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Abstract. Twenty-seven individuals of Microtus arvalis (Pallas, 1779) were captured in subalpine and
alpine zone of the Krkonose Mts, and the occurrence of the species was confirmed in three out of five
previously reported localities. Epigenetic specificity of these mountain populations was evaluated and
compared with nine samples from Czech and Slovak vole populations. Studied populations did not reveal
epigenetical distinctness, and the results obtained as well as karyotypic data indicated the recent origin of
the subalpine and alpine populations. History of the distribution of M. arvalis in the Krkonose Mts is
discussed.

Non-metric skull traits, origin, history, Rodentia, Microtus, Palaearctic region

INTRODUCTION

The common vole Microtus arvalis (Pallas, 1779) is less common small mammal species in the
Krkonose Mts. Its relative abundance in a sample of insectivores and rodents caught in the
Krkonose Mts was rather low (3.4%) (Flousek 1990). Forests cover ca. 84% of the area of the
mountains and M. arvalis occurs only in some larger cultivated meadow enclaves and newly
established clearcuts in the montane vegetation belt (Flousek 1990). Nevertheless, vole popula-
tions were found rarely also in subalpine and alpine habitats. The subalpine populations were
recorded by Hanzak (1959) on Mt. Studni¢ni hora (1554 ma. s. 1.), Mt. Luéni hora (1547 ma. s. L.),
Mt. Kotel (1435 ma. s. 1.) and on Mt. RGizova hora (1390 m a. s. 1.) and the alpine population on the
highest mountain of the Czech Republic, Mt. Snézka (1601 m a. s. 1.) (Fig. 1). The finding of the
population on Mt. Snézka stimulated discussion on its possible relict origin from the glacial times
(Flousek 1990). In the southern and the western Alps the populations of the common vole live
above timber line and are classified as separate subspecies M. a. rufescentefuscus (Schinz, 1845).
Bauer (2001) suggested that this subspecies originated in glacial refugia on the southern slopes of
the Alps. Thus these Alps populations have a different origin then the other populations from
central Europe.

The aims of the present study were: (i) to confirm the occurrence of common voles in the upper
parts of the KrkonoSe Mts; (ii) to evaluate whether M. arvalis populations that live in suboptimal
conditions of mountain habitats and have an uncertain origin are epigenetically unique; (iii) to
discuss history of the occurrence of M. arvalis in the KrkonoSe Mts.

MATERIAL AND METHODS

Specimens captured in the subalpine zone of the Krkonose Mts originated from the northern grass slopes of Mt.
Lucni hora and Mt. Studni¢ni hora. These slopes are called Bila louka (1410-1510 m a. s. L.). At this site, voles
inhabit ground depressions covered with grass Deschampsia caespitosa. These depressions are remains of border
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Fig. 1. Map of the Krkonose/Karkonosze Biosphere Reserve (adopted from Flousek & Gramsz 1999).

fortification built before the World War Two. Nineteen individuals were collected during the period 1999-2000.
The alpine locality was the eastern slope of Mt. Snézka, with D. caespitosa prevailing in the plant community,
in 1590-1600m a. s. l. The grass area is surrounded by stone debris and scrub. Eight individuals were collected in
2000-2001. The distance between Bila louka and Mt. Snézka is about 4 km. Specimens from these two localities
were pooled into one sample.

The animals were captured in live-traps. All the individuals were weighed, measured, autopsied and their sexual
condition determined. Two animals (male and female) from Bila louka and two animals (male and female) from
Mt. Snézka were used for a karyotype study (Vasickova 2002).

Trapping was also carried out on Mt. Kotel in 2002. Snap-traps were used, but no common voles were
captured.

Epigenetic variation of the mountain sample was compared with the same data from nine populations: Czech
Republic — Blizna (B), Cesky Dub (CD), Fladnice (F), Kopiivnice (K), Olomouc (O), Praha-Reporyje (R), Novy
Drahov (S), Velemin (V); Slovakia — Buzica (Z) (Fig. 2, Table 1).

The specimens were scored for 34 skull non-metric traits. Most of them were similar to those desribed in other
rodents by Andersen & Wiig (1982), Berry & Searle (1963), Kratochvil (1959) and Ventura & Sans-Fuentes
(1997). For detailed description of traits see Uhlikova (2004).

All the traits were examined for dependence that might influence the overall pattern of epigenetic differences
between samples. Traits were checked for their dependences on sex and size and for correlations among them.
After this procedure traits with significant level of dependency were excluded from further analysis. The index of
epigenetic variability (Iv), the mean measure of divergence (MMD) and the measure of uniqueness (MU) were
calculated for each sample (Uhlikova 2004).

Based on the mean measure of divergence a dendrogram of epigenetic similarity was constructed. The cluster
analysis was done by use of the neighbor-joining method. The correspondence between geographic proximity and
epigenetic similarity was estimated by Mantel test.

The studied material is deposited in the Department of Zoology, Charles University in Prague.
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Table 1. Collecting localities of the specimens studied. N, number of individuals examined

Locality District town Geographic coordinates Altitude (m) N Time of capture
Blizna (B) Cesky Krumlov ~ 48°43'N 14°05°E 765 250 Oct. 1998
Cesky Dub (CD)  Liberec 50°39'N 14°59°E 325 130 Oct. 1997
Fladnice (F) Znojmo 48°48'N 15°59'E 268 178 Nov. 1997
Koptivnice (K)  Novy Ji¢in 49°35'N 18°07°E 320 158 Dec. 1997
Krkonoge (Kr)®  Trutnov Sn:50°44'N  Sn:15°44°E Sn: 1590-1600 Sn: 8  Aug. 1999-2001
B1:50°43'N  BIl:15°41'E Bl: 1410-1510 BI: 19

Olomouc (O) Olomouc 49°36'N 17°15°E 218 206 Oct. 1998
Reporyje (R) Praha 50°01'N 14°17'E 315 156 Oct.-Nov. 1997
Novy Drahov (S) Cheb 50°08'N 12°24°E 445 146 Oct. 1997
Velemin (V) Litoméfice 50°32'N 13°58'E 287 155 Nov. 1997
Buzica (Z) Kosice 48°32'N 21°04'E 211 130 Sept. 1999

* Sn - Snézka Mt, Bl - Bil4 louka.

RESULTS

The occurrence of Microtus arvalis was confirmed on Mt. Lu¢ni hora, Mt. Studni¢ni hora and on Mt.

Snézka. The occurrence on Mt. Kotel was not evidenced.

The differences between individual samples in epigenetic variability (Iv) were not distinct. The
sample from Krkonose revealed the second lowest Iy value (Table 2).
Table 3 shows the MMD-matrix used in the NJoin cluster analysis (Fig. 3) as well as the values of

standard deviation (SD) and measure of uniqueness (MU).

Two clusters of samples are obvious (Fig. 3). The Krkonose population belongs to the first cluster of
seven samples (B, CD, O, Kr, R, S, V), with a distinctly separated position of the sample B. The other
group of samples F, K, Z —with a distinct position of the sample F — originated from the eastern localities.
No correlation between epigenetic and geographical distances was found (r=0.08, P =0.32).

®@KTr - localities of the Krkono$e Mts.

Czech
Republic

200
]

Slovak

Republic

km

Fig. 2. Map of the Czech and the Slovak Republic showing the sampling sites of Microtus arvalis, see the Material
and Methods section for the abbreviations of localities.
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Table 2. Epigenetic variability (Iv) in the populations studied

Locality B CD F K Kr (0] R S \% Z
Iv 0.138 0.173 0.144 0.145 0.140 0.146 0.148 0.150 0.155 0.143
DISCUSSION

The present results show that the Microtus arvalis populations from the subalpine and alpine
zone of the Krkonose Mts are not epigenetically distinct. They clustered together with the near
population Cesky Dub and with the population Olomouc. Their low value of Iy can be ascribed to
small extent of samples. Karyologic research also did not find distinct karyotypes in both chromo-
some number and pattern of centromeric positive C-bands between animals from Mt. Snézka and
other sites of the Czech Republic (Vasi¢kova 2002).

The origin of subalpine and alpine populations of Microtus arvalis may be related to the voles
migratory corridors through woodland formed by man. In the High Tatra Mts, Kratochvil & Pelikan
(1955) found that the common vole used for its expansion grass transects along roads, tracts or
cable-railway.

Deforestation began in the Krkonose Mts already in the 14th century when Silesia became a
part of the Crown Lands of Bohemia. In that times, the Krkonose Mts lost its defensive value and
people started to inhabit this region. The iron industry in the 16th century and the Thirty Year’s
War in the 17th century were followed by strong deforestation of the montane belt (Jenik 1996).
Period from the 17th to the 19th century, so called “Era of chalet farming”, changed subalpine
habitats by cattle grazing and haymaking. The 19th century was characterized by expansion of
tourism. The World War Two with deforestation and building of roads and military bunkers changed
the face of montane and subalpine habitats (Jenik 1996).

Table 3. Mean measure of divergence (MMD) and standard deviation of MMD (in italics) between samples
examined. MU - measure of uniqueness; significant values of MMD in bold.

Locality CD F K Kr (6] R S \Y% V4 MU

B 0.164 0.027 0.163 0.020 0.014 0.054 0.083 0.087 0.047 0.659
0.020 0.017 0.019 0.060 0.015 0.0/8 0.0/8 0.018 0.020

CD 0.135 0.112 0.164 0.107 0.143 0.087 0.104 0.180 1.196
0.023 0.025 0.066 0.021 0.025 0.025 0.024 0.026

F 0.091 0.045 0.013 0.050 0.047 0.046 0.063 0.516
0.022 0.063 0.0/18 0.022 0.022 0.021 0.023

K 0.182 0.117 0.156 0.104 0.050 0.189 1.165
0.065 0.020 0.024 0.023 0.023 0.025

Kr 0.044 0.093 0.116 0.103 0.059 0.827
0.061 0.065 0.065 0.064 0.066

6} 0.047 0.053 0.072 0.047 0.515
0.020 0.020 0.019 0.021

R 0.056 0.075 0.081 0.754
0.023 0.023 0.025

S 0.054 0.121 0.722
0.023  0.025

v 0.143 0.735
0.024

V4 0.931
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So impact of man on forest habitats dates back to the history. Lokvenc (1978) assumed that the
approach roads to the uppermost montane and alpine parts did not existed in the Era of chalet
farming. Hence it is probable that populations of Bila louka and of Mt. Kotel originated in the 19th
century and subsequently in the 20th century. That means that Microtus arvalis has occured in
these habitats for less than 100 years.

The recent existence of M. arvalis population on Mt. Kotel was not confirmed; only individuals
of'the field vole Microtus agrestis (Linnaeus, 1761) were captured. There are two possible reasons
for the failed confirmation of the presence of M. arvalis — population cycle was in phase of decline
or the population does not yet exist.

The alpine population of M. arvalis on Mt. Snézka inhabits small area that is isolated from
surroudings by stone debris and scrubs. The common vole avoids these habitats (Flousek 1988,
1990). Thus it is obscure how M. arvalis has appeared on Mt. Snézka. Since the finding of the
population on Mt. Snézka the possible relict origin from the glacial times was discussed (Flousek
1990). This scenario, however, does not seem plausible. The top of the mountain was a grassless
rock, only somewhere moss-backed still in 1677 (Lokvenc 1978). Hitherto research also does not
support hypothesis of relict origin.

At the top of Mt. Snézka terminates the cable railway, that leads from the town Pec pod Snézkou
and crosses through Mt. Rtizova hora. Specimens of M. arvalis were caught in Pec p. Snézkou in
1955 (Andéra et al. 1974). On the line Mt. RGZova hora— Mt. Snézka the common vole was recorded
during inventary research performed in 1988 (Macholan & Zima in litt). The cable-railway was
opened in 1949 and the common vole population of Mt. Rtizova hora and Mt. Snézka was discov-
ered in 1959 (Hanzak 1959). In view of these facts it is more probable that M. arvalis colonized
through woodless transect of cable railway firstly Mt. Rzova hora, and then reached Mt. Snézka.

Trapping on Mt. Rizova hora was not carried out. Considering above mentioned inventary
research it can be supposed that M. arvalis still occurs on this mountain.

N X m < O =3

NJoin

Fig. 3. Dendrogram of epigenetic relationships among Microtus arvalis populations.
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