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Competitive intraguild interactions can modify the spatial and temporal territory use
of predators, e.g., this phenomenon was reported among species of owls (Strigidae).
This study made use of owl guild present in fragmented forests in southern Poland to
investigate how the occurrence of the dominant Ural owl affects the territory distri-
bution of subordinate (in descending order): tawny owl, boreal owl and pygmy owl.
Surveys carried out in 2014-2015 showed that the tawny owl decreases in density and
the distances between its territories increase in sympatry with Ural owl. The tawny
owl increases in abundance during the non-breeding season, in particular in sympatry
with the Ural owl, where young tawny owls try to settle within territories of the Ural
owl. The distribution of the boreal owl territories was found to be random with respect
to the tawny owl, but territories were clustered in space with the Ural owl territories,
which suggests that the boreal owl distribution tends to follow the availability of suit-
able nesting places rather than the avoidance of the tawny owl. The distribution of
the pygmy owl territories was random with respect to the Ural owl, but clumped with
respect to the tawny owl, as both species occupied fir-spruce stands avoided by the
Ural owl. In summary, this study broadens the basic knowledge about spatio-temporal
relations within the owl guild by showing that the occurrence of the dominant Ural owl
is a substantial factor in shaping the distribution of owls in fragmented forests.

Introduction

Species that utilize similar resources in the envi-
ronment are prone to interspecific competition,
which is a phenomenon particularly noticeable
in the guild of predators. Predators can com-
pete for food and/or space in two main aspects:
temporal (spans of activity) and spatial (habi-
tat availability) (Cody 1974, Schoener 1974).

In evolutionary-related and ecologically similar
species, home ranges are usually spatially sepa-
rated because of strong competitive interactions
(Schoener 1982) and intraguild predation [kill-
ing and eating of potential competitors; Polis and
Holt (1992)]. These phenomena should be par-
ticularly visible in heterogeneous habitats (e.g.,
fragmented forests), where the optimal localities
are generally occupied by the dominant predator



166

Kajtoch et al. ANN.ZOOL. FENNICI Vol.00

(Fretwell 1972). Although there are many studies
dealing with the spatial segregation of preda-
tors during the reproductive season (Lundberg
1980, Korpiméki 1986, Tschechkin 1997, Vrezec
2003), the data on competitors’ coexistence apart
from this crucial period of the year are lacking.

Competition and spatial segregation in par-
ticular among predators have been confirmed
in many studies on diurnal raptors (e.g., gos-
hawks Accipiter gentilis and common buzzards
Buteo buteo, Kostrzewa 1991; eagles Aquila
spp., Katzner et al. 2003), raptors and owls (e.g.,
eagle-owls Bubo bubo and peregrine falcons
Falco peregrinus, Brambilla et al. 2010) and
owls (e.g., eagle owls Bubo bubo and tawny
owls; Strix aluco, Sergio et al. 2007; boreal owls
Aegolius funereus and pygmy owls Glaucidium
passerinum, Suhonen et al. 2007; tawny and Ural
owls Strix uralensis, Lundberg 1980, Korpimiki
1986, Tschechkin 1997, Vrezec 2003).

Contrary to negative (aggressive) interactions,
there are only a few studies showing neutral
or positive interactions. Most ‘protected’ associ-
ates are found in Anseriformes, Charadriiformes
and Passeriformes, which benefit from common
breeding, while ‘protective’ associates come from
Falconiformes, Accipitriformes and Strigiformes,
whose presence shelter nests of some other birds
(mainly gooses and passerines) (see review in
Quinn & Ueta 2008). Within owl guilds ‘protec-
tive’ associates are a rare phenomenon and were
reported, e.g., by Vrezec (2003) for boreal owls
breeding within Ural owl territories to avoid the
tawny owl proximity. Consequently, mutualistic
or commensalic interactions could be underes-
timated in spatial ecology studies (Odum 1971,
Begon et al. 1996, Forsman et al. 2002).

The owl guild provides an excellent model
system for studying interspecific competition
(Zuberogoitia et al. 2005). In the mountainous
forests of east-central Europe, the owl guild con-
sists of up to six species. However, one of them,
the eagle owl, is restricted mainly to higher
elevations and another, the long-eared owl Asio
otus, is a species of forest edges and midfield
woods. Consequently, the four owl species form-
ing the forest guild in submontane areas (e.g.,
foothills) are: the tawny owl, the Ural owl, the
boreal owl and the pygmy owl (Mikkola 1987,
Hagemeijer & Blair 1997). Recent studies on

the co-distribution and habitat displacement of
owls have shown that all of these four species
in certain conditions could segregate in respect
to space and breeding habitats. Data from Scan-
dinavia and Belarus indicate keen interspecific
competition between the Strix owls (Lundberg
1980, Korpimiki 1986, Tschechkin 1997). In the
continuous montane forests of the Dinaric Alps,
the tawny, Ural and boreal owls occupy different
altitudes: the tawny owl is restricted to lower
localities, the boreal owl to the highest ones,
and the Ural owl is the most widespread (Vrezec
2003, Vrezec & Tome 2004a, 2004b). Moreover,
Vrezec and Tome (2004a, 2004b) provided evi-
dence for boreal owl’s affinity to Ural owl locali-
ties and explained that it is a result of boreal owl
avoidance of tawny owl territories, as this spe-
cies is known to hunt smaller owls. It is known
that the pygmy owl and the boreal owl com-
pete for food (Suhonen e al. 2007) and boreal
owls could kill pygmy owls (Mikkola 1976),
but apart from reports of pygmy owls killed by
Ural owls and tawny owls (Mikkola 1976) there
have been no studies dealing with the interaction
between the pygmy owl and the Strix species.
It is known that aggressive interactions have
been reported between the Ural (dominant) and
tawny (subordinate) owls (Mikkola 1976, Vrh
& Vrezec 2006). Recently, Kajtoch et al. (2015)
described the distribution of the tawny owl with
respect to the presence of the Ural owl in the
fragmented forests of the Carpathian Foothills.
They showed that, during the breeding season,
the tawny owl in sympatry with the Ural owl is
forced to occupy peripheral and smaller woods
of younger age and dense tree canopies far from
the wood patches that are optimal for the Ural
owl (mainly old beech or pine woods). Similar
breeding territory displacement has also been
recently reported for the submontane area in
Romania (Bolboaca et al. 2013).

We took advantage of recent studies on owl
populations in submontane hilly areas in the Car-
pathians and their surroundings (Kajtoch 2006,
Turzanski 2009a, Bylicka 2011, Bylicka et al.
2010, Pitucha & Wojton 2012, Matysek et al.
2015). Using these studies as a foundation, we
executed a special survey to check if the distri-
bution of tawny owl territories differs between
the breeding (spring) and non-breeding (autumn)
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Fig. 1. Simplified landscape of the forest complexes where owls were surveyed, and examples of distribution owl
territories in selected forests. Sizes of circles correspond to average areas occupied by owl species according to
Sonerud et al. (1986), Strom and Sonerud (2001), Bylicka et al. (2010), and Cios and Grzywaczewski (2013).

periods. We hypothesized that, in allopatric pop-
ulations, the density of the tawny owl should
be constant over the year, whereas in sympatry
with the Ural owl, the subordinate species should
decrease in abundance and increase the dis-
tances between its own territories from autumn
to spring. The second aim was to verify the
hypothesis created by Vrezec and Tome (2004a,
2004b) that the boreal owl prefers to breed in the
vicinity of the Ural owl as a result of tawny owl
avoidance (the boreal owl is ‘protective’ associ-
ated with the Ural owl). Thirdly, we hypoth-
esized that the pygmy owl avoids the Ural owl
due to the overlapping periods of their hunting
activities.

Material and methods

The study was conducted in a submontane hilly
landscape in southern Poland (in the vicinity of
the city of Krakow). The details about the com-

position of the landscape and habitat availability
can be found in Bylicka et al. (2010), Kajtoch
et al. (2015) and Matysek et. al. (2015). The
study design was prepared in two steps follow-
ing the particular aims of this research. For the
purpose of studying the differences in tawny owl
occurrence with respect to the season and Ural
owl presence, all available 22 forest complexes
with an area of more than 3.5 km? were selected
(3.5-11.2 km?; see Fig. 1). Those were the forests
which could shelter at least several territories of
owls, including the Ural owl, which is known to
occupy only forests with an area greater than 1
km?, and have the highest probability of occurring
in forests with an area of 4 km? (Bylicka et al.
2010). In all of those forests, bird inventory was
carried out using broadcasting owls hooting and
listening to the birds from survey points located
roughly uniformly across the forests (in nodes
located approx. 1 km apart forming a network
which covered the whole area of the examined
forests). Surveys were performed during the peak
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period of the owl post/pre-breeding and breed-
ing activities (in September—October 2014 and
from mid-February to April 2015, and partially
repeated in the autumn of 2015), according to
the methodology of owl detection (e.g. Redpath
1995). In spring, owl voices were broadcasted
in the following sequence: pygmy owl — boreal
owl — tawny owl — Ural owl, divided by two
to three minutes of listening. The pygmy owl
was also searched for during additional surveys
executed during dusk and dawn. In autumn, only
tawny owl voices were broadcasted. All records
of owls were marked with the GPS. Special
emphasis was put on recording simultaneously-
hooting birds (Galeotti & Pavan 1993, Galeotti
1998). In late spring, special emphasis was also
put on the localization of calling juveniles (which
confirms breeding status and allows for the deter-
mination of the centre of territory). In autumn,
only the centres of areas where particular indi-
viduals responded more actively and repeatedly
could be determined.

For the description of spatial relations among
the owl species in the examined area, two basic
metrics were calculated. First, crude densities of
the owl species were calculated for each of the
surveyed forests, and then the density values for
the tawny owl obtained for “allopatric” (only the
tawny owl present) and “sympatric” (the tawny
and Ural owls) territories were compared using
the Wilcoxon #-test (when the same complexes
were compared between spring and autumn) or
the Mann-Whitney U-test (when forests with
allo- and sympatric Strix owls were compared).
Second, distances to the nearest neighbouring
territory (to the certain or estimated centre of
breeding territory in breeding season and to the
location where the most active and repeated bird
voices were recorded in non-breeding season)
were measured. These distances were calculated
conspecifically for the tawny owl separately for
spring and autumn for two groups: “allopatric”
and “sympatric”. The distances were calculated
heterospecifically between: tawny owl and Ural
owl, tawny owl and boreal owl, Ural owl and
boreal owl, tawny owl and pygmy owl as well
as Ural owl and pygmy owl during the breed-
ing period. Distances between the boreal owl
and the pygmy owl were not considered due to
the very low number of forests containing both

species. Next, distances among owl territories
in different ways of clustering were compared
using the Mann-Whitney U-test. Moreover, dis-
tribution patterns were calculated according to
the nearest neighbour distance method with the
use of the standard normal deviate (Krebs 1989).
The expected distance (D)), standard error (SE),
Average Nearest Neighbour ratio (ANN), Z-score
and p values were calculated according to Mitch-
ell (2005). An ANN ratio equal to 1 indicates
random distribution, ANN > 1 indicates uniform
(dispersed) distribution and ANN < 1 indicates
clumped (clustered) distribution. As uniform dis-
tribution maximises nearest neighbour distances,
this implies negative interactions between species
separated in space (Odum 1971). In contrast,
a clumped distribution indicates some possible
positive interactions and a random distribution
indicates no interactions. Finally, Generalized
Linear Models were built to evaluate the impact
of two factors which could affect tawny owl
densities and distances: (i) season (breeding vs.
non-breeding) and (ii) Ural owl density. The sig-
nificance of these models was evaluated using the
Wald statistics in Statistica 11 (StatSoft Inc.).

Results
Density data

Fifteen Ural owl territories were detected in
10 out of 22 forests, and those territories were
constant during the duration of the study. During
the breeding season (spring), tawny owls were
recorded in all of the examined forests with
43 territories being sympatric and 47 territories
being allopatric with respect to Ural owl pres-
ence in the forest. Also, in non-breeding season
(autumn), tawny owls were found in all forests
with Ural owls (52 territories) and all forests
without Ural owls (51 territories). The distribu-
tion of autumn territories of the tawny owl in
2014 was nearly the same in some forests as
that in 2015. The densities of the tawny owl in
sympatry with the Ural owl was significantly
lower in spring than in autumn (Wilcoxon #-test:
t = 1.00, p = 0.028), but such differences were
not significant in allopatry (¢ = 18.00, p = 0.594)
(Table 1 and Fig. 2). There were also no differ-
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ences when comparing autumn densities of the
tawny owl in allopatry and sympatry (Mann-
Whitney U-test: U = 57.0, p = 0.869) but in
spring these differences were nearly signifcant
(U=31.00,p =0.060) (Table 1 and Fig. 2).

Six territories of the boreal owl were found in
five forests and also six territories of the pygmy
owl were recorded in six forests, and all those
territories were in the forests also occupied by
the Ural owl.

Distance data

Average distances among tawny owl territories
in sympatry with the Ural owl were 1.2 times
greater during spring than in autumn (Mann-
Whitney U-test: U = 729.5, p = 0.023) and 1.1
times greater in allopatry (U = 996 .0, p = 0.059)
(Table 1 and Fig. 2). Breeding distances of the
tawny owl were 1.5 times greater in sympatry
than in allopatry (U = 467.5, p < 0.001), and
non-breeding distances were 1.4 times greater in
sympatry than in allopatry (U =523.0,p <0.001)
(Table 1 and Fig. 2). Distances among the tawny
owl and the nearest Ural owl] territories were on
average nearly the same in spring and autumn

(U =1256.5,p=0.614) (Table 1 and Fig. 2).

Boreal owl territories were on average 4.6
times closer to Ural owl territories than to tawny
owl territories (U = 2.00, p =0.013) (Table 1 and
Fig. 2). In contrast, pygmy owl territories were
2.3 times further from Ural owl than from tawny
owl territories (U = 5.00, p = 0.044) (Table 1 and
Fig. 2).

The ANN ratios indicate that tawny owl
territories were distributed uniformly, regard-
less of the season and presence of the Ural owl
(Table 2). Also, the distances of tawny owl ter-
ritories from the nearest Ural owl territories con-
firmed their uniform distribution, whereas Ural
owl territories were distributed randomly with
respect to tawny owl territories. The boreal owl
showed clumped distribution with respect to the
Ural owl, but random distribution with respect to
the tawny owl (the pygmy owl showed a pattern
opposite to that of the boreal owl) (Table 2).

GLMs revealed that neither “season” nor
“Ural owl density” significantly affected the
tawny owl density (respectively: Wald = 1.2, p
=0.273 and Wald = 0, p = 0.838), whereas both
these factors significantly contributed to the diver-
sity of tawny owl distances (respectively: Wald =
14.3,p <0.001 and Wald = 4.1, p = 0.044).

Table 1. Basic statistics of owls densities and distances among territories in examined forests. TO = tawny owl, UO

= Ural owl, BO = boreal owl, PO = pygmy owl.

Mean Min Max SD
Density (territory per 1 km?)
Spring TO (sympatric with UO) 0.60 0.43 1.0 0.181
Autumn TO (sympatric with UO) 0.75 0.43 1.5 0.328
Spring TO (allopatric) 0.71 0.45 1.04 0.169
Autumn TO (allopatric) 0.76 0.25 1.43 0.320
uo 0.10 0 0.33 0.118
BO 0.03 0 0.22 0.064
PO 0.03 0 0.20 0.058
Distances (m)

Spring TO-TO (sympatric with UO) 1512.7 700 3000 511.0
Autumn TO-TO (sympatric with UO) 1300.0 700 2500 427.4
Spring TO-TO (allopatric) 1011.8 100 1800 383.0
Autumn TO-TO (allopatric) 936.0 300 2500 411.0
Spring TO-UO 1395.7 100 3300 712.2
Autumn TO-UO 1337.5 400 3100 668.3
BO-UO 258.3 100 600 180.0
BO-TO 816.7 400 1200 331.2
PO-UO 1516.7 700 2200 725.0
PO-TO 666.7 300 1100 338.6
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The survey presented here broadens the knowl-
edge of tawny owl and Ural owl competitive
relations with respect to the seasons, an aspect
which has not been investigated so far. Using
the example of the owl guild from the frag-
mented forests of southern Poland, it can be
confirmed that tawny owls avoid areas occupied
by a stronger and more aggressive congener
(Ural owl) and this avoidance behaviour leads to
a decrease in the tawny owl densities in forests

forests without the latter. However, this effect
was rather weak, probably due to the relatively
low densities of the Ural owl in fragmented
forests (Kajtoch 2006, Matysek et al. 2015).
Consequently, distances among tawny owl ter-
ritories are significantly greater in sympatry with
the Ural owl than in allopatry. It is interesting
that the average distances among tawny owl
territories in sympatry are similar to the het-
erospecific distances between the tawny owl
and the neighbouring Ural owl. This observation
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could be explained as a uniform distribution
of the tawny owl with respect to the Ural owl,
which should decrease the risk of direct aggres-
sive interactions. This fits with the findings of a
previous study on the same population (Kajtoch
et al. 2015), which showed that the tawny owl
is forced by a stronger congener to avoid most
suitable forests within breeding territories of a
stronger competitor. Within Ural owl] territories,
there are usually no tawny owl individuals and
the same situation has been reported concern-
ing other sympatric populations in Scandinavia,
the Moldavian Plateau and the Dinaric Alps
(Lundberg 1980, Korpimiki 1986, Vrezec 2003,
2004a, 2004b, Bolboaca et al. 2013). However,
the question of whether the tawny owl totally
avoids Ural owl territories or tries to settle but
is consistently chased or killed by the Ural owl,
or whether some tawny owl individuals are pre-
sent in Ural owl territories but avoid hooting to
decrease risk has not been resolved. This issue
needs further research with the use of bird track-
ing techniques.

The observations made in this study show
that the tawny owl generally increases abun-
dance during the non-breeding season. This is
a simple consequence of the presence of young
(first-year) birds which look for their breeding
sites in forests. It is interesting that relatively
more non-breeding birds appear in forests also
occupied by Ural owls (increase of approx. 24%)

than in Ural-owl-free forests (increase of approx.
9%). It is probable that in allopatric subpopu-
lations of the tawny owl there are simply no
available areas where young birds can attempt to
establish their territories as all or most suitable
forest patches are already occupied by conspe-
cific settled pairs. The situation is different in
sympatric forests as some areas are tawny-owl-
free due to the presence of Ural owl territories.
The Ural owl is territorial annually; however, it
is probably less aggressive outside the breeding
season (first author’s, unpubl. data). This prob-
ably gives some tawny owls the opportunity to
settle in ‘seemingly free’ forest patches, but such
territories are apparently temporal and vanish
before the following spring when Ural owls
aggressively defend the borders of the breeding
territories. This phenomenon also needs con-
firmation and verification for other populations
from other areas and other environmental condi-
tions.

Another issue raised in this paper was the
verification of whether the findings of Vrezec
and Tome (2004a) from the Dinaric Alps on
boreal owl’s ‘protective’ association with the
Ural owl due to the avoidance of the tawny owl
apply to owl populations in the Carpathian Foot-
hills. The gathered data indeed confirmed that
boreal owl territories clustered in space with Ural
owl territories. However, due to a low number of
examples, these results should be interpreted

Table 2. Mean con- and heterospecific nearest-neighbour distances (in km) between tawny owl! (TO), Ural owl
(UO), boreal owl (BO) and pygmy owl (PO). D, and D, = observed and expected distances, respectively; ANN =
average nearest-neighbour ratio; Z = standard normal deviate. Distribution: random when ANN = 1, uniform (dis-
persed) when ANN > 1, and clumped (clustered) when ANN < 1.

Comparison D, D, SE ANN z P Distribution

Conspecific
TO spring sympatric 1.49 0.65 0.05 2.30 16.69 < 0.0001 uniform
TO spring allopatric 1.01 0.58 0.04 1.75 10.21 < 0.0001 uniform
TO autumn sympatric 1.32 0.64 0.05 2.08 1414 < 0.0001 uniform
TO autumn allopatric 0.94 0.58 0.04 1.60 8.12 < 0.0001 uniform

Heterospecific
UO-TO spring 0.90 1.16 0.16 0.77 -1.63 0.1035 random
TO-UO spring 1.40 0.74 0.07 1.88 9.98 < 0.0001 uniform
TO-UO autumn 1.34 0.70 0.06 1.92 11.08 < 0.0001 uniform
BO-UO 0.19 1.39 0.32 0.13 -3.70 0.0002 clumped
BO-TO 0.88 1.39 0.32 0.63 —-1.58 0.1140 random
PO-UO 1.52 1.51 0.32 1.00 0.02 0.9862 random
PO-TO 0.67 1.51 0.32 0.44 —2.62 0.0088 clumped
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with caution. On the other hand, although the
distance between the boreal owl and the nearest
tawny owl was greater than to the nearest Ural
owl, the distribution of boreal owl territories
was random with respect to the tawny owl. This
suggests that the tawny owl presence is not a
crucial factor which could prevent the boreal owl
from breeding. However, in such conditions the
close proximity to the Ural owl provides protec-
tion for the boreal owl, so the distance to the
tawny owl might be of secondary importance.
Explanations for this pattern should be sought in
suitable habitats available in the examined area.
Unfortunately, we did not have accurate enough
data on the habitat preferences of boreal owls
to make detailed analyses, but it is known that
this owl chooses older beech—fir or pine-wood
patches with tree hollows for breeding (Vrezec
2003). The same woods are also preferred by
the Ural owl (Bylicka et al. 2010, Kajtoch et al.
2015). Consequently, the boreal owl could prefer
to breed in the vicinity of the Ural owl due to the
availability of suitable nesting places, but not
necessarily as a result of tawny owl avoidance
behaviour. Moreover, the Ural owl, just like the
tawny owl, is known to decrease the reproduc-
tive success of the boreal owl due to increased
predation risk (Hakkarainen & Korpiméki 1996).
Apparently, in the fragmented woods of the
Carpathian Foothills, relations among the tawny
owl, Ural owl and boreal owl do not correspond
directly to the patterns reported for this owl guild
from the Dinaric Alps investigated by Vrezec
and Tome (2004a).

Finally, the hypothesis that the pygmy owl
avoids the Ural owl seems to be supported by
our results. Again, however, the low number of
samples makes final confirmation difficult. The
distances between pygmy owl and Ural owl ter-
ritories were significantly greater than between
pygmy owl and the nearest tawny owl territo-
ries. Simultaneously, the distribution of pygmy
owl territories was estimated to be random with
respect to the Ural owl, but clumped with respect
to the tawny owl. This suggests that some other
factors could contribute to this pattern of owl
distribution. Possibly, predation of the Ural owl
on the pygmy owl is only occasional and has
a lower importance for pygmy owl’s territory
choice. The clumped distribution of the pygmy

owl with respect to the tawny owl could be
related to the effect of the Ural owl forcing
the tawny owl to breed in non-optimal woods
(e.g., Wigcek et al. 2010). Kajtoch et al. (2015)
recently showed that the tawny owl in sympa-
try with the Ural owl also breeds in fir—spruce
woods, which are avoided in allopatry, and these
coniferous woods are optimal habitats for the
pygmy owl (Strgm & Sonerud 2001).

Examined relations among the studied owl
species do not rule out possible effects of other
factors such as distribution and abundance of
prey and other predators. It was shown that car-
nivore communities are structured and co-exist-
ing species switch their habitat preferences and/
or temporal activity (e.g., Torreta et al. 2015,
Gompper et al. 2016). Unfortunately, neither
this study nor other data allow for estimation if
prey availability limits in some way the distribu-
tion of the studied owl species. The data from
the Atlas of Mammalian Distribution in Poland
(http://www.iop krakow.pl/ssaki/) suggest that
there are no differences in the presence of most
important rodent prey (such as voles Micro-
tus spp. and Myodes glareolus, mice Apodemus
spp. and shrews Sorex spp.) across the whole
study area, but these data are too general to
make any detailed conclusions. The same con-
cerns carnivores (e.g., martens Martes martes
and M. foina). In contrast, there are available
data on the occurrence of diurnal raptors across
the study area (Turzanski 2009b, Kajtoch 2009).
The most abundant diurnal raptor was found to
be the common buzzard Buteo buteo, but this
species does not tend to interact with the studies
examined (except that it is the occasional prey of
the Ural owl; Mikkola 1976). Among other rap-
tors, the northern goshawk Accipiter gentilis was
reported to hunt on all studied owl species, but
its nestlings could also be prey of the Ural owl
(Mikkola 1976). The author’s observations sug-
gest that most Ural owl territories overlap with
territories of goshawks. This is related to two
factors: (i) Ural owls often utilize nests aban-
doned by goshawks, and (ii) both species prefer
similar types of older woods with sparse canopy
due to their hunting behaviour. This spatial rela-
tion could raise the question of whether distri-
bution of subordinate owl species is restricted
only by the Ural owl presence or also by the co-
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occurrence of goshawks. This hypothesis should
be investigated in future research.

In summary, this study broadens the basic
knowledge about spatio-temporal relations
within the owl guild by showing that the occur-
rence of the dominant Ural owl is a significant
factor in shaping the distribution of owls in
fragmented forests. The presented data show
that intraguild competition among predators is
complex, hierarchical and connected with many
factors, among which co-occurrence of domi-
nant species could be the most important but
not exclusive. Moreover, this research discusses
seasonal changes in predators’ (owls’) distribu-
tion in relation to presence of dominant species
(here Ural owl). This last aspect is innovatory,
as majority of the studies on competition among
predators were carried out during the breeding
period only. The information gathered in here
could also be important for the conservation of
owl species. As the the Ural owl, the boreal owl
and the pygmy owl are all protected under the
Birds Directive, plans for the protection of their
populations and the management of their habi-
tats should be based on detailed knowledge of
species ecology and behaviour.
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