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Movements of a male greater spotted eagle (Clanga clanga) during its 2" and
3rd calendar years

Pohyby samca orla hrubozobého (Clanga clanga) pocas jeho druhého a treticho
kalendarneh roku

Mike MCGRADY, Matthias SCHMIDT, Georgina ANDERSEN, Christiane MEYBURG, Ulo VALI,
Faisal ALLAMKI & Bernd-Ulrich MEYBURG

Abstract: The greater spotted eagle (Clanga clanga) is poorly known compared to other European eagles. We tracked an imma-
ture greater spotted eagle during 2018-2020 within the eastern European part of the species’ distribution, west of the Ural Moun-
tains. Because so little is published about the annual movements of this species, especially from that region, tracking data from
this single individual are valuable. 95% kernel density estimator (KDE) range sizes for the two complete winters in Yemen were
4,009 km? (2018), 1,889 km? (2019); 95% dynamic Brownian bridge movement models (IBBMM) encompassed 1,309 km?
(2018) and 1,517 km? (2019). It returned to the same wintering area every year. During summer 2018, it settled into a small area
(95% KDE = 126 km?; 95% dBBMM = 21 km?) near Birsk, eastern European Russia; in 2019 it wandered over a huge area (95%
dBBMM = 66,304 km?) of western Kazakhstan and southern Russia, south west of Yekaterinburg. Spring migration 2018 was
west of the Caspian Sea; during 2019 it was east of it. Mean speed of spring migration was 160+120 km/day during 2018, and
132+109 km/day during 2019. Autumn migration passed east of the Caspian in both years, and the mean speed of migration was
62 + 78 km/day in 2018, and 84 + 95 km/day in 2019. During both spring and autumn migrations, the eagle made stopovers,
mostly lasting 1-2 days. The eastern Alborz Mountains in northeastern Iran appeared to be an important stopover locale, where
autumn stopovers lasted 19 days (2018) and 27 days (2019). These and other data suggest that most greater spotted eagles that
spend summers west of about 42°E, winter in southern Europe, Asian Turkey, the Levant and Africa, and those that summer to
the east of that meridian winter in southern Asia, including Arabia.

Abstrakt: Orol hrubzoby (Clanga clanga) je v porovnani s ostatnymi eurdpskymi orlami malo znamy. V rokoch 2018 — 2020
sme v ramci vychodoeurdpskej Casti arealu druhu, zapadne od pohoria Ural, sledovali nedospelého orla hrubozobého. Vzhl'adom
na malé mnozstvo publikovanych informacii o pohzbe tohto druhu v priebehu roka, najmé z tohto regionu, st udaje o pohybe
nami sledovaného jedinca cenné. 95%-ny odhad jadrovej hustoty (kernel density estimation, KDE) velkosti arealu jedinca pocas
dvoch zim v Jemene boli 4009 km? (2018), 1889 km? (2019); 95%-né dynamické Brownove modely prepojeného pohybu (dy-
namic Brownian bridge movement models, dBBMM) zahfnali 1309 km? (2018) and 1517 km? (2019). Jedinec sa vratil zimovat’
na to isté tzemie kazdy rok. Pocas leta 2018 sa usadil v malom uzemi (95% KDE = 126 km? 95% dBBMM = 21 km?)
v blizkosti Birska, europska ¢ast’ Ruska; v roku 2019 sa pohyboval ponad vel'ké uzemie (95% dBBMM = 66 304 km?) zapadného
Kazachstanu a juzného Ruska, juhozapadne od Jekaterinburgu. Na jar 2018 migroval zapadne od Kaspiku; v 2019 vychodne od
neho. Priemerna rychlost’ jarnej migracie bola v roku 2018 160 + 120 km/defi a v roku 2019 132 + 109 km/deii. V jeseni migrov-
al vychodne od Kaspiku v oboch rokoch, priemerna rychlost’ migracie bola 62 + 78 km/deni v roku 2018 a 84 + 95 km/den v roku
2019. Pocas jarnej aj jesennej migracie robil orol zastavky trvajice viacsinou 1 az 2 dni. Ddlezitou migracnou zastavkou sa zda
byt vychodna Cast’ pohoria Alborz v severovychodnom Irane, kde jesenné zastavky trvali 19 dni (2018) a 27 dni (2019). Tieto
a daldie udaje naznacuju, Ze vacsina orlov hrubozobych, ktoré travia leta zapadne priblizne od 42° vychodnej dizky, zimuji
v juznej Eurodpe, azijskej casti Turecka, v Levante a v Afrike, a tie, ktoré travia leto vychodne od tohto poludnika zimuju v juznej
Axzii, vratane Arabského polostrova.
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Introduction

The greater spotted eagle (Clanga clanga) is a medium-
sized, migrant eagle that breeds in forests located
mostly in lowlands near wetlands or lakes. The breeding
distribution lies between the boreal and steppe zones
(i.e. mid-north latitudes) from easternmost Poland and
the Baltic countries in the west to the Pacific Ocean in
the east (i.e. NE China, Primorsky Krai, Russia), and
spans more degrees of latitude in the west than in the
east (Meyburg et al. 2016b, 2020b, BirdLife Interna-
tional 2021). The distribution of breeding greater spot-
ted eagles in the Asian part of its distribution is patchy
and little known (Vili et al. 2019). Breeding concentra-
tions exist in the Volga-Ural region (e.g. Belaya River
basin), the West Siberian lowlands (e.g. Tobol River
basin), and in Altai-Sayan (e.g. Chulym River basin,
Krasnoyarsk Krai) (Karyakin 2008, Karyakin et al.
2012).

Greater spotted eagle is considered to be globally
Vulnerable (Meyburg et al. 1998, IUCN 2021). Habitat
loss is considered the main cause of declines, though
disturbance and persecution are also threats (Meyburg et
al. 2001, 2020b, BirdLife International 2021, Vili et al.
2021). Across its vast distribution, but particularly east
of the Ural Mountains, the annual movements of this
rare species are rather poorly known. Information about
migration and wintering is limited from across its distri-
bution because ringing has revealed very little. Only a
few tracking studies of small numbers of birds from the
western borders of its global distribution have been
published (Meyburg et al. 1995, 1998, 2005, Meyburg
& Meyburg 2007, Dombrovski et al. 2018, Vili et al.
2018, 2021). Recently, a few birds have been tracked
from as far east as areas near Vyazniki, Russia (~ 200
km east of Moscow, 56°E; A. Mischenko, V. Melnikov,
https://gps.aquila-it.pl/en/migration-maps/greater-spot-
ted-eagle-moscow). Greater spotted eagles tracked in

those studies migrated south in autumn, some southwest
towards Iberia, others south and south east towards
Greece, the Balkan countries, Turkey and the Levant.
Some birds migrated only as far as the northern rim of
the Mediterranean, but others wintered in Arabia and
north east and East Africa, as far south as Zambia (Mey-
burg et al. 1998, Pérez-Garcia et al. 2014, Vili et al.
2021). Tracking studies from farther east are few and of
limited duration, but show birds from wintering grounds
in Arabia migrating toward summering areas in northern
Kazakhstan, and bordering areas of Russia in eastern
Europe and western Siberia (Meyburg et al. 1995, Strick
etal 2011).

We describe two years’ of movements by a young
greater spotted eagle that summered in Kazakhstan and
eastern European Russia and wintered in southern Ara-
bia. This bird was caught by chance during a study that
targeted mostly Egyptian vultures (Neophron percnop-
terus, McGrady et al. 2019, B. Meyburg & M. McGrady
unpublished data), and is the only greater spotted eagle
that we tracked. However, given the general lack of de-
tailed data on the movements of greater spotted eagles,
data from even this single individual are potentially in-
dicative of the movements of greater spotted ecagles
from summering grounds in eastern European Russia.

Methods

We captured, using a padded leg-hold trap (Bloom et al.
2007), a juvenile greater spotted eagle on 14 January
2018 at the Muscat municipal landfill at Al Multaqaa,
Oman (28.34°N, 58.46°E). We ringed and measured it
(wing: 490 mm, mass: 1,875 g), and took a blood
sample. The bird had a large light brown nape patch,
which is typical for C. clanga — C. pomarina hybrids,
but very rare in pure C. clanga (Clark 1988, Meyburg et
al. 2016b). We tested whether the bird was indeed a hy-
brid using a set of neutral microsatellite and single-nuc-



leotide polymorphism markers (Vili et al. 2010a, b); its
sex was determined using the amplification of sex-chro-
mosome specific loci of the chromo-helicase-DNA-
binding protein gene (Fridolfsson & Ellegren 1999).
Tests showed this bird to be pure C. clanga, and a male.

We fitted it with a 45g solar-powered GPS-PTT
(Global Position System-Platform Transmitter Terminal;
Microwave Telemetry, Inc., USA) as a backpack (Mey-
burg & Fuller 2007), and tracked it until 19 January
2020, when movement data ceased. [N.B. The eagle was
observed and photographed without its transmitter, and
identified from its colour ring in Kuwait on 17 October
2020 (R. AlHajii pers. comm.)]. Data from one partial
and two complete autumn migrations and two complete
spring migrations were collected. Data were also collec-
ted for two complete summers, two complete and one
partial winter.

The PTT (ID = 47637) was programmed to acquire a
GPS fix (including speed, bearing and altitude) every
hour during 00:00-18:00 GMT, via the Argos system of
satellites, which also provided Doppler locations of the
bird  (http://www.argos-system.org/manual/3-location/
34 location_classes.htm).

GPS location data were visually screened for errors
using QGIS 3.10, and R 4.02 (R Core Team 2020) using
R-Studio (R-Studio Team 2020). R and R-Studio and
the packages move (Kranstauber et al. 2012, 2020), ade-
habitat, adehabitatHR (Calenge 2006, 2015, 2020), and
ggplot2 (Wickham 2016) were used for analysing and
visualizing data. All calculations were made using the
North Pole Lambert Azimuthal Equal Area Projection
(Gudmundsson & Alerstam 1988; WKID: 102017). In
creating maps of the eagle’s movement we used as
background the digital elevation map from the U.S.
Geological Survey (USGS) Earth Resources Observa-
tion & Science (EROS) Center, and satellite imagery
available from Mapbox® & OpenStreetMap®. For all
annual phases (i.e. summer, autumn and spring migra-
tion, winter) we used GPS data for our analyses. During
summer 2019, major gaps (> 1 day) occurred in the
GPS data. We filled those gaps, to the extent that was
possible, by supplementing the GPS data with plausible
Doppler locations (taking into account information on
speed and the location of adjacent GPS data). The total
distance travelled on migration (km) was the sum of the
distance between migration locations. Mean daytime
ground speed (km/hr) was the distance between daytime
locations divided by the number of hours those loca-
tions spanned. Speed of migration (km/hr) was the Euc-
lidean distance between successive night time roost
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locations divided by the available daylight hours on that
day. The mean speed of migration (km/day) was the sum
of distances between night-time roosts divided by the
number of days on migration.

When GPS data were sparse around the beginning
and end of migration, we used Doppler data to deter-
mine more precisely when migration started and ended.
The date of departure on migration was defined as the
first day the eagle changed behaviour, and moved along
a trajectory away from either the summering or winter-
ing area at the end of the relevant season. The eagle ar-
rived from migration when it reached the known
summering or wintering distribution, and movements
became short and non-directional. However, the within-
season pattern of movement varied from year to year
(e.g. movement during summer 2018 was different than
in 2019) and across seasons, and this sometimes ob-
scured when, precisely, migration began or ended. In
summer 2019 the bird’s behaviour made determining
precisely the arrival and departure dates difficult; we
used a balance of evidence (e.g. date, rate and direction
of movement, flight behaviour, habitat) to determine
those.

Night-time was defined as the period between sunset
and sunrise on the relevant date at the relevant latitude/
longitude. On nights when multiple roost locations were
recorded, the nominal location of the roost was the mean
of all locations.

We defined stopover sites as locations during migra-
tion periods where the distance between successive
night-time roosts was <10 km. We chose the 10 km cri-
terion because in none of the three winters did the medi-
an distance between winter-time roosts (i.e. when the
bird was settled) exceed this value. In some cases the
eagle moved farther than 10 km during the course of 24
hrs, but then returned to within 10 km of the earlier
roost. In light of the migration patterns of the two com-
plete autumn migrations (2018 & 2019), we judged that
the eagle was on migration when caught in Oman, and
that the capture location was therefore a stopover. We
used the same method to identify temporary settlement
locations during summer 2019, but used a 30 km dis-
tance criterion for successive night-time roosts and that
the eagle stayed for at least three days at the same loc-
ale.

For analysing movements during winter and summer
we calculated the eagle’s Utilization Distribution (UD),
and mapped the resulting isopleths using dynamic
Brownian Bridge Movement Models (diBBMM, Kran-
stauber et al. 2012) and a kernel density estimator
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Tab. 1. Annual phases of a young, male greater spotted eagle tracked via satellite during 2018—-2020. *Doppler locations were used

to supplement GPS data. See methods for details, also Fig. 3.

Tab. 1. Ro¢né fazy satelitne sledovaného mladého samca orla hrubozobého poc€as rokov 2018 — 2020. * Dopplerove pozicie boli
pouzité na doplnenie GPS udajov. Pre viac informacii pozri Metodiku a Obr. 3.

season / dates / duration (days) / GPS locations
(Doppler) /
obdobie datum trvanie (dni) GPS lokalizacie
(Doppler)
autumn 2017 (partial) / jeser 2017 (Ciastocne) 14 Jan—15 Feb 2018 33 546
winter 2017-18 / zima 2017-18 16 Feb—23 Apr 2018 67 1146
spring migration 2018 / jarna migracia 2018 24 Apr—23 May 2018 30 461
summer 2018 / leto 2018 24 May-25 Sep 2018 126 788
autumn migration 2018 / jesenna migracia 2018 28 Sep 2018-16 Jan 2019 111 1422
winter 2018-19 / zima 2018-19 17 Jan—25 Apr 2019 99 1678
spring migration 2019 / jarna migracia 2019 26 Apr—23 May 2019 28 425
summer 2019* / leto2019* 24 May—1 Oct 2019 131 1069 (363)
autumn migration 2019 / jesenna migracia 2019 2 Oct-28 Nov 2019 58 794
winter 2019-20 (partial) / zima 2019-20 (Ciasto¢ne) 29 Nov 2019-19 Jan 2020 52 681

(KDE; Worton 1989). Raster size was set for both cal-
culations depending on the spatial extent of the eagle’s
movement in each season: 500 m for all winters and
summer 2018, and 2,500 m for summer 2019. In calcu-
lating the dBBMM we set margin size to 3, window size
to 7 and time step to 4 min (see https://bartk.gitlab.io/
move/articles/move.html). For the KDE analyses we
used the reference bandwidth (href), but excluded loca-
tions separated by less than an hour to standardize the
sampling interval and reduce temporal autocorrelation
(Limifana et al. 2007). Excluded data were only Dop-
pler locations because the collection of GPS locations
occurred hourly. We did not calculate the KDE for sum-
mer 2019 because the eagle wandered widely, which
caused isopleths to balloon excessively. We summarised
the UDs for the dBBMMs at the 50%, 75%, 95% and
100% levels, and at the 50% and 95% levels for the
KDEs.

We describe habitats at stopovers and non-migratory
settlement areas as the predominant (>25%) IUCN Hab-
itat Type (Level 1 for Natural & Level 2 for Artificial
Terrestrial Habitats; See Jung et al. 2020) within a 10
km buffer around the stopover night-time roost location.
We also visually examined zoomed-in satellite images
of stopover and settlement areas, which provided further
insight into the habitats used by the eagle at those places
(see first summer).

Results

General description

The eagle was tracked for 735 days (14 Jan 2018-19
Jan 2020, Tab. 1). It wintered each year in southwestern
Yemen (approx. 13.5°N, 43.8°E), spent summer 2018 in

a small area of southern Russia (approx. 55.5°N,
55.5°E), and during summer 2019 wandered over a very
large area in western Kazakhstan. It made stopovers of
variable duration along the migration routes in both
spring and autumn (Fig. 1). In total the eagle flew a
minimum of 44,443 km (Tab. 2) during tracking.

Winter movements

The eagle wintered in southwestern Yemen in every
winter it was tracked; winter ranges overlapped consid-
erably (Fig. 2). Dynamic Brownian Bridge range size
estimates averaged 47.5 + 5.3 km? for the 50% isopleth,
and 1,658.4 = 357.1 km? for the 95% isopleth (N = 3,
Fig. 2, Tab. 3). Winter arrival dates in Yemen were
highly variable; only two days separated the two winter
departure dates we recorded (Tab. 1). The main habitats
in the area used by the eagle during winter were shrub
and savanna (Tab. 4), though visual inspection of
zoomed-in satellite images of the area revealed these
areas to also include small villages and farmland.

Migration
Autumn migration was east of the Caspian Sea in both
2018 and 2019; spring migration was west of the sea in
2018, and east of it in 2019. (Fig. 3). Autumn migration
was slower than spring migration (Tables 1 and 2). The
mean migration speed in autumn was 96.4, 61.8 and 84.4
km/day for 2017 (Oman to Yemen), 2018 and 2019, re-
spectively. For spring migration the values were 159.8
and 132.3 km/day for 2018 and 2019, respectively.
During the two complete migration cycles the eagle
was tracked, six spring stopovers and 16 autumn stop-
overs were identified (Tab. 5 and Fig. 1). Counting the
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Fig. 1. Movements of a young, male greater spotted eagle tracked during 14 January 2018-19 January 2020, a) 14 January—31
December 2018, b) 1 January 2019-19 January 2020. Stopover locations are identified by the number of stopover days spent at
each (i.e. 1 stopover day = 2 overnight roosts). Black and purple line = autumn migration 2017 (partial), light blue = spring migration,

red = summer, purple = autumn migration.

Obr. 1. Pohyby mladého samca orla hrubozobého sledovaného od 14. januara 2018 do 19. januara 2020: a) 14. januar — 31.
december 2018, b) 1. januar 2019 — 19. januar 2020. Lokality zastavok su oznacené poctom dni na nich stravenych (tj. 1 den
zastavky = 2 nocovania). Cierno-fialova &iara = jesenna migracia 2017 (&iastodne), svetiomodra = jarna migracia, Servena = leto,

fialova = jesen.

capture location as a stopover location, there were two
stopovers during the partial autumn migration from
Oman to Yemen. Most stopovers were used only once,
and were at various locations. However, the eagle
stopped in the Alborz Mountains, Golestan Province, Ir-
an (approx. 37.5°N, 55.5°E), during both autumn mi-
grations (See later), albeit in different locations.

Spring migration
Tables 2 and 3 detail spring migration distances and
speeds; table 5 contains information about the stopovers
made during spring migration in 2018 (N = 3), and 2019
(N =3; Fig. 1).

On 24 April 2018 the eagle left its wintering area,
and started its northward migration, crossing Saudi Ara-
bia, Iraq and Iran, then flying west of the Caspian Sea

through Azerbaijan. It crossed the Greater Caucasus in
Georgia at or near the Arkhotisghele Pass (2,968 m, ap-
prox. 42.62°N, 44.89°E), then flew down the Asa River
valley, and onto the east European Plain. It arrived at its
summering location in southern Russia (approx.
55.43°N, 55.48°E) on 24 May (30 days after commen-
cing migration, See Summer movements). The migration
between wintering in Yemen and summering in Russia in
2018 spanned about 41.5 degrees of latitude. The mean
daytime ground speed during spring migration 2018 was
13.6 = 17.4 km/hr, N = 380 (Tab. 2). Three stopovers were
recorded during this migration (Tab. 5, Fig. 1).

The path of spring migration 2019 was different than
spring 2018, and took the eagle east of the Caspian Sea
(Fig. 1), commencing on 26 April and ending on 23 May
(Tab. 1) in western Turkmenistan, northwest of the town
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Fig. 2. Kernel Density Estimator (KDE) and dynamic Brownian Bridge Movement Model (dBBMM) representations of movements of a
young, male greater spotted eagle in Yemen during the winters of: a) 2017-18, b) 2018-19 (complete), and c¢) 2019-20 (partial). NB:
Scale is the same for all maps. UD: utilization distribution; KDE: 50% and 95% isopleth.

Obr. 2. Jadrovy odhad hustoty (KDE) a dynamicky Brownov model prepojeného pohybu (dBBMM) reprezentujice pohyb mladého
samca orla hrubozobého v Jemene pocas zimy a) 2017 — 2018, b) 2018 — 2019 (celé) a c) 2019 — 2020 (CiastoCne). NB: Mierka je
rovnaka pre vSetky mapy. UD: rozlozenie vyuzitia; KDE: 50 a 95% izolinia.

Arabia, then into Yemen (Fig. 1). It arrived at its winter-
ing site after 81 days, on 16 January 2019. The 2018 au-
tumn migration covered 7,448 km (Tab. 3), and spanned
about 41.5 degrees of latitude. The mean daytime
ground speed during autumn migration 2018 was 6.3 +
9.6 km/hr, N = 871 (Tab. 3). Thirteen stopovers were re-
corded during this migration (Tab. 5, Figures 2 and 3);
the eagle stopped for relatively longer periods (19 days
in 2018, 27 days in 2019) in the Alborz Mountains, Iran,
during both autumn migrations. The habitats at those
locations were Arable and Grassland (Tab. 5), a charac-
terization that agreed, in general, with visual examina-
tion of satellite images.

Autumn migration 2019 commenced on 2 October.
The eagle migrated along a path that took it east of the
Caspian Sea, and then along a similar route to that used
in autumn 2018. The mean daytime ground speed dur-
ing autumn migration 2019 was 8.4 + 12.8 km/hr, N =
479 (Tab. 3). Three stopovers were recorded during this
migration (Tab. 5, Figures 2 and 3). During the 2019
autumn migration the eagle flew 5,103.7 km, and its
migration spanned about 30 degrees of latitude.

Discussion
Migration
stopovers
Keeping in mind the wide longitudinal distribution of
greater spotted eagle and that individuals can be short-,
medium- or long-distance migrants, the behaviour of the
bird that we tracked comported well with other tracking
studies of greater spotted eagles (See: Meyburg et al.
2016b, 2020b, Vili et al. 2018, 2021), especially those
that wintered in Arabia (Meyburg et al. 1995, Strick et
al. 2011, Environment Agency Abu Dhabi (EAD) 2020,
Kuwait Environmental Lens (KEL) unpublished data) —
all migrated between Arabia to locations in Kazakhstan
and southern Russia, west of the Urals, except the adult
tracked by Meyburg et al. (1995), which migrated to the
western Siberian lowlands east of the Urals. Also, mi-
gration arrival and departure dates were similar to other
studies, as was ranging on summering and wintering
areas, taking into account the age and breeding status of
the tracked birds (Meyburg et al. 1995, Strick et al.
2011).

and the use of
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Tab. 3. Sizes (km?) of ranges of a young, male greater spotted eagle during winters (2017-18, 2018-19 (complete), 2019-20
(partial)), and summers (2018, 2019).

Tab. 3. Velkosti (km2) okrskov mladého samca orla hrubozobého pocas zim (2017 — 18, 2018 — 19 (celé), 2019 — 20 (Ciastocne) a liet
(2018, 2019).

dBBMM dBBMM dBBMM dBBMM KDE KDE

UD 50 % UD 75 % UD 95 % UD 100 % 50 % 95 %
winter / zima 2017-18 46.7 284.7 2149.0 14711.4 556.5 4009.8
winter / zima 2018-19 415 243.0 1309.2 16087.4 177.9 1889.1
winter / zima 2019-20 54.4 330.2 1517.0 8690.6 472.2 2349.0
summer / leto 2018 1.1 45 20.7 1990.3 17.6 125.7
summer / leto 2019 464.0 6213.1 66304.0 768396.2 Not calculated Not calculated

Tab. 4. Locations where a young, male greater spotted eagle settled for 24 days during summers and winters 2018-2020.
Tab. 4. Lokality, kde mlady samec orla hrubozobého ostal na 24 dni pocas liet a zim 2018 — 2020.

phase / arrival-departure dates / duration (days)/ mean latitude, longitude habitat* /
(decimal degrees) /
obdobie datum priletu — odletu trvanie (dni) priemerna zemepisna Sirka, dizka habitat*
(desatinné stupne)
winter 2017-18 / 19 Feb-3 Mar 13 13.423, 43.820 shrub!
zima 6—16 Mar 11 13.478, 43.777 shrub
19-24 Mar 6 13.530, 43.778 shrub
27-30 Mar 4 13.480, 43.788 shrub
12-23 Apr 12 13.960, 43.986 savanna?
summer 2018 / leto 24 May—-24 Sep 124 55.449, 55.496 arable®
winter 2018-19 / 22 Jan-3 Feb 13 13.504, 43.847 savanna, shrub
zima 5 Feb—6 Mar 30 13.880, 43.967 savanna
8 —19 Mar 12 13.937, 43.968 savanna
21 -25 Mar 36 13.978, 44.018 savanna
summer 2019/ 30 Mar-7 Jun 9 40.851, 55.528 desert4
leto 9-12 Jun 4 41.025, 55.405 desert, grassland®
17 Jul-27 Aug 42 49.472,55.730 grassland
5-8 Sep 4 46.465, 49.709 wetland®
11 -14 Sep 4 46.455, 49.673 wetland
17 —29 Sep 13 46.431, 49.768 wetland
winter 2019-20 / 29 Nov-7 Dec 9 13.945, 43.912 savanna, shrub
zima 10-21 Dec 12 13.909, 43.974 savanna
23-27 Dec 5 13.525, 43.850 shrub, savanna
29 Dec-3 Jan 5 13.665, 43.918 shrub
07-18 Jan 12 13.762, 43.915 savanna, shrub

* JUCN Habitat Type. See text for details from visual examination of zoomed-in satellite images. /
Typ habitatu podla IUCN. Pozri text pre viac informacii o vizualnom posutdeni zvac¢Senych satelitnych fotografii. 'Kroviny, 2savana,

Sorna poda, “pust, Stravnaté habitaty, Smokrad.

Generalizations about migration being affected by
the ecology of the species, distance between summering
and wintering areas, the existence of stopover sites, and
age/experience/breeding status of the individual (New-
ton 2008) appeared to hold true for the tracked bird. Al-
though detailed published data for greater spotted eagle
are limited, the general pattern of migration of this spe-
cies also finds similarities with other long-distance mi-
grant raptors in Europe and Africa, particularly the
closely-related lesser spotted eagle (Clanga pomarina;
Meyburg 2021, Villi et al. 2021).

Our data and those from other greater spotted eagles
that wintered in Arabia (two adult, one juvenile) show
spring migration starting between 2 February (adult,
Meyburg et al. 1995) and 26 April (this study), and end-
ing between 21 April (Meyburg et al. 1995) and 5 June
(Strick et al. 2011, See also RRRCN 2014, 2017a, b).
Timing of spring migration for birds from farther west
seems to be similarly variable, and linked to age (See:
Vili et al. 2021). The bird we tracked arrived in the
summering area almost a month later than the adult
male tracked by Meyburg et al. (1995), and an adult of
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Obr. 3. Vzdialenost medzi po sebe iducimi miestami noc¢ného odpocinku mladého samca orla hrubozobého v obdobi od januara

2018 do januara 2020. Zvislé ¢iary oznacuju zmenu ro¢nej fazy.

unknown gender that wintered in Kuwait (KEL unpub-
lished data). While on spring migration, it travelled at a
rate similar to the adult eagle tracked by Meyburg et al.
(1995), and others from the west (Vili et al. 2021). Al-
though the bird we tracked was too young to breed,
spring migration was faster than autumn migration (as it
was for European birds migrating from Africa: Vili et
al. 2021). Stopovers occurred during both spring migra-
tions we studied (see later), but were not consistently
located in or near large arecas of wetter habitats.
However, this result may have been affected by the
scale of the habitat data we used as visual examination
of satellite images showed that stopovers were some-
times near small areas of wetter habitat, near lakes,
streams or in valleys.

Greater spotted eagles are generally present in Ara-
bia from late September to late April-early May (Mey-
burg et al. 2016b, Vili et al. 2021). Autumn migration
of tracked greater spotted eagles of different ages from
the flyway used by our eagle commenced during 28
September (this study)-5 October (KEL unpublished
data), and ended during 16 October (KEL unpublished
data)-16 February (this study), and were not different

than those recorded for eagles from more western parts
(Viéli et al. 2021). In the two years of our study, the bird
we tracked commenced its autumn migration in the last
week of September; its end was variable (15 Feb (2017—
18), 16 January (2018-19), 28 November (2019-2020)).
This variability in arrival dates on the wintering grounds
was probably driven, at least in part, by food availabil-
ity; as the bird travelled south it found places to forage
with sufficient food to slow migration, and perhaps
cause it to stopover. However, age/experience may have
also played a part. The juvenile tracked by Strick et al.
(2011) wandered in Arabia during its first winter, settled
on the Indus delta, Pakistan during its second winter,
and returned to the delta in the two subsequent years
(NARC unpublished data). Autumn migration was con-
sistently slower than spring migration for the bird we
tracked: mean autumn 2018 = 61.8 km/day, mean au-
tumn 2019 = 84.4 km/day. As in spring migration, the
speed of our tracked bird fell within the range of highly
variable speeds reported for western eagles (e.g. 57 km/
day, Meyburg et al. 2005; 217 km/day, Dombrovski et
al. 2018).
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Stopovers were also made during autumn migration,
especially in 2018, when they accounted for about 45%
of the time spent on migration (Tables 1 and 5). The
bird was captured at an autumn stopover (as revealed by
its subsequent movement), where food (carrion) was su-
per-abundant (Al Fazari & McGrady 2016). Thus,
factors other than simply food availability appear to af-
fect the settlement of greater spotted eagles in winter.
Stopovers were more common, and comprised a greater
proportion of the migration period in autumn than in
spring. As with spring stopovers, there was no apparent
link between the autumn migration stopovers and wet
habitats when using only the IUCN habitat data, but
satellite images revealed that stopovers were sometimes
near small areas of wetter habitat.

Additionally, some individual greater spotted eagles
wander after arriving on summering and wintering
grounds (Strick et al. 2010, RRRCN 2014, 2017a, b,
Meyburg et al. 2020b, unpublished data, Vili et al.
2021, KEL, Maciorowski unpublished data, this study),
making it difficult to identify when exactly migration
stops and wintering/summering begins. Wandering is
likely more common in young individuals because they
are anchored neither to breeding sites nor wintering
areas. All young greater spotted eagles (N = 4) tracked
in eastern parts of the European distribution have

10

Fig. 4. Kernel Density Estimator (KDE)
and dynamic Brownian Bridge move-
ment model (dBBMM) representations
of summertime movements of a young,
male greater spotted eagle in: a) 2018,
b) 2019. NB: Scale is different in a) and
b). UD: utilization distribution; KDE:
50% and 95% isopleth.

Obr. 4. Jadrovy odhad hustoty (KDE) a
dynamicky Brownov model prepo-
jeného pohybu (dBBMM) reprezen-
tujuce pohyb mladého samca orla
hrubozobého pocas leta v a) 2018, b)
2019. NB: Mierka map je odliSna. UD:
rozlozenie vyuzitia; KDE: 50 a 95%
izolinia.

wandered on either or both summering and wintering
grounds to some extent (Strick et al. 2010, RRRCN
2014, 2017a, b, this study).

Although data are still few, and there are sure to be
exceptions, telemetry and the few ring recoveries that
exist tentatively suggest that most greater spotted eagles
that spend summers west of about 42-44°E, winter in
Europe and Africa, and those that summer to the east of
those longitudes winter in Arabia, southern and South-
east Asia (Meyburg et al. 1995, 2016b, 2020b, Strick et
al 2011, RRRCN 2014, 2017a, b, Vili et al. 2021, but
see also: “Rudy” http://en.orlikgrubodzioby.org.pl/
artykul/satellite-tracking).

The bird we tracked showed fidelity to its wintering
area, a characteristic of most adult greater spotted eagles
that have been tracked (Meyburg & Meyburg 2005,
Pérez-Garcia et al. 2014, Meyburg et al. 1998, 2016b,
Maciorowski & Meyburg unpublished data, KEL un-
published data), but not of all young eagles (Strick et al.
2010, Meyburg et al. 2016b, Vili et al. 2021). This is
consistent with the view that age and experience appear
to influence, but not necessarily determine, fidelity to
wintering sites (Newton 2008).

Stopover locations are where eagles might refuel,
and modulate speed of migration in response to local
environmental conditions (e.g. weather), and might be
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particularly important for young birds during their ini-
tial migrations (Newton 1979, Klaassen et al. 2014,
Meyburg et al. 2017). Not all stopover sites comprised
predominantly wetter habitats that are typically associ-
ated with greater spotted eagles. Indeed, this bird was
caught at a stopover at a landfill surrounded by arid nat-
ural habitats. Most stopovers by our bird were used only
once. However, the eagle stopped in the Alborz Moun-
tains, Golestan Province, Iran, during both autumn mi-
grations. A migration bottleneck has been identified
between the northern slopes of those mountains and the
Caspian Sea (Panuccio et al. 2018), and a tracked adult
greater spotted eagle migrated in autumn along the
southern slopes (Meyburg et al. 1995). Migration stop-
overs should be investigated more fully when data from
other individuals are available.

For the bird we tracked, spring migrations took less
time, its mean speed of flight was higher, and fewer
stopovers were made than in autumn. Keeping in mind
the benefits to adults of arriving early on the breeding
grounds, these consistent differences between autumn
and spring support the impression that individual great-
er spotted eagles are rather adaptable in terms of their
migration behaviour, and can opportunistically modu-
late their migration (via stopovers or slower pace of mi-
gration) to feed. Indeed, the effect of stopping over may
be the main reason the pace of autumn migration was
slower for our tracked bird than reported for eagles from
farther west (Vali et al. 2021). As with our bird, two ju-
venile eagles from nests in Altai, Russia made stopovers
as they approached their wintering and summering
grounds (RRRCN 2014, 2017a, b).

Winter and
ments

The ecological and behavioural flexibility displayed by
our bird and other tracked greater spotted eagles during
migration (e.g. RRRCN 2014, 2017a, b, Vili et al.
2021, this study) extended to periods when not migrat-
ing, and was similar to that of young C. pomarina (e.g.
Meyburg et al. 2007). When captured, the eagle we
tracked was juvenile (about 7 months old). During 2018
it settled into a small summer home range (Figures 1
and 4), where the density of greater spotted eagle territ-
ories in the surrounding area was high (the nearest
known nesting site was about 7 km away, Karyakin
2008). In 2019, the eagle did not show fidelity to the
summering area of 2018, and behaved very differently
(Figures 1 and 4). IUCN habitat types at places where it
settled for short periods during the summer of 2019

Ssummer moyVe-
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were not what are normally thought of as being good for
greater spotted eagles (i.e. wet). Much of the area over
which the bird ranged in summer 2019 was steppe hab-
itat comprised mostly of grasslands that might have held
concentrations of small mammals (e.g. susliks).

Vili et al. (2018) states that winter home ranges are
small (especially when compared to lesser spotted eagle,
Meyburg & Meyburg 2009, Meyburg 2020b), and are
typically at wetland sites (Maciorowski et al. 2019), but
also at anthropogenic dump sites and sometimes drier
locations (see also Meadows 2011). The winter home
range of an adult greater spotted eagle that wintered in
Yemen was about 50 km? (Meyburg et al. 1995), which
is similar to the 50% dBBMM estimates for the three
winters our bird was tracked.

The data we present are important in that they
provide some of the first detailed information on the
movements of an immature greater spotted eagle along
this flyway over a longer period. Other information ex-
ists (e.g. Meyburg et al. 1995, Strick et al. 2010,
RRRCN 2014, 2017a, b), but is not so detailed, and
some data are, as yet, unpublished (e.g. EAD 2019,
2020, KEL, Meyburg et al., Maciorowski et al. unpub-
lished data). Although data are from only a single indi-
vidual, they appear to agree with the results of those
other studies, and studies from farther west (See Mey-
burg 2020b, Vili et al. 2021 for summaries). However,
when considering our results and comparing them with
other studies it is important to keep in mind that gaps
existed in our GPS data, and tracking technology has
improved collection rates and accuracy (See: Poessel et
al. 2017). As a consequence, data from more individuals
using improved technology are needed to understand
more fully the year-round ecology of greater spotted
eagle, and promote their conservation.
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Spatial and temporal changes in the diet composition of the Eurasian eagle-
owl (Bubo bubo) in Slovakia comparing three historical periods

Priestorové a ¢asové rozdiely v zloZeni potravy vyra skalného (Bubo bubo) na Slovensku
porovnanim troch historickych period

Jan OBUCH

Abstract: The author evaluates his own data on the food of the Eurasian eagle-owl (Bubo bubo) in Slovakia using material he
collected between 1975 and 2020. A total of 105,543 food items were identified in 254 samples taken at 136 localities. Mammals
had the highest representation (Mammalia, 65 species, 58.4%), and the species composition of birds was diverse (Aves, minim-
ally 140 species, 8.5%), but the common frog (Rana temporaria, 32.0%), from the lower vertebrates, is represented more abund-
antly. Invertebrates (Evertebrata, 0.1%) occurred in food residues only occasionally. The bulk of the samples were collected from
eagle-owl nests. The samples were divided into three time periods (A—C), which differ in the manner of human land-use manage-
ment: A up to the 1950s, with a smaller area of field plots and more extensive grazing in the uplands; B from the 1950s to the
1980s, during the Socialist period, with the concentration of agricultural production in large units; C the last 30 years, 1990 to
2020, with the gradual break-up of collective land management. The first period (A) is characterised by a strong dominance of
frogs, particularly the European brown frog R. temporaria (44.6%), and a large share of small mammal species of the family
Muridae (genera Apodemus and Mus). During the time of Socialism (B), eagle-owls adapted to hunting larger species of mam-
mals and birds, and the share of frogs in their food fell by half (R. temporaria, 23.3%). With the decline in livestock production
after 1990 (period C), the species diversity of birds increased: aquatic species and raptors in particular are on the rise. Successive
overgrowth of pastures in the submontane zone is reducing the hunting territories of eagle-owls. The dominance of the common
vole (Microtus arvalis) in their diet has gradually increased from period A (26.8%) to period C (37.3%). Data from eleven areas
around Slovakia are evaluated separately for the three time periods. In period A, the highest proportion of frogs was in the Liptov
region (R. temporaria, 68.2%), when eagle-owls nested deeper in the mountains. The proportion of frogs decreased towards
lower areas, and in the Ponitrie (Nitra river basin) it was only 10.8%. At the same time, the share of M. arvalis and larger prey in-
creased. A similar trend of increasing shares of larger prey towards lower locations also applied during the Socialist period (B). In
the last 30 years (C), frogs in the higher river basins have given way to European water voles Arvicola amphibius and M. arvalis.
In association with the progressive overgrowth of pastures, forest species such as the yellow-necked mouse (4dpodemus flavicol-
lis) and bank vole (Myodes glareolus) are increasingly prevalent, as are the white-breasted hedgehog (Erinaceus roumanicus) and
various thrushes (Turdus sp.).

Abstrakt: Autor vyhodnocuje vlastné tidaje o potrave vyra skalného (Bubo bubo) z izemia Slovenska z materialu, ktory zbieral
v rokoch 1975 az 2020. Spolu z 254 vzoriek na 136 lokalitach bol determinovany materal zo 105 543 kusov potravy. Dominantné
zastiipenie maju cicavce (Mammalia, 65 druhov, 58,4 %). Pestré je druhové zlozenie vtakov (Aves, minimalne 140 druhov, 8,5
%), ale pocetnejsie je zastupeny z nizSich stavovcov skokan hnedy (Rana temporaria, 32,0 %). Len prilezitostne sa vo zvyskoch
potravy vyskytuju bezstavovce (Evertebrata, 0,1 %). Prevazna Cast’ vzoriek bola zbierana na hniezdach vyrov. Vzorky boli
rozdelené do troch ¢asovych obdobi (A — C), ktoré sa lisia spdsobom hospodarskeho vyuzivania krajiny ¢lovekom: A do 50 rokov
20. storo¢ia s mensou vymerou polnych parciel a s rozSirenejSou pastvou v pohoriach; B v 50. az 80. rokoch 20. storocia v ob-
dobi socializmu s koncentraciou pol'nohospodarskej vyroby vo velkych celkoch; C poslednych 30 rokov 1990 az 2020 s pos-
tupnym rozkladom kolektivneho vlastnictva pody. Prvé obdobie (A) sa vyznacuje silnou dominanciou ziab, najmé druhu Rana
temporaria (44,6 %) a velkym podielom malych druhov cicavcov z ¢el'ade Muridae (rody Apodemus a Mus). V obdobi social-
izmu (B) sa vyry preorientovali na lov vdc¢sich druhov cicavcov a vtakov a podiel ziab klesol na polovicu (R. temporaria, 23,3
%). Utlmom Zivo&isnej vyroby po roku 1990 (obdobie C) sa zvysuje druhova diverzita vtikov: pribiidaju najmi vodné druhy
a dravce. Sukcesné zarastanie pasienkov v submontdnnom pasme zmensuje lovné teritoria vyrov. Dominancia hrabosa pol'ného
(Microtus arvalis) sa postupne zvy3uje od obdobia A (26,8 %) po obdobie C (37,3 %). Udaje z 11 oblasti Slovenska sa vyhod-
nocuju osobitne pre uvedené 3 casové obdobia. V obdobi A bolo najvyssie zastiipenie ziab na Liptove (R. temporaria, 68,2 %),
ked’ vyry hniezdili hibsie v pohoriach. Pomerné zastupenie ziab sa znizovalo smerom do niz§ich pol6éh a na Ponitri tvorilo len
10,8 %. Zaroven sa zvySoval podiel M. arvalis a vdcsej koristi. Podobny trend zvySovania podielu vicsej koristi smerom do
nizsich poloh platil aj v obdobi socializmu (B). V poslednych 30 rokoch (C) st vo vysSie polozenych kotlinach zaby nahrad-
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zované hraboSovitymi hlodavcami Arvicola amphibius a M. arvalis. V suvislosti so sukcesnym zarastanim pasienkov sa zvySuje
podiel lesnych druhov Apodemus flavicollis a Myodes glareolus, ale tieZ jeza Erinaceus roumanicus a drozdov (Turdus sp.)

Key words: Eurasian eagle-owl, diet, Slovakia, spatial and temporal changes.

Jan Obuch, Comenius University, Faculty of Natural Science, Detached Unit, SK-038 15 Blatnica, Slovakia. E-mail:

jan.obuch@uniba.sk.

Acknowledgements: I am grateful to several ornithologists for their help in acquiring material from the pellets of Eurasian eagle-
owls in Slovakia. Thanks also go to F. Tulis for drawing the researched localities on the map. I especially wish to thank Prof.
Jozef Sladek from the Technical University in Zvolen, who directed me 50 years ago towards research on the feeding habits of
owls. The ability to search for eagle-owls’ nests on crags was enabled by training in rock-climbing, which I started with Jan

Hazucha.

Introduction

The Eurasian eagle-owl (Bubo bubo) is an apex predator
which in central European conditions responds to the
presence of available prey depending on human land
management in the agricultural steppe. This activity in
Slovakia has changed significantly over the last 100
years, with the gradual collectivisation of agricultural
production during the 40 years of Socialism (1950 to
1989). In 1955, 39% of agricultural land was under
common ownership; in 1961 this was up to 89% of the
land (Tibensky 1978), and the last private lands in
mountain areas were merged in the 1970s. The pastur-
age which prevailed in mountain areas (Haufler 1955)
gradually disappeared, and pastures were converted into
woodland as part of the delimitation designed to create
a forest land fund. Pasturage was also gradually moved
from mountain locations to foothill areas as a result of
the establishing of national parks and protected land-
scape areas (Piscova et al. 2018). Since 1990 however,
there has been a gradual dissolution of agricultural co-
operatives and mainly a decline in animal production.
The consequence is the successive overgrowth of
former meadows and pastures in foothill areas with
bushes and subsequently by forest stands, which has re-
duced the overall hunting area for Eurasian eagle-owls.
In 1950, woodland covered 36.2% of the area of Slov-
akia; in 1990 this was 40.3% and in 2019 41.3%. The
current annual increase is 10 km? of forest area
(Moravc¢ik 2020).

The first data on the food of the Eurasian eagle-owl
are from the interwar period and the 1960s, from the
foothills of the Tatra Mts (Schaefer 1967, 1972). In their
collected work on the diet of the eagle-owl from the en-
tire Palearctic, Janossy & Schmidt (1970) present, in
addition to Schaefer’s interwar results, only the material
of approximately 100 food items from the Slovensky
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kras Mts (Roznava) and the Mala Fatra Mts (Terchova).
Stollmann collected the pellets and Schmidt determined
their content. I began my own systematic research in the
mid-1970s. In addition to the areas that I processed,
there are more comprehensive results from the Malé
Karpaty Mts (Darolova 1990). My first studies of the
eagle-owl diet were carried out in the Pohronie (Hron
river basin, Obuch 1979), the Ponitrie (Nitra river basin,
Obuch 1980a), the Turiec (Turiec Basin, Obuch &
Darola 1980, Obuch 1982), the Zilinska kotlina Basin
(Obuch 1980b), the Liptov Basin (Vondracek & Obuch
1980, Obuch 1981), the Muranskd planina Plateau
(Obuch 1985a, 2002a) and the Povazie (Middle Vah
river basin, Obuch 1985b). After 1990, the areas of the
Slovensky kras Mts (Obuch 1992, 1998), the Rimavska
kotlina Basin (Obuch 1995a, 2000), the Slovensky raj
National Park (Obuch 1995b) and the Orava region
(Obuch 1995¢c, Obuch & Karaska 2010) were also ex-
amined. We pointed out the breeding of the Eurasian
eagle-owls in the valleys of the Nizké Tatry Mts before
their afforestation in connection with botanical (Kucera
et al. 2009) and speleological research (Kudla et al.
2019). More recently, I have presented summary results
from research on the eagle-owl diet in Slovakia (Obuch
2018a) and outlined changes over time in the composi-
tion of its diet in some regions of this country (Obuch
2017, 2018b).

In the past, the Eurasian eagle-owl was persecuted
by hunters, especially in countries with a tradition of
breeding small feathered and furry game (Andreska &
Andreska 2020). The first efforts to protect the Eurasian
eagle-owl in the interwar period in Germany were
linked with more comprehensive study of its diet (Ut-
tendorfer 1939, 1952). At that time R. Méarz devoted the
most time to studying the food of the Eurasian eagle-
owl. His data from the Ceskolipsko region in the



northern Czech Republic (Méirz 1940) were followed up
some 40 years later by Vondra¢ek & Honct (1978) and
then after another 40 years by Andreska et al. (2021). A
comparison of shorter time periods in the Nizky Jesenik
Hills informed the work on the Eurasian eagle-owl diet
by O. Suchy (Suchy 1980, 1990), which was followed
by Havelkova (2007). Following on from Schaefer’s re-
search in the 1930s and 1960s, I compared changes in
the diet of the eagle-owl in 30-year periods in the Beli-
anske Tatry Mts (Obuch 2002b).

In the work presented here, my own results are as-
sessed after supplementation of data from 11 regions of
Slovakia and their classification into three time seg-
ments. To make it possible to build on the current res-
ults in the future, I present in the appendices a complete
list of identified species in the diet of Eurasian eagle-
owls in the individual studied areas.

Material and methods

The characteristics of the areas and a list of the Eurasian
cagle-owl food samples used for individual time periods
are provided in the appendices (Appendix 1). When
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characterising the areas, the climate is described accord-
ing to Koncek (1980). The locations of the studied areas
and sites are drawn on the map of Slovakia (Fig. 1).
Most of the osteological material comes from the nests
of cagle-owls located on rock shelves and in shallow
cavities. In Slovakia, Eurasian eagle-owls also nest on
ledges below deeper cliff overhangs and in caves with
clay bottoms close to the rock walls (Obuch 1994). In
suitable locations, they use the same site, or multiple
sites in the same rock massif, for several years. Each
year they dig a nesting hole, mixing older and younger
layers of bone as they do so. In the first collections in
the 1970s and 1980s, I distinguished nests that were still
being used at that time (period B, 40,833 prey items)
from long-abandoned nests with bones in the deeper
layers of the soil (period A, 50,795 pieces). Items
gathered from nests used since 1990 were included in
period C (13,915 pieces). In some cases, a mixture of
older bones were found in the eagle-owl nests which
could not be separated due to the mixing. In such cases,
the whole collection was assigned to the more recent
period. This did not significantly affect the overall res-

Localities of Eurasian eagle-owl diet colletion

region:
&
S ey S p— )
0 125 25 50 75 100 ®
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Fig. 1. Localities of Eurasian eagle-owl food sampling according to research area.
Obr. 1. Lokality zberov potravy vyra skalného podla skimanych oblasti.
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ult, because changes in the composition of fauna due to
developments in land management occurred gradually
over a period of one to two decades. Eagle-owls aban-
doned one of the nests in Komornickd dolina Valley
after the death of one of the partners. Its skeleton, which
was found near the nest, was dated by means of the
radiocarbon method (C14) with 68% probability to the
period of 1860 + 30 years. Similarly, the bones from
extinct eagle-owl nests at the Sokol locality were dated
using the radiocarbon method (C14) to period A (1890 +
50 years). On the basis of such dating, I assume that the
vast majority of period A material is not older than 200
years (Kaizer et al. 2018). Most of the identified materi-
al came from the time of feeding the young in the
spring. I removed food residues from nests by flooding
the mixture of soil and passing it through a thick sieve
in standing water. I soaked the fur from pellets and the
organic impurities which floated to the surface of the
water, together with the bones, in a hot solution of 5%
NaOH. The heavy bones sank to the bottom of the sieve
and the impurities washed out of it. The heavier fraction
of rock fragments was separated from the lighter bones
at the bottom of the sieve by using circular movements.
After drying, the jawbones of mammals (maxilla and
mandible, or some teeth) were sorted from the bones for
species identification. With hares the heelbones (cal-
canecus) were also sorted, and the forelegs (humerus)
from moles. From birds I identified four types of bones:
beaks, feet, shoulder of the wing and lower leg bones
(rostrum, tarsometatarsus, humerus and metatarsus). I
determined the species of frogs based on the pelvic bone
(os ilium), carp-type fish based on the pharyngeal teeth
(os pharyngeum inferior), other fish and reptiles based
on the jawbones, and invertebrates based on the heads
(caput). The author’s comparative collections were used
in the identification process. The number of each spe-
cies in the sample was calculated as the minimum pos-
sible (MNI) based on the most numerous of the
identified body parts. The species name Apodemus mi-
crops was used in this study for the central European
population of Ural field mice (4. uralensis) and the sub-
genus name Terricola within the genus Microtus (for the
pine vole species Terricola subterraneus and T. tatric-
us). Due to the unclear differentiation of bone fragments
between hooded crows Corvus cornix and rooks C. fru-
gilegus, we use the common name C. cornix + fru-
gilegus. Because a different methodology for processing
collections and their identification was used by other
authors, in this work I evaluate only my own results.
The disadvantage of using older works is the inaccuracy
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in the determination of some taxa of mammals and
birds. Moreover, in my work up to the 1980s, I identi-
fied Apodemus mice only to the genus level (Apodemus
sp.) and only later specified them at the species level
(Obuch 2004).

I used the marked differences from the mean
(MDFM) method (Obuch 2001). Data are presented in
modified tables, in which the order of species is
arranged such that they create blocks with positive
MDFM values (+1, +2) in the columns. The more
numerous species without significant differences are lis-
ted below the dashed line, arranged according to de-
creasing total abundance. The bottom rows of the tables
consist of the values of the diversity index H’, calcu-
lated according to Shannon & Weaver 1949. Other less
numerous species are listed beneath Table 1 and below
the results from the areas presented in the appendices.
The Collection database program (Sipocz 2004) was
used when summarising the results from individual
samples and constructing the modified tables.

Results
Summary comparison of the
food of the Eurasian eagle-
owl from three periods in
Slovakia
Mammals predominate in the material comprising
105,543 items of Eurasian eagle-owl prey in 254
samples from 11 areas of Slovakia (Mammalia, 58.4%,
45 species) (Table 1). Birds (Aves, 8.5%, minimum 140
species) have a lower proportion, but with high species
diversity. In contrast, in the lower vertebrates (Amphi-
bia, Reptilia, Pisces, 33.0%) one species of amphibian
dominates: the common frog (Rana temporaria, 32.0%).
The common vole (Microtus arvalis, 31.2%) has a sim-
ilar prevalence among mammals, and among other
mammals the European water vole Arvicola amphibius
(7.2%), wood mouse Apodemus sylvaticus (4.6%) and
brown rat Rattus norvegicus (3.0%) are more numerous.
The incidence of any individual bird species is less than
1%.

The oldest period A is characterised by the small size
of Eurasian eagle-owl prey, with high prevalence of R.
temporaria (44.6%), lower representation of M. arvalis
(26.8%), but a higher proportion of smaller mouse ro-
dents (Muridae), especially Apodemus and Mus cf. mus-
culus. The garden dormouse Eliomys quercinus was a
relatively frequent species in all the compared areas of
Slovakia. In the Socialist period B (30 to 70 years ago),
the share of frogs in the Eurasian eagle-owl diet de-



Raptor Journal 2021, 15: 17-55. DOI: 10.2478/s1j-2021-0002
© Raptor Protection of Slovakia (RPS)

Tab. 1. Summary of comparisons of Eurasian eagle-ow! diet compositions in Slovakia over three historical periods.
Tab. 1. Sumarne porovnanie zloZenia potravy vyra skalného na Slovensku z troch obdobi.

period (years ago) / obdobie (roky pred) A: >70 B: 30-70 C: <30 > %
period No. / obdobie €. 1 2 3

taxa / taxéon

Rana temporaria (n/ks) il=F 22,657 1- 9523 2- 1567 33,747 31.97
% 44.6 23.32 11.26

Pelophylax cf. esculentus 1+ 197 1- 45 2- 7 249 0.24
Apodemus sylvaticus 1+ 3123 1- 1465 1- 300 4888 4.63
Apodemus microps 1+ 1227 2- 177 2- 42 1446 1.37
Apodemus agrarius 1+ 293 1- 102 72 467 0.44
Mus cf. musculus 1+ 617 1- 270 1- 69 956 0.91
Terricola subterraneus 1+ 182 116 2- 8 306 0.29
Eliomys quercinus 1+ 82 1- 38 1- 10 130 0.12
Gallus gallus dom. 1+ 20 1- 4 24 0.02
Galerida cristata 1+ 29 1- 8 3 40 0.04
Lanius minor 1+ 12 1 13 0.01
Corvus cornix + frugilegus 1- 344 1+ 573 149 1066 1.01
Perdix perdix 2- 188 1+ 655 145 988 0.94
Phasianus colchicus 2- 14 1+ 80 18 112 0.11
Columba palumbus 1- 34 1+ 70 1- 7 111 0.11
Streptopelia turtur 1- 18 1+ 36 8 62 0.06
Strix aluco 118 1+ 153 1- 28 299 0.28
Turdus viscivorus 1- 27 1+ 41 10 78 0.07
Nucifraga caryocatactes 1- 3 1+ 13 3 19 0.02
Sciurus vulgaris 1- 95 1+ 154 51 300 0.28
Mustela nivalis 1- 155 1+ 234 58 447 0.42
Sorex araneus 1- 25 1+ 40 9 74 0.07
Cypriniformes sp. 2- 25 1+ 119 27 171 0.16
Erinaceus roumanicus 1- 177 1+ 614 1+ 301 1092 1.03
Lepus europaeus 1- 269 1+ 469 1+ 174 912 0.86
Arvicola amphibius 1- 1816 1+ 4337 1+ 1428 7581 7.18
Rattus norvegicus 2- 449 1+ 1561 2+ 1194 3204 3.04
Columba livia dom. 3- 47 1+ 287 2+ 242 576 0.55
Streptopelia decaocto 3- 1 1+ 35 1+ 25 61 0.06
Spermophilus citellus 2- 14 il=F 52 il=F 28 94 0.09
Asio otus 2- 98 1+ 309 1+ 172 579 0.55
Turdus merula 2- 36 1+ 128 2+ 100 264 0.25
Anas platyrhynchos 2- 20 58 2+ & 131 0.12
Gallinula chloropus 2- 10 27 2+ 45 82 0.08
Tachybaptus ruficollis 2- 2 9 2+ 27 38 0.04
Cricetus cricetus 179 166 il=F 80 425 0.40
Apodemus flavicollis 1532 1424 1+ 667 3623 3.43
Myodes glareolus 326 349 1+ 138 813 0.77
Glis glis 1- 49 76 1+ 39 164 0.16
Micromys minutus 29 1- 11 2+ 38 78 0.07
Ondatra zibethicus 2- 0 14 1+ 9 23 0.02
Anas crecca 1- 10 11 1+ 17 38 0.04
Fulica atra 2- 2 10 1+ 15 27 0.03
Rallus aquaticus 10 7 1+ 8 25 0.02
Vanellus vanellus 1- 27 70 1+ 46 143 0.14
Columba oenas 1- 40 47 1+ 24 111 0.11
Buteo buteo 1- 20 35 2+ 40 95 0.09
Falco tinnunculus 1- 56 93 1+ 76 225 0.21
Accipiter gentilis 14 13 1+ 12 39 0.04
Bubo bubo 1- 9 21 1+ 12 42 0.04
Garrulus glandarius 1- 45 79 2+ 83 207 0.20
Pica pica 1- 69 79 1+ 57 205 0.19
Corvus corax 4 4 1+ 8 16 0.02
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Tab. 1. Continuation.
Tab. 1. Pokracovanie.

period (years ago) / obdobie (roky pred) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxon

Turdus pilaris 2- 32 79 2+ 71 182 0.17
Turdus philomelos 1- 99 186 1+ 126 411 0.39
Sturnus vulgaris 1- 14 42 1+ 27 83 0.08
Erithacus rubecula 1- 7 12 1+ 11 30 0.03
Coccothraustes coccothr. 14 10 1+ 14 38 0.04
Pelobates fuscus 85 2- 25 2+ 87 197 0.19
Lucanus cervus 2- 1 2- 1 2+ 34 36 0.03
Vulpes vulpes 1- 34 51 1+ 23 108 0.1
Sorex minutus 1- 2 9 3 14 0.01
Cuculus canorus 1- 8 22 9 39 0.04
Anas querquedula 1- 6 17 7 30 0.03
Lacerta agilis 1- 16 27 12 55 0.05
Athene noctua 25 1- 9 8 42 0.04
Salmo trutta 119 86 1- 18 223 0.21
Nyctalus noctula 26 16 1- 1 43 0.04
Microtus arvalis (n/ksy TR 130604 T 14377 5189 32,970 31247
% 26.78 34.75 37.29

Talpa europaea 221 189 50 460 0.44
Coturnix coturnix 235 141 47 423 0.40
Alauda arvensis 157 140 51 348 0.33
Scolopax rusticola 117 111 28 256 0.24
Coloeus monedula 114 100 29 243 0.23
Microtus agrestis 78 85 19 182 0.17
Muscardinus avellanarius 68 66 14 148 0.14
Mustela erminea 53 66 19 138 0.13
Crex crex 39 45 16 100 0.09
Mammalia, 65 species / druhov 25,008 26,565 1+ 10,083 61,656 58.42
Aves, min. 140 species / druhov 1- 2588 1+ 4338 1+ 2047 8973 8.50
Amphibia, Reptilia, Pisces 1+ 23,176 1- 9910 2- 1739 34,825 33.00
Evertebrata 1- 23 1- 20 2+ 46 89 0.08
> 50,795 40,833 13,915 105,543 100.00
Diversity index H' 2.01 2.45 2.67 2.35

Others prey species (Period no.—no. of items) / Ostatné druhy (Obdobie €. — pocet):

Neomys anomalus (1-14; 2-7; 3-2), Neomys fodiens (1-38; 2—25; 3—-6), Crocidura leucodon (1-17; 2-9), Crocidura suaveolens (1—
17; 2-18; 3-6), Rhinolophus ferrumequinum (2—1), Rhinolophus hipposideros (1-2; 2—1), Myotis mystacinus (1-4; 2—-6), Myotis
brandtii (1-1; 2—1), Myotis emarginatus (3—1), Myotis nattereri (1-1; 2—1), Myotis bechsteinii (1-5; 2—4), Myotis myotis (1-23; 2-30; 3—
7), Myotis blythii (1-2; 2-1), Vespertilio murinus (1-15; 2—10; 3-2), Eptesicus serotinus (1-32; 2-28; 3-4), Eptesicus nilssonii (3—1),
Pipistrellus pipistrellus (1-10; 2-9; 3-1), Barbastella barbastellus (1-13; 2-10), Plecotus auritus (1-3; 2-6), Plecotus austriacus (2—
1), Dryomys nitedula (1-37; 2-29; 3-5), Sicista betulina (1-17; 2—13; 3-5), Rattus rattus (1-3), Terricola tatricus (1-5; 2—4; 3-1),
Alexandromys oeconomus (1-1; 3—1), Chionomys nivalis (1-6; 2-5), Canis familiaris (1-1; 3—1), Martes foina (1-1; 2—1), Martes sp.
(1-1; 2-3), Mustela putorius (1-4; 2—7), Mustela eversmanii (1-1; 2—-2), Mustela vison (3—1), Felis catus dom. (1-3; 2—4; 3-4), Sus
scrofa (1-3), Cervus elaphus (2-1; 3-1), Capreolus capreolus (1-1), Capra ibex hircus (1-1), Ovis ammon aries (1-1; 3—1),
Podiceps cristatus (2—1), Podiceps grisegena (2—1), Podiceps nigricollis (2—1; 3-3), Ixobrychus minutus (2-1; 3-1), Nycticorax
nycticorax (2—1), Anser anser dom. (1-1), Anser fabalis (1-1), Mareca penelope (1-1), Anas acuta (2—1; 3-2), Aythya fuligula (2—1; 3—
3), Bucephala clangula (2—1), Anatidae sp. (1-12; 2—18; 3-2), Accipiter nisus (1-13; 2-8; 3-8), Pernis apivorus (2-2), Aquila
pomarina (3-1), Aquila sp. (3—1), Circus aeruginosus (3-2), Circus sp. (1-1; 2-2), Accipitridae sp. (1-1; 2—2; 3—1), Falco peregrinus
(1-4; 2—4; 3-1), Falco subbuteo (3-2), Falco sp. (1-3; 2-3), Tetrastes bonasia (1-18; 2—15; 3-5), Lyrurus tetrix (1-4; 2-8), Tetrao
urogallus (1-2; 2—4), Meleagris gallopavo dom. (3—1), Galliformes sp. (1-2; 3-1), Porzana porzana (1-10; 2-13; 3—7), Zapornia
parva (1-1; 2-1; 3-2), Porzana sp. (1-1), Rallidae sp. (1-1; 2-3), Charadrius dubius (1-2; 2-10; 3-1), Pluvialis apricaria (2—1; 3-1),
Tringa glareola (1-1; 2-3), Tringa ochropus (2—-1), Tringa sp. (1-4; 2-2), Actitis hypoleucos (1-20; 2—12; 3-5), Philomachus pugnax
(1-5; 2-2), Limosa limosa (1-1), Gallinago gallinago (1-5; 2—6; 3-6), Gallinago sp. (2—4), Lymnocryptes minimus (3—1), Limicolae
sp. (2—4), Chroicocephalus ridibundus (2—-2; 3—4), Sterna hirundo (1-1; 2-2; 3—1), Chlidonias niger (1-2; 2-2), Columba sp. (1-6),
Tyto alba (1-3; 2—4; 3-2), Asio flammeus (1-2; 2-3; 3-2), Otus scops (1-2), Aegolius funereus (1-17; 2—13; 3-3), Strix uralensis (1—
1, 2-3; 3-3), Caprimulgus europaeus (1-8; 2—12; 3-4), Apus apus (1-2; 2—1; 3-1), Coracias garrulus (2-3), Upupa epops (2-1),
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Tab. 1. Continuation.
Tab. 1. Pokracovanie.

Dryocopus martius (1-1; 2-8; 3-1), Picus canus (1-2), Picus viridis (2—2; 3-2), Dendrocopos major (1-1; 2-3), Dendrocopos
syriacus (1-1; 3—1), Dendrocopos medius (2—1), Dendrocopos leucotos (1-1), Jynx torquilla (1-1; 2-3; 3—1), Lullula arborea (1-18; 2—
12; 3-2), Hirundo rustica (1-4; 2-2; 3-1), Delichon urbicum (1-11; 2—12; 3-4), Riparia riparia (2-2), Anthus trivialis (1-4; 2-7),
Anthus pratensis (3—1), Anthus spinoletta (1-3), Motacilla alba (1-6; 2-8), Motacilla cinerea (2-2; 3—1), Bombycilla garrulus (2—1),
Lanius excubitor (1-1; 2-2; 3—1), Lanius collurio (1-19; 2—17; 3-3), Acrocephalus palustris (2-1; 3-1), Hippolais icterina (1-2), Sylvia
atricapilla (1-2; 2-3; 3-2), Sylvia sp. (1-1), Phylloscopus sibilatrix (1-2), Regulus sp. (2—1), Sylviidae sp. (1-6; 2-1), Muscicapa
striata (1-1; 2—1), Saxicola rubetra (2-1), Oenanthe oenanthe (1-2; 2-1), Phoenicurus ochruros (2—-2; 3—4), Turdus torquatus (1-13;
2-17; 3-7), Turdus iliacus (1-3; 2-3), Turdus sp. (2—2), Parus major (1-4; 2-3; 3—1), Periparus ater (3—1), Cyanistes caeruleus (2-2;
3—1), Lophophanes cristatus (3-2), Poecile palustris (1-2), Parus sp. (2—1), Sitta europaea (2—1; 3—1), Troglodytes troglodytes (1-1;
2-1), Cinclus cinclus (1-1; 2-1; 3-1), Emberiza citrinella (1-20; 2—22; 3—-10), Emberiza calandra (1-4; 2-2), Emberiza schoeniclus (1—
1, 2-2), Emberiza sp. (1-1), Fringilla coelebs (1-17; 2-13; 3-10), Carduelis carduelis (1-4; 2-5; 3-4), Carduelis spinus (3-1),
Carduelis cannabina (1-2; 2-2; 3-2), Carduelis chloris (1-2; 2—-2; 3-3), Pyrrhula pyrrhula (1-1; 2-1), Serinus serinus (1-1; 2-1),
Loxia curvirostra (1-2; 2-5), Fringillidae sp. (1-2), Passer domesticus (1-13; 2-14; 3-5), Passer montanus (1-1; 2—2; 3-3), Oriolus
oriolus (1-1; 2—1), Passeriformes sp. (1-43; 2-61; 3—10), Passeriformes sp. juv. (1-1), Aves sp. (1-1; 2-21; 3-2), Aves sp. juv. (1-6; 2—
8; 3-4), Bombina variegata (1-2), Bombina sp. (2—1), Bufo bufo (1-10; 2—14; 3-2), Bufotes viridis (1-3; 2-3; 3—1), Bufo sp. (1-2; 3—
1), Hyla arborea (1-5), Rana dalmatina (1-1; 2—-2), Rana arvalis (2—1), Pelophylax ridibundus (1-2; 2-3; 3-3), Anguis fragilis (1-1),
Lacerta viridis (1-9; 2-12; 3-3), Lacerta muralis (1-1; 2-5; 3-2), Lacerta sp. (1-4; 2-3; 3—1), Zootoeca vivipara (1-1; 2-2; 3-3),
Natrix natrix (1-4; 2—1), Colubridae sp. (1-1; 2-3; 3-2), Serpentes sp. (2—4), Pisces sp. (1-31; 2-31; 3-3), Hymenoptera sp. (1-1),
Coleoptera sp. (1-14; 2—14; 3—11), Astacus sp. (1-1), Limacidae sp. (1-6; 2-5; 3—1).

Note: Numerical data in the table are given in absolute values, and positive and negative deviations (e.g 1 +, 2+, 1 -, 2-) are marked
deviations from the mean (MDFM, Obuch 2001 ) for the species in these samples (see Methods).
Poznamka: Ciselné hodnoty v tabulke s uvedené v absolutnych hodnotéch, kladné a zaporné odchylky (1 +, 2+, 1 -, 2- a podobne)

su vyrazné odchylky od priemeru (MDFM, Obuch 2001 ) druhov vo vzorkach (pozri Metodiku).

creased by nearly half (R. temporaria, 23.3%), and the
share of M. arvalis increased less significantly (34.8%),
ut the representation of larger prey from the classes of
mammals increased significantly: northern white-
breasted hedgehog Erinaceus roumanicus, European
hare Lepus europaeus, R. norvegicus and A. amphibius,
as did the birds: Corvus cornix + frugilegus, grey
partridge Perdix perdix, common pheasant Phasianus
colchicus, domestic pigeon Columba livia domestica
and long-eared owl Asio otus. Some of these species
still form a large part of the diet of eagle-owls even in
period C (the last 30 years). This period is characterised
by a further decrease in the number of R. temporaria
(11.3%) and a slight increase in the share of M. arvalis
(37.3%), but the proportion of forest rodent species A.
flavicollis and M. glareolus has also increased, as has
the diversity of birds, particularly waterfowl species,
owls, and thrushes (genus Turdus) in particular from the
songbirds.

Comparison of Eurasian
cagle-owl diet composition
in several areas of Slovakia
A — Period more than 70 years ago (Table 2): In the
Liptov region we have finds of eagle-owls nests from

this period in the Nizke Tatry Mts, which were defores-
ted and grazed by sheep in the 16th—17th centuries:
from Demainovska dolina Valley, Janska dolina Valley,
the valley below Maluzina and from Komornicka dolina
Valley. R. temporaria (68.2%) had high predominance
in these finds, but the following mountain rodent species
also occurred: European snow vole (Chionomys nivalis),
northern birch mouse (Sicista betulina), hazel dormouse
(Muscardinus  avellanarius) and forest dormouse
(Dryomys nitedula). The Ural field mouse (4. microps)
also penetrated deeper into the mountains, and the
European hamster (Cricetus cricetus) occurred in the
finds from the edge of the Liptovska kotlina Basin. In
the Orava region, which has a mosaic of narrow fields,
meadows and pastures with discontinuous wooded en-
claves, the prevalence of R. temporaria (42.4%) was
lower, and M. arvalis had a higher proportion (29.0%),
as did R. norvegicus and A. amphibius among the larger
prey. In the Turiec area, eagle-owls nested on the border
of a more intensively-farmed basin, so there was a
greater share of rodents M. arvalis (32.2%), R. norvegi-
cus and M. musculus, and the hamster species C.
cricetus and common spadefoot toad (Pelobates fuscus)
still occurred here. In the Zilinska kotlina Basin and the
Rajecka kotlina Basin, the proportions of R. temporaria
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comparing three historical periods

and M. arvalis were average, but the proportion of the
edible frog (Pelophylax cf. esculentus) was higher, as
was that of certain rodents: A. agrarius, M. glareolus
and 7. subterraneus and some birds: Eurasian skylark
(Alauda arvensis), common quail (Coturnix coturnix),
Eurasian jay (Garrulus glandarius) and common
magpie (Pica pica). In the lower valley of the Povazie
region, along with R. temporaria (25.0%), the toad
species P. fuscus was also more numerous among the
amphibians, in addition to the larger mammalian species
E. roumanicus, L. europaeus and C. cricetus and the
mouse species A. microps, as well as the larger bird spe-
cies P. perdix, the pigeons Columba palumbus and C.
oenas, and the owls A. otus and Strix aluco. In the
warmer Ponitrie basin, the eagle-owl diet featured a low
proportion of R. temporaria (10.8%), as larger prey
from the bird and mammal classes were available. In
contrast, on the crags along the outer perimeter of the
Muranska planina Plateau, where there is less arable
land and more meadows and pastures, the voles M. ar-
valis (41.9%) and A. amphibius dominated.

B — The period of Socialism, 30 to 70 years ago
(Table 3): fter the regime change in 1948, gradual
changes in land use followed due to the collectivisation
of agriculture, afforestation of pastures on steeper slopes
and more intensive breeding of small game. These
changes were manifested in the food strategy of the
Eurasian eagle-owls: they started leaving the mountain
locations and hunting for more prey in the foothills. The
Liptov and Turiec regions still had relatively high pro-
portions of R. temporaria (44.5% and 29.4% respect-
ively), as did Orava with M. arvalis (41.8%) and
together with the Horehronie and Spi§ regions also A.
amphibius. The lower parts of Povazie, Ponitrie and
Pohronie basins had higher proportions of larger species
of birds in the eagle-owl diet, in particular P. perdix, P.
colchicus, C. livia domestica, A. otus and C. cornix +
frugilegus, and among mammals mainly hedgehogs E.
roumanicus and hares L. europaeus. In the Ponitrie
basin, Spi$ region and the Slovensky kras karst area
there was higher representation of R. norvegicus and C.
cricetus, and locally also of European ground squirrel
(Spermophilis citellus). Among the dormice, the garden
dormouse (Eliomys quercinus) was more frequently
hunted in the Turiec area, and in the Slovensky kras arca
the dormice Glis glis and D. nitedula. Among the smal-
ler species of mice, Mus musculus was more numerous
in the Turiec area, 4. sylvaticus and A. flavicollis in the
Povazie and Ponitrie basins, and previously more
abundant occurrence of A. microps was narrowed to the
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territories of the Ponitrie basin, Spi§ region and Slov-
ensky kras area. In the latter area, the occurrence of P,
fuscus was more frequent as well, although previously it
was a more numerous amphibian also in the higher-
elevated basins.

C — Period of the last 30 years (Table 4): In the upper
basins of the Orava, Liptov and Horehronie regions,
arable land has been gradually transformed into grassy
surfaces since the 1990s. The decline in frogs in the
cagle-owl diet was compensated with a higher share of
voles M. arvalis and A. amphibius. In the Zilinska kot-
lina and Turiec basins, the progressive overgrowth of
grasslands by trees was manifested in increased repres-
entation of the forest species A. flavicollis and M. glare-
olus. The larger species E. roumanicus, L. europaeus, R.
norvegicus and C. livia domestica were more abund-
antly hunted depending on local conditions in different
parts of Slovakia. The occurrence of the species A. mi-
crops, C. cricetus and P. fuscus shifted to lower posi-
tions. During the Socialist period, the pheasant P
colchicus was also released into the wild in the Liptov
and Turiec basins, where it was decimated under the
pressure of predators and currently occurs only in the
lower basins. Special conditions occur in the drier Spi§
region, which lies in the rain shadow of the Tatra Mts;
for this reason the steppe species S. citellus, C. cricetus
and A. microps still occur here. In contrast, a peculiarity
of the lower valley of the Turna River in the Slovensky
kras area are ponds and water meadows, meaning that
aquatic bird species as well as the European water vole
A. amphibius are more abundantly represented here.

Changes in the Eurasian
cagle-owl diet in individual
areas of Slovakia

Orava (Appendix 2): Overall, the species M. arvalis
(37.5%), R. temporaria (28.8%) and A. amphibius
(11.6%) dominate in all three time periods. Birds have a
share of 7.6%. In the oldest period (A), the proportions
of frogs (R. temporaria, 42.4%) and murine rodents A.
sylvaticus, A. microps, A. agrarius and M. musculus
were significantly higher. Among the birds, the repres-
entation of the western jackdaw (Coloeus monedula), at
that time nesting in rocky massifs, was more numerous.
During the Socialist period (B), the proportion of frogs
was reduced by half (R. temporaria, 22.5%) and the
proportion of vole-type rodents M. arvalis and A. am-
phibius increased. A further 50 % decline in the incid-
ence of frogs in the most recent period (C) was caused
by the availability of larger prey from the mammalian



classes: E. roumanicus, R. norvegicus, Sciuris vulgaris,
Mustela nivalis and birds C. livia domestica, P. perdix,
Buteo buteo, A. otus, G. glandarius and C. cornix.

Liptov (Appendix 3): In total, R. temporaria
(58.1%), M. arvalis (19.0%) and A. amphibius (6.3%)
dominate in all periods. Birds have a 4.8% share. The
proportion of frogs (R. temporaria, 68.2%) was
extremely high in the oldest period (A), and this fell to
44.5% 1in the period of Socialism (B) and reaches only
4.0% in recently-sampled material (C). In period A, the
Ural field mouse (4. microps) penetrated high into the
mountains with pasturage. At the same time, the vole
Chionomys nivalis descended to the valleys from alpine
positions. In the Liptovska kotlina Basin, Eurasian
cagle-owls hunted the hamster C. cricetus. In the period
of Socialism (B), the mammals L. europaeus, Talpa
europaea, A. flavicollis, M. glareolus and M. nivalis
were more often hunted, and among the birds P. perdix,
F. tinnunculus, C. livia domestica, Columba palumbus,
Strix aluco, Turdus merula and Coturnix coturnix. In the
present period (C) the proportion of mammals E. rou-
manicus, R. norvegicus, A. amphibius and M. arvalis, is
increasing, and among the birds 4. otus, Vanellus vanel-
lus, Anas platyrhynchos, G. glandarius and Pica pica
are now more prevalent.

Turiec (Appendix 4): The dominance of M. arvalis
increased slightly from 32.3% in the oldest period (A)
to 44.4% in the present (C). In contrast, the share of R.
temporaria decreased from 40.0% in period A to 19.3%
in period C. In the oldest period other species of frogs
also appeared in the eagle-owl diet, but are currently ab-
sent: Pelophylax cf. esculentus and Pelobates fuscus. In
period A, murine rodents A. sylvaticus, A. microps and
M. musculus were more numerous, and currently the
forest species A. flavicollis and M. glareolus are more
abundant. At present, the proportion of birds (Aves) has
increased, in particular thrushes (Turdus), crows and
rooks (Corvidae), domestic pigeons (C. livia domest-
ica), partridges (P. perdix) and certain species of raptors
and owls. During the Socialist period (B), the propor-
tion of larger mammal species in the food of B. bubo in-
creased: E. roumanicus, R. norvegicus and A.
amphibius.

Zilinska kotlina Basin (Appendix 5): In total for all
periods, the species R. temporaria (36.6%) and M. ar-
valis (30.4%) were predominantly represented in the
cagle-owl diet, while birds (Aves) had 7.7% representa-
tion. The decline in the dominance of R. temporaria
from 43.5% in period A to 8.5% at present (C) is signi-
ficant. The proportion of small mice 4. microps, A.
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sylvaticus and M. musculus also fell, while the propor-
tion of A. flavicollis, A. agrarius and M. glareolus in-
creased. From the Socialist period (B) up to the present
(C), a higher representation of larger prey species has
persisted: E. roumanicus, L. europaeus, R. norvegicus,
A. amphibius, A. otus and C. livia domestica. Among the
birds, the following species were more numerous in the
period of Socialism (B): P. perdix, P. colchicus and C.
cornix + frugilegus, while in the latest period (C) the
share of the common kestrel F. tinnunculus and thrushes
(genus Turdus) has increased.

Povazie (Appendix 6). In the lower parts of the Vah
Valley, 1 collected material from eagle-owl pellets only
from older periods A and B, and in the last 30 years I
have not collected its food remnants in this area. The
share of R. temporaria was lower (25.0%) in the oldest
period (A) than in the higher-located valleys, and in the
period of Socialism it fell to 5.0%. Among the frogs, the
species P. cf. esculentus and P. fuscus were more abund-
antly represented in period A, and mammalian species
A. microps and C. cricetus were more prevalent then. In
the period of Socialism (B), the share of M. arvalis in
the Eurasian eagle-owl diet increased significantly from
20.2% to 35.6%, and similarly as in the Zilinska kotlina
Basin, the proportion of larger species of mammals and
birds increased, except for 4. amphibius. Carp-type fish
(Cypriniformes) were hunted more frequently in localit-
ies near the Vah River.

Ponitrie (Appendix 7): Similarly as in the Povazie
area, the Ponitrie areca has a warmer climate, but it is
drier. For this reason, even in the oldest period, the pro-
portion of R. temporaria was lower in the Eurasian
cagle-owl diet, dropping from 10.8% in period A to
0.3% in period C. The dominant species M. arvalis
(34.4%) showed a moderately declining trend (from
39.4% in period A to 27.5% in period C). The share of
small murine rodents decreased significantly. In the
period of Socialism (B) they were superseded by the lar-
ger rodent species A. amphibius and the birds P. perdix,
P. colchicus, C. cornix + frugilegus and A. otus. In the
latest period (C) mammals are more abundantly repres-
ented: E. roumanicus, R. norvegicus and C. cricetus, and
among birds the domestic pigeon C. livia domestica and
thrushes . The hare (L. europaeus, 2.5%) is evenly rep-
resented in the compared periods.

Pohronie (Appendix 8): The Pohronie region has
similar climatic conditions as the Povazie and Ponitrie
basins. The Hron Valley, however, is predominantly nar-
rower with less arable land. I have smaller samples of
cagle-owl food from this area, which, however, confirms
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a higher proportion of R. temporaria in the oldest period
(A) and the dominance of M. arvalis in the diet (29.2%)
and an increase in the proportion of larger prey in the
most recent period (C), particularly the species R.
norvegicus and E. roumanicus.

Muranska planina Plateau (Appendix 9): Eurasian
cagle-owls nested on the crags located around the
perimeter of the plateau in its warmer southern part and
in the colder part of the Horehronie basin. From the
latest period (C) I have samples only from the
Horehronie area. Only meadows and pastures feature
here, and arable land is nearly absent. In the oldest peri-
od (A), smaller prey was represented mainly in the high
proportion of M. arvalis (41.9%), R. temporaria
(28.8%) and A. sylvaticus. The decline in their repres-
entation during the Socialist period (B) was mainly off-
set by an increase in the proportion of 4. amphibius and
birds. The proportion of larger prey, mainly 4. amphibi-
us and R. norvegicus, has further increased in the last 30
years (period C).

Spis (Appendix 10): This extensive area from Slov-
ensky raj National Park in the south to the Pieniny Mts
in the north has a cold but drier climate due to the rain
shadow of the Tatra Mts and the connection with the
Galicia area in southern Poland. The oldest eagle-owl
food samples (period A) come from the Slovensky raj
National Park. In them there are high proportions of R.
temporaria (49.5%) and A. amphibius and a low repres-
entation of M. arvalis (10.2%). Samples from the last 30
years (C) are from the Drevenik Crags with a low pro-
portion of R. temporaria (0.15%) but a high share of M.
arvalis (38.4%). Among the larger mammalian species
are R. norvegicus, C. cricetus, S. citellus, E. roumanicus
and L. europaeus and among birds P. perdix, A. otus and
the Corvidae.

Rimavska kotlina Basin (Appendix 11): Eurasian
cagle-owls nest around the perimeter of the Rimavska
kotlina Basin in the Cerova vrchovina and Revucka
vrchovina Uplands. I have food samples from this area
only from the last 70 years (B and C), when the species
M. arvalis (25.3%) and R. norvegicus (20.7%) domina-
ted, the proportion of birds was higher (Aves, 22.0%)
and the frog R. temporaria lower (1.0%). More signific-
ant differences between the periods occurred in the pro-
portion of Apodemus mices: in the period of Socialism,
the species A. flavicollis and A. sylvaticus were more
numerous, and the proportion of A. agrarius is currently
increasing.

Slovensky kras Karst (Appendix 12): Eurasian
cagle-owls nest on crags around the perimeter of the
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karst plateaux bordering with an agricultural landscape
and having a warm climate. In the valley of the Turna
River there are larger ponds and water meadows. In the
older eagle-owl food samples (period A) the representa-
tion of M. arvalis was higher (over 30%); in period B
also mice (genus Apodemus), rats (R. norvegicus) and
hamsters (C. cricetus). In the most recent period (C) the
share of A. amphibius has increased, among birds the
species C. livia domestica, C. cornix + frugilegus and
aquatic species, and among frogs the species P. fuscus.
Larger species of mammals E. roumanicus, L.
europaeus and S. citellus and birds P. perdix and A. otus
are evenly represented in the eagle-owl diet in the com-
pared three time periods.

Discussion

When determining the age of bones from food residues
of Eurasian eagle-owls in their nests, a problem arises
due to their mixing of the upper layer to a depth of 5-10
cm when digging the nesting hole. After a certain time,
the deeper layer is no longer disturbed; it is harder, so it
can be separated, collected independently and assigned
to an older period. Below shallow overhangs, after
filling the sediment to a certain height, the eagle-owls
leave the nest and settle elsewhere in the same rock
massif. For example, at PleSovice (near Blatnica in the
Turiec basin) they successively used eight places for
nesting, where more than 10,000 food items were accu-
mulated over more than 200 years. Sometimes,
however, alternating of several places occurred in the
same time period. In Komornicka dolina Valley in the
Liptov region, they used four locations for nesting and
at an additional three sites there were bones from their
pellets (Kudla et al. 2019). After afforestation of the
surrounding pastures during the Socialist period, they
flew lower down into the basin for food, but after the
crags became shaded by forest growth, they left the
area. In most other localities, there were fewer suitable
nesting sites and the eagle-owls used only one or two
locations for a long period. In the Turiec basin, the
Sokol locality was the most suitable place for nesting,
where bones from 3,556 prey items were accumulated.
After the nest was crushed by a large boulder, the eagle-
owls left it and in the following years nested in less
suitable habitats. In the Liptov and Turiec regions there
were several suitable nesting habitats deeper in the
mountains, which were abandoned after afforestation of
the surrounding meadows and pastures caused the
cagle-owls to move to less suitable places on the edge
of the basins. There are fewer food remnants left by

32

Eurasian eagle-owls in these places, which indicates
little successful nesting due to predation of young ecagles
by carnivores or birds of prey. In the Zilinska kotlina
Basin, the majority of the nests used during the Socialist
period (B) have since been abandoned, based on inspec-
tions made in the last ten years. However, monitoring by
vocalising indicates the eagle-owls have not left these
localities completely, but they are probably nesting in
less suitable habitats (Kicko 2017). At present, it is
difficult to find crags at the edge of the mountains which
climbers do not frequent, hikers do not adapt as view-
points, or the inhabitants of the surrounding villages do
not use as a picnic places. Most of the Eurasian eagle-
owl food residues come from nests, and for the above
reasons we obtained significantly less food samples
from the latest period (C) than from the previous two
periods.

From period A, we made most finds of eagle-owl
pellets in higher mountain locations, where there was a
lack of larger prey and they were forced to use frogs to
successfully rear their young. The advantage here was
safe nesting sites. From period B, the nests were closer
to intensively-farmed land with larger prey available,
but with the risk of persecution by hunters due to the
owls preying on small feathered and furry game, al-
though by a decree from 1965 the Eurasian eagle-owl
belonged among the protected animal species. In period
C, a decline in animal production occurred and thus a
reduction in the food supply in abandoned farmyards
and successive overgrowth of pastures in the foothills.
The nesting of Eurasian eagle-owls in lowlands with an
absence of crags, in abandoned buildings (Hrtan 2010),
in the nests of raptors or in huts (Mihék & Liptak 2010)
is being increasingly observed. There is a strong popula-
tion of eagle-owls at present in northern Germany,
where there are no crags suitable for nesting at all (e.g.
Lindner 2010). The Eurasian eagle-owls have nested in
areas with the absence of crags in the past, as evidenced
by their long-term monitoring in the Nizky Jesenik Hills
in Moravia (Suchy 1980, 1990). 1 obtained a larger
number of small samples from 14 less suitable habitats
from period C in the Ponitrie area, where L. Snirer de-
voted himself intensively to studying their nesting.

My material summarizing the diet of the Eurasian
eagle-owl in the territory of Slovakia over the last 200
years is a testimony to changes in the composition of
fauna, especially birds and mammals, depending on
changes in the economic use of land by humans. The
shift from higher elevated basins in the north of Slov-
akia to lower locations in southern areas due to success-



ive overgrowth of meadows and pastures is most pro-
nounced in the increasing incidence of small mammali-
an species 4. microps and C. cricetus, and frogs of the
species P. fuscus in the owls' diet. A marked decline in
incidence of the garden dormouse (Eliomys quercinus)
is evident over the whole territory. In contrast, the
current state is in line with the abundance of A.
amphibius and E. roumanicus at higher elevations, and
birds now feature more often among the prey of cagle-
owls, for example, the domestic pigeon (C. livia
domestica) and thrushes, but also various species of
birds linked to the aquatic environment.

We processed similarly rich material from the recent
and subrecent period in the area of central Norway
(Obuch & Bangjord 2016). Frogs (R. temporaria,
36.7%) also dominated in a nest found at Hommelvik
from a period of 300 years ago. Large numbers of this
species are still present, especially in localities along the
sea coast (e.g. Ormhaugfjellet, R. temporaria, 50.7%).
This species was introduced on Fraya Island 30 years
ago and has become an important part of the nutrition of
juveniles, although larger prey is available there, partic-
ularly marine bird species. The significant decline in R.
temporaria in the diet of eagle-owls in Slovakia may
therefore be partly associated with the decrease in this
species over the last 30 years, similarly as reported by
Jetabkova & Zavadil (2020) in the Czech Republic. At a
site on Halmeya Island the oldest layer of bones in the
nest of an Eurasian eagle-owl dates back to 2500 years
ago, and the next layer is from the period when the is-
land was inhabited by the Vikings in the Middle Ages.
At present, the island is uninhabited and overgrown
with bushes. Changes due to the human settlement of
the island are reflected in the composition of the food of
the Eurasian eagle-owl in this locality. In the original
steppe areas, e.g. in southern Kyrgyzstan (Obuch & Ry-
bin 1993) or in Iran (Obuch 2014), the rich spectrum of
prey of this apex predator indicates the spatial diffusion
of native species of mammals depending on habitat con-
ditions, although these too have been influenced by hu-
man activity down the millennia.
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Appendix 1. Record of Eurasian eagle-owl food samples used in summaries based on area and period. Key: 1-11: areas; A: period
> 70 years, B: 70 to 30 years ago, C: < 30 years; loc.: locality, sample date.

Priloha 1. Zoznam vzoriek potravy vyra skalného, pouzitych pri sumarizacii podia oblasti a obdobi. Vysvetlivky: 1 — 11: oblasti; A:
obdobie > 70 rokov, B: pred 30 — 70 rokmi, C: < 30 rokov; k.u., lokalita, datum zberu.

1. Orava, Orava river valley, from 450 m a.s.l. (Parnica) up to 900 m a.s.l. (Zuberec). Climate: moderately warm to moderately cool,
damp.

A. Zazriva, Havrania skala, 22.8.1995; Parnica, Bralo, 28.5.1980, 22.8.1995; Istebné, Ziar, 14.10.1996; Jasenova, Brestova,
14.10.1977; Vy$ny Kubin, dolina (valley) pod Chogom, 14.10.1977; Podbiel, Cervena skala (rock), 10.8.1995.

B. Parnica, Bralo, 27.5.1980; Istebné, Ziar, 11.9.1994; Zagkov, dolina Uhlisko, 18.5.1994, 8.12.2015; Dolny Kubin, Sriiacie,
17.5.1994; Pucov, Zlepence, 17.5.1994; Oravsky Podzamok, hradna brala (castle crag), 9.8.1995; Kriva na Orave, Ostry vrch,
10.8.1995; Kriva na Orave, Priboj, 18.5.1995; Podbiel, Podbielska skala, 21.6.1978; Oravsky Biely Potok, lom (quarry), 18.5.1994;
Habovka, Blatna dolina, 11.8.1995; Zuberec, Uplaziky, 1.9.1990; Tvrdo$in, Krasna Horka, 29.4.1995; Sedliacka Dubova, 6.6.1995.

C. Parnica, Bralo, 11.6.2015; Jasenova, Brestova, 17.5.1994, Trstena, lom, 11.8.1995, 14.6.,2009; Oravska Jasenica, Bredovka,
19.5.1994, lom, 19.5.1994; Sihelné, Hradok, 19.5.1994.

2. Liptov, upper Vah river valley, from 500 m a.s.l. (Likavka) up to 750 m a.s.l. (Maluzind). Climate: moderately warm to moderately
cool, damp.

A. Valaska Dubova, Soliska, 26.5.1977; Liptovské Revlce, Zelena dolina, 15.5.1986; Liptovska Stiavnica, Komornicka dolina,
Mladucha, 22.4.2019, Cetné, 21.10.2018, 13.6.2020; Deméanovska dolina, Zbojnicka jaskyfia (cave), 12.9.1982; Liptovsky Jan,
Janska dolina, jaskyna Tunelova, 29.7.2008, dolina Bielo 18.9.2008, april 2020; Maluzina, jaskyna Maluzinské okno, 19.4.2016.

B. Ludrova, Sokolka, 11.7.1976; Lucky, 1.7.1977; Turik, 1.5.1978; Likavka, Valovy, 13.10.1977; Kvacany, Kvacianska dolina,
1.6.1992; Liptovska Stiavnica, Komornicka dolina, Mladucha, 28.11.2018, Veza, jun 2019, Cetné, 22.4.2020; Liptovsky Jan, dolina
Bielo, april 2020; Liptovsky Hradok, Borova sihot’ (watermeadows), 17.8.2017.

C. Prosiek, Prosiecka dolina, 19.7.1995; Podturen, obora (game reserve), 26.8.2013, 17.8.2017; Liptovsky Hradok, Borova sihot,
1.5.2010; Hybe, 6.5.2009; Svarin, 1.11.2010.

3. Turiec, borders of Tur&ianska kotlina Basin and Velka Fatra Mts and Ziar Hills, from 450 m a.s.l. (Krpelany) up to 600 m a.s.l.
(Vricko). Climate: moderately warm, damp.

A. Necpaly, Havrania skala, 3.9. 1976; Blatnica, Zelenova skala, 2.9. 1976; Blatnica, PleSovica, hniezda (nest) 1, 2, 3, september
1976, Mo$ovce, Mosovské Cervené, 30.5.1991; Slovenské Pravno, Sokol, 29.8.1976; Vricko, Vrania skala, 2.7.1979.

B. Krpelany, Sokol, 5.6.1982; Sklabinsky Podzamok, Katova skala, 19.4.1992; Beld, zaciatok doliny (upper valley), 19.4.1992;
Necpaly, Nosakova, 3.9.1976; Blatnica, Blatnicky hrad, 23.10.1975; Blatnica, PleSovica, 30.10.1977, 3.5.1990,19.8.1992, 9.6.2004;
Socovce, Marské visky (heights), 1982; Ondrasova, Moskovské skaly, 21.11.1976, 26.12.1979; Slovenské Pravno, Sokol, 7.4.1980,
1.11.1996.

C. Krpelany, Sokol, 6.8.1997, Bela, zaciatok doliny, 7.6.1995, 31.5.1996, 30.6.2015, 27.2.2019, 21.8.2019; Necpaly, Nosakova,
25.4.1994, 31.5.1996, 11.7.1997,17.9.2017, 2.9.2019; Platnica, Blatnicky hrad (castle), 29.4.1998; Blatnica, PlesSovica, 22.4.1994,
9.6.1995, 11.7.1997, 1.6.2004, 8.9.2009, 15.7.2015; MoSovce, lom, 16.9.1996, 24.9.1997, 17.4.2015, 20.2.2019; Raksa, lom,
9.4.2015, 9.7.2015; Socovce, Marské visky, 1995; Ondrasovd, MoSkovské skaly, 2.5.1994, 18.10.1996, 11.7.1997, 16.7.2006,
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Appendix 1. Continuation.
Priloha 1. Pokracovanie.

17.6.2015, Slovenské Pravno, Sokol, 21.11.1996, 11.7.1997.

4. Zilinska kotlina Basin, Vah river valley from Streéno to Bytéa, Rajéianka and Varinka, from 300 m a.s.l. (Bytda) up to 550 m a.s.l.
(Terchova). Climate: moderately warm, damp.

A. Stre¢no, hrad, 10.6.1977; Stranavy, karfion Hyrov (canyon), 28.3.1979; ViSnové, Valentinov diel (part), 25.3.1978, 22.3.1979, Turie,
Turska dolina, 10.8.1978; Poluvsie, Kozol, 21.6.1980; Rajecké Teplice, Skalky, september 1977, 25.7.1978; Jabloriové, dolina Javor,
5.8.1978.

B. Terchova, Tiesnavy, 13.7.1976, Stre¢no, hrad, 8.6.1977, 1.8.1978, 12.11.2016; Turie, Turska dolina, 10.8.1978, Porubka, Slne¢né
skaly, 25.6.1978; Lietava, 26.3.1978; Rajecka Lesna, Vraniny, 11.8.1978; Hricovské Podhradie, Hriovsky hrad, april 1977; Pastina
Zavada, 1.10.1976, Hiboké, 4.10.1978, 9.7.1982; Jablorové, dolina Javor, 30.10.1983; Sulov, Rohac¢, 24.4.1977.

C. Krasfany, Kurska dolina, 13.11.2018; Stre¢no, hrad, december 2016, Stranavy, Kojsova, 22.11.2016, Visrové, Hoblik, 23.5.2017,
august 2017; Lietava, 13.11.2018.

5. Povazie area, Vah river valley from Povazska Tepla to Trencin, from 210 m a.s.l. (Trencin) up to 650 m a.s.l. (VrSatecké
Podhradie). Climate: warm to moderately warm, moderately damp.

A. Povazska Tepla, Velky Manin, 5.10.1986; BeluSské Slatiny, Ostré visky, 26.2.1978, 13.3.1982; Mojtin, 2.3.1978; Pruzina,
Predhorie, 13.11.1976.

B. Povazska Tepla, Velky Manin, 19.7.1983; Uhry, Klapy, 5.11.1977; BeluSské Slatiny, Ostré visky, 13.3.1982, 27.11.1982; VrSatecké
Podhradie, Vrsatec, 26.12.1978, 6.10.2015; Cierna Lehota, 3.3.1979; Slatinka nad Bebravou, 10.12.1977, 8.1.1983; Tren&in, Skalka,
6.8.1983.

6. Ponitrie area, Nitra river valley as far as Nitra town, from 230 m a.s.l. (Ladice) up to 500 m a.s.l. (VySehradné). Climate: warm to
moderately warm, moderately damp.

A. Malé Krsteriany, Velky Vrch, 4.3.1979, 8.9.1980; Kla¢no, 30.9.1979; VySehradné, 4.12.1979.

B. Malé Krstenany, lom, 4.3.1979; Razto¢no, 17.7.1979;VysSehradné, 4.12.1979.

C. Malé Krstenany, Velky Vrch, 28.2.1995, 18.5.2010, 28.4.2013, 29.5.2013, 4.8.2013; Malé Krstefiany, Chalmova, 28.2.1995,
9.4.2010, 12.5.2010, 22.6.2012, 11.5.2014; Klatova Nova Ves, 28.2.1995, 18.5.2010, 2.6.2012, 19.5.2013, 14.3.2015, april 2016;
Opatovce nad Nitrou, 27.4.2005; Partizanske, sala$ (sheepfold), 21.5.2010, 21.5.2014; Nitrianske Rudno, lom, 18.5.2012; Krasna
Ves, lom, 2.6.2012, 12.5.2013, 24.5.2014, 9.5.2015; Zavada, 19.5.2013, 8.5.2014; Turcianky, 19.5.2013; Horné Otrokovce,
28.6.2014, 3.5.2016; Badice, 1.5.2014; Krn¢a, lom, 14.3.2015, 28.2.2016; Ladice, 4.5.2015; Jelenec, 4.5.2015.

7. Pohronie area, Hron river valley, from 170 m a.s.l. (Malé Kozmalovce) up to 430 m a.s.l. (Nemecka). Climate: warm, moderately
damp.

A. Nemecka, 27.2.2017.

B. Bud&a, Boky, 10.10.1975; Slovenska Lub&a, Supinska skala, 11.7.1978; Lugatin, tabor (camp), 16.2.2017.

C. Budga, Boky, 16.4.2004; Slovenska Lubga, Supinska skala, 27.2.2017; Lehétka pod Brehy, Szabova skala, oktdbere 1996; Horsa,
9.4.2019, Malé Kozmalovce, lom, 27.2.2020.

8. Murariska planina Plateau, southern and northern borders of the plateau, from 400 m a.s.l. (Muran) up to 900 m a.s.l. (Telgart).
Climate: moderately warm to moderately cool, damp.

A. Pohorelska Ma$a, Masianske skalky, Obuch 1978; Murariska Huta, Tesna skala, 9.4.1979; Telgart, Dlhy Vrch, 29.4.1979.

B. Tisovec, Hradova, 30.10.1976; Tisovec, Certova dolinka, 27.4.1978; Muran, Javorni¢kova dolinka, 15.5.1978; Muraf, dolinka
Bodolova, 1.8.1980; Zlatno, dolina Zlatnica, 25.10.2001; Telgart, Homola, 13.6.1979, 1.10.2001.

C. Zlatno, dolina Zlatnica, 25.10.2001, 13.8.2003; Valkoviia, Zlatnianske skaly, 29.6.2000, 17.8.2003, 2.8.2005, 17.5.2017.

9. Spis region, Slovensky raj National Park, Poprad, Hornad and Hnilec river valleys, from 430 m a.s.l. (Zehra) up to 900 m a.s.l.
(Zdiar). Climate: moderately warm to moderately cool, moderately damp to damp.

A. Stratena, Stratensky tunel, 9.7.1990; Vernar, 12.5.2014.

B. Vernar, Vernarska tiesfiava (ravine), 26.10.1994; Spigské Podhradie, Drevenik, 16.9.1976; Zdiar, Monkova dolina, 31.7.1997.

C. Zehra, Drevenik, 8.4.2014, 14.7.2014; Haligovce, Haligovské skaly, 23.9.2003.

10. Rimavska kotlina Basin, borders of Cerova and Revicka Uplands, from 190 m a.s.l. (Bretka) up to 280 m a.s.l. (Siatorska
Bukovinka). Climate: warm, moderately damp.

B. Belina, Belinska skala, april 1981; Bretka, Prielom Murariky, 10.7.1992.

C. Belina, Belinska skala, 27.6.1995; HruSov, lom (quarry), 9.4.1998; Driencany, lom, 2.6.1995, 20.6.1996, 10.9.1997, 23.9.1998,
14.4.1999; Gemerské Dechtare, Bagova skala, 21.4.1998, 2.6.2000, 20.9.2006; Siatorsk& Bukovinka, lom, 22.4.1998; Bulhary, lom,
19.9.2006; Husina, lom, 19.9.2006; Velké Dravce, 19.9.2006.

11. Slovensky kras Karst area, lower borders of karst plateaux, from 180 m a.s.l. (Drienovec) up to 260 m a.s.l. (Jasov). Climate:
warm, moderately damp.

A. Zadiel, Zadielska dolina, 19.9.1976.

B. Zadiel, Zadielska dolina, 19.9.1976; Jasov, jaskyna, 19.9.1976, 18.9.1991; Debrad, Hatiny, 25.6.1977, 18.9.1991; Hrhov, Pod
Kresanym, 29.10.1981.

C. Zadiel, Zadielska dolina, 12.5.1994; Debrad, Hatiny, 1996; Hrhov, Dolny Vrch, 30.3.2015; Drienovec, lom, 11.9.1997; PleSivec,
lom, 27.8.1996.
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Appendix 2. Comparison of Eurasian eagle-owl diets over three historical periods in the Orava region.
Priloha 2. Porovnanie potravy vyra skalného z troch obdobi na Orave.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie €. 1 2 3

taxa / taxéon

Rana temporaria (n/ks) il 2369 1- 1733 2- 181 4283 28.83
% 42.42 22.53 11.45

Apodemus sylvaticus ilF 349 1- 168 2- 13 530 3.57
Apodemus microps 1+ 51 3- 0 1- 0 51 0.34
Apodemus agrarius 1+ 85 1- 34 1- 3 122 0.82
Mus musculus ilF 85 2- 1 1- 1 97 0.65
Coloeus monedula 1+ 27 1- 16 3 46 0.31
Turdus merula 1- 2 1+ 28 4 34 0.23
Turdus philomelos 1- 22 ilF 57 5 84 0.57
Cypriniformes sp. 1- 1 1+ 17 18 0.12
Arvicola amphibius 1- 304 1+ 1184 1+ 228 1716 11.55
Erinaceus roumanicus 1- 21 42 2+ 41 104 0.70
Rattus norvegicus 1- 74 196 il 96 366 2.46
Microtus arvalis (n/ks) 1- 1620 3212 1+ 742 5574 37.52
% 29.01 41.76 46.93

Sciurus vulgaris 10 18 il 9 37 0.25
Mustela nivalis 7 15 1+ 8 30 0.20
Columba livia dom. 2- 3 31 ilF 15 49 0.33
Perdix perdix 24 42 1+ 19 85 0.57
Buteo buteo 1- 3 9 1+ 9 21 0.14
Asio otus 1- 10 37 1+ 17 64 0.43
Garrulus glandarius 1- 5 18 il 10 33 0.22
Turdus pilaris 1- 7 31 1+ 19 57 0.38
Corvus cornix + frugilegus 1- 45 100 17 162 1.09
Turdus viscivorus 1- 3 14 4 21 0.14
Sturnus vulgaris 1- 0 7 4 11 0.07
Anas platyrhynchos 1- 0 8 5 13 0.09
Apodemus flavicollis _________________________ ] 189 ] 185 . 2 9 353 . 2.38
Lepus europaeus 24 49 13 86 0.58
Talpa europaea 21 37 4 62 0.42
Alauda arvensis 22 26 4 52 0.35
Muscardinus avellanarius 8 23 2 33 0.22
Coturnix coturnix 17 12 4 33 0.22
Myodes glareolus 13 15 3 31 0.21
Scolopax rusticola 8 19 3 30 0.20
Falco tinnunculus 8 15 4 27 0.18
Microtus agrestis 10 10 5 25 0.17
Turdus torquatus 10 10 3 23 0.15
Strix aluco 10 9 2 21 0.14
Terricola subterraneus 5 16 21 0.14
Glis glis 5 12 4 21 0.14
Columba palumbus 4 15 19 0.13
Pica pica 4 9 4 17 0.1
Salmo trutta 3 12 1 16 0.11
Vulpes vulpes 4 6 6 16 0.11
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Appendix 2. Continuation.
Priloha 2. Pokracovanie.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxon

Dryomys nitedula 5 10 15 0.10
Mustela erminea 1 7 5 13 0.09
Sorex araneus 3 8 2 13 0.09
Neomys fodiens 7 6 13 0.09
Sicista betulina 1 8 2 11 0.07
Emberiza citrinella 2 8 1 11 0.07
Mammalia 1- 2896 5296 1200 9392 63.21
Aves 1- 306 625 1+ 191 1122 7.55
Amphibia, Reptilia, Pisces 1+ 2381 1- 1768 1- 190 4339 29.20
Evertebrata 2 3 0 5 0.03
> 5585 7692 1581 14,858 100.00
Diversity Index H' 1.94 2.04 2.16 2.1

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex minutus (2-2), Neomys anomalus (1-1; 2—1), Crocidura leucodon (1-1), Crocidura suaveolens (1-1; 2—1), Myotis nattereri (2—
1), Myotis myotis (1-2; 2-3), Myotis blythii (1-1), Vespertilio murinus (1-1; 2—1), Eptesicus serotinus (1-5; 3—1), Nyctalus noctula (2—
1), Pipistrellus pipistrellus (3—1), Plecotus auritus (2-3), Eliomys quercinus (1-4; 2—1), Micromys minutus (1-1; 2-1; 3-1), Ondatra
zibethicus (2-5), Terricola tatricus (1-3), Chionomys nivalis (2-3), Martes foina (1-1), Mustela putorius (1-2; 2—1), Felis catus dom.
(1-1), Cervus elaphus (3—1), Tachybaptus ruficollis (2-1), Ixobrychus minutus (2—1), Anas crecca (2-2), Anas querquedula (1-1; 2—
3; 3-1), Aythya fuligula (3-2), Anatidae sp. (3—1), Accipiter gentilis (1-1), Falco subbuteo (3-2), Tetrastes bonasia (1-3; 2-3; 3—1),
Lyrurus tetrix (2—1), Tetrao urogallus (2-2), Galliformes sp. (1-1; 3—1), Rallus aquaticus (1-2; 2-1), Porzana porzana (1-1; 2-1),
Crex crex (1-2; 2-4; 3-1), Gallinula chloropus (1-1; 2-3; 3-2), Fulica atra (1-1), Charadrius dubius (2-2), Vanellus vanellus (2-5; 3—
4), Actitis hypoleucos (1-5; 3—1), Philomachus pugnax (1-1; 2—1), Gallinago gallinago (2—1), Limicolae sp. (2—1), Columba oenas (1-
5), Streptopelia decaocto (2—6; 3-3), Streptopelia turtur (1-2; 2-3), Cuculus canorus (1-1; 3-2), Tyto alba (1-1; 2—1), Bubo bubo (1-
2; 2-3), Aegolius funereus (1-2; 2—-2; 3—1), Athene noctua (1-1), Caprimulgus europaeus (2—1; 3-1), Dryocopus martius (1-1; 2—1),
Jynx torquilla (1-1), Lullula arborea (1-2; 2-2), Galerida cristata (1-1; 2—1), Hirundo rustica (3—1), Delichon urbicum (1-1; 2—6; 3—1),
Riparia riparia (2-2), Anthus trivialis (1-3; 2-3), Bombycilla garrulus (2—1), Lanius collurio (1-7; 2-3), Sylvia atricapilla (1-1),
Regulus sp. (2—-1), Muscicapa striata (1-1), Erithacus rubecula (2—7; 3—1), Turdus iliacus (2-2), Parus major (2-1), Cyanistes
caeruleus (2—1; 3—-1), Emberiza calandra (2-1), Fringilla coelebs (1-2; 2—4; 3-2), Carduelis carduelis (2-3; 3-2), Carduelis
cannabina (2—1), Carduelis chloris (1-1), Pyrrhula pyrrhula (2-1), Coccothraustes coccothr. (1-3), Serinus serinus (1-1), Loxia
curvirostra (1-1; 2—1), Fringillidae sp. (1-1), Passer domesticus (1-1; 2-3; 3-2), Nucifraga caryocatactes (1-2; 2—4), Passeriformes
sp. (1-5; 2-5; 3-1), Aves sp. (1-1; 2—1), Aves sp.juv. (1-1; 2—1; 3—1), Bombina sp. (2—1), Bufo bufo (1-1; 3-2), Pelophylax cf.
esculentus (1-2), Lacerta agilis (1-4; 2-1; 3-2), Lacerta sp. (2-2; 3—1), Colubridae sp. (3—1), Pisces sp. (1-1; 2-2; 3-2), Coleoptera
sp. (2-1), Limacidae sp. (1-2; 2-2).

Note: Numerical data in the table are given in absolute values, and positive and negative deviations (e.g 1 +, 2+, 1 -, 2-) are marked
deviations from the mean (MDFM, Obuch 2001 ) for the species in these samples (see Methods).

Poznamka: Ciselné hodnoty v tabulke s uvedené v absolutnych hodnotéch, kladné a zaporné odchylky (1 +, 2+, 1 -, 2- a podobne)
su vyrazné odchylky od priemeru (MDFM, Obuch 2001 ) druhov vo vzorkach (pozri Metodiku).
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Appendix 3. Comparison of Eurasian eagle-owl diets over three historical periods in the Liptov region.
Priloha 3. Porovnanie potravy vyra skalného z troch obdobi na Liptove.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 7719 1- 2567 4- 27 10,313 58.06
% 68.20 44.47 4.02

Apodemus microps I 144 1- 27 1- 0 171 0.96
Apodemus agrarius il 63 1- 13 1 77 0.43
Lepus europaeus 1- 38 1+ 47 5 90 0.51
Talpa europaea 1- 20 1+ 32 2 54 0.30
Apodemus flavicollis 103 il 86 5 194 1.09
Myodes glareolus 1- 16 1+ 21 37 0.21
Mustela nivalis 1- 12 1+ 43 2 57 0.32
Mustela erminea 1- 4 1+ 12 16 0.09
Perdix perdix 2- 9 1+ 34 6 49 0.28
Falco tinnunculus 1- 5 1+ 16 3 24 0.14
Columba livia dom. 2- 7 1+ 35 6 48 0.27
Columba palumbus 2- 4 1+ 41 45 0.25
Strix aluco 1- 6 1+ 17 1 24 0.14
Turdus merula 1- 2 1+ 11 3 16 0.09
Corvus cornix + frugilegus 2- 13 1+ 66 7 86 0.48
Rattus norvegicus 2- 39 ilF 159 EFF 68 266 1.50
Erinaceus roumanicus 2- 15 1+ 43 2+ 32 90 0.51
Arvicola amphibius 1- 397 1+ 624 1+ 101 1122 6.32
Asio otus 2- 5 ilF 26 il 9 40 0.23
Vanellus vanellus 2- 1 1+ 12 1+ 6 19 0.11
Pica pica 2- 0 1+ 13 1+ 5 18 0.10
Microtus arvalis 1786 1274 il 306 3366 18.95
Anas platyrhynchos 1- 0 3 1+ ® 8 0.05
Garrulus glandarius 1- 5 10 1+ 10 25 0.14
Turdus pilaris 1- 7 13 5 25 0.14
Salmo trutta 52 1- 14 66 0.37
Apodemus sylvaticus 281 165 1- 8 454 2.56
Mus musculus ™R T T b2 | R 051"
Microtus agrestis 32 16 1 49 0.28
Terricola subterraneus 28 19 1 48 0.27
Alauda arvensis 24 13 3 40 0.23
Sciurus vulgaris 20 18 1 39 0.22
Muscardinus avellanarius 26 10 3 39 0.22
Coturnix coturnix 20 18 1 39 0.22
Turdus philomelos 18 15 5 38 0.21
Coloeus monedula 18 15 33 0.19
Scolopax rusticola 17 10 27 0.15
Dryomys nitedula 19 5 2 26 0.15
Glis glis 12 12 1 25 0.14
Eliomys quercinus 17 7 1 25 0.14
Cricetus cricetus 18 4 22 0.12
Tetrastes bonasia 12 4 16 0.09
Neomys fodiens 5 9 1 15 0.08
Crex crex 7 7 14 0.08
Vulpes vulpes 5 6 2 13 0.07
Turdus viscivorus 9 4 13 0.07
Sicista betulina 10 2 12 0.07
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Appendix 3. Continuation.
Priloha 3. Pokracovanie.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Accipiter gentilis 8 4 12 0.07
Micromys minutus 9 2 11 0.06
Delichon urbicum 8 2 1 11 0.06
Bufo bufo 8 3 11 0.06
Mammalia 1- 3212 1+ 2717 1+ 547 6476 36.46
Aves 1- 294 1+ 464 2+ 91 849 4.78
Amphibia, Reptilia, Pisces 7808 1- 2591 4- 33 10,432 58.73
Evertebrata 4 1 0 5 0.03
> 11,318 5773 671 17,762 100.00
Diversity Index H' 1.37 2.1 2.19 1.73

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (1-3; 2-5; 3-1), Sorex minutus (2-3), Neomys anomalus (1-1; 2-1), Crocidura suaveolens (1-3; 2-2), Myotis
mystacinus (1-1), Myotis brandtii (2—1), Myotis bechsteinii (1-1; 2—1), Myotis myotis (1-1; 2—1), Vespertilio murinus (1-2; 2-3),
Eptesicus serotinus (1-3; 2-6), Nyctalus noctula (1-1; 2—1), Pipistrellus pipistrellus (2-3), Barbastella barbastellus (1-2; 2-1),
Plecotus auritus (1-1), Rattus rattus (1-1), Ondatra zibethicus (2—1), Chionomys nivalis (1-6), Canis familiaris (3—1), Martes sp. (2—
1), Mustela putorius (1-1; 2-2), Felis catus dom. (2—1; 3—1), Sus scrofa (1-2), Capreolus capreolus (1-1), Ovis ammon aries (3—1),
Tachybaptus ruficollis (2—1; 3-2), Anas crecca (2—1), Anatidae sp. (2—1), Accipiter nisus (1-4; 2—1), Buteo buteo (2—4; 3-2), Pernis
apivorus (2—1), Aquila pomarina (3—1), Falco peregrinus (1-1; 2-1), Lyrurus tetrix (1-4), Tetrao urogallus (1-1; 2-2), Phasianus
colchicus (2-3), Gallus gallus dom. (1-2), Rallus aquaticus (1-1; 2—1), Porzana porzana (1-1), Gallinula chloropus (3—1), Charadrius
dubius (2-1), Tringa glareola (1-1), Actitis hypoleucos (1-4; 2-3), Gallinago gallinago (1-3; 2-1), Gallinago sp. (2-1), Chlidonias
niger (1-1), Columba oenas (1-5), Streptopelia decaocto (2-5), Streptopelia turtur (1-2; 2—1), Cuculus canorus (1-1; 2—1), Bubo
bubo (1-3; 2—-1), Asio flammeus (1-1; 2-1), Aegolius funereus (1-5; 2-3), Athene noctua (1-1), Strix uralensis (3-3), Caprimulgus
europaeus (1-2; 2—-1), Dryocopus martius (2—2), Dendrocopos major (2-2), Dendrocopos medius (2—1), Jynx torquilla (3-1), Lullula
arborea (1-2; 2—1), Hirundo rustica (1-3), Anthus trivialis (2-1), Anthus spinoletta (1-1), Motacilla alba (1-1; 2—1), Lanius minor (1—
1), Lanius collurio (1-6; 2—1), Acrocephalus palustris (2—1), Sylvia atricapilla (1-1), Phylloscopus sibilatrix (1-1), Sylviidae sp. (1-2),
Turdus torquatus (1-1; 2-3; 3-1), Turdus iliacus (1-1), Parus major (1-1), Cinclus cinclus (1-1), Emberiza citrinella (1-4; 2-1; 3-1),
Emberiza calandra (1-1), Emberiza sp. (1-1), Fringilla coelebs (1-3; 2—4), Carduelis carduelis (1-1; 3—1), Carduelis cannabina (1—
1), Carduelis chloris (2-1), Pyrrhula pyrrhula (1-1), Coccothraustes coccothr. (1-1; 2-2), Loxia curvirostra (1-1; 2-3), Passer
domesticus (1-1), Passer montanus (2—-1), Sturnus vulgaris (2-5), Nucifraga caryocatactes (2-3), Corvus corax (1-1; 2-1; 3-2),
Corvus cornix (1-1), Passeriformes sp. (1-3; 2-5), Passeriformes sp. juv (1-1), Aves sp. (2-1), Aves sp .juv. (1-3), Bombina
variegata (1-2), Bufotes viridis (1-2), Bufo sp. (1-2), Hyla arborea (1-2), Lacerta agilis (1-1; 2—1), Natrix natrix (1-1), Colubridae sp.
(2—-1), Cypriniformes sp. (1-1; 2-1; 3-6), Pisces sp. (1-18; 2—4), Coleoptera sp. (1-1; 2—1), Limacidae sp. (1-3).
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Appendix 4. Comparison of Eurasian eagle-owl diets over three historical periods in the Turiec area.
Priloha 4. Porovnanie potravy vyra skalného z troch obdobi v Turci.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 1+ 3915 2124 1- 1055 7094 31.57
% 40 29.4 19.32

Pelophylax cf. esculentus il 17 2 1- 0 19 0.08
Pelobates fuscus 1+ 43 1- 3 2- 0 46 0.20
Apodemus microps 1+ 134 2- 14 2- 7 155 0.69
Apodemus sylvaticus il 717 1- 218 1- 153 1088 4.84
Mus cf. musculus 1+ 151 74 1- 40 265 1.18
Galerida cristata 1+ 23 1- 0 1- 0 23 0.10
Mustela nivalis 1- 47 1+ 80 1- 24 151 0.67
Salmo trutta 1- 20 1+ 43 12 75 0.33
Erinaceus roumanicus 1- 35 1+ 70 1+ 58 163 0.73
Rattus norvegicus 1- 137 1+ 215 1+ 189 541 2.41
Arvicola amphibius 1- 189 1+ 360 1+ 237 786 3.50
Apodemus flavicollis 445 1- 254 1+ 341 1040 4.63
Myodes glareolus 68 1- 32 ilF 89 189 0.84
Columba livia dom. 2- 8 34 1+ 73 115 0.51
Streptopelia decaocto 2- 0 6 1+ 13 19 0.08
Perdix perdix 1- 36 57 ilF 48 141 0.63
Falco tinnunculus 1- 12 1- 14 1+ 39 65 0.29
Buteo buteo 1- 7 8 1+ 15 30 0.13
Asio otus 1- 22 37 1+ 54 113 0.50
Anas platyrhynchos 1- 4 8 1+ 22 34 0.15
Gallinula chloropus 1- 0 5 1+ 12 17 0.08
Erithacus rubecula 1 1+ 7 8 0.04
Turdus philomelos 2- 8 24 2+ 67 99 0.44
Turdus merula 1- 7 11 1+ 31 49 0.22
Turdus pilaris 1- 1 9 1+ 13 23 0.10
Pica pica 1- 14 14 1+ 24 52 0.23
Garrulus glandarius 1- 5 12 1+ 23 40 0.18
Lacerta agilis 1- 0 3 il 7 10 0.04
Lepus europaeus 1- 29 37 25 91 0.40
Mustelaerminea . 8 16 A 38 047
Microtus arvalis (n/ks) 3157 3005 2426 8588 38.22
% 32.26 41.6 44 .42

Corvus cornix + frugilegus 96 81 54 231 1.03
Coturnix coturnix 49 29 22 100 0.44
Sciurus vulgaris 34 33 21 88 0.39
Talpa europaea 31 30 13 74 0.33
Alauda arvensis 17 16 19 52 0.23
Vanellus vanellus 14 18 15 47 0.21
Strix aluco 14 14 14 42 0.19
Eliomys quercinus 21 13 6 40 0.18
Glis glis 15 11 6 32 0.14
Scolopax rusticola 12 8 10 30 0.13
Apodemus agrarius 13 10 5 28 0.12
Crex crex 11 10 3 24 0.11
Micromys minutus 9 4 9 22 0.10
Vulpes vulpes 6 8 6 20 0.09
Coloeus monedula 7 5 6 18 0.08
Terricola subterraneus 5 6 5 16 0.07
Muscardinus avellanarius 9 3 3 15 0.07
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obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 3

taxa / taxén

Microtus agrestis 3 5 6 14 0.06
Anas querquedula 5 5 4 14 0.06
Myotis myotis 7 4 2 13 0.06
Sturnus vulgaris 5 2 6 13 0.06
Anas crecca 7 1 4 12 0.05
Cricetus cricetus 6 4 10 0.04
Mammalia 5330 4527 3690 13,547 60.28
Aves 1- 452 505 1+ 681 1638 7.29
Amphibia, Reptilia, Pisces 1+ 4005 2189 1- 1088 7282 324
Evertebrata 0 3 2 5 0.02
> 9787 7224 5461 22,472 100.00
Diversity Index H' 1.91 2.03 2.25 2.09

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (3-5; 2-4; 1-2), Sorex minutus (1-2), Neomys anomalus (3-3; 1-1), Neomys fodiens (3—7; 2-3; 1-1), Crocidura
leucodon (3-2), Crocidura suaveolens (2-2; 1-2), Rhinolophus ferrumequinum (2-1), Rhinolophus hipposideros (2—1), Myotis
mystacinus (2-1), Myotis bechsteinii (3-2; 2—1), Vespertilio murinus (3-6; 2-2; 1-1), Eptesicus serotinus (3-2; 2-2), Eptesicus
nilssonii (1-1), Nyctalus noctula (3—-3), Pipistrellus pipistrellus (3—-5), Barbastella barbastellus (3—4), Sicista betulina (3-2), Rattus
rattus (3—1), Ondatra zibethicus (2—4; 1-2), Martes sp. (3—1), Mustela vison (1-1), Felis catus dom. (1-2), Sus scrofa (3-1),
Tachybaptus ruficollis (3—1; 2-1; 1-3), Anas acuta (1-1), Anatidae sp. (3—4), Accipiter gentilis (2-3; 1-5), Accipiter nisus (3-2; 1-4),
Aquila sp. (1-1), Accipitridae sp. (3—1), Falco sp. (3-3), Tetrastes bonasia (2—1; 1-1), Phasianus colchicus (3-1; 2-3), Gallus gallus
dom. (2—-1), Rallus aquaticus (3—1; 2-3; 1-5), Porzana porzana (3-2; 2—-2; 1-4), Zapornia parva (2-1), Fulica atra (2-2; 1-4),
Rallidae sp. (3—1), Tringa glareola (2-3), Tringa sp. (3—-2), Actitis hypoleucos (3—1; 2—1; 1-3), Philomachus pugnax (3-2), Gallinago
gallinago (2-2), Gallinago sp. (2—1; 1-2), Chroicocephalus ridibundus (1-3), Sterna hirundo (1-1), Chlidonias niger (2—1), Columba
oenas (3—4; 2-1; 1-2), Columba palumbus (3—4; 2-5; 1-2), Columba sp. (2-1), Streptopelia turtur (2-1; 1-4), Cuculus canorus (3-2;
2-1; 1-4), Bubo bubo (2-3; 1-2), Asio flammeus (2—1), Aegolius funereus (3-2), Athene noctua (3-2), Caprimulgus europaeus (3—-1;
2-2), Dryocopus martius (2—1; 1-1), Lullula arborea (2—1; 1-2), Hirundo rustica (2—1), Delichon urbicum (2—1; 1-1), Motacilla alba (3—
2), Lanius excubitor (1-1), Lanius minor (3-2), Lanius collurio (1-1), Hippolais icterina (3-2), Sylvia atricapilla (1-2), Saxicola rubetra
(2-1), Phoenicurus ochruros (1-4), Turdus iliacus (2—1), Turdus viscivorus (3-3; 2—1; 1-4), Turdus sp. (2-2), Parus major (3—1), Sitta
europaea (2-1), Cinclus cinclus (1-1), Emberiza citrinella (3-2; 2—-2; 1-4), Emberiza calandra (3—1), Fringilla coelebs (1-2),
Carduelis carduelis (3-3; 2-1), Carduelis cannabina (2—1), Coccothraustes coccothr. (3-2; 2-1), Serinus serinus (2—1), Passer
domesticus (2—4), Nucifraga caryocatactes (2-2; 1-2), Corvus corax (2-1; 1-1), Passeriformes sp. (3—12; 2-12; 1-3), Aves sp. (2—-1;
1-1), Aves sp. juv. (3—1; 2—1; 1-2), Bufo bufo (2—4), Bufotes viridis (2—1; 1-1), Hyla arborea (3-2), Pelophylax ridibundus (2—1),
Lacerta muralis (2-2; 1-1), Zootoca vivipara (1-2), Natrix natrix (2—1), Cypriniformes sp. (3-8; 2-5; 1-10), Coleoptera sp. (2-3; 1-2).
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Appendix 5. Comparison of Eurasian eagle-owl diets over three historical periods in the Zilinska kotlina Basin.
Priloha 5. Porovnanie potravy vyra skalného z troch obdobi v Zilinskej kotline.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Apodemus microps 1+ 258 2- 18 2- 0 276 1.37
Rana temporaria (n/ks) 6334 1- 942 2- 78 7354 36.60
% 43.48 20.46 8.47

Pelophylax cf. esculentus 109 1- 13 1- 1 123 0.61
Mus cf. musculus 189 1- 27 1- 4 220 1.09
Terricola subterraneus 101 1- 18 1- 0 119 0.59
Apodemus sylvaticus 999 247 2- 11 1257 6.26
Microtus arvalis 4248 1642 1- 215 6105 30.38
Perdix perdix 2- 51 2hF 145 1- 2 198 0.99
Phasianus colchicus 1- 8 1+ 16 1 25 0.12
Sciurus vulgaris 1- 13 1+ 34 4 51 0.25
Mustela nivalis 52 1+ 32 3 87 0.43
Corvus cornix + frugilegus 1- 85 1+ 68 5 158 0.79
Lanius collurio 1- 2 1+ 8 10 0.05
Erinaceus roumanicus 2- 38 2hF 111 2+ 28 177 0.88
Lepus europaeus 1- 88 1+ 118 1+ 29 235 1.17
Arvicola amphibius 1- 278 1+ 243 1+ 40 561 2.79
Asio otus 2- 17 1+ 42 1+ 10 69 0.34
Rattus norvegicus 1- 126 1+ 188 25F 49 363 1.81
Columba livia dom. 2- 19 1+ 43 S 46 108 0.54
Apodemus flavicollis 1- 405 188 St 202 795 3.96
Apodemus agrarius 105 1- 15 25F 28 148 0.74
Myodes glareolus 130 35 2+ 83 198 0.99
Falco tinnunculus 1- 15 8 2+ 12 35 0.17
Turdus pilaris 1- 8 8 2+ 17 33 0.16
Turdus philomelos 1- 29 20 1+ 10 59 0.29
Turdus merula 1- 6 1 ilaF 9 26 0.13
Streptopelia decaocto 1- 1 4 3 8 0.04
Anas platyrhynchos 1- 4 7 2 13 0.06
Sturnus vulgaris 1- 5 7 3 15 0.07
Alauda arvensis 62 1- 8 1 7 0.35
Salmo trutta 24 1- 0 24 0.12
Coturnix coturnix gy TS T8 T 059
Talpa europaea 90 22 4 116 0.58
Strix aluco 39 19 4 62 0.31
Scolopax rusticola 43 9 2 54 0.27
Coloeus monedula 27 11 4 42 0.21
Pica pica 32 7 2 41 0.20
Garrulus glandarius 20 6 3 29 0.14
Eliomys quercinus 19 6 1 26 0.13
Mustela erminea 18 6 1 25 0.12
Microtus agrestis 17 7 24 0.12
Vulpes vulpes 12 6 3 21 0.10
Glis glis 9 8 1 18 0.09
Muscardinus avellanarius 10 6 1 17 0.08
Neomys fodiens 14 2 16 0.08
Athene noctua 1 4 1 16 0.08
Eptesicus serotinus 14 1 15 0.07
Sorex araneus 9 4 1 14 0.07
Vanellus vanellus 7 6 1 14 0.07
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obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Myotis myotis 6 7 13 0.06
Buteo buteo 6 4 2 12 0.06
Crex crex 9 2 1 12 0.06
Columba oenas 9 2 1 12 0.06
Fringilla coelebs 11 1 12 0.06
Mammalia 7301 3007 1+ 662 10,970 54.59
Aves 1- 768 1+ 596 2+ 178 1542 7.67
Amphibia, Reptilia, Pisces 6493 1- 997 2- 80 7570 37.67
Evertebrata 7 4 1 12 0.06
> 14,569 4604 921 20,094 100.00
Diversity Index H' 1.96 2.52 2.77 2.22

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex minutus (1-2), Neomys anomalus (1-6; 3—1), Crocidura leucodon (1-8; 2—1), Crocidura suaveolens (1-5; 2—1), Rhinolophus
hipposideros (1-1), Vespertilio murinus (1-2; 2—1; 3—1), Nyctalus noctula (1-2; 2-2), Pipistrellus pipistrellus (1-5), Barbastella
barbastellus (1-5; 2-3), Plecotus auritus (1-1), Dryomys nitedula (2-1), Micromys minutus (1-6; 2-1; 3—1), Rattus rattus (1-1),
Cricetus cricetus (1-5), Ondatra zibethicus (2—2; 3—1), Terricola tatricus (1-2), Canis familiaris (1-1), Martes foina (2—1), Martes sp.
(2—-1), Mustela putorius (2—1), Felis catus dom. (2-1), Capra ibex hircus (1-1), Podiceps cristatus (2—1), Podiceps nigricollis (2—1),
Tachybaptus ruficollis (2-3; 3—1), Anser fabalis (1-1), Anas crecca (1-1; 2—1; 3-2), Anatidae sp. (1-2; 2-1), Accipiter gentilis (1-3; 2—
1; 3=2), Accipiter nisus (1-4; 2—1), Circus sp. (1-1), Falco peregrinus (1-2; 2-2), Falco sp. (2-2), Gallus gallus dom. (1-8), Meleagris
gallopavo dom. (3—1), Rallus aquaticus (1-1), Porzana porzana (1-2), Zapornia parva (3-1), Gallinula chloropus (1-5; 2-3; 3-1),
Fulica atra (1-1; 2-2), Charadrius dubius (1-2; 2-3), Pluvialis apricaria (2—1), Actitis hypoleucos (1-8; 2-1; 3-1), Philomachus
pugnax (1-1), Gallinago gallinago (1-1), Chroicocephalus ridibundus (2—1; 3—1), Sterna hirundo (2—1), Chlidonias niger (1-1; 2-1),
Columba palumbus (1-11), Columba sp. (1-6; 2—35), Streptopelia turtur (1-4; 2-6; 3—1), Cuculus canorus (1-1; 2-1), Tyto alba (2—
2), Bubo bubo (1-3; 2-3; 3-2), Asio flammeus (1-1; 3—1), Aegolius funereus (1-2; 2-1; 3-1), Strix uralensis (1-1), Caprimulgus
europaeus (1-3; 2-2; 3-1), Apus apus (1-1; 3-1), Dryocopus martius (2-2), Picus viridis (3—2), Dendrocopos major (2—1),
Dendrocopos leucotos (1-1), Lullula arborea (1-10), Galerida cristata (1-2; 3—1), Delichon urbicum (1-1), Anthus pratensis (3—1),
Anthus spinoletta (1-2), Motacilla alba (1-3; 2-2), Lanius excubitor (2—1), Lanius minor (1-7), Sylvia sp. (1-1), Phylloscopus sibilatrix
(1-1), Sylviidae sp. (1-4), Muscicapa striata (2—1), Oenanthe oenanthe (2—1), Erithacus rubecula (1-5), Turdus torquatus (3-3),
Turdus iliacus (1-1), Turdus viscivorus (1-4; 2-3), Parus major (1-2), Poecile palustris (1-2), Parus sp. (2—1), Emberiza citrinella (1—
5; 2-4), Carduelis spinus (3—1), Carduelis chloris (1-1), Coccothraustes coccothraustes (1-5; 3—-4), Passer domesticus (1-6; 2-2),
Passer montanus (2—1; 3-2), Nucifraga caryocatactes (1-1; 2—1), Corvus corax (1-2; 2—1; 3-2), Passeriformes sp. (1-6; 2—4), Aves
sp. (2-7), Pelobates fuscus (1-2; 2-2), Bufo bufo (2-2), Bufotes viridis (2-2), Hyla arborea (1-1), Anguis fragilis (1-1), Lacerta agilis
(1-4), Lacerta muralis (1-1), Lacerta sp. (1-1; 2-1), Zootoeca vivipara (1-1), Natrix natrix (1-2), Colubridae sp. (1-1), Cypriniformes
sp. (1-6; 2—15; 3—1), Pisces sp. (1-6; 2—20), Hymenoptera sp. (1-1), Coleoptera sp. (1-5; 2—4; 3—1), Limacidae sp. (1-1).
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Appendix 6. Comparison of Eurasian eagle-owl diets over two historical periods in the central Povazie (VVah river basin) area.
Priloha 6. Porovnanie potravy vyra skalného z dvoch obdobi na strednom Povazi.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 > %
period No. / obdobie ¢. 1 2

taxa / taxéon

Rana temporaria (n/ks) 1+ 1068 2- 212 1280 15.02
% 24.99 4.99

Pelophylax cf. esculentus il 52 1- 16 68 0.80
Pelobates fuscus 1+ 31 2- 1 32 0.38
Apodemus microps 1+ 596 4- 26 622 7.30
Cricetus cricetus 1+ 118 2- 16 134 1.57
Erinaceus roumanicus 2- 34 1+ 207 241 2.83
Lepus europaeus 1- 37 1+ 96 133 1.56
Rattus norvegicus 1- 43 ilF 174 217 2.55
Apodemus flavicollis 1- 160 1+ 298 458 5.37
Myodes glareolus 1- 45 1+ 135 180 2.11
Microtus arvalis (n/ks) 1- 862 ilF 1513 2375 27.87
% 20.17 35.61

Perdix perdix 2- 33 1+ 207 240 2.82
Phasianus colchicus 2- 4 1+ 34 38 0.45
Columba livia dom. 2- 4 1+ 32 36 0.42
Asio otus 1- 24 1+ 78 102 1.20
Turdus philomelos 1- 4 1+ 27 31 0.36
Corvus comnix + frugilegus 1- 65 1+ 121 186 2.18
Cypriniformes sp. 2- 9 1+ 54 63 0.74
Vanellus vanellus 1- 1 10 11 0.13
Apodemus sylvaticus 457 1- 314 771 9.05
Apodemus agrarius 20 1- 7 27 0.32
Gallus gallus dom. 10 1- 1 11 0.13
Awvicola amphibius T 66 T 1< T I T
Mus musculus 59 43 102 1.20
Strix aluco 37 57 94 1.10
Coloeus monedula 32 32 64 0.75
Talpa europaea 33 20 53 0.62
Coturnix coturnix 27 21 48 0.56
Terricola subterraneus 26 20 46 0.54
Mustela nivalis 18 19 37 0.43
Turdus merula 13 23 36 0.42
Scolopax rusticola 19 16 35 0.41
Sciurus vulgaris 10 21 31 0.36
Anas platyrhynchos 10 21 31 0.36
Falco tinnunculus 10 19 29 0.34
Columba oenas 14 12 26 0.31
Nyctalus noctula 17 8 25 0.29
Pica pica 13 11 24 0.28
Alauda arvensis 15 7 22 0.26
Garrulus glandarius 7 14 21 0.25
Glis glis 4 12 16 0.19
Muscardinus avellanarius 5 10 15 0.18
Eliomys quercinus 10 3 13 0.15
Mustela erminea 7 6 13 0.15
Buteo buteo 4 7 11 0.13
Crex crex 2 8 10 0.12
Columba palumbus 8 2 10 0.12
Mammalia 2666 3062 5728 67.21
Aves 1- 431 1+ 892 1323 15.52
Amphibia, Reptilia, Pisces 1+ 1170 2- 295 1465 17.19
Evertebrata 6 0 6 0.07
Y 4273 4249 8522 100.00
Diversity Index H' 2.66 2.85 2.9

46



Raptor Journal 2021, 15: 17-55. DOI: 10.2478/s1j-2021-0002
© Raptor Protection of Slovakia (RPS)

Appendix 7. Comparison of Eurasian eagle-owl diets over two historical periods in the upper Ponitrie area.
Priloha 7. Porovnanie potravy vyra skalného z dvoch obdobi na hornom Ponitri.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 1+ 226 146 4- 3 375 7.56
% 10.78 7.37 0.34

Apodemus microps il 43 1- 21 11 75 1.51
Apodemus sylvaticus 1+ 276 208 2- 34 518 10.44
Mus musculus 1+ 62 1- 10 1- 8 80 1.61
Myodes glareolus 1+ 41 24 1- 3 68 1.37
Arvicola amphibius 1- 40 1+ 77 22 139 2.8
Corvus cornix+frugilequs 28 1+ 43 1- 5 76 1.53
Perdix perdix 1- 27 il=F 81 15 123 2.48
Phasianus colchicus 1- 1 1+ 17 5 23 0.46
Asio otus 1- 12 1+ 31 10 53 1.07
Rattus norvegicus 3- 15 96 25 184 295 5.95
Columba livia dom. 3- 1 25 2+ 38 64 1.29
Erinaceus roumanicus 1- 25 46 1+ 50 121 2.44
Cricetus cricetus 1- 22 30 1+ 20 72 1.45
Turdus merula 1- 3 12 1+ 19 34 0.69
Turdus philomelos 9 11 1+ 15 35 0.71
Garrulus glandarius 2 2 1+ 9 13 0.26
Lucanus cervus 2- 0 2- 0 2+ 21 21 0.42
Sciurus vulgaris 1- 2 12 8 22 0.44
Columba oenas 1- 1 6 6 13 0.26
Sturnus vulgaris 1- 1 7 6 14 0.28
Apodemus flavicollis 202 160 1- 36 398 8.02
Microtus arvalis (n/ks) 825 637 1- 243 1705 34.36
% 39.36 32.16 27.46

Lepuseuropaeus AR TR, T T e 1237248
Coturnix coturnix 17 9 2 28 0.56
Alauda arvensis 10 13 4 27 0.54
Mustela nivalis 11 12 3 26 0.52

<« Appendix 6. Continuation.
<« Priloha 6. Pokracovanie.

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (1-2; 2-6), Sorex minutus (2—2), Neomys anomalus (1-2), Neomys fodiens (1-4), Crocidura leucodon (1-2; 2-3),
Crocidura suaveolens (1-4; 2—4), Myotis mystacinus (1-1), Myotis myotis (1-5; 2—4), Myotis blythii (1-1), Vespertilio murinus (1-2; 2—
1), Eptesicus serotinus (1-3; 2-6), Pipistrellus pipistrellus (2-5), Barbastella barbastellus (2-2), Plecotus auritus (1-1; 2-2),
Spermophilus citellus (2—1), Dryomys nitedula (2—-1), Sicista betulina (1-1), Micromys minutus (1-4), Ondatra zibethicus (2-2),
Vulpes vulpes (1-3; 2-5), Mustela putorius (1-1), Mustela eversmanni (1-1), Felis catus dom. (1-1; 2—1), Ovis ammon aries (1-1),
Tachybaptus ruficollis (1-1; 2—1), Nycticorax nycticorax (2-1), Mareca penelope (1-1), Anas crecca (2—4), Anas querquedula (2—4),
Bucephala clangula (2—1), Anatidae sp. (1-4; 2-6), Accipiter gentilis (1-2; 2—1), Accipiter nisus (1-3; 2—1), Falco peregrinus (1-1),
Falco sp. (2-1), Lyrurus tetrix (2-4), Rallus aquaticus (1-3), Porzana porzana (1-1; 2-3), Gallinula chloropus (1-2; 2-2), Fulica atra
(2-3), Rallidae sp. (2-2), Charadrius dubius (2—1), Tringa ochropus (2-1), Actitis hypoleucos (2-2), Philomachus pugnax (1-1),
Limosa limosa (1-1), Limicolae sp. (2-3), Sterna hirundo (1-1; 2—1), Columba sp. (1-1; 2-10), Streptopelia decaocto (2-4),
Streptopelia turtur (1-3; 2—4), Cuculus canorus (2-7), Tyto alba (1-1; 2-1), Bubo bubo (2-4), Asio flammeus (2-1), Aegolius
funereus (1-1; 2—1), Athene noctua (1-6; 2-3), Strix uralensis (2—1), Caprimulgus europaeus (1-1), Apus apus (1-1), Picus canus (1-
2), Picus viridis (2—1), Dendrocopos major (1-1), Dendrocopos syriacus (1-1), Jynx torquilla (2—-2), Lullula arborea (2-3), Galerida
cristata (1-2; 2—4), Hirundo rustica (1-1), Delichon urbicum (1-1; 2-2), Motacilla alba (2—1), Motacilla cinerea (2—1), Lanius collurio
(2-1), Phoenicurus ochruros (2—1), Erithacus rubecula (1-1; 2-1), Turdus pilaris (1-5; 2-3), Turdus viscivorus (1-3; 2—1), Cinclus
cinclus (2-1), Emberiza citrinella (1-4; 2-3), Emberiza calandra (1-2), Fringilla coelebs (1-1; 2-1), Carduelis carduelis (2—-1),
Carduelis cannabina (1-1), Coccothraustes coccothr. (1-2; 2-2), Passer domesticus (1-5; 2-1), Passer montanus (1-1), Sturnus
vulgaris (1-2; 2-3), Nucifraga caryocatactes (2—1), Corvus corax (1-1), Passeriformes sp. (1—4; 2—14), Aves sp. (2—-6), Bufo bufo (1—
1; 2-2), Bufotes viridis (1-1), Rana arvalis (2-1), Lacerta viridis (2-2), Lacerta agilis (1-3; 2—1), Lacerta muralis (2-2), Serpentes sp.
(2—-2), Salmo trutta (1-1; 2-2), Salmonidae sp. (1-2), Pisces sp. (1-2), Coleoptera sp. (1-5), Astacus sp. (1-1).
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Appendix 7. Continuation.
Priloha 7. Pokracovanie.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Scolopax rusticola 10 7 8 25 0.50
Pelophylax cf. esculentus 15 7 1 23 0.46
Talpa europaea 5 11 4 20 0.40
Spermophilus citellus 5 10 1 16 0.32
Lacerta viridis 9 6 1 16 0.32
Lacerta agilis 4 10 14 0.28
Eliomys quercinus 9 4 13 0.26
Strix aluco 6 6 1 13 0.26
Terricola subterraneus 5 6 11 0.22
Pica pica 2 6 3 11 0.22
Crocidura suaveolens 4 5 1 10 0.20
Turdus pilaris 1 6 3 10 0.20
Mammalia 1659 1457 662 3778 76.14
Aves 1- 171 344 1+ 195 710 14.31
Amphibia, Reptilia, Pisces 1+ 265 180 3- 7 452 9.11
Evertebrata 1- 1 2- 0 2+ 21 22 0.44
> 2096 1981 885 4962  100.00
Diversity Index H' 24 2.84 2.82 2.79

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (2-5), Sorex minutus (2-2; 3—1), Neomys anomalus (2-3), Neomys fodiens (2—1), Crocidura leucodon (1-4; 2-3),
Rhinolophus hipposideros (1-1), Myotis emarginatus (3—1), Myotis myotis (2-1), Myotis blythii (2-1), Vespertilio murinus (1-2),
Eptesicus serotinus (1-1; 2-2; 3-1), Nyctalus noctula (1-2; 2—1), Barbastella barbastellus (2-2), Glis glis (2—1), Muscardinus
avellanarius (1-2), Micromys minutus (2—1; 3-3), Apodemus agrarius (1-5), Dicrostonyx gulielmi (1-1), Lasiopodomys gregalis (1—
1), Alexandromys oeconomus (1-1), Vulpes vulpes (1-3; 2-5; 3—1), Mustela erminea (1-1; 2-5), Mustela putorius (2—1), Felis catus
dom. (3—1), Tachybaptus ruficollis (3—-2), Anas platyrhynchos (2-1; 3-2), Anas crecca (3-1), (1-1; 2-1), Accipiter gentilis (3-2),
Accipiter nisus (2-1; 3-3), Buteo buteo (2-2; 3-2), Falco tinnunculus (2-5; 3—4), Rallus aquaticus (1-1; 3-2), Zapornia parva (1-1),
Porzana sp. (1-1), Crex crex (1-4; 2-1; 3-2), Gallinula chloropus (2-2), Fulica atra (3—1), Charadrius dubius (2-3; 3—1), Vanellus
vanellus (1-2; 2-3; 3-1), Actitis hypoleucos (1-2; 2-2), Columba palumbus (1-3; 2-3; 3-2), Streptopelia decaocto (3—1),
Streptopelia turtur (1-1; 2-3; 3-2), Cuculus canorus (1-1; 2—-2; 3-2), Bubo bubo (3-1), Asio flammeus (3—1), Otus scops (1-2),
Aegolius funereus (1-1; 2-2), Athene noctua (1-4; 2-2; 3-1), Caprimulgus europaeus (2—1), Coracias garrulus (2-1), Lullula arborea
(1-2), Galerida cristata (2—-2), Lanius excubitor (1-1; 2—1), Lanius minor (1-1; 2—1), Lanius collurio (1-1; 2—1; 3-1), Sylvia atricapilla
(2-2), Oenanthe oenanthe (1-2), Erithacus rubecula (2—1; 3—1), Turdus viscivorus (1-1; 2-3), Parus major (3—1), Cyanistes
caeruleus (2—1), Emberiza citrinella (1-1; 3—1), Carduelis chloris (2-1), Coccothraustes coccothr. (3-2), Passer domesticus (2-2; 3—
2), Oriolus oriolus (1-1; 2—1), Coloeus monedula (1-2; 2—1; 3—1), Passeriformes sp. (1-3; 2-9; 3-3), Aves sp. (3—1), Aves sp. juv. (1-
1; 2-1), Pelobates fuscus (1-4), Rana dalmatina (1-1; 2-2), Pelophylax ridibundus (1-2; 2-2; 3-1), Lacerta muralis (2—1),
Colubridae sp. (2-2), Salmo trutta (1-1), Cypriniformes sp. (3—1), Pisces sp. (1-3; 2—4), Coleoptera sp. (1-1).
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Appendix 8. Comparison of Eurasian eagle-owl diets over three historical periods in the Pohronie (Hron river basin) area.
Priloha 8. Porovnanie potravy vyra skalného z troch obdobi na Pohroni.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 2+ 56 147 2- 2.7 210 15.70
% 70 14.38 2.97

Erinaceus roumanicus 1 30 il 19 50 3.74
Rattus norvegicus 1- 2 107 il 63 172 12.86
Arvicola amphibius 4 117 1- 10 131 9.79
Microtus arvalis (n/ks) 1- 12 330 1- 48 390 29.15
% 15 32.29 20.34

Apodemus flavicollis~ T 2 T 4T 337 247
Corvus cornix + frugilegus 24 7 31 2.32
Cypriniformes sp. 24 3 27 2.02
Asio otus 19 6 25 1.87
Perdix perdix 20 4 24 1.79
Apodemus sylvaticus 14 1 15 1.12
Lepus europaeus 8 5 13 0.97
Alauda arvensis 13 13 0.97
Columba livia dom. 6 5 11 0.82
Strix aluco 9 2 11 0.82
Scolopax rusticola 10 10 0.75
Anas platyrhynchos 1 6 2 9 0.67
Myodes glareolus 5 2 7 0.52
Mustela nivalis 7 7 0.52
Turdus merula 3 4 7 0.52
Talpa europaea 6 6 0.45
Coloeus monedula 6 6 0.45
Mammalia 1- 20 675 158 853 63.75
Aves 2- 2 175 1+ 66 243 18.16
Amphibia, Reptilia, Pisces 2+ 58 172 2- 10 240 17.94
Evertebrata 0 0 2 2 0.15
> 80 1022 236 1338 100.00
Diversity Index H' 1.09 2.59 2.79 2.69

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Crocidura leucodon (2—1), Myotis mystacinus (2—1), Myotis myotis (2—4; 3—1), Vespertilio murinus (2—1), Eptesicus serotinus (2—1),
Nyctalus noctula (2—-2), Sciurus vulgaris (3-1), Glis glis (2-3; 3-1), Eliomys quercinus (2—1; 3-2), Muscardinus avellanarius (2—1),
Mus musculus (2—-1), Terricola subterraneus (1-1; 2—1), Vulpes vulpes (2-2), Mustela erminea (2-3; 3-1), Tachybaptus ruficollis (2—
2; 3-1), Anser anser dom. (1-1), Anas crecca (2-1; 3-1), Anas querquedula (3—1), Anas acuta (2-1; 3—1), Anatidae sp. (2-6),
Accipiter gentilis (2—1), Accipiter nisus (2-1), Buteo buteo (2—1; 3-2), Pernis apivorus (2-1), Falco tinnunculus (2—1; 3-4), Coturnix
coturnix (2—4; 3-1), Phasianus colchicus (3-3), Gallus gallus dom. (2—1), Rallus aquaticus (2-1), Crex crex (2—-4), Gallinula
chloropus (2-2; 3—1), Fulica atra (2-2; 3-1), Vanellus vanellus (2-5; 3-3), Actitis hypoleucos (2-2), Gallinago sp. (2—1), Columba
oenas (3-1), Columba palumbus (2—1; 3—1), Streptopelia decaocto (2—2; 3—1), Streptopelia turtur (2—1), Athene noctua (3—1), Apus
apus (2-1), Anthus trivialis (2—1), Sylviidae sp. (2—1), Turdus pilaris (2-2; 3-2), Turdus philomelos (2-1; 3—4), Turdus viscivorus (2—
1), Emberiza schoeniclus (2—1), Fringilla coelebs (3—1), Coccothraustes coccothr. (3-3), Sturnus vulgaris (2-3), Garrulus glandarius
(2-1; 3—1), Pica pica (2—2; 3—1), Passeriformes sp. (2—1), Aves sp. (2-3), Aves sp. juv. (3—1), Pelophylax cf. esculentus (2—1), Salmo
trutta (1-2), Lucanus cervus (3-2).
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Appendix 9. Comparison of Eurasian eagle-owl! diets over three historical periods on the Muranska planina Plateau.
Priloha 9. Porovnanie potravy vyra skalného z troch obdobi na Muranskej planine.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 Y %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 1+ 674 928 1- 194 1796 22.27
% 28.82 22.8 11.72

Microtus arvalis (n/ks) il 980 1- 1065 592 2637 32.70
% 41.9 26.16 35.77

Apodemus sylvaticus 1+ 40 1- 35 23 98 1.22
Apodemus flavicollis 41 1+ 116 1- 20 177 2.19
Myodes glareolus 1- 8 I 68 1- 5 81 1.00
Alauda arvensis 1- 6 1+ 33 6 45 0.56
Corvus cornix + frugilegus 1- 7 il 40 6 53 0.66
Columba oenas 1- 0 1+ 17 17 0.21
Rattus norvegicus 3- 6 176 1+ 126 308 3.82
Arvicola amphibius 1- 388 1055 il 501 1944 24.10
Erinaceus roumanicus 1- 6 33 15 54 0.67
Perdix perdix 1- 4 22 8 34 0.42
Asio otus 1- 5 19 13 37 0.46
Garrulus glandarius 1- 0 13 5 18 0.22
Spermophiluscitellus A 61 I 20 025
Talpa europaea 20 22 10 52 0.64
Microtus agrestis 12 16 5 33 0.41
Lepus europaeus 5 20 7 32 0.40
Terricola subterraneus 7 20 2 29 0.36
Coturnix coturnix 7 13 8 28 0.35
Scolopax rusticola 4 16 4 24 0.30
Strix aluco 6 17 1 24 0.30
Turdus philomelos 3 18 3 24 0.30
Turdus merula 3 11 8 22 0.27
Mus musculus 5 9 7 21 0.26
Mustela nivalis 7 10 3 20 0.25
Dryomys nitedula 10 6 3 19 0.24
Muscardinus avellanarius 6 8 4 18 0.22
Streptopelia turtur 5 13 18 0.22
Sciurus vulgaris 2 9 6 17 0.21
Pica pica 1 12 3 16 0.20
Salmo trutta 3 5 5 13 0.16
Mustela erminea 2 5 5 12 0.15
Columba livia dom. 1 8 3 12 0.15
Eptesicus serotinus 4 7 11 0.14
Falco tinnunculus 2 7 2 11 0.14
Sorex araneus 2 6 2 10 0.12
Mammalia 1572 2730 1348 5650 70.06
Aves 1- 85 1+ 387 102 574 712
Amphibia, Reptilia, Pisces 1+ 681 950 1- 203 1834 22.74
Evertebrata 1 4 2 7 0.09
> 2339 4071 1655 8065 100.00
Diversity Index H' 1.73 2.31 1.99 2.14

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Neomys anomalus (1-1), Neomys fodiens (2—4; 3-3), Crocidura leucodon (2—1), Myotis mystacinus (1-2), Myotis brandtii (1-1),
Myotis nattereri (1-1), Myotis bechsteinii (1-2; 2-1), Myotis myotis (2-2), Vespertilio murinus (2-1), Nyctalus noctula (2-1),
Barbastella barbastellus (1-2; 2-2), Plecotus auritus (2—1), Glis glis (1-2; 2—-2; 3—4), Eliomys quercinus (1-2), Sicista betulina (1-3; 3—
3), Apodemus microps (2-2), Apodemus agrarius (2-3; 3—1), Terricola tatricus (2—1; 3—1), Vulpes vulpes (2-4), Martes sp. (2-1),
Felis catus dom. (1-1; 2-1), Cervus elaphus (2-1), Podiceps grisegena (2—1), Anas platyrhynchos (3—1), Anas crecca (1-1; 2-1),
Anas querquedula (2-3), Aythya fuligula (2—1), Anatidae sp. (1-1), Accipiter gentilis (2—1), Accipiter nisus (2-2; 3—1), Buteo buteo (3—
4), Circus sp. (2-2), Accipitridae sp. (2—-2), Tetrastes bonasia (2-5; 3-2), Phasianus colchicus (2-1), Galliformes sp. (1-1), Rallus
aquaticus (1-1), Porzana porzana (1-3; 2-6), Crex crex (1-1; 2-6; 3—1), Gallinula chloropus (1-1; 2—-4), Fulica atra (2—1), Vanellus
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Appendix 10. Comparison of Eurasian eagle-ow! diets over three historical periods in the Spi$ region.
Priloha 10. Porovnanie potravy vyra skalného z troch obdobi na Spisi.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Rana temporaria (n/ks) 1+ 296 716 4- 10 1022 25.8
% 49.5 26.76 0.15

Salmo trutta 1+ 11 10 21 0.53
Arvicola amphibius 1+ 140 484 1- 87 711 17.95
Mus cf. musculus 1- 2 1+ 61 2- 1 64 1.62
Rattus norvegicus 1- 5 2- 26 Zr 87 118 2.98
Cricetus cricetus 2- 0 1- 23 2+ 34 57 1.44
Asio otus 1 1- 6 2+ 24 31 0.78
Perdix perdix 1- 6 il=F 12 18 0.45
Lepus europaeus 3 1- 16 1+ 25 44 1.1
Erinaceus roumanicus 2 1- 5 1+ 8 15 0.38
Spermophilus citellus 3 1- 1 1+ 9 13 0.33
Mustela nivalis 1 1- 7 1+ 11 19 0.48
Pica pica 1- 0 1+ 11 11 0.28
Corvus cornix + frugilegus 2 19 il=F 14 35 0.88
Coloeus monedula 1- 2 1+ 13 15 0.38
Apodemus sylvaticus 1- 3 38 11 52 1.31
Apodemus microps 2- 0 45 8 53 1.34
Microtus arvalis (n/ks) 2- 61 1020 264 1345 33.96
% 10.2 38.12 38.42

Microtus agrestis 4 31 1- 1 36 0.91
Apodemus flavicollis~ T 2R T 5 T 357 0.88~
Scolopax rusticola 4 10 14 0.35
Turdus philomelos 3 7 3 13 0.33
Sciurus vulgaris 4 7 1 12 0.30
Columba livia dom. 2 6 3 11 0.28
Alauda arvensis 1 7 3 11 0.28
Mustela erminea 2 5 2 9 0.23
Terricola subterraneus 3 5 8 0.20
Talpa europaea 1 4 2 7 0.18
Apodemus agrarius 7 7 0.18

<« Appendix 9. Continuation.
<« Priloha 9. Pokracovanie.

vanellus (2-3; 3-1), Actitis hypoleucos (2—1), Tringa sp. (2-2), Philomachus pugnax (2-1), Chroicocephalus ridibundus (2-1),
Columba palumbus (2-3; 3—-1), Streptopelia decaocto (2—-2), Cuculus canorus (1-1; 2-5), Bubo bubo (1-1; 2—4; 3—1), Aegolius
funereus (1-1; 2-2; 3-1), Athene noctua (3—1), Caprimulgus europaeus (1-1; 2-3), Coracias garrulus (2-2), Upupa epops (2—1),
Dryocopus martius (2—1), Jynx torquilla (2-1), Lullula arborea (2—4), Galerida cristata (1-1; 2—1), Delichon urbicum (2—1; 3—1),
Anthus trivialis (2-2), Motacilla alba (2-2), Motacilla cinerea (2—1), Lanius minor (1-1), Lanius collurio (1-2; 2—1), Acrocephalus
palustris (3—1), Sylvia atricapilla (2-1), Phoenicurus ochruros (2—1), Erithacus rubecula (2-2; 3-1), Turdus pilaris (2-5; 3-4), Turdus
viscivorus (1-3; 2-6), Parus major (2-2), Periparus ater (3—1), Lophophanes cristatus (3—1), Sitta europaea (3-1), Troglodytes
troglodytes (1-1; 2—1), Emberiza citrinella (1-1; 2-3; 3-1), Emberiza calandra (2—1), Emberiza schoeniclus (1-1; 2—1), Fringilla
coelebs (2-3; 3-3), Coccothraustes coccothraustes (1-1; 2—4; 3-2), Fringillidae sp. (1-1), Passer domesticus (2—1), Sturnus vulgaris
(2-5; 3—1), Nucifraga caryocatactes (2—1), Coloeus monedula (2—4), Passeriformes sp. (1-6; 2-3; 3—1), Aves sp. juv. (2—4), Bufo
bufo (2-2), Pelophylax cf. esculentus (2-2), Lacerta agilis (2—6; 3-3), Lacerta sp. (1-2), Zootoeca vivipara (2-2; 3—1), Natrix natrix (1—
1), Serpentes sp. (2—1), Cypriniformes sp. (2-3), Pisces sp. (1-1; 2-1), Coleoptera sp. (1-1; 2-1; 3-2), Limacidae sp. (2-3).
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Appendix 10. Continuation.
Priloha 10. Pokra¢ovanie.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3
taxa / taxén

Myodes glareolus 3 4 7 0.18
Falco tinnunculus 3 2 2 7 0.18
Crex crex 2 3 2 7 0.18
Mammalia 1- 247 1838 1+ 567 2652 66.95
Aves 43 1- 108 1+ 107 258 6.51
Amphibia, Reptilia, Pisces 1+ 308 729 4- 13 1050 26.51
Evertebrata 0 1 0 1 0.03
> 598 2676 687 3961 100.00
Diversity Index H' 1.82 1.91 2.43 2.16

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (1-1; 2-1), Neomys anomalus (2—1), Crocidura suaveolens (2—1), Myotis mystacinus (2-2), Myotis bechsteinii (2—-1),
Myotis myotis (2-2; 3-3), Eptesicus serotinus (2-3; 3-1), Glis glis (3-3), Eliomys quercinus (2-3), Dryomys nitedula (1-1),
Muscardinus avellanarius (1-1; 2—4), Sicista betulina (2-3), Ondatra zibethicus (3—1), Terricola tatricus (2—1), Chionomys nivalis (2—
2), Vulpes vulpes (2—-2; 3-3), Anas platyrhynchos (1-1; 3-1), Anas crecca (1-1), Anas querquedula (3—1), Accipiter gentilis (2-2),
Buteo buteo (3—1), Tetrastes bonasia (1-3; 2-2), Lyrurus tetrix (2-3), Tetrao urogallus (1-1), Coturnix coturnix (1-1; 2-3; 3—1),
Gallus gallus dom. (2—1), Porzana porzana (2—1), Vanellus vanellus (3-2), Tringa sp. (1-2), Gallinago gallinago (3—1), Columba
oenas (1-1; 2—-1), Streptopelia turtur (1-1; 2-1; 3-1), Cuculus canorus (2-1), Bubo bubo (3—1), Aegolius funereus (1-3; 2-2), Athene
noctua (3-1), Strix aluco (2-1), Strix uralensis (2—1), Dryocopus martius (2—1), Picus viridis (2—-1), Dendrocopos syriacus (3—1),
Lullula arborea (1-1; 2—1), Anthus trivialis (1-1), Lanius collurio (2—-2), Turdus merula (3-2), Turdus torquatus (1-2; 2—4), Turdus
pilaris (3-2), Turdus iliacus (1-1), Turdus viscivorus (2-3), Lophophanes cristatus (3—1), Emberiza citrinella (1-1; 3—1), Carduelis
chloris (3—1), Coccothraustes coccothr. (2-1), Loxia curvirostra (2—1), Sturnus vulgaris (1-1), Garrulus glandarius (3—1), Nucifraga
caryocatactes (2—1; 3-1), Corvus corax (2—1), Passeriformes sp. (1-4; 2-3), Aves sp. (2-1), Aves sp. juv. (2—1), Bufo bufo (2-1),
Bufo sp. (3—1), Lacerta agilis (2-2), Lacerta sp. (1-1), Cypriniformes sp. (3—1), Pisces sp. (3—1), Coleoptera sp. (2—1).
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Appendix 11. Comparison of Eurasian eagle-owl diets over two historical periods in the Rimavska kotlina area.
Priloha 11. Porovnanie potravy vyra skalného z dvoch obdobi v Rimavskej kotline.

obdobie (roky pred) / period (years ago) B: 30-70 C: <30 > %
period No. / obdobie ¢. 2 3

taxa / taxén

Apodemus flavicollis 1+ 16 1- 25 41 3.77
Apodemus sylvaticus 1+ 16 38 54 4.96
Perdix perdix il 7 6 13 1.19
Rattus norvegicus 1- 12 213 225 20.68
Apodemus agrarius 1- 0 34 34 3.13
Microtus arvalis™ T 2 X 275 T 2528
Arvicola amphibius 8 32 40 3.68
Erinaceus roumanicus 8 28 36 3.31
Asio otus 5 22 27 2.48
Micromys minutus 1 23 24 2.21
Turdus merula 7 16 23 2.1
Lepus europaeus 5 17 22 2.02
Columba livia dom. 1 20 21 1.93
Corvus cornix + frugilegus 3 17 20 1.84
Apodemus microps 4 13 17 1.56
Phasianus colchicus 4 9 13 1.19
Columba oenas 1 12 13 1.19
Garrulus glandarius 13 13 1.19
Glis glis 1 11 12 1.10
Turdus philomelos 1 1 12 1.10
Rana temporaria 11 11 1.01
Gallinula chloropus 2 8 10 0.92
Lucanus cervus 9 9 0.83
Vanellus vanellus 3 5 8 0.74
Talpa europaea 1 5 6 0.55
Mus cf. musculus 1 5 6 0.55
Anas platyrhynchos 2 4 6 0.55
Alauda arvensis 1 5 6 0.55
Mammalia 116 689 805 73.99
Aves 1+ 50 189 239 21.97
Amphibia, Reptilia, Pisces 1 25 26 2.39
Evertebrata 2 16 18 1.65
> 169 919 1088 100.00
Diversity Index H' 2.89 2.87 2.94

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (2—1), Neomys fodiens (2—1), Crocidura suaveolens (2-2), Myotis myotis (2-1), Nyctalus noctula (2—1), Myodes
glareolus (1-1; 2-2), Ondatra zibethicus (2-2), Microtus agrestis (2-1), Mustela nivalis (2—1), Tachybaptus ruficollis (2-3), Anas
querquedula (1-2), Accipiter gentilis (2-2), Buteo buteo (2-3), Accipitridae sp. (2—1), Falco tinnunculus (1-1; 2-2), Coturnix coturnix
(1-1; 2-1), Rallus aquaticus (2-1), Crex crex (2-1), Fulica atra (2-2), Rallidae sp. (1-1), Scolopax rusticola (1-1), Streptopelia
decaocto (2-2), Tyto alba (2—-2), Bubo bubo (1-1; 2-2), Athene noctua (2-2), Strix aluco (1-1; 2-2), Galerida cristata (2—1), Erithacus
rubecula (2—1), Turdus pilaris (2-3), Turdus viscivorus (2-1), Carduelis chloris (2-1), Sturnus vulgaris (1-1; 2—4), Pica pica (1-3; 2—
2), Corvus corax (2-1), Passeriformes sp. (1-1; 2—1), Pelobates fuscus (2—1), Pelophylax cf. esculentus (2—4), Lacerta viridis (1-1; 2—
2), Lacerta muralis (2—1), Colubridae sp. (2—1), Cypriniformes sp. (2-5), Coleoptera sp. (1-2; 2-6), Limacidae sp. (2—-1).
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Appendix 12. Comparison of Eurasian eagle-ow! diets over three historical periods in the Slovensky kras Karst area.
Priloha 12. Porovnanie potravy vyra skalného z troch obdobi v Slovenskom krase.

obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Microtus arvalis (n/ks) 1+ 58 1+ 479 1- 120 652 25.15
% 34.87 31.08 13.35

Apodemus sylvaticus 1 ilF 58 1- 8 67 2.58
Apodemus microps 1 1+ 24 1- 3 28 1.08
Arvicola amphibius 1- 10 1- 124 1+ 170 304 11.73
Columba livia dom. 1 1- 21 1+ 68 55 212
Corvus cornix + frugilegus 2 1- 11 1+ 17 30 1.16
Tachybaptus ruficollis 2- 0 1+ 15 15 0.58
Anas crecca 1- 0 Al 9 9 0.35
Gallinula chloropus 1 1- 6 1+ 20 27 1.04
Fulica atra 1- 0 1+ 7 7 0.27
Pelobates fuscus 5 2- 19 1+ 86 110 4.24
Rattus norvegicus 2- 2 224 119 345 13.31
Cricetus cricetus 10 89 1- 26 125 4.82
Apodemus flavicollis 10 85 1- 20 115 4.44
Apodemus agrarius 2 13 1- 0 15 0.58
Perdix perdix T g T T (O 270"
Erinaceus roumanicus 27 22 49 1.89
Lepus europaeus 2 24 22 48 1.85
Spermophilus citellus 2 24 18 44 1.70
Glis glis 2 15 8 25 0.96
Asio otus 2 14 7 23 0.89
Turdus merula 18 4 22 0.85
Coturnix coturnix 4 10 4 18 0.69
Vanellus vanellus 2 8 8 18 0.69
Anas platyrhynchos 4 9 13 0.50
Myodes glareolus 2 10 1 13 0.50
Mustela nivalis 9 3 12 0.46
Garrulus glandarius 1 3 8 12 0.46
Turdus philomelos 3 6 3 12 0.46
Talpa europaea 5 6 11 0.42
Columba oenas 1 8 2 11 0.42
Coloeus monedula 1 8 2 11 0.42
Falco tinnunculus 1 6 4 11 0.42
Mus cf. musculus 1 6 3 10 0.39
Vulpes vulpes 1 7 2 10 0.39
Alauda arvensis 4 6 10 0.39
Pica pica 3 5 2 10 0.39
Rana temporaria 8 1 9 0.35
Dryomys nitedula 2 6 8 0.31
Streptopelia decaocto 6 2 8 0.31
Turdus pilaris 3 2 3 8 0.31
Scolopax rusticola 6 1 7 0.27
Turdus viscivorus 1 5 1 7 0.27
Pelophylax cf.esculentus 2 4 1 7 0.27
Cuculus canorus 1 4 1 6 0.23
Terricola subterraneus 1 5 6 0.23
Phasianus colchicus 6 6 0.23
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obdobie (roky pred) / period (years ago) A: >70 B: 30-70 C: <30 > %
period No. / obdobie ¢. 1 2 3

taxa / taxén

Crex crex 1 5 6 0.23
Gallinago gallinago 1 2 3 6 0.23
Bubo bubo 3 3 6 0.23
Sturnus vulgaris 3 3 6 0.23
Mammalia 107 1256 560 1923 74.19
Aves 36 1- 242 1+ 247 525 20.25
Amphibia, Reptilia, Pisces 7 1- 39 1+ 90 136 5.25
Evertebrata 2 4 2 8 0.31
> 152 1541 899 2592 100.00
Diversity Index H' 2.88 2.86 3.12 3.09

Others prey species (Period no.—no. of items): Ostatné druhy (Obdobie ¢.—pocet):

Sorex araneus (2-1), Neomys anomalus (2—1), Neomys fodiens (1-1), Crocidura suaveolens (2-2; 3-1), Myotis mystacinus (2-2),
Myotis myotis (1-2; 2-2), Eptesicus serotinus (3—1), Nyctalus noctula (1-1), Pipistrellus pipistrellus (2—1), Plecotus austriacus (2—1),
Sciurus vulgaris (2-2), Muscardinus avellanarius (1-1; 2—1; 3-1), Micromys minutus (2-2; 3—1), Ondatra zibethicus (3-3), Terricola
tatricus (2-2), Alexandromys oeconomus (3—1), Mustela erminea (2-1; 3-1), Mustela putorius (2-2), Mustela eversmanni (2-2),
Podiceps nigricollis (3-3), Ixobrychus minutus (3-1), Anas querquedula (2-2), Aythya fuligula (3—1), Anatidae sp. (2-3; 3—1),
Accipiter gentilis (3—1), Accipiter nisus (2—1), Circus aeruginosus (3-2), Falco peregrinus (2-1; 3-1), Tetrastes bonasia (3—1), Rallus
aquaticus (2—1), Porzana porzana (3-3), Zapornia parva (3—1), Rallidae sp. (2-1), Pluvialis apricaria (3—1), Gallinago sp. (2-1),
Lymnocryptes minimus (3—1), Columba palumbus (3—1), Streptopelia turtur (2-3), Tyto alba (1-1), Athene noctua (3—1), Strix aluco
(2—4; 3-1), Strix uralensis (2—1), Caprimulgus europaeus (2—2; 3-2), Lullula arborea (1-1), Galerida cristata (3—1), Hirundo rustica (2—
1), Motacilla alba (2-2), Motacilla cinerea (3—1), Lanius collurio (1-1; 3-1), Erithacus rubecula (2-1), Emberiza citrinella (2-1; 3-1),
Fringilla coelebs (3-2), Carduelis carduelis (3—1), Carduelis cannabina (3-2), Carduelis chloris (3—1), Coccothraustes coccothraustes
(3-3), Passer domesticus (2—1; 3—1), Passer montanus (3—1), Corvus corax (3-2), Passeriformes sp. (2-5; 3-1), Aves sp. (2-1),
Pelophylax ridibundus (3-2), Lacerta viridis (2—4), Lacerta agilis (2-3), Serpentes sp. (2—-1), Lucanus cervus (1-1; 2-1; 3-2),
Coleoptera sp. (1-1; 2-3).
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§ sciendo

Overview of raptor and owl ringing in Slovakia in 2020

Prehl’ad kruzkovania dravcov a sov na Slovensku v roku 2020

Roman SLOBODNIK & Michal JENCO

Abstract: In 2020, 1296 raptors and owls (23 species) were ringed in Slovakia. The most abundant was the common kestrel (719
individuals), then the western marsh harrier (126) and saker falcon (92). The proportion of nestlings among all the ringed indi-
viduals was 76.7%. In the given period, 145 recoveries of raptors and owls (15 species) were recorded in the Bird Ringing Centre
database. This number included 77 recoveries of colour-marked individuals recovered in our territory. There were 43 recoveries
of birds ringed in Slovakia and resighted abroad. The last 25 recoveries were of individuals ringed abroad and recovered in Slov-
akia. In summary, most of the recoveries (of all types) were of red-footed falcon (69 recoveries), then common kestrel (17) and
eastern imperial eagle (15). Most of the recovery circumstances were ring reading (almost 76% in total), findings of bird cadavers
(6%) and recaptures (5%). Electrocutions and predations by other animals (3% each) were frequent causes of their deaths.

Abstrakt: V roku 2020 bolo na Slovensku okruzkovanych 1296 dravcov a sov (23 druhov). NajpocetnejSie boli kruzkované
sokol mysiar — 719 jedincov, kafia mociana — 126 a sokol raroh — 92. Podiel mlad’at zo vSetkych okrazkovanych jedincov pred-
stavuje 76,7 %. V sledovanom obdobi bolo v databaze Kruzkovacej centraly zaevidovanych 145 spétnych hlaseni dravcov a sov
(15 druhov). 77 spéatnych hlaseni sa tykalo jedinca oznaceného a zaroven aj najdené¢ho na naSom tzemi. 43 hlaseni predstavovali
vtaky oznacené na Slovensku a zaznamenané v zahrani¢i. 25 hlaseni reprezentuju jedince oznaCené v zahrani¢i a najdené na
Slovensku. V sumarnom pocte bolo najviac hlaseni (vSetky typy) ziskanych u sokola ¢ervenonohého (69 hlaseni), nasleduje sokol
mysiar (17) a orol kralovsky (15). VacSina okolnosti tychto hlaseni tvoria od¢itania kriizkov (spolocne takmer 76 %), nasledujt
nélezy uhynutych jedincov (6 %) a kontrolné odchyty (5 %). Pocetnou okolnost’'ou st aj zasahy elektrikou a ulovenia inymi Zivo-
¢ichmi (po 3 %).
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Introduction

The report on the results of raptor and owl ringing has
been regularly published in the Raptor Journal in the
past (Slobodnik & Jenco 2020 being the latest). Simil-
arly to the last summary report, this report brings the
same results from the viewpoint of the evaluation of
collected data according to the annual overview of the
Czech Bird Ringing Centre in Prague (Cepak & Klvana
2021 being the latest). In that period, ringing was per-
fomed on the basis of the decisions of the Ministry of

Environment of the Slovak Republic permitting exemp-
tions from the requirements of Act No. 543/2002 Coll.
on nature and landscape protection. One exemption (De-
cision No. 269/132/05-5.1) authorises ringing of birds,
including raptors and owls. The special exemption (De-
cision No. 664/297/05-5.1 pil) enables members of the
Raptor Protection of Slovakia to make a research on
raptors and owls and to ring them. Since 2019, a new
exemption (Decision No. 3320/2019-6.3 of 8 April
2019) has been in force.
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Results and discussion

In 2020, 1296 raptors and owls were ringed in Slovakia,
which represented 2.1% of all birds ringed in Slovakia
(62,456 individuals) in the given period (Jenco & Repel
2021, Bird Ringing Centre Database). From the total
number, raptors (Accipitriformes and Falconiformes or-
ders) outnumbered the owls with 84.9% (1100 individu-
als, 15 species). Owls (Strigiformes order) represented
only 15.1% (196 individuals, 8 species). Common
kestrel (Falco tinnunculus) with 719 individuals, west-
ern marsh harrier (Circus aeruginosus) with 126 and
saker falcon (Falco cherrug) with 92 were the most
abundant raptors. Among the owls, it was long-eared
owl (4sio otus) — 64 individuals, barn owl (Tvfo alba) —
61, and Eurasian eagle-owl (Bubo bubo) — 27, which
were most commonly ringed (Tab. 1). The given total
number represents the highest amount of ringed raptors

Tab. 1. Raptors and owls ringed in Slovakia in 2020 (pull. —
young, f. g. — full grown, A — bird ringed and recovered in
Slovakia, Z — bird ringed in Slovakia recovered abroad, C — bird
ringed abroad recovered in Slovakia).

Tab. 1. Dravce a sovy kruzkované v roku 2020 na Slovensku
(pull. — mladata, f.g. — plne vyvinuté, A — vtak kruzkovany aj
zaznamenany na Slovensku, Z - slovensky kruzkovanec
zaznamenany v zahrani¢i, C — vtak kruzkovany v zahranici
zaznamenany na Slovensku).

recoveries / nalezy

species / druh pull. f.g. A z C
Pandion haliaetus 0 0 0 0 1
Pernis apivorus 0 1 0 0 0
Haliaeetus albicilla 1 0 0 6 6
Circus aeruginosus 125 1 2 1 0
Circus pygargus 9 0 0 0 1
Accipiter gentilis 0 3 0 0 0
Accipiter nisus 0 14 2 0 0
Buteo buteo 6 16 0 0 0
Clanga pomarina 15 0 6 2 1
Aquila heliaca 23 0 5 4 6
Aquila chrysaetos 7 0 1 0 0
Falco tinnunculus 524 195 1 5 1
Falco vespertinus 35 0 42 22 5
Falco subbuteo 0 3 0 0 0
Falco cherrug 91 1 2 1 0
Falco peregrinus 20 0 2 1 2
Tyto alba 55 6 3 1 1
Otus scops 0 13 1 0 0
Bubo bubo 27 0 0 0 0
Athene noctua 13 2 0 0 1
Strix aluco 8 4 0 0 0
Strix uralensis 0 2 0 0 0
Asio otus 25 39 0 0 0
Asio flammeus 0 2 0 0 0
> 994 302 77 43 25
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and owls in the history of ringing in Slovakia. Com-
pared to year 2019 (Slobodnik & Jenco 2020), we ob-
served a slight decrease of ringed nestlings and, by
contrast, an increase in the number of ringed adult birds.
Decreased number of nestlings is largely related to the
local overpopulation of common vole in conditions of
central Europe in year 2019 and subsequent decline of
vole population in 2020 (Balaz et al. 2019), that was
shown in the abundance of “mice-hunting” species of
raptors and owls (i.e. Boha¢ 2019, B¢lka et al. 2020,
Horvéth et al. 2020 or Skorpikova et al. 2020) and in
subsequent ringing activities of some ringers (Slobodnik
& Jenco 2020, Cepak & Klvana 2021). In spite of that,
overall, we may observe in the ringing of raptors and
owls an increasing trend, which we may see mainly in
the number of ringed common kestrels representing
55.5% (Fig. 1). Among the remaining species, numbers
of ringed individuals (e.g. Haliaeetus albicilla, A. heli-
aca, C. aeruginosus or B. bubo) remained stable. Anoth-
er group comprised the species in which the number of
ringed individuals is declining (e.g. C. pomarina, B. bu-
teo).

The proportion of nestlings was 76.7% (994 indi-
viduals; Fig. 2), which is almost the same as it had been
in Slovakia in the recent past (e.g. Slobodnik & Slobod-
nik 2012). In comparison with other ringed bird groups
(orders, families), the proportion of chicks is higher
(Jenco & Repel 2019) not only in Slovakia but also in
other countries (e.g. Walker et al. 2014, Cepak &
Klvana 2021), which is caused by the long-term special-
ization of ringers focusing on the chicks of raptors and
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Fig. 1. Development of ringing of all raptors and owls, especially
common kestrel, in Slovakia (2012-2020).

Obr. 1. Vyvoj pocetnosti kruzkovanych dravcov a sov, osobitne
sokola mysiara, na Slovensku (2012 — 2020).



owls in their nests (e.g. Cepak et al. 2008, Saurola et al.
2013).

Accipitriformes order

Compared to the past, there was a significant decrease
in the number of ringed birds of many species.
European honey buzzard (Pernis apivorus), both kite
species (Milvus milvus and Milvus migrans) or northern
goshawk (Accipiter gentilis) were either not ringed at all
or only minimally. From the viewpoint of their abund-
ance though, we do not observe any significant de-
crease, except for the black kite (Cernecky et al. 2020).
But more likely they are now less in focus of ringers,
because a higher number of mainly chicks on their nests
was ringed in the past (Formanek 1977, Danko 1985,
Slobodnik & Slobodnik 2010). In 2020, there was not
even a single chick of the above-mentioned species
ringed. By contrast, 11 chicks of white-tailed eagle
(Haliaeetus albicilla) is the highest number recorded
since 2016 (Slobodnik & Jenc¢o 2020). This increased
number of ringed chicks may be related to the increas-
ing abundance of this species in Slovakia (Cernecky et
al. 2020). As far as the western marsh harrier is con-
cerned, we continue to record an increased numbers of
their nestlings being ringed in their nests, mainly thanks
to the colour-ringing programme implemented mostly in
castern Slovakia (Jen¢o & Repel 2018). In the case of
Montagu’s harrier (Circus pygargus), we deal with the
ringing of chicks of semicolonially nesting pairs in
Ponitrie associated with protection of nests from agri-
cultural works (more in e.g. Millon et al. 2002,
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Fig. 2. Number of ringed chicks and other raptor and owl
individuals in Slovakia (2012-2020).

Obr. 2. Pocty okruzkovanych mladat a ostatnych jedincov
dravcov a sov na Slovensku (2012 — 2020).
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Krupinski et al. 2012, Poprach et al. 2016). Hen harrier
(Circus cyaneus) and rough-legged buzzard (Buteo
lagopus) were not ringed at all, as the specialization
from the past continues to be absent (Formanek 1977,
Danko 1985, Danko 1988, Danko 2000). For the past six
years, the rough-legged buzzard has not been ringed in
our territory (Slobodnik & Jenco 2020). In the case of
common buzzard (Buteo buteo) the numbers of ringed
birds are very low — in 2020, only six chicks were
ringed in Slovakia, though it is one of the most abundant
raptor species in Slovakia (Danko et al. 2002, Cernecky
et al. 2020). Numbers of ringed Eurasian sparrowhawks
are connected mainly to the captures of songbirds during
their autumn migration or on feeders. In comparison to
the recent past, chicks have not been ringed (Jenco &
Repel 2020, Slobodnik & Jenco 2020). The number of
ringed chicks of lesser-spotted eagles has still been fall-
ing significantly, mainly in the areas in which they were
monitored for a long time in the past (Dravecky et al.
2015a, 2015b). With the next two eagle species, the
numbers of ringed individuals remained stable despite
the increasing abundance of both species (Bagyura et al.
2002, Cernecky et al. 2020). All the ringed eagles were
chicks in their nests (Tab. 1).

Falconiformes order

The common kestrel was the most frequently ringed
raptor species in 2020 as well as it was in the past years
(e.g. Danko 1985, Danko 1988, Cepak et al. 2008,
Slobodnik & Jenco 2020). In this species, chicks ringed
in their nest (or a nesting box) highly predominate. They
has been ringed within the colour-ringing programme
implemented mainly in western Slovakia (Jenco et al.
2017). After significant increase in the number of ringed
red-footed falcons (2016-2019), there was a slight de-
crease in the number of ringed chicks as well as it was
in the case of common kestrel (Slobodnik & Jenco
2020). We attribute this decrease of ringed birds to the
abundance of common vole, to which the raptors sub-
sequently respond (Solonen et al. 2015). After its grada-
tion in 2019 in central Europe, the common vole
population decreased in 2020 (Balaz et al. 2019), what
manifested itself in the number of ringed individuals,
mainly chicks also in Slovakia (Tab. 1). Eurasian hobby
has been ringed in Slovakia sporadically, compared to
the past, when more attention had been paid to it (Liptak
2007) as shown in the number of ringed individuals
(Formének 1977, Slobodnik et al. 2009). Even though
its population is low, the saker falcon belongs to the
species ringed the most (Chavko 2010, Chavko et al.
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2014, Chavko et al. 2019). Just as in the case of the red-
footed falcon, all the chicks were ringed in their nests.
In the case of peregrine falcon, the number of ringed in-
dividuals has not increased despite the population and
area trend in Slovakia getting higher (Chavko 2002). In
Slovakia since 2018, every chick of both the big falcon
species has also been ringed with colour rings (Jenco &
Repel 2018).

Strigiformes order

There has been a dramatic decrease in the barn owl pop-
ulation in central Europe (e.g. Matics et al. 2017, Salek
et al. 2019) and in Slovakia (Danko et al. 2002, Cer-
necky et al. 2020), whilst we consider the population
estimate stated by Cernecky et al. (2020) highly overes-
timated compared to reality. Development of the num-
ber of ringed chicks proves the given condition if we
consider that in 2002, 170 individuals were ringed
(Slobodnik 2007). Not a single chick was ringed in
Slovakia from 2011 until 2016 (Slobodnik & Jenco
2020), therefore 55 chicks ringed in 2020 has been the
highest number since 2002 when 142 chicks were
ringed (Slobodnik 2007). Eurasian scops owl has been
rarely ringed in Slovakia. That is the reason why 13 in-
dividuals ringed in 2020 is the highest number in his-
tory. The increased abundance of ringed individuals is
linked to the methodological guideline (Lucan 2019,
Cepak & Klvana 2021) and its targeted captures in
southern Slovakia. The Eurasian eagle-owl population
in Slovakia went through certain local changes (Flajs
2019, Cernecky et al. 2020). Compared to the past the
number of ringed chicks in total (22) is rather even
(Slobodnik 2007). In 2020, small forest species of owls:
Eurasian pygmy owl, boreal owl (Glaucidium passerin-
um, Aegolius funereus) were not ringed at all. Ringing
of chicks and young individuals has been absent in
comparison with the Czech Republic (Klvana & Cepak
2018, Cepak & Klvana 2021). It is similar in the case of
the little owl, though its abundance (Dobry 2009), and
mainly the fact that it is able to breed in artificial nest-
boxes (e.g. Poprach et al. 2018), facilitates the possible
specialisation and has led to a higher number of ringed
individuals. Nest-boxes also help preventing the species
from becoming locally extinct (Salek et al. 2019). In
both Strix and Asio species, the numbers of ringed birds
are far lower than in the past, as this activity has been
performed less frequently mostly in eastern or western
Slovakia (Formanek 1977, Danko 1985, Danko 2000,
Lengyel 20006).
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List of selected recoveries
(2012-2019)

During 2020, the ringing station database recorded 145
recoveries of raptors and owls (Tab. 1), from which
there was at least one recovery in each of the 15 species
recorded. The total proportion of recoveries was as fol-
lows — 77 recoveries were of an individual both ringed
and recovered in our territory (i.e. Recovery Type A,
Jenco et al. 2016). Then there were 43 recoveries of
birds ringed in Slovakia and resighted abroad (Type Z, 8
countries in total, Tab. 2), of which the most were re-
covered in the surrounding countries: Hungary (30 re-
coveries) and Austria (6). The other 25 individuals were
ringed abroad and recovered in Slovakia (Type C, 6
countries in total, Tab. 3), in which cases most of them
were ringed in Hungary (16), then Austria, the Czech
Republic, Poland and Italy (totally 2 in each country)
and Finland (1). In summary, most of the recoveries (of
all types) were of red-footed falcon (69 recoveries), then
common kestrel (17), and eastern imperial eagle (15).
After assessing only the individuals ringed in Slovakia
(Type A and Z), the order is identical, as follows: red-
footed falcon (64), common kestrel (16), and eastern
imperial eagle (9).

Most of the circumstances of these recoveries were
ring readings (almost 76% in total) in which cases col-
our rings (66%) prevailed over aluminium ones (10%).
Then there were findings of cadavers (6%) and recap-
tures (5%). Raptors and owls frequently die due to elec-
trocution and some of them were caught by other
predator (Tab. 3).

Tab. 2. Number of recoveries of raptors and owls ringed in
Slovakia and recovered abroad (Z) and ringed abroad and
recovered in Slovakia (C) in 2020.

Tab. 2. Pocet spatnych hlaseni dravcov a sov kruzkovanych na
Slovensku a zaznamenanych v zahrani¢i (Z) a krazkovanych
v zahrani¢i a zaznamenanych na Slovensku (C) v roku 2020.

country / krajina /4 C
Albania / Albansko 1
Austria / Rakusko 6 2
Czechia / Cesko 2 2
Finland / Finsko 1
Germany / Nemecko 1
Hungary / Madarsko 30 16
Italy / Taliansko 2
Poland / Pol'sko 1 2
Serbia / Srbsko 1
Ukraine / Ukrajina 1
> 43 25
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Tab. 3. Finding circumstances of raptors and owls obtained from recoveries in Slovakia in 2020.
Tab. 3. Okolnosti nalezu dravcov a sov ziskanych zo spatnych hlaseni na Slovensku v roku 2020.

finding circumstates of bird / okolnosti nalezu vtaka V4 A A+Z %
found dead / najdeny uhynuty 3 4 7 5.8
shot / zastreleny 1 1 0.8
caught and released by ringer / chyteny a pusteny kruzkovatelom 1 5 6 5.0
alive and probably healthy; metal ring read in field / Zivy; €islo hlinikového kruzku odcitané 6 6 12 10.0
electrocuted / usmrteny elektrickym pradom 3 1 4 3.3
poisoned; poison identified / otraveny znamou latkou 1 1 0.8
poisoned; poison not identified / otraveny neznamou latkou 1 1 0.8
dead on road / najdeny mrtvy na ceste 1 1 0.8
taken by known predator / chyteny znamym predatorom 4 4 3.3
taken by unknown predator / chyteny neznamym predatorom 2 2 1.7
general trauma; injured / prirodzené poranenie 1 1 0.8
alive and probably healthy; colour ring read in field / Zivy; &islo farebného krizku od¢itané 27 52 79 65.8
identification by satellite transmitter / identifikacia na zaklade vysielacky 1 1 0.8
> 43 77 120 100

The most distant recoveries of individuals with
Slovak rings were of saker falcon in Ukraine (1180 km)
then of eastern imperial eagle in Albania (906 km) and
common kestrel in Germany (608 km). Among the birds
ringed abroad at the greatest distance and then re-
covered in Slovakia, there was a recovery of western
osprey (Pandion haliaetus) ringed in Finland (1393 km)

and two red-footed falcons ringed in Italy (both 627
km).

All the species from which there was at least one
successful recovery (n = 15) in 2020 are listed in the se-
lected recoveries.

For every recovery of a particular species, we state:

Species name

N — total number of recoveries recorded in 2020, divided according to the distance (S = 0-10 km, M = 11-100 km, L = > 100 km). C/Z/
A: C — number of recoveries with rings from foreign centres recorded in the territory of Slovakia (station code and number of data in
brackets), Z — number of recoveries with rings from N. MUSEUM SLOVAKIA recorded abroad (country code and number of data in
brackets), A — number of recoveries with rings from N. MUSEUM SLOVAKIA recorded in Slovakia.

A selected recovery is given as follows:
1st line: station code, ring type and number, (sex and age when ringed is given in brackets), date of ringing, locality (district), country,
name of the ringer (in the case of a ring from N. MUSEUM SLOVAKIA), rounded coordinates of the ringing locality.

2 [ine: date of recovery, locality — district or region [country], name of the founder, rounded

coordinates of the recovery locality.
31 line: recovery circumstance code, distance between the ringing and

recovery locality, time elapsed (=

period from the ringing date to the

recovery date) in the format y (year), m (month), d (day).

Sex:

M — male

F — female

N — unknown
Age:

1 — pullus

2 — full grown

3 — hatched during calendar year of ringing

4 — hatched before calendar year of ringing, exact year
unknown

5 — hatched during previous calendar year

6 — hatched before previous calendar year, exact year

Acronyms used for the individual ringing centres (main
name of the centre, country):
AUW — WIEN, Austria

CZP — PRAHA, Czech Republic
DER - RADOLFZELL, Germany
HGB — BUDAPEST, Hungary
IAB — BOLOGNA, Italy

PLG — GDANSK, Poland

SFH — HELSINKI, Finland

SKB — BRATISLAVA, Slovakia
Code of circumstances

01 — found dead
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10 — shot 53 — vital infection

20 — caught and released by ringer 58 —sick

28, 29 — alive and probably healthy, metal ring read in 60 — taken by unspecified animal

the field 67 — taken by specified animal

35 — electrocuted 78 — violent weather

37 — poisoned, poison identified 81, 82, 87 — alive and probably healthy, colour mark
38 — poisoned, poison not identified (ring) read in the field

40 — dead on road 83 — identification based on wing-tags

43 — hit wires 85 — identification based on satellite transmitters

51 — general trauma, injured

Western osprey (Pandion haliaetus)
N=1(S0,M0,L1)C 1 (Finland 1)

SFH M59187 (1N) 14.07.2012 Turku-Pori [Finland], Helsinki BRC N60°41" E21°42'
20.04.2020 Rimavska Sobota [Slovakia], Andras Foldi N48°11" E20°01'
35; 1 393 km; 7y, 9m, 6d

The single finding of this species is related to the danger of power lines for this species (Cepak et al.
spring migration and return to the nesting site in Scand- 2008, Demeter el al. 2004, Monti 2012). It seems to be
inavia (Cepak et al. 2008). These individuals had a paradox that electric pylons represent frequent nesting
already been recorded in our territory in the past  sites of this species (Meyburg et al. 1995).

(Slobodnik et al. 2009). The finding also points out the

White-tailed eagle (Haliaeetus albicilla)
N=12(S0,M 3,L9)A5, Z6 (Hungary 1, Austria 5), C 6 (HGB 4, CZP 2)

SKB SK203 (1N) 25.04.2015 Dunajska Streda [Slovakia], Jozef Chavko N47°50' E17°37
02.03.2020 Hajdu-Bihar [Hungary], Janos Tar N47°41' E21°07"
28; 262 km; 4y, 10m, 7d
SKB SK435 (1N) 28.04.2018 Dunajska Streda [Slovakia], Jozef Chavko N47°48' E17°43'
06.01.2020 NiederGsterreich [Austria], Klemens Wessely ~ N48°40' E16°51'
12.01.2020 Niederdsterreich [Austria], Robert Kreinz N48°40' E16°51'
26.01.2020 Nieder0sterreich [Austria], Robert Kreinz N48°40' E16°51'
02.02.2020 Nieder0sterreich [Austria), Robert Kreinz N48°40' E16°51'
28; 116 km; 1y, 9m, 5d
SKB SK245 (1N) 27.04.2019 Levice [Slovakia], Ladislav Snirer N48°02' E18°40'
22.02.2020 Niederdsterreich [Austria], Robert Kreinz N48°40' E16°51'
28; 150 km; Oy, 9m, 26d
CZP LX497 (1M) 16.05.2017 Kroméfiz [Czechia], Hynek Matu$ik N49°16' E17°27
04.04.2020 Pezinok [Slovakia], Stefan Granec N48°19' E17°18'
81; 106 km; 2y, 10m, 19d
CZP LB7487 (2F) 30.05.2016 Breclav [Czechia], Stanislav Cech N48°40' E16°57'
22.10.2020 Malacky [Slovakia], Rudolf Jurecek N48°22' E17°08'
43; 35 km; 4y, 4m, 23d
HGB E405 (1F) 24.05.2013 Fejér [Hungary], Batky Gellért N47°22' E18°23'
13.05.2020 N. M. nad Vahom [Slovakia], Jozef Chavko N48°43' E17°54'

81; 153 km; 6y, 11m, 19d
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HGB H0119 (1IN) 07.05.2015  Somogy [Hungary], Jakus Laszl6 N46°33' E17°41"
30.01.2020 Bratislava IV [Slovakia], Bohus Cigel N48°10' E16°58'
28; 187 km; 4y, 8m, 24d
HGB H0674 (1N) 08.05.2019 Borsod-Abauj-Zemplén [Hungary], J. Laszlo N47°58' E21°05'
21.11.2020 TrebiSov [Slovakia], Jozef Mihok N48°36 E21°40'
35; 82 km; 1y, 6m, 13d
HGB H0227 (1N) 03.05.2019 Szabolcs-Szatmar-Bereg [Hungary], J. Laszl6 N48°18' E22°14'
10.11.2020 TrebiSov [Slovakia], Ervin Hrtan N48°37 E21°44'

28; 51 km; 1y, 6m, 7d

With the growing population of this species even in
central Europe (Probst & Gaborik 2011), in the last
period it is typical to read, report living individuals,
mostly at foraging sites, which is often combined with
the possibility of taking pictures, mainly in Hungary
(SKB SK203, Horvath 2009). Ring reading is more
likely to occur thanks to the colour-ringing programme,
which has been implemented lately throughout most of

Europe (Beran & Cepak 2010). The read individuals
were largely young and juvenile individuals, as it is typ-
ical for them to roam over greater distances compared to
the breeding individuals (Cepék et al.2008). Power lines
continue to pose a great danger to this species (Demeter
et al. 2004, Haas et al. 2005, Galis et al. 2019) which is
proven by the recoveries of ringed individuals (HGB
0674, CZP LB7857).

Western marsh harrier (Circus aeruginosus)
N=3(S2,M1,L0)A2,Z1 (Hungary 1)

SKB D7258 (1N) 16.06.2020 Kosice - okolie [Slovakia], Milan Olek§ak N48°36' E20°51"
07.09.2020 Borsod-Abauj-Zemplén [Hungary], A. Huber N48°33' E20°49'
01; 6 km; 2m, 22d
SKB D7312 (1F) 22.06.2020 Kosice - okolie [Slovakia], Milan Olek§ak N48°36' E20°51"
24.08.2020 KoSice - okolie [Slovakia], Milan Olek§ak N48°36' E20°51"
01; 0 km; 2m, 2d
SKB D6042 (1N) 07.07.2015 KoSice - okolie [Slovakia], Milan Olek§ak N48°37" E20°53'
28.04.2020 Kosice - okolie [Slovakia], Milan Olek§ak N48°32' E21°09'

81; 21 km; 4y, 9m, 22d

Thanks to the focus on this species in eastern Slovakia, in the
study period we recorded several valuable data (e.g. D6042)

confirming the strong philopatry within it (Cepak et al. 2008,
Slobodnik & Jenco 2020).

Montagu’s harrier (Circus pygargus)
N=1(S0,M0,L1)C1(PLG1)

PLG FS12598 13.07.2018
30.04.2020

(8M)

Opolskie [Poland], Gdansk RC
Turcianske Teplice [Slovakia], M. Dobrota

N50°18'
N48°47'

E17°59'
E18°52'

83; 180 km; 1y, 9m, 17d

To catch an adult individual during its return to its
nesting site is highly valuable data, even though it

might have changed the nesting site from the previous
year and, in some cases, individuals occupy nesting sites

63



Slobodnik R & Jenco M: Overview of raptor and owl ringing in Slovakia in 2020

in greater distance (Arroyo et al. 2004). The recovery
circumstance is interesting — the bird was read by means
of a wing mark, which is frequently used with this spe-

cies (Millon & Bretagnolle 2008), though the applica-
tion of wing marks in the future is questionable from the
viewpoint of conservation (Zuberogoitia et al. 2012).

Eurasian sparrowhawk (Accipiter nisus)
N=2(S2,M0,L0)A2
SKB K7357

(3M) 05.10.2018

04.10.2020

Nové Zamky [Slovakia], Vladimir HoSek
Nové Zamky [Slovakia], Vladimir HoSek

N47°50'
N47°49'

E18°43'
E18°44'

20; 2 km; 1y, 11m, 29d

Recapture after two years confirms the species’ fi-
delity towards the territory even in the non-breeding

season (Newton & Marquiss 1982, Newton & Wyllie
1992).

Lesser spotted eagle (Clanga pomarina)
N=9(S2,M7,L0)A6,Z2 (Hungary 2),C 1 (PLG 1)

PLG BN5690 (1N) 07.07.2016 Podkarpackie [Poland], Gdansk RC N49°18' E22°03'
19.09.2020 Medzilaborce [Slovakia], Martin Sepela N49°20' E21°52'
81; 14 km; 4y, 2m, 12d
SKB BL1520 (1N) 10.07.2015 Kosice - okolie [Slovakia], Miroslav Dravecky N48°36' E20°54"
08.04.2020 Borsod-Abauj-Zemplén [Hungary], Majercsak B.  N48°13' E21°23'
11.04.2020 Borsod-Abauj-Zemplén [Hungary], Majercsak B.  N48°13' E21°23'
81; 56 km; 4y, 8m, 1d
SKB BL1529 (4N) 03.05.2017 Snina [Slovakia], Miroslav Dravecky N48°57" E22°04"'
31.07.2020 Sobrance [Slovakia], Stefan Danko N48°43' E22°13'
81; 27 km; 3y, 2m, 28d
SKB BL813 (1N) 18.07.2013 Michalovce [Slovakia], Stefan Danko N48°51' E21°54'
19.07.2020 Michalovce [Slovakia], Andrej Skuba N48°51" E21°54"
81; 0 km; 7y, 1d
SKB BL1311 (1N) 05.07.2012 Liptovsky Mikulas [Slovakia], Jan Kicko N49°06' E19°43'
10.04.2020 Tvrdosin [Slovakia], Martin Jaro$ N49°17' E19°33'
28; 24 km; 7y, 9m, 5d
SKB BL1736 (1N) 16.07.2015 Michalovce [Slovakia], Stefan Danko N48°51' E21°54'
07.07.2018 Humenné [Slovakia], Stefan Mikiara N48°54' E21°54'
81; 6 km; 2y, 11m, 21d
SKB BL381 (1M) 10.07.2005 Prievidza [Slovakia], Karol Sotnar N48°55' E18°34'
02.05.2020 Prievidza [Slovakia], Sotnar Karol N48°49' E18°34"

28; 11 km; 14y, 9m, 22d

Reading of this species after more than three years is
a proof of successful rehabilitation from the spring of
2017 (BL 1529). The next recapture of a chick from
Horna Nitra (SKB BL381) confirms the fidelity to the
locality and the species’ longevity (Kasparson 1966,
Slobodnik & Jenco 2020). The mentioned individuals
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ringed in our territory confirm the quite strong philo-
patry (e.g. BL813) of the species (Meyburg et al. 2005,
Cepak et al. 2008, Danko et al. 2008). From the view-
point of the recovery circumstance, ring readings pre-
dominate thanks to the colour-ringing programme
(Dravecky et al. 2008, Dravecky et al. 2013).
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Eastern imperial eagle (Aquila heliaca)
N=15(S1,M9,L5)A5, Z 4 (Albania 1, Hungary 2, Serbia 1), C 6 (AUW 1, DER 1, HGB 4)

SKB SK482 (1N) 13.06.2015 Michalovce [Slovakia], Stefan Danko
07.08.2020 TrebiSov [Slovakia], Ervin Hrtan
28; 39 km; 5y, 1m, 25d

SKB SK467 (1N) 08.08.2019 Hlohovec [Slovakia], Jozef Chavko
11.01.2020 Bratislava V [Slovakia], Jozef Chavko
51; 76 km; 5y, 3d

SKB SK505 (1M) 20.06.2016 Topol&any [Slovakia], Ladislav Snirer
17.01.2020 Nové M. nad Vahom [Slovakia], Vlasto Opatovsky
28; 39 km; 3y, 6m, 27d

SKB A1000 (1N) 21.06.2008 Zlaté Moravce [Slovakia], Jozef Chavko
27.01.2020 Nitra [Slovakia], Jozef Chavko
28; 41 km; 11y, 7m, 6d

SKB SK456 (1N) 21.06.2019 Nové Mesto nad Vahom [Slovakia], Jozef Chavko
24.03.2020 Nové Mesto nad Vahom [Slovakia], Dusan Marko
38; 7 km; 9m, 3d
SKB SK418 (1N) 17.06.2016 Nitra [Slovakia], Jozef Chavko

05.04.2020 Gyor-Mosin-Sopron [Hungary], Miklés Vaczi
37; 113 km; 3y, 9m, 19d

SKB A2054 (1N) 21.06.2015 Kosice-okolie [Slovakia], Jozef Mihok
05.04.2020 Borsod-Abauj-Zemplén [Hungary], Jézsef Serf6z6
49; 81 km; 5y, 9m, 15d

SKB SK467 (1N) 08.08.2019 Hlohovec [Slovakia], Jozef Chavko
05.04.2020 Sherishté [Albania], Jozef Chavko
85; 906 km; 7m, 27d

SKB SK561 (1F) 06.06.2020 Topol&any [Slovakia], Ladislav Snirer
30.12.2020 Vojvodina [Serbia], Nenad Spremo
10; 320 km; 6m, 24d

DER RL1213 (1N) 05.07.2016 Burgenland [Austria], Matthias Schmidt
21.03.2020 Senica [Slovakia], Jozef Chavko
85; 95 km; 3y, 8m, 15d

AUW BS0077 (1N) 05.06.2017 Burgenland [Austria], Matthias Schmidt
21.03.2020 Skalica [Slovakia], J. Svetlik, R. Jure¢ek
85; 111 km; 2y, 9m, 15d

HGB AAA2025 (1N) 04.07.2017 Gyér-Mosin-Sopron [Hungary], Imre Fater
29.03.2020 Komarno [Slovakia], Tomas Veselovsky
85; 58 km; 2y, 8m, 25d

HGB AAA2021 (1N) 30.06.2017 Heves [Hungary], Fatér Imre
16.09.2020 Dunajska Streda [Slovakia], Tomas Veselovsky
81; 208 km; 3y, 2m, 17d

HGB AAA2185 (1N) 25.06.2018 Borsod-Abauj-Zemplén [Hungary], Budapest RC
18.08.2020 TrebiSov [Slovakia], Ervin Hrtan
81; 70 km; 2y, 1m, 24d

N48°06'
N48°21'

N48°30'
N48°02'

N48°31'
N48°42'

N48°25'
N48°13'

N48°42'
N48°40'

N48°23'
N47°39'

N48°33'
N48°06'

N48°30'
N40°27'

N48°29'
N45°40'

N47°43'
N48°34'

N47°43'
N48°42'

N47°35'
N47°52'

N47°37'
N47°48'

N48°21'
N48°37'

E21°08'
E21°48'

E17°50'
E17°05'

E18°13'
E17°47

E18°29'
E18°01'

E17°55'
E17°51'

E18°10'
E17°05'

E21°16'
E21°08'

E17°50'
E19°33'

E18°17'
E19°05'

E16°56'
E16°59'

E16°55'
E17°06'

E17°17"
E17°56'

E20°26'
E17°41'

E21°09'
E21°44'
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HGB AAA2196 26.06.2018

17.09.2020

(1N)

Borsod-Abauj-Zemplén [Hungary], Budapest RC
TrebiSov [Slovakia], Ervin Hrtan

N48°19'
N48°37'

E21°51
E21°44'

81; 34 km; 2y, 2m, 22d

Illegal poisoning (SKB SK456 and SKB SK418) or
shooting (SKB SK561) continue to represent a risk for
the species. All these factors are considered high-risk in
the whole species area (Horvath et al. 2006). The recov-
eries of breeding individuals in the territory of Slovakia
coming from abroad (HGB AAA2025, DER RL1213,
AUW BS0077) are also interesting; we were able to
find them by means of satellite telemetry (Meyburg
2010, Slobodnik & Jenco 2020). Thanks to the targeted
work of birdwatchers in eastern Slovakia, ring readings
predominate in the recovery circumstances in comparis-
on with the past, when the movements of eastern imper-
ial eagles were documented mostly through findings of

injured or dead individuals (Cepak et al. 2008). The
story of a chick ringed in its nest quite late in August is
worth mentioning (SKB SK467). Later on, thanks to a
transmitter, the bird was found injured, and after a suc-
cessful recovery, it was released in the territory of Slov-
akia in January 2020. Three months later, based on the
signal from the transmitter, we observed that it had died
in the territory of Albania. Transmitters give us current
valuable data from the viewpoint of dispersal and philo-
patry of eastern imperial eagles (Veselovsky et al. 2018)
including limiting mortality factors (Demeter et al.
2004, Horvath et al. 2006).

Golden eagle (Aquila chrysaetos)
N=1(S1,MO0,L0)A1
SKB SK132

(1M) 06.07.2020

26.08.2020

RoZfiava [Slovakia], Miroslav Dravecky
Roznava [Slovakia], Milan OlekSak

N48°48'
N48°48'

E20°38'
E20°38'

1; 0 km; 1m, 22d

Mortality of golden eagles in the first year of their
life is typical for this long-living species (Mclntyre et
al. 2010). The given individual, which was found dead
with no details, is added to the quite abundant database

of recoveries of ringed birds of this species (Slobodnik
& Jenco 2020). We assume that a part of these recover-
ies falls into the category of the so-called bird criminal-
ity (Formanek 1977, Voskar 1988, Kropil 2002).

Common kestrel (Falco tinnunculus)

N=17 (S 10, M 4, L 3) A11, Z 5 (Austria 1, Czechia 2, Germany 1, Hungary 1), C 1 (HGB 1)

SKB H25925 (1N) 12.06.2018 Bratislava IV [Slovakia], Roman Slobodnik N48°11' E17°02'
19.03.2020 Bratislava IV [Slovakia], Roman Slobodnik N48°09' E17°03'
81; -- km; 1y, 9m, 6d
SKB H25901 (6F) 06.06.2018 Nitra [Slovakia], Roman Slobodnik N48°18' E18°05'
18.04.2020 Nitra [Slovakia], Roman Slobodnik N48°17' E18°03'
28; -- km; 1y, 10m, 12d
SKB H27450 (1N) 30.06.2020 Bratislava V [Slovakia], Roman Slobodnik N48°03' E17°08'
30.08.2020 Skalica [Slovakia], Pavel Stepanek N48°44' E17°07'
81; 79 km; Qy, 2m, 0d
SKB H25797 (1N) 19.06.2018 Nové Zamky [Slovakia], Roman Slobodnik N48°05' E18°02'
18.06.2020 Breclav [Czechia], Stanislav Cech N48°49' E16°50'

35; 120 km; 1y, 11m, 29d
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SKB H27344 (1N) 17.06.2020 Trnava [Slovakia], Roman Slobodnik N48°20' E17°43'
09.08.2020 Uherské Hradisté [Czechia], Jaroslav KFizka N48°59' E17°33'
20; 73 km; 1m, 22d
SKB H26353 (1N) 11.06.2019 Bratislava V [Slovakia], Roman Slobodnik N48°01' E17°07'
22.05.2020 Burgenland [Austria], AURING, AUW N47°44' E16°51'
01; 37 km; 11m, 11d
SKB H27329 (1N) 16.06.2020 Bratislava V [Slovakia], Roman Slobodnik N48°01' E17°07'
28.07.2020 Gyor-Mosin-Sopron [Hungary], Vass Tibor N47°35' E17°25'
35; 54 km; 1m, 11d
SKB H26346 (1N) 16.06.2020 Bratislava V [Slovakia], Roman Slobodnik N48°01' E17°07'
17.11.2020 Thuringen [Germany], Joachim Muiller N51°22' E10°25'
35; 608 km; 5m, 1d
HGB HA44157 (1N) 04.06.2020 Bacs-Kiskun [Hungary], Budapest RC N46°40' E19°05'
05.07.2020 Brezno [Slovakia], Jan Ziak N48°40' E19°40'

01; 227 km; 1m, 1d

The increased number of ringed chicks in western
Slovakia confirmed the complex migration manners of
the species (Adriaensen et al. 1997, Holte et al. 2016).
Some of our chicks migrated westerly or northwesterly
(recoveries in the Czech Republic and Germany) and
some individuals migrated to the south (the recovery in
Hungary). At the same time, the birds from Hungary
may come to our territory during their post-breeding
dispersal (HGB HA44157) even very early after leaving
the nest, which is true also vice versa (e.g. SKB
H27329). These data have been known even from the
past (e.g. Slobodnik & Jenco 2020). Ring reading con-
firms their high fidelity (SKB H 25901) or philopatry

(e.g. SKB H25925) which is typical for the species
(Cepék et al. 2008, Riegert & Fuchs 2011). Online
broadcasting and installation of cameras thanks to
which we were able to get several valuable data resulted
in higher number of read rings, similarly to the cases of
other raptor species (e.g. Kristan et al. 1996, Chavko et
al. 2014). As far as the circumstances are concerned,
collisions with power lines keep representing a risk
factor (Formanek 1977, Kumbera 1977, Demeter et al.
2004, Galis et al. 2019, Skorpikova et al. 2019), which
in 2020 by the findings of ringed individuals abroad
was again confirmed.

Red-footed falcon (Falco vespertinus)
N=69 (S 65, M 0, L4) A42, Z 22 (Hungary 22), C 5 (HGB 3, IAB 2)

HGB HA33654 (1N) 03.07.2019 Gyor-Mosin-Sopron [Hungary], El6d Gyérig N47°57" E17°06'
10.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'
81; 8 km; 1y, 2m, 7d
HGB HA27903 (1N) 10.07.2020 Fejér [Hungary], Solt Szabolcs N45°59' E18°31"
15.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'
81; 158 km; 10m, 26d
HGB HA28324 (1N) 10.07.2020 Fejér [Hungary], Istvan Staudinger N47°11" E18°17'
23.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'
81; 129 km; 2m, 13d
IAB H219050 (1N) 27.06.2020 Parma & Reggio n.Emilia [Italy], Marco Gustin N44°54' E10°17
09.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'

81; 627 km; 2m, 13d
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IAB H216993 (1N) 27.06.2020 Parma & Reggio n.Emilia [ltaly], Marco Gustin  N44°54' E10°17'
07.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'
81; 627 km; 2m, 11d
SKB K6515 (1N) 03.08.2016 Bratislava V [Slovakia], Roman Slobodnik N48°03' E17°08'
14.09.2020 Bratislava V [Slovakia], Jozef Chavko N48°03' E17°08'
81; -- km; 4y, 1m, 11d
SKB K6552 (1N) 19.07.2017 Bratislava V [Slovakia], Roman Slobodnik N48°03' E17°08'
19.09.2020 Gyor-Mosin-Sopron [Hungary], P. Spakovszky N47°58' E17°10'

81; 8 km; 3y, 2m, 0d

Recoveries of red-footed falcons were rather unusual
in the past (Cepak et al. 2008, Slobodnik & Slobodnik
2011). Currently it is a species with the highest number
of recoveries as it has been given more attention to it
due to its conservation activities (Slobodnik et al.
2017). From the viewpoint of the occurrence of indi-
viduals ringed as chicks in the territory of Hungary, we
may observe settling of an individual in our territory
(HGB HA33654) which belongs to the common popu-
lation at the borderlands and includes also the non-
abundant population in Austria (Dvorak et al. 2016).
Post-breeding dispersal is recorded through two indi-
viduals of Hungarian origin, which occurred more than
a hundred kilometres from the place of their hatching
two months after they had been ringed (HGB HA28324
resp. HA27903). These movements are for this so-called
loop migrant species typical; they fly from their nesting
sites in the Carpathian Basin even to northern or west-
ern Europe (Palatitz et al. 2009, Gulawski et al. 2017,
Kunze & Nennstiel 2020). Most of the recoveries come
from the roost site near Bratislava; in 2020, there

were dozens of individuals that is typical for this social
species (Fehérvari et al. 2014). The higher number of
individuals in this locality is related to great food supply
in southwestern Slovakia and to gradation of common
vole (Balaz et al. 2019). The great quantity of readings
in the SPA Syslovské polia confirms the species’ philo-
patry to the nesting colony, while one individual be-
longs to the group of 16 chicks, which were ringed in
2016 at the beginning of the colour-ringing programme
in Slovakia (Slobodnik & Jenco 2020). Reading of two
individuals of Italian origin is a new finding (IAB
H219050, H216993). These chicks belong to a rather
new and isolated population near Parma (Calabrese et
al. 2020). Genetic origin of this population is in Hun-
gary, which is the main reason of the constant migration
of birds from the Italian Peninsula through the Carpathi-
an Basin (Sponza et al. 2001). As far as the circum-
stances are concerned, in 2020, four chicks were caught
by northern goshawk that often hunts on red-footed fal-
cons (Bagyura & Haraszthy 1994).

Saker falcon (Falco cherrug)
N=3(S1,M1,L1)A2,Z1 (Ukraine 1)

SKB D5825 (1N) 07.05.2016 Trnava [Slovakia], Jozef Chavko N48°18' E17°39'
07.05.2020 Sala [Slovakia], Jozef Chavko N48°16' E17°51'

81; 15 km; 4y, 0d
SKB D7092 (1N) 22.05.2020 Dunajska Streda [Slovakia], Jozef Chavko N48°03' E17°24'
31.07.2020 Dunajska Streda [Slovakia], Jozef Chavko N48°03' E17°26'

35; 3 km; 2m, 9d
SKB D7103 (1N) 26.05.2020 Trnava [Slovakia], Jozef Chavko N48°19' E17°37
24.07.2020 Rakivka [Ukraine], Maxim Gavrilyuk N46°54' E33°15'

81; 1180 km; 1m, 28d
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Thanks to the colour ringing, as in the case of red-
footed falcon, the number of recoveries has increased
significantly in the course of the last few years (JenCo &
Repel 2018, Slobodnik & Jenco 2020). This colour-
ringing programme provides valuable information on
the philopatry of nesting individuals (SKB D5825). In
addition to that, we were able to identify a young saker
falcon in Ukraine (SKB 7103) during the post-breeding
dispersal (Prommer et al. 2012, Kouba et al. 2021).
Power lines continue to be a significant factor of mor-
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tality for this species (Demeter et al. 2004, Kovacs et al.
2014, European Commission, Directorate-General for
Environment 2019), the highest mortality being in the
case of chicks (Nemcek et al. 2014). The given issue is
dealt with in cooperation with the appropriate energy
companies (e.g. by means of the LIFE13 project NAT/
SK/001272 Energy in the land) in which case the risk
localities have been greened also from the viewpoint of
the occurrence of saker falcon (Galis et al. 2019).

Peregrine falcon (Falco peregrinus)
N=5(S0,M1,L4)A2,Z1 (Poland 1), C 2 (HGB 2)

HGB LY01811 (1N) 16.05.2014 Fejér [Hungary], Staudinger Istvan N47°15' E18°08'
24.03.2020 Malacky [Slovakia], Jozef Chavko N48°15' E17°06'
81; 135 km; 5y, 10m, 8d
HGB LY02891 (1F) 08.05.2017 Fejér [Hungary], Kiébert Antal N47°22' E18°15'
07.04.2020 Pezinok [Slovakia], Jozef Chavko N48°27' E17°19'
81; 140 km; 2y, 10m, 30d
SKB E3180 (1M) 07.06.2015 Nitra [Slovakia], Jozef Chavko N48°22' E18°10'
07.04.2020 Malacky [Slovakia], Jozef Chavko N48°28' E17°16'
28; 67 km; 4y, 10m, 0d
SKB E4991 (1M) 15.05.2017 Martin [Slovakia], Jozef Chavko N49°00' E18°58'
24.05.2020 Malacky [Slovakia], Jozef Chavko N48°26' E17°11'
81; 145 km; 3y, 9d
SKB E5005 (1M) 14.05.2019 Malacky [Slovakia], Jozef Chavko N48°17' E17°03'
22.03.2020 Dolnoslaskie [Poland], Stawomir Sielicki N51°02' E16°11'

81; 314 km; 10m, 8d

Just as in the case of saker falcons, we get valuable
results thanks to the colour-ringing programme (Jenco
& Repel 2018). This way ring readings contributed not
only to information on philopatry of nesting individuals
coming from Hungary (HGB LYO01811, LY02891) but
also to data on the settlement of young birds in Slovakia

(SKB E3180 or E4991). Mal¢é Karpaty Mts. have a prom-
inent status in obtaining results, as they have been a subject
of long-term monitoring of occupied nests by means of
camera traps (Chavko 2016). Data on the occurrence of
birds in Poland that were ringed here (SKB E5005) had
been absent so far (Cepak et al. 2008).

Barn owl (Tyto alba)
N=5(S2,M2,L1)A3,Z1 (Hungary 1),C 1 (HGB 1)

HGB RE02310 (3N) 26.06.2017 Fejér [Hungary], Balazsi Péter N47°21' E18°19'
09.03.2020 Komarno [Slovakia], Szabéné Jady Katalin N47°47' E17°53'

40; 58 km; 2y, 8m, 13d
SKB E5723 (1N) 04.09.2019 Nové Zamky [Slovakia], Roman Slobodnik N47°49' E18°32'
22.01.2020 Bacs-Kiskun [Hungary], Sapi Tamas N46°47' E19°08'

01; 123 km; 4m, 18d
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SKB E5468 (1N) 21.05.2019 Dunajska Streda [Slovakia], Roman Slobodnik N47°54' E17°49'
05.03.2020 Dunajska Streda [Slovakia], Richard Kvetko N47°55' E17°43'
40; 7 km; 9m, 15d

SKB E5441 (3N) 17.08.2018 Komarno [Slovakia], Roman Slobodnik N47°52' E17°55'
25.06.2020 Dunajska Streda [Slovakia], Roman Slobodnik N47°54' E17°48'

01; 9 km; 1y, 10m, 8d

SKB E5781 (1N) 25.06.2020 Galanta [Slovakia], Roman Slobodnik N48°00' E17°48'
31.10.2020 Dunajska Streda [Slovakia], Roman Slobodnik N47°56' E17°42'

20; 11 km; 4m, 6d

Mortaily of young barn owls (SKB E5723 or E5468)
is rather high, mainly due to collisions with vehicles
(Cepék et al. 2008, Marti et al. 2020). The same goes
for individuals that might potentially recolonize the
population from Hungary in southern Slovakia (HGB
RE02310). From among the individuals restituted in

2018, we may mention the finding of a barn owl re-
leased in Zitny ostrov area and then found dead near its
nesting box (SKB E5441). In the previous year, this in-
dividual has successfully bred here (Slobodnik & Jenco
2020).

Eurasian scops owl (Otus scops)
N=1(S1,MO0,L0)A1

SKB K7491 (5N) 11.05.2020 Michalovce [Slovakial, Matej Zamec¢nik N48°40' E22°02'

24.08.2020 Michalovce [Slovakia], Matej Zamecnik N48°40' E22°02'
20; -- km; 3m, 13d
The single recovery is a proof of an individual hav-

ing stayed in the locality as late as till the end of August

(e.g. Klvana & Cepak 2020).

Little owl (Athene noctua)

N=1(S0,M1,L0)C 1 (HGB 1)

HGB VR09678 (1N) 31.05.2019 Fejér [Hungary], Budapest RC N47°21' E18°27
07.07.2020 Komarno [Slovakia], Roland Bobek N47°47' E18°10'

t01; 53 km; 1y, 1m, 6d

The finding of a dead individual ringed as a chick in
Hungary and recorded in the district of Komarno in its
breeding season is valuable. Transfers for more than 20
kilometres are very rare even in case of young birds
(Génot 1995), though there are some records of trans-
fers for a distance over 200 kilometres (Cepak et al.
2008).
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Corrigendum: Trend in an isolated population of the red-footed falcon (Falco
vespertinus) at the edge of its breeding range (south-western Slovakia)

Korigendum: Trend izolovanej populacie sokola kobcovitého (Falco vespertinus) na okraji
jeho hniezdneho rozsirenia (juhozapadné Slovensko)

Roman SLOBODNIK, Jozef CHAVKO, Jozef LENGYEL, Michal NOGA,
Boris MADERIC & Michal BALAZ

Abstract: Table 1 in original paper (Slobodnik et al. 2017, Slovak Raptor Journal 11: 83-89) was published with incorrect data.
Correct version is published here.

Abstrakt: Tabulka 1 v povodnom ¢lanku (Slobodnik et al. 2017, Slovak Raptor Journal 11: 83-89) bola uverejnena
s nespravnymi udajmi. Tu publikujeme spravne tdaje.

Key words: Falco vespertinus, isolated population, trend
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In the original paper written by Slobodnik et al. (2017), numbers of breeding territories, nests with clutches,
the Table 1 (p. 86) was published with incorrect unsuccessful nests, and fledged nestlings. The table

Tab. 1. Number of breeding territories, incubated clutches, failed nests and minimal number of fledged nestlings of the red-footed
falcon (Falco vespertinus) in the Syslovské polia Special Protection Area between 2004—-2017.

Tab. 1. Pocet hniezdnych teritérii, inkubovanych znasok, neuspesnych hniezd a minimalny pocet vyvedenych mladat sokola
kobcovitého (Falco vespertinus) v Chranenom vta€om Uzemi Syslovské polia v rokoch 2004 — 2017.

year / breeding territories / nests with clutches / unsuccessful nests / fledged nestlings /
rok hniezdne teritoria hniezda so znaskami neuspesné hniezda vyvedené mlad'ata
2004 4 4 2 5

2005 1 6 ? 13

2006 2 2 1 3

2007 4 4 3 2

2008 2 2 0 3

2009 2 0 0 0

2010 2 2 1 2

2011 2 2 1 3

2012 0 0 0 0

2013 1 1 0 4

2014 3 3 0 11

2015 5 2 1 4

2016 5 5 0 19

2017 16 16 1 41

> 59 49 10 110
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showed the estimated numbers from the entire breeding
range in Slovakia, not only from the Syslovské polia
Special Protection Area. Here, we present the correct
version (Tab. 1).
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Post-fledging dependence period, dispersal movements and temporary
settlement areas in saker falcons (Falco cherrug)

Obdobi dospivani, disperzni pohyby a oblasti do¢asnych tto¢ist’ u raroha velkého (Falco
cherrug)

Marek KOUBA, Roman SLOBODNIK & Jozef CHAVKO

Abstract: Information on mortality rates and their causes in raptors and owls during the post-fledging dependency period (PFDP)
and subsequent dispersal is essential for their more effective protection, including more efficient use of funds. Despite the
importance of the above data, these data are not yet available for most birds of prey. The study aimed to provide and expand the
knowledge in this field for saker falcon. We used satellite telemetry to monitor a total of six young birds since they left the nest
boxes. All young birds survived the PFDP, but none survived to adulthood and died during the period of dispersal movements.
The PFDP lasted 47 days (median value hereinafter), and the distance of individuals from the nest boxes during this period was
3.2 km (maximum distance 9 km). The area of the home range of the PFDP calculated by the 100% minimum convex polygon
(MCP) method was 81 km?. During the period of dispersal movements, the monitored individuals set up five temporary settle-
ment areas with an area of 422 km? according to 100% MCP, where they stayed for 37 days. All individuals’ mean length of
movement routes throughout the monitoring period was 3862 km. The main finding of the present study is the fact that none of
the monitored individuals survived the dispersal period. At least half of them died due to human activity (electrocution, hunting),
which is probably unbearable in the long term for wild populations of most animal species. This shows the need to start eliminat-
ing all types of artificial traps (e.g., electrocution, hunting, poisoning, etc.) without delay, thus helping to prevent the decline of
populations of many species in the shorter or longer time horizon.

Abstrakt: Informace tykajici se miry umrtnosti a jejich pri¢inach u dravci a sov béhem obdobi dospivani a nasledné disperze
jsou zasadni pro jejich u€inné€j$i ochranu vcetné efektivnéjSiho vyuziti financénich prostfedkt. Navzdory dilezitosti vyse
zminénych dat, nejsou tato data doposud k dispozici pro vétsinu dravych ptakt. Cilem této studie bylo poskytnout a rozsifit zn-
alosti v dané oblasti u raroha velkého. Pomoci satelitni telemetrie jsme sledovali celkem Sest mlad’at od chvile, kdy opustila
hnizdni budky. VSechna mlad’ata prezila obdobi dospivani, ale zadné se nedozilo dospé€losti a zemiela béhem obdobi disperznich
pohybt.. Obdobi dospivani trvalo 47 dnt (median; hodnoty medianu jsou uvedeny i nadale) a vzdalenost jedincti od hnizdnich
budek béhem tohoto obdobi ¢inila 3,2 km (maximalni vzdalenost 9 km). Rozloha domovskych okrskli obdobi dospivani spoctena
metodou 100% minimalniho konvexniho polygonu (MCP) byla 81 km?. B&hem obdobi disperznich pohybi si sledovani jedinci
ztidili celkem pét oblasti doasnych utoéist’ s rozlohou 422 km? dle 100% MCP, které obyvali 37 dnt. Délka pohybovych tras
vsech jedinct po celé obdobi sledovani Cinila 3862 km. Zasadnim zjisténim piedlozené studie je skutecnost, ze ani jeden ze sle-
dovanych jedincl nepiezil obdobi disperze, pfiCemz minimalné polovina z nich zemiela nasledkem lidské Cinnosti (zabiti
elektrickym proudem, lov), coz je patrné dlouhodobé neunosné pro divoké populace vétSiny Zivocisnych druhd, a jasné to
ukazuje nutnost, zacit neprodlené odstranovat vSechny druhy umeélych pasti (napf. zabiti elektrickym proudem, lov, otravy atd.)
vytvoienych lidskou ¢innosti, a napomoci tak zabranit populacnim poklesim mnoha druhti v krat§im ¢i delSim ¢asovém hori-
zontu.

Key words: mortality rate, causes of death, satellite tracking, breeding period, minimum convex polygon, home range
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Introduction

From the point of view of current knowledge, we know
migration routes or wintering sites of many species of
raptors (Cepdk et al. 2008). Less known is the
information about resting and temporary stops (the so-
called stopover site/s or temporary settlement area/s,
hereinafter only TSA/s), including the speed of move-
ments between them (Belthoff & Ritchison 1989).
Among the least researched knowledge, we include the
duration of post-fledging dependence period (herein-
after only PFDP, i.e. the period between fledging and
reaching independence) (e.g., Gamauf & Dosedel 2012;
Kouba & St’astn}'/ 2012; Kouba et al. 2013; Nemcek et
al. 2016, Literak et al. 2020), while these studies often
focus on the survival/mortality rate within a defined
period (Penteriani & Delgado 2009), in this case, the
PFDP. It is the appearance and development of satellite
telemetry that can not only accurately determine this
period in time and space, but it can also determine risk
factors (Nemcek et al. 2014) or show geographical lim-
its for movements (McGrady et al. 2003; Limifiana et
al. 2007, 2012; Cadahia et al. 2010). Another advantage
of satellite telemetry is that it allows monitoring, for in-
stance, even individuals who disperse over considerable
distances after becoming independent and which could
no longer be monitored by conventional radio telemetry.
For their physical parameters, hawks and eagles (Mey-
burg et al. 2006), falcons (McIntyre et al. 2009) and
possibly owls (Penteriani et al. 2005) are a suitable tar-
get group for the use of satellite telemetry. On the other
hand, commonly used backpack harnesses may negat-
ively influence behaviour and survival of both adult and
juvenile individuals (Paton et al. 1991; Petty et al. 2004;
Sunde 2006). Satellite transmitters with added mortality
sensors also make it possible to record the mortality rate
and its causes even in individuals which may be tens of
thousands of kilometres away from their natal areas,
thus revealing the essential information needed to pro-
tect the biodiversity and save many different, not only
critically endangered species (Cogan et al. 2012;
Graham et al. 2012).

Saker falcon (Falco cherrug) is widespread species
throughout Eurasia, from Central Europe to East China
(Baumgart 1991; Ferguson-Lees & Christie 2001; Bauer
2020). Similarly to the Carpathian Basin, South-western
Slovakia, Eastern Austria and the South-eastern Czech
Republic is the westernmost border of its nesting area
(Gamauf & Dosedel 2012; Kovacs et al. 2014). Po-
pulations from Austria, Hungary and Slovakia are
interconnected, as evidenced by movements, especially
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of young birds, and the nesting of birds from other
countries in neighbouring countries (Slobodnik 2008;
Slobodnik & Jen¢o 2020). The population, for instance,
in Ukraine and east Slovakia, after its recent increase,
shows currently a slightly declining trend again (Chavko
et al. 2019), which is related to the reclassification with-
in the IUCN Red List from the category “vulnerable” to
the category “endangered” (BirdLife International
2022). On the contrary, the population in Slovakia is
slowly growing (Cernecky et al. 2020), which is mainly
due to its positive population trend in the western part of
the country (Chavko & Deutschova 2012; Chavko et al.
2014, 2019).

This study aimed to determine the duration of the
PFDP and the home range sizes inhabited during this
period by the fledglings of saker falcon in Slovakia.
Also, to describe the dispersal movements of the mon-
itored individuals, identify possible TSAs set up during
the dispersal and determine their duration and area. Fi-
nally, to determine the rate and causes of mortality of
young saker falcons during the PFDP and dispersal
movements.

Material and methods

Six young birds (3x two siblings) of a saker falcon from
three nesting boxes placed on high voltage transmission
towers (Fig. 1) in the south-west of Slovakia near the
villages of Bernolakovo, Lehnice and Topolniky, were
ringed with aluminium and coloured rings (Tab. 1) and
equipped with backpack-type transmitters (Anitra Sys-

Fig. 1. The environment in Slovakia, currently commonly inhab-
ited by saker falcons and also used for its nesting, is given since
artificial nesting boxes designed for the target species are often
hung on massive high-voltage pylons.

Obr. 1. Zivotni prostfedi bé&Zn& obyvané a vyuZivané ke
hnizdéni rarohem velkym na Slovensku je dano tim, ze umélé
hnizdni budky uréené pro cilovy druh jsou ¢asto vyvéSovany na
mohutnych stoZarech vysokého napéti.
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tems s.r.o., Prague, Czech Republic), enabling their
satellite telemetry monitoring, during the nesting season
2021. All the young birds were weighed, and their sex
was determined based on their weight and size (females
are ca 15% larger and ca 40% heavier than males)
(Kovacs et al. 2014). The transmitters used weighed 19
g and did not exceed 3% of the body weight of the
marked individuals (e.g., Withey et al. 2001). The used
partly solar GPS-GSM transmitters were programmed
to collect data in a fixed five-minute interval. Still, these
intervals were dynamically supplemented by a series of
data collected in one-second interval started by flight
detection when the transmitter batteries were sufficient-
ly charged. Recording of positions at one-second in-
tervals made it possible to create a detailed picture of
the larger movements of the monitored individuals and
their behaviour. Both types of data (five-minute and
one-second) were merged before the whole analysis and
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were further always used all in together. The recorded
GPS positions of individuals were first exported from
the Anitra platform to GPX format and further analysed
and processed using BaseCamp software (GARMIN®,
Schaffhausen, Switzerland). The BaseCamp software
automatically delivered results regarding time spent
moving and resting (non-moving) and overall average
speed and average speed of movement (Tab. 1). The
GPS positions were then exported to the SHP (shapefile)
format and further processed and evaluated in ArcGIS
9.5 (Esri, Redlands, USA). In this program in its freely
available extension Home Range Tool for ArcGIS®
(Rodgers et al. 2015) subsequently the areas of all home
ranges listed below were calculated using the method of
the minimum convex polygon (hereinafter only MCP)
(Mohr 1947; Hayne 1949; Laver & Kelly 2008). The
ranges were made for the 100% MCP variant and the
95% and 80% MCP with the setting “Selection Style:

Individual B2
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Fig. 2. Visualisation of the distance from the natal nest box and gradual moving of all six monitored young birds (B1, B2, L1, L2, T1
and T2) away from the nest box during the entire monitoring period (blue line). The vertical red line shows the end of the post-fledging
dependence period and the beginning of the dispersal of individuals (only individual L2 dispersed later).

Obr. 2. Vizualizace pohybu a postupného vzdalovani se od hnizdni budky vSech $esti sledovanych mladat (B1, B2, L1, L2, T1 a T2)
po celou dobu jejich monitoringu (modra ¢ara). Svisla ¢ervena ¢ara znazorfiuje konec obdobi dospivani a zacatek obdobi disperznich

pohybu jedinct (pouze jedinec L2 zahajil disperzi pozdéji).
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User Centre”. Furthermore, the distances of all obtained
locations of individual young birds from the nest box
were evaluated, and the lengths of all their movement
routes were measured. All map materials were also cre-
ated in the same software.

The duration of the PFDP was individually determ-
ined based on an analysis of the movements of all indi-
viduals when five of them performed a sudden dispersal
movement (Fig. 2), which clearly defined their PFDP. In
the case of the sixth individual (L2), the length of the
PFDP was also determined based on data from the sci-
entific literature (Nemcek et al. 2014; Prommer et al.
2014; Rahman et al. 2015; Dixon et al. 2019) and by
comparison with other monitored young birds and par-
ticularly its sibling. The TSAs of monitored individuals
established during dispersal movements were defined as
areas where individuals spent longer time in a relatively
small area within which they repeatedly occurred in the
same places, which was in direct contrast to movement
patterns and distances that individuals were able to cov-
er during a single day of the dispersal movement. Also,
in the case of TSAs, it can be stated that when evalua-
ting data on the movements of individuals, these areas
became very clear on their own.

Results

A total of six young birds (4 males and 2 females) of the
saker falcon were observed in 2021 from leaving the
nest until their death, which occurred in the same year
for all of them, and thus none of them survived to adul-
thood. These were three pairs of siblings, always
randomly selected from five siblings hatched from

Fig. 3. Nesting boxes, overall
movement routes and locations of
the last records of six young saker
falcons monitored by satellite tele-
metry in 2021.

Obr. 3. Hnizdni budky, celkové
trasy pohybu a polohy poslednich
zdznamu Sesti mladat raroha
velkého sledovanych pomoci satel-
itni telemetrie v roce 2021.

Raptor Journal 2021, 15: 75-87. DOI: 10.2478/s1j-2021-0005
© Raptor Protection of Slovakia (RPS)

equally numerous clutches. The monitoring took place
from 1 June to 15 November 2021 (Tab. 1). The
individuals were monitored for 92 days (median value is
stated hereinafter), and 49,349 locations were recorded
for each of them. The total length of their movement
routes was 3862 km (Fig. 3). The young saker falcons
spent 75 days by resting (non-moving) and 15 days by
moving at an average speed of 10 km/h, as shown by the
automatic evaluation of satellite data by the BaseCamp
software. The last coordinates sent from the used trans-
mitters came between 23 July and 15 November 2021.

The PFDP of all six young birds lasted 47 days, dur-
ing which 10,058 locations of their occurrence were re-
corded for each of them (Tab. 1). The distance of
individuals from nesting boxes during the entire PFDP
was 3.2 km, and the maximum recorded distance was 9
km. The area of home ranges of the PFDP calculated by
the 100% MCP method was 81 km? (Fig. 4), 45 km?
(95% MCP) and 26 km? (80% MCP). All the young
birds successfully became independent between 15 and
26 July 2021.

Subsequent dispersal movements occurred in four
individuals (B1, B2, L1 and T1) in a very similar way,
when the individuals suddenly left their PFDP home
ranges and began to move significantly away from them
every day (Fig. 2). For example, the female T1 reached
160 km from the nest during the first day of dispersal,
290 km on the second day and 420 km on the third (Fig.
4). Both her movement route and duration of monitoring
were the longest among all the young birds, and during
the dispersal, she established three TSAs. A total of
three of the four individuals mentioned above set up at

Legend

£y Nestboxes
Movement routes
Individual B1
AN Indwvidual B2
A5 individual L1
AN Individual L2
AN Individual T1
Individual T2
O Lastrecords
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Fig. 5. The overall route of movement of the individual T1, in-
cluding her occurrence at the end of the 1st, 2nd and 3rd day
from the start of the dispersal (circles), including three tempor-
ary settlement areas (TSAs; crosses) established by this indi-
vidual during dispersal movements.

Obr. 5. Celkova trasa pohybu jedince T1, v¢etné jeho polohy na
konci 1., 2. a 3. dne od zahdjeni disperznich pohybu (krouzky),
vCetné tfi oblasti doCasnych utoCist (TSA; kfizky) zfizenych
timto jedincem béhem disperze.
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Fig. 4. Home ranges of the post-fledging
dependence period recorded in the area
of interest in Slovakia for six saker falcon
fledglings from a total of three nests cal-
culated by the 100% minimum convex
polygon method.

Obr. 4. Domovské okrsky obdobi
dospivani zaznamenané v zajmovém
uzemi na Slovensku celkem pro Sest
mladat raroha velkého uhrnem ze ffi
hnizd vypocitané metodou 100% minim-
alniho konvexniho polygonu.

Legend
£ Nestboxes

| Home ranges
Individual B1
Individual B2
Individual L1
Individual L2
Individual T1
Individual T2

least one TSA during the dispersal (Figs. 5-9). Young
saker falcons inhabited TSAs (n = 5 areas; individuals
B1, B2, and T1; Tab. 2) for 37 days. Their recorded loc-
ations within the TSAs were 1203 km from the nest
boxes (minimum and maximum distances were 1181
and 1221 km, respectively). The movement routes of in-
dividuals within the TSAs were 1582 km long. The
TSAs of the three individuals mentioned above covered
an area of 422 km?, as calculated using the 100% MCP
method, 326 km? (95% MCP) and 252 km? (80% MCP).

The female L2 stayed in an area (we also call it as
TSA) that was directly related to the area inhabited
throughout the PFDP, and this female remained near the
natal nest box for a total of 110 days (Tab. 2). Only then
a sudden dispersal movement followed in her case (Fig.
2). During the PFDP, this female stayed in an area of
108 km? according to 100% MCP and the subsequent
TSA inhabited before dispersal movements occupied an
area of 120 km? (100% MCP; Fig. 10).

The individual T2 did not set up any TSA, and his
dispersal movements were quite different from those
described above. After becoming independent, this
young male moved in a wide area around the nest box
until his death, specifically at a maximum distance of
less than 100 km and an average distance of 39 + 17 km
(Fig. 11). According to 100% MCP, his home range dur-
ing the PFDP covered an area of 85 km?, and the area
covered during his dispersal movements was 8884 km?
(100% MCP; Fig. 11).

All monitored fledglings became independent, and
the mortality rate was zero during the PFDP. However,
none of the young birds most probably survived to
adulthood, and all perished during the dispersal period.
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Fig. 6. Detail of the first temporary settlement area (TSA; calcu-
lated by the 100% minimum convex polygon method) set up
during dispersal movements by the T1 individual in Germany
near the city of Leipzig, including individual locations of her stay
within this area.

Obr. 6. Detail oblasti prvniho docasného utociste (TSA;
spocteno metodou 100% minimalniho konvexniho polygonu)
zfizeného béhem disperznich pohybu jedincem T1 v Némecku
u mésta Lipska, vcetné jednotlivych lokaci jeho pobytu v dané
oblasti.

Legend
Inclhvicusal T1
[]TSA o, 2 - range size
+ TSAM. 2 - locations

Fig. 7. Detail of the second temporary settlement area (TSA;
calculated by the 100% minimum convex polygon method) set
up during dispersal movements by the T1 individual in Italy near
the city of Rome, including individual locations of her stay within
this area.

Obr. 7. Detail oblasti druhého docasného utocisté (TSA;
spocteno metodou 100% minimalniho konvexniho polygonu)
ziizeného béhem disperznich pohybl jedincem T1 v Italii u
mésta Rima, véetné jednotlivych lokaci jeho pobytu v dané ob-
lasti.

Two individuals (L2 and T2) were most likely electro-
cuted (Slovakia and Greece; Fig. 3 and 11; last records

Fig. 8. Detail of the third temporary settlement area (TSA; calcu-
lated by the 100% minimum convex polygon method) set up
during dispersal movements by the T1 individual in Italy in Sicily
near the city of Caltanissetta, including individual locations of
her stay within this area and the place of her assumed death.
Obr. 8. Detail oblasti tfetiho do¢asného utocisté (TSA; spocteno
metodou 100% minimalniho konvexniho polygonu) zfizeného
béhem disperznich pohyb jedincem T1 v Italii na Sicilii u mésta
Caltanissetty, v€etné jednotlivych lokaci jeho pobytu v dané
oblasti a mista jeho predpokladaného umrti.

Fig. 9. Detail of the two temporary settlement areas (TSAs; cal-
culated by the 100% minimum convex polygon method) estab-
lished during dispersal movements by the B1 and B2 individuals
at the border of Ukraine and Russia near the town
Krasnoperekopsk, including individual locations of their stay
within these areas and the places of their assumed death.

Obr. 9. Detail oblasti dvou do¢asnych utoCist (TSA; spocteno
metodou 100% minimalniho konvexniho polygonu) zfizenych
béhem disperznich pohybd jedinc B1 a B2 na hranicich
Ukrajiny a Ruska u mésta Krasnoperekopsku, vcetné
jednotlivych lokaci jejich pobytu v danych oblastech a mist jejich
predpokladanych umrti.

of both individuals were located exactly below electric
pylons of 22 kV and their transmitters were probably
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damaged by a short circuit), and one individual (L1)
was caught by trappers (Kosovo; Fig. 3; Anonymous, in
verb; illegal trapping on the same day at the site of the
last GPS records of L1 individual was personally con-
firmed by local ornithologists who want to remain an-
onymous for security reasons). The longest living
individual (T1) died in Sicily, most likely in connection
with bad weather, when several tornadoes swept
through Sicily at that time (Fig. 3 and 8; the transmitter
stopped to move and subsequently also to transmit a
signal on the day when the tornadoes swept through the
area where the last GPS positions of T1 individual were
recorded). The causes of death of the last two young
birds (B1 and B2) could not be determined, but their
last locations were in Ukraine near the Crimean Penin-
sula (Fig. 3 and 9). In these two cases, it is theoretically
possible that their transmitters failed (though there were
no signs of any issues with both transmitters, both were
well charged, and no electric wires and pylons are in the
area, sudden failures of hitherto well-functioning tags
have already been documented [Anitra Systems s.r.0., in
verb]).

Discussion

The data on mortality of the young birds can be consi-
dered the most important results of our study. While du-
ring the PFDP, we did not record the death of any of the
six monitored saker falcons, which was a surprising fin-
ding since higher mortality of young birds of prey, as
well as young birds of other species, is quite common in
the period after leaving the nest (Adams et al. 2001; Ke-
edwell 2003; Todd et al. 2003; Sunde 2005; Boileau &
Bretagnolle 2014). On the other hand, the negative
finding was that none of the six monitored individuals
reached adulthood, and all died during the period of
dispersal movements, although high mortality of young
independent birds is quite common (Small et al. 1993;
Prommer et al. 2012; Faccio et al. 2013), too. Low mor-
tality (approximately 6%) of young saker falcons during
the PFDP was also recorded in Mongolia, where most
deaths were caused by birds of prey (Rahman et al.
2015). Low mortality of young birds of the target spe-
cies during the PFDP was also found in Ukraine and
Bulgaria (Prommer et al. 2014; Dixon et al. 2019). This
coincidence could be because the saker falcon is a relat-
ively large species, and the predation of its fledglings by
other predators is not as common as it may be in smaller
species of hawks, falcons or owls (Obuch & Bangjord
2016). Several studies also remarkably agree with our
study regarding the high mortality rate of up to 100% in
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Tab. 2. Data on a total of six temporary settlement areas set up by four young saker falcons (B1, B2, L2 and T1) during their dispersal movements.

Tab. 2. Udaje o celkem $esti oblastech dogasnych Gtogist ziizenych &tyFmi mladaty raroha velkého (B1, B2, L2 a T1) béhem jejich disperznich pohybd.

mean’ SDf

medianf

individual data

evaluated characteristics
ID of tracked individual?

T1

L2

B2

B1

temporary settlement area — "TSA"
date of TSA establishment
duration of TSA (days)

6 August 18 July 27 July 12 September 3 October

7 August

12
11,906
542
297
293
301
641
588
449

32

37
25,397 21,694

44
32,681

12
15,577
457
785+4.2

37
25,397
1319

544 £ 2.9

64
8867

25
1593
1582

1231+4.3

44
33,221

No. of locations / fixes during TSA
length of TSA movement route (km)

1441

1582
1203
1181
1221

1941
1203+ 7.4

581
8+4.1

0.0001

1906
1306 + 7.7

1014

distance of TSA from the nest® (mean + SD; km)
minimal distance of TSA from the neste (km)

997

1181
1221

775
791

531
554
280

1212

1284
1322
1657
1585
1156

19 September

1027
796
672
491

191

1246
1483
1149
894

30 August

maximal distance of TSA from the nest? (km)
home range size of TSA (100% MCP¢; km?)
home range size of TSA (95% MCPe; km?)
home range size of TSA (80% MCPe; km?)

date of TSA termination

422
326
252

422
326
252

137

120

1

126

57
23 September 15 November

173
04

03

74
19 September 1 September

death abandoned abandoned abandoned death

death

cause of TSA termination




<« Tab. 2. Continuation.

<« Tab. 2. PokraCovanie.

aTwo monitored individuals, specifically L1 and T2, did not es-
tablished any TSA

®Mean distance of all locations / fixes from the nest recorded for
a given individual during the time of TSA duration

°Minimal distance from the nest recorded for a given individual
during the time of TSA duration

dMaximal distance from the nest recorded for a given individual
during the time of TSA duration

eMinimum convex polygon (100%, 95%, 80% MCP)

findividual L2 was excluded from descriptive statistics calcula-
tions (n = 5; individuals B1, B2 and T1) because its TSA range
was directly related to its PFDP home range

already independent young saker falcons recorded dur-
ing the dispersal period (Gamauf & Dosedel 2012;
Nemcek et al. 2014; Prommer et al. 2014; Dixon et al.
2019; this study). One possible explanation is that the
dispersal of this species is common over huge distances
(up to tens of thousands of km) during which young
saker falcons may encounter a vast range of possible
dangers. Still, the really alarming fact is that electric
lines and pylons cause most deaths of young saker fal-

Bratistava

Dunajska Strada

Legand
Individual L2
. Mestbox
[ PFDP range size
* PFDP locations
[ TS range size
= TSAlocations.

Fig. 10. Detail of the post-fledging dependence period (PFDP)
home range of the L2 individual and her temporary settlement
area (TSA; both ranges were calculated by the 100% minimum
convex polygon method) set up after her independence, but still
at the natal area in Slovakia near the town Dunajska Streda, in-
cluding individual locations of her stay within both given areas.

Obr. 10. Detail domovského okrsku obdobi dospivani (PFDP)
jedince L2 a oblasti jeho doCasného utocCisté (TSA; spocteno
metodou 100% minimalniho konvexniho polygonu) zfizeného
po nabyti samostatnosti véetné jednotlivych lokaci jeho pobytu v
obou danych oblastech. Oba okrsky na sebe u jedince L2 pfimo
navazovaly, a oba se tak nachazely v okoli hnizdni lokality na
Slovensku u mésta Dunajska Streda, odkud jedinec pochazel.

Raptor Journal 2021, 15: 75-87. DOI: 10.2478/s1j-2021-0005
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cons during this period (e.g., Nemcek et al. 2014; Dixon
et al. 2019). In our study, electrocution was reported in
at least two cases. Power lines and pylons thus represent
a significant cause of saker falcon mortality and can in-
fluence population demographics (Kovacs et al. 2014;
Demeter et al. 2018; Galis et al. 2019; Dixon et al.
2020).

The results of our study fit relatively well into the
published information found on young saker falcons in
terms of the duration of the PFDP and movement pat-
terns during this period. We recorded an average du-
ration of the PFDP 48 + 3 days (range 4553 days). The
other two studies described the duration of the PFDP in
the target species as 44 days (range 30—64 days) and 40
+ 4 days (range 31-52 days) (Prommer et al. 2014; Rah-
man et al. 2015). Thus, the duration of the PFDP does
not seem to be affected by the specific area where the
young saker falcons hatched (Ukraine, Mongolia or
Slovakia). However, the question remains whether the
duration of the PFDP of saker falcons is affected to a
high degree by prey abundances, as described in other
birds of prey (Alonso et al. 1987; Bustamante 1994;
Kouba et al. 2013), as none of the above-mentioned

Vienna

Legend
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£ Neatbex
] PFOP home range
Dispersal range
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© Lastrecord

o 125 25 50
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Fig. 11. The overall home range of the T2 individual recorded
during the dispersal movement period and his home range of
the post-fledging dependence period (PFDP; both ranges were
calculated by the 100% minimum convex polygon method) loc-
ated in Slovakia east of the capital Bratislava, including the
movement routes recorded within both given areas and place of
his assumed death.

Obr. 11. Celkovy domovsky okrsek jedince T2 zaznamenany
béhem obdobi disperznich pohybl a jeho domovsky okrsek
obdobi dospivani (PFDP; spoéteno metodou 100% minimalniho
konvexniho polygonu) nachazejici se na Slovensku vychodné
od hlavniho mésta Bratislavy, véetné tras pohybl
zaznamenanych v obou danych oblastech a mista jeho
predpokladaného umrti.
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studies on saker falcons estimated abundances of their
prey. The same is true for the home range sizes
throughout the PFDP of young saker falcons, as their
home ranges have been described, but so far, no study
has described the factors affecting the arca of these
ranges. In Mongolia, the average size of home ranges
during the PFDP was recorded as 55 + 24 km? (accord-
ing to 100% MCP), but only for the period of 28 days
from fledging. It is well comparable to the average area
of 67 + 33 km? (according to 100% MCP) found by us,
recorded for the period approximately one third longer.
Thus, it seems that even in the size of the home ranges
during the PFDP, there are no fundamental differences
across the habitats or continents where the target species
breeds. However, significantly smaller home ranges
during the PFDP were recorded in Bulgaria (14 km? ac-
cording to 100% MCP), but these were recorded for re-
introduced young birds tied to the releasing cages
throughout the PFDP, where they regularly received
supplementary feeding. In our opinion, these data are
thus incomparable with our results.

An interesting behaviour has been described in
many species of birds of prey during the dispersal
movement period when individuals set up TSAs (e.g.,
Sielicki et al. 2009; Literak et al. 2020) in which they
remain for different periods in a relatively small area.
They repeatedly occur here in the same places, and then
they suddenly leave the area and continue in probably
random dispersal movements (Meyburg et al. 1995).
The setting up of similar TSAs has also been recorded
for saker falcons (Prommer et al. 2014; Nemcek et al.
2016; Dixon et al. 2019). However, they have not yet
been described in more detail. For example, Dixon et al.
(2019) state the average time spent in each TSA as 27
days with the range of 2-66 days, and that individual
TSAs can be used repeatedly. The TSAs recorded by us
(excluding L2 individual for the reasons stated above,
see the chapter Results) were maintained by individual
falcons 32 + 12 days on average (range 12—44 days).
Their area was 796 + 641 km? (mean + SD; according to
100% MCP), and the locations recorded within these
areas were 1014 £ 297 km away from the natal nest bo-
xes. These data confirm that, within the dispersal, which
takes place over vast distances, the TSAs are indeed re-
latively small, and the crucial question is why indivi-
duals set them up at all. The most probable reason is the
high prey abundance in the given site, which the indivi-
dual uses for some time, or until it is depleted (Dixon et
al. 2017, 2020). It is also probably connected with
transition from exploratory strategies, when animals
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have incomplete environmental information, to a more
familiar way to exploit their activity areas as they get to
know the environment better (Delgado et al. 2009).

Finally, we would like to make an appeal to the
relevant authorities and all those responsible for in-
stalling high-voltage pylons and wires to make every ef-
fort to secure their electricity grids worldwide so that
any organisms cease to be killed as a result. As our
study and many others suggest, mortality as a result of
injuries related to electric structures, posing a risk of
collision or electrocution is enormous, reaching millions
of birds worldwide each year (Jenkins et al. 2010),
which is utterly unsustainable in the long term and, it is
necessary to introduce measures that will reverse this
very pessimistic trend as soon as possible (e.g., Smidt et
al. 2019).
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