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Abstract. The long-eared owl] (Asio otus) is a Holarctic species. Towns are particularly important for the wintering of the species. We
monitored the wintering roost assemblages of the long-eared owls between 2009 and 2018 to find the driving factors for species
wintering roost selection. The species” wintering population remained relatively constant over time. The highest number of birds
was registered in December 2016 (n=361), and the minimum in March 2014 (n=1). The highest mean number of owls was registered
in 2009, whereas the least was recorded in 2018. The monthly distribution of the birds throughout the study was quite prominent.
The long-eared owls were most abundant in December and least in March. The most preferred tree species for roosting was the
silver birch (Betula pendula), used by 14.7 % of the owls during the study. In our study area, the long-eared owls were predominantly
roosting at height of 8-12 m, followed by those roosting at height 3-7 m above ground. The number of roosting birds differed
significantly in terms of height selection. The Generalized Linear Models indicated that the duration of the day, the snow cover and

the daily mean temperature were the most important determinants for the number of the wintering owls during the study period.
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Introduction

The long-eared owl (Asio otus) is a Holarctic species distrib-
uted in Northwest Africa, Northern Asia, Western Siberia,
Japan, Mongolia, Iran, China, Asia Minor. The range of the
species in Europe spans from Scandinavia to the Mediterra-
nean. The species’ populations are resident and migrating.
The European breeding population was estimated at
304,000-776,000 breeding pairs (BirdLife International 2020).
According to TUCN, the species is categorized as ,Least
Concern” (LC) (BirdLife International 2020). The breeding
population of the species in Bulgaria was estimated at 3,000~
5,000 breeding pairs and the wintering at 10,000-50,000 indi-
viduals (Ignatov & Georgiev 2007, Kostadinova &
Gramatikov 2007). The long-eared owl nests exclusively in
old nests of corvid birds in tree lines and parks in the settle-
ments and industrial areas (Iankov 2007). Along with other
species such as the rook (Corvus frugilegus), the jackdaw
(Corvus monedula) and the hooded crow (Corvus cornix), the
long-eared owl also congregates in the towns during winter
(Jadczyk & Jakubiec 1995). The species forms traditional
roosting sites, which are used as a perch and roost by the
birds during daylight (Simeonov 1988). Some studies have
shown this phenomenon in Bulgaria’s neighbouring coun-
tries (Sciban 2012). Species’ wintering assemblages have
been studied to some extent. However, few analyse long-
term data (Ruzi¢ et al. 2010, Sharikov et al. 2013). Here we
present the most comprehensive study on the wintering of
the long-eared owl population from Southern Europe, col-
lected over a period of 10 years in Bulgaria. Thus, our study
is the first long-term survey analysing the wintering phenol-
ogy in one of the largest known long-eared owl wintering
assemblages from Europe. The study aimed to analyse the
driving factors for species wintering numbers and roost
selection. In this regards, the objectives of our study were to
(1) estimate the number of the wintering birds, their
phenology and trend over the study period, (2) to report and

explain the preferences of the wintering owls towards the
height of roosting and the tree species and (3) to explain
which abiotic factors affect their numbers.

Material and Methods

Study area and period

The survey was conducted in the city of Plovdiv at two roosts be-
tween 2009 and 2018. The roost sites were the only known in the city
and located in two out of the six city districts. They were located in
two kindergartens with homogenous park and garden structure. The
first one was situated in the Western city district and was monitored
throughout the whole study period. The second one was situated in
Trakia district and was monitored since its discovery in 2012 on-
wards (Fig. 1). Each site was visited 2-4 times per month during Oc-
tober - March each year to record the species numbers, phenology
and roost site characteristics.

Legend

9 N
@ Long-Exod Ol porches o 25 s 10km
27 ciy area

Figure 1. Map of the long-eared owl roosting study sites located
within the city boundaries.

Data collection
Each monitoring effort was conducted at noon time (between 11 am
and 2 pm) to record all the birds at the roost and their natural tree
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selection to perch. Each roosting tree was sampled individually and
the following variables were recorded: the number of the owls, the
average height of the roost (measured visually, referenced to the
surrounding infrastructure with known height) and the tree species.
The roosting substrate (tree) was identified after Delipavlov et al.
(2003) and Yordanov (1964). The birds were counted using binocu-
lars Olympus DPS I 10x50 and Minolta 10x50. To eliminate any
count omission, with each visit we checked the neighbouring small
parks and gardens with trees (within the radius of ca. 50-100 m)
around the roost to avoid underestimation of the species’ numbers
and search for other unknown roosts. Furthermore, we assumed that
birds from the different roost sites did not shift in between. The
distance between was 4.5 km and we have recorded the birds
consecutively in the two roosting sites during each monitoring visit.
The data was collected through a specially developed protocol prior
to 2015 and with the mobile app Smartbirds Pro after this period
(Popgeorgiev et al. 2015).

For the purpose of the study, meteorological conditions
(temperature, wind velocity and direction, cloud cover, precipitation
and snow cover) were also recorded during each count. Data
regarding the minimal, maximal and daily mean temperatures and
the day duration for each of the monitoring events were downloaded
from the internet based meteorology and hydrology database for
Plovdiv (https:/ /rp5.ru, https:/ /www stringmeteo.com).

We furthermore divided the roosting tree heights where owls
roosted and categorized them into 4 height belts based on the mean
height measurements within this subset:

- Group A - long-eared owls roosting at 3-7 m

- Group B - long-eared owls roosting at 8-12 m

- Group C - long-eared owls roosting at 13-17 m

- Group D - long-eared owls roosting over 18 m

Data analysis
The comparison of the species’ numbers between the years and

months was run through the Generalized linear regression model
(G). Non-parametric Kruskall Wallis Anova & Median test (H) was
used to measure the differences in the height preferences of the owls.
Mean numbers of the wintering owls” distribution among years and
trees were obtained by basic descriptive statistics. Student’s T-test (t)
was used to compare the number of long-eared owls between the
two surveyed sites. Non-parametric chi-square test (x2) was used to
measure the differences in the height preferences of the owls be-
tween the two sites.

We used Generalized Linear Models (GLMs, Z) with the log link
function and the Poisson error distribution to explore the depend-
ence of the number of the long-eared owls on the abiotic factors in
our study area and particularly those that lead to the increase of
birds in the roosting sites. Autocorrelating variables were excluded
from further analysis through the Pearson correlation coefficient. We
set the model with the number of the birds as a dependent variable,
year and month as categorical independent variables. Furthermore,
the duration of the day and the meteorological factors (daily temper-
atures, precipitation, snow cover, wind) were set as quantitative
independent variables. We ran a post hoc test to calculate the
pairwise dependencies of the variables in the fitted model. Results
with p < 0.05 were considered significant for all tests. Data are given
as an arithmetic mean SD and as SE for the post hoc test (Fowler &
Cohen 1992).

Unidentified trees and owls perching on them were excluded
from further analysis. Statistical tests were implemented with the
program “Statistica for Windows, Release 10.0” (Statsoft Inc 2011)
and packages 'MuMIn' (Barton 2020) and 'emmeans' (Lenth et al.
2020) in R Studio v. 3.4.3. (R Core Team 2013).

Results

Species’ numbers and phenology
We monitored the wintering roost assemblages of the long-
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Figure 2. Mean numbers of the roosting long-eared owls by years.
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Figure 3. Mean numbers of the roosting long-eared owls by months.

eared owl in Plovdiv for 10 consecutive seasons (n = 147
monitoring visits). The roost site in the Western district was
monitored in n = 115 visits, whereas the Trakia district was
monitored in n = 32 visits. The earliest date when birds were
recorded wintering was October 3, 2018, and the latest was
March 19, 2014. The species’ wintering population remained
constant over time (G = 2.28, p = 0.13), and no significant
differences in the numbers were found between the years.
The highest number of wintering birds was registered in
December 2016 (n= 361), and the minimum in March 2014 (n
= 1). The highest mean number of owls was registered in
2009 (120, 1SD: 45.18), whereas the least mean number was
recorded in 2018 (5.11, 1SD: 6.6) (Fig. 2). The monthly
distribution of the number of individuals throughout the
study was quite prominent. The long-eared owls were most
numerous in December (179, 1SD: 69.15 individuals) and
least in March (26, 1SD: 19.91 individuals). The high mean
number of birds was also observed during January (137,
1SD: 45.5) (Fig. 3). Their mean number differed significantly
among the months (G = 16.9, p < 0.05). The roost in the
Western district was significantly more preferred in
comparison to the one in Trakia district, and the greater
number of birds was roosting there (t = 5.21, p <0.05).

Preferences towards the roosting substrate

During our study, the long-eared owls used 11 tree species
in Trakia and 19 tree species in Western district or 22
different tree species in total. The most frequently used tree
species for roosting was the silver birch (Betula pendula),
used by 14.7 % of the owls during the study. The second
most used tree species for roosting was the linden tree (Tilia
sp.), used by 14.2 % of the birds. The least preferred tree
species (used by less than 5% of the owls) were the oriental
plane (Platanus orientalis), willows (Salix sp.), the black locust
(Robinia pseudoacacia), mulberry (Morus alba/nigra), poplars
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Figure 4. Distribution of the long-eared owls with respect to the
height category.

(Populus sp.) and others. In Trakia district birds
predominantly used European silver fir (Abies alba)(19.8%)
and the black locust (16.8%), while in the Western district
birds used mainly the silver birch (16.8%) and linden trees
(15.7%). The long-eared owl had different preferences
towards the roosting tree species in the two sample sites (t =
-3.82, p <0.05).

In our study the long-eared
predominantly roosting at height category “B* (253, 1SD:
363.2), followed by those roosting at height category “A” (56,
1SD: 76.7) (Fig. 4). The number of the roosting birds differed
significantly in terms of the height selection in general (H =
27.3, p £ 0.05) and also between the two roosting sites (x2 =
372.63, p < 0.05). The selection of the perching trees was not
correlated with the number of the owls, neither with the
height at which they used to roost. The majority of the birds
avoided the highest positions in the trees. Only 45 (1SD:
85.35) roosted at height “C” and 8 (1SD: 21.36) of the

individuals at height “D” respectively.

area owls were

Abiotic factors influencing the dynamics

of the long-eared owl

The duration of the day (Z = -36.003, p < 0.05), the snow
cover (Z =-8.29, p £0.05) and the daily mean temperature (Z
= -229, p < 0.05) resulted in increased numbers of the
wintering owls and had the highest impact in the model. The
rest of the meteorological variables did not lead to an
increase in the number of the roosting owls. The level of
significance was similar among the variables explaining the
increase in the number of the long-eared owls (t = 1.48, p =
0.14).

Discussion

Wintering assemblages are typical for the long-eared owl
and are widespread phenomena across Europe and the
Balkans (Simeonov 1988, Pirovano et al. 2000, Ruzi¢ et al.
2010, Sciban et al. 2012, Kucherenko & Kalinovsky 2018).
Our study is the first documented case from Bulgaria and
one of the most detailed wintering roosts’ studies so far
(Sharikov et al. 2013). The roosting assemblages we moni-
tored are formed in October and dissolved in the first half of
March. The highest number of roosting long-eared owls in
our study area was registered in 2006 when 365 birds were
counted (author’s unpublished data). To our knowledge, the
highest registered number of wintering owls in a single
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roost site was 402, in Kikinda, Serbia (Nagulov 2009) which
is known to harbour up to 1,500 individuals in many
different roosting sites. The high number of the birds in a
single roost is most probably related to the conditions that
the roost offers to the birds. Usually, the roost provides shel-
ter against severe weather conditions and human disturb-
ance (Bosakowski 1986, Keyes 2011). In our study, the rela-
tively stable owl population during the study could be ex-
plained by the suitable perching habitat of the roosting sites
within the city landscapes, and the stable long-eared owl
population where these birds might originate in. The roosts
remained untouched for the study period. This could be
indirectly linked to the absence of serious threats to the birds
that would force the owls to shift or abandon the roosting
sites during the study period. Most of the perching trees in
our study were situated within kindergartens - places with
the daily regime, aside from living flat blocks, where
disturbance is reduced to a minimum. This would be the
main reason to select such perches in contrast to other
places. In such cases, the distance to the nearest buildings
can be a determining condition for the presence of roosting
owls (Bosakowski 1984). Nevertheless, some owls were
perching in trees between tall flat blocks trading off
disturbance for shelter against severe weather. On the other
hand, the kindergarten buildings do not exceed 2-3 floors
and are often at a lower height in comparison to the
perching trees which reduces disturbance. Even though the
number of birds in the two roosting sites remained constant
over time, a slight decrease in the total number of
individuals was observed. The highest average number of
birds was recorded in 2009 and the least in 2018, which
indicated a slight decline over time. This could be either
explained by a possible decrease in the population of the
species or by food and habitat alteration. The monthly
distribution of the number of individuals throughout the
study was quite prominent. Maximums were always
registered in December and minimums in March. December
is the middle of the wintering season for the species and also
the month with shortest days during the year which affects
the number of the wintering birds significantly (see Results).
On the other hand, the roosting sites are formed gradually in
the season and, logically, the peak of the birds is expected a
few months after the first individuals arrive. The arrival of
the birds is most probably related to many factors. Our
results confirmed that the arrival in the roosting site is
prolonged in time with a gradually increasing number of
birds, while the dissolving happens immediately with the
onset of the breeding season in March - April (Simeonov
1988).

The long-eared owls in our study were predominantly
roosting at a medium height, category B. Similar tendencies
in distribution were reported in Northern Serbia (Ruzi¢ et al.
2009, 2010) and Slovakia (Noga 2011). The most probable
reason for the observed distribution of the birds was the
height of the buildings surrounding the perching sites and
also the distance towards the main passages, pathways and
roads in the neighbouring space that could be inducing any
disturbance to the birds (Bosakowski 1984, Bosakowski
1986). However, the surrounding higher buildings may be
used as a defence against severe weather conditions. On the
other hand, the height used by the birds could allow the
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species to respond adequately to any threats or to enhance a
good position for foraging and minimization of the energy
costs (Wijnandts 1984). This could explain why birds
avoided the higher positions in the trees. However, the roost
height selection could be determined by the structure of the
canopy in the parks, gardens and other green areas in the
towns (Makarova & Sharikov 2015). Nevertheless, the alloca-
tion of owls at these trees was not casual. The height the
birds chose may be determined also by the thickness of the
branches in the different zones of the trunk. Therefore, owls
choose medium heights where the branches are thick
enough. The insufficient thickness of upper branches and
branch tips makes these zones unsafe for diurnal roosting of
owls (Makarova & Sharikov 2015). According to some au-
thors, the height of the trees is not decisive for the selection
of the roost (Makarova & Sharikov 2015). Our results con-
firmed that finding.

In contrast to other wintering assemblages in Europe
(Bosakowski 1984, Noga 2011, Radigi¢ 2011, Kucherenko &
Kalinovsky 2018), the long-eared owls in the current study
roosted predominantly on deciduous trees. They used 22
tree species in total, and only a few of them coniferous. In
most of the wintering range of the species, except for the
conifer species, the owls could also be found on deciduous
trees, but mostly before the leaf-fall (Noga 2011). It is well
known that during the fall birds can also perch at deciduous
trees when leaves accumulate in the tree crown and thus
create shelters for the birds (Wijnandts 1984), confirmed by
our study as well. The trees used by the majority of the birds
were often with a dense canopy and delayed leaf-fall.
However, deciduous trees in winter do not conceal owls
from disturbance and weather. Nevertheless, in our study
area, roosting close to the trunk and in the middle level of
the crown probably enhanced protection of owls from envi-
ronmental factors, such as wind and predation (Makarova &
Sharikov 2015). As in our study, it is also possible that the
deciduous trees are used as alternative roosts instead of
coniferous trees when they are absent. The long-eared owls
may use variety of trees to roost upon but prefer to congre-
gate on particular ones. We have registered up to 74 birds on
a single tree (silver fir). In all the cases when the wintering
birds were more numerous, we could more often find a
greater number of birds on a single tree. Hence, most proba-
bly the congregation of more birds on a particular tree is a
function of the overall number, but could also play a social
function and a strategy against different threats and disturb-
ance.

Abiotic factors can have a major effect on the long-eared
owls' dynamics (Sharikov et al. 2013, Sharikov & Makarova
2014, Kucherenko & Kalinovsky 2018). Similarly to
Kucherenko & Kalinovsky (2018), we did not find any
correlation between the number of birds and the wind.
However, the wind can compromise the ability of owls to
hear rodents and may affect the dynamics at the roost sites
(Sharikov et al. 2013). The long-eared owls are increasing in
numbers following the decrease in the daily mean
temperature and the long-term cold spells over the site. This
variable affected the owls' dynamics in our study. This is in
contrast with other similar studies (Sharikov et al. 2013, Pi-
rovano et al. 2000). The amplitude of the daily temperatures
and the sudden freezing colds may affect the number of the
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perching owls in the different months and years of the study
and the selection of roosting habitat (Kizinger 1997). Once
the temperatures decrease, the number of long-eared owls
increases respectively (Wijnandts 1984). This fact may
explain the large assemblages in December and January in
our study because the urban environment has a different
microclimate that smooths the adverse weather conditions
and eases foraging (Blyth 2012). The dynamics in numbers of
the wintering long-eared owls in our study was influenced
by the snow cover similarly to other studies (Sharikov et al.
2013). During the cold months when the snowfall is
intensive, the owls tend to forage in the forested areas and
parks, because the snow cover there is less in comparison to
the open landscapes, and eases foraging in settlements and
their outskirts in general (Romanowski & Zmihorski 2008,
Dziemian-Zwolak et al. 2012). On contrary, the snow depth
in harsh winters will alter the availability of the prey species
outside city boundaries and will favour foraging inside
settlements (Sharikov et al. 2013). The strong negative corre-
lation between the owls” numbers and the duration of the
day was also essential in our study. The shorter the days, the
higher the number of the long-eared owls. Therefore, the
winter assemblages of long-eared owls appear to be strongly
linked to the photoperiod. This may also be related to the
food, hunting strategies and energy savings, even a shift in
the foraging territories (Romanowski & Zmihorski 2008).
Hence, changes in photoperiod can be considered as a major
factor that influences the winter assemblages of the long-
eared owls (Pirovano et al. 2000).

The wintering assemblage of the long-eared owls in
Plovdiv is among the largest registered and reported from
Europe. Studying and understanding the species dynamics
and dependencies over time and space are important to con-
serve the species and its habitat. Hence, we recommend the
promotion of protected regimes over the roosts of the spe-
cies. Considering the ecological niche of the long-eared owl,
its conservation status in Bulgaria and charisma, the species
can be easily promoted among people, students and pupils
to improve its conservation in the urban environment.
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