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Abstract. Microtus tatricus occurs in the Carpathian Mountains of Slovakia, Poland,
Ukraine and Romania — a list of current distribution records is given. The species’ distribution
range is insular on the scale of its entire distribution and fragmented within each mountain range
inhabited. The overall altitudinal range is 650-2350 m a.s.l., with the largest number of
collecting sites situated between 1100-1700 m a.s.l. The total range size of M. tatricus was
estimated as 840 km* and the total population size at between 200,000-250,000 individuals.
A possible reduction in the species’ distribution range is discussed.
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Introduction

The Tatra vole, Microtus tatricus (Kratochvil, 1952), is species endemic to the Carpathian
mountain range. It is the only autochthonous mammalian species in the Carpathians
Mitchell-Jones etal. 1999), and one of the region’s two known vertebrate endemics
(the other being the urodele Triturus montandoni) (B aru§ et al. 1992).

Palaeontological data indicate that Allophaiomys pliocaenicus, that lived between
1.8 and 1.4 million years ago (Mya) is the most recent common ancestor of genus Microtus
(Brunet-Lecomte & Chaline 1992, Nadachowski & Zagorodnyuk
1996, Nadachowski & Garapich 1998, Chaline etal. 1999). The lineage
presumed to lead to M. tatricus includes M. arvalidens (0.95 Mya), M. vaufreyi (0.6 Mya)
and/or M. vergrannensis (0.35 Mya) (Chaline et al. 1999). These species were more
widespread than the extant species of the Microtus multiplex complex to which M. tatricus
belongs (Kratochvil 1964,1970,Zagorodnyuk 1989, KryStufek etal 1996).
Microtus tatricus was the first species to diverge from the common and widespread ancestor of
this complex (Kratochvil 1964, Matthey 1964, Haring et al. 2000) followed by
the divergence of M. multiplex, M. liechtensteini and M. bavaricus. Speciation probably
occurred against a background of the fragmentation and reduction of the distribution range of
the ancestral species induced by vegetational responses to climate change. Extant populations
retreated to the mountains (Haitlinger 1970, Dudich etal. 1981,Zagorodnyuk
& Zima 1992). Microtus tatricus is first known from the Early Holocene of the Velka Fatra
Mts in Slovakia (Dudich etal. 1981) — there are no records from the Pleistocene.

The habitat occupied by M. tatricus is either relatively open, humid areas in climax upper
montane forest — usually located in inverse valleys (Kratochvil 1964, Kratochvil
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& Gaisler 1967, Flousek etal. 1985, Zagorodnyuk 1989,Zagorodnyuk
et al. 1992), or humid rocky meadows in the subalpine zone (Rosicky & Kratochvil
1955, Pelikan 1955, Kowalski 1960, Jurdikov4d et al. 2000). No reports on
population size fluctuations or of population outbreaks are known. In this respect, the Tatra
vole is a true K-selected inhabitant of mountains where, in contrast to Arctic species, cyclic
population fluctuations are not known (Happold 1998).

M. tatricus is listed in the 2000 IUCN Red List of Threatened Species as Lower
Risk/Near Threatened (I U C N 1996) and in the Appendix II of the Bern Convention.

This work summarises all the distribution data over the whole distribution range of
M. tatricus and evaluates the altitudinal distribution of the species in respect of the
evolutionary history of its fragmented distribution range.

Methods

Distribution range was estimated by summarising the known records of M. tatricus from
published sources and personal communications. The size of the distribution range was
calculated as the sum of the areas of mountain ranges where M. tatricus occurs. One fourth
of the area of each occupied mountain range was taken as an approximate and rough estimate
of habitats potentially useful for colonisation by the species; only this area was used to
calculate the distribution range size.

The data on the relative abundance of M. tatricus among other small mammals and its
density were either taken from published data, or calculated as the number of individuals of
the species divided by the total number of trapped animals or trapping area without any edge
effect correction, respectively.

New records were obtained by trapping in Slovakia in 1999 and 2000. Morphological
measurements unambiguously distinguished M. tatricus from M. arvalis, M. agrestis and
sexually active M. subterraneus. Young and sexually inactive M. subterraneus were
identified by restriction fragment length polymorphism (RFLP) analysis of the cytochrome
b (cyt b) gene. Fingertip tissue samples were collected during the marking of live animals.
Cyt b was amplified by the polymerase chain reaction (PCR) using the primers L.14727-SP:
5’-GAC AGG AAA AAT CAT CGT TG-3’ and H-ISO-SP: 5°-AGT AGT TTA ATT AGA
ATG TCA GC-3° (M. Jaarola, pers. comm.). A 50 ul PCR reaction consisted of 5 ul of
10x Buffer, 5 ul 10x dNTPs (2mM), 3 ul MgCl, (25mM), 5 ul of each primer (10 uM) and
2U Taq polymerase. Template DNA and water were added with regard to the DNA
concentration of each sample. DNA was denatured for seven min at 95°C and amplified for
35 cycles of 93°C/1 min, 48°C/1 min and 72°C/3 min. PCR was completed by 10 min at
72°C. The resulting PCR product was incubated for one hour at 37°C with Sau3AI (Mbol)
and BamH]I separately, and analysed on 2% agarose gels stained by ethidium bromide.
RFLP analysis with both enzymes unambiguously distinguished M. tatricus and M.
subterraneus, Sau3AI showing two haplotypes for each species. Each haplotype within
a species was derived from the other by loss/gain of one restriction site. Neither M. ratricus
haplotype could be easily derived from any M. subterraneus haplotype.

Results

All the 13 individuals collected were shown to be M. tatricus by the RFLP analysis of the cyt
b gene and morphological measurements.



According to available published data, the Tatra vole was found in Slovakia (SK),
Poland (PL), Ukraine (UA) and Romania (RO). In decreasing order by the number of
collected individuals, M. tatricus localities are found in the High Tatra Mts-SK (including
the Western, High, and Belianske Tatras) (around 1,250 specimens), Oravské Beskydy Mts-
SK, PL (including Pilsko and Babia Gora) (34), Velkd Fatra Mts-SK (30), Eastern
Carpathians-UA (20), Low Tatra Mts-SK (14), Rodnei Mts-RO (5), Mal4 Fatra Mts-SK (5),
Kremnické vrchy Mts-SK (4), Ciucas Mts-RO (4), Murénska planina Plateau-SK (3), Chocské
vrchy Mts-SK (3), Maramures Mts-RO (2), and Calimani Mts-RO (1) (Fig. 1, Appendix). All
the mountain ranges lie within the geographical limits of the Carpathians. Around 480
specimens originated from a series of expeditions lead by J. Kratochvil to the Roha¢ska
dolina Valley in the Western Tatra Mts in the early to middle 1960s (e.g. Kratochvil
1970, protocols deposited at the Institute of Vertebrate Biology, Brno, Czech Republic).
Another 327 individuals are known only from osteological material (Dudich et al. 1981,
Obuch etal 1985) including 316 individuals found in the site Murai I in Belianske Tatra
Mts(Schaeffer 1974). These data are not included in further analysis.

The lowest known occurrence of M. tatricus is at 600-650 m a.s.l. in cold inverse
valleys in the Velka Fatra Mts (Dudich etal. 1981, Kleinert 1983), and the highest
is at 2,343 m a.s.l. in Sedlo Vahy Pass in the High Tatra Mts (Kratochvil 1952). The
histogram of localities at different elevations is bimodal with the maximum number of
localities at an elevation of c. 1,650 m a.s.l., but with another peak at c. 900-1150 m a.s.l.
(Fig. 2). However, these results should be treated with caution as the histogram summarises
trapping effort and thus possibly the preferences of various authors and does not represent
a systematic study of the altitudinal distribution of the species. The number of individuals
captured did not increase significantly with elevation (linear regression, F = 1.34,
P > 0.05, Fig. 3, Appendix) nor did species population density (F = 0.73,P > 0.05, Fig. 3;

% | Poland y
ot B i, \ ‘ -
PR ey WO \ Ukraine
i B ATl S \
P A Ag f,.-“ o
A . o | P %
' J I
Slovakia " P
gl b d You |50 o ;
N 1 e ..,__v_r;-

Romania

[]

Fig. 1. The distribution range of Microtus tatricus. A = locality with a single record, B = localities with multiple
records.
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Kratochvil & Gaisler 1967, Juchiewicz etal 1986, Jurdikova etal
2000, N. Martinkovd,S. Martinek,A. Zahradnikov4, unpubl.). However,
the relative abundance of M. tatricus in the assemblage of other small mammals increased
significantly with increasing elevation (F = 5.31, P = 0.03, R*(%) = 16.9, Fig. 3;
Pelikan 1955, Kratochvil & Gaisler 1967, Zima et al. 1984,
Flousek etal 1985, Obuch etal. 1985, Stollmann & Dudich 1985,
Juchiewicz etal. 1986,Zagorodnyuk etal 1992, Kadlecik etal 1995, N.
Martinkova,S. Martinek,A. Zahradnikov4a, unpubl.).

The species’ distribution range area was approximately 840 km’. Thus, if the median of
species population density is 2.6 individuals/ha (X = 6.2; range: 0.17-28.6; N = 19,
Kratochvil & Gaisler 1967, Juchiewicz etal 1986, Jurdikova etal
2000, N. Martinkova,S. Martinek,A. Zahradnikov4, unpubl.) overall
population numbers could be approximately 200,000-250,000 individuals.
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Fig. 2. The frequency of occurrence of localities of M. tatricus as dependent on the locality altitude.

Discussion

The present analysis shows that the distribution range of M. tatricus is roughly divided into
two distant regions — the western in Slovakia and Poland and the eastern in Ukraine and
Romania. Thus, the species’ range is insular at both the level of the entire distribution range as
well as within the mountain ranges occupied Jurdik o va et al. 2000). This fragmentation
may be a consequence of the landscape’s altitudinal structure and/or habitat heterogeneity.

The localities for M. tatricus in the valleys of Velka Fatra, Muranska planina, or
Kremnické vrchy all lie at the bottom of valleys below 1100 m a.s.l. — the first hypsometric
limit Niethammer 1982). Recently, the species’ altitudinal distribution limit was
placed as 800 m a.s.l. Mitchell-Jones etal 1999), but M. ratricus has never been
found on some Carpathian mountains that exceed this altitude, e.g. Spi§ska Magura, Cergov.

The Tatra vole utilises a wide range of habitats (Haitlinger 1981,Jurdikova et
al. 2000). Alpine meadows do not occur on many uninhabited mountains, but the inverse cold
valleys at lower altitudes also occur on mountains from which the species is absent.
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Fig. 3. The altitudinal distribution of M. tatricus based on (a) number of individuals caught regardless of the
trapping effort, (b) relative abundance of the species amongst other small mammals, and (c) species density.

The reason for the species’ irregular and insular distribution may be explicable in the
evolutionary history of the species. Three hypotheses could be proposed. Firstly, the end of
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glaciation was accompanied by the retreat of steppe-tundra and the emergence of taiga and
boreal conifer forests Jankovska 1991, Adams & Faure 1997). During that
period, the ecosystem became fragmented and surrounding new ecosystems probably did
not allow interpopulation dispersal. In this case, some small populations may have become
extinct and never recolonised the area. This follows the predictions of the model of
stochastic extinction of small isolated populations within metapopulation theory
(Angelstam etal 1987, Hanski et al. 1996, Jaarola et al. 1999, Fox &
F o x 2000). Surviving populations retreated to the mountains where they are found today.

Secondly, distribution range reduction still continues, and thus M. tatricus disappeared
from the other Carpathian mountains relatively recently. This is supported by the fact that,
except for the High Tatra Mts and partially Oravské Beskydy and Velkd Fatra, M. tatricus is
found only in very small numbers despite extensive small mammal research in the area, i.e.
in Murdnska planina Plateau (M. Uhrin, N. Martinkov 4, unpubl. data) or the
northern macroslopes of the Eastern Carpathians (Zagorodnyuk et al. 1992). In other
mountain ranges M. tatricus was found exclusively or primarily as osteological material,
i.e. Choc¢ské vrchy Mts and Malé Fatra Mts (Appendix).

Alternatively, M. tatricus can occur in mountain ranges where zoological research was
not extensively carried out. In Romania, the species was found at several localities despite
low trapping efforts (Flousek etal. 1985, Murariu & Rddulet 1998, J.
Flousek,Z. Flouskova,unpubl. data).
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