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The European scorpion Euscorpius borovaglavaensis Tropea, 2015 is a morphologically cryptic species
that is distinguishable only with difficulty from E. tergestinus (C. L. Koch, 1837). It is distributed in the
middle part of the Dinaric Alps chain and along part of the Eastern Adriatic coast, specifically, in
Croatia (Middle Dalmatia, Lika karst upland), as well as in the southern part of Bosnia and Herzego-
vina. The new findings reported here have enhanced our knowledge of its geographic distribution in
Croatia. Detailed morphological analyses highlighted the importance of carination in the ventral meta-
somal segments as morphological traits. Phylogenetic analyses, based on the mitochondrial cytochrome
c oxidase subunit I (COI) gene, have revealed the existence of two distinct lineages. One of them, dis-
tributed in the northwestern part of the range, is described here as E. b. flavus n. ssp., while the nominal
subspecies occurs in the southeastern part. A time-calibrated phylogenetic analysis has established
their divergence around 0.9 million years ago, coinciding with the Mid-Pleistocene Transition (MPT)
period. In contrast to the nominal subspecies, E. b. flavus n. ssp. exhibits significant phylogeographic
structuring, indicating recent isolation events in multiple glacial microrefugia after the initial diver-
gence, followed by a final Holocene dispersal in the northwestern direction deep between the mountain
chains.
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zegovina

Podnar, M., Vignoli, V. & Tvrtkovi¢, N.: Filogeografsko strukturiranje unutar nedavno razdvo-
jenih populacija Skorpiona vrste Euscorpius borovaglavaensis Tropea, 2015 (Scorpiones: Euscorpii-
dae) u Hrvatskoj, uz opis nove podvrste. Nat. Croat., Vol. 33, No. 1., 29-52, 2024, Zagreb.

Europski skorpion Euscorpius borovaglavaensis Tropea, 2015 je morfoloski kripti¢na vrsta koja se vrlo
tesko razlikuje od E. tergestinus (C. L. Koch, 1837). Rasprostranjen je u sredisnjem dijelu lanca Dinarida
i dijelu obale Jadrana, u Hrvatskoj (srednja Dalmacija i Licka visoravan) te Bosni i Hecegovini. Novo-
objavljeni nalazi upotpunjuju dosad poznato rasprostranjenje u Hrvatskoj. Detaljna analiza morfolo-
gije istaknula je vaznost uzduznih izbo¢ina s kvrzicama donje strane metasomalnih ¢lanaka kao razli-
kovnih morfoloskih znacajki. Filogenetskom analizom COI gena potvrdene su dvije zasebne moleku-
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larne linije. Jedna od njih, ona koja je rasprostranjena sjeverozapadno, opisana je kao E. b. flavus n. ssp.,
dok nominalnu podvrstu nalazimo u jugoistocnom dijelu rasprostranjenja. Vremenski kalibriranom
filogenetickom analizom procijenjeno je njihovo razdvajanje na prije otprilike 0,9 milijuna godina, Sto
odgovara razdoblju srednjepleistocenskih promjena (MPT). Za razliku od uzoraka nominalne podvrste,
uzorci populacija E. b. flavus n. ssp. pokazuju znacajno filogeografsko strukturiranje. To ukazuje da je
nakon pocetnog razdvajanja genetskih linija doslo do izolacija u vise razdvojenih ledenodobnih pribje-
ZziSta, iz kojih u holocenu slijede naseljavanja u smjeru sjeverozapada, duboko medu planinske lance.

Kljucne rijeci: Scorpiones, Euscorpiidae, filogenija, mitohondrijski COI gen, taksonomija, Hrvatska,
Bosna i Hercegovina

INTRODUCTION

E. borovaglavaensis Tropea, 2015 was described from Bosnia and Herzegovina by Tro-
PEA (2015) as a new morphologically cryptic species similar to Euscorpius tergestinus (C.
L. Koch, 1837). The author pointed out that the only way to distinguish these two species
is through the different coloration: light brown reddish to yellow in E. tergestinus and
dark brown with marked marbling on most of the body in E. borovaglavaensis Tropea,
2015. He registered the new species in Croatia as well, one specimen near the Adriatic
coast east of Split, south of Dubrava, previously identified as E. tergestinus (GRaHAM et
al., 2012) and additional specimens in a larger sample from Makarska (Coll. MSNB). He
noted that E. fergestinus inhabits the eastern Adriatic coast from Istria to Split and found
this species also in Metkovi¢ near Neretva River mouth. PobNar ef al. (2021) after a
broader phylogenetic analysis recognized that two previously published E. borovagla-
vaensis DNA barcode sequences were erroneously associated with E. tergestinus (VF-0772)
and E. hadzii (VF-0808). In the same study, the sample from Solta Island (Coll. NHMW),
formerly recognized as E. tergestinus (FET & SoLEcLAD, 2002), clustered within the E.
borovaglavaensis clade too. Also, the authors provided an enlarged distribution area for
E. borovaglavaensis. Thereby, the specimens from two localities, Mt. Svilaja in Middle
Dalmatia north of Split and Mogori¢, more to the northwest, in the Lika region (both
Croatia), were not typical in color. The small sample studied was characterized by inter-
estingly high intraspecific distances, probably due to the isolation of populations in
several glacial microrefugia. Increased field efforts with newly collected material from
Croatia and Bosnia and Herzegovina, enabled and also pointed to the need for taxo-
nomic intraspecific revision as the first step to a broader taxonomic revision (in progress)
regarding the whole “E. tergestinus group” in Eastern Adriatic.

MATERIAL AND METHODS

Morphological Analyses

Specimens are preserved in 75-95% ethyl alcohol. Measurements were taken with
an Euromex Z1654 stereomicroscope fitted with a micrometer ocular, recorded in mm
and follows TrorEa et al. (2014), Can et al. (2021) for pedipalp chela manus and tergites
length, StanNke (1970) for carapace anterior length. Geographical coordinates in the
field were taken with a portable Garmin GPS device. Coordinates converted with The
World Coordinate Converter (TWCC) maps, altitudes from the Croatian samples were
taken from ARKOD.preglednik/hr maps. Publications used for morphological termi-
nology are the following: trichobothria nomenclature: Vacaon (1974); generic morphol-
ogy: STAHNKE (1970), HyeLLE (1990), S1ssom (1990); carination, leg setation and pedipalp
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dentition: GONZALEZ-SANTILLIAN & PRENDINI (2013); chelicerae dentition: SOLEGLAD &
Sissom (2001); sternum terminology: SoLEGLAD & FeT (2003); pedipalp chela finger mar-
gins: KovaRik & SrAnLavsky (2020); lateral ocelli model: Loria & PrReNDINT (2014).
Carination and morphosculpture were observed under UV light (Vorscuenk, 2005).
Colors have been determined on preserved specimens using NCS - Natural Colour
System® (NCS Scandinavian Colour Institute, Stockholm, Sweden) under a 1600 lumen
led lamp (5600-6500 K). Images were made under UV and visible light using a Fujifilm
X-T2 digital camera equipped with a Laowa 65 mm and a Fujifilm 60 mm lens equipped
with Raynox DCR-250 macro lens. The holotype and three paratypes are deposited in
the CNHM, other paratypes in MSNT, CNHM, NHMW and MSNB.

Acronyms. MSNT = Museo civico di Storia Naturale di Trieste, Italy; CNHM =
Croatian Natural History Museum (Hrvatski prirodoslovni muzej), Zagreb, Croatia;
MSNB = Museo Civico di Science Naturali E. Caffi, Bergamo, Italy; NHMW = Naturhis-
torisches Museum, Wien; ZMBH = Zemaljski muzej Bosne i Hercegovine, Sarajevo,
Bosnia and Herzegovina; VVZC = Valerio Vignoli Zoological Collection, Siena, Italy;
PMST = Prirodoslovni muzej Split, Croatia; RMNH = Rijksmuseum van Natuurlijke
Historie, Leiden, Netherlands; GTC — personal collection of Gioele Tropea, Rome, It-
aly; HNHM — Hungarian Natural History Museum Budapest, Hungary; Lchel = pedi-
palp chela length; Wchel = pedipalp chela width; L=left; R = right; H = height; Lfem =
pedipalp femur length; Lpat = pedipalp patella length; Lcar = carapace length; Wcar =
carapace width.

The specimens used for description of the new taxon are given in the taxonomic part
of the results. For comparative study the following 13 specimens of E. borovaglavaen-
sis Tropea, 2015 were examined: 1 adult @ (CNHM786), Borova Glava pass, Duman
Mt. (Krug Mts.), Bosnia and Herzegovina, 43°46'56”N, 17°07'53"E, 24.VI1.2022, J. Kasa-
lo, J. Skejo and N. Kasalo leg.; 3 adult 88 (ZMBH76, VVZC1380, VVZC1382), 1 sub
adult & (PMST10), 4 adult 99 (VVZC1381, VVZC1379, PMST9, CNHM788), S Listani,
W Odzak, Mt. Troglav (Dinara Mts.), Bosnia and Herzegovina, 43°51'40”N, 16°45'28"E,
1160 m a.sl., 16.VII1.2022, T. Rada leg.; 1 adult @ (CNHM?787), Roze, Vostane, Mt.
Kamesnica, Croatia, 43°51'40"N, 16°4528"E, 815 m a.s.1., 24.VI1.2022, N. Tvrtkovic leg.;
1 adult @ (ZMBH75) Gornja Bukovica, Mt. Midena, Bosnia and Herzegovina,
43°36'01”N, 17°15'17”E, 1000 m a.s.1, V. Ljubas leg.; 2 adult @, (CNHM765, NHMW
29983), Duler, Mt. Dinara, 44°05'05"N, 16°21'23"E, 1220 m a.s.l., G. Rnjak leg. Addi-
tional samples of E. tergestinus (C. L. Koch, 1837), examined for comparison with all
E. borovaglavaensis: 2 adult @ (VVZC226, VVZC227), Trieste, Friuli Venezia Giulia,
Italy, 16.1V.1967, Folco Giusti leg.; 3 adult 338 (VVZC1429-31), 5 adult 99 (VVZC1388,
1432-34, 1436), 1 juvenile (VVZC1437), Ternova piccola, Duino-Aurisina, Trieste, Italy,
45°46'03.7"N; 13°43'08.5"E, 301 m a.s.1.,, 01.X1.2022, V. Vignolileg.; 1 adult @ (VVZC1387),
1 juvenile (VVZC1439), Bosco Bazzoni, Basovizza, Trieste, Italy, 45°37'44.8"N;
13°52'05.6"E, 387 m a.s.l., 01.X1.2022, V. Vignoli leg.; 1 adult ¢ (VVZC1440), after Bosco
Bazzoni, Basovizza, Trieste, Italy, 45°37'40.4"N; 13°52'40.1"E, 406 m a.s.], 01.X1.2022, V.
Vignoli leg., together with 20 more E. tergestinus specimens collected in Italy and Cro-
atia preserved in MSTN and published in TROPEA (2013a) including neotype: 1 adult
d (SC18-4001), Sito 2L-UTM, Hotel Pesek, Basovizza, Trieste, Friuli Venezia Giulia,
Italy, 450 m a.s.l., 16.IX.2005, A. Quadracci leg.; and Croatian coastal E. tergestinus
specimens preserved in CNHM (PobNar et al., 2021).
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Molecular Analyses

DNA extraction, PCR amplification and sequencing

Total genomic DNA was extracted from a single leg of each individual specimen
using the GenElute Mammalian Genomic DNA Miniprep Kit (Sigma) following the
manufacturer's instructions and eluted in 100 pl of Elution Solution. A partial region
of the mitochondrial (mt) cytochrome c oxidase subunit 1 gene (COI, the DNA barcode
region, HEBERT ef al., 2003) was amplified from 18 specimens (Tab. 1a and 1b, Fig. 1)
using PCR primers and under the conditions given in Pobnar et al. (2021). Sequencing
of PCR products using amplification primers was conducted at Macrogen Europe se-
quencing services (Amsterdam, The Netherlands), and sequences are deposited in
BOLD (http://www .boldsystems.org/; RaTnasiNGHAM & HEBERT, 2007).

Sequence editing, alignment and distance analysis

Sequences were inspected, edited and aligned with the use of BioEdit v. 7.2.5. (HaLL,
1999). The ranges of intra-and inter-clade uncorrected pairwise distances (p-distances)
for COI sequences were calculated with MEGA version 11 (TaMuURa et al., 2021). Along
with the 18 newly obtained sequences (Tab. 1a and 1b), the data set consisted of all
previously published full-length DNA barcodes of Euscorpius borovaglavaensis, E. terg-
estinus and E. cf. tergestinus, which were retrieved from BOLD.

Population dynamics and phylogenetic analyses

A time-calibrated Bayesian tree based on the COI sequences listed in Tab. 1a and 1b
was estimated using BEAST version 2.7.3 (Bouckaerr et al., 2019) available at CIPRES
Science Gateway (MILLER et al., 2010). The sequences of E. feti were used as outgroups.
Prior to analysis, the best-fit model of nucleotide substitution (GTR+G) was assessed
with jModelTest version 2.1.6 (Darr1sa et al., 2012) on XSEDE under Bayesian informa-
tion criteria, also through the CIPRES gateway, and the molecular clock test was per-
formed in MEGA version 11 (Tamura et al., 2021) to determine whether the rates of
molecular evolution vary significantly among the lineages. Since the molecular clock
hypothesis has not been rejected, the strict molecular clock with a fix rate of nucleotide
substitutions set to 0.0134 (95% HPD: 0.01-0.0174) substitutions/site/million years (Pop-
NAR et al., 2021) was applied. The analysis was run for 30,000,000 generations, sampling
every 3000th generation, and the first 10% of the sampled trees were discarded as
burn-in. The convergence of runs and effective sample size (ESS) values were checked
by Tracer v1.7.2. (RamBAuUT ef al., 2018) and the maximum clade credibility tree was
constructed using TreeAnnotator v.2.7.3 (included in the BEAST 2.7.3. package) and
visualized in FigTree v.1.4.4 (http://tree.bio.ed.ac.uk) software.

The 95% statistical parsimony (TCS) haplotype network (TEMPLETON ef al., 1992) of
all available E. borovaglavaensis complete DNA barcode region sequences (Tab. 1.a) was
constructed with the use of PopART v. 1.7 (LeicH & BryanT, 2015) software. Finally,
the Bayesian skyline plots (BSPs) were constructed to contrast the past demographic
history of the two main E. borovaglavaensis lineages using BEAST version 2.7.3 (Bouc-
KAERT et al., 2019) package. The optimal model of sequence evolution, HKY for both
lineages, was selected in MEGA version 11 (Tamura et al., 2021) using Bayesian infor-
mation criteria. The strict molecular clock model with the same evolutionary rate as
implemented in the BEAST divergence dating analysis (see above) and Bayesian skyline
coalescent tree prior (DrRuMMOND et al., 2005) were employed. The Markov Chain Mon-
te Carlo (MCMC) chain length was set to 10,000,000 generations with a sampling fre-
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Tab. 1a. List of Euscorpius borovaglavaensis specimens used in the molecular part of the study and in the
distribution maps. The number in column 3 refers to the numbers presented on maps in Fig. 1. Sample
codes (ID), locality, Collection inventory numbers (ID; CNHM - Croatian Natural History Museum,
Scorpiones and Pseudoscorpiones Collection; NHMW - Natural History Museum Vienna, MU - Mar-
shall University; VVZC - Valerio Vignoli Zoological Collection), BOLD (COI; DNA barcode region)
accession numbers, COI sequence haplotype (H1-12) and reference are given. Abbreviations: HR =
Croatia, BIH = Bosnia and Herzegovina, I = Italy, Ref = references: A = PopNaRr ef al. (2021), B = GRaAHAM

et al. (2012b), C = present study, D = Trorea (2015), E =iBOL.

Sample ID | Locality (short version) No. | Voucher ID R Ref
numbers Hp
Euscorpius borovaglavaensis
S6 HR: Split ? 1 |[NHMW_11744 | ATCRO013-21 H1 A
VEF-0808 SRB: Nis - | MU_VF-0808-1 | AMSCO067-10 - E
ve77z | bR 10 kmEof Split 2 |MU_VF-07721 |AMSCO0EI0 |y |
CROB1425 | BIH: Gornja Bukovica 3 |ZMBH?75 CROSB001-23 H3 C
CROB613 | BIH: Cebara, Tomislavgrad 4 |CNHM_391 CROSC034-21 H4 A
CROB1424 | BIH: Borova Glava pass 5 |CNHM_786 CROSB002-23 H4 C
CROB1396 | BIH: Listani - Odzak 6 |CNHM_788 CROSB003-23 H4 C
CROB1395 | HR: RoZe, Vostane 7 |CNHM_787 CROSB004-23 H4 C
CROB1423 | HR: Duler, Dinara Mt. 8 | CNHM 765 CROSB005-23 H4 C
- BIH: Barevo 9 | MSNB 8771 - D
- BIH: Nevesinje, Luka 10 | RMNH - D
- BIH: Prisoje, Busko jezero lake | 11 | GTC - D
- BIH: Jablanica 12 | HNHM - D
- HR: Makarska 13 | MSNB - D
523 HR: Solta island 14 |NHMW_2162 | ATCRO012-21 Hé6 A
CROB1138 | HR: Radeni, Maljkovo 15 | CNHM_782 CROSB006-23 H5 C
CROB1137 | HR: Jezevi¢, Marini bunari 16 | CNHM_783 CROSB007-23 H5 C
CROB1162 | HR: Prpino brdo, Mazin 17 | CNHM_796 CROSB008-23 H5 C
CROB197 | HR: Svilaja Mt. 18 | CNHM_267 CROSC036-21 | HI11 | A
CROB1397 | HR: Simurdici, Klapavica 19 | CNHM_789 CROSB009-23 H7 C
CROB1154 | HR: Ondi¢ 20 | CNHM_792 CROSB010-23 H7 C
CROB1164 | HR: Trnavac, Grahovci 21 | CNHM_790 CROSB011-23 H7 C
CROB1167 | HR: Mala Plana 22 | CNHM_795 CROSB012-23 H7 C
CROB1422 | HR: Krasno 23 | CNHM_79%4 CROSB013-23 H7 C
CROB1165 | HR: Kik, Lovinac-G. P. 24 |CNHM_791 CROSB014-23 H9 C
CROB1168 | HR: Simurdi¢i, Klapavica 25 |CNHM_793 CROSB015-23 H10 C
- HR: Vojvodici, Mazin 26 |PMST 11 -
- HR: Bjelobabe, Licko polje 27 |NHMW 29981 |-
CROB609 | HR: Mogori¢, Licko polje 28 | CNHM_239 CROSC035-21 H8 A
CROB1140 | HR: Vrdovo, Troglav Mt. 29 |CNHM_784 CROSB016-23 H5 C

quency of every 1000th generation. The first 1,000,000 generations were discarded as
a burn-in. Tracer v1.7.2. (RamBAuT et al., 2018) was then used to check the sufficiency
of effective sample size (ESS>200 for all parameters) and to reconstruct Bayesian Skyline
plots.
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Fig. 1. Geographic origin of Euscorpius borovaglavaensis Tropea, 2015 specimens analyzed in the present
study. Circles on the map represent sampling localities, and the numbers correspond to those listed in
Tab.1a. Circles denote DNA barcoded samples. Triangles represent genetically uncharacterized samples
from TropPEA (2015) and this study. The sample from Nis, Serbia is not depicted.

Tab. 1b. List of other Euscorpius specimens used for molecular analysis in the study. Sample codes (ID), loca-
lity, Collection inventory numbers (ID; CNHM — Croatian Natural History Museum Scorpiones and Pseudos-
corpiones Collection; VVZC — Valerio Vignoli Zoological Collection), BOLD (COI; DNA barcode region) ac-
cession numbers; Abbreviations: HR = Croatia, | = Italy, Ref = references: A = PODNAR et al., 2021, C = present.

Sample ID | Locality (short version) No. | Voucher ID COI accession Ref
numbers

Euscorpius tergestinus

CROB1430 | I: Basovizza, Trieste (topotype) - | VVZC1387 | CROSB017-23 C

CROB1432 | I: Ternova, Trieste - | VVZC1388 | CROSB018-23 C

CROB180 | HR: Baske Ostarije, Mt Velebit - |CNHM_236 | CROSC074-21 A

CROB444 | HR: Mandre, island Pag - |CNHM_323 | CROSC076-21 A

CROB178 | HR: Trstenik, Ciéarij a Mt. - |CNHM_232 | CROSC079-21 A

Euscorpius cf. tergestinus

CROB223 | HR: Rudine - Cii¢i, island Krk - |CNHM_260 | CROSC082-21 A

ETE11 HR: Sv. Vid Dobrinjski, island Krk - |CNHM_308 | CROSC083-21 A

CROB563 | HR: Brgulje, island Molat - |CNHM_347 | CROSC084-21 A

ETE1 HR: islet Supin, Brijuni archipelago - |CNHM_161 | CROSC091-21 A

CROBS41 Zlfcﬁf;‘:tl asg"(; Marko, Brijuni - | CNHM_343 | CROSC092-21 A

Euscorpius feti

EU-MLJ HR: Galic¢njak, cave, island Mljet - |CNHM_321 | CROSC051-21 A

CROB371 | HR: Tarina jama, cave, Opuzen - |CNHM_265 | CROSC008-20 A
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RESULTS

Phylogeny and phylogeography

All E. borovaglavaensis COI sequences clustered within a highly supported mono-
phyletic clade in the time-calibrated Bayesian phylogenetic tree (Fig. 2). This clade is
further subdivided into two highly supported monophyletic subclades corresponding
to subspecies E. b. borovaglavaensis and E. b. flavus n. ssp. that diversified 0.9 MYA (95%
HPD 1.4-0.6 MYA). Within the E. b. flavus n. ssp. subclade, dated to 0.5 (95% HPD 0.8-
0.2) MYA, there is additional subdivision into two highly supported lineages plus
highly divergent sequence of S6 obtained from the specimen from Solta Island. Diver-
sification of the somewhat younger E. b. borovaglavaensis subclade is dated at 0.3 (HPD
0.6-0.2) MYA.

The same phylogenetic relationships are revealed in TCS parsimony network (Fig.
3). Two subspecies are separated by at least 11 mutational steps, and further subdivi-
sion also strongly resembles the topology revealed by Bayesian analysis. The species
is phylogeographically highly structured, with E. b. borovaglavaensis haplotypes in the

AMSCO046 (2)
CROB1395 (7)

CROB1423 (8)

CROBE13 (4) porovaglavaensis
06.02 GROB1396 (6)

0.3 CROB1424 (5)

CROB1425 (3)

6 (1)

CROBT137 (16)

CROB1140 (29)

CROB1138 (15)

CROB1162 (17)

— CROB197 (18)

CROB1154 (20)

CROB1397 (19)

CROB1164 (21) flavus ssp.n.
CROB1422 (23)

CROB1167 (22)

CROB1168 (25)

CROB609 (28)

CROB1165 (24)

523 (14)

CROB1430
F CROB178
3400 L 5 CROB1432

't CROB180
54 CROB444

2612 &9 CROB223
PP:0.99-1.00 ® ETEN
0.90-0.98 © 3.8.0.0 ETE1 Euscorpius cf. tergestinus

<090 o o 5— CROBSE3
CROB541

14-06

09

Euscorpius borovaglavaensis

0.8-0.2

s 4 3619
77/

Euscorpius tergestinus
3775

4y 06-01 4 CROB371 I _ )
0.3 Euscorpius feti
7/ ———— EU_MLJ P!

0.6
/L
 fr
5 -3 2 B
| PLIOCENE I PLEISTOCENE ]

1 MY ago
0

Fig. 2. Time-calibrated Bayesian phylogenetic tree inferred from COI DNA barcode sequences. The
divergence times are depicted as median values and 95% HPD intervals. Circles on nodes represent
clade support (Bayesian posterior probabilities, PP). Two separate lineages of E. borovaglavaensis, E. b.
borovaglavaensis and E. b. flavus n. ssp. are depicted in red and yellow color, respectively. The topotype
specimens are marked in blue and the holotype specimen is indicated in red.
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Fig. 3. Geographic distribution of COI lineages and haplotypes as well as the TCS haplotype network
illustrating the relationship between 11 observed COI haplotypes. Circles and triangles on the map
represent sampling localities, and the numbers correspond to those listed in Tab. 1a. Circles denote
DNA barcoded samples. Two separate lineages, E. b. borovaglavaensis and E. b. flavus n. ssp. are depicted
in red and yellow color, respectively. In TCS haplotype network, E. b. borovaglavaensis and E. b. flavus
n. ssp. haplotypes are depicted in red and black color, respectively, and the number of mutational steps
is indicated by the number of dashes along the branches. Abbreviations: BIH = Bosnia and Herzegovi-
na, HR = Croatia.

south-east, and E. b. flavus n. ssp. haplotypes in the north-west part of the range (Fig.
3). The geographically closest samples belonging to different subspecies are separated
either by the high-altitude (> 1300 m a.s.l.) Troglav-Dinara chain (E. b. flavus n. ssp.
haplotype H5 from E. b. borovaglavaensis haplotype H4) or by the sea (E. b. flavus n. ssp.
haplotype Hé6 from E. b. borovaglavaensis haplotypes H1 and H2). Despite the small
genetic divergence (a minimum distance of three mutational steps), the phylogeo-
graphic structuring is clearly seen also in the distribution of two mainland E. b. flavus
n. ssp. sublineages, one of them occupying exclusively the northern part (Haplotypes
H7-H10), and the other, with a single exception (Locality 17, Haplotype H5), mostly
the southern part of the subspecies range. Bayesian sky plot analysis revealed a some-
what different time to the most recent common ancestor ({MRCA) for two subspecies,
the shorter for E. b. borovaglavaensis (~ 0.3 MYA) and ~ 0.4 MYA for E. b. flavus n. ssp.
Another marked difference in the demographic pattern observed is that the population
of E. b. flavus n. ssp. slightly increased and the population of E. b. borovaglavaensis
slightly declined in the last 50.000 years. The uncorrected pairwise genetic distances
observed between the two subspecies (1.7-2.3%) do not overlap with those found with-
in each of them (Tab. 2).
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Tab. 2. Ranges of intra- and interspecific uncorrected pairwise genetic distances (p-distances; in per-
centages) based on DNA barcode fragment of the COI gene.

E. b. borovaglavaensis | E. b. flavus n. ssp. | E. tergestinus | E. cf. tergestinus
guscorplus borqvugluvaenszs 0.6-0.9
orovaglavaensis
Euscorpius borovaglavaensis 17-23 0.2-1.4
flavus n. ssp.
Euscorpius tergestinus 4.8-5.7 4.8-5.7 0.3
Euscorpius cf. tergestinus 4.9-6.2 4.5-6.3 3.9-49 0.2-1.7
Fig. 4. Bayesian skyline plots (BSPs) for
g1 subspecies of E. borovaglavaensis illus-
g trating population size change throu-
s gh time assuming the COI substituti-
£ on rate of 0.0134 (95% HPD: 0.01-
! 0.0174) substitutions/site/million years.
E. b. borovaglavaensis . .
Only median estimates are shown.
K The x-axis is a time from the present in
E. b, flavus ssp. n. MY, and y-axis represents population
& size (shown on a log scale as the pro-
duct of the effective population size
(Ne) and generation time (T)). E. b. bo-
rovaglavaensis and E. b. flavus n. ssp.
pet e = s 0 55 o5 are depicted in red and black color,

0.35
Time (MY200)  regpectively.

Taxonomy

Family: EUSCORPIIDAE Laurie, 1896

Subfamily: EUSCORPIINAE Laurie, 1896

Genus: Euscorpius Thorell, 1876

Subgenus: incertae sedis

Euscorpius borovaglavaensis flavus n. ssp. Vignoli
(Figs. 5-7, 11-19, 20, 22-23, Tab. 3)

ZooBank registration: urn:lsid:zoobank.org:act:DC988BBD-A9A6-4F3A-BC51-
68D5E746AF20

TYPE MATERIAL. Croatia: Dinaric Alps:

Holotype: adult & (CNHM?789), Simurdici, Bruvno - Klapavica, Lika, 44°2523"N,
15°5222"E, 730 m a.s.l., 14.1X.2022, leg. M. Vukovic.

Paratypes: 1 adult @ (MSNTSC700), Simurdici, Bruvno - Klapavica, Lika, 44°2523"N,
15°5222"E, 730 m a.s.l,, 25.IV.2022, N. Tvrtkovi¢ leg.; 1 adult @ (CNHM790), Trnavac,
Church ruins, Grahovci, Mt. Mala Kapela, Lika, 44°44'54"N, 15°33'48"E, 720 m a.s.1,,
28.IX.2020, N. Tvrtkovic¢ leg.; 1 adult @ (CNHM791), Kik, St. Petka Church, Lovinac-
Gornja Ploca, Lic¢ko polje, Lika, 44°25'32"N, 15°38'28"E, 603 m a.s.l., 17.X.2020, N.
Tvrtkovicleg.; 1 adult @ (CNHM792), Ondig, Lika, 44°28'35"N, 15°46'38"E, 735 m a.s.1.,
07.IV.2021., M. Vukovi¢ leg.; 1 adult & (MNSB14017), Mogori¢ - Medak, Licko polje,
Lika, 44°28'51"N, 15°33'45"E, 590 m a.s.l, 05.X.2018, F. Rebrina leg.; 1 adult &
(NHMW29981), Bjelobabe, Zir Hill, Licko polje, Lika, 44°26'26"N, 15°35'54"E, 600 m
a.s.l, 05.X.2018, F. Rebrina leg.


urn:lsid:zoobank.org:act:DC988BBD-A9A6-4F3A-BC51-68D5E746AF20
urn:lsid:zoobank.org:act:DC988BBD-A9A6-4F3A-BC51-68D5E746AF20
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Table 3. Measurements (mm) and pectine tooth count of type specimens of Euscorpius borovaglavaensis
flavus n. ssp.! CarA = Distance from center of median eyes to anterior carapace margin.? CarP = Distance
from center of median eyes to posterior carapace margin.’Chela width = Wchel-A (TROPEA et al., 2014).*
car+mes+met = carapace + mesosoma + metasoma. In pedipalp total trochanter length is not included.

Holotype J| Paratypes @ Paratypes &
CNHM | MSNT | CNHM | CNHM | CNHM |MCSNBG| NHMW
789 SC700 790 791 792 14017 29981
anterior width 2.1 2 1.9 2 2.1 17 2.1
posterior width 5.6 5.2 4.8 5.6 5.3 4.5 5.4
Carapace length 5.6 5.2 4.7 5.2 5.1 4.5 55
CarA! 2.6 24 2.1 2.3 2.3 1.9 2.5
CarP? 3 2.8 2.6 2.9 2.8 2.6 3
width?® 3.9 3.6 31 3.6 35 2.9 3.8
length 9.7 9.1 8 94 8.9 7.6 9.3
Chel
e length of 6 52 46 56 5 45 58
movable finger
length of manus 5.1 4.6 4.1 4.7 4.4 4 4.9
width 1.9 1.7 1.5 1.9 1.7 14 1.8
Patella
length 4.6 43 39 4.3 4.1 3.7 4.5
width 17 1.7 14 12 1.5 14 1.6
Femur
length 4.5 42 3.8 4.4 3.9 3.7 4.5
Pedipalp total length 23.9 222 19.8 22.8 21.3 19 23.2
Tergite I length 0.6 0.6 0.7 0.8 0.6 0.6 0.5
Tergite I length 1 1.2 0.9 1.2 1 0.9 1.1
Tergite I1I length 14 1.7 12 19 1.7 14 1.7
Tergite IV length 1.8 2 13 2.3 2.1 1.7 2.1
Tergite V length 1.9 1.9 1.6 25 24 1.9 23
Tergite VI length 2.2 2 1.6 2.6 24 2 24
Tergite VII length 2.7 2.3 1.8 3.1 2.9 25 3
Mesosoma total length 11.6 11.7 9.1 14.4 13.1 11 13.1
width 2 1.9 1.7 1.9 1.7 1.6 1.9
Metasoma I
length 2.1 1.9 1.6 1.8 17 1.6 2.1
width 1.8 1.7 1.5 1.6 1.6 14 1.7
Metasoma II
length 25 22 1.9 2.3 2 1.9 2.6
width 1.7 1.6 14 15 1.5 1.3 1.6
Metasoma III
length 2.8 25 22 2.5 23 21 29
width 1.6 1.5 1.4 15 1.4 1.3 1.5
Metasoma IV
length 3.5 3 2.6 3.2 2.8 2.6 3.5
width 1.5 14 1.3 1.4 14 1.2 14
Metasoma V
length 5.6 4.7 4.2 4.7 44 43 5.6
Metasoma I-V |length 16.5 14.3 12.5 14.5 13.2 12.5 16.7
width 1.8 1.5 14 1.4 14 1.6 1.8
Vesicle length 4.5 3.2 2.6 3 3 3.5 4.3
height 24 1.5 1.3 14 14 1.9 24
Aculeus length 12 1.2 1.4 14 1.2 1 1.3
Telson length 5.7 4.4 4 4.4 4.2 4.5 5.6
Metasoma length 22.2 18.7 16.5 18.9 17.4 17 223
Total length  |car+tmes+met* 39.4 35.6 30.3 38.5 35.6 325 40.9
Pectines teeth |L/R 9/9 8/8 7/7 8/8 7/8 9/9 8/9




Nat. Croat. Vol. 33(1), 2024 39

Plate 1, Figs. 5-10.
Figs. 5-7. Euscorpius borovaglavaensis flavus n. ssp.:
Fig. 5. Dorsal habitus, adult g, holotype (CNHM?789), scale: 5.6 mm.
Fig. 6. Ventral habitus, adult J, holotype (CNHM?789), scale: 5.6 mm.
Fig. 7. Dorsal habitus, adult @, paratype (CNHM?791), scale: 5.2 mm.
Figs. 8-10. Euscorpius borovaglavaensis borovaglavaensis Tropea, 2015:
Fig. 8. Dorsal habitus, adult & (ZMBH76), scale: 6 mm.
Fig. 9. Ventral habitus, adult & (ZMBH76), scale: 6 mm.
Fig. 10. Dorsal habitus, adult @ (CNHM?787): scale: 5.4 mm.

ADDITIONAL MATERIAL.

1 adult & (VVZC1374), 3 adults @ ¢, Simurdiéi, Bruvno-Klapavica, Lika, 44°2523"N,
15°52'22"E, 730 m a.s.l, leg. A. Lemi¢, M. Vukovié; 25.1V.2021 (NHMW29982,
CNHM793), 14.1X.2022 (VVZC1378), M. Vukovi¢ leg.; 2 adults Q¢ (ZMBH77,
VVZC1376), Ondi¢, Lika, 44°28'35"N, 15°46'38"E, 753 m a.s.l., 7.VIL.2021, N. Tvrtkovic¢
leg.; 1 adult & (VVZC1377), Bjelobabe, Zir Hill, Licko polje, Lika, 44°26'26"N,
15°35'54"E, 600 m a.s.l,, 05.X.2018, F. Rebrina, N. Tvrtkovi¢leg.; 1 adult @ (CNHM?795),
Mala Plana, Gornje Pazariste, Mt. Velebit, 44°39'06"N, 15°09'36"E, 700 m a.s.l., 25.
IV.2021, N. Tvrtkovi¢, M. Vukovi¢, A. Lemic leg.; 1 subadult @ (PMST11), Vojvodici,
Mazin, Lika, 44°26'52"N, 15°57'02"E, 807 m a.s.l., 15.VII1.2020, M. Vukovié, A. Lemié
leg.; 1 adult @ (CNHM?796), Prpino brdo, Mazin, Licka PljeSevica Mt., Lika, 44°28'31"N,
15°58'35"E, 940 m a.s.l., 29.1X.2022, M. Vukovi¢ leg.; 1 adult @ (CNHM?794) Krasno,
Polje, Mt. Velebit, Lika, 44°49'03"N, 15°04'02"E, 750 m a.s.l., 20.V1.2022, S. Tomai¢ leg.;
1 adult & +2juv. (NHMW2162), Solta Island, Dalmatien, 11.9.1929, leg. F. Werner, det.
as Euscorpius carpathicus mesotrichus Hadzi, 1929.
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Plate 2, Figs. 11-13.

Euscorpius borovaglavaensis flavus n. ssp.:

Fig. 11. Carapace dorsal aspect, adult J, holotype (CNHM789), scale 2.6 mm.

Fig. 12. Dorsal retrolateral aspect of pedipalp chela, adult J, holotype (CNHM789), scale: 2.5 mm.
Fig. 13. Dorsal retrolateral aspect of pedipalp chela, adult @, paratype (CNHM?791), scale: 2.2 mm.

ETYMOLOGY. Taxon name refers to the body orange brown to yellowish (“flavus”
in Latin) color, in contrast to the genetically closest relative, in combination with the
genus name masculine in gender.

DIAGNOSIS. Medium-large taxon with adults reaching 40.9 mm in total length.
Overall coloration is light orange brown or light sand yellow with yellow chelicera,
legs and telson. Pedipalp chela finger margins type A. Pedipalp patellar external tricho-
bothria: eb: 4, eb : 4, esb: 2, em: 4, est: 4, et: 7; ventral aspect with 10 (9-11) trichobothria.
Number of pectinal teeth: §=9, @= 8. Presence of metasoma ventral median carina on
segment IV. Marked metasoma ventral median carina and intercarinal surface granu-
lation on segment V. All sternites of the same color, marbling absent or very light only
on metasomal segments and chelicera.

DESCRIPTION. This description is based on holotype adult & (CNHM?789, Figs. 5,
6, 11, 12, 14-20, 22) and paratype adult ¢ (CNHMZ791, Figs. 7, 13, 23). Morphometrics
are provided in Tab. 3.

Color (Figs. 5-7). Carapace, cheliceral teeth, tergites, sternites (), metasoma, pedi-
palp femur and chela manus, distal portions of leg ungues and dactyl orange brown
(NCS S 6030-Y30R) with darker pedipalp chela fingers and telson aculeus (NCS S 8010-
Y50R). Pedipalp patella is lighter than femur and chela, light brown beige (NCS S
3050-Y10R). Pedipalp chela finger denticle rows black brown (NCS S 8505-Y20R).
Chelicera tibia, carapace (?), tergites (?), legs, genital operculum, sternites (?) and
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Plate 3, Figs. 14-19.

Euscorpius borovaglavaensis flavus n. ssp., adult J, holotype (CNHM789):
Fig. 14. Patella dorsal aspect, scale: 1.9 mm.

Fig. 15. Patella retrolateral aspect, scale: 1.4 mm.

Fig. 16. Patella ventral aspect, scale as for Fig. 15.

Fig. 17. Dorsal aspect of pedipalp chela, scale: 1.6 mm.

Fig. 18. Retrolateral aspect of pedipalp chela, scale: 1.4 mm.

Fig. 19. Ventral aspect of pedipalp chela, scale as for Fig. 18.

pectines light sand yellow (NCS S 2020-Y10R) but telson vesicle slightly darker sand
yellow (NCS S 3040-Y10R). Leg granules from orange brown (NCS S 6030-Y30R) to
light sand yellow (NCS S 2020-Y10R), while granules and carinae can vary from orange
brown (NCS S 6030-Y30R) on metasoma to black brown (NCS S 8505-Y20R) on pedi-
palps. Plural and intersegmental (tergites and sternites) membranes are grey (NCS S
7502-G).

Chelicerae. Manus dorsal surface slightly marbled on distal portion, smooth with one
macroseta and several microsetae on distal margin; ventral surface with brush-like
setae on entire prolateral margin. Movable finger with ventral distal denticle longer
than dorsal distal denticle; dorsal aspect with two small subdistal denticles, one larger
medial denticle and one basal denticle, smallest of the series; scattered microsetae.
Ventral edge without denticles and covered with brush-like setae on 2/3 of finger
length. Serrula absent. Fixed finger with four denticles; basal and medial very close
forming a bicusp and covered with brush-like setae like the movable finger, no visible
microsetae.

Carapace (Fig. 11). As long as wide, acarinate, with anterior margin straight with
small granules (smaller in @); posterior margin slightly convex, smooth except later-
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Plate 4, Figs. 20-23.
Euscorpius borovaglavaensis flavus n. ssp.:
Fig. 20. Ventral aspect of metasoma segments IV-V, adult & holotype (CNHM?789), scale: 3.3 mm.
Fig. 22. Lateral aspect of metasoma segment V and telson, adult & holotype (CNHM?789), scale: 4.4 mm.
Fig. 23. Lateral aspect of metasoma segment V and telson, adult ¢, paratype (CNHM?791), scale: 5.7 mm.
Euscorpius borovaglavaensis borovaglavaensis Tropea, 2015: adult & (ZMBH76):
Fig. 21. Ventral aspect of metasoma segments IV-V, scale: 3.6 mm.
Abbreviations: IV: metasoma segment IV; V: metasoma segment V; vl: ventral lateral carinae; vm:
ventral median.

ally where small granules are present. Marbling absent. Anterior margin with four
large macrosetae; two behind median ocelli and two on median lateral areas. Anterior,
anterior lateral and posterior margins with scattered microsetae. Lateral margins with
small crenulate granules. Entire surface finely granulated except for anterior lateral
portions behind lateral ocelli; larger granules are present on lateral areas close to pos-
terior lateral furrows. Anterior median sulcus evident but not as deep as posterior
median sulcus; posterior lateral and posterior marginal sulci evident but shallow. Lat-
eral ocelli pattern Type 2A with mediolateral major (MLMa) ocelli larger than poste-
rolateral major (PLMa) ocelli. Median ocular tubercle averagely developed with two
median ocelli situated in anterior half of carapace.

Pedipalps. Coxa and trochanter. Pedipalp coxa granulate with larger and darker cren-
ulate granules on dorsal retrolateral margin and ventral prolateral margins. Macrose-
tae and microsetae on dorsal and ventral surfaces but more on the latter surface. Tro-
chanter with darker distinct crenulate granules on dorsal, ventral (smaller) and pro-
lateral surfaces; macrosetae and microsetae on prolateral surface. In @ the granulation
is weaker except for coxa which is similar. Femur. As long as patella. Dorsal prolateral
carinae tuberculated with tubercles forming a continuous black brown row; dorsal
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retrolateral carinae with tubercles similarly sized as for prolateral carinae but not form-
ing a continuous row, every granule is separate and with the tips inclined towards
distal margin. Retrolateral median carinae shorter than dorsal retrolateral carinae with
tubercles size like the dorsal retrolateral carinae but more spaced. Retrolateral ventral
carinae vestigial with few tubercles on proximal portion. Ventral prolateral carinae
with largest tubercles and straight tips. Prolateral median carinae close to prolateral
ventral carinae and composed by a few scattered tubercles (=10-14, 2=10-12) of dif-
ferent sizes, some as large as those for ventral prolateral carinae. All intercarinal sur-
faces finely granulated with larger scattered granules on dorsal and ventral surfaces.
Microsetae on all surfaces and macrosetae on prolateral and retrolateral surfaces. In @
all the same as for ¢ but with slightly less developed granulation. Patella (Figs. 14-16).
Dorsal prolateral carinae weak comprising granules increasing in size from proximal
to distal portion and forming a continuous, or almost continuous, row. Dorsal retro-
lateral carinae smooth, shiny with tubercles barely visible. Retrolateral median carinae
granulated with several smooth accessory tubercles. Ventral retrolateral carinae like
dorsal retrolateral carinae but with granules tips more distinguishable. Ventral prolat-
eral carinae with distinct rounded tubercles, larger from mid to apical portion. Dorsal
intercarinal surface finely granulated, slightly larger (less than femur), on distal por-
tion. Retrolateral intercarinal surface smooth with sparse granules, ventral intercarinal
as for dorsal intercarinal surface with larger granules on prolateral portion; prolateral
intercarinal surface smooth on proximal area and finely granulated from mid to distal
area. Microsetae on all surfaces and two macrosetae on prolateral surface, one on mod-
erately developed dorsal patellar spur. In ¢ all the same as for male except for the
granule dimensions which are reduced. Chela (Figs. 12, 13, 17-19). Stocky appearance,
2.5-2.6 times longer than wide. Manus with dorsal prolateral carinae smooth and few
distinct granules on proximal end portion. Dorsal retrolateral carinae strong, smooth
with one separated tubercle on proximal distal end. Ventral retrolateral carinae similar
as dorsal retrolateral carinae but with 4-5 distinct tubercles (less marked in @). Ventral
prolateral carinae formed by small granules. Retrolateral median carinae with tubercles
decreasing in size from distal to proximal margin. Dorsal and ventral intercarinal fine-
ly granulated with few tubercles on proximal margin. Retrolateral intercarinal with
sparse small granules and tubercles close to all trichobothria. Prolateral intercarinal
surface finely granulated with sparse slightly larger spiny granules; dorsal and ventral
areas, close to carinae with spiny granules increasing in size. Marmoration macroscu-
Ipture and microsetae on all surfaces. Macrosetae on all surfaces except on retrolateral
surface. Finger margins strongly undulate in & (Type A) and undulate in 9. Movable
finger (&) with proximal lobe similar in size to medial lobe and long proximal notch;
both lobes with very close dark rounded tubercles and spaced short elongated denticles
on the notch. Distal portion with distal denticle and median denticle row with distinct
small tubercles; five (R) and four (L) retrolateral denticles and six prolateral denticles
together with four inner accessory denticles. Proximal and medial lobe are similar in
size in @ while the proximal notch is shallow but distinguishable; tubercles on notches
are less imbricated than on & and, except for proximal notch, where the denticles are
slightly larger, all other denticles are similar in size with seven retrolateral and six
prolateral denticles and four inner accessory denticles. Fixed finger of & with large
proximal lobe and deep proximal notch ending with a moderate medial lobe; similar
dentition on lobe and notch as on movable finger. Apical portion curved towards mov-
able finger with distal denticle and median denticle row similar to that of movable
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finger but with five retrolateral and six (L)-five (R) prolateral denticles with four inner
accessory denticles. Proximal lobe in ¢ with dimensions like movable finger proximal
lobe; similar dentition as on movable finger and with six retrolateral, six prolateral and
four inner accessory denticles. Trichobothria pattern neobothriotaxic Type C. Femur
with three trichobothria: d, e and i; with d at the same distance from i and e. Patella (3)
with a total of 40 trichobothria: two dorsal: d,-d, and one internal: i close to dorsal
prolateral carinae; eleven ventral; twenty-six external: eb (4), eb, (4), esb (2), em (4), est
(4), et (8). Paratype (%) patella as for holotype except for ventral (left 10/right 11) and
external et (7/7) trichobothria series. Chela with 26 trichobothria; manus with two dor-
sal: Dt, db; fifteen external: Eb (3), Esb, V,, Db, Est, Et (4), eb, esb; two internal: ib, it; four
ventral: V (3), Et. Fixed finger with five trichobothria: two dorsal: dst, dt; and three
external: dsb, est, et.

Sternum. Coxosternal region smooth with few sparse setae on coxapophysis and
coxae of legs. Sternum pentagonal shape, Type 2. Length approximately equal to pos-
terior width; smooth with 3 macrosetae on lateral lobes. Posterior emargination deep.

Genital operculum. Partially divided longitudinally; smooth, shiny with two macro-
setae and a few fine sparse setae. Genital papillae externally visible for &.

Pectines. Basal piece with four macrosetae and few microsetae. Marginal lamellae
comprising three sclerites with several microsetae. Middle lamellae with five sclerites,
proximal sclerites are fused, fewer setae than on marginal lamellae. Fulcra with 8 (&)
and 7 (Q) sclerites with few setae. Teeth number, 9-9 (3 and 8-8 (Q); first distal teeth
with more setae than on other teeth.

Mesosoma. All tergites acarinate, surfaces I-VII, finely shagreened with posterior
median surfaces smooth, shiny; surface VII with coarse larger granules on lateral pos-
terior margins. Sparse macrosetae on all tergites, especially on tergite posterior mar-
gins. Sternites, surfaces III-VII punctuated, smooth and shiny with small and elon-
gated spiracles. Sparse macrosetae on all sternites more concentrated on lateral and
posterior margins.

Legs. Coxae of legs I-IV ventrally smooth, coxae I-II with reddish tubercles on pro-
lateral margin but coxae III-IV with small reddish tubercles. Dorsal surface of all coxae
with reddish tubercles, larger on coxa IV. Trochanters of legs I-IV with sparse pale
small tubercles on dorsal and prolateral surfaces; ventral surfaces smooth for legs II-IV
and with sparse pale tubercles on leg I. Femurs of all legs with reddish tubercles form-
ing a dorsal carina on entire segment length. Femur of legs II-III with additional row
of tubercles on dorsal prolateral margin. Ventral surface of femur with two distinct
carinae, prolateral and retrolateral, with reddish crenulated tubercles; smaller and
paler on leg IV. Intercarinal surfaces weakly and finely granulated, especially on pro-
lateral aspect. Femur carination similar for ¢ but with smaller and paler tubercles.
Patella of all legs with dorsal and lateral portions smooth and with reddish tubercles
on ventral surface from mid to distal portion, crenulate on legs I-III and rounded,
smaller on leg IV for & (for leg I paratype MCSNBG-14017 has been examined since
missing on holotype). For ¢ all tubercles are weaker and paler and on leg IV the gran-
ulation is almost absent, showing few small tubercles on distal portion only. Tibial spur
absent and two pedal spurs on all legs. Basitarsus I/II with retrolateral ventral stout
spinules (leg I (L/R): & MCSNBG-14017=7/10, =10/12; leg II (L/R): & MCSN-
BG-14017=7/9, =8/8). Tarsus I-IV with a row of ventral median spinules and one pair
of distal spinules (leg III (L/R): &= 10/10; Q: missing/10). Sparse microsetae and mac-
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rosetae on all segments, more on basitarsus and tarsus. Ungues and dactyl as for genus.
All segments are same in color, marbling absent.

Metasoma and telson (Figs. 20, 22, 23). Ventral median carina absent on segment I-1I,
vestigial on segment III, weak and smooth with very small granules on segment IV and
moderately developed, crenulated, on segment V with tubercles more spread on lat-
eral distal portion. Ventral lateral carina obsolete on segment I, vestigial on segment
II-11I, weak on segment IV with few granules on distal portion, and crenulated on seg-
ment V with tubercles increasing in size from proximal to distal portion. Lateral me-
dian carinae vestigial on segments I-IV and absent on segment V; weaker on all seg-
ments for §. Dorsal lateral carinae weak on segment I and composed of small sparse
granules larger on proximal portion; similar on segments II-IV but with larger and
darker granules on distal portion. Segment V dorsal lateral carinae rounded with sev-
eral very small crenulated sparse tubercles. Dorsal and lateral intercarinal surfaces of
all segments finely shagreened. Ventral intercarinal surfaces smooth, punctuated on
segments I-II; slightly shagreened on segments III-IV, scattered small/medium size
granules from basal 2/5 to distal portion on segment V. Macrosetae on lateral and
ventral surfaces of all segments. Anal arch carina with small tubercles. Carination and
granulation in ¢ as for §. Weak marbling on segments II-V increasing intensity from
proximal to distal segments on @, absent on all segments on J. Telson vesicle swollen
in ' (almost 60% higher than for ¢) and elongated, as high as wide and as long as twice
the height in Q. Dorsal proximal portion slightly concave. All surfaces are homogene-
ously finely granulated. Marbling absent in & while present in @ showing two well
defined lighter stripes on ventral surface and one lighter stripe from proximal to distal
margin of lateral surfaces. Sparse macrosetae and microsetae between distal vesicle
margin and proximal aculeus margin. Aculeus more curved and lighter in color at
proximal margin while dark at distal margin in J; less curved and homogeneous in
color in Q.

Variability

In the total of 19 examined specimens, 17 adults (6 3, 11 9 Q) and 2 subadults (2 ?),
some intraspecific variability has been observed. Some color variability has been ob-
served only in color intensity with lighter and darker specimens from yellowish to
orange brown. Even if all the specimens examined show marbling on metasomal seg-
ments, in some specimens (5/19) they show an evident darkening on segments IV-V
due to marbling. Trichobothria variability as following: patella ventral counts: 9-8 (5%
(1/19)), 9-9 (10% (2/19)), 7-10 (5% (1/19)), 11-9 (5% (1/19)), 10-10 (42% (8/19)), 10-11 (5%
(1/19)), 11-11 (21% 4/19), 12-12 (5% (1/19)); patella external counts: eb=4-3 (5% (1/17));
eb =3-4 (5% (1/17)) em=0/4 (5% (1/17)), 4/3 (11% (2/17)); est=5/4 (5% (1/17)), et=7/8 (11%
(2/17)), 7/7 (58% (10/17)), 8/8 (29% (5/17)). The following pectinal teeth variation have
been observed, @ $="7/7 (1/13), 7/8 (4/13), 8/8 (5/13), 9-8 (1/13), 9/9 (1/14); 33=8/8 (1/6),
8/9 (1/6), 9/9 (4/6).

We also found variability of pedipalp chela finger denticle count; on some specimens
the denticles are clearly separated while for some specimens, especially next to the
medial lobe, the denticles are very close and difficult to recognize. We counted only
the denticles that are clearly distinguishable resulting in the following variability: mov-
able finger: retrolateral denticles (L/R): 4-7 (mostly 6), prolateral denticles (L/R): 5-6
(mostly 6), accessory denticles (L/R): 4-6 (mostly 4). Fixed finger: retrolateral denticles
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(L/R): 4-6 (mostly 6), prolateral denticles (L/R): 4-6 (mostly 6), accessory denticles (L/R):
1-4 (mostly 3). Although a more common number of spinules on leg tarsus and basi-
tarsus is evident we have seen some variability: ventral median spinules on tarsus leg
I (L/R): 7-14 (mostly 11), retrolateral ventral spinules on basitarsus leg I (L/R): 3-17
(mostly 8), basitarsus leg II (L/R): 2-9 (mostly 8).

Lateral ocelli have been observed under UV light to detect also the minor ocelli and
only one individual (NHMW29981) bears a third small ocellus (ADMi) on one side (R)
of the carapace showing a Type 3B pattern, while all other specimens have Type 2A.

An interesting finding was that two specimens had abnormal legs. One sub adult ¢
(CNHM790) with a completely missing basitarsus and a reduced tarsus on left leg I
and a second specimen, adult 8 (NHMW29981), with a completely missing tarsus on
the right leg II, both with complete but very small ungues and dactyl. Although it is
not possible to know the reason for the malformation, it is very similar to that described
by Watz & Dunror (2022) and therefore we probably found two cases of incomplete
regeneration. The fact that 11% percent of our analyzed samples show regeneration
could be a coincidence, or a not uncommon phenomenon in euscorpids, however in
our opinion worthy of note.

Differences from nominal subspecies

Euscorpius borovaglavaensis flavus n. ssp. can be distinguished from Euscorpius
borovaglavaensis borovaglavaensis Tropea, 2015 in (1) metasoma ventral median carina of
segment IV:itisin E. b. flavus n. ssp. always present (Fig. 20), both in adult 9 and 43
and in subadults, while it is absent in E. b. borovaglavaensis (Fig. 21), and (2) metasoma
ventral median carina of segment V in E. b. flavus n. ssp. is strong, more marked with
larger distinct crenulated tubercles (Fig. 20) than for nominal subspecies where the
tubercles are smaller and closer together forming a broader, less distinct ventral me-
dian carina (Fig. 21). In addition (3), the ventral intercarinal surface is less granulated
than for nominal subspecies where several small granules are present on entire segment
length (Fig. 21), and (4) sternite VII has same color as sternites III-VI (Fig. 6), while
nominal subspecies has sternite VII darker and similar in color as metasoma segments
(Fig. 9) — it is the most remarkable trait of overall body color differences - in E. b. flavus
n. ssp. light orange to yellowish sand (Figs. 5-7), while nominal subspecies is dark
brown (Figs. 8-10), in (5) chelicera manus dorsal marbling in E. b. flavus n. ssp. slightly
on distal portion, while for nominal subspecies the marbling is strong and covering
entire dorsal manus, in (6) telson marbling in E. b. flavus n. ssp. absent or weak, while
in nominal subspecies present strong.

Differences from other, similar Euscorpius species

Euscorpius borovaglavaensis Tropea, 2015 can be distinguished from Euscorpius terg-
estinus (C. L. Koch, 1837) from Eastern Adriatic coastal (not island) populations, in (1)
metasoma segment IV ventral median carina development, in E. tergestinus obsolete,
but present or absent in E. borovaglavaensis, difference in ventral intercarinal surface
of metasomal segment, in (2) by metasomal segment V, in E. tergestinus it is mostly
smooth or with few small granules, while it is present and more granulated in E.
borovaglavaensis, and by (3) different body color, in E. tergestinus reddish, reddish brown
or brown —in E. borovaglavaensis extremely variable, different in subspecies, but never
similar to that of E. tergestinus.



Nat. Croat. Vol. 33(1), 2024 47

Euscorpius borovaglavaensis flavus n. ssp. can be distinguished from Euscorpius terg-
estinus (C. L. Koch, 1837) from coastal Eastern Adriatic populations in (1) metasoma
segment IV: in E. tergestinus obsolete ventral median carina, in E. b. flavus n. ssp. it is
always present; by (2) the metasoma segment V: ventral intercarinal surface in E. terg-
estinus it is mostly smooth or with small scattered granules, while E. b. flavus n. ssp.
bears several small-medium granules, and (3) by different body color. Nominal subspe-
cies can be distinguished from E. tergestinus in (1) different whole body color and
marbling (TRoPEa, 2015), but especially in color of sternite VII, which is in E. tergestinus
always the same as in other sternites, in E. b. borovaglavaensis noticeably darker than
color of other sternites, but the same as the color in metasoma segments, and (2) in
metasoma segment IV E. tergestinus has obsolete ventral median carina, in E. b.
borovaglavaensis ventral median carina is absent.

Among other Euscorpius species with similar trichobothria and pectinal teeth
counts the new subspecies can be distinguished as follows: E. feti Tropea, 2013, has a
slender morphology supported by morphometrics and only one distal spinule in ven-
tral median row on tarsus (Trorea, 2013b); E. corcyraeus Tropea & Rossi, 2012 has
pedipalp fingers Type C, a considerably swollen telson vesicle in males and is a small
species reaching a maximum total length of 23 mm (Trorea & Rossy, 2012); E. vailatii
Tropea & Fet, 2015 has metasoma ventral median carinae absent or obsolete on segment
IV, larger pedipalp chela width in males than in females, smaller in total length, max-
imum 34.5 mm (TroPea & FET, 2015); E. candiota Birula, 1903 is characterized by hav-
ing smooth to obsolete metasomal carination on segments II-IV (Fer et. al., 2013) and
less marked ventral lateral and ventral median carinae on segment V; E. balearicus
Di Caporiacco, 1950 has a reduced metasoma with carination almost absent (GANTEN-
BEIN ef al., 2001).

Distribution

Known only in Croatia. After our present data, Western part of Middle Dalmatia
(Solta Island, Mt. Svilaja, southern slopes of Mt. Troglav, Mt. Dinara) and the Lika
karstic plateau between the mountains Velebit, Velika Kapela, Mala Kapela and the
southwestern slopes of the Licka PljeSevica Mts. (Fig. 1). Vertical range probably from
sea level to cca. 1200 m a.s.1, like nominal subspecies, too. After our really incomplete
samples in Croatia nominal subspecies inhabited eastern part of Middle Dalmatia
(Split?, Dubrava E Split, Mt. Biokovo, Mt. KamesSnica) and in southern Bosnia and
Herzegovina all open karst habitats with Mediterranean influence, probably to cca.
1200 - 1300 m a.s.l. including the northern slopes of Troglav and Dinara. On Dinara,
reached from the northern side one high mountain valley (Duler, 1200 m a.s.l,, Croatia,
just near the state border). Distribution border in southern Bosnia and Herzegovina is
currently unknown even if isolated, probably introduced samples, are known more
northern in Barevo (Trorea, 2015) and in Nis, Serbia (PopNAR et al., 2021).
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Ecology: habitats and sympatric scorpions

Habitats of E. b. flavus n. ssp. are almost dry rocky pastures, sometimes with sink-
holes, dry rocky heath with bracken (Pteridium aquilinum) or rarely with common
heather (Calluna vulgaris), rocky scrubland or garrigues, dry stone walls (stone fences),
piles, abandoned quarries, rocky roadsides, all in two climazonal Mediterranean belts.
In (1) the lower more thermophilic coastal belt of manna ash (Fraxinus ornus) with
evergreen holm oak (Quercus ilex) forests or pubescent oak (Quercus pubescens) with
oriental hornbeam (Carpinus orientalis) forests, too. On Svilaja and in the Lika area in
(2) higher sub-montane or montane forest belt with colder winters: pubescent oak
(Quercus pubescens) with hop hornbeam (Ostrya carpinifolia) forests. A rough distribu-
tion of forest types can be seen in TRiNaJSTIC & Sucar (1968: Fig. 2). The highest or
northern localized habitats are on western slopes with thermophilic beech forests -
beech (Fagus sylvatica) with autumn moor grass (Sesleria autumnalis) or hop hornbeam
(Ostrya carpinifolia) (VUKELIC, 2012).

The epigean Euscorpius borovaglavaensis flavus n. ssp. in Lika region is the only scor-
pion species, but at higher altitudes it is parapatric with the forest species Alpiscorpius
omega Kovarik, Stundlova, Fet & ét’éhlavsk}’f, 2019 (e.g. in Krasno, on the northern
slopes of Velebit Mts., above Trnavac on Mala Kapela and above Mazin on the southern
slopes of Licka Pljesevica). The Velebit mountain chain is the border of the coastal
population of E. tergestinus (C. L. Koch, 1837). On Solta Island and at lower altitudes
of the western part of Middle Dalmatia between the Krka River and the Cetina River,
E.b. flavus n. ssp. is sympatric and syntopic with Euscorpius (Polytrichobothrius) italicus
(Herbst, 1800) (unpublished field data). In the eastern part of Middle Dalmatia the
epigean E. borovaglavaensis borovaglavaensis is sympatric with the cave-dweller Euscorpi-
us biokovensis Tropea & Ozimec, 2020.

DISCUSSION

The substantial intraspecific genetic distances within Euscorpius borovaglavaensis
were previously discussed in the study by PopNar et al. in 2021. Moreover, in the same
paper, one of the three applied species delimitation approaches (bPTP) identified as
many as four candidate species. However, the sample size in that study was extreme-
ly limited, and the phylogenetic relationships within the E. borovaglavaensis clade were
not fully resolved. The estimated time of the initial diversification of E. b. borovaglavaen-
sis and E. b. flavus ssp. nov., 0.9 MYA (HPD 1.4-0.6 MYA), coincides with the period of
Mid-Pleistocene Transition (MPT, 1.25 — 0.7 MYA), the Pleistocene glacial cycles shift
from 41 to = 100 KYR periodicity (CLARK et al., 2006). This complex climatic change has
been repeatedly shown to be an important factor impacting diversification in various
animal taxa in the Mediterranean and surrounding areas (PobNar et al., 2014; SENczUK
et al., 2017; GHANE-AMELEH ef al., 2021; PODNAR et al., 2021). Those two lineages must
have evolved in isolation in two separate, north-western and south-eastern, refugial
areas. After the initial isolation event, the E. b. flavus ssp. nov. refugium located prob-
ably on the prominent hilly part of the coast between the mouth of the Krka River and
Split (Western part of Middle Dalmatia) must have been further subdivided into at
least three microrefugia corresponding to 3 sublineages (Fig. 2 and 3). The lack of the
prominent phylogeographic structure within E. b. borovaglavaensis could be an artefact
of insufficient sampling across the subspecies range (especially in Bosnia and Herze-
govina). The present spatial distribution of haplotypes (Fig. 3) strongly indicate that
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the north-western lineages spread postglacially northwards from the western side of
Middle Dalmatia to the Lika karstic plateau region in the Velebit hinterland, in an area
without competition from Euscorpius (Polytrichobothrius) italicus.

We have not found tentative contact zones between the subspecies, although we
expected that they are on the southern slopes of Mt. Kamesnica and probably east of
Split - around Mt. Mosor (Fig. 1). The possible cause of this is the small sample size
and, particularly, insufficient sampling in border region between two subspecies. In
our sample, we also did not recognize presumed hybrid specimens. The precise loca-
tion of a historical finding of nominal subspecies in Split city (Fig. 1) is uncertain since
the locality is marked with a question mark on the museum label. Based on morpho-
logical trait comparison, it could be assumed that the new taxon represents a good
species. However, the genetic distances values (Tab. 3), although not overlapping, are
lower than those typically observed between Euscorpius species (i. e. PARMAKELIS et al.,
2013; Kovarixk et al., 2020; PopNAR et al., 2021). On the other hand, intraspecific p-dis-
tances between E. borovaglavaensis flavus n. ssp. and nominal subspecies (1.7 — 2.3 %)
are similar to those found between the two relict cryptic allopatric scorpion species,
Alpiscorpius sigma Kovarik, Stundlov4, Fet & gt’éhlavsk}'l, 2019 and A. omicron Kovarik,
Stundlova, Fet & gt’éhlavsk}'f, 2019 (1.5 - 2.5 %) (éTUNDLOVA et al., 2019; KovaRik et al.,
2019; PopNar et al., 2021). The taxonomic distinction between A. sigma and A. omicron
was supported only by cytogenetic traits, different diploid chromosome numbers, 2n
=60 versus 2n =58 (éTUNDLOVA et al., 2019; Kovarik et al., 2019), probably since it could
cause reproductive isolation between different cytotypes (“karyotype races”), in this
case between relict populations. Diploid chromosome numbers vary significantly in
different Euscorpius species (range: 2n = 36 — 2n = 112) (KovaRik & Sr'AHLAVSKY, 2020),
but the chromosomes of the E. tergestinus group have never been studied. Only a future
cytogenetic approach with evidence of reproductive isolation will provide a more com-
plete insight into the taxonomy of the whole group, including the particular case de-
scribed here.

The discovery of a new epigean allopatric cryptic taxon from the Euscorpius tergesti-
nus group further west from the first described Euscorpius borovaglavaensis range (Tro-
PEA, 2015), restricts the coastal distribution of Euscorpius tergestinus s.s. along the East-
ern Adriatic from Carso Triestino to Krka River (Fig. 1) including Rab and Pag islands
(PopNaR et al., 2021). Our results highlight the need for the taxonomic affiliations of
more easterly E. tergestinus s.1. populations in Croatia and Montenegro, noted in other
studies: on Hvar Island (Fer et al., 2009), near Metkovi¢ (Trorea, 2015) and on the su-
pralittoral of Montenegro (Karaman, 2020). Drawing on all the evidence, additional
investigations are in progress to find, map and genetically characterize other morpho-
logically cryptic populations belonging to “E. tergestinus group” on the Dinaric Alps
and Eastern Adriatic coast and especially on the islands. The ongoing research is ex-
pected to shed more light on genetic and morphological intraspecific and interspecific
variability and evolutionary patterns of this interesting and tricky scorpion group.
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