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New records of tardigrade species of the Macrobiotus hufelandi group

(Tardigrada: Eutardigrada: Macrobiotidae) from Ukraine
Ye.O. Kiosya, V.V. Shuba, Ye.D. Matsko

Species of the Macrobiotus hufelandi group are among the most well known and commonly found tardigrades. They
are reported in almost every study of Tardigrada diversity in terrestrial habitats. In spite of this, zoogeographical data
on this group remain ambiguous and insufficient. Since most species of the M. hufelandi group have been described
in the last three decades, many older records need to be confirmed or revised. In this study we aimed to investigate,
which species may be present in Ukraine, since most Ukrainian records of this group are outdated. We studied samples
of mosses and lichens collected from different regions of Ukraine (mainly in the East and South of the country) in 2007—
2019. Tardigrades were extracted from samples and mounted on permanent slides in Faure's medium. After primary
identification of genera and species groups we focused on 13 samples containing local populations of the M. hufelandi
group. Details of animal and egg morphology were studied under high magnifications of phase contrast light
microscopy. Species were identified based on morphology of the oral cavity armature, egg shell morphology, animal
cuticle granulation, as well as some morphometric characters of claws and bucco-pharyngeal apparatus. This research
revealed the presence of at least six different species in Ukraine: M. glebkai Biserov, 1990; M. hufelandi
C.A.S. Schultze, 1834; M. macrocalix Bertolani & Rebecchi, 1993; M. polonicus Pilato, Kaczmarek, Michalczyk & Lisi,
2003; M. sottilei Pilato, Kiosya, Lisi & Sabella, 2012; M. viadimiri Bertolani, Biserov, Rebecchi & Cesari, 2011. Three
of them: M. macrocalix, M. sottilei, and M. viadimiri are reported in this study from Ukraine for the first time. Adding
three more species recorded in earlier studies: M. diversus Biserov, 1990; M. persimilis Binda & Pilato, 1972, and
M. sapiens Binda & Pilato, 1984 — gives the total count of at least 9 species of the group in Ukraine. However, according
to the recent studies on species complexes the real species diversity is very likely to be higher. Nevertheless, more
sampling and obtaining molecular data from different Ukrainian populations of the M. hufelandi group from Ukraine are
required.
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Introduction

Macrobiotus hufelandi C.A.S. Schultze, 1834 was the first species of tardigrades formally described
in a scientific paper. The name refers to Christoph Wilhelm von Hufeland, an adept of naturopathic medicine
who promoted so called "macrobiotics" — the art of prolonging human life by special diet and healthy lifestyle
(Bertolani et al., 2011b). Due to priority of description this species later became the type species (the
nominal species) of the genus Macrobiotus which in turn became the type genus of the family
Macrobiotidae.

Since then a lot of tardigrade species were described within the genus Macrobiotus — making it one
of the most speciose genera of tardigrades. Most of these species were later found to be not so similar and
not so closely related to M. hufelandi and transferred to the other newly erected genera: Minibiotus R.O.
Schuster, 1980; Paramacrobiotus Guidetti, Schill, Bertolani, Dandekar & Wolf, 2009 — former "Macrobiotus
richtersi-areolatus group"; Tenuibiotus Pilato & Lisi, 2011 — former "Macrobiotus tenuis group"; Mesobiotus
Vecchi, Cesari, Bertolani, Jonsson, Rebecchi & Guidetti, 2016 — former "Macrobiotus harmsworthi group”,
and some other. Nevertheless, even revised Macrobiotus remains quite a large genus listing more than
100 species (Degma et al., 2019).

Among the species left within Macrobiotus nearly a half are attributed to the "Macrobiotus hufelandi
group”. Originally this group used to include only the species closely resembling M. hufelandi in details of
egg morphology: eggs with processes in the shape of truncated cones usually terminated with a disc,
commonly referred as "inverted-goblets" shape (Fig. 1 C), but later the criteria of inclusion were modified
shifting the weight to animal morphology characters and molecular data (see the definition of the group in
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Guidetti et al., 2013; the review of the included species in Kaczmarek & Michalczyk, 2017; the updated
phylogenies in Stec et al., 2018a,b; Coughlan & Stec, 2019; Kayastha et al., 2020).

Species of the M. hufelandi group are among the most commonly found tardigrades, reported in
almost every study of Tardigrada diversity in terrestrial habitats. However, zoogeographical data on this
group remain ambiguous and insufficient. Most of the records from all over the world are of the nominal
species (M. hufelandi), while many of the other species are only known from their type localities. Since the
great majority of species of the M. hufelandi group are quite similar and hard to distinguish, many records
(especially the old ones) need to be confirmed or revised and more sampling is required.

In this study we aimed to investigate, which species of M. hufelandi group are present in Ukraine,
since most Ukrainian records of this group are rather old and outdated (see the review in Pilato et al., 2011).

Fig. 1. Typical morphological characters of tardigrades of the M. hufelandi group, phase
contrast, X400 (scale bars — 25 pm): A — bucco-pharyngeal apparatus with two macroplacoids and a
closely positioned microplacoid, B — "V-shaped" double claws on legs and pores (pearls) in the cuticle, C —
ornamented egg with "inverted goblet"-shaped processes

Methodology

Tardigrades were extracted from samples which had been collected in 2007-2019 from different
regions of Ukraine. Several hundreds of small pieces of mosses and lichens were taken from soil, tree
trunks, branches, rocks and other substrates, then air-dried, labeled and stored in the lab in paper
envelopes at room temperature.

To process a sample, a part of it (about 1 g of dry weight) was soaked in distilled water for 1-2 hours,
then shaken and squeezed. The water was drained from a sample into a Petri dish and examined under a
stereomicroscope (x40 magnification, dark field). Tardigrades and their eggs were collected from water and
put on the glass slides with a very fine microspatula. If tardigrades were still alive and active, they were
fixed with 40 % chloral hydrate solution in acetic acid. Animals and eggs were then mounted in the Faure's
medium and covered with a coverslip. After several weeks of air-drying coverslips were sealed with nail
polish — to prevent excessive drying and oxidation.

We used x400 magnification of a light microscope (phase contrast) for primary identification of
tardigrades found. This was sufficient to discriminate species of the M. hufelandi group from other
eutardigrades based on their common morphological features (Fig. 1). Using the results of this primary
identification, we have chosen several "referent samples” containing at least a dozen of animals and eggs
of the M. hufelandi group species for a more detailed investigation (Table 1). We focused on these samples,
because it had been shown, that studying series of many tardigrades from the same population allows more
reliable measurements and identification, than studying individual specimens (Stec et al., 2016).
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Fine morphology of animals and eggs from the referent samples was studied with the use of x1000
magnification of a light microscope (phase contrast, oil immersion). Species were identified based on the
diagnostic key by Kaczmarek & Michalczyk (2017), and further compared with the original species
descriptions. The list of characters used for identification included, but was not limited to: morphology of
oral cavity armature, egg shell morphology, animal cuticle granulation, as well as some morphometric
characters of claws and bucco-pharyngeal apparatus. Measurements and photomicrographs were taken at
the tukasz Michalczyk's Lab in Jagiellonian University (Krakow, Poland) and tukasz Kaczmarek's Lab in
Adam Mickiewicz University (Poznan, Poland). Permanent slides with animals and eggs from the referent
samples are stored in Kiosya's collection in the V.N.Karazin Kharkiv National University.

Table 1.
List of referent samples investigated
Date Original
Region No. | Sampling locality Sample type collector ii?eple
44 4229N, 33.8539E, 600 m a.s.l., Moss from a 15.08.2009,
Crimea AR 1 Crimean Mountains: forest nearby stone N. Khudaeva BKIr-13
Shaytan-Merdven mountain pass (N. Kantsedal)
Donetsk 47.0492N, 38.1314E, 2 m as.l, Lichen from 30.06.2009,
2 Meotyda national nature park, Kryva N. Khudaeva OMB-11-1
Oblast ; a tree trunk
spit (N. Kantsedal)
49.1017N, 37.4542E, 80 m a.s.l., pine | Lichens from 15.07.2007
3 forest in the vicinity of Studenok bush Y o ’ nN3-38
X e. Kiosya
. village branches
Kharkiv
Oblast Moss from a
49.6863N, 36.4657E, 85 m a.s.l., lake | branch 04.11.2018,
4 . . ZMS-33
Chernychne shore protruding Ye. Kiosya
from water
46.4625N, 33.8777E, 25 m a.s.l.,
5 arboretum of Askania-Nova biosphere Moss from a 20'06.'2012’ ASK-14
Kherson reserve stone Ye. Kiosya
Oblast 6 | 47.2162N, 33.8536E, 60 m asl, Moss froma | 09.08.2019, | .o o
vicinity of Havrylivka village tree trunk O. Nahimova
, 48.9722N, 23.4745E, 500 m a.s.l., Moss from 05.08.2016,
Lviv Oblast 7 vicinity of Hrebeniv village soll Ye. Kiosya SKGR-1
49.9974N, 34.0237E, 90 m a.s.l., .
8 | floodplain in the vicinity of Maly Liohen from | 10.07.2011, HT-A-62
Pereviz village ee ©. flosya
Moss fi 11.07.2011,
9 | 50.0294N, 34.0616E, 125 m as.., jvinbel N IV Kiosya HT-B-76
Poltava pine forest in the vicinity of Kovalivka M P 11.07.2011
Oblast 10 | village 0ss from ofedh HT-B-95
soil Ye. Kiosya
11 | 49.9976N, 34.0429E, 120 m a.s.l., oak | MOSSfrom | 13.07.2011, HT-C-118
. e ; tree trunk Ye. Kiosya
forest in the vicinity of Maly Pereviz M f 13.07 2011
12 | village 0ss from ofedh HT-C-127
soil Ye. Kiosya
Zaporizhzhia 13 47.7715N, 35.1785E, 20 m a.s.l., Moss from 26.04.2009, 731
Oblast Zaporizhzhia, vicinity of a rowing canal | tree trunk Ye. Kiosya

Results and discussion
This study revealed the presence of at least six different species in Ukraine: M. glebkai Biserov,
1990; M. hufelandi C.A.S. Schultze, 1834 (diagnosis in Bertolani, Rebecchi, 1993); M. macrocalix Bertolani
& Rebecchi, 1993; M. polonicus Pilato, Kaczmarek, Michalczyk & Lisi, 2003; M. sottilei Pilato, Kiosya, Lisi
& Sabella, 2012; M. viadimiri Bertolani, Biserov, Rebecchi & Cesari, 2011. Three of them: M. macrocalix,
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M. sottilei, and M. vladimiri are reported here from Ukraine for the first time. Most of these species had
typical "hufelandi-like eggs" and could only be differentiated based on small details of animal and egg
morphology. The only species strikingly dissimilar in egg morphology was M. glebkai. In this species the
processes of the egg chorion are quite large (around 20 pm in height) and have elongated tips rather than
terminal discs (Fig. 2). Adding three more species recorded in earlier studies: M. diversus Biserov, 1990;
M. persimilis Binda & Pilato, 1972 and M. sapiens Binda & Pilato, 1984 — gives the total count of 9 species
of the group in Ukraine (see the list in Table 2, the map of the records in Fig. 3).

Table 2.
List of species of the Macrobiotus hufelandi group recorded in Ukraine
Specimens
Species Type locality Ukrainian localities* References found in
this study**
M. diversus Russia: Bashkortostan | Crimea AR: Karasivka Pilato et al., 2011 | -
Crimea AR: unsp. localities | Pilato et al., 2011 | -
Kharkiv Obl.: Studenok Pilato et al., 2011 | -
: P Kherson Obl.: sample 6 This study 30A + 6E
M. glebkai | Russia: Dimitrovgrad g 2 Obl.: sample 8 This study 40A + 6E
Zaporizhzhia Obl.: sample | This study 28A + 6E
13
M. hufelandi | Germany: Freiburg Poltava Obl.: sample 9 This study 26A + 8E
M. macrocalix | Italy: Gaianello Lviv Obl.: sample 7 This study 43A + 26E
) ] Poltava Obl.: sample 11 This study 15A + 7E
M. persimilis | ltaly: Sicily Crimea AR: unsp. localities | Pilato et al., 2011 | -
Crimea AR: sample 1 This study 45A + 30E
. , Crimea AR: Mtn. Opuk Pilato et al., 2011 | -
M. polonicus | Poland: Poznan Donetsk Obl.: sample 2 This study 13A +12E
Kherson Obl.: sample 5 This study 14A + 4E
M. sapiens ltaly: Sicily Crimea AR: unsp. localities | Pilato et al., 2011 | -
) ' Kyiv Obl.: Chornobyl Pilato et al., 2011 | -
L _ i Kharkiv Oblast: sample 3 This study 32A + 3E
M. sottilef Belarus: Zhodino Poltava Oblast: sample 12 | This study 30A + 17E
o Kharkiv Oblast: sample 4 This study 54A + 7E
M. viadimiri | ltaly: Andalo Poltava Oblast: sample 10 | This study 40E + 6E

Notes:
* Referent sample numbers are given according to Table 1.
** A — number of animals (adult or juvenile tardigrades) found, E — number of eggs found.

All the species recorded in Ukraine had been described from other European localities. Here we
present a brief overview of their known distribution outside Ukraine.

M. diversus was described from Bashkortostan, Russia (Biserov, 1990b) and later reported only from
Poznan, Poland (Rost-Roszkowska et al., 2018).

M. glebkai is currently known outside Ukraine only from its type locality in Ulyanovsk Oblast, Russia
(Biserov, 1990a).

M. hufelandi was reported from nearly all parts of the world, but after the redescription in 1993 only
the records from neotype locality in Germany (Bertolani, Rebecchi, 1993) and Pomerania Province, Poland
(Kaczmarek et al., 2018) can be treated as reliable, as they were based on the DNA barcoding and/or
detailed morphological investigation with phase contrast microscopy and scanning electron microscopy.
The rest of the reports of M. hufelandi or M. cf. hufelandi are ambiguous and should be reevaluated.
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Fig. 2. Egg shell morphology of six newly found species of the M. hufelandi group, phase
contrast, x1000, oil immersion (scale bar — 25 ym, all photos are in the same scale): GL — M. glebkai
(8), HF — M. hufelandi (9), MC — M. macrocalix (7), PL — M. polonicus (1), ST — M. sottilei (3), VL —
M. viadimiri (4). Note the differences in shape and size of the processes and the details of egg shell surface
between the processes

Note: numbers given in brackets after species names are referent samples from Table 1.
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M. macrocalix was identified with a molecular approach in ltaly (Cesari et al., 2009), Sweden (same
ref.), Poland (Stec et al., 2018b) and Portugal (Vicente et al., 2013), while specimens identified based
exclusively on morphology were also reported from Austria (Michalczyk, Kaczmarek, 2003), Albania
(Vargha, 2011), Spain (Guil, 2008), and Seychelles Islands (Pilato et al., 2002).

M. polonicus was earlier reported only from its type locality in Wielkopolska Province in Poland (Pilato
et al., 2003) and Pomerania Province (Kaczmarek et al., 2018), also in Poland.
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Fig. 3. Records of species of the M. hufelandi group in Ukraine (corresponds with Table 2):
DV — M. diversus, GL — M. glebkai, HF — M. hufelandi, MC — M. macrocalix, PL — M. polonicus, PR —
M. persimilis, SP — M. sapiens, ST — M. sottilei, VL — M. viadimiri. Old records of M. hufelandi and records
of M. cf. hufelandi are not included

Note: aggregation of overlapping symbols in Poltava Oblast and Kharkiv Oblast represent species
found in the same locality or very close localities, while the aggregation of overlapping symbols in Crimea
represent species found in several distant localities in Crimean Mountains.

M. sottilei described from Zhodino, Belarus (Pilato et al., 2012) was later reported from Pomerania
Province, Poland (Kaczmarek et al., 2018) and also Trento and Olbia-Tempio Provinces, Italy
(Roszkowska, 2019).

M. vladimiri described from Andalo, Italy (Bertolani et al., 2011a) was also reported from several
other localities in Italy (Roszkowska et al., 2019), Germany (Bertolani et al., 2011b), and Poland (Nowak,
Stec, 2017; Kaczmarek et al., 2018).

As for M. persimilis and M. sapiens described from Sicily, ltaly (Binda, Pilato, 1972, 1984), the
situation is complicated. Although they were repeatedly recorded not only in Europe outside their locus
typicus, but also in Asia (Biserov, 1999), Africa (Mclnnes et al., 2017) and even America (Kaczmarek et al.,
2014, 2016), these records have to be treated with special caution, as the original descriptions (especially
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the one of M. sapiens) lack some vital taxonomic information (Kaczmarek, Michalczyk, 2017). If these two
species are redescribed in future, the records of them in Ukraine will also need confirmation.

To summarize, this study extends the known distribution range of M. macrocalix, M. polonicus,
M. sottilei, and M. vladimiri to the East. Although as we shown at least nine M. hufelandi species can be
found in Ukraine, the real species diversity in the country is very likely to be higher. More sampling in
different regions and ecosystems is needed to evaluate the species richness and patterns of the species
distribution properly. Noteworthy, it is not just about poor knowledge of tardigrades in Ukraine; similar
situation was already reported for Poland (Kaczmarek et al., 2018), Belarus (Pilato et al., 2012), Romania
(Ciobanu et al., 2014), Bulgaria (Yankova et al., 2016) and some other neighboring countries. The
distribution ranges of many tardigrade species are not quite clear even in the regions where intense
research had been performed in the past. As more and more species are being described and redescribed,
it gets necessary to reevaluate the older records. In this study we show, that some species can be
morphologically recognized — even on the slides which are more than 10 years old. However, tardigrades
have many species complexes which are almost cryptic or pseudocryptic, so implementation of molecular
tools would be crucial for proper assessment of species boundaries and their distribution ranges (e.g.
Guidetti et al., 2019; Stec et al., 2020).

Conclusion

The diversity of tardigrades of M. hufelandi group in Eastern Europe is poorly understood. There are
a lot of reports of Macrobiotus hufelandi or Macrobiotus cf. hufelandi from many different localities, but in
fact most of them may represent some other species of the group. This study confirmed the presence of
the nominal species in Ukraine, but also revealed several similar species. The total count of species of the
group recorded in Ukraine is now elevated to 9. It is very likely that the total number of species of the M.
hufelandi group is much higher, however, more sampling and studies that use integrative taxonomy
approach are needed to elucidate the true species diversity of the M. hufelandi group in our country.
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Hosi 3Haxiaku BuaiB Tuxoxoais poay Macrobiotus rpynu hufelandi (Tardigrada:

Eutardigrada: Macrobiotidae) B YkpaiHi
€.0. Kiocs, B.B. LLy6a, €.0. Mauko

Tuxoxoan poay Macrobiotus rpynu hufelandi — ogHi 3 HalBinbLW BIAOMWX Ta NOLUMPEHUX TUXOXOAiB. IX 3HaxoaaTh
Maixe B KOXXHOMY OOCHIMKEHHI Pi3HOMAHITTA TUXOXOAIB Y Ha3eMHUX ocenuLiax. Hessaxaroum Ha ue, 3ooreorpaddivHi
OaHi Woao Uiel rpynu NuwwaTeCs CYMHIBHMMM Ta HenoBHUMK. Ockinbku GinbLiicTe Buais rpynu M. hufelandi onncaHi
B OCTaHHi Aekinbka OecAaTuniTb Ta iX BaXKO pO3pi3HATM, GaraTo cTapmx 3Haxigok notpebytoTb niaTBepokeHHst abo
nepernagy. Y ubOMy AOCIMKEHHI MU B3NN 3a METY BUBYUTY, ki BUAK rpynu M. hufelandi moxxHa 3HanTu B YKpaiHi,
OCKiNbKK BinbLUICTb AaHUX LWOAO0 MOLUMPEHHST TUXOXOAIB Liel rpynu B YKpaiHi € 3actapinuvun. Jocnigpkysanu npobu
MOXiB Ta NLIaNHWKIB, 3ibpaHnX y pisHUx perioHax YKpaiHu (rofoBHNM YMHOM — Ha CXOAi Ta niBAHi kpaiHu) y 2007-2019
pokax. Tuxoxoais 4obyBanu 3 Npob Ta BUrOTOBMSAMNM 3 HUX MOCTIVHI MiKponpenapaTty 3 BUKOPUCTaHHAM piguHn dopa.
Micna nonepegHLOro BM3HAYeHHsI podiB Ta rpyn BuAiB MU cdokycyBanucst Ha 13 npobax, fki MICTUNKN TUXOXOZ4iB
AKMxocb BuAiB rpynun M. hufelandi'y poctaTHiv kinbkocTi. JeTani Mopdonorii Tuxoxogis Ta ix sieLp BUBYANM METOAOM
CBITNOBOI Mikpockonii Benukoro 36iNMblUEeHHsT 3 BUMKOPUCTAHHAM (0a3oBOro KOHTpacTy. Buam Bu3Havanu 3a
MOPONOriYHMMN O3HaKaMn POTOBOI apMaTypu, MOPAONOricto XOpioHa SELb, XapakTepoM rpaHynsauil KyTukynu, a
TaKOX Ha nigcTaBi NEBHUX MOPOMETPUYHUX XapaKTEPUCTUK KIrTUKIB Ta POTOrnoTKOBOro anapaTty. [ocnigjkeHHs
BMSIBUMO HasiBHICTb B YKpaiHi LoHaiMeHLWe wecTn pisHux BuaiB: M. glebkai Biserov, 1990; M. hufelandi C.A.S.
Schultze, 1834; M. macrocalix Bertolani & Rebecchi, 1993; M. polonicus Pilato, Kaczmarek, Michalczyk & Lisi, 2003;
M. sottilei Pilato, Kiosya, Lisi & Sabella, 2012 i M. viadimiri Bertolani, Biserov, Rebecchi & Cesari, 2011. Tpu 3 Hux:
M. macrocalix, M. sottilei v M. viadimiri 6yno BnepLue 3HangeHo B YKpaiHi. 3 ypaxyBaHHSAM Lie TPbOX BUAIB, BKa3aHMX
y Binbw paHHix gocnimpkeHHax: M. diversus Biserov, 1990; M. persimilis Binda & Pilato, 1972 i M. sapiens Binda &
Pilato, 1984, — 3aranbHa KinbKiCTb BUAIB, BiAoOMUX B YKpaiHi, Cknagae WoHaMeHLUe AeB'aTb. PeanbHa KinbkicTe BUAiB
B YKpaiHi, IMOBipHO, € BMLWOI0. [OTPiGHI noganbLi 36opu Npob Ta OTPUMaHHSA MOMEKYNAPHO-TEHETUYHMX AaHWX Bif
pi3HMX BUAiB Tuxoxogdis rpynu M. hufelandi 3 Ykpainu.

Knioyosi cnoBa: muxoxodu, 30o02eoepadpisi, hayHa, biopisaHoMaHIimms.
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HoBble Haxoakn BUAoB TMXoxoaok poaa Macrobiotus rpynnbl hufelandi

(Tardigrada: Eutardigrada: Macrobiotidae) B YkpaunHe
E.A. Kuocs, B.B. LLly6a, E.[1. Mauko

Tuxoxoaku poga Macrobiotus rpynnsl hufelandi — ogHu 13 Hanbonee N3BECTHLIX U PacNpPOCTPaHEHHbIX TMXOXOA0K. VX
Haxo4siT NPaKTUYECKN B K&XKOOM UCCreaoBaHUM pa3Hoobpasunst TMXOXOAOK B Ha3eMHbIX MecToobutaHmsix. HecmoTps
Ha 370, 3ooreorpadunyeckue AaHHble NO 3TOW rpynne OCTalTCA COMHUTENbHLIMA W HEMNOMHbIMU. [1ocKOmnbKy
6onbLWMHCTBO BMAOB rpynnbl M. hufelandi onvcaHbl B nocnegHue OecATUNETUs U UX TSXKeno pasnuyaTtb, MHOrve
cTapble HaxOAKW HYXOalTcA B MOATBEPXAEHUN unu nepecmoTpe. B aTom uccrnepoBaHMu Mbl NOCTaBUU Liefb
BbISICHUTb, Kakue Buabl rpynnbl M. hufelandi mMoxHO Hantu B YKpauHe, NOCKOMNbKY OOMbLUMHCTBO [OaHHbIX MO
pacnpocTpaHeHMio TUXOXOAOK 3TOWM rpynnbl B YKpauHe ycTapenu. Vccnegosanu npobbl MXOB WM MMLLAAHMKOB,
CoOpaHHbIX B pasHbIX perMoHax YkpauHbl (rmaBHbIM o6pa3oM — Ha BOCTOke U tore ctpadbl) B 2007-2019 rogax.
TuxoxoQok m3snekanu n3 Npod M M3roToBNSANU U3 HUX MOCTOSIHHBIE MUKponpenapaTbl Ha OCHOBe XuakocTu Popa.
Mocne npegBapuTensHOro onpegeneHns pogoBs M rpynn BUAOB Mbl cdokycmpoBanucb Ha 13 npobax, ¢ AOCTaTOYHO
BbICOKOM YMCIEHHOCTBIO TUXOXO0AO0K Kakoro-nubo Buaa rpynnel M. hufelandi. eTann mopdonorum TMXoxo4ok 1 ux v,
n3yyanu MeToAOM CBETOBOW MMKPOCKOMUM GOMbLUOrO YBENUYEHNS C UCMonb3oBaHnem a3oBoro koHTpacTa. Buapl
onpeaensnu no MoponorMyeckMM Npus3Hakam poToBON apMaTypbl U XOPMOHA AULL, XapaKTepy rpaHynsaummn KyTukynbl,
a TaKke no onpeaenéHHslM MOPMOMETPUYECKUM XapakTePUCTMKaM KOroTKOB M POTOMMOTOYMHOro annapata. Hawe
uccrnegosaHve BbISIBUNO NPUCYTCTBME B YKpauHe He MeHee LecTu pasHbix BuaoB: M. glebkai Biserov, 1990;
M. hufelandi C.A.S. Schultze, 1834; M. macrocalix Bertolani & Rebecchi, 1993; M. polonicus Pilato, Kaczmarek,
Michalczyk & Lisi, 2003; M. sottilei Pilato, Kiosya, Lisi & Sabella, 2012 n M. viadimiri Bertolani, Biserov, Rebecchi &
Cesari, 2011. Tpu 13 Hux: M. macrocalix, M. sottilei v M. viadimiri 6binv BnepBble HanaeHbl B YkpanHe. C yyeToM eLué
TpEx BMOOB, yKa3biBaeMbIx B 6onee paHHux uccriegoBaHusix: M. diversus Biserov, 1990; M. persimilis Binda & Pilato,
1972 n M. sapiens Binda & Pilato, 1984, — o6Luee 4Ynicrno BUOOB, M3BECTHbIX B YKpauHe, COCTaBNseT, Kak MUHUMYM,
nesaTb. PeanbHoe uncno BuaoB B YkpauHe, BEPOSITHO, Bbiwe. HyxHbl AanbHenwmne c6opbl Npob u nonydeHve
MONEKYNAPHO-TEHETUYECKMX AaHHbIX OT pasHbIX BUAOB TMXOX0QoK rpynnbl M. hufelandi n3 YkpauHbl.

KntouyeBble cnoBa: muxoxodku, 30o2eoepachusi, hayHa, buopasHoobpasue.
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