Arthropoda Selecta 32(3): 281-292

© ARTHROPODA SELECTA, 2023

A new semi-terrestrial Cryptorchestia Lowry et Fanini, 2013
(Amphipoda: Talitridae) from the southwestern Caucasus
and the Ciscaucasian Plain

Hosas amdpubnornueckas Cryptorchestia Lowry et Fanini, 2013
(Amphipoda: Talitridae) ¢ roro-samapnoro Kaskasa
n IlpeaxkaBKa3CcKOM pPaBHMUHBI

Ivan N. Marin!, Dmitry M. Palatov?
M.H. Mapuu® A.M. ITasraros?

A.N. Severtsov Institute of Ecology and Evolution of RAS, Moscow 119071, Russia.
MucrutyT sxonmorun u sBomoruu uM. A.H. CeseprioBa PAH, Mocksa 119071, Poccus.

E-mails: coralliodecapoda@mail.ru’, triops@yandex.ru’

ORCID: https://orcid.org/0000-0003-0552-8456', https://orcid.org/0000-0002-8826-9316>

KEY WORDS: Diversity; Crustacea; Cryptorchestia; new species; phylogeny; glacial refugia; barcoding;

speciation; Pleistocene.

KJIFOUEBBIE CJIOBA: Paznoo6pasue; pakoodpasusie; Cryptorchestia; HOBBIH BU; (PUIIOTCHUS; TIISIIAATIBHBIN
pedpyruym; JTHK-6apkoauHT; BHI00Opa3oBaHue; ICHCTOICH.

ABSTRACT. A new species of the semi-terrestrial
talitrid genus Cryptorchestia Lowry et Fanini, 2013,
Cryptorchestia ciscaucasica sp.n., is described from
western Abkhazia and the western part of the Ciscau-
casian Plain, reaching Rostov-on-Don and the Tsimly-
ansk Reservoir, Russia. The new species is obviously
related to the Western European C. garbinii Ruffo,
Turaco et Latella, 2014. Both species are genetically
separated for 2.5% by COI mtDNA gene marker, geo-
graphically isolated and can be easily distinguished by
the shape of antennas I-II and the spinulation of propo-
dus (palm) of both gnathopods I-II in males and fe-
males. It is very likely that these species were separat-
ed by episodes of cooling/glaciation, the most power-
ful of which occur during the Cromerian Stage of the
Middle Pleistocene, about 0.5-0.8 Mya, and survived
during some unfavorable periods in the southern ref-
ugium of the Caucasus and southwestern Europe, re-
spectively.
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PE3IOME. Onucan HOBBIH B aM(pHOHMOTHIECKUX
ampunoa-ranmutpun poga Cryptorchestia Lowry et
Fanini, 2013, Cryptorchestia ciscaucasica sp.n., pac-
MIPOCTPaHEHHBIH OT IEHTPaTbHONH AOXa3uH U 3amaTHON
yactu [IpenkaBka3ckoii paBHUHBI 10 PocToBa-Ha-Jlony
u Lumnsiackoro Bonoxpanunuiia, Poccus. HoBbiit Bua
ABJISIETCS OJM3KOPOJCTBEHHBIM JUIS 3allaJHOEBPO-

netickoit tamutpuasl C. garbini Ruffo, Tarocco et
Latella, 2014. B Toxe Bpemsi 3T BUJbI I€HETHYECKH
paszaenensl Ha 2.5% no rennomy Mapkepy COI mT/IHK,
reorpau4ecky M30JMPOBAHBI U MOTYT OBITH JIETKO
paszmmaumbl o Gopme anteHH I-1I M BoopyxeHHIO
nponosyca (1agonn) rHarornon [-11 y camIioB 1 camok.
BecbMa BeposSTHO, UTO BUIBI OBUTH Pa3IeNeHbl SITH30-
JlaMU TIOXOJIOZIaHUsI/0JIe/ICHeHUsI, HanOoJIee MOIIIHBIE
13 KOTOpBIX Npunuiuck Ha Kpomepuanckuii atan Cpea-
Hero Ilneiicronena, okono 0,5-0,8 MiIH. JeT Ha3al, U
TIEPEXMITN HEOIaroMpUsTHBIC TIEPHOJIBI B pepyruymax
10’)kHOM yactu KaBkasa u roro-3amanHoit EBporsl, co-
OTBETCTBEHHO.

Introduction

The family Talitridae (beach- and landhoopers)
(Crustacea: Amphipoda) includes semi-terrestrial am-
phipods widely distributed across warm temperate and
subtropical regions, where they live in a wide variety
of coastal to inland terrestrial habitats. Several species
are known as synanthropic, while humans have trans-
ported others accidentally [Greenslade et al., 2008;
Simpson, 2011; Wildish et al., 2016].

Talitird amphipods from the coastal habitats of the
Black and Azov Seas include ten species, with six
species known from its northwestern coastline [Grin-
tzov, 2022]. Among them, Cryptorchestia garbinii
Ruffo, Tarocco et Latella, 2014, originally described
from Lake Garda, Italy, is one of the large-size semi-
terrestrial talitrid species (body size reaches 18 mm)
living along the shores of freshwater reservoirs, such as
lakes and rivers, reaching areas covered with snow and
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ice in winter. Previously, this species was confused
with Orchestia cavimana Heller, 1865 (= Cryptorches-
tia cavimana (Heller, 1865)) from Cyprus (see Lowry
and Fanini [2013] and Ruffo ef al. [2014]). In Europe,
C. garbinii is currently spreading in the inland fresh-
water ecosystems [Ruffo ef al., 2014; Davolos et al.,
2018; Rewicz et al., 2020], and it is believed that its
current known distribution extends from the Ponto-
Caspian region to the Balkans and Italy France and the
UK [Ruffo et al., 2014; Rewicz et al., 2020]. The
genetic diversity of European populations is extremely
low, and all of them are almost identical in COI mtD-
NA gene marker [Rewicz et al., 2020]. However, east-
ern populations, for example, from the territory of Rus-
sian Federation and southwestern Caucasus have never
been studied in terms of genetic diversity.

We examined landhoopers from the southwestern
part of the Caucasus (Lake Abrau, Russia and New
Athos, Abkhazia), as well as the nearby Ciscaucasian
Plain in the Rostov region (Rostov-on-Don and Tsim-
lyansk Reservoirs), Russia, which were previously
identified as C. garbinii or C. cavimana (e.g., Takh-
teev et al. [2015], Grintsov [2022]). The studied spec-
imens can be distinguished from the type population
of C. garbinii from Lake Garda (after Ruffo et al.
[2014]) by several morphological features, as well as
extensive genetic data using the gene marker of COI
mtDNA (barcoding), and described herewith as a new
species.

Material and methods

SAMPLE COLLECTION AND PROCESSING. Am-
phipods were collected in various coastal habitats in the
southwestern Caucasus in 2020-2022. All samples were
fixed in 90% ethanol. Photographs of alive coloration in situ
were made using a digital camera CanonG16. Photographs
of morphological features were made with a digital camera
attached to a light microscope Olympus ZX10 or Olympus
CX21. Scanning electron microscopy (SEM) images were
made using a Vega3 Tescan microscope in the Yu.A. Orlov
Paleontological Museum of the Paleontological Institute of
the Russian Academy of Sciences, Moscow. The body length
(bl., mm), the dorsal length from the distal margin of head to
the posterior margin of telson, without uropod III and both
antennas, was used as a standard measurement. The type
material is deposited at the collection of Zoological Museum
of Moscow State University, Moscow, Russia (ZMMU).
Additional material is deposited in the author’s personal
collection (IM) at the A.N. Severtsov Institute of Ecology
and Evolution of the Russian Academy of Sciences, Mos-
cow, Russia (LEMMI).

DNA AMPLIFICATION AND SEQUENCING. Total
genomic DNA was extracted from muscle body tissue using
the innuPREP DNA Micro Kit (AnalitikJena, Germany).
The COI mtDNA gene fragment was amplified using the
universal primers LCO1490 (5'-GGTCAACAAATCAT-
AAAGATATTGG-3"') and HC02198 (5'-TAAACT-
TCAGGGTGACCAAAAAATCA-3") under the standard pro-
tocol [Folmer et al., 1994]. PCR products were then se-
quenced using Genetic Analyzer ABI 3500 (Applied Biosys-
tems, USA) and BigDye 3.1 (Applied Biosystems, USA)
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with forward and reverse primers. Dataset of aligned se-
quences, 617 base pairs in length was used in the study.

PHYLOGENETIC ANALYSIS. Consensus of comple-
mentary sequences was obtained with MEGA 7.0 [Kumar e?
al., 2016]. PartitionFinder v.2. [Lanfear et al., 2016] was
used for finding best-fitting partitions for the concatenated
dataset as COI mtDNA gene marker is usually characterized
by a strong heterogeneity in nucleotide substitution rates
among all three coding positions. The GTR+G+I evolution-
ary substitution model was suggested as the best using jMod-
eltest2.1.141 and MEGA 7.0. Different evolutionary substi-
tution models and phylogenetic estimates were widely con-
gruent in this study. Further, RAXML [Kozlov et al., 2019]
with 1000 bootstrap replicates was used to create Maxi-
mum Likelihood (ML) phylogeny. Pairwise genetic diver-
gences (p-distances) were calculated based on COI se-
quences using MEGA 7.0 with the Kimura 2-Parameter
(K2P) model of evolution [Kimura, 1980]. Median-joining
network [Bandelt et al., 1999] was reconstructed with Po-
pArt (Population Analysis with Reticulate Trees) software
[Leigh, Bryant, 2015].

Results

Order Amphipoda Latreille, 1816
Infraorder Gammarida Latreille, 1802
Family Talitridae Rafinesque, 1815
Genus Cryptorchestia Lowry et Fanini, 2013

Cryptorchestia ciscaucasica sp.n.
Figs 1-4.

MATERIAL EXAMINED. Holotype, J" (bl. 12.0 mm), ZMMU
Mb-1261, Russian Federation, northwestern Ciscaucasian Plain,
Rostov Oblast’, Rostov-on-Don, Proletarskiy district, 47°13"59.9”"N
39°47°00.1”E, about 40 m a.s.l., a small spring on a shore of
Kiziterinka river, hand net sampling, 18.05.2022, coll. D. Palatov
et I. Marin.

Paratypes, 1", 299, ZMMU Mb-1262 and ZMMU Mb-1263,
same locality and date as for the holotype.

Additional material: 50’0, 999 (LEMMI), Russian Federa-
tion, Krasnodar Krai, Novorossiysk area, Lake Abrau, 44°42'41.2”N
37°35’31.9”E, on the shore, under large stones, hand net sampling,
12.06.2022, coll. I. Marin et D. Palatov; 20'C", 799 (LEMMI),
Rostov Oblast, Rostov-on-Don, Proletarskiy district, the bank of
the Kiziterinka River, 47°13°59.9”N 39°47°00.2”E, under large
stones, hand net sampling, 10.05.2022, coll. I. Marin et D. Palatov;
60'C", 1099 (LEMMI), Rostov Oblast, Tsimlyansky district, Tsim-
lyansk Reservoir, 47°41’47.34"N, 42°11°16.04”E, on the shore,
under large stones and boulders, hand net sampling, 26.08.2022,
coll. D. Palatov; 1J", 399 (LEMMI), SW Caucasus, Abkhazia,
New Athos, 43°05'28.9”N 40°49’01.0”E, under large stones, hand
net sampling, 7.01.2023, coll. D. Palatov.

DESCRIPTION (based on the original description of C.
garbinii from Garda Lake, Italy [Ruffo ef al., 2014], and an
additional re-description from the Republic of Tiirkiye (Tur-
key) [Davalos et al., 2018]).

Head. Eyes large, subcircular, black. Antenna I (Fig. 2a)
short, frequently reaching distal margin of article III of
antenna II, article II about 1.9 times longer than wide, sub-
equal to article I1I, flagellum with 5 articles. Antenna II (Fig.
2b) about 1/2 of total body length, peduncle not swollen,
and with sparse small robust setae, flagellum relatively short
with 19-20 articles.

Mouthparts. Labrum (Fig. 3a) and labium (Fig. 3b) with
very fine setules on anterior margin. Mandible (Fig. 3c) left
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Fig. 1. Cryptorchestia ciscaucasica sp.n., Rostov-on-Don, Russia: a, b — general view in situ; ¢ — relaxed individuals (with clove
oil), alive coloration, general lateral view.

Puc. 1. Cryptorchestia ciscaucasica sp.n., Pocros-na-/lony, Poccusi: a, b — obumid Buza in situ; ¢ — ocobu, paccialieHHbIe
TBO3AMYHBIM MAaciioM, IPHKN3HEHHAs OKpacka, oOLIuil BUI COOKY.
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Fig. 2. Cryptorchestia ciscaucasica sp.n., Rostov-on-Don, Russia, J' (a-d, g) and ¢ (e, f, h—j): a — antenna I; b — antenna II; ¢, e —
gnathopod I; e, f— distoventral corner of chela of Gnl; g, # — gnathopod II; i — propodus (chela) of Gnll; j — distoventral corner of chela
of Gnll.

Puc. 2. Cryptorchestia ciscaucasica sp.n., Poctos-na-Jlony, Poccus, &' (a—d, g) u ¢ (e, f, h—j): a — autenna I; b — aurenna II; ¢, e —
raatonona I; e, f — aucroBeHTpanbHbIA kpail dagonn kiemHu Gnl; g, & — rraromoma II; i — mpomoayc (xmemns) Gnll; j —
JIICTOBEHTPAIBHBIN Kpaif agonn kiaemHu Gnll.
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Fig. 3. Cryptorchestia ciscaucasica sp.n., ', Rostov-on-Don, Russia: ¢ — labrum (upper lip); » — labium (lower lip); ¢, e —
mandibles; d, f— incisor process and pars incisiva of mandibles; g — maxilla I; # — same, distal margin of outer lobe; i — maxilla II; j —
maxilliped.

Puc. 3. Cryptorchestia ciscaucasica sp.n., J', Pocros-na-Jlony, Poccusi: a — nabpym (Bepxuss ry6a); b — nabuym (HwkHss ry6a); c,
e — MaHauoyIbl; d, f— PEe3LOBbIi OTPOCTOK U pars incisiva MauauOym;, g — Makcuina I; 4 — To xke, TUCTaNbHbINH Kpail Hapy»KHOU I0MIH;
i — makcuiia II; j — makcumnesn.
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Fig. 4. Cryptorchestia ciscaucasica sp.n., &', Rostov-on-Don, Russia: a — pereopod I11; b — dactylus of PIII; ¢ — pereopod 1V; d —
dactylus of PIV; e — pereopod V; f— dactylus of PV; g — pereopod VI; & — dactylus of PVI; i — pereopod VII; j — dactylus of PVIIL.

Puc. 4. Cryptorchestia ciscaucasica sp.n., J', Poctos-na-Jlony, Poccusi: a — nepeonona I1I; b — naxtunyc PIII; ¢ — nepeonona 1V;
d — nmaktunyc PIV; e — nepeonona V; f— naxtmtyc PV; g — nepeonona VI; 4 — naxrmnyc PVI; i — nepeonona VII; j — nmaxrmnyc PVIL
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Fig. 5. Cryptorchestia ciscaucasica sp.n., Rostov-on-Don, Russia: J' (a—d, i, g, k) and ¢ (e, j, h, [): a—c — epimeral plates I-11I; d, e —
telson; f— retinacula of pleopod I; i, j — uropod II; g, # — uropod I; k, / — uropod III.

Puc. 5. Cryptorchestia ciscaucasica sp.n., J', Pocros-na-Jlony, Poccusi: 3 (a—d, i, g, k) u § (e, j, h, [): a—c — sunMepanbHble
mactuaky [-111; d, e — tenbcon; f— petuHaxyna mieonons I; i, j — yponona II; g, h — yponona I; k, / — ypomona 111
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Fig. 6. Cryptorchestia ciscaucasica sp.n., Rostov-on-Don, Russia: 0" (a—f) and ¢ (g, h): a — head; b — urosoma, uropod III and
telson; ¢, d, e, g — chela of gnathopod 1I; £, # — chela of gnathopod I.

Puc. 6. Cryptorchestia ciscaucasica sp.n., J', Pocro-na-Jlony, Poccus: O (a—) u @ (g, h): @ — ronosa; b — ypocoma, yponozst 111 u
TEINIbCOH; ¢, d, e, g — KiemHs raarononsl 1I; f, & — xiremrns reatonoxst 1.
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with 5-dentate lacinia mobilis and 5-dentate pars incisiva
(Fig. 3d), right mandible with multi-teethed lacinia mobilis
(Fig. 3e, f). Maxilla I (Fig. 3g) with 9 robust and crenelated
setae on inner lobe (Fig. 34). Maxilla II (Fig. 3i) with
numerous apical setae, long and finely pinnate seta on inner
margin of inner lobe. Maxilliped (Fig. 3j) basal lobe with 3
blunt teeth on anterior margin, axial margin lined with ro-
bust setae armed with setules; palp article 4 reduced, but
clearly visible.

Epimeral plates I-11I (Fig. 5a—c) wider than deep, with
bluntly produced convex anterior margins. Epimeral plate I
with 2 short robust setae only on distal rounded margin.
Epimeral plates II with 2 short robust setae only on distal
rounded margin. Epimeral plate III unarmed.

Gnathopod I (Fig. 2¢) larger in males, posterior margins
of merus, carpus and propodus with lobes covered with
numerous palmate setae; propodus sub-triangular, with blunt-
ly produced distoventral lobe in males (Fig. 2d), distally
excavated; dactylus shorter than palm. Gnathopod I subche-
late in females (Fig. 2¢), carpus and propodus without rug-
ose lobe, dactylus longer than palm.

Gnathopod 11 subchelate in females (Fig. 24) and with
strong chela in males (Fig. 2g). Propodus (chela) oviform in
males (Fig. 2g), stout with rounded protuberance near dacty-
lus insertion; palmar margin with a large sinus in anterodis-
tal part, dactylus somewhat longer than palm. Propodus
(chela) subchelate, with distinct bluntly produced lobe in
females (Fig. 24), lateral margin armed with numerous stout
spines; dactylus shorter than palm (Fig. 2j). Oostegites long-
er than wide; setae with simple straight tips.

Pereopods 1II-VII (Fig. 4) cuspidactylate. Pereopods
1II-1V (Fig. 4a, c) similar, without special feature; merus of
pereopod III longer than that of pereopod IV; dactylus sim-
ple (Fig. 4b, d). Pereopod V (Fig. 4e, f) basis oval, elongate,
posterodistal lobe wide, convex. Pereopod VI (Fig. 4g) slight-
ly shorter than pereopod VII (Fig. 4i); basis oval, elongate,
posterior margin convex; propodus as long as carpus, dac-
tylus simple (Fig. 4h). Pereopod VII (Fig. 4i) basis wide
with distinct, rounded posterodistal lobe; merus and carpus
not enlarged; propodus longer than carpus, dactylus simple
(Fig. 4)).

Pleopods I-11] well-developed, biramous, peduncle with-
out marginal setae, slightly longer than ramus; rami with
slender setae; inner ramus slightly longer than outer; with 2
hooks in retinacules (Fig. 5f).

Uropods I-1I (Fig. 5g—j) with peduncle and both rami
spinose, distal robust setae longer than others; uropods I
rami slightly shorter than peduncle both in males (Fig. 5g)
and females (Fig. 5/), armed with large strong spines. Uro-
pod II rami longer than peduncle both in males (Fig. 5¢) and
females (Fig. 5/), armed with large strong spines. Uropod 111
peduncle with 3—4 robust setae anterodorsally; ramus short-
er than peduncle, with 1-2 lateral stout spine-like setae, and
1 long and 2-3 smaller spine-like setae.

Telson (Fig. 5d, e) about as long as broad, dorsal mid-
line entire, with 7-8 marginal and distal robust spine-like
setae per lobe.

GENBANK ACCESSION NUMBERS. OR211848 (Ros-
tov-on-Don), OR211846 (Lake Abrau), OR211847 (New
Athos), OR211849 (Tsimlyansk Reservoir).

TAXONOMIC REMARKS. New cryptic species is most
closely related to Cryptorchestia garbinii Ruffo, Tarocco et
Latella, 2014 described from Lake Garda (Italy) [Ruffo et
al., 2014; Davalos et al., 2017] and belongs to the genus
Cryptorchestia sensu stricto. The latter also includes C.
cavimana from Cyprus, and C. ruffoi Latella et Vonk, 2017
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from Rhodes in south-eastern Greece. All these species have
a small lobe on the merus of gnathopod I [Davalos et al.,
2018a]. Davolos et al. [2017] also added C. kosswigi (Ruffo,
1949) from the Turkish coast to this group of species, which
also has a small lobe on merus of gnathopod I in males.

Nevertheless, some morphological features are clearly
separating these species. The new species can be distin-
guished from G. gabrinii from Lake Garda [Ruffo et al.,
2014] by: (1) peduncular articles I-1II of antenna I are 1.6,
1.9 and 2.3 times longer than wide, respectively (Fig. 2a) vs.
0.85, 1.6 and 2.1 times (after Ruffo et al. [2014]: Fig. 1B);
(2) peduncular articles II-1II of antenna II are 2.6 and 4.5—
4.7 times longer than wide, respectively (Fig. 2b), vs. 3.5
and 8.0 times (after Ruffo er al. [2014]: fig. 1A, C)); (3)
anterodistal lobe of propodus (palm) of gnathopod I in males
armed with a much larger amount of spikes (Fig. 2¢); (4) less
convex anterodistal lobe of propodus (palm) of gnathopod I1
in males (Fig. 2g); (5) medialateral margin of propodus
(palm) and carpus of gnathopod II in females armed with a
much larger amount of spikes (Fig. 24, i) and (6) smaller
body size up to 12—13 mm (vs. 17-18 mm).

At the same time, the new species distinguishes from G.
cf. gabrinii from the northwestern Turkey [Davalos et al.,
2018] by: (1) peduncular articles I-1II of antenna I are 1.6,
1.9 and 2.3 times longer than wide, respectively (Fig. 2a),
vs. articles are about as long as wide (after Davalos et al.
[2018]: fig. 3A); (2) peduncular articles II-1IT of antenna II
are 2.6 and 4.5-4.7 times longer than wide, respectively
(Fig. 2b), vs. 2.2 and 3.5-4 times (after Davalos et al.
[2018]: fig. 3B)); (3) anterodistal lobe of propodus (palm)
of gnathopod I in males armed with a much larger amount of
spikes (Fig. 2¢); (4) less convex anterodistal lobe of propo-
dus (palm) of gnathopod II in males (Fig. 2g); (5) lateral
medial margin of propodus (palm) and carpus of gnathopod
II in females armed with a much larger amount of spikes
(Fig. 2h, i); (6) elongated basal (basis) articles of pereiopods
V-VI, which are about 1.3—1.4 times as long as wide (Fig.
4e, g) vs. almost round, about as long as wide (after Davalos
et al. [2018]: fig. 5C, D); and (7) ventral margin of epimeral
plates I-III more convex, especially in distal part (Fig. Sa—c).

GENETIC DATA. The genetic divergence of Cryp-
torchestia ciscaucasica sp.n. from G. garbinii is about 2.5%
(0.025+0.007 substitutions) and about 19% (0.192+0.019
substitutions) from G. cavimana from the Crete Island by
COI mtDNA gene marker (see Fig. 7).

ECOLOGY. Like other representatives of the genus, this
species lives in moist places along the coast of rivers or
fresh-water lakes, usually avoiding brackish water reser-
voirs. Different-sized and heterosexual individuals form ag-
gregations, especially in moist areas under large stones,
branches or in the forest floor.

DISTRIBUTION. The currently known distribution of
Cryptorchestia ciscaucasica sp.n. is limited to the coastal
areas of the southwestern Caucasus from Abkhazia (New
Athos) to Lake Abrau and further north to deltas of Kuban
and Don rivers (Rostov-on-Don) and the Tsimlyansk reser-
voir in the Rostov region (see Fig. 1). At the same time,
previously published records of the talitrid species identi-
fied as C. cavimana are wider in the region, reaching west-
ward to the Crimean Peninsula [Rewicz et al., 2020] and
southeastern Black Sea coast of the Republic of Tiirkiye
(Turkey) [Davolos et al., 2018]. Russo et al. [2014] also
mentioned that the studied individuals from the Republic of
Tirkiye (Turkey) (Lake Sapanka, Lake Iznik, Kiyikoy) are
not belong either to C. garbinii nor to C. cavimana, al-
though clearly belonging to the genus Cryptorchestia.
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Discussion

The periods of cooling/glaciation during the Pleis-
tocene greatly changed the habitats and faunas of the
European part of Eurasia, where many species sur-
vived in refugia only [Hewitt, 2000, 2003, 2004; Za-
chos et al., 2001; Provan, Bennett, 2008]. Currently,
the southern glacial refugia in the Western Palearctic,
such as the Iberian, Italian and Balkan peninsulas, Ana-
tolia, the southern Caucasian Kolkhida coastal lowland
(Colchis) and the southern coastal valley of the Caspi-
an Sea (Hyrcania), are well recognized [Taberlet et al.,
1988; Schmitt, 2007; Bennett, Provan, 2008; Keppel et
al., 2012]. Also recently, a glacial refugia have been
found on the northern slope of the Greater Caucasus
Ridge [Marin, Palatov, 2021; Palatov, Sokolova, 2021;
Anistratenko et al., 2022] and the Northern Black/
Azov Sea coastal plain [Marin, Palatov, 2023]. They
were localities of conservation and subsequent settle-
ment of species, and contributed to the speciation of
divided populations in the Pleistocene [Marin, 2020;
Marin et al., 2021].

The studied genetic structure of the type species G.
garbinii in the Western Europe indicates the Holocene
dispersion of one of the populations, which was pre-
served, presumably, in the Italian refugium [Davalos et
al., 2018a]. At the same time, this species currently
cannot penetrate into the Northern Black/Azov Seas
region, as it is currently “cut off” by zones of passage
of cold winter air, for example, through the territory of
eastern Ukraine and the Crimean Peninsula, where pe-
riodically the air temperature can drop to —30 °C in
winter. At the same time, we assume some ancient
populations of landhoopers survived in the southern
refugium of the Caucasus during the Pleistocene. It is
very likely that Cryptorchestia ciscaucasica sp.n. also
distributed from western Abkhazia and Lake Abrau to
the north, to the Kuban Delta and the Rostov region
during the Holocene.

To determine the species boundaries, a threshold
barcoding interval based on p-distances calculated for
the variability of COI mtDNA gene marker was pro-
posed [Kimura, 2005; Hebert ef al., 2003b, 2004]. It
ranges from 2% [Hebert et al., 2003a; Matzen da Silva
et al., 2011] to 16% of the threshold value for crusta-
cean and amphipod species [Lefébure et al., 2006].
Nevertheless, the threshold of about 3% is most com-
monly used to determine the species boundaries [He-
bert et al., 2003a], the threshold of 3.75% is adopted
for amphipods of the genus Hyalella S.1. Smith, 1874
(Amphipoda: Hyalellidae) [Witt et al., 2006] and the
threshold of 4% proposed for other amphipods [Costa
et al., 2009; Haversmans et al., 2011]. In the case of
Cryptorchestia ciscaucasica sp.n., the genetic diver-
gence is somewhat lower (2.5%) than the generally
accepted values about (3.75-4%), however, the pres-
ence of well-marked morphological differences and
geographic isolation with strict geographical distribu-
tion (local endemism) of both species suggests allopat-
ric speciation since the middle of the Pleistocene (Qua-
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ternary period), during the last 1.8—1.0 Mya [Knowl-
ton, Weight, 1998; Schubart ef al., 1998] or 0.5 Mya
[Loeza-Quintana et al., 2019]. It is very likely that
these species were separated by episodes of cooling/
glaciation since 1.65 Mya, the most powerful of which
occurred during the Cromerian Stage in the Middle
Pleistocene, about 0.8—-0.5 Mya [Turner, 1996; Marin,
Palatov, 2023].
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