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This study of the spatial distribution and ecology of the flying squirrel during the turn of the 20" century provides
a description of new methods and techniques for detecting and accounting flying squirrels in the forest zone of
Eurasia. The flying squirrel population area covers the territory of 61 regions of Russia, including Kamchatsky
Krai and Chukotka Autonomous District. The number of flying squirrels in Karelia especially to the east — in the
Arkhangelsk region and Western Siberia — significantly exceeds that of Finland, but considerable spatial vari-
ability in the number is obvious through all the regions: there are areas where this animal is quite abundant, or
inhabits all the territory rather evenly, and there are areas where it is completely absent in vast territories even
with seemingly favourable conditions. The flying squirrel is quite difficult to study and the reasons of its absence
in obviously favourable areas are still to be explained. Some reasons are: the specificity of favourable landscape,
forest coverage pattern, trophic relationships with predators and genetic aspect. A number of hypotheses are sup-

posed to be tested in the nearest future.

Key words: accounting, flying squirrel, forest zone, home range, spatial distribution.

Introduction

The Siberian flying squirrel (Pteromys volans
L.) is a specialized dendrobiont, adapted to life in
the top layers of the forest (Fig. 1), the only member
of the family (according to other sources — subfam-
ily) of Old World flying squirrels in the territory of
Russia. It is included in the Red Data Book of East
Fennoscandia (Hokkanen & Fokin, 1998), the Baltic
region (Ingelog et al., 1993), Finland (Rassi et al.,
2001), Estonia (Red Data Book of Estonia, 2008), the
Republic of Belarus (Grichik, 2006). On the [IUCN
Red List it has currently the status of LC (Least Con-
cern — Lowest Risk, 2008), in the previous version
— LR/NT (Lower Risk / Near Threatened, 1996).
Pteromys volans was originally described as Sciurus
volans (Linnaeus, 1758) based on a specimen from
Sweden. In the first half of the XX century Ognev
(1940) distinguished 9 subspecies of P. volans, and
referred flying squirrels, common in the north of Eu-
ropean Russia and in the Urals, to the subspecies P,
v. volans. Despite the great interest of researchers,
until recently the ecology of flying squirrels in the
wild has been studied quite poorly. This work is to
partly fill this gap, as we have accumulated addition-
al material since the release of our latest publication
(Ivanter et al., 2009a; Kurhinen et al., 2010). We be-
lieve that the lack of data on this species distribution
is associated with the complexities of its detection
in the wild. The Siberian flying squirrel is a small
and extremely agile animal, mainly crepuscular or
nocturnal. Meanwhile, techniques suggested here
can quite accurately determine the abundance of the
species in the investigated territory.

Material and Methods

To study the flying squirrel’s spatial distribu-
tion we used the discount areas method by Hanski
(1998) and Hanski et al., (2000), based on telemetry
research of female flying squirrel’s home ranges
size and location. It was successfully tested in Fin-
land and on the Karelian Isthmus in the early 21
century (Hanski et al., 2004, 2006). Using telemetry
Hanski (1998) collected reliable data on the territo-
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rial structure of the population which, subsequently,
created the ground for modifications of the proposed
method, making it more appropriate and accurate.
Later studies on population ecology of the species
spread over the entire territory of East Fennoscandia
(and even western Siberia) involved other authors of
the present study. In 2004—2010 this method was ac-
tively used first in Karelia, then in the Arkhangelsk
region and beyond — to Western Siberia. In addition
to our own data we used results by other researchers
in Finland, obtained within a joint project (Hanski et
al., 2004, 2006, 2008). In recent years, Protected Ar-
eas’ employees of scientific departments in Russia
(Pinega State Nature Reserve, Vodlozersky National
Park, Altai and the Sikhote-Alin Reserve, Pechora-
Ilych Reserve, Kostomukshsky Reserve) and a
number of Scientific Research Institutes of Russian
Academy of Science have paid particular attention
to this problem.

According to researchers from Finland (Hanski,
1998; Hanski et al., 2000) the home range of adult fe-
male flying squirrels concerns approximately 0.083
km?. The boundaries almost never overlap and fe-
males vigorously defend their territory against other
females. Young females leave mother’s nest earlier
than males and, as a rule, settle on over a distance of
400 m from the center of their mother’s home range
(in some cases up to 8 km or more). Young males
disperse less and later, their territories overlap up
to 38%. Their home ranges of about 0.08 —0.09 km?
concentrate around female’s area, slightly overlap-
ping with it. Male home ranges are undefined in size
and location, have blurred borders, and often over-
lap with areas of neighbours. The described situa-
tion is well illustrated by the real picture of several
neighbouring animals’ distribution, observed in the
southeast of Finland (Fig. 2).

Despite the apparent complexity of the pro-
posed method it does not require much time and ef-
fort. Only two people during a week of work were
enough to explore a square areca of 100 km? In
Karelia the full scope of the three-year accounting
in the area of 83.43 km? required a team of 11 spe-
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cially trained fieldworking students to inspect 927
discount areas. Due to the fact that the home rang-
es of adult female flying squirrels are separate and
quite constant in size we were able to develop the
cartographic basis for accounting areas system op-
timization. This accounting method was previously
described in more detail (Hanski et al., 2006; Ivanter
et al., 2009b; Kurhinen et al., 2010).

Results and Discussion

RANGE AND LEGAL STATUS OF FLYING
SQUIRRELS IN RUSSIA. Being quite extensive in
the past, the flying squirrel range has significantly
changed over the past 100-200 years, mainly on
boundaries. In the Russian Federation the flying
squirrel range extends to most of the area, cover-
ing forest zone and taiga. The flying squirrel range
includes the territory of 61 regions of Russia, in-
cluding the Kamchatsky Krai and Chukotka Au-
tonomous District, where the species is found in
very limited territories, as well as the cities of fed-
eral status: Moscow and St. Petersburg. In 2014 we
confirmed flying squirrels inhabiting the territory of
New Moscow (due to changes in the city boundaries
the animal world objects shifted from the territory
of Moscow region, to the city and changed protect-
ed status according to the Red Book of Moscow);

I i -.‘I- 'uk___

within the boundaries of St. Petersburg the flying
squirrel occurs in the reserve «Lake Shchyuchye»
(Volobuev, pers. comm.). However, data for some
regions are still to be confirmed, especially at the
outskirts of the range. Material on the flying squirrel
in the Urals for the period 19562014 include data of
direct observations, occasional prey by hunters, in-
cidental catch and specimens stored in the museums
of the Institute of Plant and Animal Ecology, Ural
Branch of Russian Academy of Sciences and the Zo-
ology Department of the Ural State University. In
total there were registered more than 80 range spots
of this species in the Middle and Northern Urals.
The largest number (more than 60) was recorded in
the Sverdlovsk region, sporadically they occur on
the territory of Permsky Krai, Komi Republic and
Chelyabinsk region. The flying squirrel obviously
prefers the old dark coniferous forests, especially
those directly along the Ural Mountains.

Information on flying squirrels in Central Sibe-
ria comprises of fragmentary data in species studies
(Kokhanowski, 1962). We have found that the fly-
ing squirrel 1s a regular species in the forests of the
lower and middle mountains belt in Eastern Sayan.
Animals willingly occupied nesting boxes for owls.
In every case we registered breeding, collected data
on phenology and other biology aspects.

Fig. 1. Flying squirrel, Pteromys volans, in neighbourhood of Petrozavodsk (photo: E. Zadiraka).
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Fig. 2. Home ranges of males (solid lines) and fe-
males of flying squirrel (dashed lines) based on te-
lemetry studies in the southeast of Finland (accord-
ing to Hanski, 1998, as amended).

Owl trophic relations investigation showed that
the flying squirrel is an occasional prey of this preda-
tor in the Cannes depression, in the south-western
part of the South Minusinsk Depression (middle
reach of the river Tashtyp), and sporadically along the
eastern foothill of Kuznetsky Alatau. In Krasnoyarsk,
this species was found in owl pellets in two perennial
nests, although its share in an owl prey never exceed-
ed 1%. This data is sufficient to say that the flying
squirrel range covers a large part of southern Siberia
— mainly its forest and mountain-forest parts.

THE LEGAL STATUS. Presently, in the Rus-
sian Federation the flying squirrel is listed in the
Red Data Books and on protected species lists of 27

federal subjects with statuses between 4 (rare or in-
sufficiently studied species) to 0 (possibly extinct).
This species 1s included in the new edition of the
Red Books of Vologda region (2010), Kurgan region
(Polyakov & Modorov, 2012) and Pskov region (Is-
tomin, 2004); in the Red Book of Moscow region its
status was changed from 3 (rare) (Zubakin, 1998)
to 1 (endangered species) (Emeljanova, 2008). Cur-
rently the flying squirrel is listed in the Red Data
Books of the subjects in the north-western, western
and south-western borders of its range, although in
most of its range it is on the list of game species, be-
ing thus not only unprotected, but even vulnerable.
The flying squirrel is relatively rare, though still un-
protected, in some regions along the southern border
of the range (Khakassia, Southern Altai) (Devyat-
kin et al., 2000; Prokopov, 2008). Apparently, the
number of flying squirrels does not cause concern
only in the central part of its range. According to
Tyumen region data, the species population can be
considered quite stable: it is proposed to exclude the
flying squirrel from the next edition of the Red Data
Book (Nizovtsev & Gashev, 2013; Gashev, pers.
comm.). In the western and north-western parts of
the Eurasian forest zone such significant changes in
the range of the flying squirrel have occurred that a
separate study will be devoted to this phenomenon.

ACCOUNTING. For a more objective analysis
of the obtained material we have compared statisti-
cal analysis of the species accounting data and For-
est Fund material of different regions to investigate
the correlation between the territorial distribution
of the flying squirrel and landscape dynamics and
structure. For easier use of statistical programs (the
SYSTAT) the investigated area was divided into
squares 50 x 50 km (according to UTM co-ordinate
system, more than 100 squares) then received data
on the flying squirrels number was supplemented by
the taiga landscapes structure information.

Table. Flying squirrel abundance in the northwest of the forest zone of Eurasia

Region Number of investigated | Number of accounting areas, | % of inhabited

& accounting areas (0.09 km?) | inhabited by flying squirrel areas
Finland 10032 1031 10.3
Karelian Isthmus 707 88 12.4
Russian Karelia 937 119 12.7
Arkhangelsk region 110 38 34.5
Boundary regions of the Vologda and Leningrad 23 15 65.2
regions, Natural Park «Vepsian forest» ’
Tyumen region 110 52 47.3
Total 11919 1343 11.3
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In general, the number of flying squirrels in Karelia,
and especially to the east—in the Arkhangelsk region and
Western Siberia — significantly exceeds that of Finland,
but considerable spatial variability in number is obvious
through all the regions: where this animals is quite abun-
dant, or inhabits all the territory rather evenly, and there
are areas where it is completely absent in vast territories
even with the seemingly favourable conditions. In Fen-
noscandia to definitely unfavourable habitats can be re-
ferred rocky landscapes and heavily waterlogged areas,
dominated by pine forests at the White Sea coastland.

FLYING SQUIRREL TELEMETRY. In the win-
ter 2012-2013 for the first time on the territory of
Russia flying squirrel telemetry studies took place in
the south-west of the Arkhangelsk region (Mamontov
etal., 2015). There were identified the size of the win-
ter home range (0.0366 km?), the average distance of
male flying squirrels from the covert over night (49.4
+ 35.3 m, n = 78), the maximum distance during the
rutting season — 1282 m. The structure of habitats on
the used section, on the accessible territory (in a 100
m radius around the coverts), on the border territories
(100-150 m from the coverts) and in the investigated
area were studied as well. It was discovered that the
flying squirrel is very selective in choosing a habitat.
The used section and accessible territory were domi-
nated by mixed stands with predominance of spruce
at the age of 65 and 100 years.

USE OF SPECIAL TECHNICAL DEVICES
(PHOTO-TRAPS, VOICE RECORDER). A number
of reserves have used camera traps for flying squir-
rel monitoring. For example, the Pechora-Ilych Na-
ture Reserve (Leonid Simakin) collected unique data
on the behaviour of the flying squirrel and sable. We
should note that in the plains and foothills in Pechora-
Ilych Nature Reserve a significant part of the material
was obtained while live trapping other animals (these
studies were carried out by Sokolskiy, Kudryavtseva,
Teplova (Bobretsov et al., 2004). Very curious mate-
rial on the dynamics of the daily activities of the fly-
ing squirrel was collected by E. Zadiraka.

Conclusions

The factors of the uneven spatial distribution of
the flying squirrel in the forest area are not fully under-
stood. It is only obvious that this species avoids large
areas of wetlands, rocky pine forests and open marsh-
es, i.e. habitats, usually occupying significant part of
the region. It is possible that causes of its range limits
to the west (with a noticeable reduction in the range)
are completely different compared to those in the north
(the northern boundary of the range). In both cases, it
has to be a complex of factors (for example, in the west
— the extreme fragmentation of habitats into-a mosaic
landscapes, and in the north — the spread of pine forests
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and open marshes). Statistical analysis of the surveys
shows an obvious correlation between the spatial dis-
tribution of the flying squirrels and the forest cover de-
gree: where the forest area is less than 85%, there is a
clear correlation between this indicator and the number
of flying squirrels (correlation coefficient of +0.73, p
<0.01). In other words, the decline of forest cover in
different regions of the taiga zone inevitably leads to a
reduction in the population of flying squirrels, reaching
a minimum in areas where the forest coverage is 31%
or lower.

However, this is only a partial explanation for
such an uneven distribution of the flying squirrels.
The flying squirrel is still quite difficult to study and
reasons for the absence of this species in certain very
favourable habitats still needs to be explained. Some
reasons are: the specificity of favourable landscape,
forest coverage pattern, trophic relationships with
predators and genetic aspect. A number of hypoth-
eses are supposed to be tested in the nearest future.
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e-mail: meidus@bk.ru
5 Mnousuoyansuslii uccnedosamens, 2. Ilemposasoock, Poccust
e-mail: evgeniya_arinich@mail.ru
s Hayuno-npaxkmuueckuil yenmp 6uonocuueckux pecypcos Hayuonanvnotl akademuu nayx benapycu, Pecnybnuxa Benapyce
e-mail: tatiana.pavlushchick@gmail.com
17 4eenmemeo no oxpamne npupooer Jlameuu, Jlameust
e-mail: valdis.pilats@daba.gov.lv
I[Tunexcckuil 2ocyoapcmeennulii npupooHblil 3anosednux, Poccust
e-mail: pinzapno@mail.ru
P Kocmomyxuickuii 20cyoapcemeennviil npupoousiil 3anoéeonux, Poccus
e-mail: natik.zam@gmail.com
2T Teuopo-Hnvluckuil 20cydapcmeentulii npupoOHblil buocghepmwiil 3anoéednux, Poccus
e-mail: pechilzap@mail.ru
2 4eenmemao okpyosicaroweit cpedvr dcmornuu, ICmonus
e-mail: Uudo.Timm@envir.ee

2@unckuir myseit ecmecmeennoil ucmopuu, QuHiAHOUA
e-mail: ilpo.hanski@helsinki.fi

B pabore paccMaTpuBalOTCsI HCCIIEA0BAHUS TEPPUTOPHATIBHOTO PACIIPOCTPAHEHNUS U DKOJIOTUH JICTATH Ha TEPPUTO-
pun siecHoi 30HbI EBpasum, B nepuon pydeska 20-21 BB. /laeTcs onncanue HOBBIX METOZOB M CIIOCOOOB 0OHapy-
JKEHUSI M ydeTa YUCIICHHOCTH JIETSTH B JiecHOW 30He EBpazumn. O0nacTh 0OMTAaHUS JIETATH BKIIOYAET TEPPUTOPHN
61 cyobekra P®D, B ux uncne — Kamuarckuii kpaif n UykoTckasi aBTOHOMHasi 00J1acTh. UNCICHHOCTD JIETATH B
Kapenuu u Tem Oonee K BOCTOKY - B ApXaHTenbckol obnactu u 3amagHoil CHOMPH CyIIECTBEHHO BBIIIE, YEM B
OUHISIHANY, HO B BO BCEX PETMOHAX OTMEYEHa 3HAYHMTENIbHAsl IPOCTPAHCTBEHHAS BapHaOeIbHOCTh YHCICHHOCTH
JIETSTU: €CTh PailoHBI, I YUCICHHOCTh 3BE€PHKOB JOBOJBHO BEJIMKA, U OHU JOCTATOYHO PAaBHOMEPHO 3aCENSIIOT
BCIO TEPPUTOPHUIO, & €CTh MECTA, e OHH MOJHOCTHIO OTCYTCTBYIOT Ha OOJBIIMX IUIOMIA/SAX JlaKe MPU HAINYNU
BHEIITHE OJIaroNpUsATHBIX yCIOBUiA. JleTsira ocTaeTcs JOBOJIBHO CIIOKHBIM ISl H3YUSHHS BUJIOM TIPHYEM MPUYHHBI
OTCYTCTBHUS BHJIa B HEKOTOPBIX BEChbMa OJIArONpPUSTHBIX MECTOOOUTAHMSX €IIIe JKIyT CBoero oobscHeHus. Cpenu
NIPUYUH - Ja"madTHas crenuduKa MecTOOOMTaHUH, XapakTep PaCTUTEILHOCTH U TPO(UUECKHE B3aUMOCBSI3H C
XHIITHUKaMH, TeHETHYECKUH actekT. Psix runores mpearnosnaraeTcst anpoOrpoBaTh B Onkaiiiee BpeMsl.

KaroueBbie ciioBa: JICTATa, YUCT YMCJICHHOCTH, apcall, JICCHAad 30Ha, TCPPUTOPHUATIBHOC PACIIPOCTPAHCHUC.
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