov., specimens used for molecular and anatomical studies 14 I gorgoleti sp. nov., operculum. The
numbers correspond to individuals, and the letters represent the different views of the same individual.

Photograph Sara Schnedl, NHMW, and A. Rysiewska.
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holotype; ISU FM-T013-P1/49 dry and 83 wet, SBMNH 635910/7 dry, NHMW
113279/2 dry, HNHM 104681/2 dry, NHMUK 20191337/2 dry, NHMB 563968/2
dry, SMF 358928/2 dry, ZMH 140633/2 dry, MNHN-IM-2016-7897, ZIN 1/509-
2020/2 dry, coll. JG F1430/49 dry and 84 wet.

Diagnosis. The new species differs from all the related species of the region by its
more robust shape, more open umbilicus and more expanded rounded aperture. The
most similar shell morphology can be seen in /. iazoni sp. nov., however, 1. gorgoleti
sp. nov. has a much larger and robust shell with a more open umbilicus and more
expanded aperture. From the members of the genus Caucasopsis gen. nov. as the C.
tsurtsume sp. nov. it differs by its less sinuated labral margin and by a more regular
apertural form.

Description. Shell: height ranges from 1.52 to 2.18 mm, conical to ovate-conical
shell, with 42 whorls, blunt protoconch, rather inflated whorls and deep suture. Um-
bilicus widely open. Shell surface glossy, milky-translucent with very faint almost invis-
ible axial growth lines. Aperture subcircular and expanded. Lateral labral profile weakly
sinuated adapically toward the body whorl; columellar labrum has a weak sinuation
near columella. Protoconch surface densely covered by large regular weak pits.

Operculum: translucent, milky whitish, paucispiral with excentric nucleus.

Animal body: animal white, eyeless with light brown pellets and randomly spread
dark grey diffused fibre-like streaked blotches on mantle visible through the translu-
cent shell from body whorl up to the early whorls.

Holotype measurements: H-2.18 mm; W-1.44 mm; BH-1.35 mm; BW-1.15 mm;
AH-0.94 mm; AW-0.82 mm; CA: 38°.

Anatomy: the penis (Fig. 11C) bent, cylindrical, distally with no filament but
broadly conical, in its median part a characteristically shaped double outgrowth, proxi-
mally broad and distally blunt.

Etymology. Name derived from Gorgoleti village (Racha region) (Leaggero
23MmMaMegm), which is the closest village to the type locality.

Habitat. Stygobiotic species. Many live specimens were found on tree roots sub-
merged in small cave ponds. The phreatic rhizosphere habitat provides enough food either
directly through root exudation (Canarini et al. 2019), by direct feeding on root tissue or
feeding on microbial slime covering the submerged roots, as well as on the decaying roots.

Distribution. Only known from the type locality.

Conservation status. The number of known localities (2) is no more than 5 and
EOQ is smaller than 20 km?. There is no reason to suppose that AOO, EOO, number
of locations, number of subpopulations or the number or mature individuals are de-
clining however due to its extremely small EOO we assessed as Vulnerable (VU) D2.

Remarks. The phreatic rhizosphere habitat for gastropods was known to us from
Central and South-eastern Europe. There it hosts mostly valvatiform shelled sty-
gobiotic gastropods; however, the rich food source it provides can attract various
gastropod species. We suppose the slightly sinuated aperture (labral and columellar
margin) of [meretiopsis could help the animals in attaching to cylindrical shape of
the fine roots.
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Imeretiopsis nakeralaensis Grego & Mumladze, sp. nov.
http://zoobank.org/38835E75-8986-46B0-9040-F427F5E12A57
Plate 9(9)

Type locality. Georgia ® Imereti, Tkibuli, Tkibuli-Nikortsminda road to Nakerala Pass
(6599655l M@ GHgbowro); 42°23'00"N, 42°00'45"E; 980 m a.s.l.; spring above
left side of road with small travertine waterfall and a small spring cavern entrance.

Material. Holotype: Georgia * 1 adult, dry; type locality; 04 May 2018; J. Grego,
L. Mumladze and M. Ol$avsky leg.; ISU FM-T015-H. Paratypes: Georgia ® same as
for holotype; ISU FM-T015-P1/10 dry, SBMNH 633110/2 dry, NHMW 113371/1
dry, NHMB 563969/2 dry, coll. JG F1009/10 dry, coll. Gloer/1 dry.

Diagnosis. The new species differs from all the morphotypes with related shell
shape in the region by its more robust oval shape, by the position of the aperture more
right of the columella (to viewer; shell in apertural pose, apex up), and by the more
open umbilicus. Caucasogeyeria shakuranica (Starobogatov, 1962) from Abkhazia has
similar but narrower shell shape with less inflated whorls and a proportionally smaller
body whorl. Caucasogeyeria letsurtsume sp. nov. has a smaller shell with more inflated
whorls and more open umbilicus.

Description. Shell: 2 mm high, elongate ovate-conical with pronounced proto-
conch, five tumid whorls and moderately deep suture. Shell surface whitish, translu-
cent-glossy, covered by faint axial growth lines. Umbilicus open. Proportionally small
aperture irregular, almost round, not expanded, with straight lateral and columellar
labral profiles lacking sinuation. Protoconch surface densely and coarsely pitted.

Operculum: not known.

Animal body: not known.

Holotype measurements: H-2.00 mm; W-1.09 mm; BH-1.02 mm; BW-0.85 mm;
AH-0.64 mm; AW-0.53 mm; CA: 29°.

Anatomy: not known.

Etymology. Name after the Nakerala Pass 1218 m alt. situated above the type
locality north of Tikbuli along the road to Ambrolauri.

Habitat. Stygobiotic species. The empty shells of the species were found at the foot
of small travertine cascade formed by a small stream emerging from the very narrow
cave spring (small entrance covered by moss and ivy). Only a few shells were found in
sparse sediments accumulated near the cave walls. The shells were washed out from its
subterranean habitat by the very small permanent stream.

Distribution. Only known from the type locality.

Conservation status. The number of known locations (1) is no more than 5 and
EOQ is smaller than 20 km?. There is no reason to suppose that AOO, EOO, number
of locations, number of subpopulations or the number or mature individuals are de-
clining however due to its extremely small EOO we assessed as Vulnerable (VU) D2.

Remarks. The assignment of the new species to the genus Imeretiopsis gen. nov. is
only provisional, based on the resemblance if its shell to that of the type species. How-
ever, molecular data will be essential to confirm generic placement.
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Plate 9. | Caucasopsis olsavskyi sp. nov., Samegrelo, Chkhorotsku, Nazodelavo Cave, holotype 2 C. ler-
surtsume sp. nov., Samegrelo, Chkhorotsku, Letsurtsume, Letsurtsume Cave, holotype 3 C. letsurtsume sp.
nov., Samegrelo, Chkhorotsku, Kachara Cave 4 C. egrisi sp. nov., Samegrelo, Pirveli Balda, Motena Cave
form 5, 6 C. egrisi sp. nov., Samegrelo, Pirveli Balda, spring in village: 5 holotype 6 paratype 7 Imereti-
opsis prometheus sp. nov., Imereti, Kumistavi, Prometheus Cave, holotype 8 1. cameroni sp. nov., Imereti,
Kutaisi, Tazoni (Tskhal-Tsiteli) Cave Spring, holotype 9 1. nakeralaensis sp. nov., Imereti, Tikibuli, spring
above Tikibuli-Nikortsminda road to Nakerala pass, holotype 10 C. letsurtsume sp. nov., Samegrelo, Chk-
horotsku, Letsurtsume, Letsurtsume Cave, robust morphotype. The numbers correspond to individuals,
and the letters represent the different views of the same individual. Photograph J. Grego.
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Imeretiopsis cameroni Grego & Mumladze, sp. nov.
http://zoobank.org/0E981A62-FAEF-4440-9B5F-636EA97EFBAB
Plates 8(7, 8); 9(8)

Type locality. Georgia ¢ Imereti, Kutaisi, Iazoni (Tskhal-Tsiteli Cave spring
(05B™bobL 03039 Fyse-fomgwsl dwgody), right bank of Tskalsitela River; 146 m
alt., 42°16'18"N, 42°44'2"E; 145 m a.s.l; sandy sediment inside the cave.

Material. Holotype: Georgia * 1 adult, dry; type locality; 01 May 2018; J. Grego,
L. Mumladze and M. Ol$avsky leg.; ISU FM-T016-H. Paratypes: Georgia ® same as
for holotype; 12 October 2019; J. Grego, L. Mumladze and G. Bananashvili leg.; 4
ISU EM-T016-P1/1 dry, JG F1406/1 dry, ZIN 1dry.

Diagnosis. The new species differs conspicuously from all the similar species of
the region by its more slender shell with more conspicuous axial growth lines, closed
umbilicus and narrower aperture. Caucasogeyeria orientalis (Starobogatov, 1962) has a
similar, but more robust, oval shell shape with a different shape of the aperture.

Description. Shell: clongate narrow-turreted, 2.00-2.29 mm high shell with 5%
tumid whorls, weak suture and flat blunt apex. The early whorls rather inflated, and
the inflation of whorls regularly decreasing abapically, apex almost flat. Shell surface
glossy, whitish translucent with faint regularly spaced distant rib-like growth lines.
Umbilicus closed. Aperture not expanded, elongate-oval with weakly sinuated labral
profile and flat columellar profile. Protoconch pitted.

Operculum: light yellow, horny, elongate ellipsoid, paucispiral with excentric nucleus.

Animal body: not known.

Holatype measurements: H-2.00 mm; W-0.81 mm; BH-0.96 mm; BW-0.72 mm;
AH-0.62 mm; AW-0.49 mm; CA: 35°

Anatomy: not known.

Etymology. Named after Robert A. D. Cameron from Sheffield University, who signif-
icantly contributed to the malacological knowledge of Eurasia including Caucasus region.

Habitat. Stygobiotic species. The fresh empty shells, some with opercula, were
found in the sandy sediment of the cave stream. The condition of the shells indicates
its habitat in the deep cave zone.

Distribution. Only known from the type locality.

Conservation status. The species is known from a single location and EOO is
smaller than 10 km?. There is also indication of stochastic human driven habitat pol-
lut