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Abstract. The assessments of breeding losses and adverse impacts are crucial in monitoring endangered populations of species such
as the eagle owl, Bubo bubo, in Bulgaria. The study population from 45 breeding territories lost 21.7% of laid eggs (n = 761) and
25.2% of nestlings (n = 596) in 327 clutches over 20 years. Out of 11 specified causes, people working or otherwise engaged in
activities near nests were the primary reason for destroyed or disturbed nests (35.8%, n = 165 lost eggs, 37.3%, n = 150 lost nestlings).
Cannibalism (24.0%), nestlings dying of unknown reasons in the nest (10.0%) and predation (9.9% of lost eggs, 15.3% of lost
nestlings) were the most important for the natural decrease of productivity. Breeding in human-made rocky complexes was more
successful than in natural sites: treasure hunters destroyed nests only in natural rock formations and predators depredated nests
more frequently at these sites. Successful breeding corresponded significantly positively with more difficult access to cliffs and nest
places in both categories of rocky complexes. Greater vegetation cover at wider, shady nest sites with easier accessibility showed
greater depredation from carnivorous mammals. Nests poorly concealed by vegetation were more vulnerable to the activities of
treasure hunters and tourists. We propose biodiversity-friendly management practices of eagle owl breeding territories in relation to

analyzed causes of breeding failures.
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Introduction

After the widespread decline in Europe, the eagle owl, Bubo
bubo, the largest European nocturnal predatory bird, has
been showing increasing short-term population trends and is
currently listed as “least concern” (BirdLife International
2015). The Bulgarian population has been protected by law
for the last 50 years and the species was listed “endangered”
with 120-150 pairs in the late 1980s (Simeonov et al. 1990).
The population has been considered stable during the last
three decades with 450-550 pairs (BirdLife International
2015). Despite the latest data about a more numerous and
stable population, the eagle owl has been again categorized
as “endangered” in the most recent version of the national
Red Data Book (Golemanski 2015). Threats and the reasons
for the highly threatened status of the species in Bulgaria
have not been summarized and analyzed. Several causes of
breeding failures are known for the Bulgarian population: 1)
human destruction of clutches or broods (Baumgart 1975,
Simeonov & Milchev 1994, Miltschev 2003, Milchev 2009a),
2) lack of food leading to starvation (Baumgart 1971, Milchev
& Gruychev 2015), 3) cannibalism (Simeonov & Milchev
1994, Miltschev 2008), 4) predation by carnivorous mammals
(Simeonov & Milchev 1994, Milchev & Gruychev 2015) and
5) presumably pesticides affecting hatching (Simeonov &
Milchev 1994). These causes have already been reported for
other European populations (Tucker & Evans 1997). Differ-
ences in the importance of various factors in different coun-
tries may arise from traditional attitudes towards birds of
prey and owls, the implementation of environmental legisla-
tion, and the specific features of eagle owl habitats. Evaluat-
ing the importance of causes leading to breeding losses and
directing management efforts to reduce their impact are vital
for improving the eagle owl conservation (Olsson 1997, Dal-
beck 2003, Langgemach 2004, Dalbeck & Heg 2006, Ortego
2007).

Owls do not build a typical nest but usually use different
nest sites such as tree cavities, rock ledges, abandoned build-
ings, old nests of other birds or dug ground nests (del Hoyo
et al. 1999). Despite the wide variety of nest sites used by the
eagle owl across its range (del Hoyo et al. 1999, Mebs &
Scherzinger 2008), the Bulgarian population depends largely
on rocky habitats for nesting (Simeonov et al. 1990, Milchev
& Gruychev 2015). This long-term study aims to characterize
the main causes of eagle owl’s breeding failures as a function
of natural and human-made rocky habitats to: (i) ascertain
how to optimize conservation of the species in both natural
and human-made habitats, (ii) enable implementation of ef-
fective conservation measures in the management plans of
Natura 2000 sites.

Material and methods

Study area
The study area covers the southeastern part of Bulgaria, consisting of

approximately 10,000 km?, between the Turkey border on the south,
the Black Sea on the east, the city of Burgas (N 42° 26" E 27° 27°) on
the north-east, and the city of Nova Zagora on the north-west (N 42°
29" E 26° 017, see also Milchev & Georgiev 2014). The region has a
continental Mediterranean climate, except in the north, where a
moderate
(Strandzha, Sakar) and the Derventski Hills, with an average eleva-
tion of 300-400 m a.s.l., covered mainly by oak-dominated forests, ex-
tend along the border with Turkey. Open areas with arable land and
pastures are typical for the flatter agrarian landscape in the north
and west around the hills St. Iliyski, Bakadzhitsite and Hisar. Impor-
tant crops here are barley, wheat, sunflower and colza, with smaller
areas of vineyards and orchards. Small villages experiencing an eco-
nomic decline, often without developed industry, are typical of the
region.

continental climate predominates. Low mountains

Data collection
In one-third of the study area, the eagle owl breeding distribution
was mapped in 1988-1992 (Simeonov & Milchev 1994, Milchev un-
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publ. data). In the rest of the study area, potential breeding territo-
ries were mapped in 1994-1995 by searching for signs of feces, pel-
lets, prey remains and nests. Suitable vacant and abandoned breed-
ing territories were checked periodically for new breeding pairs in
the following years. A survey of the potential breeding localities is
efficient in the spring and summer (Bergerhausen & Willems 1988,
Glutz von Blotzheim & Bauer 1994, Simeonov & Milchev 1994). Data
for eagle owl breeding productivity and causes of nest failures were
collected over three visits annually in 1994-2013: 1) end of April - be-
ginning of May; 2) end of May - beginning of June; and 3) end of
August - beginning of September. Later clutches were studied addi-
tionally in late June - July, while unsuccessful nests were dropped
from further visits. Nests with a clutch/brood, eggshells or nest
scrape with food remains and the eagle owl feathers were treated as
breeding attempts (Olsson 1997). Breeding was defined as successful
if at least one nestling reached the age of 45-50 days. Older nestlings
are hard to find because they tend to stray from the nest (Glutz von
Blotzheim & Bauer 1994, Penteriani & Delgado 2008).

Breeding failures were, according to the evidence found, divided
into two main groups; natural and human-induced causes (IUCN
2012). Losses due to treasure hunters, who were looking for antique
artefacts, were classified into a separate subcategory among “work
and other activities”. This category includes threats caused by people
spending time in or traveling in natural environments for reasons
other than recreation or military activities (IUCN 2012). Losses by
treasure hunters were present only in natural breeding places and
their activities such as rock blasting and excavations were easily dis-
tinguished. The category “unhatched eggs” included infertile eggs
and eggs with dead embryos. Residues of chewed egg shells, dug
nest sites and the presence of predators’ excrements were indicative
of predation. Bones and parts of the body of owlets in the food re-
mains were evidence for cannibalism while almost complete skele-
tons of owlets was treated as nestlings dying of unknown reasons in
the nest. The last group included a weakened nestling with the in-
fected eye, which was removed from the nest but died in a wildlife
rehabilitation centre several days later.

The quantities of organochlorine pesticides (dichlorodiphenyl-
trichloroethane - DDT, with its breakdown products, hexachloro-
cyclohexane - HCH, and heptachlor epoxide - HCE) were deter-
mined by gas chromatographic analysis of the extracted fat from one
of the egg yolk. Yolk with the consistency of soft putty was only
used as it stayed in the egg with the pierced shell. The analysis was
performed in the Central laboratory of veterinary control and ecol-
ogy, National Veterinary Service in Sofia. Two other eggs with un-
known pesticide content had thin shells and leaked content. One of
them was pierced from a female and with a cracked shell. The shell
was torn to the air cell but with an intact inner membrane. The sec-
ond eggshell had streaks with weak calcification of which the con-
tent had flowed out. Eggshells and bones of eagle owls were depos-
ited in collections of the National Museum of Natural History in
Sofia.

Characteristics of rocky complexes and nest sites

Rocky complexes with eagle owl nests were divided into two main
categories: natural and human-made. The latter category included
rock quarries and one abandoned building under construction simi-
lar to a rocky habitat (Miltschev 2003). The rocky complexes were
characterized by five characteristics (Appendix 1). Nine characteris-
tics were used to describe nest sites and their location in the rocky
complexes (Appendix 2).

Statistical analysis
Differences between characteristics of natural and human-made

breeding localities were calculated by the chi-square test for nominal
categories and z-test for interval data. The Yates” correction for con-
tinuity was used when there were only two categories in a distribu-
tion. Contingency tables for chi-square testing of the differences be-
tween frequencies of the causes for breeding failures included the
numbers of the affected clutches and broods including those with
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unspecified size. The numbers of affected eggs and nestlings depend
highly on other factors such as food supply, age and experience of
the partners, etc. (Glutz von Blotzheim & Bauer 1994, Mebs &
Scherzinger 2008) that were not measured in this study. The signifi-
cance level was p < 0.05 in all statistical tests. Data are given as
arithmetic mean * standard deviation.

The effect of the features of the nest sites and rocky complexes
on the number of successful clutches and those destroyed by people
or predators as the most important causes of breeding failures was
analyzed by redundancy analysis (RDA). This canonical form of
principal component analysis was computed with the program
CANOCO 4.5 (ter Braak 1995). The method identifies the most im-
portant variables of the nest sites and rocky complexes (landscape
variables) that significantly influence the success of eagle owl nests
in natural and human-made breeding localities. The significance of
the variables was tested by a permutation test. The aspect of the nest
was expressed as a deviation from the north in 22.5° intervals with 0
assigned to shadiest northern sites and 2 assigned to the sunniest
southern sites. For example, 0.75 was assigned to both east-north-
eastern (ENE) and west-north-western (WNW) aspects. Nestlings
dying in the nest could be attributed to different causes, such as dis-
eases or starvation (Glutz von Blotzheim & Bauer 1994, Mebs &
Scherzinger 2008) that were not included in the matrix. The matrices
with quantitative characteristics of the individual nest site or rocky
complexes (samples) contain the number of successful and failed
nests as species variables. The landscape variables and the covari-
ables can be either quantitative or categorical. Arrows on the ordina-
tion diagram represent the landscape and species variables. The an-
gles between arrows approximate the correlations between variables
(ter Braak 1995, Leps & Smilauer, 2003).

Results

Characteristics of rocky complexes and nest sites

Breeding of eagle owls was confirmed in 45 out of 53 occu-
pied territories (84.9%), with 25 nest sites in natural rocky
complexes (one pair occupied alternately three neighboring
complexes and another one two complexes) and 24 nest sites
in human-made rocky habitats (one pair occupied alter-
nately two neighboring quarries). Significant differences in
characteristics between natural and human-made complexes
are presented in Appendix 1. The natural rocky complexes
were more frequently less than 300 m long, either under 10
m or above 50 m high, with bushes and trees, and more eas-
ily accessible in comparison to human-made complexes.

The eagle owls have been recorded using 126 nests in to-
tal, equally in both kinds of rocky complexes. The nest sites
differed significantly between natural and human-made
complexes only in two characteristics (Appendix 2): the nests
in natural rocks were more easily accessible and were more
concealed by shrubs and trees than those in human-made
complexes. The aspect of nests without northern compo-
nents prevailed in both complexes (77.8%, n=126) with the
majority of nests (54.8%, n=126) exposed between south and
west. The nests and the rocky habitats differed insignifi-
cantly according to frequencies of their aspects.

Breeding failures
The causes for breeding losses were classified among six

types of natural causes, nine types of human-induced
causes, and unknown causes (Table 1). At least 14.6% of eggs
(n = 698) and 25.2% of nestlings (n = 596) were lost, includ-
ing permanent destruction of one breeding territory due to
touristic development. Known losses of nestlings considera-
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Table 1. Causes for breeding failures of eagle owls, Bubo bubo, in SE Bulgaria, 1994-2013: the subtotal and total numbers of the affected
clutches and broods are not arithmetic sums of values in the respective subcategories, as two clutches and three broods have simultane-
ously had losses in two different categories; - abandoned nestling after an adult male was killed by road traffic accident; >- abandoned

brood after shooting of the male.

Cause Numbers affected eggs and clutches or nestlings and broods
Natural breeding localities Man-made breeding localities Total
£5y £5y £85y
> g§f % 5| * gfE & E | °* ©gEE % 5
2385 25 & 23 E
o g ° g o g
Natural
Cannibalism 19 17 17 12 36 29
Nestling dying of un- 10 10 5 5 15 15
known reasons
Predation 10 6(1) 18 8 4 2 5 3 14 8(1) 23 11
Unhatched egg 20 17 18 17 38 34
Owlet died during 1 1 1 1 2 2
hatching
Rolled/fallen from nest 2 2 1 1 2 2 1 1
Natural losses subtotal 31 24 (1) 47 34 25 22 28 19 56 46 (1) 75 53
Human induced
Tourism and recreation 1 breeding territory destroyed 1 breeding territory destroyed
areas
Mining and quarrying: 3 2 4 3 3 2 4 3
rock collapse
Roads and railroads: 1 1 1 1
car accident
Persecution/ control: ? @ 2 2 ? (23 2 2
shooting fledgling
Recreational activities: ? 3) ? 3)
disturbance by tour-
ists
Work and other activi- 13 5(4) 15 5 12 6 (6) 33 16 25 11 (10) 48 21
ties: destroyed/ dis-
turbed by people
Work and other activi- 4 2(3) 8 4 4 2(3) 8 4
ties: de-
stroyed/disturbed by
treasure-hunters
Industrial and military 1 1 1 1
effluents: fledgling’s
plumage soiled with
asphalt
Herbicides and pesti- 2 2 1 1 3 3
cides: reduced egg-
shell thickness
Human induced losses 19 8 (10) 25 11 16 9(8) 39 21 35 17 (18) 64 32
subtotal
Unknown reasons 3 2 (6) 8 5 8 3(2) 3 1 11 5(8) 11 6
Total losses 53 34 (17) 80 50 49 33 (10) 70 41 102 67 (27) 150 91
Total number of laid 357 304 341 292 698 596
eggs and hatched nes-
tlings

bly outnumbered losses of eggs because 27 destroyed
clutches were of unknown size. Assuming an average clutch
size of 2.33 eggs (n = 300 clutches), the losses of eggs were
calculated to be 21.7% (165 lost eggs, n = 761 as the recalcu-
lated hypothetical total number of laid eggs). Therefore, the
losses of eggs were similar to losses of nestlings.
Cannibalism (48.0%, n = 75 nestlings) and nestlings dy-
ing of unknown reasons (20.0%) were the most important for
the natural decrease in productivity (Table 1). Predation by

carnivorous mammals (golden jackal, Canis aureus; red fox
Vulpes vulpes, Eurasian badger, Meles meles; stone marten,
Martes foina; and dogs), once by a wild boar (Sus scrofa) with
piglets and once by black storks (Ciconia nigra) that nested
within 54 m radius from the eagle owl nest was a substantial
cause of egg (25.0%, n = 56) and nestling loss (30.7%, n = 75).
Unhatched eggs amounted for 5.4% of all eggs laid (n = 698)
but hatching failure was, among the natural causes, the pre-
vailing cause of egg losses (67.9%, n = 56 lost eggs). Un-
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hatched eggs included 32 unfertilized eggs (84.2%, n = 38),
four eggs with dead embryos (10.5%) and two eggs with un-
known causes of hatching failure (5.3%).

Many clutches destroyed by human activity were of un-
known size (51.4%, n = 35), so the number of destroyed eggs
was lower than the actual number (Table 1). The recalculated
estimated number of lost eggs is 77 eggs damaged by human
factors (46.7%, n = 165 eggs). Work and other activities
caused the greatest damages to clutches (76.1%, n = 67), eggs
(82.9%, n = 35) and nestlings (87.5%, n = 64) among the hu-
man-induced losses, as well as among the total losses of eggs
(35.8%, n = 165 hypothetical number of lost eggs) and nes-
tlings (37.3%, n = 150). Other human induced causes had a
much lower impact on reproductive success.

One of the three eggs with thinner and malformed shells
(Table 1) had accumulated a total of 232.96 pg/g or-
ganochlorine pesticides in the extracted fat from the egg
yolk: 204 pg/g DDT (16.6 DDT, 8.4 DDD, 179.0 DDE), 7.46
pg/g HCH (0.8 a-HCH, 6.6 p-HCH, 0.06 y-HCH) and 21.5
pg/g HCE. The three eggs were isolated cases in two
clutches with two eggs and one clutch with three eggs in dif-
ferent territories. One clutch with two eggs was found aban-
doned after disturbance by people, but three owlets fledged
successfully in the other two broods.

There was no significant difference in the number of af-
fected clutches and broods over the years and the breeding
territories. The reasons for losses were significantly different
only between the number of destroyed/disturbed nests by
people in the natural rocky formations (x> = 42.98, df = 21, p
< 0.01): the nests in two territories were destroyed signifi-
cantly more often (78.6% of cases, n = 14). The first breeding
territory, with very easy human access, was regularly used
by herdsmen for livestock grazing (five clutches and two
broods destroyed). The second breeding territory was along
a river favored by anglers (three clutches and one brood de-
stroyed).

The number of lost clutches and broods differed signifi-
cantly because of the variance in causes between the natural
and human-made rocky complexes (x2 = 34.09, df = 14, p <
0.01). People destroyed nests more frequently in human-
made places and the losses caused by rock collapses oc-
curred only there. The losses resulting from treasure hunters
occurred only in natural rocky complexes, and predators
depredated nests there more frequently as well.

Influence of the characteristics of rocky complexes

and nests on the breeding failures

The inaccessibility of natural rocky complexes was the only
environmental variable with significant importance in rela-
tion to eagle owl breeding success (F = 4.26, p = 0.006) and
correlated positively with the first axis (eigenvalue 1.171;
Fig. 1a). The greater length and height of the complex related
positively to the difficulty of access and to successful breed-
ing. All types of losses grouped themselves in the opposite
part of the diagram. They consisted of two groups: the losses
from treasure-hunters and other people corresponded posi-
tively with the predominant sunny aspect of the rocks and
the positive part of the second axis (eigenvalue 0.060), while
the losses from predators and tourists were affected posi-
tively by the better vegetation cover on the rocks in the op-
posite part of the axis.
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The increase in the size (length: F = 4.73, p = 0.008;
height: F = 3.88, p = 0.012), inaccessibility (close to signifi-
cance F = 2.55, p = 0.060) of human-made rocky complexes,
and the higher rate of successful breeding corresponded
positively with the first axis (eigenvalue 0.263, Fig. 1b). The
destruction of nests by people correlated negatively with the
three above-mentioned environmental variables. The length
of the rocks and the development of vegetation on them cor-
responded negatively to nest failures caused by shooting
fledglings or adults (second axis, eigenvalue 0.146).

Two nest site characteristics influenced significantly the
breeding success in natural rocky complexes: the nest inac-
cessibility (F = 5.74, p = 0.004) correlated positively with the
first axis (eigenvalue 0.158) and the opposite is true for the
presence of a shelter over the nest (F = 3.17, p = 0.024, Fig.
1c). More difficult access to the nest correlated positively
with nesting success, negatively with the losses caused by
treasure hunters and other people and neutrally with the
losses from predators and tourists. The second axis (eigen-
value 0.038) correlated positively with sunnier aspects of the
nests and more distant placement of the nest from a cliff
edge as well as with the losses from tourists and treasure-
hunters. The width of a site with the nest and the vegetation
cover were environmental characteristics which positively
affected the predation in the opposite part of the second axis.

The height of the nest site from the cliff base (F = 5.04, p
= 0.018) and nest inaccessibility (F = 3.17, p = 0.024) had sig-
nificant importance for the breeding success in human-made
rocky complexes (Fig. 1d). These nest characteristics corre-
sponded positively with the first axis (eigenvalue 0.215) and
with the success of nests. Better vegetation cover on the nest
site influenced negatively breeding success and positively
losses from people and predators. The distance of the nests
from the cliff edge correlated with the probability of rolled
or fallen eggs and nestlings in the negative part of the sec-
ond axis (eigenvalue 0.061).

Discussion

Characteristics of rocky complexes and nest sites

Breeding in natural and human-made rocky habitats have
contributed equally to the eagle owl productivity, according
to the numbers of fledglings over two decades. Although
this result is unique for Bulgaria, many studies have already
described the high occupancy rate of eagle owls in human-
made structures and greater tolerance of eagle owls to hu-
man activities (Bergerhausen et al. 1989, Griill & Frey 1992,
Ristig et al. 2003, Kunstmiiller 2014, Harms et al. 2015, Trotti
et al. 2015). The characteristics of sites with nest do not dis-
tinguish any specific differences in nest selection between
natural and human-made complexes except the distinctions
in accessibility and vegetation cover. The last two differences
between the nest sites reflected previously identified signifi-

cant differences of those characteristics between the two
habitat types. Our result confirmed the high adaptability of
the eagle owl when choosing a nest site (Mebs & Scherzinger
2008).

Breeding failures
The study population in SE Bulgaria lost a fifth of laid eggs
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Figure 1. RDA ordination plots showing the distribution of successful and destroyed clutches of eagle owls, Bubo bubo, according to the
features of the rocky complexes and nest sites in SE Bulgaria. Thin black arrows: successful and failed clutches; thick red arrows: char-
acteristics of the rocky complexes and nest sites. (a) natural rocky complexes, (b) human-made rocky complexes, (c) nest sites in natural

complexes, (d) nest sites in human-made complexes.

and a quarter of nestlings. Human factors led to more egg
losses while natural causes led to more losses of nestlings.
The eagle owl is sensitive to human presence near its nest
and clutches or small owlets can be abandoned (Mebs &
Scherzinger 2008). Most likely, this is the impact of the
treasure hunters and tourists in the natural rocky complexes.
Treasure hunters used rock blasting in three cases and re-
peated excavations were observed in all natural rocky com-
plexes with breeding pairs, but only nine nests were de-
stroyed. Tourists and treasure hunters do not target owls
and are usually active during the warmer part of the year
when the nestlings are already less dependent on brooding
by a female. Nests destroyed or disturbed directly by people
were the primary reason for losses in our study, while only
several cases of shooting to fledglings and adults were
proven. Direct human persecution of the eagle owl is
thought to be a decisive negative factor for other European
populations (Barisi¢ et al. 2016, Leén-Ortega et al. 2016). This
factor has already been recognised as crucial for the decline

of other population of birds of prey in Bulgaria (Stoychev et
al. 2012, Iankov et al. 2013, Milchev & Georgiev 2014).

Losses of nestlings due to natural death and cannibalism
are second in importance. These causes are discussed to-
gether because: 1) it was not known whether an eaten nes-
tling had already died, and 2) food shortage and starvation
were usually indicated as the main reason in both situations
(del Hoyo et al. 1999, Mebs & Scherzinger 2008). The very
high proportions of predatory birds and mammals in eagle
owl diet in the study area (Milchev 2016, Milchev & Gruy-
chev 2016) and in the adjacent region (Milchev & Gruychev
2015) indicate considerable food shortage (Lourenco et al.
2011), which is in line with large recorded losses of nestlings
unrelated to predation or human impact.

Predation mainly by carnivorous mammals can decrease
the breeding success of the eagle owl (del Hoyo et al. 1999),
but this factor was less important in the study population.
Meanwhile, eagle owls preyed on 124 young red foxes (0.2%
by prey number, 2.5% by prey biomass, our unpubl. data),
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which was the carnivorous mammal that probably most of-
ten destroyed eagle owl nests in SE Bulgaria. However, it is
possible that some nests were already abandoned for other
reasons before predators found them.

Tourism, mostly rock climbing, is an important factor
contributing to the disturbance in some areas of Europe
(Frey 1992, Olsson 1997, Gorner 1998, Dalbeck 2003). This
factor slightly influenced the eagle owl productivity in SE
Bulgaria, because the species was already extirpated from
popular tourist areas along the Black Sea coast before the
start of our study.

Thinning of eggshells is a well-known toxicological effect
of accumulation of some persistent organic pollutants
(Serensen et al. 2004, Fernie et al. 2009, Gémez-Ramirez et al.
2012) with a drastic influence on raptor productivity (review
in Newton 1979). Owls do not seem to have been so highly
affected by pollutants in the past (Conrad 1981, Disser et al.
1992, Taylor 1994). Use of DDT was banned in Bulgaria in
1969, so only localized unauthorized use could explain such
high contamination causing eggshell thinning as in our
study. This is also supported by the lack of repeatability in
the same or neighboring territories in SE Bulgaria, as well as
the reported quantity of unhatched eggs in the Czech Re-
public is 5.97% (Suchy 1978) and 5.4% in this study. A spe-
cialized study on the contamination by pollutants is needed
to clarify the extent of their negative impact on local eagle
owls.

Influence of the characteristics of rocky complexes

and nests on the breeding failures

The greater length and height of both types of rocky com-
plexes were correlated with lower accessibility to the nest
site, increasing the breeding success of the eagle owl. Treas-
ure hunters and other people more frequently destroyed
nests in sunnier places, with scarce vegetation and easily ac-
cessible natural rocks, while predators depredated nests in
shadier and more overgrown complexes. Like the losses
from treasure hunters, those caused by tourists were in open
nests, although the affected rocky complexes were with bet-
ter vegetation cover; a result of that, along with difficult ac-
cess to the nests, confirms predominantly breeding losses by
accidental disturbance from tourists. Quarries with scant
vegetation offer less hidden places of eagle owls and proba-
bly in such territories fledglings and adults were shot more
often. The preference of eagle owls for nests concealed by
vegetation has been recorded in other studies (Bergerhausen
et al. 1989, Glutz von Blotzheim & Bauer 1994), but better
vegetation cover of the nest site appears to increase the risk
of depredation from carnivorous mammals in SE Bulgaria.
Inaccessibility of the nest was the key factor for the breeding
success of eagle owls in our study since most certainly re-
stricts the access of people and predators to clutches and
broods.

Shelter protects the nest from unfavorable climatic fac-
tors and is important in more northern and mountainous ar-
eas of Europe (Frey 1973, Olsson 1997, Dalbeck & Heg 2006,
Bionda & Brambilla 2012). Sheltered conditions were not a
prerequisite for successful nesting in SE Bulgaria probably
due to the milder climate. Sheltered nests at quarries were
more inaccessible and thereby more successful in the present
study. The few cases of rolled or fallen eggs and chicks seem
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to correlate accidentally with the increasing distance from
the nest to the edge of the rock.

Species protection and future conservation

The conservation status of birds of prey and owls can be im-
proved through statutory protection and conservation edu-
cation (Mebs & Scherzinger 2008, Watson 2011). Since the ac-
cession of Bulgaria to the EU in 2007, national legislation is
in accordance with the EU directives on nature protection.
Despite this change in legislation, our study does not show
decreasing of human-induced losses. The lack of effective
guarding of protected areas has led to the destruction of ea-
gle owl nests even in the Ropotamo Reserve with formal
strict protection (Milchev 2009a). The last nesting site on the
Black Sea coast was permanently lost at the beginning of this
study although it was located inside Strandzha Nature Park
(Milchev 2009a). Insufficient national budgeting and the lack
of political will are the main reasons for inadequately en-
forced protection of areas set aside for nature conservation.

Treasure hunters appeared to be a problem for nesting
eagle owls in rocky sites after the political changes in Bul-
garia at the beginning of 1990s, followed by the increased
mobility of people, supply of metal detectors and accessibil-
ity to the once-secured border area with Turkey. Their activi-
ties outside the protected areas do not require any legal au-
thorization and permitting; hence their activities remain un-
controlled today.

Quarries are important breeding sites for the eagle owl,
and seven other bird species from the national Red Data
Book (Golemanski 2015) have also bred there during the
study period (Milchev & Dimitrov 2005, Milchev 2009b, our
unpubl. data). Despite this diversity of threatened birds in
quarries, the quarry owners are not motivated to protect
these sites. Therefore, the secretive habits and the nocturnal
activities, rather than the improving the attitudes of people,
can better explain the successful breeding of the eagle owl in
quarries. Eagle owl protection might be improved if the na-
tional government enforced environmentally-friendly man-
agement in quarries that would limit blasting and excavation
activities and other direct human disturbance during the
nesting season at the part of quarry where the nests are lo-
cated. It could be sufficient if this limitation is imposed in
the period 1st February - 1st July. To achieve this, financial
incentives could be applied in a similar way to conservation
incentives for farmers and logging. Furthermore, the eagle
owl and other threatened species would benefit from the
construction of inaccessible artificial terraces in quarries.
This manner of management could easily be implemented in
at least Natura 2000 sites. Similar programs are already suc-
cessfully underway in German quarries (INULA 2013, 2015).
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Appendix 1. Characteristics of rocky complexes with breeding eagle owls, Bubo bubo, in SE Bulgaria, 1994-2013: 1) maximum

length (m) distribution of the rocky complexes; 2) maximum height (m) distribution of the rocky complexes; 3) vegetation

cover: a) absence of vegetation, b) grass only, c) grass and bushes, and d) grass, bushes and trees; 4) basic aspect of rocky

complex expressed as a deviation from the north in 22.5° intervals; 5) human accessibility to the rocks: a) easily without

climbing, b) with climbing, and c) with climbing equipment.

Characteristics of rocky complexes

Natural (n = 25)

Man-made (n = 24)

Maximal length (m) <100 11 (44.0%) <100 3 (12.5%)
x2=12.75,df=5,p <0.05 <200 2(8.0%) <200 5 (20.8%)

<300 7(28.0%) <300 4 (16.7%)
<400 0(0%) <400 3 (12.5%)
<500 0(0%) <500 3 (12.5%)
>500 5 (20.0%) >500 6 (25.0%)

Maximal height (m) <10  6(24.0%) <10 1(4.2%)

x2=11.56, df =5, p <0.05 <20  8(32.0%) <20  12(50.0%)
<30 2(8.0%) <30  3(12.5%)
<40  2(8.0%) <40  6(25.0%)
<50 2(8.0%) <50 2(8.3%)
>50  5(20.0%) >50 0 (0%)

Vegetation

a) no 0(0%) 5 (20.8%)

b) grass 0(0%) 6 (25.0%)

c) grass, bushes 4 (16.7%) 5(20.8%)

d) grass, bushes, trees 21 (83.3%) 8 (33.3%)

x2=16.93, df =3, p < 0.001

Aspect SSE 2(8.0%) SSE 1(4.2%)
SSW 1 (4.0%) SSW 1(4.2%)
WNW 1(4.0%) WNW 1(4.2%)
ESE 1(4.0%) ESE 0 (0%)
NWN 0 (0%) NWN 2(8.3%)
SW 3 (12.0%) SW 3 (12.5%)
NE 0(0%) NE 1(4.2%)
NW 2(8.0%) NW 5(20.8%)
SE 1(4.0%) SE 2(8.3%)
E 2(8.0%) E 1(4.2%)
W 3 (12.0%) w 1(4.2%)
N 3 (12.0%) N 0(0%)
S 6 (24.0%) S 6 (25.0%)

Accessibility

2; i;‘i:};’in 10 (41.7%) 2(8.3%)

momg 7 (25.0%) 10 (41.7%)
¢) climbing equipment 8 (333%) 12 (50.0%)

\2=6.65,df =2, p <0.05
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Appendix 2. Characteristics of eagle owls, Bubo bubo, nest sites in SE Bulgaria, 1994-2013: 1) nest position: a) dug in soil or
gravel on a steep section, b) on a rocky terrace, c) in a niche, d) in a cave; 2) distance from the cliff base (m); 3) distance to
the cliff edge (m); 4) presence or absence of a shelter over the nest; 5) length (m) and width (m) of the nest site; 6) maximum
height (m) of a niche/cave, height (m) and width (m) of the cave entrance; 7) aspect of the nest expressed as a deviation
from the north in 22.5° intervals; 8) vegetation cover of the nest site in the same categories as for rocky complexes; 9) human
accessibility to the nest site in the same categories as for rocky complexes.

Characteristics of nest sites Natural (n = 63) Man-made (n = 63)

Position: dug 6(9.5%) 6(9.5%)

Terrace 43 (68.3%) 41 (65.1%)

Niche 10 (15.9%) 12 (19.1%)

Cave 4(6.3%) 4 (6.3%)

Distance from the cliff base (m) 10.2+8.5 (0-40) 8.6+5.0 (0-20)

Distance from the cliff edge (m) 6.8+6.7 (0-30) 7.0£5.0 (1-24)

Shelter 41 with (65.1%) 40 with (63.5%)
22 without (34.9%) 23 without (36.5%)

Nest site:

length (m) 2.1+1.9 (0.35-10) 1.7+1.8 (0.4-10)

width (m) 0.8+0.4 (0.35-2) 0.8+0.6 (0.35-4)

Height of niche/cave (m) 0.6+0.4 (0.35-1.8) 0.8+0.7 (0.32-3)

Height of entrance (m) 0.5+0.2 (0.3-0.7) 1.0£1.3 (0.32-3)

Width of entrance (m) 0.8+0.3 (0.6-1.2) 1.1£1.1 (0.5-2.7)

Aspect SSE 5(7.9%) SSE 4(6.3%)
NNE 0(0%) NNE 2(3.2%)
SSW 4(6.3%) SSW 4(6.7%)
WSW 6(9.5%) WSW 5(7.9%)
WNW 3 (4.8%) WNW 3 (4.8%)
ENE 2(3.2%) ENE 1(1.6%)
ESE 1(1.6%) ESE 3 (4.8%)
NNW 2(3.2%) NNW 0 (0%)
SW 3 (4.8%) SW 7 (11.1%)
NE 0 (0%) NE 4(6.3%)
NW 1(1.6%) NwW 1(1.6%)
SE 3 (4.8%) SE 0 (0%)
E 9 (14.3%) E 4(6.3%)
w 11 (17.5%) w 5(7.9%)
N 4(6.3%) N 5(7.9%)
S 9 (14.3%) S 13 (20.6%)

Vegetation:

a) no 7 (11.1%) 9 (30.2%)

b) grass 21 (33.3%) 3 (36.5%)

c) grass, bushes 22 (34.9%) 10 (15.9%)

d) grass, bushes, trees 13 (20.6%) 1(17.5%)

x2=10.30, df =3, p <0.05

Accessibility:

a) easily 48 (76.2%) 40 (63.5%)

b) climbing 5(7.9%) 16 (25.4%)

¢) climbing equipment 10 (15.9%) 7 (11.1%)

x2=7.02,df =2, p <0.05
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