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Abstract: 	 Changes in land use affect the life of small mammals and the owls that prey on them. The aim of the pres-
ent work was to follow changes in the composition of the common barn-owls’ prey and the landscape 
structure of their hunting areas. In 2007 and 2016, we collected owl pellets in the whole area of Baranja 
region but samples from both periods originated only from 10 sites. The diversity of small mammals in 
the prey was similar in both years, while common vole (Microtus arvalis) dominated with over 60%. In 
pellets collected in 2016, we found significantly more bicolored shrews (Crocidura leucodon), lesser 
white-toothed shrews (Crocidura suaveolens) and yellow-necked mice (Apodemus flavicollis), while the 
proportions of harvest mouse (Micromys minutus) and eastern house mouse (Mus musculus) were signifi-
cantly lower than in the previous sampling. The landscape structure of hunting areas has hardly changed 
over the decade; therefore, the temporal variations in the owls’ diet composition may have been caused 
by changes in farming practices such as the frequent mowing of meadows, the regulation of the use of 
pesticides, the depopulation of villages and also the effects of extreme weather.
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Introduction
Rapid changes in the human environment and land 
use have an impact on small mammals and their 
predators, the common barn-owls Tyto alba (Sco-
poli, 1769) (Bond et al. 2004, Torre et al. 2015). 
Based on prey remnants from owl pellets, we can 
draw conclusions about the occurrence and abun-
dance of small mammal species in their hunting 
area; therefore, this method can be used even for the 
indirect monitoring of small mammals (Mikuska et 
al. 1979, Bunn et al. 1982, Taylor 1994, Horváth 

et al. 2007). Changes in land use over time also af-
fect the composition of small mammal communities; 
thus, the results of monitoring may also contribute 
to refining conservation plans for the owl and some 
small mammal species (Vigués et al. 2018). Moni-
toring is also important because owl populations 
greatly fluctuate and they are drastically decimated 
by road traffic accidents, use of rodenticides, the 
decline of available breeding sites and cold winters 
(e.g. Bunn et al. 1982, Martinez & Zuberogoitia 
2004, Tóth et al. 2009). These negative effects can 
be somewhat mitigated by opening the attic spaces 
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as potential sites for breeding and roosting as well 
as by providing nest boxes (Taylor 1994, Klein et 
al. 2007, Tórizs 2011). In the north-eastern part of 
Croatia, in Baranja, the pellets of different owl spe-
cies have been analysed several times (Mikuska et 
al. 1978, Mikuska 1979, Mikuska & Vuković 1980, 
Tórizs 2010, 2011) but results cannot be compared 
due to the incompatibility of samples.

A comprehensive survey of the diet of com-
mon barn-owls based on pellets collected from nest-
ing and roosting sites in the whole area of Baranja 
region was conducted in autumn of 2007. Based on 
the proportion of small mammal species detected in 
pellets and their habitat preference, significant rela-
tionships were found between the owls’ diet compo-
sition and the distribution of different habitat types 
in their hunting area (Szép et al. 2018).

This study aimed to examine whether changes 
over a decade in common barn-owl diet composition 
were related to changes in the landscape structure of 
their hunting area.

Materials and Methods
Baranja region is situated in the north-eastern part 
of Croatia enclosed by the Drava, the Danube and 
the Hungarian state border, covering 1147 km2; it 
is a mostly flat area from which only the Bansko 
Hill (highest point is 243 m a.s.l.) emerges (Fig. 1). 
A great part of its area is agricultural lands, which, 
according to previous surveys (e.g. Mikuska & 
Vuković 1975, 1980, Tórizs 2011), provide fa-
vourable habitats for common barn-owls (Bunn et 
al. 1982, Mikkola 1983). To collect their pellets, 
we visited potential habitats in 45 settlements in the 
autumn of 2007 and 2016, avoiding disturbing the 
owls during the breeding season. We selected 10 
localities, at which pellet samples were collected 
during both surveys for analyses of changes in the 
owls’ prey composition and the habitat structure of 
their hunting areas (Fig. 1, Table 1). The methods 
of pellet processing and the determination of the 
prey remains were the same in both years. The pel-
lets were broken down by hand and prey remains 
were cleaned by using tweezers and toothbrush 
under a fume hood. The numbers of specimens ex-
tracted from one pellet were determined based on 
the number of skulls and the related mandibles. 
The taxonomic determination of small mammals 
was performed on the basis of skull, mandible and 
tooth parameters (e.g. Ujhelyi 1989, Kryštufek & 
Janžekovič 1999, März 2011). The identification 
of the species belonging to the subgenus Sylvaemus 
was done by following the method of Tvrtković 

(1979). Problematic or damaged skeletal items be-
longing to the genera Apodemus, Mus and Rattus 
were listed as Apodemus sp., Mus sp. and Rattus sp. 
(Tables 1 and 2). Only data of small mammals from 
whole pellets were used for comparisons (Table 2).

For the analysis of changes in landscape struc-
ture, we used the 1:50 000 map of the CORINE Land 
Cover Project (Land Cover Change 2006–2012 and 
2012–2018) (European Environment Agency 
2019a, b). On this map, circular areas with 2 km ra-
dius around the sampling sites were considered as 
the hunting areas of common barn-owls (Szép et al. 
2018). The diversity of the small mammal commu-
nity in the whole sampling originating from 10 sites 
was characterised by Shannon’s Diversity Index (H) 
and by evenness (J) (Hammer et al. 2001). Small 
mammal diversity, evenness and relative abundance 
from samples of 2007 and 2016 were compared us-
ing the Mann-Whitney U test (Zar 2010).

Results
In 2007, 2395 whole pellets and some fragments 
were collected at 21 localities in Baranja, while in 
2016, 1466 whole pellets were found at 15 localities. 
During the first survey, common barn-owls were ob-
served at eight localities (Branjina, Kamenac, Jase-
novac, Draž, Topolje, Podolje, Grabovac and Zma-
jevac), whereas during the second survey they were 

Fig. 1. Common barn-owl pellet sample sites in Baranja 
(circles – samples from 2007, squares – samples from 
2016): 1 – Torjanci, 2 – Novi Bezdan, 3 –Baranjsko Petro-
vo Selo, 4 – Luč, 5 – Jagodnjak, 6 – Popovac, 7 – Karanac, 
8 – Mirkovac, 9 – Jasenovac, 10 – Grabovac, 11 – Draž, 
12 – Podolje, 13 – Zmajevac, 14 – Kamenac, 15 – Topolje, 
16 – Majške Međe, 17 – Darda, 18 – Branjin Vrh, 19 – 
Branjina, 20 – Lug, 21 – Vardarac, 22 – Kopačevo, 23 – 
Kotlina, 24 – Suza, 25 – Duboševica, 26 – Batina.
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Table 1. The number of prey specimens in pellets of common barn-owl in samples 1–15 collected in 2016 (uderlined 
– sites where samplings were conducted in 2007 as well).
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Crocidura leucodon 2 6 2 26 4 31 10 17 13 39 2 78 1

Crocidura suaveolens 1 3 6 42 15 22 1 28 22 2 44 30 2 46 1

Sorex araneus 1 3 1 9 2 1 12 17

Sorex minutus 1

Neomys anomalus 3 1 16 1 4 3 2 2

Talpa europaea 1

Nyctalus noctula 1

Muscardinus avellanarius 3 5 1 3

Microtus lavernedii 1 1 1

Microtus arvalis 29 25 144 178 139 321 11 134 180 21 55 369 28 140 21

Microtus subterraneus 2 2

Arvicola amphibius 2 4 6 3 2 1 1 3 2 1

Myodes glareolus 1 1 2

Cricetus cricetus 1

Apodemus agrarius 2 10 20 37 18 16 19 11 9 9 6 5 1

Apodemus flavicollis 1 1 8 12 4 6 5 5 1 1 12 7 1

Apodemus sylvaticus 2 3 5 5 11 23 3 2 5 17 1 4

Apodemus sp. 4 3 6 4 11 4 1 2 9

Micromys minutus 2 1 2

Mus musculus 3 12 2 3 26 1 4 2 6 3

Mus spicilegus 5 6 8 6 31 1 7 3 16 2

Mus sp. 1 1 1 1 1

Rattus norvegicus 7 20 4 2 6 4 2

Rattus sp. 1 1

Aves (indet.) 4 1

Amphibia (P. fuscus) 3 1 1

Amphibia (Rana sp.) 1

Coleoptera (indet.) 1 1 1 1

Number of prey specimens 42 81 243 359 214 501 12 211 256 24 144 530 39 311 25

Number of pellets 23 45 160 184 97 258 6 102 112 9 69 234 23 128 16
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spotted at only five localities (Novi Bezdan, Luč, 
Popovac, Podolje and Topolje).

In both surveys, 99.5% of the common barn-owl 
prey types were small mammals; the remaining 0.5% 
were birds, amphibians and insects. From the samples 
collected in 2007 and 2016, remnants of 23 and 21 
small mammal species were found, respectively.

The common vole (Microtus arvalis) was the 
most common small mammal species in both sur-
veys, with 68.42% and 60.60%, respectively. In the 
2007 survey, the second most common prey, with a 
4.81% share, was the striped field mouse (Apodemus 
agrarius). The lesser white-toothed shrew (Crocidu-
ra suaveolens), with 4.80%, was the third species. 
In the survey conducted in 2016, the order of domi-

nance changed, with the lesser white-toothed shrew 
(9.43%) coming second and the bicolored shrew 
(Crocidura leucodon) third (8.81%) (Table 2). Rem-
nants of the common mole (Talpa europaea), the 
serotine bat (Eptessicus serotinus) and the herb field 
mouse (Apodemus uralensis) were found only in the 
2007 samples (Table 2). Only one specimen of the 
common noctule (Nyctalus noctula) was found in 
2016 (Table 1).

The comparison of the two surveys showed 
significant difference in the relative frequencies of 
five small mammal species (Table 2). In pellets col-
lected in 2016, we found significantly more bicolor-
ed shrews (Z = 2.23, p = 0.023), lesser white-toothed 
shrews (Z = 2.49, p = 0.011) and yellow-necked 
mice (Z = 2.05, p = 0.043), while the proportions of 
harvest mouse (Micromys minutus) (Z = -2.91, p = 
0.005) and eastern house mouse (Mus musculus) (Z 
= -2.80, p = 0.004) were significantly smaller than in 
the previous survey. The diversity of the small mam-
mals detected in the 10 samples (Table 2) did not 
differ significantly (Z = 0.53, p = 0.631) between the 
years 2007 (H = 1.11) and 2016 (H = 1.21), while 
the evenness in 2016 (J = 0.38) was significantly 
higher (Z = 2.72, p = 0.005) than in 2007 (J = 0.26).

The landscape structure of Baranja changed 
between 2006 and 2018 by only 3.1%, i.e. on 35.16 
km2. Of the 10 sampling sites, the landscape struc-
ture changed only at three of the owl hunting areas: 
at Grabovac around 2.1%, at Jasenovac around 1.4% 
of urban areas increased to replace arable lands, 
while at Kamenac 3.7% of the common barn-owl’s 
hunting area was planted with vineyards.

Discussion
Comparing the two survey periods, the number of 
localities where common barn-owl pellets were col-
lected in Baranja decreased by 30%, the number of 
pellets decreased by nearly 40%, and the owls were 
also less frequently observed. According to our re-
sults, the decrease in the number of pellets indicates 
that the number of owls has also decreased. The con-
tinuous decline of population size in Baranja can be 
supported by Mikuska & Vuković (1975) who have 
shown that in the beginning of 1970-s common barn-
owls have disappeared from previously known local-
ities due to the renovation of churches and the shoot-
ing of birds. During our field trips, we saw in many 
cases the demolition of old buildings (e.g. Majške 
Međe) and closed church towers and attics (e.g. 
Duboševica) previously used by owls. According 
to a survey conducted in the eastern part of Baranja 
between 2006 and 2009, there were 9 to 10 pairs of 

Table 2. The total number of specimens and relative 
abundance of small mammal species detected in pellet 
samples at 10 localities in 2007 and 2016 (* – significant 
differences between the samples)

Sampling year 2007 2016

N % N %

Crocidura leucodon* 106 3.18 211 8.81

Crocidura suaveolens* 160 4.80 226 9.43

Sorex araneus 43 1.29 41 1.71

Sorex minutus 7 0.21 1 0.04

Neomys anomalus 37 1.11 24 1.00

Talpa europaea 1 0.03 0 0.00

Eptessicus serotinus 1 0.03 0 0.00

Muscardinus avellanarius 1 0.03 9 0.38

Microtus lavernedii 4 0.12 1 0.04

Microtus arvalis 2282 68.42 1452 60.60

Microtus subterraneus 5 0.15 2 0.08

Arvicola amphibius 11 0.33 18 0.75

Myodes glareolus 5 0.15 3 0.13

Cricetus cricetus 1 0.03 1 0.04

Apodemus agrarius 161 4.82 112 4.67

Apodemus flavicollis* 40 1.20 49 2.05

Apodemus sylvaticus 106 3.18 68 2.84

Apodemus uralensis 2 0.06 0 0.00

Apodemus sp. 87 2.61 33 1.37

Micromys minutus* 38 1.14 3 0.13

Mus musculus* 98 2.94 46 1.92

Mus spicilegus 114 3.42 73 3.05

Mus sp. 7 0.21 4 0.17

Rattus norvegicus 18 0.54 18 0.75

Rattus sp. 0 0.00 1 0.04

Number of prey specimens 3335 100.00 2396 100.00
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common barn-owls but only half of them were nest-
ing, mainly due to nest boxes placed between 2006 
and 2007 (Tórizs 2011). This example confirms that 
the decrease in the number of owls is primarily in-
fluenced by the lack of appropriate breeding sites 
(Martinez & Zuberogoitia 2004). However, the 
placement of breeding boxes is not always a solu-
tion, because without regular maintaining, these ar-
tificial breeding sites may become an ecological trap 
(Klein et al. 2007). With the increase in road traffic 
intensity, the mortality of birds could also increase 
(Mikuska 1990, Martinez & Zuberogoitia 2004).

In the collected pellets, mostly remains of small 
mammals were found and there was no significant 
difference in the diversity of small mammal species 
between the two surveys. This may be related to the 
high proportion (more than 60%) of common voles 
in both samples, which may indicate that, at the time 
of owl predation, the population of this species was 
in an outbreak. The predominance of common vole 
is shown in the diet of common barn-owl in many 
studies conducted in Central Europe (e.g. Veselovs-
ký et al. 2017, Horváth et al. 2018), suggesting that 
the owl is consuming the most abundant available 
small mammal species (Tores et al. 2005).

The proportion of common vole in the prey 
of the common barn-owls was ca. 8% lower in the 
second survey. The significant increase in evenness 
means that the importance of other small mammal 
species increased as well. If changes in abundance 
of some preferred prey occur, common barn-owl be-
comes an opportunistic predator and easily incorpo-
rates other prey into its diet, using a wide range of 
prey species (Moysi et al. 2018).

There was a difference between the two sam-
ples in the presence or absence of rare species, or 
of species rarely captured by owls. The remnants 
of two herb field mice occurred only in the sample 
from 2007, which is in line with our knowledge that 
it is a rare species in Baranja (Petrov 1992). This 
species also occurs sporadically in the southern part 
of Hungary, adjacent to the study area (Cserkész & 
Horváth 2007). Tórizs (2011) did not detect any 
specimens of herb field mouse in pellets collected in 
2008, while in samples from 2009 from 5 localities 
(Bilje, Vardarac, Kopačevo, Grabovac and Kotlina), 
the remains of 29 specimens were identified as herb 
field mouse (Tórizs 2010). The common mole (Tal-
pa europaea) occurs almost everywhere in the study 
area (Petrov 1992) but it is a rare prey of owls due 
to its underground habits. 

The common barn-owl could probably prey 
serotine bat and common noctule in settlements at 
nesting or roosting sites though, in our samples, the 

remnants of bats were sporadic as in previous stud-
ies performed in the same area (Mikuska & Vuković 
1980, Tórizs 2010, 2011, Szép et al. 2018). Bats are 
generally rare prey of owls in Europe (Roulin & 
Christe 2013).

Significant differences were found in the 
relative abundance of five small mammal species 
between the two sampling years. The share of bi-
colored shrews and lesser white-toothed shrews 
in the 2016 survey increased significantly, prob-
ably because in the meantime the Croatian parlia-
ment strictly regulated the use of pesticides (Leko 
2014). Both insectivorous species prefer dry grass-
lands (Canova 1992) and are particularly sensitive 
to pesticides due to secondary poisoning (Milana 
et al. 2018). Rodenticides affect primarily voles and 
mice, which may result in the proportion increase of 
shrews in pellets (Moysi et al. 2018).

In our comparison, the proportion of the yel-
low-necked mouse was significantly higher in the 
owl’s pellets collected is the second survey year. 
This species prefers older closed deciduous for-
ests (Vukićević-Radić et al. 2006, Horváth et al. 
2008), such as Haljevo forest (Horváth et al. 2008) 
and the forest on Bansko Hill, as well as gallery for-
ests along the Danube and the Drava Rivers. The 
increase of yellow-necked mouse proportion in the 
prey composition of owls can also be explained by 
the reduction of their dominant prey.

According to our results, the relative abundance 
of the harvest mouse preferring wetland habitats 
with domination of sedges has also decreased signif-
icantly, and such tendency is observed in almost the 
whole distribution range of the species (de la Peña 
2003, Darinot 2016). Warm summer periods may 
have a significant impact on species adapted to wet-
land habitats, including harvest mouse abundance, 
as the summer of the year preceding our study was 
the driest in Central Europe in the last century (Hoy 
et al. 2017). Baranja is an agricultural region, and 
the mechanization of agriculture as well as regular 
mowing of habitat edges can also lead to changes 
or even the disappearance of harvest mouse habi-
tats, in many cases leading to the death of animals 
(Darinot 2016). In regularly mowed areas, harvest 
mouse individuals are more exposed to predation 
(Love et al. 2000).

Our results show that the relative abundance of 
the eastern house mouse in the sample from 2016 is 
significantly lower than in the sample from 2007, 
although, based on changes in landscape use, the 
proportion of potential urban habitats for this synan-
thropic species is slightly increased. However, pre-
vious studies have shown that the decline in animal 
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farming has reduced the proportion of the eastern 
house mouse in the diet of the common barn-owl 
(Latková 2008). Baranja has been characterized 
since the 1960s by the depopulation of small villag-
es and by the gradual decline of traditional farming 
practices such as livestock husbandry and storage of 
grain feed in the attic (Stober et al. 2011), which 
may have contributed to the population decline of 
the eastern house mouse.

According to our results, we can conclude 
that in the decade that passed between the two pel-
let samplings, the landscape structure in the hunt-
ing areas of the common barn-owl at the selected 
10 sampling sites in Baranja hardly changed, yet 
the proportion of three small mammals detected in 
the prey significantly increased but, in the case of 
two species, it decreased. The reasons for this are 
mainly the changes in farming practices such as the 
frequent mowing of meadows, the regulation of the 
use of rodenticides, the depopulation of villages 
and also the effects of extreme weather. Our results 
support the observations of Love et al. (2000) that 
changes in site management can have a significant 
impact on the formation of small mammal com-
munities and, thus, on the composition of the prey 
available for owls.
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