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Abstract. Little Owl (Athene noctua Scop., 1769) is common and widespread throughout Bulgaria, inhabiting various habitats,
including farmland, orchards, villages, and urban areas. In recent years, its population has declined in almost all of Europe. The

present study revealed an average Little Owl population density of about 0.05 breeding pairs / km? in Bulgaria. Its density varies

depending on the region. The species is more abundant in the lowlands of northern Bulgaria, where the density can reach up to 0.07
breeding pairs / km?, while in the mountains, the density is lower, with only 0.03 breeding pairs / km? in some areas. The Little Owl
population in Bulgaria declined between 2007 and 2016 by 30 %. The main factor in Bulgaria for the decrease in numbers is the
construction of new buildings or the renovation of old ones. Among the factors negatively influencing the species” population are

habitat loss and fragmentation, changes in agricultural practices, and changes in prey availability. The places where they nest or

roost depend on human presence. In particular, converting traditional farmland to intensive monoculture has been identified as a
potential threat to the Little Owl population in some regions of Bulgaria.
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Introduction

In Europe, the introduction of intensive agriculture led to the
decline or even disappearance of many bird species (Donald
1998, Vickery et al. 2001, Fuller et al. 1995, Krebs et al. 1999,
Donald et al. 2001, Evans 2004, Newton 2004, Spasov et al.
2017). Similar changes were observed in Bulgaria too, where
the consolidation of agricultural land, the removal of
protective belts (trees and bushes), the attempts to drain
lakes and marshes, as well as the felling of all riverside
vegetation against floods were among the main reasons for
losses in biodiversity. One species negatively affected by
land use change is the Little Owl Athene noctua. This species
shows long-term declines in West and Central Europe and
stable populations in South Europe (Keller et al. 2020).
Because of its vast distribution, the population size of about
0.5-1 million pairs, and relatively stable population size, it is
listed as “least concern” in the IUCN Red List (BirdLife
International 2024). In Bulgaria, it is protected by the
Biological Diversity Act (2002), but no specific study has
been undertaken. Previous studies on the species in Bulgaria
have been mainly on feeding (Simeonov 1968, 1983,
Georgiev 2005), distribution (Ignatov & Popgeorgiev 2021),
and factors impacting distribution and numbers (Ignatov
2023). Some authors report over 10000 pairs of Little Owls
(Nankinov 2002) and, more recently, between 7500 and
10000 breeding pairs in Bulgaria (Hristov & Stoychev 2007).
The present study aims to evaluate the trend of the Little
Owl population and determine the density of territories in
Bulgaria. Furthermore, it analyzes the impact of elevation
and variations in the distribution of grassland habitat on the
presence of the Little Owl in particular locations to explore
factors influencing the occurrence of the species.

Material and methods

The study is based on Little Owl monitoring data for 2007-2016. Field
observations were made with the help of the members of the

Bulgarian Society of the Protection of Birds (9% of the data) in 57
plots (Fig. 1) covering between 3 to 120 km?. Ignatov & Popgeorgiev
(2021) reported plots in core areas and randomly selected plots in the
manner of Silek & Schropfer (2008). For the study, the
zoogeographic regions are united in south-east (SE), south-west
(SW), north-east (NE) and north-west (NW) as follows:

The (SE) region the
zoogeographic region represented by seven plots (lowland plain),
and the Black Sea zoogeographic region with seven plots;
Southwestern (SW) region includes the Rila-Rhodope zoogeographic
region represented by seven plots (mountainous), Northeastern (NE)
region including Danube River/plane zoogeographic region with 17
plots (lowland plain) and Northwestern (NW) region including the
Stara Planina (Balkan Mountain) zoogeographical region with 19
plots (mountainous). Following the results of the previous two
studies on the distribution (Ignatov & Popgeorgiev 2021) and the
factors that determine the distribution (Ignatov 2023), we define the
habitat types important for the Little Owl as Agricultural buildings,
Residential buildings, Industrial buildings, Parks, Cliffs and quarries
(Table 1).

Plots were visited in the morning or at dusk during the breeding
period of the species (February-May) (Exo 1989, Finck 1990). If no
owls were seen or found calling, playback Little Owl was played
(Génot 1996, 1997, Schonn et al. 1991, Kitowski 2003, Zmihorski et al.
2006, Jacobsen et al. 2013), mainly in places with limited visibility -
many buildings and trees.

For this reason, a radius of up to 0.5 km has been established
around each point, in which it is possible to hear Little Owl's answer.
Three to five repetitions were made for each playback point with a
pause of three minutes between repetitions, i.e., for about 30 minutes
to one hour or an average of 45 minutes (morning and evening 45
minutes each (Navarro et al. 2005).

Playback points (n=57) locations are mapped using QGIS 3.28.0
(QGIS Development Team 2022). In most cases, both birds (male and
female) were registered. Sometimes, there is a call of only a male
whose behavior indicates that there is an occupied Little Owl
territory. Little Owl territories were counted where birds were
calling or mating behavior, feeding, or young were recorded.
Occupied territories in all 57 study areas were analyzed. In cases
where the nesting place was unknown, the centroid of all the owl
observations was considered the territory center. In contrast to
central and western Europe, where grasslands are the most
important habitat (Exo 1983, Loske 1986, Bauer & Berthold 1996,
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Dalbeck et al. 1999, Kasprzykowski & Golawski 2006), in Bulgaria,
the main habitat is buildings around agricultural land, industrial and
residential buildings near meadows and parks.

To study habitat preference, occupied and unoccupied locations
were compared. For habitat analysis, we used the area about 500
meters from the territory center, knowing that the territory of
habitation varies to about 1000 m (Bock & McEvey 1969, Finck 1990,
Grzywaczewski 2009). Expected nesting sites were analyzed in all 57
research areas in 2016 and compared with the results of 2007. The
expected nesting sites are considered the sites in owl territories
where the nest was found or where breeding behavior has been
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repeatedly recorded. We compared the habitat of 57 territories with
57 pseudo-territories in unoccupied landscapes selected randomly
outside the occupied ones. The unoccupied plots were tested and
could have been occupied as well. The open areas (parks and
meadows) were assessed using updated maps with a scale of
1:10000. The average altitude of the selected areas was also added.
The difference in the proportion of the meadow habitat and the
altitude at localities was analyzed by the t-test. Within the study
areas of the breeding pairs, the variables were compared using the
Chi-square test (STATISTICA Software, Statsoft Inc. 1996) with
Bonferroni correction.
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Figure 1. Locations of study areas (n=57) for Little Owl monitoring in 9 zoogeographical regions presented in different

colors (after Hubenov 2021).

Table 1 Variations in the actual number of breeding places of the Little Owl across the
territory of Bulgaria from 2007 to 2016 for different types of habitats.

Breeding places 2007 2016 d.f. X2 P
n=236 (%) n=149 (%)

Agricultural buildings 137 (58) 76 (51) 2 9.32 0.038

Residential buildings 61 (26) 50 (33) 2 42.02 0.012

Industrial buildings 19 (8) 17 (12) 2 12 0.24

Parks 7(3) 3(2) 2 6.13 0.58

Cliffs, quarries 12 (5) 3(2) 2 2.04 0.81

For this study, using only 57 points is not representative enough;
for this, we included all 507 available data from SmartBirds
(Popgeorgiev et al. 2015) to sample the density for the whole
country. To estimate the population of Bulgaria, an extrapolation
was done and scored for all these locations in Bulgaria (n=507,
Database from www.smartbirds.org). The Kernel function evaluation
(KDE) provides a viable alternative to the commonly used
"Probability Density Plot" (PDP) (Vermeesch 2012) in visualizing
frequency data, which in this case corresponds to the approximate
location of presence obtained in the field. The relative density

estimation using the Kernel function calculates the frequency of the
obtained data by summing up a set of Gaussian distributions. In
contrast to the "probability density plot" (PDP), it does not consider
analytical uncertainty, which makes it particularly useful when
looking for clustering in the analyzed data (Spencer et al. 2017). The
algorithm of the GIS program QGIS 3.28.0 (QGIS Development Team
2022) for the Kernel Function called (Heatmap - Kernel Density
Estimation) was used under the following statistical parameters:
Band - Maximum = 766.96 - Mean = 24.67 - Minimum = 0 - Stddev =
69.68 - Valid percent = 100.00.
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Results

Densities

Bulgaria's average Little Owl population density is 0.05
breeding pairs / km? (or five breeding pairs per 10 km x 10
km square). Still, depending on the region, i.e., the species is
more abundant in the lowlands of northern Bulgaria
(average density 0.07 breeding pairs / km? and in the
mountains, density is lower (average density 0.03 breeding
pairs / km?). The density of recorded observations of Athene
noctua in Bulgaria based on Kernel Density Function (n=507)
is presented in Fig. 2. The Little Owl density declined
between 2007 and 2016 in our 57 distinct study areas by 30 %
from 0.08 to 0.05 breeding pairs / km?. The density declined
slowly and steadily in all regions (Fig. 3) but faster in the
NW region (Balkan zoogeographical region), slower in
southern Bulgaria (Fig. 4) (including SW and SE regions -
Rila-Rhodope Mountains, Thracian, and Black Sea
zoogeographical regions). For the population above 400 m
asl, the decline is slower (Fig. 5). Comparing the results from
2007 with 2016, it is clear that the trend is negative for most
of the localities (n=42), for 11 is stable, and for one
(Ivailovgrad) is increasing (Fig. 6).

Habitat typologies

To assess the evolution of densities between 2007 and 2016,
data was collected from 57 distinct study areas, and the
results are illustrated in Table 1. Bold font indicates
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significant P-values. The first column displays the
proportions (%) of specific breeding place categories at the
start (2007) and end (2016) of the period.

The breeding places analysis of reproduction in all 57
study plots confirms the Little Owl's preference for nesting
in agricultural buildings, followed by residential and
industrial ones. While their preferences have changed
continuously over the studied period, they avoid natural
holes in parks/trees (x2 = 6.13, d.f. = 2, P = 0.58) and cliffs,
quarries (x2 = 2.04, d.f. = 2, P = 0.81) with occupied and
unoccupied territories not significantly deferring in contrast
to the significant increase of residential (x2 = 42.02, d.f. =2, P
= 0.012) and industrial buildings (x2 = 12,, d.f. =2, P = 0.24)
(Table 1). The most important factor for nesting sites is farm
building (Fig. 8). The only exceptions were two nests located
in a quarry in Pazardzhik and Kaliakra cliffs.

Open areas/meadows preference

To study the impact of meadows or open areas, a total of 114
(Unoccupied n=57) and Occupied n=57)) localities were
analyzed with a t-test. Between the proportion of open
areas/meadows occupied by Little Owl territories and open
areas unoccupied pseudo-territories (n = 80, t = 1.99,
P = 0.04) (Fig. 7 a). The sites with Little Owl presence had a
higher proportion of meadows. However, there were no
significant differences in the proportion of meadows
between occupied and unoccupied sites when considering
altitude (n = 34, t = 1.688, P= 0.06) (Fig. 7 b).
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Figure 2. Density of recorded observations of Athene noctua in Bulgaria based on Kernel Density Function (n=507)
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Figure 3. Evolution and diversity of the densities of Little Owl over the years of the study.
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Figure 4. Evolution of average population densities (breeding pairs / km?) for Little Owl in
57 study plots by region from 2007 to 2016 by region in Bulgaria.
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Figure 5. Evolution of average population densities (breeding pairs / km?) for Little Owl in
57 study plots from 2007 to 2016 by elevation in Bulgaria.
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Population estimates

If we use population data (n=507) from all zoogeographic
areas and extrapolate these data to the entire territory of the
country (110993.6 km?) (Fig. 1), considering that they cover
areas of low to high density, we can assume that the total

~
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population is approximately around about 6200 breeding
pairs. Using the Kernel function evaluation (KDE). a viable
alternative to "Probability Density Plot" (PDP) (Vermeesch,
2012), we visualized the data, which in this case corresponds
to the approximate location of the presence (Fig. 2).

Breeding pairs of Little Owls
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Figure 6. Population trends (breeding pairs of the Little Owl) in 57 localities in Bulgaria in 2007 and 2016.
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Figure 8. Photo of a renovated (left building, without nesting place) and not repaired (the right
building, with convenient nesting and resting places) together with the adjacent meadows as
suitable places for hunting.
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Discussion

The number of Little Owls in Bulgaria is estimated at 10000
pairs (Nankinov 2002), between 5000 and 10000 pairs in the
period 1996 to 2002 (BirdLife International 2004), between
7500 and 10000 (Hristov & Stoychev 2007) and stable. In this
research, for all 110993.6 km2 covering the territory of
Bulgaria, 6200 breeding pairs were used, using the average
population density from 57 representative plots. We see that
there is still a very small but stable preference for natural
nesting habitats, parks/trees (P = 0.58) and cliffs, quarries (P
= 0.81), while in residential and industrial buildings, there is
an increase in nesting. This shows a large dependency of
Little Owl on human-formed nesting, hunting, and breeding
sites. During the last century, the population of Little Owl
remained stable and even slightly increased after humans
withdrew from agricultural lands (personal observations),
stopped cultivating the lands, and reduced the use of
pesticides and fertilizers in larger settlements. In western
and central Europe, the Little Owl's decline in numbers is
primarily due to intensive agriculture and the new approach
to land cultivation (Schonn et al. 1991, Salvati et al. 2002,
Salek & Schropfer 2008, Clewley et al. 2016, Chrenkova et al.
2017). Our research shows a steady decline in population
numbers throughout the country. Currently, almost 90% of
Little Owls inhabit buildings, including residential and
agricultural ones, as opposed to their natural habitats
(Ignatov & Popgeorgiev 2021). More than half of the
Bulgarian population inhabits areas below 400 m asl,
causing the species to be more influenced by human
negative factors. In contrast, the population above 400 m asl
remains stable. The decline from 58% (n=236) in 2007 to 51%
(n=149) breeding pairs around agricultural buildings in 2016
is due to new construction of buildings or renovation of old
ones so that no places for nesting and roosting remain,
which is the main factor in Bulgaria for the decrease in
numbers. The Little Owl is not known to migrate frequently;
if it does, it is usually over short distances (Kampfer &
Lederer 1988, Van Nieuwenhuyse et al. 2023). Personal
observations confirm that Little Owl is dispersing from 2 to 7
km and less often up to 10 km. This limited mobility
increases the species' vulnerability and uncertainty about its
future. The primary diet of the Little Owl consists of rodents
and insects commonly found in meadows or grass habitats
near their nesting sites (Simeonov 1968, 1970, 1983). This
research confirms that meadows near the breeding places are
essential for the owl. Other important factors for the species
include fence posts and trees, which serve as hunting and
hiding places (Loske 1986, Dalbeck et al. 1999). Low grass,
supported by grazing, is also important as it improves
visibility and makes it easier for the owl to catch prey (Finck
1990, Exo 1991, Dalbeck et al. 1999, Sélek & Lovy 2012). Our
observations confirmed that when grassy vegetation grows
too high, Little Owl stops using it for hunting, but the owl
returns if the grass is shorter. Abandoned areas with no
agricultural activity or animal husbandry, where meadows
and fields become overgrown with vegetation, create
difficulties for hunting and expose owls to other predators.
Additionally, deep winter snow can lead to a high mortality
rate due to the difficulty in hunting (Grishanov 1994,
Schropfer 1996). Our study confirms this during two years
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over ten years. The presence of predators, such as cats,
martens, ferrets, or squirrels, can threaten the Little Owl
(Mitchell-Jones et al. 1999, personal observations). We have
only one observation on this factor, which has little
relevance to numbers or mortality. The same is true of
mortality in entrapment in ventilation shafts or chimneys
(Génot 1995, Bauer & Berthold 1996). According to Zvaral
(2002), Little Owls dying in chimneys is the most important
mortality factor in the Czech Republic. Road accidents
(Bauer & Berthold 1996, Gomes et al. 2009, Bozo & Csatho
2017) in Bulgaria are a major factor in the mortality of
younger birds trying to hunt on the road or crossing it,
blinded by the lights and not knowing what to do.

In Bulgaria, a significant decrease in agricultural and
farms, particularly 2010 (personal
observations), in combination with the construction and
renovation of residential and industrial buildings leading to
the reduction of safe nesting sites, poses a threat to owl
populations. A similar situation applies to other European
countries - Denmark (Andersen et al. 2015), Slovakia, and
the Czech Republic (Chrenkova et al. 2017). Other causes of
mortality such as poisoning by rodenticides (Van den Brink
2003, Jaspers et al. 2005), heavy metals (Van den Brink 2003),
(Génot  2005), or parasite
infestations have a relatively minor impact on the
population in Bulgaria. Conservation efforts for Little Owls
in Bulgaria have locally focused on habitat management,
such as creating suitable nesting sites and preserving
traditional agricultural practices that support the species.
Communication with farmers about the importance of Little
Owl and management advice when constructing new
buildings or repairing old ones to keep and restore nesting
and roosting places, as well as what to do when finding a
young bird, is crucial for long-term conservation.

livestock after

chimney-related fatalities
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