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Abstract

Using hunting bags data, spatial and temporal changes in population densities of
the mouflon in 1981-2020 in south-west Poland (29 358 km2, including 8411 km2
forests) have been analysed. In south-west Poland, the mouflon was introduced in
1902. The population increased from 5 to 134 individuals in 1925, reaching 1100
individuals in 1939. From the 1950s to 1972, the mouflon population in south-west
Poland fluctuated around 200 individuals. Later, it began to decrease, reaching its
minimum (36 individuals) around 1981. During the subsequent years of 1981—
1990, the population increased to 219 individuals, and had reached 576 individuals
by 2001. This exponential growth continued until 2011, when it reached its second
(the first one with 1100 individuals was in 1939) maximum, fluctuating around
1400-1500 individuals until 2016. The maximum number of 1478 individuals was
reached in 2016. In the following years it began to decline again, reaching the level
of 1215 individuals in 2019. The crude population density ranged from 0.01 to 7.02
individuals per 1000 ha, whereas the ecological density ranged from 0.01 to 17.72
individuals per 1000 ha of forests in particular ecoregion in south-west Poland
(based on the average from 2001-2020). The pattern of population growth in the
whole of Poland was similar to that in Lower Silesia. Up to 1987 mouflons were
restricted in Poland to Sudety Mts. and Swictokrzyskie Mts. In the subsequent
years, more and more mouflons were successfully introduced in other parts of the
country. However, at the beginning of the 21st century, 2/3 of mouflons still occur-
red in the Sudety Mts. The remaining mouflons live in isolated and small popula-
tions in the following provinces: Kujawsko-Pomorskie, Opolskie, Podkarpackie,
Kieleckie, Pomorskie, Warminsko-Mazurskie, and Wielkopolskie. The population
in south-west Poland comprise therefore about half of that in the whole of Poland,
but merely 8.6 % of the population in the Czech Republic, and 1.5% of the global
population. A total of 3584 mouflons were shot in south-west Poland in 1981—
2019. In 1981-1989, only 17 individuals were harvested, whereas 235 in 1990—
1999, 1002 in 2000-2009, and 2277 in 2010-2019. Most harvested animals origi-
nated from Walbrzych (n = 3525), much less from Legnica (n = 74) and Opole
(n=40) hunting regions.
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JAunamika ynceabHOCTI My(ioHa (Ovis aries musimon) Ha iBJAEHHOMY 3aX0/i
Houbmi nporsirom 1981-2020 pokis

I'kero:xk Komiii

PesromMe. BukopucroByroun maHi MUCIMBCHKHX TpodeiB, IpoaHANi30BaHO IIPOCTOPOBO-YACOBI 3MiHH IIiJIb-
HoCTi momyrAmii Mydora mpotsrom 1981-2020 pp. Ha TepuTopii miBxeHHO-3axixHOT [Tombmi (29 358 kM2, 3
Hux 8411 km? micis). Ha miBaenromy 3axoxi Homemi Mydon 6ys inTpogykoBanmii y 1902 p. Y 1925 p. mo-
myssinig 3pocna 3 5 1o 134 ocobun, a B 1939 pomni nocsarna 1100 ocobun. 3 1950-x no 1972 p. momysmawis
My(ioHa Ha niBaeHHOMY 3axofi [lonbmn xonmuBanacs Ha piBHI 200 ocobuH. 3 TOro yacy BOHA movaja 3MEH-
LIyBaTHUCS, TOCATHYBIIN CBOT0 MiHIMyMY (36 ocobun) npubnusno B 1981 pomi. [Ipotarom HactynHux 1981—
1990 poxiB momymstist 3pocia 1o 219 oco6uH, a 1o 2001 poky — 1o 576 ocobun. Lle excrioHeHIiaIbBHE 3pO-
cranHs TpuBaIo 10 2011 p., KoM BOHA OCATIIa CBOTO APYroro Makcumymy (nepumii pa3 1100 ocobun 6yB y
1939 p.), konmuBarouuck Ha piBHi 1400—1500 ocobun m0 2016 p. MakcuManbsHOI uncenbHOCTI 1478 ocoOuH
nocsrayTo y 2016 p. YV HacTymIHI pOKH BOHA 3HOBY IOYajia 3HIKYBAaTHCS, TOCATHYBIIN PiBH 1215 ocobuH y
2019 p. 3aranpHa miieHiCTs HOMyIALii KonuBanacs Big 0,01 mo 7,02 oco6un Ha 1000 ra, Toxi K eKoJIoTiuHA
nrineHicTs KonmuBanacs Bifg 0,01 go 17,72 ocobun Ha 1000 ra ticiB y KOHKPETHOMY €KOPETiOHI Ha MiBAEHHO-
My 3axofi [Toxpmni (Ha ocHOBI cepenHboro nokasHuka 3a 2001-2020 poku). XapakTep 3pOCTaHHS HOMYIIALIT
y Bciii [Tonpmi OyB moaidHuUM 110 TOTO, 0 cnocTepiraBes y Hukwiit Cinesii. o 1987 p. mydmonu B [Tonpmmi
Oymu 3ocepemkeri B Cynerax i CBEHTOKIINCHKUX ropax. Y HACTYIHI POKH Bce Ourblne i Guibie MyQIoHiB
YCHIIIHO iIHTPOAYKYBAJIH B iHIINX YacTHHAX Kpaiau. OxHak Ha moyatky XXI cr. B CymeTchkux ropax Bce e
Menikaio 2/3 myduoHniB. Pemra MydiIoHiB )KHBYTh 130750BaHUMH | HEBEJIMKAMHU MOMYISIISIMI B HACTYITHHX
BoeBozcTBax: KysBcbko-IlomopcekoMy, OmnonbscbkoMy, Ilinkapnarcekomy, Kenermpkomy, Ilomopcbkomy,
Bapwminceko-Mazypcskomy Ta BenukononscskoMy. Takum 4uHOM, TOMYIIALisS My(JIOHIB y HiBICHHO-CXiTHIN
IMonbmi craHOBUTH OMM3BKO MONOBHHM HaceneHHs Beiel [lompmmi, ane mume 8,6% nomysmsinii Yecskoi Peciry-
6miku i 1,5% cBiToBOI momymawii. 3aranom 3584 mydaoHiB Oyio BiACTpiNsIHO Ha miBAeHHOMY 3axoai [Tompmi
mpotsroM 1981-2019 pokis. ¥ 1981-1989 pokax Oymno BmosnsoBaHo jnuiie 17 ocobus, y 1990-1999 pokax —
235, y 20002009 pokax — 1002, a B 2010-2019 pokax — 2277. BinbIicTh 100yTHX TBApUH MOXOHTH 3
Ban6xuxcekoro (n = 3525); 3HauHo MeHme 3 Jlernunpkoro (n = 74) ta Ononbebkoro (n = 40) MUCITUBCEKUX
perioHiB. [Tonbcpka momysinis owiHOETHCS pHOIH3HO B 3000 0cOOHH.

Knio4oBi cimoBa: ekosorist IMKOi IpUpPOIH, JMHAMIKA TIOMYJIALIH, iHTPOIYKOBaHI BUIIH.

Introduction

The mouflon Ovis aries musimon is one of the three representatives of the family Bovidae in
Poland. Its natural range is restricted to the Lesser Caucasus (eastern Turkey, Armenia, and Azerbai-
jan) and the Zagros Mts. in Iran. However, since the Neolithic, it has been domesticated and/or in-
troduced to many places in Europe. The introduced mouflons were regarded as a subspecies of the
wild mouflon (Ovis gmelini), but today they are considered as feral descendants of the domestic
sheep Ovis aries [Gentry et al. 2004].

In 1902, the mouflon was introduced in the Sudety Mts. (Lower Silesia, Poland), from a stock
that originated from Sardinia and Corsica [Pax 1925]. A rationale for this introduction was hunting.
After several repeated introductions, the mouflon has established viable populations in some regions
of Poland, so that at the beginning of the 21st century, there were c. 3000 individuals. Most of them
(68%) occur in Lower Silesia, south-west Poland [Nasiadka et al. 2015, 2021].

Although the mouflon is an attractive and highly valued game animal, its population should be
regularly monitored to prevent the species from degeneration [Bobek ez al. 2014]. If it reaches a too
high level of population density, it may cause some damage to the natural environment [Szczg$niak
2011], which can be especially acute in natural areas, such as national parks, landscape parks or
nature reserves.

This paper presents data on the development of the mouflon population in south-west Poland
from its first introduction in 1902 until 2020, with a year-to-year analysis of spatial and temporal
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changes between1981 and 2020. A more detailed analysis is applied here compared to other studies,
as numbers are given for each year and for each hunting district.

Study area

The study area comprised two provinces (actual voivodships) in south-west Poland, i.e. Opole
Province (Wojewddztwo Opolskie) and Lower Silesia Province (Wojewddztwo Dolnoslaskie).
These include the following hunting regions (former voivodships as of 1975-1999): Opole,
Wroctaw, Legnica, Walbrzych, and Jelenia Gora. Nowadays, the Opole hunting region is entirely
located within the Opole Province, while the four other hunting regions are located within the Lower
Silesia Province. Opole, Wroctaw, and Legnica hunting regions are basically lowlands, while there
are mountains in the southern parts of the Watbrzych and Jelenia Gora hunting regions.

The total surface area of such defined study area is 29 358 km®, which constitutes 9.4% of Po-
land’s surface area. The land is located almost entirely within the Odra drainage system. Forests
occupy 8411 km’, i.e. 28.6% of the study area. There are 42 districts, 240 counties (gminas), 127
towns and 3406 villages. The number of people living in this area was 3.87 million in 2020.

Each hunting region is covered with a net of hunting districts (Fig. 1). Although all hunting dis-
tricts include both forested and arable grounds, the proportion between them varies (Fig. 2). There
are also meadows and pastures, human settlements (towns and villages), rivers and water bodies,
waste and industry areas in each hunting district.

The average annual air temperature in the lowlands in south-west Poland is 10.6°C, for the Su-
deten Mts is 9.0°C (the average for Poland is 9.9°C). This average has increased form 7.6°C in 1981—
1990 to 9.3°C in 2020 (0.29°C per 10 years) [IMiGW PIB 2021]. The long-term (1901-2000) aver-
age precipitation for Wroctaw is 583 mm per annum (in the Sudeten Mts. the average is doubled).
The amount of rainfall may greatly vary from year to year (318—892 mm) [Dubicka et al. 2002]. In
the first half of the 20th century, the rainfall was above the long-term average in most decades (ex-
cept for 1901-1910); while in the second half of 20th century, the rainfall was below the long-term
average (583 mm) in most decades (except for the years 1971-1980) [Dubicka et al. 2002]. In south-
west Poland, snow cover lasts for 30—40 days per year in the lowlands, 40—50 days in the uplands,
and 70-80 days in the mountains. In 1981-2020, the most snowy winters were in 2005-2006 and
20092010, whereas the least snowy winters were in two successive winters between 1988—1990
and 20062008 [Czarnecka 2012; Kopij & Panek 2016: Kopij 2022].

Fig. 1. The study area in
south-west Poland divi-
ded into hunting districts,
5 hunting regions and
19 ecoregions.

Puc. 1. Tepuropis m0-
CHIPKEHHS,  IIBICHHUMN
3axig Ilonemmi, mominena
Ha MHCITUBCHKI OKpYTH: 5
MHUCITUBCHKHX paioHIB 1
19 exoperioHiB.
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Fig. 2. Forest cover in
particular hunting district
in south-west Poland in
2020.

Puc. 2. JlicoBigHOBIIEHHS

O no data B OKPEMHUX MHUCIHBCHKUX
palioHax Ha IiBACHHOMY
3axoni Ilompmi y 2020
poui.
Material and Methods

This study is based on records from the years 1981-2020 kept by the Polish Hunting Associa-
tion Research Station in Czempin near Poznan. Records refer to the number of mouflons harvested
(hunting bags) and the number of these estimated (quotas) for each hunting district (hunting ground,
management area) located in south-west Poland, i.e. in five hunting regions (HR): Opole, Wroclaw,
Watbrzych, Legnica, and Jelenia Gora.

In the entire period of 19802020, estimations were based on the same rules as applied to other
game mammals in south-west Poland [Kopij 2022, 2023; Kopij & Panek 2016]. At the beginning of
spring of each year, members of a hunting club of a given hunting district and staff of forest districts
located within this hunting district attempted to estimate the numbers of mouflons in their respective
hunting district. This estimation was based on direct field observations conducted throughout the
year in a given hunting district, as well as on the subjective opinions of experts.

During drive counts, forest compartments were selected for a survey. Such compartments cover
about 10% of the surface area of a given hunting region. Each selected compartment was surrounded
by observers, who were spaced from one another at a distance of 50-100 m, so that visual contact
was maintained. The observers on three sides were stationary, while those on the remaining side
moved inside the compartment, ‘combing’ the whole area of this compartment. All observers rec-
orded all mouflons passing through the line of observers on their right side only, and the observers
recorded all mouflons entering or leaving the surveyed compartment [Zalewski et al. 2018]. Obser-
vations were analysed, summarised and assumed as estimations.

According to the Polish Hunting Code, male mouflons can be hunted from 1 October to the end
of February, females and young mouflons from 1 October to 15 January (Dz. U. 2020.1683).

For each hunting district, the following parameters were calculated: the total surface area (in-
cluding towns, villages, and roads), the percentage of arable land cover, and the percentage of forest
cover. These calculations were made by the Polish Hunting Associations and were continually up-
dated if any changes in the land use structure took place.

Harvested numbers are expressed as the total number of mouflons shot in a given hunting dis-
trict in given hunting seasons. Each hunting season begins on 1 April and ends on 31 March of the
next year.
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Results and Discussion

In south-west Poland, the mouflon occurs in Lower Silesia and Opole Silesia provinces. In
Lower Silesia, it occurs in the Sudety Mts. and at five isolated sites in the lowlands: 1) 31/36 hunting
districts in Legnica Hunting Region (HR); 2) 8 hunting district in Legnica HR; 3) 69 hunting district
south-east of Legnica; 4) 32/51 hunting districts near Bolestawiec in Jelenia Gora HR; 5) 4/5 hunting
districts in Dolnoslgskie Forests in Jelenia Gora HR (Figs. 3—4). To date, no mouflons were intro-
duced to Wroctaw HR in Lower Silesia.

No mouflons occurred in Opole Silesia (Opole Hunting Region) before 2010 [Kopij, 1996,
2017; Kopij et al. 2015]. In 2003, mouflons were introduced to the Opawskie Mts. in the southern
part of this region (Prudnik Forests Inspectorate). In 2011-2020, some individuals came to the
Opawskie Mts. from the Czech Republic and with the introduced animals they have established a
small population near Trzebinia (109 hunting district in Opole HR).

In the same decade, seven animals have been introduced to Chelm Hill around St Anna Mt. in
the eastern part of Opole HR (90/91 hunting districts). In 2017, several mouflons were kept in an
enclosure in Gtubczycki Forest near Glubczyce. These animals are intended to be released to this
forest and to the eastern part of the Opawskie Mts. (Mokre and Opawice forest districts).

STATUS
2001-2010

HARVEST
2001-2010

(TITE

STATUS e HARVEST
2011-2020 ; k 2011-2020

Fig. 3. Estimated mean number (maps in left column) and the number of harvested (maps in right column) mouflons
in particular hunting districts in south-west Poland in 2001-2010 and 2011-2020.

Puc. 3. Po3paxyHkoBa cepeHsi YMCEIbHICTh (KapTH B JIBil KOJOHII) Ta KUIBKICTh T0OYTHX My(QIIOHIB (KapTH B mpa-
Biif KOJIOHIII) B OKpEMUX MHCIIMBCHKUX paifoHax Ha miBaeHHoMy 3axoai [Tomsii npotsrom 2001-2010 ta 2011-2020
POKiB.
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Fig. 4. Total abundance and popula-
tion trends of mouflons in particular
hunting districts in  south-west
Poland in 2001-2020.

Puc. 4. 3aranpHa YHCENBHICTH Ta
JMHAMIKa YUCENHHOCTI My(JIOHIB B
OKPEMHUX MHUCIHMBCHKHX paloHaX Ha
niBreHHOMY 3axoxi Ilomsmii mpots-
rom 2001-2020 pp.
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Table 1. Population densities (individuals per 1000 ha) of the mouflon (average from 2001-2020). Symbols in the
first column (C, E, F, ...) refer to those in Fig. 1. Ecological density refers to the number of harvested mouflons/1000
ha of forest, whereas the crude density refers to the number of harvested mouflons/1000 ha of the total surface area

Tabmum 1. IineHicTs momymsawiii (ocobun Ha 1000 ra) myduona (cepente 3a 2001-2020 pp.). CumBonu B mepuriit
xononui (C, E, F, ...) BinnoBigaioTs gaHuM Ha puc. 1. Exonoriuna minbHICTh 03HAYa€e KUIBKICTh JOOYTHX MY(IIOHIB
Ha 1000 ra micy, Tofi sik 3arajbHa MTbHICTh — KUIbKiCTh 100yTHX MyduoHiB Ha 1000 ra 3aranpHOI o

# |Region Hunting districts Surface area [ha] % Popul. density

general | forests | forests | ecol. | crude

Jelenia Gora Hunting Region

C  West Sudeten Mts. 54,55, 66,71, 78, 80 28332 20249 71.5 0.01 0.01
Legnica Hunting Region

E  Southern (hills) part 62,67,69,71,72,78 29 400 3754 12.8 0.16 0.02
Walbrzych Hunting Region

F  Sudeten Upland 6,7,21,31, 38,39 26 700 3730 14.0 0.11 0.01

G Middle Sudeten Mts. 10, 18, 23, 25, 28, 30 26715 10576 39.6 1772 7.02

H East Sudeten Mts. 54,67, 69, 70, 72, 82 16 191 9491 58.6 0.09 0.05
Opole Hunting Region

P Eastern part of the Opole 82, 83,91, 123, 126, 129 41259 20721 50.2 0.02 0.01
Province

T  Glubcezyce Plateau 105, 109, 132, 133, 138, 146 34 320 2258 6.6 6.04 0.26

The crude population density ranged from 0.01 to 7.02 individuals per 1000 ha, whereas the
ecological density ranged from 0.01 to 17.72 individuals per 1000 ha of forests in particular ecore-
gion in south-west Poland (Table 1).

In south-west Poland, the mouflon was introduced in 1902: five individuals were released in the
Sowie Mts. [Pax 1925]. By 1915, this stock had increased to 4 rams and 16 ewes [Pax, 1925]. In
1920, 6 individuals were also introduced to the Karkonosze Mts. There were at least six additional
introductions in the Sudety Mts. until 1945 [Kopij 2017]. As a result, the population increased to
134 individuals in 1925 [Pax 1925], reaching its maximum in 1939, i.e. 1100 individuals according
to Nowak [1968], but only 200-300 individuals according to Nasiadka et al. [2021]. The number of
1100 individuals given for the year 1951 [Szczepkowski, 1951a-b] is evidently an error. Graczyk
and Bereszynski [1992] estimated the number at 350-380 individuals in 1948, while Nowak [1968]
estimated the number at 180-200 individuals in 1955. It looks as if Szczepkowski [1951a-b] as-
sumed that the number from 1939 remained at the same level until 1951. However, due to illegal
hunting, the population decreased during the Second World War, with only 350-380 animals record-
ed in 1948 [Graczyk & Bereszynski 1992].

From the 1950s until 1972, the mouflon population in south-west Poland fluctuated around
200 individuals [Nowak 1968; Kopij 2017), and later it began to decrease, reaching its minimum
(36 individuals) around the year 1981 (Fig. 5). The population decreased, therefore, to the level of
the early 1920s. However, in 1981-1990, the population recovered to 219 individuals, and to 576
individuals by the year 2001. This exponential growth continued until 2011, when it reached its sec-
ond (the first one with 1100 individuals was in 1939) maximum, fluctuating around 1400-1500 indi-
viduals until 2016. The maximum number of 1478 individuals was reached in 2016. In the following
years, it began to decline again, reaching the level of 1215 individuals in 2019 (Figs 5-6).

This general growth pattern in south-west Poland was especially evident in the Watbrzych HR.
There were only 20 mouflons in 1981. The population gradually increased until it reached c. 1300
animals in 2016, then it began to decrease, reaching a level of 1052 individuals in 2019 (Fig. 5). In
Jelenia Gora HR, the population increased from 16 individuals in 1981 to 99 individuals in 1999,
and then it began to decrease to 12 individuals in 2001. It again increased to 105 individuals in 2013,
and again decreased to 52 individuals in 2019. In Legnica HR, only 8 animals were introduced in
1990, the population increased to 99 in 2005 and to 167 in 2015, and then it decreased to 99 in 2019.
In Opole HR, 12 mouflons were introduced in 2002, the herd increased to 39 in 2009 and then began
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to decrease, reaching the initial number 12 in 2019 (Fig. 5). The rapid increase of the mouflon popu-
lations in 2001-2020 was evidenced in most hunting districts (see Fig. 4).
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Fig. 5. Changes in the number of estimated and harvested mouflons in particular hunting regions (above) and in the
whole of south-west Poland (below) in 1981-2020.

Puc. 5. 3minn KinpKoCTi 00JIiKOBaHNX Ta JOOYTHX My(JIOHIB B OKpEMUX MHCIMBCHKUX perioHax (Bropi) Ta B IiJIoMy
Ha niBeHHOMY 3axozi [lonpmi (BHU3Y) mpoTsarom 1981-2020 pp.
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Fig. 6. Population dynamics of the mouflons (number of estimated individuals) in south-west Poland from its first
introduction in 1902 to 2019. Arrows indicate introductions (after [Kopij 2017], with minor modifications).

Puc. 6. [lnnamika uncenpHOCTI My(IioHa (KiIBbKICTh 00JIIKOBaHHX O0COOMH) Ha miBAeHHOMY 3axoxi [Toxibmi 3 MoMeH-
Ty Horo mepmoi inTpoaykuii B 1902-2019 pp. Crpinkamu BkazaHo iHTpoxaykuii (3a [Kopij 2017], 3 HeBenukuMuU
3MiHAMH).

In total, 3584 mouflons were shot in south-west Poland in 1981-2019. In 1981-1989, only
17 individuals were harvested, whereas 235 in 1990-1999, 1002 in 2000-2009, and 2277 in
2010-2019. Most harvested animals originated from Walbrzych (n = 3525), much less from the
Legnica (n = 74) and Opole (n = 40) hunting regions (see: Fig. 5).

The global population size of clear mouflons is over 100 000, with 90% of the population in Eu-
rope, mainly in the Czech Republic (17 500), Germany (15 600) and Hungary (11 000) [Macdonald
& Barrett 2001]. The Polish population is estimated at approximately 3 000 animals (Nasiadka et al.
2021]. The remaining mouflons live in isolated and small populations in the following provinces:
Kujawsko-Pomorskie, Opolskie, Podkarpackie, Kieleckie, Pomorskie, Warminsko-Mazurskie, and
Wielkopolskie. The population in south-west Poland comprises therefore about half of that in the
whole of Poland, but merely 8.6% of the population in the Czech Republic, and 1.5% of the global
population.

In this study, the numbers of mouflons are based on hunting bags statistics and quotas. These
numbers are slightly different from those given by Nowakowski et al. [2007]. They have counted
1447 (806 rams and 641 ewes) and 1324 mouflons in 2005 and 2007, respectively [Nowakowski et
al. 2007]. In 2005, mouflons reached the highest population density in the following forests inspec-
torates: 10 ind./100 ha in Watbrzych, 6 ind./100 ha in Jugéw and Bardo, 4 ind./100 ha in Swidnica
and Jawor, and 3 ind./100 ha in Ladek Zdrdj. Much lower population density was recorded in
Szklarska Poreba, Kamienna Gora and Duszniki Zdréj (1-2 ind./100 ha) and Ziotoryja (<11 ind./100
ha) [Nowakowski et al. 2009].

Bobek et al. [2014] recorded similar numbers. They have estimated the Silesian population in
2014 at c. 2000 individuals, with 2/3 in the Sudety Mts. The main populations in the Sudety Mts.
were recorded in the Sowie/Bardzkie Mts. (c.1000 ind.), Walbrzyskie/Kamienne Mts. (c. 500 ind.),
Kaczawskie Mts. (c. 350 ind.), Snieznik/Bialskie/Ztote Mts. (c. 100 ind.), Stotowe Mts. (64 ind.),
and Karkonosze Mts. (50-70 ind.).

The pattern of population growth in the whole of Poland was similar to that in Lower Silesia.
Up to 1987 mouflons were restricted in Poland to the Sudety Mts. and Swigtokrzyskie Mts. [Kup-
czynski 1975; Pucek & Raczynski 1983; Pucek 1984]. In the subsequent years, more and more
mouflons were successfully introduced in other parts of the country.
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However, at the beginning of the 21st century, 2/3 of muflons still occurred in the Sudety Mts.
From 1954 to 1972, the population increased from c. 50 to ¢. 100 individuals. From 1972 to 1987, it
increased to c. 500 ind., reaching c. 1500 ind. in 1993-2002 and further increasing to c. 2800 ind. by
2007, and 2901 ind. by 2014. In 1982-2014, populations increased in all mountains of the Sudety,
except for the Karkonosze Mts., where the population decreased, and the Kaczawskie Mts. where it
fluctuated [Nasiadka et al., 2021].

There are several factors affecting the population size of mouflons in south-west Poland. Snowy
winters and low winter temperature in mountains may cause high mortality especially among young
animals. However, mouflons often migrate to lower parts of mountains in winter feeding on cultivat-
ed plants in arable lands. Lambs may be killed by foxes, racoon dogs, and stray dogs. Poaching may
be a problem in some regions. Lack of protection and supplementary feeding in winter may contrib-
ute to low survival rates. Diseases and parasites can also play an important role. Mouflons may be-
come a source of Lyme disease and salmonella infections in pets and farm animals [Glinski & Zmu-
da 2021]. They are also reservoirs of numerous parasites. The following endoparasites were recorded
in mouflons living in Poland: Cystocaulus nigrescens, Dicrocoelium dendriticum, Dictyocaulus
filaria, Dictyocaulus viviparus, Muellerius capillaris, Neoascaris sp., Protostrongylus kochi, Stron-
gyloides sp., Trichocephalus sp., Trichostrongylus sp., and Trichuris ovis [Soltysiak & Bartczak
1991; Bartczak & Okulewicz 2014; Balicka-Ramisz er al. 2017; Pacon 1994; Pacon et al. 2007].

For proper management, information on diet composition, niche breath and its overlap with oth-
er ungulates are necessary for assessing carrying capacity in the context of the guild of other ungu-
lates, especially the red deer Cervus elaphus. In the same time, reliable population estimates of
mouflons and other ungulate species is required, as well as proper assessment of the food base. The
mouflon is a variable grazer, feeding on a wide range of plants. Marchend et al. [2013] listed
661 plant species consumed by the mouflon and calculated their overall diet composition as follow:
grass—35%, forbs—24%, shrubs—16%, other—25%. If too much grass biomass is present in the
mouflon’s diet, it may indicate food shortage in the habitat [Bobek ez al. 2014]. If excessive density
is reached by mouflons or/and other ungulate species, the herd must be reduced or the habitat must
be enriched (e.g. by clear cutting) and improved by supplementary feeding. If the density remains
excessive for a prolonged time, the horns of rams often show abnormal growth. Sharp tips of abnor-
mally coiled horns may cause neck wounds and subsequently death of 4-5 years old animals [Bobek
et al. 2014; Wajdzik et al. 2014].

Mouflons may cause some damage to natural vegetation, decreasing local herb layer diversity
and causing local extinction of specialised forest and rupicolous plant species [Szcze$niak 2011].
This may be, therefore, a problem in some protected areas such as national parks and reserves, where
thermophilous forms of linden—maple forests and rupicolous habitats prevail. Mouflons should be
restricted or dislocated from such areas, as management of mouflons in natural habitats must not
collide with nature conservation.

Declarations

Funding. The author received no specific funding for this work. The study was supported logistically by the
Wroclaw University of Environmental and Life Sciences.

Conflict of interests. The author has no conflicts of interest to declare that are relevant to the content of this
article.

Handling of materials. All manipulations with living animals were carried out using non-lethal techniques and
in compliance with the current legislation of Poland.

References

Balicka-Ramisz, A., L. Laurans, P. Jurczyk, E. Kwita, A. Ra- lon Ovis aries musimon in Lower Silesia on the Basis of Co-
misz. 2017. Gastrointestinal Nematodes and the deworming proscopic Examinations. Annales of Parasitology, 60: 253—
of Mouflon (Ovis aries musimon) from Goleniowska Forest 258.
in West Pomerania Province, Poland. Annales of Parasito- Bobek, B., W. Frackowiak, J. Furtek, D. Merta. 2014. Integra-
logy, 63:27-32. tion of introduced mouflons with the local population in the

Bartczak, R., A. Okulewicz. 2014. Epizootic Situation of Mouf- Sudety mountains. Balkan Journal of Wildllife Research, 1:



Population dynamics of the mouflon (Ovis aries musimon) in south-west Poland in 1981-2020 181

82-86.

Czarnecka, M. 2012. Czgstotliwo$¢ wystgpowania i grubo$é
pokrywy $nieznej w Polsce. Acta Agrophysica, 19: 501-514.

Dubicka, A., M. Dubicki, M. Szymanowski. 2002. Klimat
Wroctawia. In: Smolnicki, K., M. Szykasiuk (eds). Srodo-
wisko Wroctawia. Informator 2002, 9-25. Dolnoslaska
Wroctaw: Fundacja Ekorozwoju.

Gentry, A., J. Clutton-Brock, C. P. Groves 2004. The naming of
wild animal species and their domestic derivatives. Journal
of Archaeological Science. 31 (5): 645-651. CrossRef

Glifiski, Z., A. Zmuda. 2021. Zwierzeta fowne rezerwuarem
choréb zakaznych dla zwierzat hodowlanych. Zycie Wetery-
naryjne, 96 (8): 559-565.

Graczyk, R. A. Bereszynski. 1992. Introdukcja muflona Ovis
ammon musimon (Pallas, 1881) w Wielkopolsce. Roczniki
AR w Poznaniu, Zootechnika, 43: 41-46.

IMiGW 2021. Klimat Polski 2020. Meteo, Warszawa, 1-44.

Kopij, G. 1996. Statystyka zwierzyny fownej w wojewodztwie
opolskim w latach 1963—1989. Przyroda Slgska Opolskiego,
2:1-43.

Kopij, G. 2017. Expansion of alien carnivore and ungulates
species in SW Poland. Russian Journal of Biological Inva-
sions, 8: 290-299. CrossRef

Kopij, G. 2022. Population densities of the wild boar Sus scrofa
in SW Poland in 1981-2020. Theriologia Ukrainica, 24:
171-183. CrossRef

Kopij, G. 2023. Spatial and temporal variation in population
densities of the roe deer Capreolus capreolus and the red deer
Cervus elaphus in SW Poland. Agriculture and Forestry, 69
(1): 139—154. CrossRef

Kopij, G., A. Adamiec, M. Panek. 2015. Dynamika liczebnosci
zwierzyny fownej w powiecie glubczyckim w latach 1982-
2006. Przyroda Slgska Opolskiego, 21: 22-41.

Kopij, G., M. Panek. 2016. Effect of winter temperature and
maize food abundance on long-term population dynamics of
the wild boar Sus scrofa. Polish Journal of Ecology, 64:
436—441. CrossRef

Kupcezynski, J. 1975. Muflon (Ovis musimon L.) w polskich
Sudetach. Sylwan, 119 (3): 81-83.

Macdonald, D. W., P. Barrett. 2001. Mammals of Europe.
Princeton University Press, Princeton, 1-312.

Marchand, P., C. Redjadj, M. Garel, J.-M. Cugnasse, D. Maill-
ard, A. Loison. 2013. Are mouflon Ovis gmelini musimon
really grazers? A review of variation in diet composition.

Mammal Review, 43: 275-291. CrossRef

Nasiadka, P., M. Wajdzik, J. Skubis. 2015. Current state of
research on mouflon (Ovis musimon) as a basis for manage-
ment, protection or elimination of this species from Poland.
Sylwan, 159 (5): 381-391.

Nasiadka, P., M. Wajdzik, J. Skubis. 2021. A comprehensive
over 100 years history of mouflon (Ovis musimon) in Po-
land: from the promising beginning in 1902 to questionable
future in 2014 — a case study of wildlife management histo-
ry. Applied Ecology & Environmental Research, 19: 993—
1017. CrossRef

Nowak, E. 1968. Muflon w Polsce. £owiec Polski, 11: 4-5.
CrossRef

Nowakowski, P., K. Chudoba, M. Piasecki. 2009. European
mouflon (Ovis orientalis musimon Schreber, 1782) in the
ecosystem of Lower Silesia. Annales Universitatis Mariae
Curie-Sktodowska, 27 (4): 7-13. CrossRef

Pacon, J. 1994. Pasozzyty muflondw, jeleni i sarn z terenu Dol-
nego Slaska. Wiadomosci Parazytologiczne, 40: 279-292.

Pacon, J., K. Jasiniski, Z. Sottysiak. 2007. Pasozyty wewngtrzne
muflonéw (Ovis musimon) z wybranych terenéw Dolnego
Slaska. Annales of Parasitology, 53: 55-121.

Pax, F. 1925. Wirbeiterfauna von Schlesien. Verlag von Gebru-
der Borntraeger, Berlin, 1-557.

Pucek, Z. (red.). 1984. Klucz do oznaczania ssakow Polski.
PWN, Warszawa, 1-356.

Pucek, Z., Raczynski, J. 1983. Atlas rozmieszczenia ssakow w
Polsce. PWN, Warszawa, 1-188.

Sottysiak, Z., R. Bartczak. 1991. Inwazja nicieni ptucnych z
rodziny Protostrongylidae u muflonéw zamieszkujacych
Gory Sowie. Medycyna Weterynaryjna, 47 (4): 160—161.

Szczepkowski, J. J. 1951a. Warunki i mozliwosci hodowli
muflonéw w Polsce. Lowiec Polski, 8: 2—4.

Szczepkowski, J. J., 1951b. Muflon. Warszawa: PWRIL, 1-48.

Szczeséniak, E. 2011. Obecno$¢ muflonéw Ovis aries musimon
w Polsce — czy to naprawde konieczne? Chronmy Przyrode
Ojczystq, 67 (2): 99-117.

Wajdzik, M., K. Witek, P. Nasiadka, J. Skubis. 2014. Jako$¢
trofealna muflonow trykow pozyskanych w Gorach. Sylwan,
158 (12): 911-919.

Zalewski, D., H. Okarma, M. Panek. 2018. Monitoring liczeb-
nosci i jakosci populacji dzikich zwierzgt. UW-M, Olsztyn,
1-122.


https://www.mammaldiversity.org/explore.html#species-id=1006204
https://www.mammaldiversity.org/explore.html#species-id=1006204
https://doi.org/10.1016/j.jas.2003.10.006
https://doi.org/10.1134/S2075111717030031
https://doi.org/10.15407/TU2415
https://doi.org/10.17707/AgricultForest.69.1.12
https://doi.org/10.3161/15052249PJE2016.64.3.013
https://doi.org/10.1111/mam.12000
https://doi.org/10.15666/aeer/1902_9931017
https://doi.org/10.5604/20845308.1147171
https://doi.org/10.2478/v10083-009-0015-9

