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THE STATE OF THE BROWN BEAR POPULATION
ON THE TERRITORY OF HUNTING GROUNDS
IN SLOVAKIA - THE TRANSBOUNDARY AREA

CORRESPONDING WITH POLAND AND UKRAINE

(EASTERN CARPATHIANS)

Stan populacji niedzwiedzia brunatnego zgtaszany przez obwody
towieckie na Stowacji — na obszarze przygranicznym z Polska
1 Ukraing (Karpaty Wschodnie)

Abstract: In this study we analyse the data of bear distribution on the basis of the data
from spring game stock reports (2002-2010). We recorded: I) the stability of distribution
and density of bear population decreased in relation to decreasing altitude, I1) stabilization
of the bear population in the transboundary area corresponding with Poland of the study
area in 2002-2010, III) the present state of bear distribution is comparable to the area of
the villages with symbol of brown bear in administrative seals 150 years ago. We can
predicted that spatial analysis of the data from the spring game stock may be helpful in
determining the status of the population.

Key words: Ursus arctos, spatial data, historical records, density, spring game stock.

Introduction

Study area (Fig. 1) is situated at the boundary between Eastern and Western
Carpathians (48.75°-49.45° N; 21.49°-22.57° E). The northern border is formed
by the state boundary line with Poland and in the east neighbours with Ukraine.
According to orographic structure of Slovakia (Maztr, Lukni$ 1986), study area
represents following orographic units: Bukovské Hills, Laborecka Uplands,
Vihorlat Mountains, Zemplinske Hills, Vychodoslovenska Lowlands, Beskydské
Foothills and part of Ondavska Uplands.

Human population density is evidently lower in the study area (district /
inhabitants per km?: Snina / 47.2, Humenné / 84.6, Medzilaborce / 28.2, Stropkov
/'53.3 and Svidnik / 60.3 — the statistical data to 31.12.2010) (©Statistical Office
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of SR 2011) in comparison to whole Slovakia — 110 inhabitants per km? (Dubcova
et al. 2008).

Historical data shows that the largest decrease in the number of bear
individuals took place in the middle of 19" century. In 1857 (Molnar et al. 1984)
the amount of 99 individuals of bear were killed only in Sari$ska and Zemplinska
zupa (historical administrative units in the eastern Slovakia). The high number
of killed bears was probably caused indirectly (Kavuljak 1930, cit. in Jamnicky
1993) by using of strychnine to poison wolves at that time (Blatny 1965 cit. in
Jamnicky 1993). Since 1857, lower annual numbers of killed bears were recorded
in Sari§ska and Zemplinska Zzupa (Jamnicky 1993). It was probably the indication
of separation of population to eastern and western part in given period (Straka
et al. 2011) and re-connection was not possible because of non-regulate hunting
of bears (Feriancova 1955; Jamnicky 1993). Despite of that Janik et al. (1986,
1997) drown figure of re-connection of these two subpopulation on Slovak side
of territory, the same author (Janik et al. 1986) only assumed connection in short
time in close future. Also Hell, Slamecka (1999) assumed connection of bear
population on Polish side of territory.

There are only a few data about mortality of bears from recent time in the
study area. The carcass of bear was found cadaver of near the village Uli¢ in 1984.
In 1988 big bear without a part of left back paw was shot near the village Runina.
In 2001 dog killed cub of bear near the village Prislop. In 2005 the carcass of bear
was found near the village Vysna Jablonka. In 2010 the bones from rib cage of
young bear were found near the village Runina (Stofik 2010) - it was confirmed
as a case of poaching.

The presence of brown bear has been recorded in the study area during the
whole 20™ century (Stofik et al. 2010), but we assume that in fact it was only

<
<

Fig. 1. 1) The present state of distribution of bear in the north-east of Slovakia in 2002-2010:
A —villages with the symbol of bear in the administrative seal, B —towns, C — main roads,
D — state boundary, E — evaluated hunting grounds with presence of the bear (number of
years), F — hypsometric zones (m a. s. 1.). Il) The present state of distribution of bear in
Slovakia in 2002-2010 (Stofik et al. 2013a): a — towns, b — state boundary, ¢ — hunting
grounds with presence of bear, d — population density of particular districts of Slovakia
to 31.12.2010 ©Statistical Office of SR 2011 (inhabitants per km?).

Ryc. 1. I) Stan rozmieszczenia populacji niedzwiedzia brunatnego w polnocno-wschodniej
Stowacji w latach 2002-2010: A—wsie z symbolem niedzwiedzia w pieczgci administracyjne;j,
B —miasta, C — gtéwne drogi, D — granice panstwowe, E —badane tereny lowieckie, w ktorych
wystepuje niedzwiedz brunatny (liczba lat); F — strefy hipsometryczne (m n.p.m.). 11) Stan
rozmieszczenia populacji niedzwiedzia brunatnego na Stowacji w latach 2002—2010 (Stofik
iin. 2013a): a— miasta, b — granice panstwowe, ¢ — tereny towieckie, w ktorych wystepuje
niedzwiedz brunatny, d — gesto$¢ zaludnienia w poszczegoélnych powiatach Stowacji do
31.12.2010 ©Statistical Office of SR 2011 (liczba mieszkancoéw na km?).
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sporadic. We deduced it from the fact of absence of legal hunting quarries of bear
between 1907 (Jamnicky 1993) and 1988 (Stofik et al. 2010) and from known data
about size, density and structure of bear population at that time (Komarek 1955;
Feriancova 1955; gkultéty 1970; Terray et al. 1980; Sabados, Simiak 1981; Janik
et al. 1986; Hell, Slamecka 1999). We have recorded the process of strengthening
of population of bear since the end of the 20" century. Péola (2002) estimated
16 individuals of bear in the territory of Eastern Carpathians in 1997 and 18
individuals of bear only in the territory of Poloniny NP in 2001 (that is 0.04
bear per km?in 2001). This bear population (Straka et al. 2011) has significantly
increased in the last years (Stofik et al. 2010). The population consisted of
minimum 15 individuals from October 2008 to March 2009 (Straka et al. 2013).
On the basis of the non-invasive DNA samples collected from November 2008
to January 2013, the amount of 48 (23 J'; 25 9) unique genotypes of bear were
identified over the whole period, and amount of 16 (95%CI = 10-23) over the
selected 5 sub-periods (Holbova 2013).

The bear is strictly protected by law and it is forbidden to hunt it in the
eastern part of Slovakia (Stofik et al. 2013b). This prohibition is valid also in
neighbouring countries in Poland (Selva et al. 2011) and Ukraine (Delehan et al.
2011). This is the fact, which could help to increase of population of the bear in
the study area (Jakubiec 2001; Delehan et al. 2011; Stofik et al. 2010) and enable
us to analyse changes of population without noticeable (legal) intervention to the
structure of population by hunting in the study area.

Material

In this study we used:

a) the layer of contour lines of SR — CVM 50 (Continuous digital vector map of
Slovak Republic), background the Base maps of the Slovak Republic, scale 1:
50,000,

b) the layer of hunting grounds in Slovakia (ONFC SR 2002),

c) the data on spring game stock (SGS) reported by game associations to NFC
SR (National Forest Centre of Slovak Republic) in years 2002—2010 (ONFC
SR 2011).

The SGS is the event, which happens in whole Slovakia on one chosen
day determined in advance every year. On this day hunters count all species of
game in the area of their hunting grounds (ONFC SR 2011). They have been
participated 33 private game associations with 994 km? of managed area and 8
state game associations with 433 km? managed areas in the spring counting of
game according to data of SGS in the study area.
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1. Methodology

The methods consisted of following steps:

1. Connection data of bears from spring game stock (SGS) in years 2002-2010
(©ONFC SR 2011) with the layer of hunting grounds (ONFC SR 2002).

2. Evaluation of stability (presence 1-9 years) and calculation of density of
bears in particular hunting grounds (bear per km?) without the zero data
(2002; 2003...2010 and 2002-2010).

3. Digital terrain model (raster 500x500m) was created in GIS software
Grass 6.1 on the background of contour lines from SVM 50, and a map of
hypsometric zones (scaled by 100 m a. s. 1.) was derived from it.

4. The establishment of buffer zones (each 1,000m) from borders with Ukraine
and Poland and using method of superposition from landscape ecology
(Olah et al. 2006) to create layer of polygons of “segments” with regular
distances from neighbouring countries Poland and Ukraine.

5. There have been calculated data about maximal altitude, stability and
average data about density (point 2) of the bear (2002-2010) for particular
segments (point 4).

6. There have been calculated stability (point 2) of bears depending on altitude
(point 5) in 20022010 (9 years in all) for particular segments (point 4).

7. There have been calculated the influence of altitude on frequency of presence
(%F) for segments (point 4): 1 to 3 years = 33%, 4 to 6 years = 67%, 7t0 9
years = 100%.

Results and discussion

We observed presence of bear in 41 hunting grounds (Fig. 1) in the area of 1,427
km? (mean 35; SD 25 km?) during 2002-2010.

There have been registered higher level of bear density (Table 1) and presence
in higher altitude (Table 2) in evaluated segments (n = 1,468; mean 1; SD 0.4 km?).
In Slovakia bears preferred well forested localities with colder climate at higher
altitudes (Stofik et al. 2013a). We assume that it is related to colder climate (Lapin et
al. 2000) and longer snow cover (Stastny 1988) in this altitude. It’s been registered
the most stabile presence of the bear in this part of study area (Table 3; Fig. 2).
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Fig. 2. The influence of the altitude on the stability of bear occurrence (2002-2010) (%)
in the study area in evaluated segments (n = 1,468).

Ryc. 2. Wplyw wysokosci n.p.m. na stabilno$¢ wystegpowania (2002—-2010) niedzwiedzia
brunatnego (%) na obszarze badan w oszacowanych przedziatach (n = 1,468).

There were recorded the highest stability (n = 6; mean 83; 95%CI = 69-98%) in
the area with maximal altitude 1,200 m a.s.l. and the lowest stability (n = 43; mean
37; 95%CI = 32—41%) in the area with maximal altitude 300 m a.s.l. (Fig. 2). We
assume that higher value of stability (n = 10; mean 42; 95%CI = 30-55%) in the
area with altitude to 200 m a.s.l. (Fig. 2) is caused by evaluation of significantly
higher area (166 km?) of hunting ground (Fig. 1, above Michalovce) in comparison to
other 40 hunting grounds (mean 32; SD 13 km?) and also to whole Slovakia (mean
27; SD 21 km?; Stofik et al. 2013a).

In the Central and Southern Europe bears prefer mainly mountain areas which
are Carpathians, Alps, Pyrenees, Cantabrian Mts, Dinaric-Pindus Mts, etc. The
same distribution is recorded in our study (Fig. 2). In the Northern Europe bear is
more widely distributed (Chapron et al. 2014).

In the areas with higher values of stability of bears we noticed increasing
of bear density from 0.04 to 0.07 (Table 1). Data from the non-invasive DNA
samples of bears (Straka et al., 2013; Holbova 2013) of their study area (cca 440
km?) with minimal density identified over the selected sub-periods (0.02-0.05
bear per km?) are not different as minimal data according to SGS (Table 3). The
mean data of density from SGS in area, where DNA analyses were made (Table 3,
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Holbova 2013) are not different as value of population size estimate obtained by
rarefaction method of Chessel, Eggert and capwirE (Straka et al. 2013). However
there are lower than data of the non-invasive DNA samples (Holbova 2013) over
the whole period (0.11 bear per km?). In Slovakia the bear population density
from SGS was higher (mean 0.15; SD 0.9 bear per km?) in the area with more
stable presence and at higher altitudes (Stofik et al. 2013b). Bear densities in
Slovenia regions were ranging from 0.07 to 0.20 bear per km?, locally over 0.40
bear per km? were one of the highest reported in the world (Jerina et al. 2013).
That is (0.40 bear per km?; Jerina et al. 2013) noticeably higher than max of bears
from SGS (Table 3).

Table 1. The interdependence of mean density of bear per km? (2002-2010) and altitude
and frequency of presence (%F) in evaluated segments.

Tabela 1. Zalezno$¢ pomigdzy $rednim zageszczeniem niedzwiedzi na km? (2002-2010)
a wysokos$cia n.p.m. oraz frekwencja wystepowania w badanych przedziatach (%F).

Altitude F 33% F 67% F 100% Fall Area
Frazem | Powierzchnia
(ma.s.l.)
Wysokosé bear per bear per bear per bear per
km? km? km? km? km?
n.p.m. (m)
L. os./km? L. os./km? L. os./km? L os./km?
200 0.06 0.02 0.04 1
300 0.05 0.02 0.04 24
400 0.03 0.04 0.04 0.03 148
500 0.04 0.04 0.05 0.04 322
600 0.05 0.05 0.06 0.05 362
700 0.04 0.06 0.07 0.06 238
800 0.02 0.06 0.11 0.06 176
900 0.04 0.04 0.09 0.06 83
1,000 0.02 0.05 0.10 0.06 40
1,100 0.04 0.10 0.08 24
1,200 0.14 0.05 0.06 7
All/ Razem 0.04 0.05 0.07 0.05 1,427
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Table 2. Representative attributes of changes in evaluated segments (n = 1,468) of brown
bear (Slovakia) distribution in the cross-border area with Poland and Ukraine (2002—
2010; 1,427km?).

Tabela 2. Istotne atrybuty rozmieszczenia niedzwiedzia brunatnego na Stowacji (oce-
nionych zostato 1,468 przedzialow co 1,000 m) w obszarze przygranicznym z Polska i
Ukraing (2002-2010; 1427 km?).

Years/Lata
2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2002-2010
Attributes/Atrybuty

Number of buffer
zones with bear
presence (starting
from UA border)
Liczba stref bufo- 56 62 59 58 62 49 68 61 78 84
rowych z obecno-
Sciq niedzwiedzia
(od granicy

z Ukraina)

Maximal distance
from UA border
Maksymalna odle- | 62 62 65 65 84 61 75 61 80 84
glosé od granicy z
Ukraing (km)

Number of buffer
zones with bear
presence (starting
from PL border)
Liczba stref bufo- 41 41 41 37 24 19 24 41 38 41
rowych z obecno-
Sciq niedzwiedzia
(od granicy

z Polskq)

Maximal distance
from PL borders
Maksymalna odle- | 41 41 41 37 24 19 24 41 41 41
glos¢ od granicy z
Polskq (km)

Density of bears
Zageszczenie
niedzwiedzi 0.03 | 0.04 | 0.03 | 0.05 | 0.05 | 0.07 | 0.07 | 0.05 | 0.06 0.05
(No. per km? / szt.
na km?)

Number of bears

Liczba nied?wiedzi 27 25 27 31 40 44 59 51 73

Area/Powierzchnia

55 46 52 45 49 42 53 69 78 100
(%)
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We have recorded process of increasing distribution of population (Table 2)
along the border with Poland (Fig. 1). It is probably caused by strengthening of
population in the surrounding area (Jakubiec 2001; Delehan et al. 2011; Smietana
et al. 2014) and by higher number of damages caused by bears recorded in Poland
(Sergiel et al. 2012; Smietana 2012). Contrary to this observation the temporary
decrease of bear presence has been recorded along Slovak—Ukrainian border in
2005-2008 (Table 2).

The highest values of stability together with the highest values of mean
and maximum density of bears were recorded in the north-eastern part of study
area (Table 3). The comparison of the attributes of density and stability of bear
population along the borders with Ukraine and Poland (Fig. 1) shows that higher
values of density and stability were evaluated along Slovak—Polish border
compared to the situation on Slovak—Ukrainian border (Table 3). The same results
were recorded by using of method of snow-tracking (Stofik 2012). We recorded
decreasing values of density and stability of bear presence (Table 3) in relation
to increasing distance from Poland (Bieszczady National Park), that is why we
assume the positive influence of the vicinity of Poland on bears. The similar
tendency was recorded also in Poland (Smietana et al. 2012). The next probable
reason could be influence of poaching (Stofik 2010).

There were recorded decreasing values of bear density and stability in area
with higher values of mean altitude in distance 30,001-40,000 m from Poland
in the vicinity of Ukrainian border (Table 3). This situation is probably result of
proximity of bigger villages Uli¢ (922 inhabitants) and Ubla (832 inhabitants).
Only the noticeably area with higher value of bear density (Table 3) was recorded
in the vicinity of town Sobrance (Fig. 1), but the stability was low (observation
took only 2 years).

When we compare the present and the known oldest historical data of bear
population distribution (Stofik et al. 2010) there is evident process of population
redistribution from small area along the Slovak—Ukrainian—Polish border
(Feriancova 1955; Skultéty 1970; Teray et al. 1980) back to the area (Fig. 1), where
bear population probably have been historically present (Stofik et al. 2013a). We
assumed historical area of bear distribution on the basis of bear symbol in the
historical seals of local villages originated from 18" and 19" century (Fig. 1, 3).

There was observed (Chapron et al. 2014) restoration of bears almost in whole
Europe (from WWII to the 1970s versus 2011) although authors used tendentious
spatial data for Slovakia (f.e. Stofik et al. 2013a). Increasing of number of bear
individuals (Stofik et al. 2010) and increasing of bear population distribution in
the study area (Stofik et al. 2013a) and surrounding area as well (Smietana et
al. 2014), are probably results of increasing supplemental feeding for ungulates
(Stofik et al. 2013b; Kavéi¢ et al. 2015). Supplemental feeding for ungulates is
common in Slovakia, also in Poland (Bojarska, Selva 2013), except for Bieszczady
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National Park, and sporadically used in Ukraine (Kvakivska I. in verb. 2013). In the
areas, where supplemental feeding for ungulates increase (Stofik, Mergani¢ 2013b),
were recorded higher values density from SGS (Table 3) compared to ,,estimated*
density (0.01-0.06 bear per km?) from the end of the 20th century (Janik 1997).

Fig. 3. The prints of administrative seals of the villages from the Eastern Carpathians with
symbol of brown bear: a) Runina (1837), b) Rusky Hrabovec (1837), c¢) Stuzica (1838), d)
Valaskovce (village, which has been removed in 1937), ¢) Medvedie and Krajna Porubka
(1787), f) Semetkovce (made on the basis of the seal from 1868).

Ryc. 3. Odciski pieczgci administracyjnych wsi z Karpat Wschodnich, z symbolem niedz-
wiedzia brunatnego: a) Runina (1837), b) Rusky Hrabovec (1837), c) Stuzica (1838), d)
Valaskovce (wie$, ktora przestata istnie¢ w 1937), e) Medvedie i Krajna Porubka (1787),
f) Semetkovce (wykonana na podstawie pieczeci z 1868).

The fragmentation of bear population in Slovakia into Eastern Carphatian
and Western Carphatian, resulted from fragmentation of bear habitat (Fig. 1). By
reason of connection these population is necessary to connect territory between
them. It is necessary to protect and care about all this area to preserve suitable habitat
for bear (Fernandez et al. 2012). The significant contribution to fragmentation of
population of the bear (Straka et al. 2011) were also human population increase
in the study area (Dubcova et al. 2008), changes in infrastructure of the territory
(urbanisation, building of road system, etc.) and discontinuity and isolation of
remained fragments of forests (Fig. 1).

Slanske Hills (Fig. 1, surrounded by big cities KoSice, Presov, Trebisov,
Michalovce and Vranov nad Toplou) is a locality with high probability of
presence of bear (Koren et al. 2011). It is area, where the bear has been present
in the past, what is documented in a work that deals with hunting of bears in the
hunting ground of Slanske manor at the beginning of the 20" century (Molnar
et al. 1984). According to Molnar (1984) 1-2 bears were shooted per year at
that time. Also location of Slanske Hills in higher levels of altitude (Fig. 1) and
continuous cover of forest over a large area are next positive factors for presence
of the brown bear there (Koren et al. 2011; Fernandez et al. 2012). On the other
hand isolation of this volcanic mountains and anthropogenic factors (Fernandez
et al. 2012) that are road network (Fig. 1) and density of human population (in
the west — KoSice 76 to 1,410 inhabitants per km? in the north — Presov 179
inhabitants per km?and Vranov nad Topl'ou 103 inhabitants per km?, in the south
— TrebiSov 98 inhabitants per km? and in the east Michalovce 108 inhabitants per
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km?; ©Statistical Office of SR 2011) probably have formed barriers for spreading
of’bear to Slanske Hills (ONFC SR 2011). Although some study describe presence
of the bear on the territory of Slanske hills in 2004 (f.e. Find’o et al. 2007).

Conclusions

This study work analyses spatial identification of Eastern Carphatian bear
population in Slovakia by using of methods of landscape ecology. We used data
on spring game stock (SGS) reported by game associations in years 20022010
(ONFC SR 2011) for analytic data processing in GIS software and evaluated of
changes in bear distribution. Despite the present tendency to using modern and
exact methods for monitoring (telemetry, DNA analyse, etc.) for the purpose of
bears management in extended area in practice method of SGS is mainly preferred.
We suppose that this method with all its disadvantages (diverse sizes of territories
hunting grounds, unknown observers, changes of observers, biased way of data
evaluation, etc.), has also positive sides (long-term observations within relative
stable areas, wide basis of observers who know the area, evaluation of extended
area, ,,free of charge” method). From our own experience with SGS we presume
that there are not really data collected within one day, but generally there are data
transfer from last year to next year. Despite the fact that data on SGS related to
bears are only approximate and do not reflect the real state of bear number, the
spatial analysis of those data and addition of the data on guiding mother may be
helpful in determining the status of the population (Selva et al. 2011). Bears in
the study area are evidently localised mainly along the border with Poland and
Ukraine. We evaluated influence of neighbouring countries on Slovak part of
population. We recorded stabilisation of bear distribution along the border with
Poland, which means decreasing values density and stability of bear presence
in relation to increasing distance from Poland (Bieszczady National Park). We
assume that it could be caused by decreasing altitude, habitat fragmentation
and probably poaching. Stability of presence and density of bear population is
decreasing in relation to decreasing altitude. Despite the fact that we have only
partial data from distant past on state of bear in the study area, we used indirectly
historical data on bear presence from administrative seals with pictured particular
animals. On the basis of them we can predict presence of concrete species typical
of that area. The present distribution of bear is comparable to the area of the
villages with symbol of bear in administrative seals 150 years ago (Fig. 3).
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Streszczenie

Niniejsza praca analizuje rozmieszczenie przestrzenne wschodniokarpackiej
populacji niedzwiedzia brunatnego na Stowacji, przy pomocy metod ekologii kra-
jobrazu. Wykorzystane zostaty dane z wiosennych ocen zasobow zwierzat fow-
nych (SGS) podawanych przez stowarzyszenia towieckie w latach 2002-2010
(© NFC SR 2011) do analizy przestrzennej danych w GIS w celu oceny zmian
w rozmieszczeniu niedzwiedzia brunatnego. Pomimo faktu, Zze wiosenne dane
dotyczace liczebnosci niedzwiedzi sa jedynie orientacyjne i nie odzwierciedla-
ja rzeczywistego stanu liczby osobnikow, analiza przestrzenna tych danych jest
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dobra alternatywa. Ze wzgledu na fakt, ze niedzwiedzie na badanym obszarze sa
obecne wzdtuz granicy z Polska i Ukraing, oceniano rowniez wplyw tych krajow
na populacj¢ stowacka. Stabilno$¢ wystgpowania niedzwiedzi oraz zaggszcze-
nia populacji maleja wraz z obnizeniem wysokosci n.p.m. Stwierdzona zostata
stabilizacja rozmieszczenia niedzwiedzia wzdtuz granicy z Polska, jak roéwniez
okreslono, ze obecny areal niedzwiedzia jest podobny jak przed 150 laty (co wy-
wnioskowano na podstawie odciskow pieczgci administracyjnych wsi z Karpat
Wschodnich, z symbolem niedzwiedzia brunatnego).



