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Abstract The aim of our study was to investigate the feeding of the Little Owl (Athene noctua) dur-
ing the breeding period in three protected sites (Upper Kiskunsag Puszta, Upper Kiskunsag Lakes, Peszéradacs Mead-
ows) in an extensively managed lowland plain area (Upper Kiskunsag) of the Carpathian Basin. A further objective
was to provide a detailed assessment of the vertebrate prey spectrum and dominance structure based on the analyses
of pellets. Little Owl pellets were collected in September 2015 and 2016 from 20 artificial nest boxes in which suc-
cessful breeding occurred in both years. Mean pellet number was calculated per individuals. Distribution of individ-
ual number and biomass of vertebrate prey taxa were also examined. The number of collected and dissected owl pel-
lets was 2,094 in 2015 and 2,024 in 2016, respectively. The average rate of pellet regurgitation was 25.57 pellets/ind.
in 2015, and 27.74 pellets/ind. in 2016. From the 40 samples (4,118 owl pellets) a total of 2,017 vertebrate preys were
determined. Cumulative species richness was 21, including 12 mammalian, 1 amphibian, 4 reptile and 4 bird species.
Mammals were dominant in the food (average 50.83%), and the consumption of amphibians was similar (48.06%).
The consumption of birds and reptiles was not significant. Amphibians were represented by a single species, the Com-
mon Spadefoot (Pelobates fuscus) in remarkably high proportions among the prey items, followed by the Common
Vole (Microtus arvalis) by approx. 37% proportion. The high proportion of the latter two species was also clearly re-
flected in the biomass amounts. Among the birds, the Starling (Sturnus vulgaris) proved to be the most commonly pre-
dated species apart from other species closely related to farmland habitats (Motacilla alba, M. flava, Passer montanus).

Keywords: nutrition, owl pellet analysis, Kiskunsag, grassland, Strigidae, Amphibia

Osszefoglalas A kutatas célja a kuvik (Athene noctua) koltési idészakra vonatkozo taplélkozasanak vizsgélata volt
a Fels6-Kiskunsag harom védett teriiletegységén (Fels6-Kiskunsagi Puszta, Fels6-Kiskunsagi Tavak, Peszérada-
csi Rétek). Célunk volt a kuvik gerinces zsakmanyallataira kiterjedd részletes, nagyobb mintaszamu vizsgalata, e
kozosség tekintetében a faj taplalkozasi szokasainak és alkalmazkodasi képességének feltarasa. 2015-ben és 2016-
ban célzottan keriilt sor kopetgytijtésre, a kirepiilést kovetden (szeptember) azon odukbol, amelyekben sikeres kol-
tés zajlott mindkét évben. Megallapitottuk az egy egyedre esé atlagos kopetszamot, valamint teriileti és gytjtési év
elkiilonitésben vizsgaltuk a gerinces zsakmanyfajok egyedszam és biomassza-tdmeg szerinti megoszlasat. A meg-
hatarozott/gyijtott kdpetszam 2015-ben 2094, 2016-ban 2024 volt. Az odukban lezajlott kopetelések egy egyedre
vonatkoztatott szama atlagosan 25,57 kopet/egyed volt 2015-ben, 27,74 kopet/egyed 2016-ban. A gytijtott 40 min-
taban (4118 kopet) 6sszesen 2017 gerinces zsakmanyegyedet hataroztunk meg. A mintakban azonositott fajok sza-
ma a két évre dsszességében 21 volt, amelybdl 12 emlds-, 1 kétéltl-, 4 hiillo- és 4 madarfaj. A kuvikok az eml6-
soket zsakmanyoltak elsédlegesen (atlag 50,83%), és ehhez hasonlo mértéki volt a kétéltiiek fogyasztasa is (atlag
48,06%). A madarak és a hiillok fogyasztasa nem volt jelentds. A kétéltiieket egyetlen faj, a barna asobéka (Pelo-
bates fuscus) képviselte, amely mennyisége és aranya igen figyelemre mélto volt (atlagosan 41,68%). A masodik
meghatarozo taplalékforras a teriileten a mezei pocok (Microtus arvalis) volt ~37% részarannyal. E16bbi két domi-
nans faj magas egyedszam szerinti részaranya a biomassza-tomeg szerinti értékekben is egyértelmiien tiikr6z0dott.
A madarak koziil a seregély (Sturnus vulgaris) bizonyult a leggyakrabban zsakmanyolt fajnak mas mezégazdasagi
¢él6helyekhez szorosan kotoédé énekesmadarak (Motacilla alba, M. flava, Passer montanus) mellett.

Kulcsszavak: taplalkozas, bagolykopet-elemzés, Kiskunsag, gyepteriiletek, Strigidae, Amphibia
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Introduction

The population of the Little Owl (Athene noctua) has declined in many European coun-
tries, especially in the western areas (Cramp 1985, Manez 1994, Heath et al. 2000, Génot
& Van Nieuwenhuyse 2002, Zmihorski et al. 20006, Salek & Schropfer 2008, Van Nieuwen-
huyse et al. 2008, Sunde et al. 2009, BirdLife International 2016). The number of breed-
ing pairs in Hungary is estimated to be between 1,500 and 4,000 pairs, the population trend
is unknown (Gorman 1995, Hadarics & Zalai 2008, Salek ef al. 2013, BirdLife Internation-
al 2016, Hamori 2017b). In certain regions of the Great Plain (e.g. Békés and Bécs-Kiskun
counties), the species has a significant population with increasing population trend observed
in the past decade (Boz6 & Csath6 2017, Hamori et al. 2017b). As a consequence of their
population decline, the conservation and research of the Little Owl have become impor-
tant priorities in most European countries (e.g. Zerunian et al. 1982, Génot 1994, Angelici
et al. 1997, Tomialojc & Stawarczyk 2003, Zmihorski e al. 2006, Van Nieuwenhuyse et al.
2008). The ecological mechanisms responsible for these negative tendencies are less known.
To date, many hypotheses have been raised as explanations, which include habitat-structur-
al changes, habitat fragmentation, decline in feeding sites, and other ecological factors (Ze-
runian et al. 1982, Génot 1994, Angelici et al. 1997, Schaub et al. 2006, Sunde et al. 2009,
Zmihorski et al. 2009, Le Gouar et al. 2011). Most of the research related to Little Owls was
carried out in Western Europe (e.g. Denmark, The Netherlands, Germany, Portugal, Spain);
therefore the mechanisms described in these studies are not necessarily relevant to the Cen-
tral and Eastern European populations (Van Nieuwenhuyse et al. 2008, Tryjanowski et al.
2011). The decreasing population trend of the Little Owl and related issues, such as detailed
feeding biology, require further studies in Central and Eastern Europe. Agricultural intensi-
fication also contributed to the decline in food availability for many wild species (Newton
2004, Morris et al. 2005). This negative tendency can be observed also in the case of farm-
land bird species in Hungary (Szép & Nagy 2006, Baldi & Batary 2011, Szép et al. 2012).
Nevertheless, in addition to nesting-site availability, the trend of a given Little Owl popula-
tion is closely related to the feeding possibilities and food availability (Génot & Van Nieu-
wenhuyse 2002, Zmihorski ef al. 2006, Thorup et al. 2010, Apolloni et al. 2018). In general,
the effects of agricultural intensification may result in a decrease in the abundance of arthro-
pods and small mammals (Morris 2000), which are the primary food sources for the Little
Owl (Van Nieuwenhuyse et al. 2008). Furthermore, habitat transformations in agricultur-
al areas may further reduce the availability of food to the owls (Apolloni et al. 2018). The
Little Owl has various haunting techniques. As a polytypical species, and as the result of its
large distribution area, the Little Owl catches a large number of different prey species (e.g.
Mikkola 1983, Cramp 1985, Schonn et al. 1991, Angelici et al. 1997, Milchev & Nikolay
2017). Primarily, small mammals and invertebrates dominate the Little Owl diet, but feed
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also on songbirds, amphibians, reptiles, and rarely fishes (Glutz von Blotzheim & Bau-
er 1980, Cramp 1985, Schmidt 1998). The Little Owl is fundamentally generalist, so there
is no clear correlation between the number of species and the number of pellets (Lanszki
2006, Van Nieuwenhuyse et al. 2008). According to the pellet analyses carried out in Euro-
pean and Middle Eastern countries, the Little Owl’s diet consists mostly of insects, but its
feeding habits may differ according to the habitat and geographical region (Herrera & Hi-
raldo 1976, Cramp 1985, Gorzel & Grzywaczewski 2003, Obuch & Kristin 2004). Sever-
al studies on food composition and feeding habits have been carried out in the Mediterra-
nean region, Western Europe and the Middle East (e.g. Obuch & Kristin 2004, Alivizatos et
al. 2005, Van Nieuwenhuyse ef al. 2008, Kayahan & Tabur 2016). Detailed studies on feed-
ing biology are also essential in Central Europe to support nature conservation strategies. In
Hungary, Little Owl feeding data are mostly pre-millenial or based on small number sam-
ples (Greschik 1911, 1924, Marian & Schmidt 1968, Molnar 1984, Andrési & Sodor 1986,
Endes 1990), and only in some cases seasonal or fully processed (Lanszki 2006, Hamori et
al. 2017a). In this respect, the Little Owl is one of the least studied owls in Hungary.

The main goal of our study was to investigate the vertebrate prey items of the Little Owl
by analyzing a large number of pellets collected during the breeding period in an extensive-
ly managed lowland plain area of the Carpathian Basin; and thereby to explore the feeding
habits and adaptation ability of this species. A further aim was to provide a detailed assess-
ment of the vertebrate prey spectrum and dominance structure based on the analyses of pel-
lets collected in the study sites.

Material and methods

Study area

The research was carried out in protected areas managed by the Kiskunsag National Park
in the north-western part of the Great Plain, in Pest and Bacs-Kiskun counties (Map 1). The
continental climate is dominant in the area. Average annual rainfall is moderate (540—670
mm), warm summer and relatively cold winter (average annual temperature 13.3 °C) are
the characteristics of this region. The average altitude is 84 meters. The landscape of the
Kiskunsag is uniform, established by the ancient Danube river. Large-scale agricultural in-
tensification has begun since the turn of the 19" century. Nowadays, more than 60% of the
cultivated land is utilized by modern agricultural practices (Rakonczay 2001). A large part
of the grasslands were maintained by grazing (sheep, cattle) and traditional grassland man-
agement. The elements of today’s landscape are the canal systems, large plains, pastures,
sand dunes, smaller salty lakes, bogs, reeds, sandy forests, as well as man-made arable land,
orchards, vineyards, and the typical boonies of huge ecological importance for Little Owls.
Traditional farming is still in existence and the typical farm life plays a significant role in
preserving natural values (Voloscuk 1999). The Little Owl pellets were collected from the
study sites Upper Kiskunsag Puszta, Upper Kiskunsag Lakes and Peszéradacs Meadows, a
brief description of which is given below (Kollarik 1999, Voloscuk 1999, Rakonczay 2001).
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Fels6-Kiskunsaai Puszta

Peszéradacsi rétek

Kunszentmiklos

Danube

National Park of Kiskunsag

Felsé-Kiskunsaqgi Tavak

» Fiillopszallas

Map 1. Map of the study sites and sampling locations (artificial nest boxes)
1. térkép A gydjtések alapjaul szolgalé mesterséges kuvikoduk elhelyezkedése a kutatési teriileten
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Upper Kiskunsdag Puszta (11,061 ha)

The surrounding settlements of the Little Owl nesting places sampled are Apaj, Bugyi,
Kiskunlachaza, Kunbdbony and Kunszentmiklos. The hydrological conditions of the area
have changed dramatically over the last century due to drainage works. The former wild
waters were diverted and a channel system was constructed. As a consequence, salinization
processes accelerated. Salty meadows and pastures are characterized by shallow lakes and
other water bodies. The Solonchak-Solonetzic soils that characterize the area have resulted
in the formation of salt-tolerant and halophilic vegetation. The vegetation of alkaline steppes
has a mosaic-structure, which is due to the richness of the microrelief. The extensive area of
permanent and temporary bodies provides favorable conditions for breeding and migratory
birds as well as for amphibians. Traditional farming in this area is in decline. The few fam-
ily sheep-farming are more and more replaced by dairy cattle farms. In the northern part of
the area, organic farming is dominant, characterized primarily by the Hungarian gray cattle
and water buffaloes. The sampling places of pellets are located in the close neighborhood of
different farm buildings.

Upper Kiskunsag Lakes (3,905 ha)

The adjacent settlement of Little Owl pellet sampling location is Fiilopszallas. The lakes in
this area provide food supply (e.g. insect larvae, crustaceans) to the bird communities typi-
cal for halophytic habitats. A significant part of the area is covered by alder—narrow-leaved
ash swamp forests. The pellet sampling was carried out next to an abandoned farming unit
on the edge of the area.

Peszéradacs Meadows (5,757 ha)

Settlements neighbouring the Little Owl nesting places are Kunpeszér and Tatarszentgyor-
gy. In this sparsely populated countryside, grazing and traditional farming are characteris-
tic. Water management has removed or transformed landscapes in most places. Among its
varied habitats, wetlands, marshes, wet meadows and sandy grasslands and sandy forests
are worth mentioning. The proportion of hay fields and wet meadows is high. The sampling
places are mainly located in the immediate vicinity of the various farm buildings where usu-
ally sheep is housed.

Pellet sampling and analysis

Little Owl pellets were collected in September 2015 and 2016, in three different sites. The
sampled material included all pellets found in the next boxes affected. Within the tree sites,
mean distance between the sampling plots (nest boxes) was 2,660 m. Prior to sampling, we re-
moved the old pellet remains from each nest box before the nesting period of the given year
(15-31 March). The collected samples, therefore, contained food remains accumulated during
the 6 months of the breeding season (spring and summer) by adults and their nestlings. The
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collected material therefore included part of the food remnants of the adult pair as well as total
food remnants by the nestlings until their fledging from the nest. A significant part of the pellet
material collected from the nest boxes were trampled by the young Little Owls. For the pur-
pose of determining the approximate pellet number, any other extraneous material (e.g. chips)
was first removed and the volume of the sample was measured. Based on the measurements
of undamaged pellets (N = 218; mean: 5.62 cm?®) and on the basis of literature data (Sageder
1990, Gorzel & Grzywaczewski 2003), the estimated pellet number of each sample was deter-
mined as the average of three measurements. The pellets were dried and processed by standard
methods (Schmidt 1967, Raczynski & Ruprecht 1974). The remains were analysed by using
a stereo microscope under 15.75x or 25.2x magnification. Vertebrate and arthropod remains
were selected separately from the pellet material for possible future determination. Small
mammals were identified from skulls, mandibles and teeth based on the works of Schmidt
(1967), Topal (1969), Moczar (1984), Mirz (1987), Ujhelyi (1989), Diesener and Reicholf
(1997). Birds were determined on the basis of skulls, bills, femurs and feathers (Brown et al.
1993, Kessler 2015), while amphibians and reptiles were identified by the lower arm bones,
femoral bones and skulls (Dely 1967, 1978), taking into account the fronto-parietale in case
of amphibians. The number of vertebrate prey was evaluated based on the highest number of
a certain type of body remains. Whenever it was possible, specimens were identified to spe-
cies level. For determining biomass, weight of the prey species was derived from various lit-
erature (Dely 1967, 1978, Topal 1969, Goddard 1984, Ujhelyi 1989, Petrescu 1994, Fattorini
et al. 1999, Grzywaczewski et al. 2006, Kitowski & Pawlega 2010, Romanowski ef al. 2013).

Data analysis

Mean pellet number was determined for each site for each study year. Mean pellet number
was also calculated per individuals, taking into account the successfully fledged juveniles
and the female adult bird, which predominantly drops the pellets inside the nest box during
the breeding season. Distribution of individual number and biomass of vertebrate prey taxa
were examined for each site and year.

Results

The number of collected and dissected owl pellets was 2,094 in 2015 and 2,024 in 2016, re-
spectively (4,118 altogether); these were collected from the same 20 nest-boxes located in
the three study sites: 12 in Upper Kiskunsag Puszta, 7 in Peszéradacs Meadows, and a single
in Upper Kiskunsag Lakes. In all of the nest boxes the hatching was successful in both years.
Further data on the sampling were summarized in 7able 1. The number of owlets that have
successfully left their nest boxes was 62 in 2015 (3.1 in average), and 69 in 2016 (3.45 in
average); the average number of owl pellets per nest-box was 105 in 2015 and 101 in 2016.
Based on these datasets and considering the habits and methods of regurgitation of pellets in
adult and pullus individuals during the nesting period (March—September), the average rate
of pellet regurgitation was 25.57 pellets/ind. in 2015, and 27.74 pellets/ind. in 2016.
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Table 1. Summary of Little Owl pellet sampling parameters and the total number of pellets per

area
1. tdbldzat A kuvik kdpetmintak gydjtésének fontosabb adatai és a teljes kopetszam teriiletegysé-
genként
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Apaj 269 46 110
Bugyi 245 156 110
Bugyi 296 82 110
Bugyi 343 266 64
Bugyi 237 137 73
i £ Bugyi 240 156 73
Upper Kiskunsag UQY! 12 1374 1227
Puszta Bugyi 292 128 119
Kiskunlachaza 181 92 137
Kunbdbony 227 82 201
Kunszentmiklés 211 82 82
Kunszentmiklos 213 55 110
Kunszentmiklés 253 92 37
Kunpeszér 221 92 92
Kunpeszér 256 46 192
Peszérad Kunpeszér 284 92 137
eszeradacs Kunpeszér 7| 285 165 677 64 696
Meadows -
Kunpeszér 286 92 82
Kunpeszér 187 137 46
Tatarszentgyorgy 260 55 82
Upper Kiskunsdg Fulopszallds 1] 201 46 46| 101 101
Lakes
Total 2097 Total 2024

A total of 2,017 vertebrate preys were determined from the 40 samples (4,118 owl pel-
lets), (935 from the year 2015 and 1,082 from 2016). The total number of species identified
in the samples was 21, including 12 mammalian, 1 amphibian, 4 reptile and 4 bird species.
Relative proportion of each prey categories as mammals, amphibians, reptiles and birds is
presented in Figure 1.

According to the prey communities, it is clear that in the examined area there is no ma-
terial difference in the proportions based on the results of the two collection years. Mam-
mals were dominant in the food (average 50.83%), and the consumption of amphibians was
similar (average 48.06%). According to our data, the consumption of birds and reptiles was
not significant, predation of these groups rarely occurred (birds and reptiles totalled 2.22%).



D. Hamori, D. Winkler & T. Cserkész 51

s ) |03,

Reptilia (%) | 8-2_;?

- 49.17
Amphibia(s) I i i a6y

o (0, 50.00
mMeOWQA(% PR - 5166

0 10 20 30 40 50 60
%

m2016 ©@2015

Figure 1. Proportion of vertebrate diet of Little Owls (period March-September in 2015 and 2016;
N,,,,=935and N, =1018 prey individuals)
1.dbra A kuvik gerinces zsakmanyallatainak 0sszesitett megoszlasa (2015 és 2016 marcius-oktd-

ber; 935 és 1018 meghatarozott egyed alapjan)
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Figure 2. Proportion of mammal and amphibian preys by taxon in 2015 and 2016
2.dbra Eml6sok és kétéltliek taxononkénti megoszlasa 2015-ben és 2016-ban
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Table 2.

prey, m — pray biomass
2. tdbldzat A kuvik gerincestaplalék-0sszetétele a vizsgalt él6helyeken; g - gramm, N — zsdkmanyal-
latok szdma, m — zsakmanyallatok biomassza tdmege

ORNIS HUNGARICA 2019. 27(1)

Vertebrate food composition of the Little Owl in the study sites; g — grams, N - number of

richness

% Fels6-Kiskunsagi Puszta Fels6-Kiskunsagi Tavak Peszéradacsi rétek
o
Taxa = 2015 2016 2015 2016 2015 2016

(g | %N | %m | %N | %m | %N | %om | %N | %m | %N | %m | %N | %m
Class AMPHIBIA 51.16 | 31.96 | 46.26 | 35.85| 0.00| 0.00 | 56.82 | 46.62 | 41.46 | 21.30 | 54.41 | 27.05
Pelobates fuscus 20.0| 51.16| 31.96 | 46.26 | 35.85 56.82 | 46.62 | 41.46| 21.30 | 54.41| 27.05
REPTILIA 0.33| 1.88| 0.85| 0.57| 0.00| 0.00| 0.00| 000| 063| 063| 0.00| 0.00
Podarcis taurica 18.5 0.71| 0.51
Lacerta agilis 1251 017| 006| 0.14| 0.07 032| 0.10
Coronella 65.0 032| 053
austriaca
Emys orbicularis | 350.0| 0.17| 1.82
Class AVES 1.16| 1.73| 0.14| 0.13| 0.00| 0.00( 0.00| 0.00| 0.63| 0.81| 0.61| 0.80
Motacilla flava 180 0.17| 0.09 032 0.5
Motacilla alba 230| 033| 024
Passer montanus | 24.0| 0.17| 0.12| 0.14| 0.3 030| 0.18
Sturnus vulgaris 820( 050 1.28 032| 067| 030| 062
Class
MAMMALIA 47.34 | 64.43 | 52.61| 63.39| 100.0 | 100.0 | 43.18 | 53.38 | 56.96 | 77.21 | 44.98 | 72.14
Sorex minutus 5.0 0.14| 0.03
Sorex araneus 100| 050| 0.16 095| 0.24| 030 0.08
Crocidura 50| 150 023| 282| 055|11.76| 204 190| 024| 122| 015
suaveolens
Crodidura 105] 100| 033| 127| 052 227| 098] 222| 060| 274| 071
leucodon
Apodemus sp. 250| 432 337| 536| 5.19 455| 466| 6.65| 427| 638| 397
Micromys 50| 050| 008| 028| 0.05
minutus
Mus musculuset |y o1 66| 100| 240| 195 570| 3.07| 122| 063
spicilegus
Rattus norvegicus| 3750 1.99| 2335| 028 4.10 4111 39.64 | 4.56| 4251
Arvicola terrestris | 125.0 042 205 061 1.89
Microtus arvalis 320 35.71| 35.69 | 39.35| 48.79| 88.24| 97.96 | 36.36 | 47.74 | 35.44| 29.14| 27.66| 22.01
Eptesicus 260| 017| 013| 014] 0.4 030| 020
serotinus
Myotis 50 0.14| 003
mystacinus

Species richness 16 15 2 4 12 12
Cumulative species 20 15
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Based on the results of Figure 1, only the mammals and amphibians, by taxonomic distribu-
tion, are evaluated as percentages (Figure 2).

Dominance of the Common Spadefoot (Pelobates fuscus) was the highest among the prey
items; its relative proportion was similar in both years (47.61 and 51.3%), and it was fol-
lowed by the Common Vole (Microtus arvalis) by approx. 37% proportion. The next items
were far behind of these two species, and they did not reach even 6%. Field mice (Apodemus
sp.) reached 5.1 and 5.88%, while the occurrence of other items was insignificant (see Table
2). By the number of species identified in a given site, the most species (20 vertebrate spe-
cies) were found in the Upper Kiskunsag Puszta. In all three sites and in both study years, ex-
cept for Upper Kiskunsag Lakes in 2015, mammals and amphibians were present in roughly
the same number. Amphibians were represented by a single species, the Common Spadefoot
in remarkably high proportions. Based on the identified prey items, mammals were dominat-
ed in almost all of the years and sites. Their proportion was the lowest in Peréradacs Mead-
ows in 2016 (44.98%), and it was exceeded even by the Common Spadefoot (54.41%). Pre-
dation on Common Vole was detected in all three areas in 27.66 and 88.24%; the Common
Spadefoot was absent only in the samples of the Upper Kiskunsag Lakes collected in 2015.
However, its proportion was the highest in all of the years if we analysed the dataset by spe-
cies and not by higher taxonomical units, except at the Upper Kiskunsag Lakes in 2015. The
second most common mammal prey was the Field Mice (Apodemus sp.) by 4.32 — 665%,
while the proportion of the House Mouse/Mound-building Mouse (Mus musculus, M. spici-
legus) was lower (1.2 — 5.7%), and they were completely missing from the samples of Up-
per Kiskunsag Lakes. Brown Rat (Rattus norvegicus) was also found in quite high numbers
in the samples of the Peszéradacs Meadows in 2016 (4.56%). Besides the rodent species,
several shrew species (Soricomorpha) were also identified such as the Lesser White-toothed
Shrew (Crocidura suaveolens), the Bicolored Shrew (C. leucodon), the Eurasian Pygmy
Shrew (Sorex minutus) and the Common Shrew (S. araneus). Bats were represented by 3 in-
dividuals of the Serotine Bat (Eptesicus serotinus) and a single specimen of the Whiskered
Bat (Myotis mystacinus) (Table 2). Proportion of the birds was generally low and varied de-
pending on the specificity of the territory. Their proportion exceeded 1% (1.16%) only in a
single case, in the Upper Kiskunsag Puszta area in 2015. Their highest proportion was re-
corded in the samples of the Upper Kiskunsag Puszta, while they were completely missing
from the samples of Upper Kiskunsag Lakes.

Regarding birds, the Starling (Sturnus vulgaris) proved to be the most commonly predat-
ed species, but other species closely related to farmland habitats; White Wagtail (Motacil-
la alba), Western Yellow Wagtail (Motacilla flava), Eurasian Tree Sparrow (Passer mont-
anus) were also hunted by the owls. Though predation on reptiles was insignificant (a total
of 1.81% in this study), emergence of the Smooth Snake (Coronella austriaca) among
prey items was remarkable. Besides this, reptiles were represented by few individuals of
the Sand Lizard (Lacerta agilis) and the Balkan Wall Lizard (Podarcis taurica), and a ju-
venile European Pond Turtle (Emys orbicularis), which was found in a nest box located
close to a fishpond.

The high proportion of the two dominant species (Common Spadefoot and Common Vole)
was also clearly reflected in the biomass amounts. The rate by weight of Common Vole in all
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sites and years, except for the 2016 collections of Peszéradacs Meadows, slightly exceeded the
weight ratio of the Common Spadefoot. Although the majority of species were dominated by
the Common Spadefoot, predominance of the Common Vole was dominant in the weight and
nutritional aspects of the breeding season (March—September). Furthermore, the total biomass
of amphibians, reptiles and birds did not approach mammalian in neither of the cases. Based
on these results, generally it can be stated that at the level of animal communities, the surveyed
Little Owl population primarily preferred mammals and secondly amphibians in their diet.

Discussion

The Little Owl is basically a generalist predator, its hunting behaviour is adapted to the avail-
ability of potential prey species (Cramp 1985, Schonn et al. 1991, Laiu & Murariu 1997,
Van Nieuwenhuyse et al. 2008, Salek ez al. 2010). As it was already previously known, it
hunts for a wide variety of prey due to its large distribution area and various hunting tech-
niques (Mikkola 1983, Cramp 1985, Angelici ef al. 1997, Van Nieuwenhuyse ef al. 2008).
This is well reflected in the prey composition of Little Owls of different geographical re-
gions (Shehab et al. 2004, Charter et al. 2006, Kayahan & Tabur 2016), and in different hab-
itats within the same geographical region (Van Nieuwenhuyse et al. 2008, Apolloni et al.
2018). The role of small mammals in the Southern European region is generally less im-
portant; however, vertebrates can be dominant in some Mediterranean regions (Goutner &
Alivizatos 2003); in Central Europe the proportion of small mammals is usually high (Ze-
runian et al. 1982, Manez 1983, Schonn et al. 1991, Ille 1992, Genot & Van Nieuwenhuyse
2002, Gorzel & Grzywaczewski 2003, Tomé et al. 2008, and the present study).

Within vertebrates, the proportion of mammals (43.18 — 100%) was less than it was re-
ported by previous Hungarian (Greschik 1911, 1924, Schmidt 1967, Marian & Schmidt
1968, Lanszki 2006) and Central European studies (Romanowski 1988, Ille 1992, Génot
& Bersuder 1995, Laiu & Murariu 2000, Schmid 2003, Georgiev 2005, Grzywaczewski et
al. 2006, Romanowski & Zmihorski 2006, Kitowski & Pawlega 2010, Romanowski et al.
2013) due to the predominance of amphibians. Contrary to other Hungarian studies (Gre-
schik 1911, 1924, Marian & Schmidt 1968, Molnar 1984, Andrési & Sédor 1986, Endes
1990, Kovacs & Cserkész 2005, Lanszki 2006), amphibians gave the most to the prey of
Little Owls in this study.

The Common Spadefoot was the most frequent prey, which was followed by the Common
Vole, a common species of grasslands and agricultural fields. Since only very few records
exist on higher rates of amphibians in owl pellets (Uttendorfer 1939, Festetics 1955), the ob-
served high proportion of the Common Spadefoot in the Little Owl pellets merits a special
mention. Although, some authors emphasized the importance of seasonal availability of frog
species (Mikkola 1983), none of the Hungarian and Central European studies have found so
far such a high proportion of amphibians (including the Common Spadefoot); generally, the
proportion of amphibians remains under 5%.

The Common Spadefoot was totally missing from the samples of Upper Kiskunsag Lakes
in 2015; this was when the owls switched their prey preference and started to hunt for
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Common Voles, which consisted 88.24% of their prey items. However, in 2016 the results
were already similar to the other sites with a proportion of 56.82% the Common Spadefoot.
This could be explained by the dry weather of February-April 2015 when the water-covered
areas were reduced, and the salt lakes on the periphery area dried out. These effects could
have had a significant impact on the abundance of the Common Spadefoot. Although the
Little Owl is considered to be a generalist raptor, it seems by the large number of frogs in its
diet, that it is apt to hunt opportunistically if the prey is abundant enough and easy to catch.
For an owl it is easy to hunt for frogs at sunset, especially if they are concentrated in a rela-
tively small area (Nystrom et al. 2002). The weight of the Common Spadefoot is similar to
that of the Common Vole (Dely 1967) and compared to other prey species, it can be hunted
with a lower energy investment.

Remnants of Mus species, often representing a significant source of food (Chenchouni
2014), were found in all of the sampling sites, where livestock farms located within the ter-
ritory of the owl. However, unlike in other studies carried out in Hungary (e.g. Marian &
Schmidt 1968), the number of mice was low, despite the numerous buildings and objects
present within most of the territories. Similar to other studies, larger body sized species (e.g.
European Pond Turtle, Smooth Snake, Brown Rat, bats) appeared rarely (Schmidt 1998, Van
Nieuwenhuyse et al. 2008, Kayahan & Tabur 2016); however, in the Middle East region
several bat species were consumed in large numbers (Shehab et al. 2004).

Reptilians play an important role in the food composition of the Little Owl, especially
in the Mediterranean region (Mastrorilli ef al. 2001, Arcidiacono et al. 2007). However, in
Central Europe, reptiles are less preferred, which is also reflected in our results. According
to our analyses, reptiles were marginal and the fishes were completely absent from the di-
et; although, some authors noted regular presence of these items in Little Owl pellets (Mik-
kola 1983, Angelici et al. 1997, Schmidt 1998). In general, birds do not play a key role in
the diet of the Little Owl (Laursen 1981, Cramp 1985, Lanszki 2006, Romanowski et al.
2013). Similar to other Central European studies (Simeonov 1983), the importance of pas-
serines were small because for the Little Owl, these small birds are difficult to hunt. Among
bird species, the Starling proved to be the most commonly caught prey, but bird species like
the White Wagtail (Motacilla alba), the Western Yellow Wagtail (M. flava) and the Eura-
sian Tree Sparrow (Passer montanus), closely related to other farmland habitats, were al-
so preyed by Little Owls. These songbirds are definitely connected also to grassland habi-
tats (Marian & Schmidt 1968, Grzywaczewski et al. 2006, Shao & Liu 2008, Kitowski &
Pawlega 2010, Pocora et al. 2012). The lack of birds in the owl pellets collected in the Up-
per Kiskunsag Lakes can be explained by the habitat characteristics, being a large open ar-
ea, free from any trees and bushes.

Previous studies on demographic and dispersion subjects in the research area found that
the Little Owl population of the Upper Kiskunsag was strongly delimited by the availabili-
ty of nesting sites, which was also supported by the fact that in 2016: 34.2% of the artificial
nest boxes were occupied by Little Owls (Hamori ez al. 2017b). Thus, successful occupation
of the nest boxes for breeding purposes contributes significantly to the increasing number of
breeding pairs in the study area. Moreover, this also demonstrates that besides the successful
conservation of the species (Leigh 2001, Gottschalk et al. 2011) the nest box provides novel
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opportunities for feeding ecological studies. The new owl pellet collecting method (samples
derived from artificial nesting boxes) used also in this study might have also contributed to
the differences compared to previous observations made by earlier feeding biological stud-
ies of the Central European region. These types of collections are important because they
contain pellets of both the parents and owlets, produced during the periods of pairing, egg
laying and incubation up until the fledging of owlets and the beginning of dispersal. Anoth-
er great advantage of these materials is that we could determine not only the material usu-
ally present in the owl pellets but also the lacerated but not ingested remains of prey items
(e.g. Common Spadefoot, Passeridae). In the area of the Upper Kiskunsag Puszta we could
record the almost entire spectrum (20 vertebrate species). In the Peszéradacs Meadows 15,
while in the Upper Kiskunsag Lakes only 5 species were identified, which can be explained
by the lower available sample sizes. The high diversity of the Upper Kiskunsag Puszta is
mainly due to the mosaic habitat structure, the dense network of livestock farms and the
high proportion of grasslands managed by traditional extensive methods. Here, half of the
nest boxes (N = 6) were located in Juhaszfold and Urbépuszta belonging to the outer re-
gion of Bugyi city, which had high breeding outputs compared to other nets boxes between
2012 and 2016 with 4.63 successfully fledged owlets per nest box (Hamori 2017a). This al-
so demonstrates that the area provides excellent habitat conditions for the Little Owls.

Based on these results, it can be stated that regarding hunting strategy and prey preference
the Little Owls are able to adapt easily to characteristics of their habitat and prey resource.
The 21 vertebrate prey species identified represent a relatively broad range of available prey
source and provide important information not only for feeding biology, but also for the con-
servation of the Little Owl. In the future, we need to encourage further feeding biology anal-
yses in other lowland regions of Hungary by collecting owl pellets from the operating nest
box network. In addition, similarly to recent Western European studies (e.g. Alivizatos et al.
2006, Lanszki 2006, Romanowski et al. 2013), seasonal analyses are also needed, not only
for vertebrate prey species, but also for predated arthropods, earthworms, potentially con-
sumed plant substances and their derivatives.
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