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Abstract This study investigated the relationship between landscape structure at different distances from the
Drava River in South Hungary and the food composition of the Common Barn-owl. Pellets were collected
from 15 villages between 2006 and 2008. Based on the CORINE land cover elements, five land use types were
determined, and five landscape metrics were calculated to compare land use and landscape structure in the three
distance zones. There were significant differences in the Shannon and Simpson diversity of small mammal
assemblages between the three areas. A positive relationship was detected between the distance categories and
the abundance distribution of the Striped Field Mouse and Field Vole. The relative abundance of the Striped Field
Mouse in the diet of Common Barn-owl was influenced by the increase in the mean perimeter/area ratio and the
mean of the contiguity index. The value of the trophic level index was negatively influenced by the decrease in
crop patches and the increase in pasture and grassland areas, which land use types facilitate the distribution of
insectivores. Our results suggest that landscape characteristics influence prey occurrence in hunting areas and the
frequency-dependent availability of small mammal prey, which determines the resource utilization of Common
Barn-owl.
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Osszefoglalas Jelen tanulmanyban a Drava folyotol kiilonbozo tavolsagokban jellemzo tajszerkezet és a gyongy-
bagoly taplalék-osszetétele kozotti osszefliggést vizsgaltuk kopetelemzés alapjan. A felhasznalt mintakat 15 fa-
lubol gytjtottiik 2006 és 2008 kozott. Az elemzéshez a CORINE felszinboritas alapjan 5 tajhasznalati tipust
hataroztunk meg, illetve 5 tajindexet szamitottunk. Mind a Shannon, mind a Simpson diverzitasi mutato szignifi-
kansan kiilonbozott a harom tavolsag dsszehasonlitasaban. Pozitiv 6sszefliggést mutattunk ki a harom tavolsagka-
tegoria €s a pirok erdeiegér, valamint a csalitjard pocok abundancidja kozott. Emellett a pirok erdeiegér gyakori-
sagat a keriilet/teriilet arany és a szomszédsagi index értékének ndvekedése is befolyasolta. A trofikus index (TLI)
értékére negativ hatassal volt az agrarteriiletek aranyanak emelkedése, és pozitivan befolyasolta a legeldk és gye-
pek mennyiségének novekedése, amely utobbi teriilethasznalati modok eldsegitik a rovarevok elterjedését. Ered-
ményeink arra utalnak, hogy a taj jellemz6i befolyasoljak a zsakmany eléfordulasat és gyakorisagtol fiiggd elér-
hetéségét a baglyok vadaszteriiletén, ami meghatarozza a gyongybaglyok forrashasznositasat.
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Introduction

Human-induced land use and intensive agricultural practice with the extensive use of fertilizers
and pesticides have a significant impact on biodiversity (Sala et al. 2000, Stoate et al. 2001,
2009, Zebisch et al. 2004, Geiger et al. 2010). The rich diversity of agricultural landscapes
greatly depends on the types of land use, sizes and shapes of fields, as well as the abundance and
pattern of semi-natural elements of the landscape (Billeter et al. 2008). However, the change
in agricultural practices and intensification led to the reduction of heterogeneity and quality
of landscape composition and structure as available habitat for wildlife, especially for the
environmentally sensitive Common Barn-owl (Tyto alba) (Colvin 1985, Gorman & Reynolds
1993, Burel et al. 2004, Martin et al. 2010, Hindmarch et al. 2012). This opportunistic owl
species occurs in most of these human-modified and disturbed open landscapes (grasslands,
farmlands, agriculture fields, fallow, crop margins and hedgerows, woodland edges, river
banks) (Andries et al. 1994, Salvati et al. 2002, Meek et al. 2003, Martinez & Zuberogoitia
2004, Frey et al. 2011), and as a top predator, it has an important role in the trophic cascades
of agricultural ecosystems, especially in rodent control (Meyrom et al. 2009, Paz et al.
2013). Diet analysis of Common Barn-owl is widely used all over the world because it is
a cosmopolitan nocturnal raptor, which prefers mainly small mammals (Jaksi¢ et al. 1982,
Mikkola 1983, Taylor 2004). This method, as an indirect approach, has been extensively used
to investigate the distribution and evaluate the population and community response of small
mammals at various temporal and spatial scales in a given region (e.g. Meek et al. 2012, Torre
et al. 2015a), or along geographical and vegetative gradients (e.g. Leveau et al. 2006, Trejo
& Lambertucci 2007, Torre et al. 2015b), as well as, along rural-urban gradients (Teta et al.
2012, Hindmarch & Elliott 2015, lannella et al. 2016). In addition, numerous studies used
diet analysis of Common Barn-owl as a suitable tool to investigate the composition of small
mammal assemblages and species or guild frequency depending on the change in agricultural
activity (Love et al. 2000, Bose & Guidali 2001, Millan de La Pefia et al. 2003, Askew et al.
2007, Charter et al. 2009, Lyman 2012). Based on landscape analysis, the results of several
studies suggested that the diet of Common Barn-owl, particularly small mammal composition
and diversity, was affected by agricultural activity (Millan de La Pefa et al. 2003, Askew et
al. 2007, Marti 2010), landscape heterogeneity (Torre et al. 2015a) as well as land use and
landscape composition (Burel et al. 2004, Milchev 2015, Veselovsky et al. 2017, Horvath et
al. 2018, Horvath et al. 2022).

The Common Barn-owl is a widely distributed owl species in Hungary, particularly along
the lowland farmland areas. Analyses of the food habits of Common Barn-owl, focusing on
the composition of small mammals, were intensive in the last three decades in the southern
part of Transdanubia, which included the region of Drava River (Horvath 1998, 2000,
Purger 1998). Although most of these studies were baseline surveys and did not investigate
the dependence of food composition on the type of land use, the difference in small mammal
communities was investigated by pellet analysis in a previous study that compared the three
Drava River sections using landscape features (Horvath ez al. 2005).

The aims of the present study are: 1) to compare the food habits of Common Barn-owl,
especially the small mammal assemblages at the three different distances from the Drava
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River ecological corridor, 2) to compare the estimates of species richness and diversity of
small mammal prey assemblages along this environment gradient, and 3) to analyse the
effects of landscape structure on the distribution of relative frequencies of different small
mammal taxa.

Material and Methods

Study area

The study was conducted in the south-eastern part of the Transdanubian region in South
Hungary, where sampling sites were situated in Baranya county (4429.6 km?) (32° 30’ N,
35° 30" E) in two mesoregions (Drava Floodplain, Mecsek and Tolna-Baranya hill country)
at three different distances (see below) from the Drava River ecological corridor. The climate
of these regions is determined by a Mediterranean effect, with a high number of sunny hours,
relatively low temperature fluctuations, and mild winters. The area of the Drava Floodplain
includes the flood-basin of the Drava River; altitude varies between 89 and 212 metres, its area
is 1,300 km?. The Drava River represents the southern border of both the mesoregion and the
country. The climate of this mesoregion is moderately warm and humid. The annual amount
of precipitation increases from east to west: 630—-680 mm in the east, while more than 720 mm
in the west. The Mecsek and Tolna-Baranya hill country is situated in the north of the previous
mesoregion and its area is 4,400 km? where the yearly mean precipitation is 680—720 mm.
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Figure 1. Study area in the South Transdanubia region, Hungary, showing the location of sampled
nesting sites (settlements) in the distance categories to the north of the Drava River (DR:
Drava River, DFP: Drava Floodplain, MTBH: Mecsek and Tolna-Baranya hill country)

1.dbra A mintavételi terlilet Dél-Dunantulon, Magyarorszdgon, feltlintetve a vizsgalt koltéparok
fészkelShelyeit a Dravatol északra fekvé kiilonbo6z6 tavolsagkategoridkban (DR: Drava, DFP:
Drévamenti-siksag, MTBH: Mecsek és Tolna-Baranyai dombvidék)
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Pellets and prey remains were collected from 15 villages (nest boxes were placed in 11
villages, while ‘natural’ environment of church towers were sampled in 4 villages) at the end
of the Common Barn-owl breeding season between 2006 and 2008. Settlements belonged in
three distance categories to the north of Drava River: near Drava River (DR: 3.56 + 1.24 km
SE, n=35), in Drava Floodplain (DFP: 9.17 + 2.6 km SE, n = 5) and further north in Mecsek
and Tolna-Baranya hill country (MTBH: 20.04 km, + 4.25 km SE, n = 5) (Figure 1). The
distance between the three sampling zones differed significantly (one-way ANOVA: F, =
39.92, P<0.001; Tukey’s HSD test — DR vs DFP: P=0.028, DR vs MTBH: P <0.001, DFP
vs MTBH: P <0.001). A total of 121 samples and 2,552 pellets (DR: 105.4 +29.11 SE; DFP:
261.2 + 88.17 SE; MTBH: 143.8 + 66.74 SE) were analysed from the 15 localities.

Sample collection methodology

Pellets were processed by the dry technique that is, the individual pellets were broken down
by hand (Schmidt 1967) and prey items were identified to the lowest taxonomical level. Small
mammals and bats were identified based on skeletal parameters (features of skull, mandible and
teeth), following published literature (Schmidt 1967, Mérz 1972, Yalden 1977, Niethammer &
Krapp 1978, 1982, 1990, Yalden & Morris 1990). Three different Apodemus species, the Wood
Mouse (Apodemus sylvaticus), the Yellow-necked Wood Mouse (4. flavicollis) and the Pygmy
Field Mouse (4. uralensis) were categorised commonly as Wood Mice (4dpodemus spp.). In
cases when the Striped Field Mouse (4. agrarius) could not be separated from the Sylvaemus
group (Apodemus spp.), the individuals were treated as ‘unidentified Apodemus’. The sibling
species of the Mus genus were determined by works of Macholan (1996) and Krystufek and
Macholan (1998). In addition, birds were identified by their skulls, bills, feet, pelvises and
feathers (Kessler 2015), and frogs (Anura) by their skulls and bones of postcranial skeleton
(Schaefer 1932). If major skeletal elements were missing, prey items were identified to genus
(small mammals, birds), to order (frogs) and to class (birds) level.

The number of preys was estimated as the minimum number of individuals (MNI), which
were determined according to the same anatomical parts of bones for small mammals
(Klein & Cruz-Uribe 1984, Torre et al. 2015a, Tulis et al. 2015) and skulls, mandibles and
long bones for birds, as well as skulls, remnants of ilium or frontoparietal bones for frogs.
Furthermore, the percent frequency of occurrence (MNI%) was calculated from the total
number of prey found in all the pellets at the three different distance zones. The ratio of
insectivores to rodents as an environmental (Paspali ez al. 2013) or trophic level index (TLI)
(Prete et al. 2012) and the ratio of Microtinae/Murinae (MMR) were also calculated. The
first index is a suitable indicator of possible biotope alteration (Mazzotti & Caramori 1998,
Paspali et al. 2013), while the MMR is a suitable environmental index for the indication of
the agronomic value (Prete et al. 2012) of intensively cultivated landscapes.

Determining land use and landscape structure

Landscape features were assessed using photointerpretation of aerial photographs based
on the CORINE land cover project (Bossard et al. 2000, European Environmental Agency
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2007). We used a 1 km radius around each nest sites because this results in an area that
approximates the home range (3 km?) of a Common Barn-owl (Shawyer & Shawyer 1995,
Taylor 2004, Bond et al. 2005, Hindmarch et al. 2012, Horvath et al. 2018, 2022). GIS
analysis was performed in ArcGIS 10.1 (Environmental Systems Research Institute 2012).
Based on CORINE land cover elements of the 15 nest sites, five selected land use types were
determined to compare land use in the three landscape zones north of Drava River. The land
use classification system included: the percentage of forest (all forest habitats), grassland
(including meadows, dry and semi-dry grasslands), cropland (including all agricultural
crops and arable fields), pasture, wetland (including river banks, streams, artificial lakes,
fishponds, marshes) and urban (all built-up surfaces) areas.

To evaluate the landscape structure of sampling sites, FRAGSTATS version 4.2 was
used for spatial statistical analysis (McGarigal et al. 2012). This analysis was used only
at the landscape level and five landscape indices were calculated: area weighted mean
shape index (ha) (SHAPE MN, mean patch shape complexity weighted by patch area),
largest patch index (%) (LPL, percentage of total landscape area comprised by the largest
patch), perimeter-area ratio (PARA MN, mean of perimeter-area ratio, which describes
the compactness of patches), mean fractal dimension (FRAC MN) and the mean of the
contiguity index (CONTIG_MN; these indices defined the patch shape complexity and
patch boundaries connectedness, respectively), patch richness (PR, which measures the
number of patch types present), Shannon diversity of landscape (SHDI, which measures the
equitability of the number of patch types and the proportional distribution of area among
patch types) (McGarigal 2015).

Statistical analysis

All proportion data of prey abundance were arcsin-square root transformed prior to
analyses and tested for normal distribution (Shapiro-Wilk test) and for homogeneity of
variance (Levene test). According to the results of these tests, normal distribution was
found in case of major small mammal taxa (shrews, rodents, mice), the values of TLI and
the Common Vole (Microtus arvalis), the main prey of the Common Barn-owl and a major
pest rodent species in Central Europe (Jacob et al. 2014, Pavluvcik et al. 2015), therefore,
one-way analysis of variance (ANOVA) with Tukey’s HSD multiple comparison was
performed to test eventual significant differences among the landscape units (nest sites)
classified into the three distance categories north from Drava River. In case of the total
abundance of small mammals, mice, birds and frogs, the assumptions of one-way ANOVA
were not met after transformation. Therefore, nonparametric Kruskal-Wallis median test
with Dunn’s procedure for post hoc comparisons was used. The distribution of different
land use categories was analysed similarly by one-way ANOVA comparison of the three
different landscape zones.

To evaluate the species richness and diversity of small mammal assemblages among
the samples located at three different distances, we estimated Hill numbers (q = 0, species
richness; q= 1, Shannon diversity (H); q=2, Simpson diversity (1-D)), which are ecologically
relevant metrics for describing and comparing diversity (Jost 2006, Chao et al. 2014). This
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method is based on seamless rarefaction and extrapolation (R/E) sampling curves of the a
diversity metrics (Chao et al. 2014, Hsieh et al. 2016). In each case, 100 replicate bootstrap
runs were used to estimate the 95% confidence interval. Based on publication of Colwell
and Elsensohn (2014), the rarefaction curves were extrapolated by doubling the number of
individuals.

Variables of land use categories and landscape metrics were summarised by means of
Principal Component analysis (PCA) on the correlation matrix. This method allows for
independent components of maximum explanatory capacity to be obtained, avoiding the
problems of collinearity. To meet the assumptions of homogeneity, arcsin-square root
transformed values of land-use relative frequency and log-transformed values of landscape
metrics were used in PCA analyses.

Stepwise linear regression was implemented to identify and quantify the relationships
between the abundance of different small mammal taxa and the landscape structure. For
this analysis, an automated stepwise model selection procedure with the “stepAIC” function
was used, with forward selection to obtain the best model using the Akaike Information
Criterion (AIC) (Venables & Ripley 2002). We separated two model groups based on the
use of the land use categories or the landscape metrics. In case of both model groups,
the initial (global) linear models included the arcsin-square root transformed abundance
of small mammal species and genera as dependent variables, the distance from the Drava
River as a categorical variable, and the first two PCA scores of the landscape variables
(land use categories or landscape indices) as continuous variables and all combinations
of these variables as interaction effects. We used the R? measure to assess the error since
the R? statistic is commonly interpreted to be the proportion of variance explained by the
regression. The best candidate model was selected based on the AIC value and the highest
significant (F-statistic) coefficient of determination (R?). The one-way and Kruskal-Wallis
ANOVA, PCA and stepwise linear regression analyses were performed in the statistical
program R v3.4.0 (R Development Core Team 2019). Rarefaction curves were drawn
using the ‘INEXT’ package (Hsieh ef al. 2016) for R. The statistical tests were considered
significant at the level P <0.05 as standard in all analyses (Sokal & Rohlf 1995).

Results

Based on all samples, 9,720 prey items were identified from the pellets examined during the
three years (Table 1). The diet of the Common Barn-owl was mostly based on small mammal
prey (99.33% of all the prey consumed), which was similar in all three sampling distance
zones north of Drava River (DR: 98.72%, DFP: 99.52%, MTBH: 99.41%; Kruskal-Wallis
test: H(2, 15) = 1.620, P = 0.445). Among other prey, the percent frequency of occurrence
of birds (H(2, 15) = 1.340, P = 0.512) and frogs (H(2, 15) = 6.898, P = 0.032) were not
significantly different between the three landscape categories, although consumption of
frogs was higher near Drava River. Rodents rather than insectivores dominated in the diet
of Common Barn-owls. Rodents were highly frequent in the food composition (79.76%
of all the preys consumed) and their relative proportion showed an increasing trend from



94 ORNIS HUNGARICA 2023. 31(1)

Table 1. Diet composition of the Common Barn-owl in the three distance categories to the north
of Drava River (MNI: minimum number of individuals, MNI%: percentage frequency of
occurrence)

1. tdbldzat A gyongybagoly taplalék-0sszetétele a Dravatdl mért harom kilonbozd tavolsdgkategoria-
ban (MNI: minimum ismert egyedszam, MNI%: az el6fordulasi frekvencia szazalékos értéke)

D . Drava Floodplain e .
rava River (DR) Tolna-Baranya hill
Prey taxon o1 country (MTBH)
MNI MNI% MNI MNI% MNI MNI%
Mammals
Sorex araneus 150 7.67 284 5.63 51 1.88
Sorex minutus 51 2,61 74 1.47 15 0.55
Neomys anomalus 45 2.30 34 0.67 31 1.14
Neomys fodiens 8 0.41 24 0.48 5 0.18
Neomys sp. 4 0.20 23 0.46 3 0.11
Crocidura leucodon 96 4.91 143 2.83 81 2.98
Crocidura suaveolens 171 8.74 494 9.79 115 4.23
Mpyodes glareolus 17 0.87 43 0.85 8 0.29
Microtus agrestis 14 0.72 146 2.89 19 0.70
Microtus arvalis 754 38.55 2076 41.13 1358 50.00
Microtus subterraneus 9 0.46 14 0.28 11 0.41
Arvicola amphibius 26 1.33 77 1.53 6 0.22
Rattus norvegicus 16 0.82 16 0.32 14 0.52
Rattus rattus 0 0.00 2 0.04 0 0.00
Rattus sp. 0 0.00 2 0.04 1 0.04
Apodemus agrarius 199 10.17 347 6.87 161 5.93
Apodemus spp. 184 9.41 578 11.45 441 16.24
Unidentified Apodemus 49 2.51 208 4.12 159 5.85
Micromys minutus 44 2.25 95 1.88 24 0.88
Mus spicilegus 40 2.04 106 2.10 71 261
Mus musculus 17 0.87 46 0.91 26 0.96
Mus sp. 30 1.53 156 3.09 85 3.13
Muscardinus avellanarius 7 0.36 36 0.71 14 0.52
Glis glis 0 0.00 0 0.00 1 0.04
Eptesicus serotinus 0 0.00 1 0.02 0 0.00
Totals 1931 98.72 5025 99.54 2700 99.41
Birds
Passer domesticus 5 0.26 5 0.10 4 0.15
Passer montanus 6 0.31 1 0.02 3 0.11
Passer sp. 5 0.26 2 0.04 1 0.04
Hirundo sp. 0 0.00 0 0.00 1 0.04
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. Drava Floodplain TR .
Drava River (DR) Tolna-Baranya hill
Prey taxon (o715 country (MTBH)
MNI MNI% MNI MNI% MNI MNI%
Erithacus rubecula 0 0.00 1 0.02 0 0.00
Unidentified Aves 1 0.05 13 0.26 6 0.22
Totals 17 0.87 22 0.44 15 0.55
Frogs
Pelobates fuscus 6 0.31 1 0.02 1 0.04
Unidentified Anura 2 0.10 0 0.00 0 0.00
Totals 8 0.41 1 0.02 1 0.04
Total MNI 1956 5048 2716

Drava River to Mecsek and Tolna-Baranya hill country (DR: 71.88%, DFP: 78.21%,
MTBH: 88.33%). The transformed percentage by number of rodents differed significantly
between landscape zones (one-way ANOVA: F, |, = 4.892, P =0.028) and the percent values
were significantly higher in the Mecsek and Tolna-Baranya hill country than in the area
near the Drava River (post hoc Tukey’s HSD test: P = 0.033). The percentage of shrews
(Soricidae) (all samples: 19.57%) changed conversely along the investigated landscapes
(DR: 26.84%, DFP: 21.32%, MTBH: 11.08%) and transformed data differed significantly
in comparison of various distances (F, , = 4.892, P = 0.028). The abundance of shrews was
significantly higher in the ecological corridor near the Drava River than the area of Mecsek
and Tolna-Baranya hill country (Tukey’s HSD test: P = 0.033). According to these results,
the ratio of insectivores to rodents was significantly different between the studied areas
(F,,, = 3.887, P = 0.049). The environmental index (TLI) oscillated in a larger range of
values in the area near the Drava River (DR: min = 0.11, max = 0.57) than in the other two
distance zones (DFP: min =0.11, max = 0.38; MTBH: min = 0.07, max = 0.17) and showed
a decreasing trend depending on the measured distance from the river. Within the group
of rodents, mice (Murinae) (DR: 29.60%, DFP: 30.82%, MTBH: 36.16%) and Microtus

A) B B) <)

Species richness
Shannon diversity
Simpson diversity

w- —+— DR —+— DR —+— DR
—+ DFP - —— DFP —+— DFP
—e— MTBH —e— MTBH ~s— MTBH

T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

Number of individuals Number of individuals Number of individuals

Figure 2. Rarefaction curves illustrating the species richness (A), Shannon diversity (B) and Simpson
diversity (C) of the small mammal assemblages of the three different distance categories

2.dbra A harom kiilonb6z6 tavolsagkategodridba tartozo kisemlés egylittesek fajgazdagsagat (A),
Shannon diverzitést (B) és Simpson diverzitast (C) szemléltetd ritkasagi gorbék
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arvalis (DR: 39.05%, DFP: 41.32%, MTBH: 50.30%) occurred in a higher proportion in the
diet composition of Common Barn-owls, but these values did not differ between landscape
zones (mice: Kruskal-Wallis test: H(2, 15) = 1.040, P=0.595; M. arvalis: one-way ANOVA:
F,,=3.042,P=0.085).

Rarefaction analysis demonstrated that the species richness did not differ significantly
between the three different distances because the 95% confidence bands of the rarefaction
curves overlapped (Figure 2). In the case of Shannon (H) and Simpson (1-D) diversity,
due to non-overlapping 95% confidence intervals, these alpha diversity metrics were
significantly lower in Mecsek and Tolna-Baranya hill country than the other two landscape
distance zones (Figure 2). The rarefaction curves’ confidence band of the Drava River and
the Drava Floodplain overlap, so the diversity of the small mammal communities of these
two areas did not differ significantly (Figure 2).

The first two axes of the PCA performed on land use variables accounted for 70.87% of
the common variance (PC1: eigenvalue = 2.823, PC2: eigenvalue = 1.429) (Table 2). The
first component (47.10% of the variance) was related positively to the area of forest, grass
and pasture while negatively to the area of croplands. The second component (23.80%)
was negatively correlated with the forest, wetland and urban patches (Table 2). In case of
the PCA performed on landscape indices, the first two axes accounted for 78.70% of the
common variance (PC1: eigenvalue = 3.503, PC2: eigenvalue = 2.004). The first component
(50.05% of the variance) was negatively associated with the index of CONTIG_MN and
Shannon diversity of landscape (SHDI), while positively correlated with PARA MN (Table
2). The second component (28.63%) was positively related to the indices SHAPE MN and
FRAC _MN and to patch richness (PR) (Table 2).

Considering the relationship between land use categories and small mammal species’
abundance, significant final models were detected in the cases of two species; these models
included only the distance from Drava River (DR) as a categorical predictor (7able 3).
Based on the results of the analysis, a positive association was detected between the distance
categories and the abundance distribution of the Striped Field Mouse; the area near the

Table2.  Results of the Principal Component Analyses carried out to synthesis the variation in land
use and landscape metrics (bold indicates the absolute values > 0.4)

2. tdbldzat A vizsgalt valtozok fékomponens értékei a tdjhasznalat és a tdjindexek vonatkozésdban
(a 0,4 abszolut értéknél nagyobb értékek félkdvéren szerepelnek a tablazatban)

Land use Landscape metrics

Variable PC1 PC2 Variable PC1 PC2
Forest 0.469 -0.280 LPI 0.380 -0.147
Grass 0.457 0.165 SHAPE_MN 0.253 0.574
Crop -0.499 0.403 FRAC_MN 0.313 0.547
Pasture 0.514 0.132 PARA_MN 0.484 -0.094
Wetland -0.220 -0.585 CONTIG_MN -0.468 -0.030
Urban -0.099 -0.610 PR -0.243 0.535
SHDI -0.426 0.232
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Final models of linear regression analysis at species level (significant models are in bold)

3. tdbldzat A linearis regresszid végsé modelljei a fajok szintjén (a szignifikdns modellek félkovéren

szerepelnek a tdblazatban)

Small mammal species / Final model

Model parameters

AIC | R F | P
Land use
M. arvalis ~ Distance -71.87 0.34 3.04 0.085
A. agrarius ~ Distance -89.11 0.48 5.63 0.019
Apodemus spp. ~ PC1xDistance + DistancexPC2 -72.06 0.69 1.66 0.276
S. araneus ~ PC1xDistance + PC2xDistance -71.38 0.71 1.83 0.240
C. suaveolens ~ PC1xDistance + PC2xDistance -71.55 0.67 1.50 0.320
C. leucodon ~ PC2 -79.93 0.21 338 | 0.089
M. agrestis ~ Distance -87.20 0.48 5.46 0.021
Landscape metrics
M. arvalis ~ Distance -71.87 0.34 3.04 0.085
A. agrarius ~ PC1 + Distance + PC2 + PC1xDistance -93.22 0.77 4.46 0.028
Apodemus spp. ~ PC2 -72.18 0.22 3.58 0.081
S. araneus ~ PC1 + Distance + PC2 -73.69 0.57 3.48 0.050
C. suaveolens ~ Distance + PC2 -75.57 0.50 3.71 0.046
C. leucodon ~ PC1xDistance + PC2xDistance -77.91 0.64 1.35 0.544
M. agrestis ~ PC1xDistance + PC2xDistance -84.93 0.73 1.99 0.209

Drava River (DR) positively influenced the species’ abundance in owl pellets compared
to the Drava Floodplain (DFP) (B = -0.065 + 0.029, t = 2.207, P = 0.048) (Figure 34).
Based on the determination coefficient, the same final model of the Field Vole (Microtus
agrestis) demonstrated a significant impact of the distance categories on the abundance
(Table 3). The standardised regression coefficient demonstrated that area near the Drava
River (DR) (B =-0.090 + 0.031, t = 2.859, P = 0.014) and the Mecsek and Tolna-Baranya
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Figure 3. Impact of distance categories on the Striped Field Mouse’s (A. agrarius) (A) and on the Field

Vole's (M. agrestis) (B) abundance distribution

3.dbra Atavolsagkategoridk hatdsa a pirdk erdeiegér (A. agrarius) (A) és a csalitjaré pocok (M. agres-

tis) (B) tdomegességi eloszlasara
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hill country (MTBH) (B = -0.091 + 0.032, t = 2.863, P = 0.014) negatively influenced the
abundance of the Field Vole in the Common Barn-owls’ food composition compared to the
Drava Floodplain (DFP) (Figure 3B).

Regarding the relationship between landscape metrics and small mammals’ abundance at
the species level, the best candidate model was significant for three species (Table 3). The
significant final model of the Striped Field Mouse included the main impact of distance
categories and the first two PC scores of landscape metrics as well as the cumulative effect
of PC1 score and distance categories (PC1xDistance) (Table 3). Distance dependence as
the main effect in this model also showed a similar result as in the land use evaluation,
the variation in the Striped Field Mouse’ abundance was negatively determined by the
distance of the Mecsek and Tolna-Baranya hill country (MTBH) (p = -0.102 £ 0.043, t =
2.384, P = 0.044). As regards the interaction effect, the estimated regression coefficient
demonstrated a significant positive relationship between PC1 scores and the quantity of the
Striped Field Mouse in case of the Mecsek and Tolna-Baranya hill country (MTBH) (B =
0.145 £ 0.065, t = 2.367, P =0.049) in contrast to the other two distance categories. Based
on the correlation of the PC1 scores and the value of the landscape metrics (Figure 44), the
results suggested that the proportion of the Striped Field Mouse in the diet of the Common
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Figure 4. Interaction effect plot based on the relationship between the Striped Field Mouse’s
(A. agrarius) abundance and PC1 scores of landscape metrics (A) and the impact of distance
categories on the Common Shrew’s (S. araneus) (B) and on the Lesser White-toothed Shrew’s
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4.dbra A pirok erdeiegér (A. agrarius) és a PC1 f6komponens értékek kdzotti 0sszefliggés interakci-
Os abraja (A), valamint a tavolsagkategoéridk hatasa az erdei cickany (S. araneus) (B) és a ke-
leti cickany (C. suaveolens) (C) abundancijara
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Barn-owls was influenced by the increase in the mean of perimeter/area ratio and the mean
of the contiguity index (CONTIG_MN), which determined the patch shape complexity. In
addition, the final models were significant for two of the three studied shrew species. In
case of the Common Shrew (Sorex araneus), the best candidate model included distance
categories, and PC1 and PC2 scores of the landscape metrics as main effects (Table 3).
According to the estimated standardised coefficient, the abundance distribution of this
species was negatively influenced by the Mecsek and Tolna-Baranya hill country (MTBH)
(B=-0.115£0.049, t = 2.343, P=0.041) (Figure 4B). This distance-dependent effect can
be interpreted in relation to the area of the Drava Floodplain. The stepwise regression
analysis supported similar results also in case of Lesser White-toothed Shrew (Crocidura
suaveolens). The significant final model included distance categories as nominal and PC2
scores of landscape metrics as continuous predictors (Table 3), of which the distance effect
from the Drava River was significant in the model. Based on the significant estimated
parameter, the abundance variation of this shrew species was negatively influenced by
the area of the Mecsek and Tolna-Baranya hill country (MTBH) compared to the Drava
Floodplain (DFP) (B =-0.112 + 0.046, t = 2.398, P =0.035) (Figure 4C).

Considering the results of the forward selection regression method at the genus and
derived index (TLI, MMR) level, in the case of the relationship between land use and
response variables, two significant final models were detected by the analysis. The best
model of the Crocidura genus included only the PC1 scores of the land use variables.
Despite the fact that this final model explained a smaller proportion of the total variance,
based on the significance of the R? value, we interpreted the results of this model (Table
4). The estimated regression coefficient showed the significant relationship between PC1
scores of land use and quantity distribution of this shrew group (B = 0.049 + 0.035, t =
2.240, P = 0.043). Based on the correlation between PC scores and land use categories,

Table 4. Final models of linear regression analysis at genus level (significant models are in bold)
4. tdbldzat A linearis regresszio végs6 modelljei a genusok szintjén (a szignifikdns modellek félkové-
ren szerepelnek a tdblazatban)

Model parameters
Small mammal genus / Final model
AIC R? F P

Land use

Sorex ~ PC1x Distance + PC2xDistance -65.13 0.67 1.52 0.315

Crocidura ~ PC1 -68.48 0.34 4.38 0.048

Apodemus ~ PC1xDistance + PC2xDistance -78.78 0.74 2.18 0.179

MMR ~ PC1xDistance + PC2xDistance -14.10 0.43 0.58 0.769

TLI ~ PC1xDistance + PC2xDistance -66.34 0.82 4.91 0.036
Landscape metrics

Sorex ~ Distance + PC2 -69.14 0.51 3.76 0.044

Crocidura ~ Distance + PC2 -69.52 0.45 3.64 0.048

Apodemus ~ PC1 + Distance + PC1xDistance -72.42 0.42 1.28 0.351

TLI ~ Distance -60.21 0.39 3.89 0.050
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Figure 5. Interaction effect plot based on the relationship between the values of trophic level index
(TLI) and PC1 scores (A) as well as TLI and PC2 scores of land use variables (B) compared
between different distances from the Drava River

5.dbra A trofikus index (TLI) és a PC1 fékomponens értékek (A), valamint a trofikus index és a PC2
fékomponens értékek kdzotti 6sszefliggés interakcids abrai, 6sszehasonlitva a Dravatol
mért kiilonb6z6 tavolsagkategdridkat

this result supported that the hunting success of these drought tolerant shrew species

was influenced by the increasing proportion of grasslands and pastures, and the decrease

in crop area proportion in the local landscapes. As regards of the derived indices, the
final model of TLI included two cumulative effects of PC scores and distance categories

(PC1xDistance, PC2xDistance). This best candidate model was significant, because the

interaction of predictor variables explained more than 80% of the total variance (Table

4). The estimated regression coefficient of the interaction effect showed a significant

negative relationship between PC1 scores and the value of TLI in case of the area near

the Drava River (DR) (B = -0.365 + 0.114, t = 3.219, P = 0.018) (Figure 54), and a

positive relationship between PC2 scores and the value of TLI in case of the area near

the Drava River (DR) in contrast to the other two distance categories (f = 0.125 + 0.051,

t=2.469, P =0.049) (Figure 5B). The PCI scores of land use were positively correlated

with the forest, pasture, and grassland proportions, and negatively associated with the
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proportion of croplands. According to this, the value of TLI was negatively influenced
by the decrease in crop patches and the increase in pasture and grassland area, which
land use types facilitate the distribution of insectivores. In case of the other interaction,
PC2 scores of land use were positively associated with the proportion of cropland areas
and negatively correlated with the relative frequency of wetland and urban patches in the
local landscapes. Therefore, the significant regression in the case of the second interaction
shows that the variation of TLI values were positively influenced by the increase in
cropland areas and negatively associated with the decreasing proportion of wetland and
built-up surface areas, all of which determines the availability of rodent and shrew prey.

Considering the effect of landscape metrics at genus and derived index level, the
significant final model was selected by the forward stepwise regression method in case of
three response variables. In the case of the Sorex genus, the best candidate model included
distance categories and PC2 scores of landscape metrics as main effects, explaining 51%
of the total variance. Based on the distance from the Drava River, the estimated regression
parameter showed that the abundance distribution of this shrew group was negatively
influenced by the Mecsek and Tolna-Baranya hill country (MTBH) compared to the Drava
Floodplain (f =-0.142 £ 0.057, t = 2.457, P = 0.032) (Figure 6A4). Similarly, a significantly
negative relationship was detected between the PC2 scores of landscape metrics and the
abundance of Sorex genus by the regression analysis (B = -0.037 £ 0.017, t =2.124, P =
0.057). The significant final model of the Crocidura genus included the PC2 scores and
the distance categories similarly as in the previous prey group (Table 4). In this case, the
regression method did not confirm the distance dependence, while based on the estimated
regression coefficient, a significant positive relationship was detected between PC2 scores
and the relative frequency of the Crocidura genus (p=0.052 +0.019,t=2.314, P=0.041).
In addition, in the case of the TLI values, the multiple regression method confirmed the
significant distance effect from the Drava River. The Mecsek and Tolna-Baranya hill country
(MTBH) negatively influenced the TLI values compared to the Drava Floodplain (DFP) (B =
-0.159 £ 0.078, t =2.354, P = 0.049) (Figure 6B).

Discussion

In this paper, we studied the food composition of Common Barn-owls at different distances
from the Drava River. The diet of this nocturnal raptor varies in different landscape types
and land use (Trejo & Lambertucci 2007, Charter et al. 2009, Hindmarch & Elliot 2015,
Milchev 2015, Horvath et al. 2018), however, the small mammals are the main prey group
for Common Barn-owl (Marti 1988, Durant ef al. 2013, Romano et al. 2020). In our study,
we also found that small mammals were a significant part of the owls’ food composition at
all three distances (>98%). Among the small mammals, rodents were dominant in the diet,
and the abundance of this prey group was significantly higher in Mecsek and Tolna-Baranya
hill country than near the Drava River, because the open landscapes such as agrarian
areas are advantageous for habitat generalist prey species like the Common Vole or Mus
species (Millan de la Pefia et al. 2003, Balaz et al. 2013, Milchev 2015, Veselovsky et al.
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2017). On the contrary, the quantity of shrews in the food composition was significantly
higher along the Drava River. This area is heterogeneous and rich in semi-natural habitats
and wetlands, and a greater diversity of the landscape is beneficial to the occurrence of
rare species such as shrews (Milchev 2015, Veselovsky et al. 2017, Horvath et al. 2018,
2022). Based on the above and as already described in several studies, habitat quality
and landscape structure are important factors in determining the food composition of the
Common Barn-owl because these features influence the availability of the prey (Milchev
2015, Szép et al. 2017).

Common Barn-owls occasionally consume non-mammalian prey like birds and frogs, but
these species are insignificant in the owls’ diet (Milchev 2015, Roulin 2015, Szép et al. 2017,
Moysi et al. 2018). Higher bird consumption can be observed in heterogeneous landscapes
with larger and more diverse vegetation cover than in uniform arable lands (Meller 1984,
Hanowski et al. 1997, Moreira et al. 2005, Charter et al. 2009). Nevertheless, we could not
detect a significant difference in the proportion of birds in the food composition at the three
different distances, despite these areas being different in landscape characteristics. Common
Barn-owl hunt a higher proportion of anurans at riverbanks (Rocha et al. 2011) and during
periods when the availability of rodents decreases, because owls respond to lower numbers
of rodents by changing their diet and can consume more anurans (Hodara & Poggio 2016),
as we have shown in the areas near the Drava River.

According to our results, Shannon (H) and Simpson (1-D) diversity are significantly higher
near the Drava River and in the Drava Floodplain than in the Mecsek and Tolna-Baranya hill
country, characterised by the highest level of agricultural cultivation. This is coherent with
several studies, in which it has been described that heterogeneous environmental conditions
and semi-natural patches provide more habitats and resources, and as a result, species
richness and diversity increase (Tews et al. 2004, Billeter et al. 2008), while the increase in
agricultural cultivation causes the loss of biodiversity (Benton ez al. 2003, Millan de la Pefia
et al. 2003, Gentili et al. 2014).

Based on the result of ANOVA and multiple regression, the distance from the Drava
River proved to be an important predictor variable in the quantity distribution of Striped
Field Mouse. This species is well adapted to a variety of habitats (Kozakiewicz et al.
1999, Lopucki et al. 2013, Gentili et al. 2014,), though, as previously described, it is more
common in natural, semi-natural, and heterogeneous areas than in homogeneous, simplified
landscapes (Fischer & Schroder 2014, Gentili ef al. 2014). Our result is consistent with
these studies, because the abundance of Striped Field Mouse was the highest near the Drava
River, where there are more natural, semi-natural and heterogeneous habitats than further
north from the river. This is also supported by the analysis at landscape metrics level in the
case of the Mecsek and Tolna-Baranya hill country, as we have shown that the abundance of
this species declines with the decrease of patch diversity in this area.

Based on the result of multiple linear regression, the three distance categories were also
a determining factor of the abundance of the Field Vole, because it was detected in the
highest proportion in the floodplain and the other two distance categories significantly
negatively affected the distribution of the abundance of the Field Vole. It is a general belief
that this Microtus species lives in open areas like meadows, grasslands, clear cuts, dunes and
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moorlands (Alibhai & Gipps 1991, Borowski 2003, Horvath 2007, Krystufek et al. 2008,
Szép et al. 2017), but it also occurs in hedgerows, woodlands and forests (Hansson 1977,
Kowalski & Ruprecht 1981, Alibhai & Gipps 1991, Krystufek et al. 2008). Agricultural
landscapes, field margins, unlike cropped areas, can be important habitats for field voles
(Tattersall et al. 2002, Broughton et al. 2014) because they provide them with sufficient
resources (Yletyinen & Norrdahl 2008) and connect patches that may be suitable habitats
for this species (Renwick & Lambin 2011). This is also supported by our results, because
in the Drava Floodplain, where the species is most frequent, there are many natural, semi-
natural open areas and also agricultural areas, thus, the variety of landscape types provides
a suitable habitat for the species.

In case of Crocidura genus, the results of multiple linear regression at land use and
landscape metrics level are consistent with each other. The amount of forests, grass and
pastures in the owl hunting area had a positive, while the proportion of cropped areas
a negative effect on the abundance of white-toothed shrews. The latter is related to the
result that the Mecsek and Tolna-Baranya hill country dominated by agricultural areas
also negatively affect the frequency of the Lesser White-toothed Shrew. Several studies
have revealed that Crocidura species prefer open, dry grassy areas (Bosé & Guidali 2001,
Bego et al. 2008, Fischer et al. 2011, Paspali et al. 2013, Szép et al. 2019), but are less
frequently associated with forest edges and forests as described in Moravia (Suchomel
& Heroldova 2004, Suchomel & Purchart 2011), Slovakia (LeSo et al. 2008) and also
Romania (Barti 2011). Based on the results of the land use level analysis, cultivated areas
have a negative effect on the abundance of the Crocidura genus, which contradicts some
studies in which the possible positive effect of agricultural areas on the abundance of this
species has been highlighted (Bosé & Guidali 2001, Heroldova et al. 2007, Veselovsky
et al. 2017). The structure of the landscape is also a determining factor in the occurrence
of a species, we found a positive relationship between the mean patch shape complexity,
mean fractal dimension, patch richness and the frequency of Crocidura shrews, which
means that heterogeneous habitats are more favorable for these species. Szép et al. (2017)
showed the opposite, as during their work in the south-western part of Hungary, they
found that the abundance of the Lesser White-toothed Shrew was higher in homogenous
landscapes.

The Common Shrew and the Pygmy Shrew (Sorex minutus) can be found in most habitat
types (Tattersall et al. 2002, Heroldova et al. 2007, Wang & Grimm 2007, Mortelliti &
Boitani 2009, Hutterer & Krystufek 2016, Hutterer et al. 2016), based on which we would
expect that land use and landscape composition will not have an important effect. Although
ANOVA did not show a significant difference in comparing the three distance categories,
the Mecsek and Tolna-Baranya hill country had a negative effect on the abundance of
both the Common Shrew and the Sorex genus, based on the result of multiple regression
analysis. This can be explained by the fact that human-made landscape modification
(Love et al. 2000, Balestrieri et al. 2019) and intensive agricultural farming (Suchomel &
Heroldova 2004, Heroldova et al. 2007) caused the decline of these species. In the case
of landscape metrics, the opposite effect was shown for Crocidura species. Based on
multiple regression analysis, there is a negative relationship between the SHAPE MEAN,
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FRAC and PR landscape metrics and the abundance of Sorex species, so as the landscape
complexity increases, the occurrence of these species decreases. This is consistent with
the finding of Fisher ez al. (2011). They have shown that the Common Shrew disappear in
complex landscapes.

The trophic level index expresses the importance of shrews, and the abundance of these
species is influenced by the quality of their habitat and the landscape structure (Paspali et
al. 2013, Szép et al. 2017, Veselovsky et al. 2017). This finding is also supported by our
results, according to which the value of the index significantly differed in the comparison
of the three distance categories characterised by different landscape patterns. Based on our
multiple regression analysis at the land use level, the Mecsek and Tolna-Baranya hill country
dominated by agrarian lands had a negative impact on the value of TLI. The intensification
of agriculture (e.g. mechanical agriculture, use of chemical products) caused the landscape
to become simpler and more homogeneous and the habitat quality to decline (Contoli 1980,
Battersby 2005, Michel et al. 2006, Balestrieri et al. 2019, Battisti et al. 2019), which led
to a decrease in the number of shrews and an increase in the number of rodents linked to
agriculture. In case of the Drava River, there is a positive relationship between most of the
landscape metrics describing the complexity and diversity of the landscape and the TLI.
Therefore, the regression analysis reaffirmed that the landscape structure also plays a key
role in the composition of small mammal communities and thus, in the relative proportion
of insectivores and rodents in the diet of barn-owls.

The results suggest that on a landscape scale, the composition and structure of the
landscape influences prey occurrence in owl hunting areas and the frequency-dependent
availability of each prey species and categories, which determines the food niche pattern of
owls in space and time. In order to reveal further details of the landscape dependence of the
Common Barn-owl feeding pattern, additional studies are needed on several spatial scales,
based on higher sampling effort.
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