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Abstract. All materials available to the author and concerning the hibernation and
migrations of bats in the European part of the U.S.S.R. were used as the basis for the present
study. The bat species occurring in this region may be divided into two groups: the group
of stationary bats and that of migratory ones. The first group includes bats (Rhinolophus,
Myotis, Barbastella, Plecotus and Eplesicus) found in more than 90 natural and artificial
caves in winter. Its subgroup of Boreal species living in the severe climate of Central and
Northern Russia was analysed most closely. It is supposed that the winter shelters of these
bats embrace not only caves and that the bulk of the population winters in other hiding
places, unknown as yet. Six migratory species (Nyctalus, Pipistrellus, Vespertilio) leave the
central and northern regions of the European part of the U.S.S.R. for their winter quarters
in Central and South-Eastern Europe. The data on the phenology of migration based on
visual observations and results of banding were also analysed; 39 long flights, covering 350—
1600 km. were noted. In summer a strong quantitative predominance of females and even
complete lack of males were observed in most of the migratory species. The causes of long
migrations of bats in Eastern Europe, the relation of the geographical ranges of hibernation
to the climate, and the biological differences, connected with the adaptation to shelters of
various types, between the stationary and migratory species were considered.
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I. INTRODUCTION

It was completely obscure until quite lately where and how the bats of
the vast territory of the European region of the U.S.S.R. spend winter. It
was known only that they disappear in the period from autumn till spring
and, as hardly any specimens were found hibernating, the general view was
that, like migratory birds, most bats leave their summer quarters in the
autumn and hibernate away from them. It was even supposed that some
species fly away to the Tropics, where they remain active throughout the
winter and have a second brood. In his monograph of the bats of the U.S.S. R.
KUZYAKIN (1950) stated that for the huge majority of bats the place of their
winter stay was unknown.

The situation has changed in the last 10 years. A weighty contribution
to the knowledge of the biology of bats was the book on the bats of the Ukraine
by ABELENTSEV et al. (1956), in which the authors sum up their observations
of many years. It contains a great many new data concerning the winter
quarters and seasonal migrations of bats and their division into stationary
and migratory species, offered and substantiated by the authors. However,
their investigation was confined to only one region and did not constitute
a bagis for far-reaching generalizations, whereas the enormous territory of
Central and Northern Russia was still a ,,blank space” as regards the know-
ledge of the wintering sites of bats. In order to fill this gap I carried out field
investigations in the Ural Mts., in Povol’zhe and in the central and north-
western regions of the European part of the Soviet Union in 1952—1957 and
collected the whole literature of the subject (StrELkOV, 1958). I have been
complementing the materials concerning the wintering of bats in different re-
gions of the U.S.8.R. ever since. Remarkably more is also known of the long
migrations of bats owing to the data acquired recently by mass banding (KA-
MENEVA and PANYUTIN, 1960, 1964; Kurskov, 1965; POKROVSKII and SHOHADI-
10V, 1962; PANYUTIN, 1968).

The accumulation of new materials in the Soviet Union and abroad ne-
cessitates their analysis and subsequent formation of general conclusions.
This is the task I have taken up in the present study in the hope that it will
prove useful for future investigations of bat biology.

I particularly wish to express my thanks to V. I. ABELENTSEV and K. K. PA-
NYUTIN, who allowed me to use their unpublished observations, and to
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Dr G. NATUSCHKE (German Democratic Republic) for his valuable information
and bibliographical data.

I am very grateful to Mr. J. Zawadzki for his translation and to Dr.
A. Krzanowski for editing my paper.

TI. STATIONARY BAT SPECIES

In the European part of the Soviet Union wintering bats were found almost
exclusively in caves or other similar artificial lodgings: abandoned shafts,
underground galleries, quarries, etc. Since the ecological conditions provided
by them, such as their constant and moderately low temperature, high re-
lative humidity, and darkness, are more or less the same, in the further parts
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Fig. 1. Localities in which bats hibernate in caves in the European part of the U.S.S.R.
The names of caves, their numeration and the specific composition of the bats wintering in
them are given in Table I

1#*
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of this paper I shall refer to all such underground shelters as caves. So far
I know above 90 caves or groups of caves in which bats take shelter in winter
(Fig. 1). On the basis of these data it is possible to give the syecific composition
of the there wintering bats as well as the ecological conditions of wintering.

Out of the 24 bat species found in the European part of the Soviet Union
(excluding the Caucasus), 16 were found in caves, which forms about 70 per
cent. As will be seen from Table I, the caves of the southern and south-western
part of the country have the quantitatively and qualitatively richest bat fauna.
As we move northward, the specific composition of the wintering bats im-
poverishes considerably. Thermophilous species, pertinent to South and, partly,
Central Europe (Miniopterus, Rhinolophus, a number of species of Myotis,
and others) are confined to the Crimea, Transcarpathia, Subearpathian Ukraine,
and Moldavia. Barbastella barbastella and Eptesicus serotinus extend somewhat
farther to the north-east; the former is encountered in winter in the caves
of the Ukraine west of the River Dnieper and the latter also in most of the
large Ukrainian towns east of the Dnieper, i.e., Khar’kov, Poltava, Nezhin
and Dnepropetrovsk, and in their environs (VELIKANIV, 1930; ZUBKO, 1939;
GAVRILENKO, 1948 in KUZYAKIN, 1950; LisETskil and KUNICHENKO, 1952; ABE-
LENTSEV et al., 1956), as well as in a certain cave in the north of the Astrakhan’

rovince (STRELKOV, 1958). Both these species were found wintering in the
cellars and dungeons of buildings mm Western Byelorussia also (KURSKOV, 1958).
It is characteristic that the farthest north-eastern localities of B. barbastella,
E. serotinus and other species occurring in the south-west are more or less the
same in winter and in summer which indicates the sedentary ways of living of
these species even on the borders of their ranges.

Only 6 Chiropteran species — Myotis dasycneme, M. daubentonti, M. mysta-
cinus, M. nattereri, Plecotus auritus and Eptesicus nilssoni — winter in the
caves of the central and northern regions of the European part of the Soviet
Union and in the Ural Mts. Local differences in the specific composition of
hibernating bats all over the vast area from the Baltic countries to the regions
situated east of the Ural and from Karelia to the northern boundary of the
Ukraine consist only in the lack of any of these species, but a new species is
never added to the list. This monotony is undoubtedly caused by the poverty
and uniformity of the bat fauna of the north. There are no grounds to suppose
that the composition of the bats wintering in western Siberia differs much
from that presented above. M. daubentoni, M. mysiacinus, Plecotus awritus
and Eptesicus nilssoni were found to winter in the karst caves near Krasnoyarsk
(K1, 1961; BEMEL’YANOVA & VYSOKOVSKII, 1962) and N. Ovopov (personal
communication) mentions also M. dasycneme from this locality. The only
species wintering there but lacking in the European part of the Soviet Union
is Murina leucogaster.

I shall consider the group of Boreal species more closely below, because
the possibility of their wintering under severe conditions of the central and
northern regions of the Soviet Union has not been examined sufficiently well



397

and the opinions can be found in literature that they go on long seasonal
migrations. Beyond the frontiers of the Soviet Union these species are well
known for their wintering in caves in Central and North Europe.

I have already published (STRELKOV, 1958) a detailed survey of most of
the known localities of wintering bats in Central and Northern Russia. In
spite of all the monotony in the composition of the hibernating bats, attention
is drawn by their huge quantitative and qualitative diversity, as regards
particular shelters (Table I). This phenomenon is certainly connected with
the unknown properties of the distribution of bats, especially with their rare
occurrence, which in many species is observed also in summer. For example,
M. dasyceneme hibernates in only 12 caves in the Buropean part of the U.S.S. R.;
10 of these caves have small numbers of wintering specimens, whereas in the
remaining 2 caves (Smolinskaya Cave in the Middle Ural Mts. and Starola-
dozhskaya Cave near Leningrad) there are hundreds of these bats. It is in-
teresting that these two ecologically so different caves are also winter lodgings
of very numerous specimens of M. daubentoni, which are considerably fewer
in all the other caves, though the total number of hibernating specimens of
this species is larger and more widely and uniformly distributed all over the
territory examined than that of M. dasycneme. Except for 2 caves (in the
Leningrad Province and in the Northern Ural) M. mystacinus oceurs in small
numbers everywhere. M. natierert is the rarest of the wintering species, being
represented everywhere by only single specimens; so far a score or so indi=
viduals have been found only in the Sablinsk underground galleries near
Leningrad.

Unlike these species, P. auritus is comparatively uniformly distributed in
winter lodgings. It is met with in nearly all caves in the European part of
the U.S.S.R. and may be regarded here as the commonest species wintering
in caves. The same is also true of B. nilssoni in the northern half of the country,
for it is only there that it is encountered, and, partly, of M. daubentoni.

The differences in the degree in which the caves are inhabited by wintering
bats between particular regions of the country are still more striking. A full
set of 6 species will be found in the artificial caves of the north-west of the
European part of the Soviet Union. The number of bats occurring here is also
high, in 2 caves reaching as many as several hundred specimens. It is cha-
racteristic that in the Leningrad Province, from where the greatest number of
my observations were obtained, I do not know a single underground shelter
which, having a suitable microclimate, would not be inhabited by bats in winter.

The winter shelters of bats in numerous caves of the Ural Mts. are equally
rich in so far as their number and composition are concerned. Smolinskaya
Cave in the Sverdlovsk Provinee had the greatest number of bats of all: above
700 M. dasycneme and 150—200 M. daubentoni were found in it in the winter
of 1956.

There are very few bats in all the artificial caves of the Central Chernozem
Provinces of the European part of the U.S.S.R. Suffice it to say that in all
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the 9 caves examined by me I counted hardly 61 hibernating bats altogether,
none of these caves having more than 15 specimens. The number of species
represented was also extremely small. However, according to the information
received from the local people, large colonies of bats of several species hiber-
nated in Galievskaya Cave in the Voronezh Province and in the stonepit on
the River Oskol in the Kursk Province before the Second World War, whereas
in small karst caves near Lipetsk (BARABASH-NIKIFOROV, 1957) hikers are
said to have observed up to 100 wintering bats not long ago. It would be very
instructive to have this information checked.

For a long time no wintering bats at all could be found in Middle Po-
volzh’e. I failed to find them in any of the 7 caves and underground galleries
examined in the Tatar A.S.S.R., though, as regards their microclimate, they
are quite fit for winter shelter. V. A. Porov (1960), too, has practically no
data on the wintering of bats in this region, although he collected materials
concerning the mammalian fauna of Middle Povolzh’e for a score years or so.
It was not until quite recently that some Moscow speleologists have found
wintering bats in 2 karst caves in the Gor’kii Province.

The causes of these differences are obscure. It is possible that they result
from various degrees of exploration of the caves in different parts of the country;
the more so, since these shelters differ considerably from each other in size,
origin, and degree in which they are frequented by people, from locality to
locality. It may well be that particular populations of bats differ in their
habits: in some parts of the country they may winter in caves, in others avoid
them.

In spite of the differences presented above I consider all the Chiropteran
species listed as wintering in caves to be relatively sedentary, i.e., remaining
in winter in the central and northern regions of the European part of the Soviet
Union. This conclusion is confirmed not only by the fact that they have been
found repeatedly in their winter lodgings, among other places, at the northern
boundaries of their distribution, but also by indirect evidences. No seasonal
mass passages of the species wintering in caves were observed in the southern
and western regions of the country, though the Ukrainian zoologists carried
out special studies of bat migrations (ZuBxo, 1937; Porov, 1941; ABELENTSEV
et al., 1956). The data offered by Lavrov (1953), who watched regular spring
migrations of all bat species, including M. dasycneme and M. mystacinus, in
the Voronezh Reserve are very interesting, but his observations are not very
precise and they still fail to prove that these migrations were long ones.

Neither in summer nor in winter are the Boreal species met with in the
southern areas of the Furopean part of the U.S.S.R., or at the most they
occeur there in very small numbers. In the West, i.e., in Central Furope no
mass migrations from the north-east were recorded and the banding of bats
in caves in the winter provided no bases to conclude that the there living bats
make long migrations. Finally, neither does the existence of morphological
differences, however small they are, between the populations of 1. daubentont,
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M. dasycneme and especially M. mystacinus of East Europe and those of the
western Ukraine, Byelorussia and — as regards M. mystacinus — also of the
Crimea, southern Ukraine and Caucasus (OGNEV, 1928; ABELENTSEV et al.,
1956) corroborate the occurrence of long seasonal migrations of these species.
For in the northern species copulation falls to a great extent in winter (STREL-
KOV, 1962) and, consequently, the close contact of various populations in common.
winter shelters would not have allowed the geographical intraspecific mor-
phological differentiation.

Unfortunately, our knowledge of the manner and places of wintering
of the sedentary species is still unsatisfactory, especially because it is confined
nearly exclusively to the finds of bats hibernating in caves, which are regarded
as a sort of indicators of the wintering bats in the given region. However,
caves are rare in a great part of the European territory of the Soviet Union,
and in large areas they are lacking at all. The overwhelming majority of the
shelters examined are man-made ,,caves’’, but in most areas even these are
absent. Besides, all the artificial ,,caves” were formed a relatively short time
ago, and for this reason they could not be original winter shelters of these mam-
mals. :

It is also very characteristic that most of the caves examined were inhabited
by considerably fewer bats than might have been expected, seeing how scarce
the shelters of this type are.

I was unable to make any detailed quantitative calculations, but the small
number of caves and that of bats in most of the caves indicate decidedly that
in the European part of the U.S.S.R. caves are sites of wintering of only
a small part of the population living in these areas in summer. This leads to
the supposition that the bats winter not only in caves; a remarkable part
of the population spend winter in some other, so far unknown, hiding places.
Moreover, it may be assumed that they managed to colonize the vast plains
of East FEurope just owing to their relative independence on caves. The dis-
tribution of a number of other species, biologically more specialized and both
in summer and in winter closely associated with caves, is chiefly restricted
to the mountainous ridges of the Carpathians and mountainous areas of the
Crimea and Caucasus, abounding in caves. The large regions stretching in the
north and east have no caves, which fact together with the change in climate
and landscape stop the further spread of these species.

Unluckily, we have hardly any reliable information about the wintering
of bats out of caves, which is partly explained by the inaccessibility of such
shelters, small numbers of bats in the north, difficulties of search, and plainly
by the fact that such field studies have scarcely been carried out at all.

Out of caves the bats do not gather in large numbers but winter scattered,
singly or in small groups. Such specimens are oftenest found quite incidentally
in various parts of dwelling houses and farm buildings: near chimneys in atties,
in disused chimneys, behind the board lining of wooden walls, in vaults and
cellars, in boarded wells, ruines, haystacks, ete. It should be emphasized that
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in the severe climate of Russia these hiding places are often unsufficiently
insulated from the outer environment and they get very cold during spells
of frost; bats happened to be found wintering in such lodgings at as low a tem-
perature as —5°C.

In rare instants when I managed to lay my hands on such specimens and
determine the species, they usually appeared to be E. nilssoni or P. auritus.
Farther to the south, in the Ukraine, . serotinus particularly willingly winters
in various parts of buildings and it even seems to prefer these shelters to caves.
The group of these 3 species, in which we may probably include also B. bar-
basiella, is distinguished by its great resistance to low temperatures and relatively
dry air. These species are often observed to winter in the coldest parts of caves,
close to the entrance, where they are exposed to great fluctuations in micro-
climate, e.g., a drop in temperature to below 0°C. This characteristic makes
it also possible for them to find shelters suitable for hibernation out of deep
underground cavities. However, even the members of such resistant species
as B. serotinus often perish in masses by frost or of exhaustion during hard
winters (ABELENTSEV et al., 1956).

Four species of the genus Myotis wintering in caves in this country have
greater demands as regards microclimatic conditions of hibernation and they
worse tolerate falls of temperature and, especially, those in the humidity of
the air. These species are not, as a rule, met with in caves with a temperature
lower than 4-2°C and a humidity of the air lower than 85—100 %,; when moved to
places having a lower humidity of the air, they show symptoms of desiccation
of their extremities and membranes and soon die. Hence, the possibilities of
hibernation of these species are associated with more favourable conditions than
in the case of the first group of bats and their dependence on underground
shelters is greater. So far, the reliable reports on finding some members of the
genus Myotis wintering in other places than caves are limited to KUzvAxIN’g
(1950) mention of a specimen of M. mystacinus found in December in a cleft
log in the mill in the village of Bukmakino (Kirov Province and KURSKOV’S
(1958) observation of several specimens of M. daubentoni and M. nattereri in the
cellars and vaults of houses in western Byelorussia. Bats of the species M. my-
stacinus were seen wintering in pigsties in neighbouring Finland (KAISILA, 1956).

The wintering of most of the species both in farm buildings and in dwelling
houses and, especially, in old castles, churches and monasteries is known from
North Europe, where the climate is more or less similar (RYBERG, 1947). Here,
too, the greatest diversity is shown by the winter lodgings of P. awritus and
E. nilssoni. The species of the genus Myctis, more sensitive than the previous
ones, are encountered chiefly in cellars, vaults and other well insulated under-
ground shelters. Numerous bat species take shelter in caves as commonly
as in old buildings in neighbouring Poland; (KOWALSKI, 1955; HARMATA, 1962)
and Germany (EISENTRAUT, 1937; NATUSCHKE, 1960).

Probably, it does not happen by chance that wintering bats are particularly
often found in man-made shelters, among which I also include artificial caves.
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At present most of the northern species of bats have become semisynanthropic
to the extent that they are more frequently encountered in the proximity of
human abodes than under natural conditions. Undoubtedly, this phenomenon
has brought about great changes in the range, abundance and biology of many
species, remarkably increasing their possibilities of finding of both summer
and winter hiding places. Nevertheless, in north-eastern Europe the living
conditions are more severe, the density of populations is smaller and the
landscape reveals fewer signs of human interference than in the west. Con-
sequently, the original winter quarters of natural origin are of as great im-
portance to bats as they were in the past. Otherwise, we should have to assume
that the bats managed to colonize the greater part of the European territory
of the U.S.S.R., nearly completely devoid of natural caves, only very re-
cently, following man and his economic activity in these areas. This, however,
disagrees with a number of facts, especially with the frequent finds of subfossil
bony remains of ,,cave” species and the above-mentioned slight morphological
differences between the east- and west-European populations of some species,
which indicates a long period of their isolation.

The bats wintering in natural shelters (except for caves) are still rarer
in this country than those inhabiting houses. There are a few reports on the
wintering of small groups of bats in tree-holes, which up to recently were
regarded as quite unsuitable for hibernation of these animals (KuzvAxIN,
1936). So far it has been established that P. awritus and, probably, E. nilssoni
may winter in tree-holes, but most of the bats found in them have not been
identified. In view of the severe climate of the central and northern part of
the Soviet Union it seems hardly probable that the tree-holes are of major
importance as places of successful mass hibernation.

According to fairly numerous records of eye-witnesses, bats may Ssome-
times be found in screes or in deep crevices of steep banks, where they penetrate
as far as the non-freezing layers of earth. In none of these cases the species
of the wintering specimens could be identified except for one in which I found
a frozen P. awritus in a caved-in cleft in a steep bank of the Volga (Tatar
A.S.8.R.). In Finland, where the climate is similar, KAISILA (1956) suggests
the possibility of hibernation of bats in rock crevices, in which the high humidity
and moderately low temperature favour hibernation. M. mystacinus and
B. nilssoni (RYBERG, 1947) were found in similar conditions in Norway and
Sweden. In the U.S.A. GrirrIN (1945) and TWENTE (1959/60) also believe
that bats, including the there numerous species of Myotis, regularly take
shelter for winter in crevices and small holes in rocks.

KuzyAxIN (1950) supposes that M. dasycneme may winter in deep burrows
of rodents, but so far there is no evidence to support his opinion.

The foregoing considerations have not been designed to belittle the signi-
ficance of caves as the most convenient and preferable winter shelter of bats.
In the northern and central regions of this country caves are as yet the only
certain sites of their mass occurrence in winter. In the markedly milder climate
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of Central and West Europe caves are also places where the greatest numbers
of bats gather in winter, being uncommon in other types of shelters, and the win-
tering of some species out of caves has not been observed at all. Long migra-
tions made by bats to reach underground shelters also indicate the great impor-
tance of caves to bats.

The term ,,stationary species’ is used in this paper for the species wintering
in caves only to mark that they do not leave central and northern regions
of the European part of the U.S.S.R. I do not exclude long seasonal migrations
within the bounds of this territory, for all northern bats regularly change
summer quarters for winter ones and wvice versa, and these quarters are often
situated a long way from each other. '

ROER (1960, 1962) presented a survey of all more important data on bat
migrations obtained by European investigators as a result of banding. The
studies of the Dutch, Belgian and Danish zoologists (BELS, 1952; HEERDT & SLUI-
TER, 1953—1960, 1961—1962; EGSBAEK & JENSEN, 1963; FAIRON, 1967) are
the most interesting to us, because they banded the same Boreal species
that winter in the caves of the central and northern regions of Russia.

It has been established that in Central Europe the longest migrations are
performed by M. dasycneme; the distance between their winter and summer
quarters in Belgium and Holland is up to 330 km., averaging about 200 km.
Other species make considerably shorter migrations. Studies carried out chiefly
in Holland but also in Denmark (EGSBAEK & JENSEN, 1963) show that only
single specimens of M. daubentoni move away farther than 100 km. from their
winter quarters in summer. No regular flights of more than 100 km. in length
were recorded for Myolis emarginatus, M. nattereri, M. mystacinus and Rh.
Jerrum-equinwm in Europe. The vast majority of M. myotis banded in different
countries of Europe also remain within a limit of 100 km. from the locality
of banding, but single specimens migrate considerably farther: up to 150 km.
and, exceptionally, nearly 250 km. M. oxygnathus seems to behave similarly
to M. myotis.

In literature there are no data concerning the migrations of K. nilssoni.
Most of the specimens of B. barbastella banded in Germany and Austria were
found in summer 10—80 km. from their winter lodgings, though 2 cases of
very long migrations of this species (290 km. and 127 km.) were reported.
Analogically, the greater part of the banded bats of the species E. serotinus
were collected at a short distance from the site of banding (up to 50 km.),
but here, too, 2 very long flights (330 and 145 km.) were noted. Rhinolophus
hipposideros and Plecotus are, probably, the most stationary Furopean
species; in summer they usually inhabit no farther than 20 km. from their
winter quarters.

Seasonal migrations, similar in length to those observed in Europe, have
been recorded in bats wintering in caves in the northern United States and
gsouthern Canada (GRIFFIN, 1940, 1945; GIFFORD & GRIFFIN, 1960; BEER,
1955; CockruM, 1955; HITCHCOCK, 1965; DAvis & HircHCcoCcK, 1965, and



403

others). The greatest length of flight of Myotis lucifugus, well examined in
this respect, was 270 km., that of more sta-tibnary Eptesicus fuscus 68 km.,
but most of the banded specimens of both these species moved away to con-
siderably shorter distances from the place of banding.

In addition to their great length, the migrations of bats are often cha-
racterized by a distinctly prevalent direction. However, both these charac-
teristics vary remarkably, as the ecological conditions change. It has been
stated, generalizing the habits of M. myotis, well known in Europe, that
particularly long migrations, having as a rule a northern direction in spring,
are undertaken by bats inhabiting regions poor in suitable winter shelters
(North-German Lowlands, Netherlands), whereas the populations of the moun-
tainous regions of Central Europe cover much shorter distances and show no
preferable direction of migrations; they disperse radially from their winter
quarters, almost uniformly in all directions (ROER, 1960). The Czechoslovakian
investigators (HANAK et al., 1962) think that the short migrations of M. myotis
without a prevalent direction should be regarded as original, peculiar to this
species when, after the retreat of the glacier, it inhabited the regions of South
and Central Europe abounding in caves. The northern flat portion of the
present range of this species was not colonized by it till recently, when its
transition to the semisynanthropic ways of living permitted the occupation
of areas which lack natural caves. In autumn, however, the northern popu-
lations returned to their original habitations and thus, by degrees, they de-
veloped a genetically fixed instinct of directed migrations, corresponding to
the direction of the spread of the species.

As compared with Central Kurope, the central and northern regions of
the Soviet Union have a more severe climate, which necessitates the existence
of particularly infallible winter shelters, but, in contradistinetion to other
parts of Burope, here there are large areas devoid of caves fit for wintering.
Judging by what has already been said above, under such conditions the
migrations of bats should be marked by long distances and definite directions.
So far, however, the concrete data concerning this problem are lacking. The
banding of species wintering in caves in this country has been carried out
to a very small extent; I may only name a small paper by KoLYUSHEV (1958),
in. which he presents the results of banding of M. schreibersi in the caves of
the Transcarpathian Provinece of the Ukraine. A male of this species banded
near the village of Glubokoe in the Uzhgorod District on June 29, 1955 was
found in the state of hibernation near Miskole in Hungary, 200 km. from the
site of bahding, as the crow flies, in the winter of 1956/1957. Another specimen
banded near Miskole on July 5, 1955 was collected in a cave near Glubokoe
on October 7, 1956. ABELENTSEV (ABELENTSEV et al., 1956) writes that a spe-
cimen of the same species banded by him near Beregovo in Transcarpathia
on September 23, 1948 was also found in Hungary, about 30 km. south-west of
the place of banding on October 2, 1948. Towards the end of October 1948 this
author saw a mass migration of M. schreibersi near the town of Mukachevo:
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400—450 specimens flew in a south-western direction 2—4 m. above the ground
within 40 minutes between 8 and 9 p. m. These data make us suppose that
part of the Transcarpathian population of M. schreibersi winter in the caves
of north-eastern Hungary.

Out of the more than 3000 bats of 6 species banded by me in the caves of
the Leningrad Province, only 2 specimens were found out of the place of banding.
A female of M. daubentoni banded in the Sablinskie Caves near Leningrad on
November 18, 1956 was taken 84 km. west-north of this place on August 11,1957
and amale of this species banded in the Staroladozhskie underground galleries
on February 7, 1963 was found on the bank of the River Syas’, 15 km. east
of the place of wintering, on May 19, 1963.

TFurther studies are needed to show to what extent the pattern of bat
migrations in Central Europe resembles that in the region under study.

III. MIGRATORY BAT SPECIES

Unlike the group of stationary species of bats discussed above, no wintering
specimens of Nyctalus noctula, N. leisleri, N. lasiopterus, Pipistrellus pipi-
strellus, P. nathusii and Vespertilio murinus were found in the European part
of the U.S.S.R. (except for the regions situated farthest to the south and
south-west). KIRIKoV’s (1952) report on his finding several hibernating specimens
of the last species mentioned above in Kapovaya Cave in Baghkiria seems to
be based on a mistake: in all the other caves examined in the southern Ural
Mts. (as well as in other parts of the country) only externally similar H. nilssons
are encountered, but nobody has succeeded in finding a single specimen of
V. murinus.

The observations collected so far suggest that these species actually leave
the central and northern regions of the European part of the U.S.8.R. for
winter and perform long seasonal flights, resembling those of birds in length.
The initial basis of this-opinion was the observation of ephemeral, periodical
appearances of fairly large numbers of bats in spring or autumn in places in
which they are otherwise completely absent or only very scarce. This phe-
nomenon was observed by different investigators in the central regions of
the country, in Povolzh’e, Byelorussia and many places of the Ukraine. The
farther to the south and south-west, the later such waves of migrating bats
will be watched in the autumn, the order being reversed in the spring. Parti-
cularly instructive and reliable data were collected by zoologists in the steppes
of the southern Ukraine, where the bats are easy to observe owing to the fact
that the number of convenient shelters is limited very much (Formozov, 1927;
ZuBKo, 1937; Popov, 1941; ABELENTSEV et al., 1956). Towards the end of the
summer and in the autumn bats of all the above-mentioned species, absent
from these areas earlier, begin to appear regularly and in large numbers. Large
groups of these bats may now be seen in a number of sites along the coasts
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of the Azov and Black Seas (Odessa, Kherson, Golaya Pristan’, Melitopol’
and others); where rare forest plantations and inhabited areas provide the
migrating bats with resting places. Simultaneously, these bats either disappear
completely from the central and northern regions of the country or their
numbers become extremely reduced. After the winter interval bats reappeared
in the southern Ukraine in the spring to disappear soon till the autumn.

In the central part of Russia the autumn departure of bats begins relatively
early, but it is protracted very much. Specimens of migrating N. noctula were
seen near Moscow at the beginning of August (OeNEV, 1913). The naturalist
and tourist P. S. Kozrov kindly informed me that in the Vol’sk region (Sa-
ratov Province) the first migrating specimens of this species appear regularly as
early as mid-July. Day by day their number increases and soon they occupy
all the empty tree-holes. The mass flight lasts for a fortnight and by degrees
it dies out completely in August. The last single specimens of N. noctula (pro-
bably males) are met with in the Moscow (OaNEV, 1913) and Voronezh
(PANYUTIN, 1963) Provinces in the first decade of September. According to
Porov (1960), who carried out observations for many years, in Tataria the
last specimen was found in the second decade of September.

Kurskov (1962, 1965) writes that in north-eastern Byelorussia N. noctula
disappears as early as the beginning of August, whereas in south-western
Byelorussia (Bialowieza Forest) it is still present in September and disappears
entirely as late as the third decade of this month. In the steppes of the southern
Ukraine the passage of this species beging at the end of July and the beginning
of August, but they appear in masses in mid-August and in the second half
of this month up to the second decade of September. An evening appearance
of N. noctula may be observed in north-eastern and central parts of the Ukraine
up to the beginning or even middle of October and in the western and south-
western regions to the very end of this month (ABELENTSEV et al., 1956).

The dates of departures of other species are not equally well known. Ac-
cording to LIKHACHEV (1961) in the Prioksko-Terrasnyi Reserve (Moscow
Province) the numbers of P. mathusic begin to decrease considerably from
mid-August; the last specimens were observed, in dependence on the weather
in the summer, from August 24 to September 15. Only single males, which
depart somewhat later than the females, remain in the reserve to the beginning
of September. From the Voronezh Reserve P. nathusi¢ also departs more or
less at the same time (V. P. DMITRIEVA, personal communication). The latest
date of finding of a specimen of this species in the Volzhsko-Kamskii Region
is August 18. In the delta of the Volga (Astrakhan’ Reserve) an intense passage
of P. nathusii was observed by Y. A. ISAX0oV (personal communication) in
the middle of September. In the Ukraine the autumn migration of this species
begins in the first decade of August and in its southern regions it lasts till
the first decade of November.

Bats of the species P. pipistrellus begin to leave the forests of the Voronezh
Reserve in the first decade of August, somewhat earlier than the previous
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species. Adult females disappear directly after the termination of lactation
and moulting and the young bats linger until the end of the second decade
of this month (V. P. DMITRIEVA). KURSKOV (1962) writes that the autumnal
departures of P. pipistrellus begin in Byelorussia at the end of July and they
too, end in the first half of August. In the Ukraine the autumnal migration
of this species is observed at the same time as or somewhat earlier than that
of P. nathusii; in the northern and central regions an increase in the number
of specimens caused by their influx from the north begins at the end of July
and in the first days of August, whereas they disappear here completely in
the first decade of September and, in the south, as late as mid-October.

According to V. P. DMITRIEVA, members of the species V. murinus start
flying away from the forests of the Voronezh Reserve earlier than any other
species of bats. At first, towards the end of July, males and females, at least
one year old fly away followed by the young, and the last single bats are
occasionally met with up to the end of August. During his observations, con-
ducted for many years, Porov (1960) saw a specimen of this species in Tabaria
at the latest on September 11 and STROGANOVA (1954) found these bats in their
summer quarters in the Volgograd Province to the end of August. In western
Byelorussia (KURSKOV, 1965) the departures terminate at the end of this month.
The first migrating specimens of V. murinus were observed in the southern
Ukraine (Askaniya-Nova) at mid-July, but large groups of these bats occur
in August and at the beginning of September. In the Carpathians (Stanislav
Province) their passage was noted in the first days of October.

The flight of . leisleri lasts from July to September in the southern Ukraine.
No bats of this species will be seen in this area later than the first decade of
September. N. lasioplerus on migration may be seen in the Lower-Dnieper
Lowlands from August to November.

The autumnal departure of bats from their summer quarters is usually
preceded by moulting and the regrouping of summer colonies: adult females
separate from the young and fly away before them. It is interesting that in
N. noctula and P. nathusii the mating season begins when the bats have not
yet departed their summer quarters, while P. pipistrellus, V. murinus and N. le-
isleri are considered to begin mating during their migration or after the bats
have reached their winter shelters. Accordingly, the males of the first two spe-
cies are the last to leave their summer quarters. The mating behaviour of
N. noctula has been described in detail by PANYUTIN (1963) and HreErDT & SLUI-
TER (1965); a similar phenomenon was observed also in P. nathusii by V. P. Dmi-
TRIEVA,

According to ABELENTSEV et al. (1956), N. noctula migrates singly in the
autumn, apart from other specimens of this species, which it joins only
for day’s rest.Such periodical aggregations may number up to a thousand
specimens. On the other hand, migrating bats of the species P. pipistrellus
were seen to fly in small flocks of 5—6 individuals each, the distance between
particular individuals being 2—3 m. These observations are, however, in-



407

compatible with the simultaneous disappearance of whole colonies as well
as with the common records of large flocks of bats migrating even by day both
in the autumn (STADLER, 1922; FINCK VON FINCKENSTEIN & SCHAEFER, 1934;
BAUER, 1955b) and in the spring (KAGAL'NITSKII, 1960).

Bats do not seem to hurry during their autumnal migrations and they
stop at places to rest and feed. PANYUTIN (1968) calculated that the mean
rate of migration of the banded specimens of N. noctula was 20—26 km. per
24 hours in 4 cases and only in 1 case it amounted to 44 km. per 24 hours. Since
the calculation was based on the assumption that the bats went on migration
directly after banding and that the way covered by them was a straight line,
the actual rate was higher. The mean rate of migration of a banded specimen
of P. nathusit was 23 km. per 24 hours. An uncommon rate of migration was
noted in a V. murinus (band No. X-892124) banded on August 10, 1959 and
caught 360 km. farther to the south as early as August 12, 1959. This obser-
vation differs so much from all the other results that it causes some doubt.

The dates and order of appearance of bats in the spring are not so well
known as those for autumnal departures. Migrating specimens of N. noctula
are observed in the southern Ukraine (Osipenko) from mid-March to the third
decade of April. Near Kiev this species usually appears at the end of March
or at the beginning of April, in the Voronezh Reserve the first individuals
can be seen in the first half of April, earlier than any other species (LAVROV,
1953), but the bulk cf their population come as late as the end of April and
the beginning of May (PANYUTIN, 1963). KUzYAKIN’S long observations (1950)
indicate that N. moctula appears in the Moscow region from the 20th to the
22nd of April independently of the spring weather. Kurskov (1962) gives
a later date for this species; according to his data, the forests of Byelorussia
fill with the members of this species about the middle of May. In contradis-
tinction to the departures, which proceed by degrees, the period of spring
migrations is here considerab’y reduced; these bats can occupy the whole
territory of Byelorussia within a few days.

Migrating P. pipistrellus appears in the Lower-Dnieper Lowlands at the
end of March. The flight lasts here for 2—3 days, afterwards the members
of this species disappear till the end of summer. They reach the northern
Ukraine from the beginning to the middle of April. P. nathusii arrives at the
same time or somewhat earlier; it is present in the southern Ukraine at the
end of February or at the beginning of March, in the Kiev Province a month
later, and near Moscow (Prioksko-Terrasnyi Reserve) at the beginning or in
the middle of April. N. leisleri returns to its summer quarters at the very end
of April and at the beginning of May and so a little later than the other species.
LAVROV (1953) reports that in the Voronezh Reserve the mass spring flight
of all the bat species falls in the third decade of April and, if the weather is
fine, it proceeds rapidly, taking 2—3 nights altogether. The changeable, cold
and windy weather causes that the flight lasts long and is hardly perceptible.

In addition to direct observations in the field, the investigations carried
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out by the method of banding have provided unambiguous evidence of long
seasonal migrations of bats. The first data of this sort were published by German
authors, who conducted the banding of the specimens of N. mociula wintering
in Dresden in 1934—1939 (EISENTRAUT, 1937; MEISE, 1951). Nearly all the
later achievements in this field are owed to the banding applied recently on
a large scale by Soviet zoologists mainly in the Voronezh Reserve and at the
field station in the Biatowieza Forest.

All the information obtained so far on the long migrations of bats banded
in this country or found in it is summarized in Table II.

Most information based on recaptures concerns N. mociula, and for this
reason this species is chiefly discussed below. The material that I have at my
disposal is very heterogeneous. Most of the specimens banded were recaptured
not in the year of banding, but several years later. As it is unknown where
the given specimen spent all the time when it wore the band, its finding does
not elucidate the course of its single migration. Such data must be treated
very cautiously, because several adult males and females were found out of
the place of banding in the spring-summer season (PANYUTIN, in litteris),
which proves that bats not always return to the same places where they lived
in the previous year. Besides, the vast majority of the bats may have been,
judging by the dates of recaptures, on their way to or from the winter quarters.
Nevertheless, the distribution of all the localities where the banded specimens
have been restored, plotted on the maps (Figs. 2—3), allows the statement
that the bats of the European part of the U.S.S.R. (at any rate, those from
the areas west of the Volga) winter in Central and South-Eastern Europe,
including the Caucasus. The interesting report of KAGAL’NITSKII (1960), who
saw a huge flock of bats (as I suppose, N. noctula) flying over the sea between
the coasts of the Crimea and Turkey in a north-eastern direction in spring,
indicates that the bats may fly over the Black Sea and winter in Asia Minor.

No distinet differences have as yet been found between the routes of parti-
cular species. It is, however, striking that all the long flights of the banded
specimens of both the species of Pipistrellus led to the eastern part of the
Balkan Peninsula and not a specimen of those banded in the Voronezh Reserve
(Fig. 3) was found south of the place of banding, in the Crimea and Ciscaucasia,
where most of the banded specimens of N. noctula were recaptured. In this
connection Popov’s (1941) presumption is worth mentioning, according to
whom, starting from the lower course of the Dnieper, along which the distinet
route of flights of different bat species runs, the ways of migrations of the
genera Nyctalus and Pipistrellus diverge. The former tend over Karkinitskii
Bay to the Crimea and the latter fly south-west along the coast of the Black Sea.
I cannot decide to what extent this supposition is right. Neither is it sup-
ported by ABELENTSEV et al. (1956) in the monograph of the Ukrainian
bats, because the number of recaptures of the banded members of the genus
Pipistrellus is not great and the distribution of the sites of recaptures may
be governed by incidental factors.



409

Bats from different summer quarters seem to have different routes of
migration and winter in different regions. Thus, N. noctula from the north-
western area of this country probably winters in Central Europe (southern
and central Germany, Czechoslovakia, Hungary and Austria), whereas its
Voronezh population fly away to the Black-Sea regions (Caucasus, Crimea,
Bulgaria, perhaps Romania, Greece and Turkey). KAMENEVA and PANYUTIN
(1964) pronounce decidedly for this opinion, in which they are joined by
Kurskov (1965); they think that a few main ,,migration streams” can be
distinguished in the European part of the U.S.S.R. In my opinion, however,
such decisive conclusions are premature, because they are based on too scanty
material, even so far as N. noctula, best known of all, is concerned.

The data from the Voronezh Reserve suggest that most of the specimens
of N. moctula wander from it in S and SSE directions towards the Caucasus
in the autumn (15 recaptures), to a smaller extent in a SSW direction towards
the Crimea (7 recaptures), and quite a small number of these bats fly due
south-west towards the Balkan Peninsula (3 recaptures). These 3 main di-
rections distinguish themselves clearly on the diagrammatic map in Figure 2,
on which the localities of recaptures of banded specimens have been connected
by conventional straight lines with the places of banding, though the actual
ways of migration are unknown. Most of the specimens of N. noctula seem to fly
around the Sea of Azov along its eastern and western coasts, there being no inter-
mediate finds north of this sea. Neither is it known whether the northern Caucasus
Mts. and, especially the Crimea are hibernation areas or only a transit place
for most of the arriving bats.

Be it as it may, all the localities of recaptures of N. noctula banded in the
Voronezh region, plotted on the map, form a wide fan of dispersion, which
indicates that, judgiug from the places of hibernation, even the population
of a very small territory is extremely heterogeneous.

Such extensive dispersion of the Voronezh population may have been caused
by an obstacle in the route of migration in the form of the large Azov-Black
Sea basin. The banding of specimens of N. moctula wintering in Germany
(Fig. 2) showed that, in fact, the spring migrations have a very distinct north-
eastern direction, though here, too, there is a dispersion of the localities of
recaptures both to the sides from the prevalent direction of the migrations
and as to the distance between the place of banding and that of finding banded
specimens, for these distances are very various. This last characteristic is
particularly distinctive of N. moctula in Holland: specimens banded in the
summer were found from 3 to 900 km. from the site of banding in the
winter. '

All these facts suggest that specimens coming from different winter quarters
mix constantly with each other in summer, whereas those inhabiting different
areas in summer mix with each other in their winter quarters. Since the
rutting season in bats lasts from autumn to spring and theoretically they can
copulate both in their summer habitations and during migration, as well as in win-

9
Acta Zoologica Cracoviensia nr 16 b
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ter shelters !, this fact should prevent the formation of local isolated populations
and geographical forms.

The data concerning other migratory species are very scanty. Two specimens
of V. murinus banded in the same place (Fig. 3) were recaptured at a longer
distance from each other than-the-length of flight of either of them. On the
contrary, all the three specimens of P. nathusii banded in the Voronezh Re-
serve were caught again relatively near each other, though they had flown
to a very long distance.

It is very interesting that in the migratory species the summer range of
males may, as it seems, disagree with that of females. In contrast to the
situation in the western and middle Asiatic parts of the range, no adult males
of P. pipistrellus are practically met with in central Russia. According to the
data obtained from the Voronezh Reserve for many years (LAVROV, 1953; KAME-
NEVA & PANYUTIN, 1964 ), no adult males of N. leisleri were found there either, and
the females of N. noctula and P. nathusii were more numerous than the males
by many times. In the Ukraine ABELENTSEV and his co-workers (1956) failed
to find any adult males of N. leisleri at all and only extremely rarely met
with those of N. noctula and P. nathusii (in the case of this last species males
form 0-59, of the population). Other authors also drew attention to this fact.
Only LixgACHEV (1961) found a high proportion of males of P. nathusii in
the forests of the Prioksko-Terrasnyi Reserve, which was undoubtedly con-
nected with the specific nature of his investigations, covering only bird nest-
boxes, where there were no colonies of females.

Moreover, KuzyAKIN (1950) tried to explain this interesting phenomenon
by the hypothesis that in some species males show lower viability than femaleg
and die for the most part in the first year of life. However, in winter shelters
N. noctula (MEKLENBURTSEV, 1935; LOHRL, 1936; MEISE, 1951; SLUITER
& HEERDT, 1966; GAUCKLER & KRAUS,1966) as well as P. pipisirellus (HAAGEN
& ARNOLD, 1955; BoGDANOV, 1953; DUMITRESCU & ORGHIDAN, 1963; KROCHKO,
1966a; HURKA, 1966) is represented by both sexes equally numerously, in some
cases males being predominant. Males of N. moctula occur in large numbers
not only in winter quarters, but also in summer in the proximity of the hiber-
nation sites. BOGDANOV (personal communication) observed almost only males
of N. noctula in Middle Asia in summer both sexes being represented in equal

1 Another problem is that the details of reproduction of N. noctula are not as yet well
known. The occurrence of evident rut in these bats towards the end of the summer (V. P* Dmit-
RIEVA, personal communication; PANYUTIN, 1963; SLUITER & HEERDT, 1966) suggests that
the insesmination of females takes place chiefly in this season. However, in the Voronezh
Reserve V. P. DMITRIEVA found only dead spermatozoids in the genital organs of females
of N. noctula and P. nathusii dissected before departure. On the other hand, PANYUTIN
(1963) reports that he observed pregnancy and parturition in the females of N. noctula
caught in the same area iu thé autumn and kept in the laboratory, but only in those
which were left in the state of hibernation in a cold room for several months. An addi-
tional complication of this problem is the fact that the vagina of inseminated N. noctula
is closed by a plug of connective tissue, which seems to prevent subsequent copulations.

2%



412

proportions in the winter. According to KAMENEVA and PANYUTIN (1964), in the
Voronezh Reserve on the average 20—30 females found fall to one male of this
species. In the Crimea the same authors observed almost exclusively adult males,
which in July occurred there in large colonies, numbering as many as 70
specimens (nothing like that can be seen in the north).
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Fig. 3. Schematic map of long flights of banded bats: 1 — P. nathusii, 2 —- P. pipistrellus,
3 —- V. murinus

A similar phenomenon is observed in the Ukraine. Calculations show that
in May and June adult males of N. noctula form hardly 2 per cent of the po-
pulation in the northern and central regions, whereas in July they constitute
26 per cent in the western Ukraine. To be sure, the very investigators who
described this phenomenon (ABELENTSEV et al., 1956) are inclined to attribute
it not to the differences in geographical position but to that in the time of
observations, i.e., the later appearance of males (not before the second half
of summer) in the areas where the females reproduce.

However, this explanation cannot be accepted. V. P. DMITRIEVA (personal
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communication) also informs that adult males of P. nathusii appear in the
Voronezh Reserve chiefly towards the end of summer. According to the notes
made by her personally, throughout the summer for many years, males form
hardly 2-5 per cent of the catches, namely, about 0-5 per cent in the May—July
period (LAVROV, 1953) and 25 per cent in August. In her opinion the problem wo-
uld boil down to the fact that in summer the males live out of sight and are hard
to find and next, at the beginning of the mating season, they become more active
and betray their hiding places by nuptial calls. Besides, it is then that the
large colonies of females begin to break up and some of them fly away, which
certainly adds to the increase in the proportion of the males. PANYUTIN (1963)
claims simply that in the Voronezh Reserve the numerical relation between
males and females of N. noctula is more or less the same in the autumn as in
the spring, at the time of departure as during arrivals; in the autumn the
number of males does not increase, but they are easier to see when the mating
season has begun. Therefore, it is more probable that males of P. pipistrellus,
N. leisleri, N. noctula and, certainly, P. nathusii migrate less than females
and do not reach the northern borders of their ranges or, at the most, reach
them only in small numbers. It may be supposed that a considerable part
of them stay somewhere out of the regions in which the females reproduce
during the summer months and join the females in their winter quarters or
on their way to them. The question is not clear as regards V. murinus; both
sexes are represented in the northern part of the range, but their numerical
relations are not as yet well known. Unlike the other species, the males of
V. murinus frequently occur in the reproductive colonies of females (in
the Voronezh Reserve 25 per cent of all the males collected fall to female
colonies), but they oftener live in separate colonies of up to 30 specimens or
quite singly.

A seasonal gplit of the range of a species according to the sexes has recently
been described in North-American migratory Lasiurus cinereus. The males
of this species live along the south-western coast of the United States and
the females give birth to the young in the eastern and central regions of the
continent (FINDLEY & JonNus, 1964). Nevertheless, it must be kept in mind
that also in some decidedly stationary species or populations of bats a sharp
disproportion was observed in the numerical relation of sexes in summer.
This is explained also by differences in biology between the sexes: females
live in large colonies, which are easy to find, whereas males stay singly and
secretly, are less active and, consequently, observed more rarely. Thus, great
care must be taken not to come to decisive conclusions too hastily.

The long seasonal migrations of the species of the genera Nwctalus, Pi-
pistrellus and Vespertilio are undoubtedly caused by the severe climate of
the central and northern parts of the U.S.S.R., which does not allow them
to stay in their summer habitations for winter. The possibilities of occurrence
of stationary populations of these species and those of successful wintering of arri-
ved specimens exist only in the regions situated farthest to the south and south-
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west of this country. N. noctula and P. pipistrellus have been examined rela-
tively closely in this respect.

The data presented by MEKLENBURTSEV (1935) and BoGDANOV (1950 and
1953) show that N. moctula and P. pipisirellus spend winter in Uzbeki-
stan. Here, reed roofs, chinks in walls, spaces between window frames, ete.
are their winter shelters. N. noctula remains occasionally in tree-holes for winter.
In Tashkent the winter shelters of both these species are poorly insulated
from the external environment and great drops in temperature often cause
the wholesale death of the bats. Similar observations are reported by STAL’-
MAKOVA (1955), who watched P. pipistrellus wintering in Turkmenia.

Near the town of Osh in southern Kirgizia TAGIL'TSEV (1954) found specimens
of P. pipistrellus in small warm caves and rock crevices. Owing to unfavourable
high winter temperatures of these shelters, the bats often died of exhaustion
in them.

In southern Kazakhstan N. moctule finds similar conditions of hibernation
to those in Middle Asia. In the Alma-Ata Province K. K. KLIPPERT (personal
communication) observed colonies of scores of specimens in tree-holes and
attics of wooden houses in the winter. N. moctula and P. pipistrellus were
frequently seen wintering in Alma-Ata itself. According to KoRELOov (Ko-
RELOV, 1950; AFANAS’YEV, et al., 1953), the populations of N. noctula living
south of the 43° parallel in Kazakhstan are stationary and those inhabiting
north of this parallel must migrate to the regions characterized by milder
winter conditrons.

In SATUNIN’S opinion (1915), P. pipistrellus winters in large numbers in
Transcaucasia. I was informed by P. P. GAMBARYAN that the specimens of
P. pipistrellus hibernating in Armenia were encountered in different parts
of buildings in Yerevan and they were found in large numbers in deep crevices
of rocks in the Vedynsk District in the winter. In the north-western Caucasus
the zoologist KHONYAKINA (after KuzvAxin, 1950) saw bats of the species
N. noctula hibernating in deep rock crevices on the southern slope of Tsere-
blovaya Mt. (Caucasian Reserve). Specimens of this species wintering in the
southern Crimea were found in tree-holes (KAMENEVA & PANYUTIN, 1960).
Judging from the numerous finds of the specimens of N. noctula banded in
the Voronezh Reserve, the Crimea and northern Caucasus may be the region of
hibernation of the bats coming here from the central areas of chernozem of Russia.

Kozrov (1949) writes about the probable hibernation of P. pipisirellus
in the Crimean Reserve and KONSTANTINOV and DmrrrievA (1962) found
several sleeping specimens of this species in a narrow crevice at the entrance
of Kizil-Koba Cave near Simferopol’.

Both N. noctula and P. pipistrellus as a rule hibernate in Transcarpathia,
where the local populations of these species seem to be stationary (ABELENTSEV,
1950; ABELENTSEV et al, 1956; KAMENEVA & PANYUTIN, 1960; KRoCHKO,
1966a). In winter these species were often met with in various parts of buildings
of Uzhgorod and in the environs of Mukachevo, and N. noctula also in large
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tree holes. These last bats aggregate into large compact masses, numbering up
to 1000 specimens in their winter shelters. In the periods of severe frost many
of them perish; then mass migrations of bats from the mountains into the
valleys may sometimes be observed.

The data given by KrocHKO (1965, 1966b) show an interesting fact, namely,
that the males strongly predominate (80 per cent) among the specimens of
N. noctula wintering in Transcarpathia, whereas both sexes are equally nu-
merous as regards P. pipistrellus.

Single specimens of N. moctula were found wintering in the farther east
situated regions of the Ukraine (L’vov, Belaya Tserkov) and in sea towns
(Kherson, Melitopol’, Odessa), where the bats which come from the north
may stay for long. The only record of the mass hibernation of N. noctule in
tree-holes in the Nezhin region, Chernigov Province (VELIKANTV, 1930) has
not been confirmed by anyone and is doubtful (and so are some other facts
given by this author).

Out of the Soviet Union, in South, West and Central Europe, N. noctula
and P. pipistrellus are considered to be species generally wintering there. Out
of the neighbouring countries they were found in winter in Czechoslovakia
(HANAK et al., 1962; HURKA, 1966) and Romania (DUMITRESCU et al., 1962/1963;
DUMITRESCU & ORGHIDAN, 1963). No records in this respect have been ob-
tained from Poland, but in the eastern regions of the G.D.R., as I have been
informed by Prof. G. NATUSCHKE, who kindly shared his own observations
with me and gave me some valuable bibliographical instructions, bats of both
these species were seen many a time wintering in various parts of buildings
and N. mociula, additionally, in tree-holes. According to RYBERG (1947),
stationary populations of P. pipistrellus and N. noctula live in southern Sweden.

The hibernation regions of other migratory species are far worse known.
Reliable records of wintering P. nathusii have been obtained only from Trans-
carpathia. ABELENTSEV (1950) found its specimens there, together with those
of N. noctula and P. pipistrellus, in the flues and the holes between the walls
and window frames of the University building in Uzhgorod. Some data indicate
that this species winters in tree-holes in Transcarpathia. P. nathusic may
hibernate in south-eastern Transcaucasia. In Lenkoran KUuzvAKIN (1950)
observed these bats in April and at the beginning of May, afterwards they
all disappeared and their shelters were occupied by P. pipistrellus. Out of
the Soviet Union several wintering colonies of P. mnathusii were found in
tree-holes in Germany (KLEMMER, 1953; GERBER, 1956). In Zealand (RyB-
ERG, 1947) hibernating specimens of this species were seen in piles of planks.
The finds of banded specimens of P. nathusii suggest that they winter in the
south-eastern region of the Balkans.

N. leisleri and N. lasiopterus have not as yet been found in the U.S.S.R.
in the winter. Y. I. KRoCHKO (personal communication) saw single hibernating
specimens of V. murinus in a tree-hole near Svalyava in Transcarpathia.
A dead individual was found in a small cave near Osh in Kirgizia in winter
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(TAGIL’TSEV, 1954). In winter this species was also observed in Sweden (Ry-
BERG, 1947) and Austria (BAUER, 1954, 1955a), where it seems to hibernate
in urban stone buildings.

As may be inferred from the data collected so far, the areas of hibernation
of N. noctula and P. pipistrellus coincide more or less exactly, which indicates
the existence of common factors controlling the behaviour of these species.
Interesting results have been obtained by plotting the northernmost and
easternmost hibernation places of both species on a climatic map (Fig. 4).
At first I thought (STRELKOV, 1958) that the hibernation area of N. noctula
and P. pipistrellus in Burope is limited by the isotherm of the mean daily
temperature of January approximating to —2°— —3°, because they are gener-
ally unable to survive the cold season with still lower temperatures, as evi-
denced by their very high mortality-rate during frosty winters both in the
southern and south-western regions of this country (see above) and abroad
(RYBERG, 1947; MEISE, 1951; NATUSCHKE, 1960; RoER, 1963). For example,
according to K. K. PANYUTIN (personal communication), there was such
a dramatic drop in the abundance of N. noctula and both species of Pipistrellus
in the Voronezh Reserve after the extremely severe European winter of
1962—63 that they have not as yet restored its original level.

However, a close analysis of this problem showed great climatic differences
between the places in which bats may survive winter. In the north-east of
the Balkans N. noctula and P. pipiswellus winter under more severe conditions
than in Central Europe and, especially, on the coast of the Baltic Sea, and
in the mountainous part of Transcaucasia (Armenia) P. pipistrellus stands
as low a mean daily temperature of January as —6°. With respect to climate
the conditions of hibernation of N. noctula and P. pipistrellus in Kazakhstan
are particularly severe. In Alma-Ata, at an altitude of 840 m., the mean daily
temperature of January reaches —8° and the annual number of dayswith
a mean daily temperature of —10° and lower amounts to 30. Nowhere in Europe
do bats winter in similar conditions.

The foregoing facts show that in similar severe winter climates the migratory
bat species remain for winter in some parts of the range and fly away in the
others. The causes of this phenomenon are not clear; it is possible that different
populations are resistive to the cold to a various degree, but it may well be that
the climatic differences are partly levelled owing to the differences in the beha-
viour and, particularly, by the choice of suitable microclimates and shelters.
Thus, it becomes necessary to determine the boundary of the hibernation
area of the migratory species under study as precisely as possible and to car-
ry out a close complex analysis of the influence of all climatic elements on the
bats under the extreme conditions of hibernation.

It is striking that in the areas where the hibernation of N. noctula is possible
in so far as climatic conditions are concerned and where it actually takes place,
the instances of long migrations are also known. The specimens banded in
Holland in the summer (BELs, 1952; HEERDT & SLUITER, 1965; SLUITER
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& HEERDT, 1966) were recaptured in Belgium and even in France, although
other specimens wintered in tree-holes near the place of banding, including
some bats banded in it.

SLUITER and HEERDT (1966) are very cautious in the interpretation of
their results and they are rather inclined to regard the long flights of banded
specimens as cases of their moving to another place, perhaps because they were dis-
turbed by banding and not as instances of regular migrations. However, I can
hardly agree with this view. Nearly all long flights of banded specimens have
a southern or south-western direction and so the same as in the autumnal
migrations of N. noctula in other regions of its range (Fig. 2). The number of
specimens recaptured at a distance of 200 km. and more is relatively large,
no smaller than that of banded members of this species so far found hiber-
nating, near the places of banding. It is noteworthy that males predominate
largely among these last bats, exceeding females by nearly 20 per cent in winter
shelters. On the other hand, nearly all specimens found a long way from the
place where they were banded are females.

Distance from the
place of banding  100—200 km. 201—300 km. 301—500 km. 501—900 km.
No. of females recap-

tured i 2 4 1
No. of males recap-
tured 3 il 0 0

These data suggest that there are clear-cut differences in behaviour between
the sex groups of bats, the females showing a greater inclination to migrate
(as has already been mentioned above in reference to N. noctula inhabiting
the Soviet Union in summer). It cannot, therefore, be excluded that the po-
pulation of N. noctula in Holland is subject to great seasonal changes, and the
local specimens are partly replaced in winter by those coming from afar, which
often occurs in birds. It is very likely that a similar phenomenon takes place in
the Central-European populations living under more severe climatic conditions.

Mass autumnal ,invasions” of P. pipistrellus have also been observed
many a time in Central Europe (EISENTRAUT, 1957; PALASTHY & GAISLER,
1965; GruUMMT & HAENSEL, 1966, and others). According to the latest in-
vestigations carried out in Czechoslovakia (HURKA, 1966), these ,invasions”
are a form of regular short flichts of specimens of the local populations, which
are the first stage of their migration from the splitting summer colonies to
their transitory shelters and next the final winter shelters.

I1V. BIOLOGICAL DIFFERENCES BETWEEN THE SEASONAL MOVEMENTS
OF THE MIGRATORY AND STATIONARY SPECIES AND THEIR CAUSES

On the basis of the data presented above it may be regarded as certain
that in the central and northern areas of the European part of the U.S.S.R.
some species of bats fly away for winter and others remain and hibernate here.
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This phenomenon is characteristic of north-eastern Europe and connected
with its severe climate. There are no such great differences in the habits of
different bat species in the climate of South, West and even Central Europe.

The simultaneous occurrence of stationary and migratory species in the
same territory indicates great biological differences between them. Their be-
haviour, varying in this respect, seems to be associated with their various
adaptation to the given types of shelters. It has been generally accepted that
the genera Nyctalus, Pipistrellus and Vespertilio belong to the ecological group
of bats which, unlike the ,,cave’ species, avoid caves and other underground
shelters. Most members of this group, which is often called a group of ,,wood”
or ,tree” bats (,,Baumflederméuse’”), are associated through their shelters
with trees (some of them perhaps also with rock crevices), but many species
have secondarily been adapted to hiding places in different overground parts
of human houses. Their normal winter shelters are always poorly insulated
from the external environment and do not provide reliable protection against
northern frost. As a result, these species must migrate for winter to regions
with a milder climate. On the contrary the reliability of their winter shel-
ters makes it possible for the species of the ,,cave” group to remain in
the north in winter. If the problem has been simplified deliberately, the
migrations performed by these bats will boil down to nothing but searching
after and tending to suitable winter shelters, irrespective of the climate of
the place in which these are situated.

In the milder climate of West and South Europe, where winter frost does
not constitute en obsta’lz for the species of the first group to hibernate, these
differences are certainly being reduced by degrees, and the seasonal migrations
of both ,,cave’” and ,,non-cave’ species are simply searching after and moving
to suitable shelters for hibernation. The high-mountain regions, where there
occur vertical migrations of bats connected with the changes of weather, are
perhaps the only exception.

Thus, I did not adopt the length of seasonal migrations of northern bats
as the basis for their division into 2 main types, but the ecological charac-
teristics of the species, defining their nature; as true migratory species I regard
only those which move to places characterized by a different climate. However,
migrating bats face different tasks, which are reflected (though not always,
it seems) in the length of their flight. In the climate of North-East Europe
the migrations of N. noctula and P. nathusii may cover, as has already been
mentioned, more than 1500 km. Some North-American species (L. cinereus,
L. borealis and Lasionycteris noctivagans) make migrations of still more sur-
prising lengths, from Canada to the southern part of the United States (Flo-
rida, Georgia, South Carolina). A good indication of the length of these mi-
grations is the regular appearance of migrating specimens in the Bermuda Is.,
separated from the continent by a stretch of 600—800 miles of open sea. Even
a passage of single specimens of L. cinereus to Iceland was twice recorded
(HAYMAN, 1959).
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Such long migrations have not been observed in ,,cave’ species either in
Burope or in North America. As has already been shown, the migrations of
these bats do not usually exceed 100—200 km., although the longest flights
made by some banded specimens from their summer quarters to winter shelters,
or vice versa, covered as much as 300—350 km., and one specimen of M. schrei-
bersi (species marked by fast flight and an inclination for migrations) was
recaptured at a distance of 550 km. from the place where it had been released
after banding 4 years earlier (RoER, 1960). The long migrations, 1000 km.
or more, of the typical ,,cave” species Tadarida brasiliensis mexicana from
the south-western United States and northern Mexico (VILLA & COCKRUM,
1962) are an apparent exception, for these members of the tropical family
Molossidae settled in the temperate zone not long ago, have a different type
of thermoregulation from that in most northern Vespertilionidae and, unlike
these last, are not adapted for long hibernation (HERREID, 1963a, b). This
fact seems to influence their manner of behaviour; they do not change the type
of shelter, but the climatic zone in which they spend winter.

A weak point of the foregoing considerations is the relativity of the division
(based on the predisposition to take a special type of winter shelters) of the
northern bats into ,,non-cave” and ,,cave’ species. Although this division is
in the principle right, it is too schematic and does not suit the great diversity
of habits of these mammals.

The extreme members of the first group are the North-American migratory
species L. cinereus, L. borealis and L. noctivagans. These species do not usually
hide even in tree-holes, spending the day in the crowns of trees and shrubs.
However, even these well-specialized species may sometimes be encountered
in caves, though after a long stay in them they perish and the underground
chambers in which they occur become true cemeteries for hundreds of spe-
cimens of both sexes and various age (MYERS, 1960).

Out of the Furopean species, the best specialized tree-hole inhabitants,
both in summer and in winter, are N. leisleri. They seem to be met with in
other types of shelters only exceptionally (BAUER, 1954). N. noctula also takes
shelter almost exclusively in tree-holes in summer, but on migration and in
winter it often shelters in attics and chimneys, under the vaults of church
domes, in unheated rooms, behind window frames, and in unprotected niches
and hollows in walls. The hibernation of this species has been investigated
by many authors (LOHRL, 1936; MISLIN & VISCHER, 1942; MEISE, 1951; SKREB
& DyuLié, 1955; Pora & Rosca, 1955; HEERDT & SLUITER, 1965). The hiber-
nating specimens are usually poorly insulated from the external conditions,
which seems to be the cause of their tendency to aggregate into large groups,
numbering up to a thousand specimens, in this period; in such compact masses
it is easier for them to stand too low temperatures. The occurrence of specimens
of N. moctula in rock crevices has already been mentioned; occasionally they
are even found in caves (SCHREITMULLER, 1940/43; DUMITRESCU & ORGHIDAN,
1963).
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P. nathusti seems to spend winter in shelters similar to those of N. noctula,
i.e., in tree-holes and buildings. P. pipisirellus is a considerably less ,,tree”
species and it shows more plasticity so far as choice of shelters is concerned.
In a great part of its range this species has changed its ways of living for the
synanthropic ones to a great extent and has lost its connection with natural
shelters almost completely. In winter it shelters preferably in old buildings
(churches, cloisters, fortification towers, ete.) but, unlike the previous species,
it may often be met with also in underground shelters. Nevertheless, hiber-
nation of this species in caves is not a typical phenomenon; its specimens are
generally found here in small numbers hidden in fissures in the ceiling and walls
of the part situated just inside the entrance, where the temperature and re-
lative humidity of the air are lower and less constant than those farther inside
the cave (see, e.g., HAAGEN & ArNoLD, 1955). However, under certain cir-
cumstances the hibernation of this species may take place in conditions quite
typical of the ,,cave’” species proper. Special attention should be given to the
fact, described recently by DUMITRESCU and ORGHIDAN (1963), of hibernation
of this species in Sura-Mare Cave in Romania, where, according to rough
calculations, 80,000—100,000 specimens of both sexes flock together. This
huge number and some slight morphological differences in relation to the
local specimens suggest that a great part of this population consists of specimens
which have come from afar. However paradoxical it appears, the winter colony
of bats in Sura-Mare Cave must be regarded as one of the largest in Europe,
though the main species represented in it, as a rule, avoids caves. (None the
less, North-American Pipistrellus subflavus, a close relative of the European
species, hibernates in caves only.)

In addition to P. pipistrellus, some specimens of N. noctula, were also
found in this cave. Large amounts of subfossil bone remains of this species,
the age of which has been determined to be 2900 years, were also encountered
in another cave in Romania (DUMITRESCU et al., 1955).

On the other hand, out of the European species only M. schreibersi, the
Rhinolophidae and most species of the genus Myotis may be regarded as true
,cave” species, which choose only deep caves or other similar artificial under-
grounds, characterized by a constant, moderately low temperature and high
relative humidity. I have already emphasized the fact that many species hi-
bernating in caves — P. auritus, . nilssoni, B. barbastella, E. serotinus and,
in the temperate zone of North America, Eptesicus fuscus — may spend winter
also in other shelters, e.g., shelters with climatic conditions similar to those
in which the ,non-cave’ species hibernate. A particularly striking example
in this respect is FH. serolinus, which leads an exclusively synanthropic life
in Europe and only with great difficulty can be included in the group of bats
hibernating underground; in caves it always occurs in small numbers and is
usually observed in parts situated close to the entrance. This ecologically
plastic group of species, which, according to the local conditions, may hibernate
successfully in both under- and overground shelters, holds something like an
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intermediate position between the cave-inhabitants proper and tree-hole in-
habitants.

It is very possible that many biologically differing species, especially
N. noctula, the genus Pipistrellus, V. murinus, B. nilssoni and several species
of Mpyotis hibernate in identical shelters, e.g., rock crevices, but because of
their inaccessibility this supposition is based on only single finds. Considerably
more often this phenomenon may be observed in inhabited houses and farm
buildings. No doubt, the passage to partial or full synanthropism made the
original specialization of the bats with respect to shelters less clear and brought
the shelters of these species, which cannot be met with together under natural
conditions, closer to each other. Dwelling houses and farm buildings, diversified
in respect of conditions, provide shelters to immemorial inhabitants of tree-
holes, rock crevices and caves. For example, in southern Sweden (RYBERG,
1947) some churches are inhabited all the year round by so diverse species
as N. noctula, P. pipistrellus, V. murinus, B. nilssoni, H. serotinus, P. auritus,
B. barbastella and 2 species of Myotis. The definite and specific require-
ments as to the site of hibernation, peculiar to each species or group of bio-
logically related species can undoubtedly be observed here, too (HARMATA,
1962, and others). Nevertheless, it is difficult to make a sharp division of
bats on the basis of their winter shelters; only the extreme variants, linked
together by a number of intermediate forms, ecologically plastic and very
labile as regards the choice of shelters for hibernation, are easy to demarcate
from each other.

A closer analysis of the differences in winter shelters is made difficult by
the fact that owing to insufficient knowledge of the ecological and physiological
characteristics of particular species it is unknown what they are associated with
now and what they were associated with in the past, and when their specific stereo-
type of behaviour arose. The stenotopicallity of typical cave species may be ex-
plained by their specific demands with regard to microclimatic conditions
of hibernation in connection with their great sensitivity to humidity and low
temperature. In the light of the foregoing facts it is, however, hardly possible
to consider the avoidance of underground shelters by the ,,tree” bats to be
an expression of their physiological incompatibility with the microclimates of
caves; this may, at the most, be true of American Lasiurus and Lasionycteris,
which are probably incapable of true hibernation.

These considerations refer especially to the relatively mild climate of
Central Europe, although some local differences in the behaviour of bats may
be seen even here. In the severe climatic conditions of the central and northern.
regions of the European part of the U.S.S.R. the potentially high lability
of bats in so far as choice of hibernation sites is concerned cannot be fully
actualized. All the ,,non-cave” species fly away for winter and such species
as P. pipistrellus behave as if they had not ,,discovered” the possibility of
hibernation in the caves situated near their summer quarters, though in their
traditional hibernation areas they often use caves for this purpose.



423

As has already been mentioned, little is known of the sites of wintering
of the species from the ,cave” group in this country, and the available data
are one-sided, as they are based almost exclusively on the finds of specimens
in caves. Many ecologically plastic species probably pass more and more to
the cave ways of living, both literally (i:e., they are encountered more frequently
and in relatively larger numbers in caves proper) and figuratively (i.e., they
find well-insulated shelters for winter, especially underground ones, such as
deep crevices in steep banks, burrows, deep cellars, etc., in which the condi-
tions of. hibernation are similar to those in caves).

None the less, our stationary species sometimes hibernate in shelters (not
exclusive even of tree-holes) which in remote winter quarters are used by
migratory species. For example, E. serotinus keeps practically the same habits
in winter in the central and north-western Ukraine as in Central Europe,
though it may be included among the ,non-cave” species nearly equally well
as migratory P. pipistrellus.

These facts prove that, though the manner of staying of bats in the north
is undoubtedly connected with their specialization for the given type of shelters,
this circumstance by itself is not sufficient to explain the necessity of under-
taking long migrations by some species and the ability of other species to
survive winter in the north. The variety of adaptations of bats to the climate
of the north will remain ununderstandable until other physiological and ecolo-
gical properties of theirs, the origin and history of the spread of particular
species, and the general history of formation of the northern bat fauna have
been included in the study.

V. CONCLUSIONS

1. Sixteen species of hibernating bats have been found in the caves of the
European part of the U.S.S.R. (Fig. 1, Table 1). So far unexplained clear-cut
differences in the quantitative and qualitative composition of the wintering
bats, depending on a given part of the country, are observable. On the basis of
repeated observations of hibernating bats, among other places, on the northern
borders of their geographical distribution, and having taken into account
a number of intermediate facts, all these species are regarded as comparatively
stationary in this territory. This does not exclude their local seasonal migrations
from summer quarters to winter ones and vice wersa.

2. Six Boreal species (M. dasycneme, M. daubentoni, M. mystacinus, M.
nattereri, P. auritus and K. nilssoni), widely distributed all over central and
northern Russia, cannot winter only in caves, because these are very rare
here and completely lacking at places. Apparently, these species must spend
winter also in some other, so far unknown, shelters.

3. Six species — N. leisleri, N. moctula, N. lasiopterus, P. pipistrellus,
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P. nathusti and V. murinus — make regular seasonal migrations, comparable
in respect of distance with those of birds.

In central Russia the autumnal passage of bats begins at mid-July and
lasts till mid-September, in southern regions — till the end of October. The
summer quarters are usually abandoned first by adult females and only
then by the young ones, in N. noctula and P. nathusic by adult males, too.
Judging from the data obtained from banding the average rate of autumnal
migrations is hardly 20—40 km. per day.

Mass spring arrivals begin in the central part of the country in the third
decade of April and at the beginning of May. The spring migration period is
reduced and, if the weather is favourable, lasts 2—3 nights.

4. The migratory species inhabiting the European part of the U.S.S.R.
winter in Central and South-East Europe and in the Caucasus Mts. (Figs. 2—3,
Table 2). No clear-cut differences have as yet been observed between the routes
of migration of different species. A species seems to have various migration
routes and may winter in geographically various areas, according to the fact
where the summer quarters of this population are situated: N. wnoctula from
the north-western regions of the U.S.S.R. hibernates in Central Europe,
whereas the population from the Voronezh Province fly away to the Black
Sea regions. The data obtained in the Voronezh Reserve suggest that the
composition of a population, even that of a very small area, is not homogeneous
as regards hibernation sites (Fig. 2).

5. No adult males of P. pipistrellus and N. leisler: are encountered in central
Russia in the summer and a marked quantitative predominance of females
appears in N. noctula and P. nathusii. It may be supposed that the males of
these species (at least of the first two of them) live out of the breeding areas
of the females and do not join them until they have started on migration or
arrived in winter quarters.

6. The areas in which the migratory species of bats winter are extremely
diverse in respect of their climate. In the Baltic countries and Central Europe
the approximate boundary of the hibernation area of N. noctula and P. pi-
pistrellus is the January isotherm of —2°— —3°C, in the Balkan Peninsula
and in the mountainous regions of Transcaucasia bats hibernate at lower
temperatures, and in southern Kazakhstan they content themselves with as
low a mean daily temperature of January as —10°C (Iig. 4).

7. An important circumstance that causes differences in habits between
the stationary and migratory species is their varied adaptation to different ty-
pes of winter shelters. The migratory species of the genera Nyctalus, Pipistrellus
and Vespertilio usually avoid caves and other underground shelters and hiber-
nate in tree-holes, different crevices, overground parts of houses, ete. These
shelters are poorly insulated from the external temperature, and for this reason
these species must migrate for winter to regions with a milder climate. The
stationary species, as a rule, winter in caves and other similar underground



Long-distance flights of bats banded in the Soviet Union or recaptured there

Ta

ble II

. Date Place name Diat oo
No. | Ring number \ Species Sex | Age z?,nc; £ References
[ of ringing of recapture of ringing of recapture nae
il :_X-1495 N. noctula ? 2 12. II1. 1935 9. VI. 1935 Dresden (Germany) Near Tel’shyai (Lithuania) 750 ! ErsexTtrAUT, 1937; MEISE, 1951
2. | F-89025 s - ? 9 21. VIII. 1949 | 26. IX. 1949 1 Riga (Latvia) Czeske Lipy (Northern Bohe- 930 Lavrov, 1955
mia)
3. | MKB-X-13788 5 : ? i 16. XII. 1964 | 29. V. 1966 Niirnberg (S. Germany) | Gvardeisk distr., Kaliningrad 890 Dr. Roer (I'GR), pers. commun.
Prov.
4. | 26254 5 5% | ® ad 3. I1I. 1959 ?. VIII. 1960 | Budapest (Hungary) Ivenets, Minsk Prov. 850 Korskov, 1965
5. | X-724998 3 5 r 2 23. VII. 1958 | 10. V. 1960 Osipovichi distr., Mo- | Velikii Glubochek distr., Ter- 600 Kurskov, 1962; 1965
gilev Prov. nopol’ Prov. :
6. | I'-129145 > % I ad 12. VIII. 1953 | 16. VII. 1954 | Belovezhskaya Pushcha 350 Kurskov, 1962, 1965
Reserv., White Russia | Near Rzeszow (SW Poland)
7. | P-60068 5 5 F subad | 23. VII. 1960 | 29. VIII. 1961 | Voronezh Reserv., Nizhne-Chirskaya distr., 460 KAMENEVA & PANyYUTIN, 1960;
: Voronezh Prov. Volgograd Prov. Panyurin, 1968
8. | '-545868 5 i M ? 7. VIII. 1955 | 3.IX. 1958 Voronezh Reserv., Peshchanokopskoe distr., 675 | KAMENEVA & PANYUTIN, 1960;
Voronezh Prov. Rostov Prov. : PanyuTin, 1968
9. | P-60516 % 5 F subad | 16. VIII. 1960 | 5. IX. 1960 Voronezh Reserv., Belaya Kalitva distr., Rostov 420 KaveNEVA & PANyYUTIN, 1960;
Voronezh Prov. Prov. PanyuTIN, 1968
10. | I'-588048 5 = M | subad | 12. VIII. 1959 | 15. IX. 1959 | Voronezh Reserv., Novo-Aleksandrovskaya 750 KaveNEVA & PANYUTIN, 1960;
Voronezh Prov. distr., Stavropol’ land i Paxyurin, 1968
11. | P-75090 s & i ad 24. V. 1961 13.1V. 1962 Voronezh Reserv., Kavkaz distr., Krasnodar 720 KavMeNeEvAa & PaNnyuTiN, 1960;
Voronezh Prov. land PaxyuTIiNn, 1968 |
12. | P-75002 = - F ad 23. V. 1964 18. IV. 1962 Voronezh Reserv., Gul’kevichi distr., Krasnodar 730 KAMENEVA & Panyurin, 1960; !
Voronezh Prov. land ‘ Paxyurin, 1968
13. | P-60349 - = F subad | 14. VIII. 1960 | 2. VIIL. 1961 | Voronezh Reserv., Labinsk distr., Krasnodar 820 Bureau of Ringing of the USSR
Voronezh Prov. land
14. | F-73543 5 55 F ad 29. VI. 1949 2. V. 1951 Voronezh Reserv., Novocherkassk distr., Rostov 485 Kavexeva & Paxvyurin, 1960;
Voronezh Prov. Prov. PaxyuTin, 1968 |
15. | P-60022 = ( r subad | 20. VII. 1960 | 20. IV. 1961 Voronezh Reserv., Bogaev distr., Rostov Prov. | 510 | KAMENEVA & PANYUTIN, 1960; %
| Voronezh Prov. | Pavyurv, 1968 3
16. | I'-305406 - - F ad 3. V. 1951 | 15.1V. 1960 | Voronezh Reserv., Adler distr., Krasnodar land 900 | KameExeEvA & Panyurin, 1960;
| | Voronezh Prov. : | PanvuTIN, 1968
17. | P-60459 = 5 F ad 17.V. 1962 | 2.VIL. 1963 | Voronezh Reserv., Rostov na Donu 520 l KAMENEVA & Paxyurin, 1960;
Voronezh Prov. |  PaxNyvUTIN, 1968
18. | P-60307 - . F subad | 10. VIII. 1960 | 28. VIII. 1960 | Voronezh Reserv., Leningrad distr., Krasnodar | 800 | KaAMENEVA & PAxNyUTIN, 1960;
Voronezh Prov. land Paxyurin, 1968
19. | P-75352 5 % F ad 17. VII. 1961 8. IV. 1962 Voronezh Reserv., Dinskaya distr., Krasnodar 1 730 KamMeneEvA & PanyuTiN, 1960;
Voronezh Prov. land ; Paxyurin, 1968
20. | F-58130 - o F ad 30. VIII. 1947 | 17. X. 1950 | Voronezh Reserv., | Goryachii Klyuch distr., ‘1 800 | KaMENEVA & PaxyuriN, 1960;
Voronezh Prov. Krasnodar land 1 PANYUTIN, 1968
21. | P-60046 o S M subad | 22. VII. 1960 | 16. V. 1961 Voronezh Reserv., Abinskaya distr., Krasnodar | 760 KAaMENEVA & PaNyUTIN, 1960;
Voronezh Prov. land ‘, PaxYUTIN, 1968
22. | F-574709 4 S M subad | 19. VII. 1963 8. IV. 1966 Voronezh Reserv., Kirovskoe distr., Krym Prov. ’ 800 Bureau of Ringing of the USSR
Voronezh Prov. ‘
23. | F-58079 i F juv 6. VIII. 1947 | 28. V. 1956 Voronezh Reserv., Belogorsk distr., Krym Prov. 830 . KaMENEVA & PANYUTIN, 1960;
Voronezh Prov. ; PaxyuTin, 1968
24. | T-60923 " - F ad 26. VI. 1947 4.V. 1953 Voronezh Reserv., Nizhnegorskii distr., Krym | 800 KaMeENEVA & PAxNyUTIN, 1960;
Voronezh Prov. Prov. PaNyUTIN, 1968
25. | F-305925 S % F ad I3 SVIIEL 1957 |t 30 X 1958 Voronezh Reserv., Zuya distr., Krym Prov. ‘ 840 KAMENEVA & PANYUTIN, 1960;
'\ Voronezh Prov. } Paxyurin, 1968 |
26. | P-19678 5 = M subad | 11. VIII. 1958 | 23. X. 1959 | Voronezh Reserv., Simferopol’ distr., Krym 1 850 KameNEVA & PaxyuriN, 1960;
( ’ Voronezh Prov. Prov. |  PaxyuTin, 1968
27. | P-75764 = - M subad 3. IX. 1961 13. V. 1962 Voronezh Reserv., | Bakhchisarai distr., Krym 890 KaMENEVA & PANYUTIN, 1960;
Voronezh Prov. Prov. PaxyYUTIN, 1968
28. | P-75197 = - F ad 13. VI. 1961 11. V. 1963 | Voronezh Reserv., Chaplinka,  distr., Kherson 760 KAMENEVA & PANYUTIN, 1960;
Voronezh Prov. Prov. PaxyuUTIN, 1968
29. | P-19901 o M juv 14. VIII. 1958 | 15. IX. 1958 Voronezh Reserv., Rovnoe distr.,, Kirovograd 690 KAMENEVA & PANYUTIN, 1960;
, | Voronezh Prov. Prov. Paxyurin, 1968
30. | P-60376 \ M ‘ subad | 16. VIII. 1960 | 17. IX. 1960 Voronezh Reserv., Liyubashevka distr., Qdessa 800 KAMENEVA & PANYUTIN, 1960;
: ! { Voronezh Prov. Prov. PaxyuTin, 1968
31. | F-305917 it ‘ F | subad | 13. VIIL. 1957 | 3.I. 1961 Voronezh Reserv., Pazardzhik (SW Bulgaria) 1600 (2347) BuresHE & BEerox, 1962; Pa-
| Voronezh Prov. NYUTIN, 1968
32. | G-81121 P. pipistrellus F ad 28. VI. 1939 8.IX. 1939 | Pereshchepino distr., Near Plovdiv (S. Bulgaria) 1160 (1697) | Porov, 1941; BuresH & BERON,
‘ Dnepropetrovsk Prov. ‘ 1962
33 01 XL 762297 P. nathusii P ad 23. VII. 1958 | 22. VIII. 1958 | Prioksko-Terrasnyi Re- | Borisopol’ distr., Kiev Prov. 680 | LIkHACHEV, 1961
serv., Moskva Prov. '
34. | X-700743 o M | subad | 23. VII. 1958 2. XI. 1958 | Voronezh Reserv., Near Stambul (Turkey) 1500 KAMENEVA & PaNYUTIN, 1960
. Voronezh Prov. :
35. | X-956096 i F ad 24. V. 1961 8. IV. 1963 Voronezh Reserv., Kavalla (Greece) 1600 | PANYUTIN, 1968
Voronezk Prov. ! ‘
36. | Y-260847 = M | subad | 12. VII. 1956 | 2.V. 1958 Voronezh Reserv., Near Varna (Bulgaria) 1300 (1950) BuresE & Brron, 1962; Pa- |
Voronezh Prov. NYUTIN, 1968
37. | X-892124 V. murinus 13 ? 10. VIII. 1959 | 12. VIII. 1959 | Voronezh Reserv., Mal’chevskaya distr., Rostov 360 PANYUTIN, 1968
Voronezh Prov. Prov. s
38. | X-800907 o M ad 11. VI. 1959 4. X. 1959 Belovezhskaya Pushcha | Fokshany, Galati distr. 800 Kurskov, 1961
Reserv., \WWhite Russia (E. Rumania)
39. | X-84455 2 M ad 14. VII. 1956 | 10. VIII. 1961 | Belovezhskaya Pushcha | Bruck a. d. Mur, Styria 850 Kepxa, 1962; Kurskov, 1965
Reserv., White Russia (Austria)
I}

1) The distances in straight lines from the site of banding to those of recaptures given in the paper by BuresE and BErrox (1962) are considerably greater than the distances calculated on the

basis of the medium-scale tables of equivalent and equi-angular projections. In the present table, to render comparison possible, I give the distances calculated in the second manner, which is
besides used by all authors, and the figures of the Bulgarian investigators are offered in brackets.

Myotis mystacinus, whereas, in fact, it was a young specimen cf. Pipistrellus nathusit (PANYuTIv, 1968).

P. Strielkov
Acta Zoologica Cracoviensia XIV |16

2) In the paper by Burese and BeroN (1962) a bat banded in the Voronezh Reserve (No. 260847) and recaptured in Bulgaria was, through no fault of these authors, identified erroneously as
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shelters, well insulated from frost. Their seasonal migrations boil down to the
action of searching after shelters and moving to them, regardless of the climate
of the place in which these shelters are situated.

Institute of Zoology
Academy of Sciences
Universitetskaya Naberezhnaya 1, Leningrad, V-164
Soviet Union
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STRESZCZENIE

Na terytorium européjskiej czesei Zwigzkn Radzieckiego znaleziono dotad po-
nad 90 jaskin, w ktorych zimuja nietoperze, lacznie 16 gatunkow (rys. 1, tab. I).

Najszezeg6lowszej analizie poddano 6 gatunkéw borealnych: M. dasycneme,
M. daubentoni, M. mystacinus, M. nattereri, P. awritus i H. nilssoni, zimujace
w surowym klimacie §rodkowych i pélmocnych regionéw europejskiej czesei
Zwigzku Radzieckiego i Uralu. Z nich najpospolitszy, spotykany zimg w prawie
wszystkich jaskiniach, jest P. auritus; prawie rownie pospolity jest M. dauben-
foni, a w péinocnej polowie kraju — K. milssoni. Pozostate gatunki spotyka
sie znacznie rzadziej; charakterystyczna dla nich jest sporadyczno§é i skrajna
nieréwnomiernos$é ilociowego rozmieszezenia w badanyeh jaskiniach. Naj-
rzadszym z zimujacych gatunkéw jest M. nattereri.

Mimo calej jednolitosci skladu zimujacych nietoperzy istniejs wyrazne
réznice co do stopnia zasiedlenia przez nie jaskin, zaleznie od okolicy kraju:

»
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wszystkie 6 podanych gatunkéw bardzo silnie reprezentowane sg zimg w ja-
skiniach pdélnocno-zachodnich regionéw; prawie rownie obfite sa one w ja-
skiniach Uralu. Bardzo malo nietoperzy jest w jaskiniach regionéw Centralno-
czarnoziemnych i Powolza. Przyczyny tych réznic sa na razie niejasne.

Wszystkie gatunki nietoperzy zimujgce w jaskiniach §rodkowej i péinocnej
czeScl Zwigzku Radzieckiego nalezy uwazaé za stosunkowo osiadle, tj. pozo-
stajace na zime na obszarach swego letniego pobytu. Dowodzi tego nie tylko
wielokrotne znajdowanie ich zimg w jaskiniach, m. in. na péhmocnych gra-
nicach ich rozmieszezenia geograficznego, ale i fakty posrednie. Jednak mata
ilo§¢ jaskin i slabe zasiedlenie wigkszo§ci z nich przez nietoperze dowodzg
wyraZnie, ze ich kryjowki zimowe nie ograniczaja si¢ tylko do jaskin i wiek-
sz08¢ ich spedza zime w jakich§ innych, nie znanych jeszeze kryjowkach.

6 gatunkow nietoperzy: N. noctula, N. leisleri, N. lasiopterus, P. pipistrellus,
P. nathusic i Vespertilio murinus — porzuca na zime S$rodkowe i poéinocne
regiony europejskiej czeSei Zwigzku Radzieckiego, wykonujac wielkie, sezo-
nowe wedrowki. Dowodzg tego bezposrednie obserwacje w terenie i wyniki
obrgezkowania (rys. 2—3, tab. II). Populacje z europejskiej czeSci ZSRR
odlatuja na zime do §rodkowej i poludniowo-wschodniej Europy (wlacznie
z Kaukazem) oraz, by¢é moze, do Malej Azji. Wydaje sie, ze N. mnoctula
pochodzgce z rozmaitych obszaréw ich letniego arealu majg takze rozmaite
szlaki migracyjne i rozmaite obszary zimowisk: populacje z péinocno-zachodniej
Rosji i krajow nadbaltyckich spedzaja zime w Europie $rodkowej, podezas
gdy populacje z Centralno-czarnoziemnych regionéw odlatuja w okolice
wybrzezy M. Czarnego. Wszystkie punkty powtérnych znaleziern N. mnoctula
zaobragczkowanych w rezerwacie Voronezh tworzg szeroki ,wachlarz rozlaty-
wania sig“ (rys. 2); to dowodzi, ze — $3dzac po regionach zimowania — popu-
lacja nawet bardzo malego terytorium moze byé nadzwyczaj niejednolita.

W §rodkowych i polnoenych okolicach europejskiej czesei Zwigzku Ra-
dzieckiego zupelnie si¢ nie spotyka dorostych sameéw P. pipistrellus i N. leislerd,
za$§ u N. noctula i P. nathusii samce $3 wielokrotnie rzadsze od samic. Mozliwe,
ze samce tych gatunkéw, a zwlaszcza dwoéch pierwszych, wedruja mniej niz
samice i przebywaja w lecie poza obszarami rozmnazania sie ostatnich; przy-
laczajy sie za$ do nich dopiero na zimowiskach lub w drodze do nich.

Przyczyny sezonowych wedréwek gatunkow z rodzaju Nyctalus, Pipistrellus
i Vespertilio lezg w surowym klimacie Xuropy Wschodniej. Mozliwogei istnienia
w naszym kraju osiadtych populacji tych przelotnych gatunkéw, tj. ich zi-
mowania, istnieja tylko w Zakarpackim okregu Ukrainy, na Krymie i na
Kaukazie, a na wschodzie — w poludniowym Kazachstanie i Srodkowej Azji.
Granica obszaréw, gdzie mozliwe jest zimowanie przelotnych gatunkéw jest
klimatycznie niejednolita ($rednia miesieczna t. stycznia waha sie od —10°C
w poludniowym Kazachstanie do —1—0°C w Europie §rodkowej).

Istotna biologiczna réznica miedzy osiadtymi a przelotnymi gatunkami
nietoperzy polega na odmiennej ich specjalizacji do rozmaitych typoéw kry-
jowek. Pierwsze zimujg w kryjowkach dobrze izolowanych, zwykle pod-



438

ziemnych, drugie — w kryjowkach stabo izolowanych od Srodowiska zewnetrz-
nego. Stad gatunki rodzaju Nyctalus, Pipistrellus i Vespertilio zmuszone $3
wedrowaé na zime do regionéw o lagodniejszym klimacie, podezas gdy osiadle
gatunki ,jaskiniowe*“ malo zalezg od klimatu okolicy, w ktorej spedzaja zime.
Dlatego wedréwki sezonowe gatunkéw ,jaskiniowych“ zwykle nie przewyz-
8zaja 100—300 km, podczas gdy gatunki przelotne corocznie przemieszczajs
sie na odleglogci 1000 km i wiecej. Jednak trudno jedynie rozmaita specjali-
zacja do réznych typow kryjéowek zimowych wytlumaczyé konieczno$é da-
lekich wedréwek dla jednych gatunkéw nietoperzy i mozliwo$¢ przezywania
zimy na poéimocy u innych.

PE3IOME

Ha rteppuropun Eppomeiickoit uactu CCCP k Hacrosmemy BPEMEHHM H3BECTHO
Gonee 90 pasimuHBIX IEliep, B KOTOPBIX OOHAPY)KEHBI 3UMYIOIIHUE JIETyUHe MBIIIK
16 Bumos (Puc. I, Tat6um. I).

Hau6os1ee nogpoGHO paccmaTpuBaercs: 6 GopeaibHbIX BHAOB — Myotis dasycneme,
Myotis daubentoni, Myotis mystacinus, Myotis nallereri, Plecotus auritus,
Eptesicus milssoni, KOTOpble SHMYIOT B YCJIOBUSX CypOBOIO KJIMMATa CpegHei
u ceBepHoii mosockl Epporneiickoit wactu CCCP u VYpana. CambIM OCBIUHBIM U3 HHX,
KOTODBIi BCTPEUAETCS 371€Ch SMMOI MOUTH BO BCEX IIELIEPAaX, CIIEAYET CUMTAThH YUIAHOB,
IIOYTH CTOJIb K€ OOBIYHBI BOJSIHbIC HOYHHUIBI, 8 B CEBEPHOI II0JIOBUHE CTPAHBI — CEBEP-
Hble KOYKAHKM. IIpoune BHOBI BCTPEYAIOTCS 3HAUMUTEIIBHO DEXKE, Ul HUX XapaKTepHA
CIOPAJMYHOCTh U KpafiHsAg HEPAaBHOMEPHOCTh B KOJIMYECTBEHHOM DACIIPEIEIICHUN II0
obcriemoBanHpIM remjepam. Camblif peaxuil 3uMyroluil Buj — Hoununa Harrepepa.

Ilpu Bceit OHOPOJHOCTH COCTaBa SUMYIONIHMX JKHBOTHBIX HMEIOTCSA 3aMETHBIE pas-
JIMUUA B CTEIEHU 3aCEJICHHOCTH MMM IIENlep B PasHBIX YaCTsAX crpadbl. Bee 6 mepeuu-
CJICHHBIX BHIOB OUEHH IIOJIHO IIPEACTaBJIEHbI 3UMOH B IIElIepax CeBEPO-3alaHbIX
06JIacTeif, MOUTH CTOJIb YKe GOraThl SUMOBKM JIETYYUX MBIICH B nemepax Ypama. Ouens
€200 3acesieHbI JIETYUUMHM MBIIIIAME OKAa3ajluch Ieimepbl LIeHTpanbHO-uepHO3eMHBIX
obsacreii 1 IToBonKbsI. IIpHUMHBI 3TUX PAa3IMyMil IOKA HE SCHBI.

Bce Bupl jeTyumx Mblliel, HafileHHbIE 3UMOKM B IIELIEPAX CPEMHEH M CeBEpHOM
nosiocsl CCCP, ciieiyer cuuTarh OTHOCHTEIHHO OCEMJIBIMU, T.€. OCTAIOLIUMUCA Ha UMY
B 00JIaCTH JIETHETO OOMTAHMS. DTO JTOKA3BIBAETCS HE TOJILKO MX MHOTOKDPATHBIMU HAXO[I-
KaM{ 3UMOH B IELepax, B TOM UHCJIE ¥ CEBEPHBIX I'PAHUI] apeajloB, HO ¥ PSIIOM KOCBEH-
HBIX NpU3HAKOB. OHAKO Majoe KOJIMUECTBO MMEIOLIUXCS Iellep U cIabast 3aCeIeHHOCTh
GOJILIIMHCTBA U3 HUX JIETYUYMMM MBIIIAMY OIIPEIEJICHHO YKa3bIBAET, UTO MECTA 3MMOBOK,
PYKOKDBUIbIX HE MOIYT OIPAaHHYMBATHCS TOJBKO IICHIEPAMU M GOJIBIIMHCTBO YKHBOTHBIX
MPOBOJUT 3UMy B KAKHX-TO MHBIX, HEU3BECTHBIX IIOKA YOESIKHUIIAX.
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6 BupoB Jeryunx wmpuueit — Nyctalus noctula, Nyctalus leisleri, Nyctalus
lasiopterus, Pipistrellus pipistrellus, Pipistrellus nathusii, Vespertilio murinus —
NOKU/AIOT Ha 3UMY CPETHIOIO M CeBepHyIo nosiocy Espomeiickoit yacru CCCP, cosep-
masl TajbHUE CE30HHBIE MUTPAlMH. DTO HOKA3bIBACTCS HEMOCPECTBEHHBIMU HAGIIIONE-
HUSIMH B II0JI€ M Pe3yJIbTaTaMU KOJIBbLEBAHHs YKUBOTHBIX (Tabi. 2, puc. 2—3). Jleryune
mpunn u3 Espomneiickoii yactu CCCP yieraror 3umoBath B I[eHTpassHyIo ¥ IOTO-
Bocrounyio EBpony (Brirouas KaBkas) a Tak »Ke, BO3MOYKHO,B Manyro Asuro. Cospga-
€TCsI BIICYATJICHUE, UTO PhDKHE BEYEPHHUI[bI U3 PASHBIX UACTEH CBOErO JIETHErO apeasa
MMEIOT PasHbIE O0JIACTH SMMOBOK M IIYTH MUIPALA: YKUBOTHLIE U3 CEBEPO-3aIaHBIX
vacreit Poccun u Ilpubammuxu nposomsir sumy B Ilenrpamsmoit Espore, B 1O Bpems
KaK BEUEPHHIIBI M3 IEHTPAJILHO-UCPHO3EMHBIX O0JIACTEH YJICTAIOT B DaliOHbLI, NPUJIEra-
jompe K mo0epepro UepHOro Mopsa. B cOBOKYIMHOCTM BCE BCTP2UM OKOJIBLOBAHHBIX
B BODOHEKCKOM 3aMOBEAHUKE PHDKUX BedepHHI] (PHC. 2) IOKASHIBAIOT IIAPOKUiL ,,Beep
pasjera“; 9TO CBHIETEJLCTBYET, YTO II0 IPU3HAKY MECTA 3UMOBKH HACEJCHHE IayKe
JIOKAJIBHOH TEPPUTOPUU MOYKET OBITh KpaitHe HeOJHOPOJHO.

B cpenneit u ceBepHOit nonoce EBpomneiickoit uactu CCCP B3pocible camiibl HETO-
IIBIPER-KAPIIMKOB ¥ MAJIBIX BEUCPHHUI NPAKTUYECKU HE BCTPEUAIOTCS BOBCE, 4 ¥ PHLDKUX
BeuepHuI| i HerombIped Harysuyca camupl mo umCclieHHOCTH BO MHOLO pas YCTYIAKOT
camxam. MoykHO [pEInojiararb, 4ro CaMIbl 9THX BUIOB, IO KpaiHel Mepe IepBBIX
JIByX, MEHeEe CKJIOHHBI K MUIPAIlUAM, YEM CaMKW, 3a[epPyKUBAIOTCS HA JIETHHE MECSIbLI
BHE 00JIaCTH DPa3MHOYKEHUs IIOCIICTHUX M IPUCOEAMHSIOTCS K CAMKAM JIMIIb HAa MECTax
3HUMOBOK WM HA IYTH K HHM.

ITprrauHbl CE30HHBIX MUIPAlMil BEUEPHHMII, HETONBIPEH M JBYLBETHBIX KOYKAHOB
CBA3AHBI C CypoBbIM KimMaroM Bocroumoit EBpomer. VcsoBust mist CyliecTBOBaHHS
OCEMJIBIX TIONYJIANMI U 3UMOBKY IIEPEJIETHRIX 0COGell 9THX BUIOB B HAIIEH CTpaHE HMe-
I0TCA JIMIIb B 3aKapIaTckoii obnactu Yxpaunsl, B Kpeimy, na Kapkase, a Ha BOCTOKe —
B 1oxHoM Kasaxcrame u Cpenuedt Asun. I'pannna o6macTi, rie BO3MOYKHA 3UMOBKA
HEPEJIETHBIX BUJIOB, KIMMATUUECKH HEOMHOPOIHA (CPeHEMECYHAST TEMIIEPATypa AHBAPS
mensierca or —10°C B 1oxuom Kasaxcrame mo —1 —0°C B Lienrpamsroit EBpore).

CynrecTBeHHOE GHOJIOTHYECKOE PA3IIMINEe MEYKITY OCEIBIMU U IEPEJICTHBIMI BUIAMA
JIETYyUnX MBILIEH 3aKIII0YAeTCA B MX PAsHOM CHENMAIM3aluu K TUIy yoexuma. IlepBole
SUMYIOT B XOPOLIO 3AU[UIIEHHBIX, IPEUMYIIECTBEHHO IIO/3EMHBIX YOEIKHUIIAX, BTOPBIE —
B C11a60 M30TMPOBAHHBIX OT HAPYXKHON cpenbl. I[T09TOMy BeuepHHMIIBI, HETOIBIPU M ABY-
I[BETHBIE KOMKAHBI BBIHYKICHBI IIEPEMEINATHCA HA 3UMY B 00JIACTH C GOJiee MSTKHUM
KJIIMATOM, B TO BpeMsi KaK OCEIUIbIE ,,MIeIePHbIE BHILI Maj0 3aBUCAT OT KJIAMATAUEC-
KHX OCOOEHHOCTEH TOH MECTHOCTH, IZle IPOBOIAT 3umy. COOTBETCTBEHHO, CE30HHBIE
MUrpAIMH ,,[IEMEePHBIX “ BUAOB OOBIYHO HE npeBblmaT 100—300 kM, B TO BpeMs Kak
NIepeJIETHBIE BUMIBI €XKETO/IHO IIEPEMEIIAIOTCA Ha paccTosHus no 1000 u Gostee kM. OmHAKO
OZIHOH TOJIBKO PasHOM creluausanuedl B BbIOOPE SUMHHX yOEKHUIN TPYOHO OOBICHHTH
HEOOXOUMOCTh NANBHUX MUIPAIUA T OJHUX JIETYYHMX MBIIIEH M BO3MOYKHOCTH IIEpe-
JKUBATh 3UMy Ha CeBepe [JIsd APYTHX.
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