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Abstract

The Siberian flying squirrel (Pteromys volans L.) is one of the most poorly studied
mammal species in the Belarusian fauna. In Belarus, the species inhabits the south-
western border of its distribution range. Despite a multitude of its high conserva-
tion statuses, as well as extremely scarce information on the species’ distribution
and biology in the country, no special studies on the species have been conducted.
The last reliably documented record of the flying squirrel was made more than 20
years ago, in 1996, in Viciebsk District, in the territory of Surazski forestry [Red
Data... 2015]. Other information on the state of the population, distribution of the
species, or individual registrations in Belarus for the last 20 years (1996-2017)
lacks in the literature. We found more than 100 territorial sites of the Syberian
flying squirrel in Viciebsk and Haradok districts in 2017-2020. Potential habitats
of the species in other districts of the Viciebsk and Minsk regions were also sur-
veyed. This allowed us to establish the borders of the modern distribution area of
the species in Belarus, to estimate its current population, and to study some aspects
of ecology of the species. At present, the species inhabits less than 1% of the terri-
tory of Belarus, but its density in optimal habitats is relatively high. A number of
publications, as far back as the last century, indicate a much wider distribution of
the species in the country. Therefore, it is possible to indicate a substantial shrink-
age of the species’ distribution area during the last 50-100 years. Taking into ac-
count the insignificant area of the modern distribution of the species along with the
key threats and current forest management tendencies, it is possible to assert with
certainty that in the absence of special protection measures, the flying squirrel
might soon be gone extinct in Belarus. Some of the habitats we have identified are
currently protected by land users. In addition, we have proposed a number of activ-
ities within the framework of Management Plan development necessary for its
conservation, as well as those aimed at further studying, including the possible
restoration of its historical range.
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IMoJjiryxa cubdipcska (Pteromys volans) B Bisiopyci:
MOIIUPEHHSA, ‘lI/IceJILHiCTL, 3arpo3mu 7 | oxopoHa

Amnppiii B. AOpamuyk

Pesrome. Ilomityxa cubipceka (Pteromys volans L.) — oxuH i3 HaiiMeHII BUBYCHHX BHIB cCaBLiB y dayHi
Binopyci. ¥ binopyci Buz icHye Ha miBAEHHO-3axiIHiI Mexi apeay cBOro moummpeHHs. He3Baxaioun Ha HasB-
HICTh HU3KU BHUCOKHX IPUPOTOOXOPOHHHX CTATYCIB, @ TAKOX BKpail yoory iHpopMallito mpo HOMUPEHH BULY
Ta Horo 610J0TiI0 B KpaiHi, IKUXOChH CHeLialbHUX JOCHIPKEHb 3 HOro BUBYEHHS He mpoBoawtd. OcTaHHS J0C-
TOBIpHO 33I0KyMEHTOBaHa peecTpallis MoJiTyxu Oymia 3pobiena 20 pokiB Tomy, 1996 p., y BiteGcbkomy paiioni
Ha Tepurtopii Cypaxcpkoro Jsicrociy (Uepsona kaura binopyci 2015). Inma indopmanis npo ctaH momyJsii,
HOIIUPEHHS BHIY, a00 OKpeMi 3ycTpiui 3 HUM Ha Teputopii binopyci 3a ocranni 20 poki (1996-2017) y mnite-
parypi BincyrHs. Hamu y 2017-2020 poxax Ha Teputopii BiTeOGcpkoro ta I'opomonbskoro paiioHIiB 3HaiineHO
noHaz 100 TepuTopiadbHUX IUITHOK HOMITYXH. Takok 00CTeKEHO MOTEHIIIHHI MicIsl iCHYBaHHS BHIY B IHIIHX
paiionax BireGcpkoi Ta MiHcbkoi obnacTeil. Yce 1€ 103BOJNMIO BCTAHOBUTH MEXi Cy4acHOTO apeaiy IMOIIHU-
peHHs BUAY B bijopyci, OiHUTH HOTO CydacHY YHCENBHICTh, 1 HABITH BUBYHTH JESKi ACIEKTH E€KOJIOTiI IbOTO
BuLy. B manwmii yac Bux Hacemste menme 1% Tepuropii binopyci, mpoTe #oro mMiNnkHICTh B ONTHMAIBHUX MICIIX
iCHYBaHHS BiTHOCHO BHCOKa. Y HH3LI IMyOJNiKalliif, e B MHHYJIOMY CTOJITTi, BKa3y€eThCs HA 3HAYHO LIMpILE
HOIIMPEHHS BUIY B KpaiHi. Y 3B'I3Ky 3 UM, MO>KHA TOBOPUTH PO CYTTEBE CKOPOYCHHS apeaiy MOIIMPEHHS
Buny 3a octaHHi 50—-100 pokiB. BpaxoByroun myxe He3HAuHy IUIOIIYy CYyYacCHOTO HOIIMPEHHS BHAY, a TAKOX
KJTIOYOBI 3arpo3H Ta CydacHi TeHIEHIIi BEJCHHsI JIiCOBOTO TOCIIOIaPCTBA, MOYKHA 3 YIIEBHEHICTIO CTBEPKYBATH,
1110 32 BiJICYTHOCTI CIeLiaJIbHUX 3aXO0/iB II[0J0 OXOPOHH BUTY MOJITyXa He3a0apoM MOJKe OBHICTIO 3HUKHYTH 3
tepuropii binopyci. YacTiHa BHABICHNX HAMH MICIlb iICHyBaHHS BUly HHHI BXKe ITepe/laHa I1iJ] OXOPOHY 3eMiIe-
kopucryBadam. Kpim Toro, y pamkax po3poOku Ilnany ynpasmiHHS JUIs IbOTO BHAY HAMHM 3alPONOHOBAHO HU3-
Ky 3aX0JiB, HEOOXiTHUX I HOoro 30epe eHHs, a TaKOX CIPSIMOBAHUX Ha MOJAJIbIIC BUBUCHHSA, BKIIOYAIOUH
MOYKJIUBE BITHOBJICHHS iICTOPUYHOTO apeaiy MOIIUPEHHS.

KnrodoBi cimoBa: momityxa, paputeTHa (ayHa, HOIIUPEHHs, 0XOpoHa, binopycs.
Anpeca nus 3B sa3ky: A. B. Adbpamuyk; bpectcbke obmacHe Bimminenns 'O «Axoa nrymak banpkayrau-

HWy»; By J-Ta Pabuasa, 100-14, Bpect, YHIT 2010013703 PecnyGuiika Binopyce; e-mail: egretall3@mail.ru;
orcid: 0000-0001-6325-8365

Introduction

The Siberian flying squirrel (Pteromys volans L.) is one of the most poorly studied mammal
species in Belarus. The species has a multitude of high conservation statuses: it is included into Ap-
pendix Il and Resolution No. 6 of the Bern Convention, the Red Data Book of Belarus, Red Data
Books of a number of regions of north-west Russia, including Karelia [Red Data... 2007], Mur-
mansk and Leningrad Regions [Ayrapetyants & Fokin 2002; Kataev 2003], has a status of vulnera-
ble species in Finland [Rassi et al. 2001], endangered status in Estonia, and extinct in Latvia [Timm
& Remm 2011; Shar et al. 2016].

In Belarus, the species inhabits the south-western border of its distribution range. The last relia-
bly documented record of the species was made more than 20 years ago, in Vitebsk District, in the
territory of Surazski forestry in 1996 [Red Book... 2015]. There is no information on the species’
population status, distribution, or individual observations in Belarus for the last 20 years (1996-
2017) in the literature.

In 2017-2020, we found more than 100 territorial sites of the Siberian flying squirrel in
Viciebsk and Haradok districts, we surveyed potential habitats of the species in other districts of the
Viciebsk and Minsk regions. All this allowed to establish the limits of the modern area of distribu-
tion of the species in Belarus, to estimate its current population, and to study some aspects of its
ecology. The obtained data are not exhaustive; however, it allows us to draw some conclusions on
the current status and dynamics of the species population in our country, the requirements of the
species for habitat conditions and main threats. Currently the species inhabits less than 1% of the
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territory of Belarus, although its density in optimal habitats is relatively high. Taking into account
the very small current distribution area of the species, especially compared to the area inhabited by
the species previously, as well as key threats and current trends in forestry management, in absence
of special protection measures the species might soon be gone extinct in Belarus.

The aim of this study was to establish the boundaries of the current distribution range of the Si-
berian flying squirrel (Pteromys volans) in Belarus. Additionally, we estimated the species’ popula-
tion and identified possibly favourable habitats in order to designate Areas of Special Conservation
Importance (ASCI) and ensure protection of habitats in line with national regulations as well as to
prepare a national action plan to protect the species.

Material and Methods

Despite its secretive way of life and scarcity of reliable and up-to-date information on the spe-
cies’ distribution and ecology in Belarus, the Siberian flying squirrel is a relatively easy to record
target. The species’ presence in the area can be established by the presence of characteristic excre-
ments. The methodology proposed by Skarén [Skarén 1978], is generally accepted and has been used
by different researchers [e.g. Skarén 1978; Reunanen et al. 2002]. The methodology consists of
searching for the squirrel’s characteristic droppings shaped as of dirty yellow or light yellow pellets
of about 0.5 x 0.2 cm in size (Fig. 1).

The pellets are searched for near the largest trees in the area (at least 30 cm), mainly aspen, but
also birch, spruce, and alder. The best fieldwork period (under conditions of northern Belarus) is
from late March, after the snow cover melts, to early May.
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Fig. 1. The Siberian flying squirrel at the hollow (night photo), characteristic faeces of the flying squirrel, Horodok-
sky and Vitebsk districts, March—April 2018-2020; a—b, photo by Denis Kitel; ¢—d, photo by the author.

Puc. 1. Tlonityxa cubipcbka Ginst aymia (HidHA 3HOMKa) Ta XapakTepHHH mociija aersird, I'oponorpkuii Ta BiteOch-
Kuii paiionn, 6epesenb—kBiTeHs 2018-2020 pp.; a—b, doro enuc Kurens; c—d, poro aBTopa.
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This is the period when litter granules are sufficiently visible and persist for a long time. In the
earlier period, the presence of snow cover makes it difficult to move and find the pellets. In the later
period, including summer, finding pellets is also difficult for a number of reasons. Firstly, the pres-
ence of a developed ground cover in most cases, and, secondly, the darker and greenish colour of the
droppings and their rapid decomposition. In autumn, the search for pellets is additionally hampered
by falling leaves. These observations were also confirmed by our research. Thus, the optimal period
to search for signs of the species’ presence in an area is rather short, lasting about 1-1.5 months un-
der conditions of northern Belarus.

The presence of the species in the studied area was detected by inspecting the stumps of the
largest aspens, alders, birches, and spruces along a pre-planned route. The routes were planned tak-
ing into account the biology and ecology of the species and using forest plantation maps. Photo and
video trapping was used to confirm the presence of the species in the identified areas. After defining
the core of the range (within Belarus), surveys were concentrated on the peripheral parts in order to
delineate the current range boundaries.

Results and Discussion

Habitats

Our observations indicate the presence of three key determinants of the species’ habitat in the
forest ecosystem under conditions of Belarus: stand age, tree species composition and completeness.
In Belarus, the flying squirrel has been observed most often in old-growth mature and ripening for-
ests (Fig. 2). The age of the stand as one of the key factors influencing the presence of the species in
an ecosystem is also evidenced in the literature [e.g. Reunanen et al. 2002a; Timm & Kiristaja 2002;
Airapetyants & Fokin 2003; Tonisson 1975; and others]. The second, equally important ecological
determinant of the species’ inhabiting an ecosystem is the species composition of the stand.

According to our observations, the flying squirrel has a clear preference for deciduous stands,
primarily aspen, but also alder and birch. These may include coniferous forests (spruce and pine
forests) with aspen and birch, mixed deciduous forests of aspen, birch, alder, and other deciduous
species with spruce and/or pine, or mixed coniferous and deciduous forests.

The key importance of deciduous stands, in particular aspen, alder and birch, in the ecology and
biology of the species has been pointed out in several studies [Hanski 1998; Reunanen et al. 2002a;
Airapetyants & Fokin 2003; and others]. In Finland, the flying squirrel predominantly inhabits old-
growth spruce forests with aspen, birch, and alder [Reunanen et al. 2002a; and others]. In Russia and
Estonia, the typical habitats of the flying squirrel are mature coniferous forests with aspen, alder,
birch, and willow species [Timm & Kiristaja 2002; Airapetyants & Fokin 2003]. The third important
factor is stand completeness (the degree of tree canopy density). In sparse forests with tree cover of
less than 0.6, we did not observe any occurrence of the flying squirrel (Fig. 3).

Thus, the optimal habitats for the flying squirrel in Belarus are old-growth, highly complete de-
ciduous birch-aspen forests with spruce, mixed coniferous-leaved and coniferous forests with aspen
and birch. The key species in the stand determining the presence of the species in the biotope is as-
pen, to a lesser extent spruce and birch.

Distribution and abundance

The current geographic range of the species in Eurasia is confined to the boreal forest zone of
the Palaearctic stretching from Finland to Chukotka (Fig. 4).

In Europe, besides European Russia, it occurs in Finland, Estonia, and Belarus.

In Finland, although relatively common, the species is declining everywhere [Hanski et al.
2001; Hanski 2006]. Detailed population studies of the species in Finland show a decline of 20-58%
over 10-20 years [Hanski et al. 2001; Hanski 2006]. Population declines have been noted in all parts
of Finland and it is predicted that the decline will continue in the future [Hanski 2006].
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Fig. 2. Typical habitats of the Siberian flying squirrel in Belarus, Horodoksky and Vitebsk districts, March—April
2017-2020. Details: a, mossy spruce forest; b, goutweed aspen forest; ¢, wood sorrel birch forest; d—e, wood sorrel
aspen forest; f, mossy pine forest. Photo by the author.

Puc. 2. Tunosi micns icHyBaHHS MoJiTyxu B Bimopyci, Gepe3eHb-kBiTeHb, ['opononskuii Ta BireOchkuii paiioHw,
2017-2020. Merami: a, suTMHHAK MOXOBHH (ckian 3a mopogamu — 652B520C); b, ocuyHuK srinieBuil (CKiaja 3a
nopoaamu — 60C2B251+KJT); ¢, Gepe3Hsik KBaceHHIeBHii (ckias 3a nmopogamu — 6630C151); d, ocuuHHK KBaceHH-
uesuii (ckian 3a mopogamu — 7OC2B151); e, ocuuHuk KBaceHUeBuit (ckiaaza 3a nopogamu — 40C4512B; f, cocusik
MoxoBuil (cxyan 3a nopoxamu — 4C25120C25). doto aBTOpa.

Based on a three-year-long survey, the population of the species in Finland was estimated at
140 000 females [Hanski 2006]. In Latvia, the species is presumably extinct [Shar et al. 2016]. In
Estonia, 62 habitats are known and during 1980-2001 the numbers decreased by almost 50% [Timm
& Kiristaja 2002]. According to other data, there are 111 known habitats of the species in Estonia
today [Flying ... 2021]. The abundance of the species’ population in Russia is unknown. Decreasing
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trends in numbers have been recorded in both Estonia and Karelia. This is mainly due to the logging
of old-growth spruce and mixed forests.

Earlier, in the 19th century, the flying squirrel was almost ubiquitous in the territory of modern
Belarus [Semenov-Tyan-Shansky 1905]. However, yet at the beginning of the 20th century, the fly-
ing squirrel was recorded in several districts of the Viciebsk region and in the north of the Mahilot
region [Fedyushin 1929]. By the 1960s, the species’ range had reduced to a part of the territory of
Viciebsk region (Haradok, Viciebsk, Lozna, Vorsa, Potack, and Rasony) [Dorofeev 2003]. In the last
editions of the Red Data Book of Belarus [Red Data... 2004; 2015], it is specified only for Viciebsk
district [Red Data... 2004; 2015]. At present, the distribution range includes part of the territory of
two administrative districts of Viciebsk region—Viciebsk and Haradok. In general, the south-
western border of the species’ range is located in Belarus.

The southern border of the current distribution of the species in Belarus does not cross the
Kaspla River and further (downstream from the mouth of the Kaspla River)—the Western Dzvina
River. In the west, the border of the species’ range can be tentatively drawn along the M8 (E95) mo-
torway and along the eastern slopes of the Haradokskaja Upland. To the west of the M8 (E95) mo-
torway, the species was found only in one place (vicinity of the village of Tryhubcy, Viciebsk re-
gion). However, the species is not recorded further west of Tryhubcy.

Fig. 3. Examples of biotopes where we have not recorded the species: a, pine monocultures, April 2017; b—d, thin
deciduous forests (birch mires and black alder forests), Horodoksky and Vitebsk districts, April 2017; ¢, thin medi-
um-aged coniferous forests, April 2017. Photo by the author.

Puc. 3. Ilpuxnagu GioTomiB, /e MM HE 3apeecTpyBAIM MONITYXy: & — COCHOBI MOHOKYJIBTYpH, kBiTeHb 2017 p.;

b-d — pospimxeni auctsHi gicu (6epe3oBi 600Ta Ta JicH 3 YOPHOI Binbxu), ['opomoibkuii Ta BiteGehkuil paiioHH,
kBiTeHb 2017 p.; C — po3piKeHi cepeAHbOBIKOBI XBOItHI JiicH, kBiTeHb 2017 p. doTo aBTOpA.
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Fig. 4. The geographic range
of the Siberian flying squir-
rel [Siberian ... 2016].

Puc. 4. Apean mnommpeHHS
noniTyxu cubipcekoi [Sibe-
rian ... 2016].

Fig. 5. The modern range of
the Siberian flying squirrel in
Belarus: top right—overview
within the boundaries of
Belarus,  bottom—species’
range. Notes: red dots—
territorial areas identified in
2017-2020; red outline with
green fill—the modern range
of the species in Belarus (as
of 2020).

Puc. 5. Cy4acHuit apean po3HmOBCIOKEHHS MOMITyXH cubipchkoi y Binmopyci: mpaBopyd yropi — Orisig y Mexkax
KOHTYpy binopyci, BHH3y — apeai po3HMOBCIO/PKEHHsI KPYITHUM IUTaHOM. [103HaueHHs: YepBOHI TOYKH — TepuUTOpia-
TbHI JinstHKY, BusiBieHi y 2017-2020 pp.; 4epBOHHMI KOHTYp Ta 3eJieHa 3aJIMBKa — Cy4YacHMI apeain MOLIMPEHHS
Buny B binopyci (#a 2020 p.).

The results of the studies allow us to conclude that the core of the modern range of the flying
squirrel in Belarus is confined to a large, semi-intact forest area in the interfluve of the Western
Dzvina and Ausianka rivers. The species is also found in the Lova¢ River basin and in the interfluves
of the Kaspla and Western Dzvina rivers (Fig. 5).

To estimate the species’ abundance, the modern area of its habitat was determined by the con-
vex polygon method, by connecting the extreme points where the presence of the species was rec-
orded, taking into account the contour of the state border between Belarus and the Russian Federa-
tion, as well as the contours of forested areas. Thus, the total area of modern habitat of the flying
squirrel in Belarus has been estimated at about 145 000 hectares. Afterwards, in order to estimate the
number of the species, human settlements with large non-forested plots, lakes, open bogs and large
pine forests on bogs, and other territories (more than 100 ha in area) unsuitable in their biotic condi-
tions for the species’ ecology have been excluded from the range. As a result, the total area suitable
for the species’ existence within the allocated range was about 122 000 ha.
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In total, more than 120 territorial areas of the species have been identified. As a separate territo-
rial area, we took an area where the presence of the species was confirmed by finding manure pellets
in at least 3-5 localities. Individual territorial areas were defined as those located within a radius of
at least 450 m from each other. A circle with a radius of 450 m equals an area slightly larger than the
average male territory. Individual plots with a radius of 450 m within 500 m of each other were
combined into polygons, for which the total area was determined using the convex polygon method.

The species density for each polygon was then determined, as well as the density for the entire
surveyed area. The species density for the different polygons varied and ranged from 1.1 individuals
per 100 ha to 2.6 individuals per 100 ha, with an average of 1.6 individuals per 100 ha. Thus, the
minimal total population of the species can be estimated at 1350 to 1900 territorial individuals.
However, taking into account that the territorial areas of females are much smaller (about 8 ha) and
overlap with those of males, the actual number and density of the species may be much higher.

The main contemporary threats to the species in Belarus

Based on the author’s research, as well as on literature data on the biology and ecology of the
Siberian flying squirrel, the main threats to the species in Belarus under modern conditions have
been identified. The main current threats to the species in Belarus are as follows:

Habitat destruction. One of the main threats to the species is the direct destruction of natu-
ral habitats through clear-cutting. As a result, the area becomes uninhabitable for many decades. In
addition, clear-cuts also contribute to the direct mortality of the animals.

Habitat degradation. Simplification of the stand structure as a result of selective logging as
well as regeneration and shaping logging, resulting in thinning, rejuvenation of the stand, removal of
deciduous (birch, aspen) and hollow trees also ultimately results in the loss of habitat for many
years. Removal of aspen as an undesirable species and so-called undesirable trees (including dead-
wood, snow-broken trees, dying trees with trunk damage, hollows, cracks, etc.), which are important
stand elements for the species in the biotope, occurring during selective sanitary felling and so-called
rubbish clearance, also leads to a decrease in quality or loss of habitat for many years.

Habitat fragmentation. Construction of linear infrastructure such as power lines, roads, gas
pipelines (stripes of 100 metres or more in width) and clear-cuts of 100 metres or more in width cre-
ate unattainable barriers to the species’ spread and communication and as a result fragment the popu-
lation and impede the spread and dispersal of the species.

Insufficient regulations in existing protected areas. In a number of cases, within
the current distribution range of the species in Belarus, there already exist protected areas (PAS),
overlapping with the identified flying squirrel habitats. In particular, these are the nature reserve of
local significance ‘Vierchavaja Lovac',” reserves ‘Zapolski’ and prospective reserve ‘Surazski.” The
protection regime for the above listed existing reserves is set out in accordance with existing legisla-
tion, with the weakest restrictions possible. These restrictions, in particular the prohibition of clear-
cutting only, do not fully ensure the preservation of the species’ habitat within these protected areas.

The modern range of the species is relatively small. The modern range of the spe-
cies occupies less than 1% of the area of Belarus. Taking into account literature data showing that
the species used to be distributed in the entire area of the country, we may indicate the catastrophic
shrinkage of the distribution range for the last 100 years. Taking into account a significant decrease
of the species population (at least for the last several decades) in other countries and regions of Eu-
rope (e.g. Finland, Estonia, and Karelia) it is possible to assume similar tendencies in our country.

Conservation measures for the species in Belarus

With the management-planning framework, a set of conservation measures was proposed to
raise the conservation status of the species, both to ensure more effective protection within the exist-
ing protected areas and to implement more effective protection of habitats outside the protected are-
as, as well as the protection of the country’s population of flying squirrels as a whole. The most im-
portant activities include the following:
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Raising of the national conservation status of the species. Taking into account the
catastrophic reduction of the species’ range in Belarus over the last 100 years as well as the signifi-
cant population decline of the species (at least for the last few decades) in other countries and re-
gions of Europe (Finland, Estonia, and Karelia) it is recommended to revise the species’ status by
raising it to Category Il (EN). Category Il (EN) includes taxa that are not currently directly threat-
ened by extinction within the country, but they have an unfavourable international or European con-
servation status, low population number, a trend towards a steady decline in population and/or range,
and a predicted status deterioration in the near future.

Adjustment of the protection regime of existing and/or proposed protected ar-
eas, as well as their boundaries. As discussed above, the current protection regime of the
existing PAs in which the squirrel occurs does not ensure that the habitats of the species are con-
served. At the same time, the current legislation makes it possible to adapt the existing protected area
regime to the necessary requirements for the protection of the species that inhabit these protected
areas. This is a logical and necessary condition for the effective fulfilment of the conservation objec-
tives of such areas. In a number of cases, species habitats have been identified in the vicinity of ex-
isting or prospective PAs and/or ASCls. It is appropriate to adjust the boundaries of these
PAsS/ASCIs to include squirrels’ habitats currently adjoining their boundaries. These include, for
example, Zapolski reserve, prospective Surazski ASCI and others.

Update and clarification of the habitat protection requirements for the squir-
rels (TCP 17.07-01-2014 (02120)). The current protection regime set out in the TCP for flying
squirrels’ habitats cannot fully ensure effective conservation of the species. The protection regime
needs to be adjusted. In particular, restrictions should be revised on logging of key stand elements in
the habitats of the species: establishing logging restrictions for aspen and birch, establishing seasonal
restrictions for permitted cuttings, preservation of fullness of the stand of at least 0.6-0.7, etc.

Conservation designation of identified habitats. Despite some limitations in the
habitat protection requirements of the TCP, protection of identified habitats outside the protected
areas is a necessary and important measure for the conservation of the species’ population in the
country. To date, about 70 territorial sites of the species are protected on an area of about 1500 ha,
which is certainly not sufficient for the conservation of the population of the species in the country
as a whole.

Preparation of key management plans for the conservation of the flying squir-
rel population in the protected areas. One of the most effective mechanisms for nature con-
servation, in the PAs, are their Management Plans stipulated by the national legislation. In this re-
gard, development of Management Plans for key conservation areas is a necessary measure, includ-
ing those required under the current legislation of Belarus.

Development of a local ecological network scheme. The modern range of the spe-
cies in Belarus covers an area of about 145 000 ha, which is equal to the area of a large forestry unit
or administrative district. Obviously, it is not feasible to introduce restrictions necessary for the con-
servation of the species over such a large area. On the other hand, it is also clear that preservation of
isolated habitats or even larger populations of the species within PAs without the necessary ecologi-
cal corridors would not be effective in preserving the population as a whole. It is therefore necessary
to develop and implement a local ecological network to ensure that large populations of the species
(e.g. within the protected areas) are linked to each other and to individual habitats or habitat concen-
trations outside the protected areas, and to enable communication and dispersal of the species both
within and outside of Belarus.

Installation of artificial nesting boxes. The literature indicates that flying squirrels are
quite active in using artificial nesting sites, both for temporary shelter and for breeding [Hanski
1998; Selonen & Mikeldinen 2017]. The making and hanging of artificial nesting sites is therefore
relevant, both to improve the ecological conditions of known habitats and to create opportunities for
the spread and dispersal of the species. This activity is especially relevant due to the fact that hun-
dreds of artificial nesting boxes are made and hung each year by forestry units according to their
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own plans. However, mostly for common species. The re-orientation of the forestry units to making
artificial nesting boxes for flying squirrels will require minimal additional funding and, at the same
time, may have a significant ecological impact.

In spite of the fact that due to our research in recent years it was possible to quite accurately es-
tablish the borders of modern distribution of the species in Belarus, as well as to study some features
of its biotopic distribution, a number of research activities focusing on the state of population and
biology of the species is still required, including:

Clarification of the distribution range of the species in Belarus. Additional re-
search is needed to clarify the boundaries of the species’ distribution, particularly in the north-west
and north-east of the country.

Conducting a census of the species to provide a more accurate estimate of the
population size. The population size presented in this publication is a preliminary estimate.
Therefore, it is important to conduct population surveys according to a standard methodology, with
an estimate of occurrence (based on findings of excrement) on 9 ha sampling plots. [Hanski 2006].

Studying the ecology and biology at the range boundary. It is of great interest to
study the ecology and biology of the flying squirrel in Belarus, at the border of its range. These stud-
ies are actual and necessary not only for successful planning and implementation of conservation
activities in Belarus, but also for the sake of successful preservation of the European population of
the species in general. It is also of interest to investigate the possibility of using artificial nesting
sites (such as birdhouses, hutches) to improve the condition of habitats and manage the population of
the species.

Study of the experience and possibility of restoring the range of the species.
Given the literature evidence that the species had a much wider distribution previously, it is appro-
priate to investigate the possibility of dispersing the species and creating new stable population
groups in suitable habitats. Active reintroduction of the species is also relevant given its very low
dispersion. An example of suitable areas for species dispersal is a large forest area with predomi-
nance of deciduous (birch, aspen) or mixed (deciduous-spruce) forests with significant presence of
aspen and birch at the border of VVor$a and Lozna forestries. These are the territories of Asintorf and
Babinavic¢y forestries, respectively. At present, flying squirrels have not been detected in these for-
estry units (surveys were conducted in 2016 and 2020). At the same time, the structure and condition
of the forests in these areas (based on the current level of knowledge) are quite consistent with the
requirements of the species. In addition, a large proportion of these forest areas, including the forests
most suitable for the flying squirrels’ habitat, already have various nature protection statuses. Firstly,
it guarantees the preservation of the environment favourable to the species. Secondly, it will not lead
to additional restrictions on forest management in the designated forest areas. Besides, suitable habi-
tats for the species, where the species was not detected by us in 2016-2020, exist in the Tata¢ynski
and Viciebski forestries in the north-east of Belarus, as well as in the north-west (Vierchniadzvinski,
Rasonski, Potacki, Dretufiski, and Sumilinski forestries).

Development of a monitoring scheme, including monitoring aimed at assessing the
status of the species’ population groups and the effectiveness of conservation measures, including
verification of habitat status and control of compliance with established forest management re-
strictions in habitats transferred to land users for protection.

Conclusion

At present, the distribution range of the Siberian flying squirrel in Belarus includes, partly, the
territory of two administrative districts—Viciebsk and Haradok, Viciebsk region. The southern bor-
der of the modern range of the species does not cross the river Kaspla and further (downstream from
the mouth of the river Kaspla) the river Western DzZvina. In the west, the border of the range can be
tentatively drawn along the M8 (E95) motorway, west of which the occurrence of the species is
found only in one place (vicinity of the village Tryhubcy, Viciebsk region). However, the species is
not recorded further westwards (from Tryhubcy) (see: Fig. 5).
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Habitats of the species are also found in the adjacent territories of the Smalensk region, in par-
ticular in the vicinity of the village Isacenki, Vieliz district, Smalensk region. The total minimum
number of the species can be estimated at 1350-1900 territorial individuals.

The most significant threats to the species are forestry activities. For successful conservation of
the Belarusian population group of the species it is necessary to implement a number of measures to
ensure conservation of all identified habitats with a complete ban on forestry activities, to identify
and ensure conservation of unknown habitats, etc. In addition, to ensure the long-term conservation
of the species and the possibility of its dispersal it is necessary to develop and create a local ecologi-
cal network within the current range of the species in Belarus, as well as its integration into the na-
tional ecological network. This local ecological network should combine core areas—areas with the
highest concentration of habitats of the species and with a complete ban on forestry activities, and
ecological corridors with appropriate parameters and a sparing regime of forest use, providing con-
nection with the network cores, as well as opportunities for external (outside the current distribution
range) migration and dispersal of the species.

It is important to further study the biology and ecology of the species in more detail and to plan
measures to restore the species’ distribution range by first creating 3-5 local population groups in
the most suitable habitats in northern Belarus, and also to develop measures to monitor the popula-
tion status and the effectiveness of conservation measures.
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