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Abstract. The genus Remyella Jeannel, 1931 consists of stenoendemic troglobitic leiodid beetles restricted
to subterranean habitats in southwestern Serbia and northeastern Montenegro. A new subterranean leiodid
species, Remyella spanovicae Curéi¢, Vrbica & Vesovié sp. nov., from the Peé¢ina na Perekarskom Vrelu
Cave (village of Perekare, near the town of Tutin, PeSter Plateau, southwestern Serbia), is described
and diagnosed. All taxonomically important morphological features of the new taxon are presented,
including traits of both male and female genitalia. The new species is clearly distinguished from other
congeners both morphologically and molecularly. Data on the sexual dimorphism of the new species are
presented. Molecular analysis confirmed that Remyella raskae S. Curéi¢ & B. Cur¢ié, 2008 is a valid
species. A key to the identification of the species of the genus Remyella is given. In addition, the species
Remyella hussoni Jeannel, 1934 was found at another subterranean site in the village of Perekare.

Keywords. Round fungus beetles, subterranean, endemic, cytochrome oxidase subunit I, Balkan
Peninsula.
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Introduction

The taxonomic history of Remyella Jeannel, 1931, a genus of subterranean leiodid beetles endemic to
the Pester Plateau in southwestern Serbia and northeastern Montenegro, begins with the description
by Jeannel (1931), together with a single species — Remyella scaphoides Jeannel, 1931. Not long
afterwards, Winkler (1933) added two new taxa: Remyella propiformis Winkler, 1933 and R. propiformis
borensis Winkler, 1933. Further taxonomic studies of the genus were carried out by Jeannel (1934),
which led to the description of two additional congeners — Remyella propiformis hussoni Jeannel, 1934
and R. puncticollis Jeannel, 1934. After the revision by Giachino & Etonti (1995), a new subspecies
(Remyella scaphoides droveniki Giachino & Etonti, 1995) was introduced and R. puncticollis was
synonymized with R. scaphoides borensis Winkler, 1933. Curéi¢ et al. (2008, 2013) described three
new species: Remyella raskae S. Curéi¢ & B. Cur¢ié, 2008, R. javorensis S. Curéi¢ & B. Cur¢ié, 2008
and R. montenegrina S. Curéi¢, Anti¢, N. Curéié¢ & B. Cur¢i¢, 2013. A total of four species of Remyella
were recognized at that time: R. javorensis, R. montenegrina, R. raskae and R. scaphoides, the latter
of which comprised five subspecies: R. scaphoides borensis, R. scaphoides droveniki, R. scaphoides
hussoni Jeannel, 1934, R. scaphoides propiformis Winkler, 1933 and R. scaphoides scaphoides Jeannel,
1931 (Curéi¢ et al. 2013; Hlavag et al. 2017).

Njunji¢ et al. (2017) conducted a more detailed molecular and morphological study on the taxa of the
genus Remyella. A taxon from the Palovica Pecina (= Pec¢ina nad Vrazjim Firovima) Cave, previously
described as R. montenegrina by Curéié et al. (2013), was synonymized with R. propiformis based on
the shape of the male genitalia. Using the morphological characteristics in combination with molecular
data (with the exception of R. scaphoides and R. raskae) that seemed to be relevant for the separation
of species, Njunji¢ et al. (2017) recognized five Remyella species: R. javorensis, R. raskae, R. hussoni,
R. propiformis (this and the previous taxon were raised from subspecies level to species level) and
R. scaphoides. According to these authors, there are no subspecies within the listed species. The
subspecies R. scaphoides borensis and R. scaphoides droveniki were synonymized with R. propiformis.
The species are distributed in three isolated karst areas on the edge of the PeSter Plateau (Fig. 1): 1) the
surroundings of the town of Sjenica (southwestern Serbia) is inhabited by R. javorensis [from the
Bazdarska Pecina Cave (its type locality), the village of Ursule and the Usak cave system, the village
of Usak; ii) the surroundings of the city of Novi Pazar (southwestern Serbia) is inhabited by R. raskae
(from the Pe¢ina na Vrelu Raske Cave); iii) a karst zone on the Serbian-Montenegrin border is inhabited
by R. hussoni [from the Pe¢ina u Hamidovoj Vrtaci Cave (its type locality), the village of Suvi Do, near
the town of Sjenica, southwestern Serbia; the Jama na Sjera Poljani Pit, the Jama u Piskovoj Poljani Pit
and the Ponor Ledenice Cave, all in the village of Derekare, near the town of Tutin, southwestern Serbia;
the Ledenica Cave and the Pe¢ina u Vrh Livade Radojeve Cave, the village of Korita, near the town of
Bijelo Polje, northeastern Montenegro], R. propiformis [from the Spela Hajnet Cave (its type locality),
the Spela Vogel Cave, the sinkhole of the Borostica river and the Spela Bores Cave, all in the village of
Ugao, near the town of Tutin, southwestern Serbia; the Jama na Lopuzinom Brdu Pit, Lopuzino Brdo
hill, Mt Giljeva, near the town of Sjenica, southwestern Serbia; the Uleva Pecina III Cave, the Pe¢ina u
Anin Kapes Cave, the Pec¢ina Ispod Gluare Cave, the Jama bez Dna Pit, the Pec¢ina kod Jagodina Dola
Cave and the Bezdan Kacunova Ravan Pit, all in the villages of Doli¢e, Kapes§ and Boljare, near the
town of Sjenica, southwestern Serbia; the Jagoseva Pec¢ina Cave and the Palovica Pe¢ina (= Pec¢ina nad
Vrazjim Firovima) Cave, both in the village of Palovici, near the town of Bijelo Polje, northeastern
Montenegro] and R. scaphoides (from the Velika Pe¢ina Cave, the village of Grgaje, near the town of
Sjenica, southwestern Serbia) (Jeannel 1931, 1934; Winkler 1933; Pretner 1968; Guéorguiev 1990;
Giachino & Etonti 1995; Perreau 2000, 2015; Cur¢i¢ et al. 2008, 2013; Hlavaé et al. 2017; Moravec
2017; Njunji¢ et al. 2017; Ceplik 2023).

Two field trips to the Pester Plateau (southwestern Serbia) conducted by the members of the Institute
of Zoology of the University of Belgrade - Faculty of Biology (Belgrade, Serbia) in 2023 led to the
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discovery of a number of adult specimens of a new leptodirine species — Remyella spanovicae Curéi¢,
Vrbica & Vesovi¢ sp. nov., whose description and diagnosis are presented in the current study. A further
task was to determine the phylogenetic position of the new species in relation to the other species of the
genus Remyella, to verify the validity of R. raskae and to report a new locality of R. propiformis.

Material and methods
Sampling information

The adult specimens of leptodirine leiodid beetles were collected both manually and with pitfall traps
filled with propylene glycol and containing rotting meat or cheese as bait in the deepest accessible part
of the Pec¢ina na Derekarskom Vrelu Cave in Perekare, a village near the town of Tutin in southwestern
Serbia, close to the Montenegrin border. The traps were placed both on the floor and on the walls in
the dark part of the cave, where the humidity was high. The collected individuals were stored at room
temperature in 70% ethanol, except for those destined for molecular analysis, which were stored in 96%
ethanol and preserved in a freezer at -20°C.

Taxonomic and morphological analyses

We used the traditional method of examining insect morphology using bright-field microscopy.
Furthermore, scanning electron microscopy (SEM) micrographs provided additional morphological
details that were used for the description and diagnosis of the new species.

(o}
Prijepolje

Y Remyella hussoni Jeannel, 1934

98 Remyella javorensis S. Cursié & B. Curgié, 2008
<> Remyella propiformis Winkler, 1933

A Remyella raskae s. Curcic & B. Curgi¢, 2008

[J Remyella scaphoides Jeannel, 1931

(o) ﬁ Remyella spanovicae Curcic, Vrbica & Vesovi¢ sp. nov.
Sjenica

Brodarevo

Fig. 1. Map of a part of southwestern Serbia and northeastern Montenegro (Pester Plateau) with the
localities of the species of Remyella Jeannel, 1931.
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Bright-field microscopy
The type specimens of the new species were examined in a laboratory of the Institute of Zoology,
University of Belgrade - Faculty of Biology (Belgrade, Serbia). They were dissected, thoroughly
analysed and imaged. Both male and female genital structures were removed from the bodies, cleared in
clove oil and then fixed on microscope slides in DPX medium. The beetles were then glued onto paper
mounting cards and examined as dry specimens.

A total of 17 individuals (two males and 15 females) of the new species were measured (the values
are given as averages and ranges in Table 1). All taxonomically important morphological traits were
examined with a SMZ800N stereo microscope (Nikon, Tokyo, Japan), to which a DS-Fi2 digital camera
(Nikon, Tokyo, Japan) was attached. A Nikon DS-L3 control unit was used for scale adjustment and
precise measurements. An Intralux 5100 cold light source (Volpi, Schlieren, Switzerland) was used for
additional illumination of the specimens under the stereo microscope. A DMLB light microscope (Leica,
Wetzlar, Germany) equipped with a DFC295 camera (Leica, Wetzlar, Germany) was used to examine
and photograph the genitalia.

Scanning electron microscopy (SEM)
A JSM-6390LV scanning electron microscope (SEM) (JEOL, Ltd., Akishima, Japan) at the University
of Belgrade - Faculty of Agriculture (Belgrade, Serbia) was used to observe the detailed morphology of
the new species. Prior to analysis, the beetle samples (three female specimens) were coated with gold for
100 s using an SCDOO05 sputter coater (BAL-TEC AG, Balzers, Liechtenstein). The high vacuum mode
of the SEM with an accelerating voltage of 10 kV was used. The index of the electron beam intensity
was 8.00, the electron beam current was 30 mA, while the pressure in the column was around 1.3e-3 Pa.

Molecular analysis

DNA extraction, PCR amplification and sequencing

The Qiagen DNeasy® Blood & Tissue Kit (Qiagen Inc., Valencia, CA, USA) was used for non-destructive
extraction of total DNA from whole specimens. The universal primers LCO1490 and HCO2198 (Folmer
et al. 1994) were used for PCR amplification of the cytochrome oxidase subunit I barcoding region
(COI). The amplification mixture contained 32.6 pL of nuclease-free water, 10 uL of buffer, 1 pL of
each primer pair, 1 pL of nucleotides, 0.4 pL of OneTaq DNA polymerase (New England BioLabs,
Ipswich, MA, USA) and 4 pL of extracted DNA, so the final volume was 50 pL. The following PCR
temperature profile was used: 60 s of initial denaturation (95°C), 35 cycles of 60 s of denaturation
(94°C), 60 s of annealing (54°C), 90 s of extension (72°C) and 7 min of final extension (72°C). The
amplification products obtained were sent to Macrogen Europe (Amsterdam, the Netherlands) for
purification and sequencing. The sequences were analysed, trimmed and aligned using BioEdit software
(Hall 1999). Evolutionary divergence analysis was performed with MEGA 11 software (Tamura et al.
2021) using the p-distance model. Bayesian evolutionary analysis was performed using BEAST 2.5
software (Drummond et al. 2012) with the initial dataset created using BEAUti ver. 1.10.4 (Drummond
et al. 2012) with a designated strict clock type and the Yule process of speciation. The analysis ran for
10 million generations, sampling was performed every 1000 generations, while the first million trees
were discarded as burn-in. The effective sample size (ESS) of the Markov chain Monte Carlo parameters
was estimated using Tracer ver. 1.7.1 (Rambaut et al. 2018). The phylogenetic tree was visualized using
FigTree ver. 1.4.3 software (Rambaut 2009).

The sequences obtained from R. raskae (one specimen), R. spanovicae Curéié, Vrbica & Vesovié sp. nov.
(three specimens) and the outgroup sequence of the subspecies Anthroherpon taxi remyi Jeannel, 1931
(one specimen) were analysed together with the additional 15 sequences of four Remyella species
(R. javorensis, R. propiformis, R. hussoni and Remyella sp.) acquired from the GenBank database. All
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Table 1. Linear measurements and morphometric ratios in Remyella spanovicae Cur€i¢, Vrbica &
Vesovi¢ sp. nov. and its sexes. The values outside the parentheses are mean values, while those inside
the parentheses are ranges (*values in mm).

Species and sex

Character

Remyella spanovicae Curcié¢, Vrbica & Vesovi¢ sp. nov.

32

3

?

TL*
HL/HW
HW/PW
AL*
AL/EL
AL/TL
A1L/A2L
A3L/A2L
ASL/ATL
ASL/A9L
A8W/ATW
A8W/A9W
PL/PW
PL/HL
PB/AM
EL/EW

4.48 (4.09-4.72)
1.17 (1.08-1.25)
1.02 (0.97-1.06)
422 (3.97-4.63)
1.49 (1.40-1.82)
0.94 (0.89-1.13)
1.04 (0.96-1.16)
1.37 (1.17-1.48)
0.82 (0.74-0.91)
0.91 (0.85-0.97)
0.64 (0.50-0.71)
0.65 (0.50-0.83)
1.19 (1.13-1.26)
1.00 (0.93-1.08)
0.92 (0.88-0.95)
2.30 (2.14-2.53)

4.14 (4.09-4.18)
1.14 (1.12-1.15)
1.01 (1.00-1.02)
4.63 (4.63)
1.79 (1.77-1.82)
112 (1.11-1.13)
0.98 (0.96-1.00)
1.41 (1.36-1.46)
0.87 (0.82-0.91)
0.93 (0.91-0.96)
0.67 (0.67)
0.67 (0.67)
1.20 (1.20-1.21)
1.05 (1.05)
0.94 (0.94)
2.49 (2.45-2.52)

4.53 (4.29-4.72)
1.18 (1.08-1.25)
1.02 (0.97-1.06)
4.16 (3.97-4.42)
1.45 (1.40-1.50)
0.92 (0.89-0.94)
1.05 (0.97-1.16)
1.37 (1.17-1.48)
0.81 (0.74-0.85)
0.91 (0.85-0.97)
0.63 (0.50-0.71)
0.65 (0.50-0.83)
1.18 (1.13-1.26)
1.00 (0.93-1.08)
0.92 (0.88-0.95)
227 (2.14-2.53)

sequences obtained in this study are deposited in the GenBank database (accession numbers are given

in Table 2).

Abbreviations of measurements

A1L/A2L = ratio of the length of the antennomere I to the length of the antennomere II
A3L/A2L = ratio of the length of the antennomere III to the length of the antennomere 11
A8L/ATL = ratio of the length of the antennomere VIII to the length of the antennomere VII
A8L/A9L = ratio of the length of the antennomere VIII to the length of the antennomere X
A8W/ATW = ratio of the width of the antennomere VIII to the width of the antennomere VII
A8W/A9W = ratio of the width of the antennomere VIII to the width of the antennomere IX

AL
AL/EL
AL/TL
EL/EW

HL/HW

HW/PW

PB/AM
PL/HL
PL/PW

= total length of the antennae

= ratio of the total length of the antennae to the length of the elytra

= ratio of the total length of the antennae to the total length of the body

= ratio of the length of the elytra (as a linear distance measured along the suture from the
elytral base to the apex) to the maximum width of the elytra

= ratio of the length of the head (as a linear distance measured from the anterior margin
of the clypeus to the neck constriction) to the maximum width of the head (as the greatest
transverse distance)

= ratio of the maximum width of the head to the maximum width of the pronotum

= mean value for certain measurements

= ratio of the length of the pronotal base to the length of the anterior pronotal margin

ratio of the length of the pronotum to the length of the head

ratio of the length of the pronotum (as the greatest longitudinal distance) to the maximum
width of the pronotum (as the greatest transverse distance)
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Table 2. Specimens of Leptodirini Lacordaire, 1854 used for molecular analyses with GenBank
accession numbers (*outgroup).

Locality Taxon GenBank
Pecina na Vrelu Raske Cave Remyella raskae S. Curéi¢ & B. Cur¢ié, 2008 PV138860
Pecina na Perekarskom Vrelu Cave Remyella spanovicae Curéié, Vrbica & Vesovié sp.nov. PV 138858
Peéina na Derekarskom Vrelu Cave Remyella spanovicae Curéié, Vibica & Vesovié sp. nov.  PV138857
Pecina na Perekarskom Vrelu Cave Remyella spanovicae Curéi¢, Vrbica & Vesovié sp. nov.  PV138859
Bracanovica Pe¢ina Cave Anthroherpon taxi remyi Jeannel, 1931* PV138861

R = range of the total measurements performed
TL = total length of the body (measured from the anterior margin of the clypeus to the apex of the
elytra)

Institutional abbreviations

CBSE = collection of the Center for Biospeleology of Southeast Europe, Belgrade, Serbia
IZFB = collection of the Institute of Zoology, University of Belgrade - Faculty of Biology, Belgrade,
Serbia

Results
Taxonomy

Subphylum Hexapoda Latreille, 1825
Class Insecta Linnacus, 1758
Order Coleoptera Linnaeus, 1758
Suborder Polyphaga Emery, 1886
Family Leiodidae Fleming, 1821
Subfamily Cholevinae Kirby, 1837
Tribe Leptodirini Lacordaire, 1854
Genus Remyella Jeannel, 1931

Remyella spanovicae Curéié, Vrbica & Vesovié sp. nov.
urn:lsid:zoobank.org:act:02AFCIE8-9688-4BIF-95C4-C194658D018B
Figs 1-5; Tables 1-3

Diagnosis

A medium-sized, depigmented, anophthalmous, scaphoid leptodirine beetle with the character state of
the genus Remyella, closely related to R. hussoni and R. propiformis, from which it differs mainly in the
sides of the pronotum, which converge in a straight line from the point of maximum pronotal width to
the anterior pronotal angles.

Differential diagnosis

The species geographically, morphologically and molecularly closest to the new species are R. hussoni
and R. propiformis, with which R. spanovicae Curéié, Vrbica & Vesovié sp. nov. shares the similar body
length, the presence of the lateral rim of the pronotum extending from the pronotal base to %—4 of the
PL, the narrow median lobe of the aedeagus and the similar shape of the apex of the median lobe of the
aedeagus (Winkler 1933; Jeannel 1934: 101, figs 12—13; Guéorguiev 1990; Giachino & Etonti 1995: 80,
82, figs 1-7; Njunji¢ et al. 2017: 150-151, figs 15, 31). The species R. javorensis and R. raskae seem to
be close to the new species based on the shape of the sides of the pronotum, which in these three species
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converge in a straight line from the point of maximum pronotal width to the anterior pronotal angles
(Curéi¢ et al. 2008: 111, 113, figs 1-4; Njunji¢ et al. 2017: 151, figs 2829, 32). The basic differences
between R. spanovicae and all other species of the genus Remyella are listed below.

Remyella spanovicae Curéi¢, Vrbica & Vesovié sp. nov. differs from R. hussoni in the PL/PW (M 1.19
vs 1.10), the PW (slightly before the middle vs approximately in the middle), the shape of the lateral
pronotal margins (converging in a straight line from the point of maximum pronotal width to the anterior
pronotal angles vs convex in the anterior part), the density of the punctuation on the pronotal disc
(relatively sparse vs dense) and the shape of the apex of the median lobe of the aedeagus (slightly
extended vs sharp) (Jeannel 1934; Guéorguiev 1990; Giachino & Etonti 1995; Njunji¢ ef al. 2017: 151,
fig. 31).

Remyella spanovicae Curéi¢, Vrbica & Vesovi¢ sp. nov. differs from R. propiformis in the shape of
the lateral pronotal margins (converging in a straight line from the point of maximum pronotal width
to the anterior pronotal angles vs convex in the anterior part), the PW (slightly before the middle vs
approximately in the middle) and the shape of the apex of the median lobe of the aedeagus (slightly

Fig. 2. Habitus of Remyella spanovicae Cur&i¢, Vrbica & Vesovi¢ sp. nov., dorsal view. A. Holotype,
(IZFB-24/15). B. Paratype, & (IZFB-24/17). Scale bars =2 mm.
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extended vs sharp) (Winkler 1933; Jeannel 1934: 101, figs 12—13; Guéorguiev 1990; Giachino & Etonti
1995: 80, 82, figs 1-7; Njunji¢ et al. 2017: 150, fig. 15).

Remyella spanovicae Curéi¢, Vrbica & Vesovié sp. nov. differs from R. javorensis in the TL (on average
smaller vs on average greater), the PL/PW (M 1.19 vs 1.25), the PW (slightly before the middle vs
approximately in the middle), the shape of the lateral pronotal margins (less abruptly narrowed after the
middle, then converging to the pronotal base vs more abruptly narrowed after the middle, then parallel
to the pronotal base), the length of the lateral pronotal rim (extending from the pronotal base to %4
of the PL vs limited to the basal half of the pronotum) and the shape of the apex of the median lobe of
the aedeagus (slightly extended vs bent upwards) (Curéi¢ et al. 2008: 113, figs 3—4; Njunji¢ et al. 2017:
151, figs 29, 32).

Remyella spanovicae Curéi¢, Vibica & Vesovié sp. nov. differs from R. raskae in the TL (on average
smaller vs on average greater), the PL/PW (M 1.19 vs 1.25), the PW (slightly before the middle vs in
the posterior third), the shape of the lateral pronotal margins (less abruptly narrowed after the middle,
then converging to the pronotal base vs more abruptly narrowed after the basal third, then parallel to the
pronotal base), the length of the lateral pronotal rim (extending from the pronotal base to %>— of the PL
vs limited to the basal half of the pronotum) and the shape of the apex of the median lobe of the aedeagus
(slightly extended vs sharp) (Curéi¢ et al. 2008: 111, figs 1-2; Njunjié et al. 2017: 151, fig. 28).

Remyella spanovicae Curéié¢, Vrbica & Vesovié sp. nov. differs from R. scaphoides in the PL/PW (M
1.19 vs 1.15), the PW (slightly before the middle vs approximately in the middle), the shape of the
lateral pronotal margins (converging in a straight line from the point of maximum pronotal width to the
anterior pronotal angles vs convex in the anterior part), the width of the median lobe of the aedeagus
(narrow vs wide) and the shape of the apex of the median lobe of the aedeagus (slightly extended vs
blunt) (Jeannel 1931: 261, 264, figs 68, 11; Winkler 1933; Jeannel 1934: 101, fig. 11; Winkler 1933;
Guéorguiev 1990; Giachino & Etonti 1995; Njunji¢ et al. 2017: 150-151, figs 14, 30).

Etymology

Remyella spanovicae Curéi¢, Vrbica & Vesovi¢ sp. nov. is named after Ivana Spanovié, a famous Serbian
athlete, one of the greatest female long jumpers of all time. She is the reigning world champion, two-
time world indoor champion, two-time European champion, three-time European indoor champion,
five-time winner of the Diamond League Trophy and Olympic medalist in the women’s long jump.

Type material

Holotype
SERBIA « & (Fig. 2A); southwestern Serbia, Pester Plateau, town of Tutin, village of DPerekare, Pe¢ina
na Perekarskom Vrelu Cave; 42°58'51.0” N, 20°07'13.0” E; 25 Jun.—15 Jul. 2023; Sre¢ko Curéié and
Vukasin Gojsina leg.; collected manually and with pitfall traps filled with propylene glycol and with
rotten meat or cheese as bait; IZFB-24/15; 1ZFB.

Paratypes
SERBIA ¢+ 1 J; same data as for holotype; [ZFB-24/16; IZFB « 75 Q9 (three of which are shown in
Figs 2B, 3); same data as for holotype; [ZFB-24/17-91; 1ZFB « 12 Q @; same locality as for holotype; 25
Jun. 2023; Nikola Vesovi¢ and Sre¢ko Cur¢ié leg.; collected manually; [ZFB-24/92-103; IZFB.

Description

Hasitus. Medium-sized leptodirine beetle. Body length: TL M 4.48 mm (4.14 mm in males, 4.53 mm in
females), R 4.09—4.72 mm (4.09—4.18 mm in males, 4.29—4.72 mm in females) (Table 1). Body colour
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Fig. 3. Remyella spanovicae Curéi¢, Vrbica & Vesovié sp. nov., SEM images of the external morphological
features. A-F, J, K. Paratype, @ (IZFB-24/18). G-I. Paratype, ¢ (IZFB-24/19). A. Habitus, dorsal
view. B. Right antenna, dorsal view. C. Head, dorsal view. D. Microsculpture of head, dorsal view.
E. Pronotum, dorsal view. F. Microsculpture of pronotum, dorsal view. G. Mesoventrite, ventral view.
H. Mesoventrite, lateral view. I. Pronotum, lateral view. J. Elytra, dorsal view. K. Microsculpture of
elytra, dorsal view. Scale bars: A=2 mm; B=1 mm; C, E, G-J = 500 um; D, F, K =50 pum.
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yellowish-brown, body shape scaphoid, tegument shiny (Figs 2, 3A). Head, pronotum and elytra with
polygonal microsculpture (Fig. 3D, F, K).

Heabp. Elongate (HL/HW M 1.17, R 1.08-1.25), with slightly concave genae, covered with short and
dense yellow erect setae and dense punctuation (Fig. 3C), about as wide as pronotum (HW/PW M 1.02,
R 0.97-1.06). Eyes absent. Antennae elongate, thin, longer than elytra (AL/EL M 1.49, R 1.40-1.82),
longer than body in males (AL/TL M 1.12,R 1.11-1.13) and shorter than body in females (AL/TL M 0.92,
R 0.89-0.94) (Fig. 3B). Antennomere [ widened apically, in most cases slightly longer than antennomere
II (A1L/A2L M 1.04, R 0.96-1.16). Antennomere II slightly widened apically. Antennomere III longer
than antennomere I (A3L/A2L M 1.37, R 1.17-1.48). Antennomeres [V—VI longer than preceding ones.
Antennomere VI slightly shorter than antennomeres IV and V. Antennomere VIII shorter and narrower
than antennomeres VII (ASL/A7L M 0.82, R 0.74-0.91; ASW/A7W M 0.64, R 0.50-0.71) and IX (A8L/
A9L M 0.91, R 0.85-0.97; ABW/A9W M 0.65, R 0.50-0.83) (Table 1).

THorAX. Pronotum sub-bell-shaped, covered with sparsely distributed short yellow erect hairs (Fig. 3E),
longer than wide (PL/PW M 1.19, R 1.13-1.26), about as long as head in females (PL/HL M 1.00,
R 0.93-1.08) and slightly longer than head in males (PL/HL M 1.05, R 1.05) (Table 1). Widest slightly
before middle in both sexes, about as wide as head (HW/PW M 1.02, R 0.97-1.06). Sides of pronotum
gradually converging in straight line from point of maximum pronotal width to anterior pronotal angles,
converging in concave line posteriorly to posterior pronotal angles. Lateral rim of pronotum starting at
base and reaching %—% of PL. Posterior angles blunt, slightly obtusely angled, not extended posteriorly.
Anterior pronotal margin slightly convex. Pronotal base almost straight, in some specimens barely
concave medially. Pronotal disc regularly convex, with relatively sparse punctuation (Fig. 3E-F, I).
Pronotal base slightly shorter than anterior pronotal margin (PB/AM M 0.92, R 0.88-0.95). Mesocoxal
cavities close together. Mesosternal intercoxal apophysis not reaching anterior margin of metasternum
(Fig. 3G). Metasternal intercoxal apophysis broad, with posterior processes separated from each other.
Mesoventral carina absent (Fig. 3H).

Fig. 4. Remyella spanovicae Curéié, Vrbica & Vesovié sp. nov. A—B. Holotype, & (IZFB-24/15),
morphological features of the genitalia. C-D. Paratype, @ (IZFB-24/20). A. Aedeagus, dorsal view.
B. Apex of median lobe and parameres, dorsal view. C. Gonostyli, dorsal view. D. Abdominal ventrite
VIII, ventral view. Scale bars = 100 pm.
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EryTrA. Scaphoid, elongate in relation to body (TL/EL M 1.58, R 1.53-1.61), narrow, oval, convex
(Fig. 3J), widest just before middle in both sexes (Fig. 2), more elongate in males (EL/EW M 2.49,
R 2.45-2.52) than in females (EL/EW M 2.27, R 2.14-2.53) (Table 1). Scutellum well developed,
triangular, with transverse microsculpture (Fig. 3E). Sutural striac absent. Elytral apices rounded,
separated from each other, covering pygidium in both sexes. Disc covered with dense and moderately
deep punctures and relatively long, dense, recumbent yellow hairs (Fig. 3H, K).

«Spring

Entrance

Permanently
submerged profile

Longitudinal section

Entrance

0 10 m

Fig. 5. Pecina na Perekarskom Vrelu Cave, the type locality of Remyella spanovicae Curéié, Vrbica &
Vesovi¢ sp. nov. and the sites where the specimens were collected (golden stars) (modified after Nesic¢
2015; reproduced with permission of Dragan Nesic).
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LEGs. Very long and thin (Figs 2, 3A). Profemora slightly broadened basally, thicker than meso- and
metafemora. Protibiae without external row of spines. Protarsi five-segmented in males, four-segmented
in females, not dilated.

ABDOMEN. Aedeagus in dorsal view with relatively narrow median lobe. Sides of median lobe parallel
from base to two-thirds of length, then converging and ending in equilateral triangle, with sharp, slightly
extended apex (Fig. 4A—B). Each paramere with two apical setae and one subapical seta (Fig. 4A-B).

GonostyLI. Straight in dorsal view (Fig. 4C). Each stylus with one apical seta and three lateral setae.
Anterior margin of female abdominal ventrite VIII angled. Apophysis located at top of angle (Fig. 4D).

Sexual dimorphism

Several features of sexual dimorphism have been observed in this new species: (i) the males are shorter
than the females; (ii) the antennae are longer in the males than in the females, the AL/TL is larger in
the males than in the females and the antennae are longer than the body in the males, whereas they are
shorter than the body in the females; (iii) the elytra are more elongate in the males than in the females.

Distribution, type locality and bionomy

The new species inhabits only the Pecina na Perekarskom Vrelu Cave, village of Perekare, near the
town of Tutin, PeSter Plateau, southwestern Serbia (Fig. 1). It is located at the Perekare spring, the
source of the Perekarska Reka (= Borostica) river, which is about 2 km upstream from the village of
DPerekare (Petrovi¢ 1976). The total length of the cave is 100 m, while the difference in height between
the entrance and the highest point is 23 m. The entrance channel has the form of a spacious hall with a
structural extension on the left side and a higher level in the form of a channel connected to the entrance
part of the cave by a 5 m high section. The higher level is in the form of a structural cavity with a small
daylight hole and a crack, in the bottom of which there is stagnant water (Nesi¢ 2015). The specimens
of the new species were collected in the deepest part of the higher level of the cave, both on the damp
limestone walls with trickling water and on the clay floor, in complete darkness (Fig. 5).

Rempyella hussoni Jeannel, 1934
Figs 1, 6; Table 3

Material examined

SERBIA < 1 &, 1 Q; southwestern Serbia, Pester Plateau, town of Tutin, village of Derekare, Zmijove
Doline, Cetiri Asa Pit; 22 Jul. 2007; Milo§ Kuraica leg.; IZFB.

New finding

As comparative material we had a sample of the genus Remyella at our disposal, which was collected at
a subterranean site on the Pester Plateau in southwestern Serbia and belongs to the species R. hussoni.
This sample (one male and one female) was gathered 18 years ago in the Cetiri Asa Pit (Zmijove Doline,
village of Perekare, near the town of Tutin). This species is known from a number of caves and pits in
the village of Perekare (where the type locality of the new species is also located) (Njunji¢ et al. 2017),
but so far it has not been found in the aforementioned pit.
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Remyella javorensis S. Curcié¢ & B. Curéié, 2008
Figs 1, 6; Table 3

Type material

Holotype
SERBIA * J'; southwestern Serbia, Pester Plateau, town of Sjenica, Mt Javor, village of Ursule, Bazdarska
Pecina Cave; 25 Aug. 2005; Sre¢ko Cur¢i¢ leg.; CBSE.

Paratypes
SERBIA * 6 43, 27 QQ; same data as for holotype; Sre¢ko Cur¢i¢, Bozidar Curéi¢ and Nina Curéié
leg.; CBSE.

Other material examined

SERBIA « 4 3d, 10 9 Q; same data as for holotype; 17 Aug. 2006; Srecko Curéi¢ leg.; IZFB « 56 33,
135 @ Q; same data as for holotype; 10 May 2016; Shugiang Li leg.; IZFB « 1 J'; southwestern Serbia,
Pester Plateau, town of Sjenica, village of Usak, Usak cave system; 23 Nov. 2014; Matija Petkovi¢ leg.;
IZFB + 6 33,21 22Q; same data as for preceding; 22 Oct. 2016; Milo$ Kuraica leg.; IZFB.

Remyella propiformis Winkler, 1933
Figs 1, 6; Table 3

Material examined

MONTENEGRO * 1 &, 1 @; northeastern Montenegro, Pester Plateau, town of Bijelo Polje, village
of Palovi¢i, Dalovica Pecina (= Pe¢ina nad Vrazjim Firovima) Cave; 5 Aug. 2012; Dragan Anti¢ leg.;
IZFB « 7 33, 16 QQ; same data as for preceding; 29 Jul. 2016; Matija Petkovi¢ leg.; [ZFB.

Remyella raskae S. Curéi¢ & B. Cur¢i¢, 2008
Figs 1, 6; Table 3

Type material

Holotype
SERBIA « J; southwestern Serbia, Pester Plateau, city of Novi Pazar, Pe¢ina na Vrelu Raske Cave; 23
Aug. 2005; Sre¢ko Curé¢i¢ leg.; CBSE.

Paratypes
SERBIA « 5 3, 4 QQ; same data as for holotype; Sre¢ko Cur¢i¢ and Bozidar Cur¢i¢ leg.; CBSE.

Other material examined
SERBIA « 1 J; same data as for holotype; 11 May 2016; Dorde Markovi¢ leg.; [ZFB.

Molecular and phylogenetic analyses

Phylogenetic analysis of the barcoding region of the taxa of Remyella revealed five distinct clades
corresponding to five species with evolutionary divergences between 4.2 and 12.0% (Fig. 6). A single
sequence of R. raskae formed a distinct clade (Table 3) and was positioned as a sister group to R. javorensis
with a genetic distance of 10.6%. Three sequences of R. spanovicae Curéié, Vrbica & Vesovié sp. nov.
and one sequence of Remyella sp. (accession number KX671646) clustered together with a minimum
genetic distances of 0.0 to 0.1%. This clade separated from others with high evolutionary divergence
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ranging from 9.5 (R. hussoni) to 12.0% (R. raskae). Remyella propiformis and R. hussoni grouped
together with a mean between-species genetic distance of 4.2%.

An identification key for the species of the genus Remyella Jeannel, 1931 (modified after

Njunjié et al. 2017)

1. Sides of the pronotum converging in a straight line from the point of maximum pronotal width to the
anterior pronotal angles (Cur€i¢ et al. 2008: 111, 113, figs 1, 3; Njunji¢ et al. 2017: 151, figs 28-29,
32, FIZS 2A-B, 3A, E) oot sttt st sta e e tteesaenntennaennaens 2

— Sides of the pronotum convex in the anterior part (Jeannel 1931: 261, figs 6—7; Giachino & Etonti
1995: 80, fig. 1; Njunjic€ et al. 2017: 151, figS 30-31) coircrieeiieiieie ettt 4

2. Lateral rim of the pronotum extending from the base to slightly more than half the pronotal length
(Curgié et al. 2008: 111, 113, figs 1, 3; Njunji¢ et al. 2017: 151, figs 28-29, 32) ....cvvvvvvrevrerrernnnn. 3
— Lateral rim of the pronotum extending from the base to %5—% of the pronotal length (Figs 2A—B, 3A,
E) oo R. spanovicae Curéié, Vrbica & Vesovié sp. nov.

3. Total length of the body greater: R 4.6-4.9 mm (males), 4.5-5.2 mm (females). Pronotum widest
in the middle (Curéi¢ et al. 2008: 113, fig. 3; Njunji¢ et al. 2017: 151, figs 29, 32). Male genital
segment with lateral and central setae ...........cccceeeenneenne. R. javorensis S. Cur¢ié¢ & B. Curgié, 2008

— Total length of the body smaller: 4.1-4.4 mm (males), 4.1-4.5 mm (females). Pronotum widest in
basal third (Cur¢i¢ et al. 2008: 111, fig. 1; Njunji¢ et al. 2017: 151, fig. 28). Male genital segment
with lateral setae only (Njunji¢ ef al. 2017: 150, fig. 18) ......R. raskae S. Cur¢i¢ & B. Curgié, 2008

4. Pronotal punctuation dense, uniformly distributed (Njunji¢ et al. 2017: 151, figs 31, 37) .cccvevueeneee
..................................................................................................................... R. hussoni Jeannel, 1934
— Pronotal punctuation very sparse and sporadic, generally denser at the base and sometimes along the
median line (Giachino & Etonti 1995: 80, fig. 1; Njunji¢ et al. 2017: 151, figs 30, 36) .....ccceevenne. 5

5. Median lobe of the aedeagus broad, with a blunt apex (Jeannel 1931: 264, fig. 11; Jeannel 1934: 101,
fig. 11; Njunjic ef al. 2017: 150, fig. 14) coovirieiiieeeeeeee R. scaphoides Jeannel, 1931
— Median lobe of the acdeagus narrow, with a sharp apex (Jeannel 1934: 101, figs 12—13; Giachino &
Etonti 1995: 82, figs 2—7; Njunji¢ et al. 2017: 150, fig. 15) ................ R. propiformis Winkler, 1933

Discussion

All species of the genus Remyella live on the Pester Plateau in a small area in southwestern Serbia and
northeastern Montenegro between the following mountain ranges: Mts Jadovnik (1734 m a.s.l.), Javor
(1520 m a.s.l.), Giljeva (1617 m a.s.l.), Ninaja (1358 m a.s.l.) and Zilindar (1616 m a.s.l.). Apart from
the two geographically isolated species, R. javorensis and R. raskae, the populations of the other species
of Remyella are geographically very close to each other (Fig. 1). Surprisingly, these taxa inhabit caves/
pits that are only a few kilometres apart, on a single karst plateau with no obvious geographical barriers
(Njunjié¢ et al. 2017). This is the case with R. spanovicae Curéi¢, Vrbica & Vesovi¢ sp. nov., which is
only known from a subterranean site in the village of Perekare. The same village is inhabited by another,
somewhat more widespread species of Remyella (R. hussoni), which has been found there in a number
of caves (Fig. 1). Interestingly, these caves are close to the type locality of R. spanovicae (Pe¢ina na
Derekarskom Vrelu Cave), but they harbour two different species of Remyella. Our molecular analysis
reveals a large genetic distance between them.

It is interesting to note that during our two visits to the cave only two males and 87 females of
R. spanovicae Curéié, Vrbica & Vesovié sp. nov. were found both manually and in pitfall traps. This
is a very rare phenomenon, not only in leiodids but also in other beetles. In other species of the genus
Remyella the females are more common, but the males are not as rare as in the new species (Curéi¢ et al.
2008; Njunji¢ et al. 2017).
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Morphological differences related to sexual dimorphism were found in the new species. As Jeannel (1924)
stated, the females are larger and have broader elytra than the males. Although the males are smaller in
size, they have longer antennae than the females. In addition, no sexually dimorphic differences were
found in the shape of the head and pronotum.

r Remyella javorensis KY397845.1
100%

“  Remyella javorensis KX671643.1

99.99% x

r Remyella javorensis KY397846.1

100%

64.6%

~ Remyella javorensis KX671642.1

Remyella raskae P\/138860 I A

Remyella spanovicae sp. nov. PV138859
67.36%

100% [ Remyella sp. KX671646.1
(]

100%
Remyella spanovicae sp. nov. PV138857

99.66% |~
Remyella spanovicae sp. nov. PV138858

Remyella propiformis KY397847.1

Remyella propiformis KX671638.1

Remyella propiformis KX671641.1
100%
Remyella propiformis KY397848.1

96.13%

Remyella propiformis KX671645.1
1 100% 98.03%

Remyella propiformis KY397850.1

Remyella propiformis KX671640.1

100%

Remyella propiformis KY397849.1
Remyella hussoni KX671639.1

Remyella hussoni KX671644.1 \V4

Remyella hussoni KY397844.1 u

Anthroherpon taxi remyi PV138861

0.02

Fig. 6. Phylogenetic tree of the species of Remyella Jeannel, 1931 based on COI sequences, determined
with Bayesian evolutionary analysis. Bootstrap values are indicated above/below the branches.
Anthroherpon taxi remyi Jeannel, 1931 was used as outgroup taxon. The colours and symbols correspond
to those used for the species of Remyella shown in Fig. 1.
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Table 3. Mean between-species evolutionary divergence within the genus Remyella Jeannel, 1931.

Species R. spanovicae Curéié, R. propiformis  R. hussoni ] R. raskae
Vrbica & Vesovi¢ sp. nov. Winkler, 1933 Jeannel, 1934 S. Curci¢ & B. Curcié, 2008

R. spanovicae Curcic,
Vrbica & Vesovi¢ sp. nov.

R. propiformis 0.0994

Winkler, 1933

R. hussoni 0.0953 0.0425

Jeannel, 1934

R. raskae ) 0.1200 0.1075 0.1118

S. Curéi¢ & B. Cur¢i¢, 2008

R. javorensis 0.1063 0.0882 0.0935 0.1063

S. Curéi¢ & B. Curéi¢, 2008

Near the sites of some species of Remyella in certain caves (Pe¢ina na Vrelu Raske Cave and Pecina na
DPerekarskom Vrelu Cave) there is flowing or stagnant groundwater (Curci¢ et al. 2008), which indicates
their affinity for humid habitats.

The morphological traits originally used to distinguish the species of Remyella (Jeannel 1931, 1934;
Winkler 1933) were further discussed by Giachino & Etonti (1995), who showed that the morphological
differences in the ratio of length to width of the head, pronotum and elytra between the taxa are small
and represent intrapopulation variation. One morphological character that Giachino & Etonti (1995)
considered significant for taxonomy was the position of the three apical setae of the parameres and the
relative distance between them. However, Njunji¢ ef al. (2017) showed that the observed differences
fall within the range of typical intrapopulation variability, suggesting that these differences may not be
as significant as originally thought. According to Njunji¢ et al. (2017) and the results of our study, the
morphological characters that seem to be most relevant for distinguishing the species of Remyella are
the body length, the length of the lateral pronotal rim, the shape of the sides of the pronotum, the density
of the punctuation of the pronotal disc, the shape of the apex of the median lobe of the aedeagus and the
setation of the apical margin of the male genital segment.

The molecular analysis of the barcode region agrees with the morphological analysis of the taxa of
Remyella and confirms the establishment of a new species. The three sequences of R. spanovicae
Curéi¢, Vrbica & Vesovi¢ sp. nov. obtained in this study, together with a sequence from the GenBank
database, represent two haplotypes with low genetic divergence between them (0.1%), which is to
be expected since all specimens come from the same population and locality. In addition, this study
confirmed R. raskae for the first time as a valid species at the molecular level. Both species show a high
evolutionary divergence, which separates them phylogenetically from the other taxa of Remyella. The
sequence divergence values determined between the species of Remyella (> 4.25%) are significant at the
species level, as recently shown for some animal models (Hebert ef al. 2003).

It is estimated that speciation within Remyella took place around two to five million years ago (Njunji¢
et al. 2017). This period coincides with the transition from the Miocene to the Pliocene, when the Pester
Plateau was periodically filled by shallow lakes that formed sedimentary deposits (Mojsilovi¢ et al.
1973). The distribution area of the species of Remyella, which occur on the edges of the Pester Plateau,
is probably influenced by the presence of these lakes. It is likely that the lakes acted as barriers and
prevented the various populations from spreading more evenly over the entire area of the plateau.

Jeannel (1931) placed the genus Remyella in the subtribe Anthroherponina due to the insertion of the
antennae in the posterior third of the head, but the shape of the claws differs from other genera of the
subtribe (narrow in Remyella vs broad in Anthroherponina). Perreau & Pavicevi¢ (2008) excluded the
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genus Remyella from the subtribe Anthroherponina and tentatively placed it in the subtribe Leptodirina.
Njunji¢ et al. (2017) pointed out the close relationship between the genera Remyella, Rozajella S.
Curéi¢, Brajkovié & B. Cur¢i¢, 2007 and Nonveilleriella Perreau & Pavicevié, 2008. The polyphyly
of the subtribe Leptodirina is supported and the assignment of the three listed genera to the mentioned
subtribe should be reconsidered (Njunji¢ et al. 2017). The latter genus is treated by some authors as a
synonym of the genus Rozajella (Fresneda et al. 2024). Other genera inhabiting the Dinaric Mountains
need to be included in a comprehensive phylogenetic analysis to determine the actual relationships
of the subterranean leptodirines in the region and to reveal the origin and colonization routes of the
different lineages in the Balkan Peninsula.

The endemic differentiation of Remyella and related genera on the Balkan Peninsula was influenced by
the great Alpine orogeny, various palacoclimatic events and the subsequent evolution of the subterranean
karst relief. These processes created numerous new hypogean niches which enabled the preservation of
this ancient and autochthonous fauna (Cur¢i¢ et al. 2013, 2021).

Most of the Pester Plateau has not yet been biospeleologically investigated, and it is expected that new
findings of the taxa of Remyella (including those new to science) will be recorded in the periphery
of this area, especially in the eastern, northern and western parts, which will be attested by further
investigations in this region.
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