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Contributions to the cave millipede fauna of the Crimean Peninsula
(Diplopoda), with the description of a new species
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ABSTRACT. A new presumed troglobiont milli-
pede is described from a cave in the Crimea: Cauca-
sodesmus birsteini sp.n. New data on the variability
and distribution of Amblyiulus kovali Golovatch, 2008,
another endemic Crimean cavernicole, are presented.
At present, the diplopod fauna of the Crimea comprises
18 species, 12 genera, eight families and six orders,
among which at least five species are presumed endem-
ic troglobionts and their distributions are mapped.

PE3IOME. U3 nemepsr B KpbiMy onucaH HOBBIH,
MPEATIOI0KNUTETBHO TPOTIIOOMOHTHBINA BHJI AUILIONO
Caucasodesmus birsteini sp.n. I[IpenctaBieHsl HOBBIC
JIaHHbIE 110 M3MEHUYMBOCTH U PACHpPOCTPAHCHHIO
Amblyiulus kovali Golovatch, 2008, eme ogHOTO 3H1IC-
MHYHOTO KPBIMCKOTO MeENepHoro Bujaa. B Hacrosiiee
BpeMst aumutonos! ¢aynsl KpeiMa Brmovaror 18 Bu-
IoB, 12 ponoB, BoceMb CEMEHCTB M IIECTh OTPS/IOB,
Cpean KOTOPBIX 110 MEHBIIEH Mepe MATh BUIOB — Be-
POSITHBIC DHJEMHUYHBIC TPOTJIOOMOHTHI, U UX apealibl
MpeJCTaBICHbI HAa KapTe.

The millipede fauna of the Crimea, Russia, a prom-
inent peninsula in the Black Sea, has hitherto been
known to comprise only 17 species from 12 genera,
eight families and six orders [Golovatch 2008, 2011;
Golovatch, VandenSpiegel, 2015; Short, 2015; Tur-
banov et al., 2016]. At least five of the species seem to
be endemic to the Crimea, while most of that generally
depauperate fauna show vast (Euro-)Mediterranean dis-
tributions, including several presumed anthropochores
[Golovatch, 2008].

Most of the recent progress in studies on Crimean
diplopods has been due to cave fauna. In addition to at

least two troglophiles, as many as five millipede spe-
cies appear to be presumed troglobionts, representing
two genera in two families and orders: Caucasodesmus
Golovatch, 1985 (Trichopolydesmidae, Polydesmida)
and Amblyiulus Silvestri, 1896 (Julidae, Julida) [Tur-
banov et al., 2016]. The present paper provides the
description of still another new troglobiont Cauca-
sodesmus from the Crimea. It also gives new records of
and morphological variations in the sole Crimean julid
troglobiont, as well as an updated checklist of the Crime-
an millipedes.

Material and methods

Material serving as the basis for the present contri-
bution was collected by the second author in several
caves located in different karsts in the Crimea. All
material is donated to the Zoological Museum, State
University of Moscow (ZMUM + entry number), Rus-
sia. The samples are stored in 70-75% ethanol. Speci-
mens for scanning electron microscopy (SEM) were
air-dried, mounted on aluminium stubs, coated with
gold and studied using a JEOL JSM-6480LV scanning
electron microscope, all performed at Tervuren, Bel-
gium. The colour picture was taken in Moscow with a
Canon EOS 5D digital camera and stacked using Zerene
Stacker software.

Taxonomic part

Caucasodesmus birsteini sp.n.
Figs 1-2.

HOLOTYPE C' (ZMUM p3552), Crimean Peninsula, Tshatyr-
Dagh Karst Massif, Mramornaya Cave, 2.11.2016, leg. 1. Turbanov.
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Fig. 1. Caucasodesmus birsteini sp.n., ' paratype, SEM micrographs: A — habitus, lateral view; B, F, I — anterior part of body,
lateral, dorsal and ventral views, respectively; C, G, ] — midbody segments, lateral, dorsal and ventral views, respectively; D, H, K —
posterior part of body, lateral, dorsal and ventral views, respectively; E — cross-section of a midbody segment, caudal view; L — tergal
setae and structure of adjacent surface of metaterga and prozona, dorsal view; M — midbody poriferous metatergum, lateral view; N —
antennomeres 68, dorsal view. Scale bars: 0.5 (A), 0.2 (B, F, K), 0.1 (C-E, G, H, N), 0.05 (M) and 0.02 mm (L).

Puc. 1. Caucasodesmus birsteini sp.n., napatun O', SEM-mukporpaduu: A — o6uwmii Bua, cboky; B, F, | — nepenuss yacth Tena,
COOTBETCTBEHHO COOKY, cBepxy U cHu3y; C, G, J — cpeaHeTyIOBHIIHbIE CerMEHTHI, COOTBETCTBEHHO COOKY, cBepXy M cHu3y; D, H, K —
3aJHss 4acTh Teja, COOTBETCTBEHHO COOKY, CBEpXy U CHU3Y; E — monepeuHslil pa3pe3 uepe3 CpeJHETYIOBHIIHbBIA CerMeHT, c3aau; L —
TeprajabHbIe MIETHHKN M CTPYKTypa IMpPHIIeKAIIeH ITOBEPXHOCTH METaTepruTa M IPO30HUTA, CBEPXY; M — CpeIHeTYJIOBHIIHBIH HECyIHi
nopy Merareprur, cooky; N — unenuku 6—8-ro ycuka, ceepxy. Macmra6: 0,5 (A), 0,2 (B, F, K), 0,1 (C-E, G, H, N), 0,05 (M) u 0,02
mm (L).
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Fig. 2. Caucasodesmus birsteini sp.n., 0" paratype, SEM micrographs, gonopods: A~C — both gonopods in situ, ventral, lateral and
ventrolateral views, respectively; D — left gonopod, mesal view; E — right gonopod, lateral view; F — distal part of left gonopod,
ventromesal view. Scale bars: 0.1 (A, B, D), 0.05 (C, E) and 0.01 mm (F).

Puc. 2. Caucasodesmus birsteini sp.n., mapatun O, SEM-muxporpaduu, ronornoas:: A—-C — 06a TOHOTOa HA MECTE, COOTBETCTBEH-
HO CHH3Y, COOKY M OJJHOBPEMEHHO CHH3Y M cOOKy; D — neBblii ronomnon, u3Hytpy; E — mpaselit roHonon, c6oky; F — nucranbHas yactsh
JIEBOTO TOHOIIO/IA, OJIHOBPEMEHHO CHU3Y W U3HyTpHu. Macmirad: 0,1 (A, B, D), 0,05 (C, E) u 0,01 mm (F).

PARATYPES: 14 GF, 10 92, 1 subadult @ (ZMUM p3553),
1 &' (SEM, ZMUM p3554)), same data, together with holotype.

NAME. Honours Y.A. Birstein, one of the pioneer
students of cave fauna in the former Soviet Union.

DIAGNOSIS. Differs primarily by a trifid soleno-
phore which is conspicuously bulged at about midway,
and a particularly slender solenomere (Fig. 2).

DESCRIPTION. Length of adults ca 7-8 mm, width
of midbody pro- and metazonae 0.5 and 0.7-0.8 mm
(T, 9), respectively. Holotype ca 7 mm long, 0.5 and
0.8 mm wide on midbody pro- and metazonae, respec-
tively. Coloration entirely pallid, only sometimes very
faintly pinkish.

Body with 19 segments. Tegument mainly dull, at
most slightly shining, texture very delicately alveolate
and scaly. Head densely pilose throughout; epicranial
suture distinct, but thin; isthmus between antennae ca 2
times broader than diameter of antennal socket (Fig.
11). Antennae rather short, evidently clavate due to a
considerably enlarged antennomere 6, slightly over-

reaching segment 2 dorsally; antennomeres 2, 3 and 6
longest, subequal in length (Fig. 11); only antennomere
6 with a large, compact, roundish, distodorsal group of
bacilliform sensilla (Fig. 1N). Genae squarish, gna-
thochilarium without peculiarities.

In width, collum <segment 2 =3 <head =4 <5=16
(d"), or head = collum = segment 2 = 4 < 5=16 (),
thereafter body gradually tapering towards telson.
Paraterga moderately developed (Fig. 1E), starting from
collum, subhorizontal to slightly declivous, set high,
but always lying slightly below a faintly convex dor-
sum, devoid of shoulders frontally (Figs 1F-H). Cau-
dal corner of collum and postcollum paraterga invari-
ably spiniform, pointed, increasingly clearly extending
behind rear tergal margin. Lateral edge of paraterga
with neither a marginal groove nor a callus, mostly
with 5-6, very clear, setigerous indentations (Fig. 1M).
Pore formula normal, ozopores evident, round, located
laterally in front of caudalmost incision. Collum and
following metaterga beset with numerous, rather irreg-
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Fig. 3. Habitus of Amblyiulus kovali Golovatch, 2008, O from Avantyura Cave. Picture by K.V. Makarov (Moscow, Russia), taken

not to scale.

Puc. 3. O6mmit Bun Amblyiulus kovali Golovatch, 2008, C" u3 nemepsi AanTiopa. ®otorpagus K.B. Makaposa, cHATO 6e3

maciiraba.

ular, medium-sized setae borne on minute knobs, these
knobs growing a little more prominent in caudalmost
rows; polygonal bosses missing (Figs 1F-H, L, M).
Stricture between pro- and metazonae wide, shallow
and smooth. Limbus very thin, very faintly microden-
ticulate, nearly smooth (Figs 1L, M). Pleurosternal car-
inae absent. Epiproct short, conical, directed caudoven-
trally; pre-apical papillae small (Figs 1A, D, H, K).
Hypoproct trapeziform, setiferous papillae at caudal
corners small, but evident, rather well separated (Fig.
1K).

Sterna broad, without modifications, poorly setose
(Fig. 11-K). Epigynal ridge very low. Legs rather short
and stout (Figs 1E, J), ca 1.2-1.3 (J") or 0.9-1.0 (%)
times as long as midbody height; ¢ legs slightly slen-
derer; J" legs with clearly enlarged and micropapillate
prefemora and femora; tarsi especially long and slen-
der, claw long, ca 1/4 length of tarsus; sphaerotri-
chomes missing. Gonapophyses on T coxae 2 vesti-
gial, lamellar, cup-shaped.

Gonopod aperture subcordiform, broader than <
prozona 7 (Fig. 1J). Gonopods (Figs 1J, 2) rather com-
plex, coxae large, subglobose, micropapillate and seto-
se laterally, totally devoid of cannulae; telopodites quite
deeply sunken into a rather prominent gonocoel, only
apical parts being moderately exposed; each telopodite
deeply biramous, strongly curved caudad; prefemoral
(= densely setose) parts short and held subtransversely

to main body axis, but acropodites lying subparallel to
each other; telopodite consisting of a shorter, mesal,
rather loose, slender, tubiform solenomere (sl) (= en-
domere) and a somewhat longer, lateral, slightly sig-
moid, apically trifid solenophore (sph), or exomere,
with a conspicuous round bulge (b) at about midways; sl
starting with a typical hole for a cannula to hinge into,
but ending up by a small lamellar cup with orifice of
seminal groove lying at cup bottom; sph with a remark-
able articulation (a) near base.

REMARKS. Using the latest key to Caucasodesmus
spp. [Golovatch, VandenSpiegel, 2015], the new spe-
cies keys out to C. fauricus Golovatch, 2011, but differs
from it and other congeners primarily by the shape of
the gonopodal telopodite (see Diagnosis above).

Interestingly, among all four presently known Crime-
an species of Caucasodesmus, each is confined to caves
in its own karst or part of a karst. Thus, C. turbanovi
Golovatch et VandenSpiegel, 2015 occurs solely in the
Karabi Karst Massif, both C. svetlanae Golovatch et
VandenSpiegel, 2015 and C. fauricus, although inhab-
iting different caves in the same, largest Ai-Petri Karst
Massif, are restricted to its south- and northwestern
parts, respectively, whereas C. birsteini sp.n. populates
a cave in the Tshatyr-Dagh Karst Massif (cf. Golo-
vatch, VandenSpiegel, 2015]. Allopatry is thus mani-
fest (Map).
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Fig. 4. Amblyiulus kovali Golovatch, 2008, &' from Avantyura Cave. A — ventral lobe on segment 7, lateral view; B — antenna,
lateral view; C — gnathochilarium, ventral view; D — leg 1, oral view; E — leg 2, oral view; F —leg of a midbody segment, oral view;
G — promere, caudal view; H, I — right half of both gonopods, lateral and mesal views, respectively; J — distal part of left opisthomere,
submesal view. Scale bars 0.2 mm.

Puc. 4. Amblyiulus kovali Golovatch, 2008, J' u3 nemepsl ABanTiopa. A — OprONIHas JONACTh HA CerMeHTe 7, cOOKy; B — ycuk,
cooky; C — rHaroxunsipuii, cuuzy; D — Hora 1, cnepeau; E — Hora 2, ciepenn; F — Hora cpeaHeTyIoBUIIHOTO cerMenTa, cnepeau; G —
npomep, c3aamn; H, | — npaBast nosoBnHa 0601X FOHOMO/0B, COOTBETCTBEHHO COOKY M M3HYTPH; J — AMCTAlbHAS YaCTh OMUCTOMEpPA, [OYTH
n3HyTpu. Macmrad 0,2 Mm.

Amblyiulus kovali Golovatch, 2008 MATERIAL. 10 J'J", 9 %, 1 juv. (ZMUM p3555), 1 &
Figs 3-5. (SEM), Crimean Peninsula, Ai-Petri Yaila Karst Massif, Druzhba

Cave, 4.V.2016; 1 J' (ZMUM p3556), same massif, Bash Dere

Amblyiulus kovali Golovatch, 2008: 103 (original description).  area, Avantyura Cave, 15.X1.2014; 1 ¢ (ZMUM p3557), same
Amblyiulus kovali — Golovatch, VandenSpiegel, 2015: 1 (mere  massif, Baydarskaya Valley, Skelskaya Cave, 1.VIL2010; 2 0T, 1
mention); Turbanov et al., 2016: 1291, fig. 8 (record and picture). Q@ (ZMUM p3171), same cave, 3.111.2015; 2 J'd", 2 €2 (ZMUM
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Fig. 5. Amblyiulus kovali Golovatch, 2008, O from Druzhba Cave, SEM micrographs. A — anterior part of body, ventral view; B —
caudal part of body, lateral view; C — distal antennomeres, dorsofrontal view; D — head, ventral view; E — labrum, gnathochilarium, legs
1 and 2, ventral view; F, G — leg-pair 1, oral and sublateral views, respectively; H — leg-pair 2 and penes, caudal view; I — leg of a
midbody segment, caudal view; J — legs 7 and ventral side of segment 7, ventral view; K, L — gonopodal block, caudal and ventrocaudal
views, respectively; M, O — right half of both gonopods, mesal and submesal views, respectively; N, P — distal part of right opisthomere,
mesal and caudomesal views, respectively. Scale bars: 0.5 (A), 0.2 (B), 0.1 (C-J, M-0) and 0.05 mm (K, L).

Puc. 5. Amblyiulus kovali Golovatch, 2008, C" u3 nemepsr Jpyx6a, SEM-Mukporpagun. A — HepeHss 4acTh Teja, CHu3y; B —
3aHsSI 4acTh Tena, cooky; C — MUCTaNbHbIC WICHHKH YCHKA, OJJHOBPEMEHHO CBEpXy U crepean; D — ronosa, cuusy; E — Bepxusis ry0a,
rHaToXunsipuid, Horu 1 u 2, causy; F, G — 1-s napa HOT, COOTBETCTBEHHO CIIepei U MouTH cO0Ky; H — 2-51 mapa HOT U IIEHUCHI, C3a/IH;
I — Hora cpeIHeTyJOBHUIIIHOTO CErMEHTa, c3aau; J — Horu 7 u OproiiHas cTopoHa 7-ro cermeHra, cHusy; K, L — 00K roHomnomos,
COOTBETCTBEHHO C33J1 M OJHOBPEMEHHO CHM3Y M c3aau; M, O — mpaBasi MOJOBHHA T'OHOIOOB, COOTBETCTBEHHO M3HYTPU U TOYTH
u3Hytpu; N, P — nucranbHas yacTe MpaBoro OmucToMepa, COOTBETCTBEHHO M3HYTPH M OJHOBPEMEHHO C3a1d M M3HYTpHu. Macmrad: 0,5
(A), 0,2 (B), 0,1 (C-J, M-O) u 0,05 mm (K, L).
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Map. Distribution of the known endemic troglobiont millipede species in the Crimean Peninsula. The genus Caucasodesmus (green
circle): 1 — C. svetlanae (Kuznetsova Cave), 2 — C. tauricus (Villyaburunskaya Cave), 3 — C. turbanovi (Tuakskaya Cave), 4 — C.
birsteini sp.n. (Mramornaya Cave). Amblyiulus kovali (yellow square): 1 — Skelskaya Cave, 2 — Druzhba Cave, 3 — Mamut-Tshokrak

Cave, 4 — Avantyura Cave.

Kapra. PacnpocrpaHeHHe H3BECTHBIX JHACMHYHBIX TPOIIIOOMOHTHBIX BHJIOB MHOTOHOXXEK-IHILIONOA Ha KpBIMCKOM IMOJIyOCTpOBe.
Pox Caucasodesmus (3eneusiii kpyr): 1 — C. svetlanae (nemepa Kysuenosa), 2 — C. tauricus (nemepa Bumuiabypynckas), 3 — C.
turbanovi (newepa Tyaxckas), 4 — C. birsteini sp.n. (nemepa MpamopHas). Bun Amblyiulus kovali (xentoiii kBagpat): | — memepa
Ckenbekas, 2 — neniepa Jpyx06a, 3 — nemepa Mamyt-Yokpak, 4 — memepa ABaHTIOpA.

p3558), same massif, Baydarskaya Valley, Mamut-Tshokrak Cave,
21.VIL.2010; 1 @ (ZMUM p3559), same cave, 26.VIL.2010; 1 &'
(ZMUM p3062), same cave, 9.VL.2011; 1 &', 1 § (ZMUM p3063),
same cave, 2.V1.2013, all leg. I. Turbanov.

REMARKS. This likely troglobiont species, origi-
nally described from Skelskaya Cave [Golovatch, 2008],
appears to populate several caves, all within the Ai-
Petri Karst Massif (Map).

Table 1 shows variations in body size and the num-
ber of body segments both in types and some of the
new samples, while new illustrations (Figs 3-5) are
provided not only to document the species’ identity,
but also to demonstrate slight variations in several
other characters, including gonopodal ones. The body
is always unpigmented, from pallid to light yellowish,
light grey or light brown, in vivo often with reddish
repugnatorial glands visible through a translucent tegu-
ment. Sole pads on O postfemora and tibiae are small,
but usually evident (Fig. 4F), only sometimes absent
(Fig. 51). Because the body is slightly compressed and
the height/width ratio is invariably 1:0.9, only the height
of midbody segments is considered in the measure-
ments data below. The measurements are given in mil-
limeters and concern only complete, non-fragmented
adults. The segment formula refers to the number of
podous segments, conventionally including also the
collum (p), followed by the number of apodous ones
(a), plus telson (T).

Despite the variations, sometimes quite profound
both in body length and segment counts, only a single
species seems to be involved. Thus, 4. kovali is the
sole representative of Amblyiulus in the Crimea, where-
as in the adjacent Caucasus only epigean, partly pos-
sibly geobiont congeners are known to occur. Several
julid genera inhabit numerous caves in the western
Caucasus within Russia, Abkhazia and Georgia, but
there is no Amblyiulus among such [Turbanov et al.,
2016].

Bar-coding research in the genetic variation of indi-
vidual populations of 4. kovali could clarify this pic-
ture, but no such information is available yet.

Conclusions

At present, the diplopod fauna of the Crimea com-
prises 18 species from 12 genera, eight families and six
orders. It can be summarized as follows (Table 2),
containing a few taxonomic updates compared to the
latest checklist [Golovatch, 2008].

Map shows the distribution of all five endemic tro-
globiont millipedes known to occur in the Crimean
Peninsula.

ACKNOWLEDGEMENTS. We are most grateful to Ki-
rill Makarov (Moscow, Russia) who took the colour picture,
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Table 1. Variations in body size and the number of body segments in Amblyiulus kovali.
Tabnuma 1. M3MeHYNBOCTH pa3Mepa Tella U 4icia CerMeHTOB Tena y Amblyiulus kovali.

Locality and Sex | Body | Body | Segment Locality Sex | Body | Body | Segment
status length | height | formula length | height | formula
Skelskaya Cave Mamut- d 15 0.8 | 50p+3a+T
Tshokrak Cave
holotype d 22 1.0 | 68p+3a+T d 15 0.7 | 51p+4a+T
paratype d 21 1.0 | 65p+3a+T d 24 1.0 | 67p+2a+T
paratype d 16 0.8 | 57p+2a+T Q 20 1.0 | 65p+4a+T
paratype Q 19 0.9 | 60p+4a+T | Druzhba Cave d 22 1.0 | 66p+latT
topotype d 26 1.0 | 77p+la+T d 20 0.9 | 63p+4a+T
topotype d 21 1.0 65p+2a+T d 20 0.9 63p+3a+T
Avantyura Cave | O 24 1.0 | 76p+la+T Q 20 1.0 | 62p+2a+T
d 21 1.0 | 68p+la+T
Table 2. Fauna and distribution of Diplopoda of the Crimea.
Tabmuma 2. ®ayHa u pacrpocTpaHeHHEe MHOTOHOKEK-auIuionon Kpeima.
Taxa Distribution pattern S:)?;l:e ?g::sl::filg:l:: Caves rﬁ::ltsh;(;ll))(':iet-s
Order Polyxenida
Family Polyxenidae
1. Polyxenus lagurus (Linnaeus, 1758) Holarctic — + — —
Family Lophoproctidae Ancient B n B B
2. Lophoproctus coecus Pocock, 1894 Mediterranean
Order Glomerida
Family Glomeridae
E-Euromedi-
3. Trachysphaera costata (Waga, 1857) terranean - - + -
Order Chordeumatida
Family Anthroleucosomatidae
4. 2Anamastigona sp. ? - + - -
Order Callipodida
Family Schizopetalidae
5. Eurygyrus ochraceus C.L. Koch, 1847 E-Mediterranean — — — +
Order Polydesmida
Family Polydesmidae
6. Brachydesmus jubatus Attems, 1907 E-Mediterranean — + -
7. Polydesmus escherichii Verhoeft, 1896 E-Mediterranean + —
8. P. mediterraneus Daday, 1889' Mediterranean — + + —
9. P. stuxbergi Attems, 1907 E-European + + + +
Family Trichopolydesmidae
10. Caucasodesmus birsteini sp.n. Endemic — - + -
11. Caucasodesmus svetlanae Golovatch et Endemic 3 3 N B
VandenSpiegel, 2015
12. Caucasodesmus tauricus Golovatch, 2011 | Endemic - - + -
13. Caucasodesmus turbanovi Golovatch et Endemic 3 3 N B
VandenSpiegel, 2015
Order Julida
Family Julidae
14. Amblyiulus kovali Golovatch, 2008 Endemic — — + -
15. Cylindroiulus horvathi (Verhoeff, 1897) E-Buromedi- - + + -
terranean
16. Byzantorhopalum rossicum (Timotheew, E-Euromedi-
+ + - +
1897) terranean
17. Megaphyllum tauricum (Attems, 1907) Endemic — + + —
18. Pachyiulus flavipes (C.L. Koch, 1847) Mediterranean — + + +

! This species is quite common across forested parts of the montane Crimea, and both in the Crimea and Caucasus it seems to represent
an anthropochore introduction [Golovatch, 2008; Golovatch et al., 2016].

2 This species has been recorded not only from the Rostov-on-Don Region of Russia, but also in Villyaburunskaya Cave, Crimea
[Evsyukov, Golovatch, 2013].
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