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Abstract The Eastern Imperial Eagle is a globally threatened species, represented with not more than 35–40 pairs 
in Bulgaria. As a facultative scavenger feeding on carcasses and parts of dead domestic and wild animals, this spe-
cies is extremely vulnerable to poisonous baits and toxic agents, intentionally or accidentally set up in its food. 
The present study identified electrocution and poisoning as the main mortality factors for the eagles in Bulga ria. 
We analysed a total of 56 cases among which 44 cases were related to the mortality of non-territorial eagles in 
different age classes, and we found 12 dead or distressed territorial birds recorded between 1992–2019. The main 
mortality factor was electrocution, accounted for 30.4% of fatalities. The poisoning was the causе of mortality in 
12.5% of the non-territorial and 10.7% of the breeding birds. Some of the cases were laboratory confirmed as in-
toxication, while the others, based on the history, clinical symptoms and field evidence, indicated poisoning. The 
most commonly used toxic agents were anticholinesterase’s inhibitors. As a result of a timely therapy applied to 
the live birds found in distress with symptoms of poisoning, six eagles were successfully treated and released back 
in the wild. We found that mortality of eagles depended on the age of birds, breeding or dispersal grounds, while 
season had no significant effect. 
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Összefoglalás A parlagi sas egy világszerte veszélyeztetett madárfaj, amelynek bulgáriai állománya nem haladja 
meg a 35–40 párat. A faj részlegesen dögöt is fogyaszt, így a szándékos vagy véletlen mérgezések jelentősen ve-
szélyeztetik. Jelenlegi vizsgálatunk alapján az áramütés és a mérgezés bizonyult a legjelentősebb halálozási oknak 
a parlagi sasok között Bulgáriában. Összesen 44 különböző korú, nem költő madarat és 12 territoriális madarat ta-
láltunk elpusztulva vagy legyengülve 1992–2019 között. A legfontosabb megkerülési ok az áramütés volt, amely 
az esetek 30,4%-át tette ki. Mérgezés következtében a nem költő madarak 12,5%-a, míg a territoriális madarak 
10,7%-a került meg. A mérgezéses esetek egy részét laboratóriumi vizsgálatok igazolták, míg más esetekben a te-
repi körülmények alapján lehetett arra következtetni. A leggyakoribb méreganyagok a kolinészteráz-gátló vegyüle-
tek voltak. Az életben talált madarak közül hat példányt sikerült gyógyultan szabadon engedni a gyors állatorvosi 
beavatkozásoknak köszönhetően. Eredményeink azt mutatták, hogy a sasok halálozását a madarak kora, valamint 
költő vagy diszperziós területen való előfordulásuk befolyásolta. Az évszakoknak nem volt szignifikáns hatása.

Kulcsszavak: halálozási ok, ragadozómadár, populáció, mérgezett csalétek, áramütés, nem költő madarak
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Introduction

Human activities are severely affecting raptor populations, bringing some of them to the 
brink of extinction (Donàzar et al. 2016, McClure et al. 2018). Electrocution and poisoning 
were identified as main mortality factors for many threatened species (Gonzalez et al. 2007, 
Smart et al. 2010, Demerdzhiev 2014, Dwyer et al. 2015, Demeter et al. 2018). 

The Eastern Imperial Eagle (Aquila heliaca), hereafter EIE, is a long-lived, large-size ter-
ritorial raptor whose distribution range spans throughout the forest steppe zone of Eurasia 
(Thiollay 1994). It extends to Austria to the west, through Ukraine, Kazakhstan, and Russia 
to the east, and the Balkans and Asia Minor to the south (Ferguson-Lees & Christie 2001). 
Тhe adult birds of the Pannonian population and the Balkans are resident, while the imma-
tures disperse at different distances (Gradev et al. 2011, Horváth et al. 2011, Vili et al. 2013, 
Stoychev et al. 2014). The last population estimates show that the global population of the 
species might exceed 10,000 mature individuals (BirdLife International 2020), whereas the 
European population of the EIE is estimated at 1800–2200 pairs during the period of 2000–
2010 (Demerdzhiev et al. 2011a). The EIE is classified as vulnerable by IUCN (with de-
creasing population) (BirdLife International 2019). Currently, the species is legally protect-
ed under the terms of Directive 2009/147/EC on the conservation of wild birds (Anonymous 
2009), Appendix 1 of CITES, (Anonymous 2019) and Appendix 2 of the Bonn and Bern 
Conventions (Anonymous 1979). The main reasons for the decreasing population included: 
habitat loss and degradation along with high adult mortality due to persecution and hazard-
ous powerlines, nest robbing, and prey depletion (BirdLife International 2020).

In Bulgaria, the EIE was widespread by the end of the 19th century and considered a sa-
cred bird among the native folk (Hristovich 1890). However, in the mid of the 20th centu-
ry, the EIE population decreased significantly, becoming one of the rarest Bulgarian birds 
(Patev 1950). During the next decades, the number of breeding pairs declined due to the rap-
id changes in land use pattern and the agricultural landscape system, together with the mas-
sive use of poisonous agents (Petrov et al. 1996). As the species reached near extinction till 
the‘90s, the combined efforts of NGOs, supported by the local institutions were intensified 
(Nikolova 2010), thus resulting in slowly restoration of the population in Bulgaria. Since 
2000, the population of the species gradually increased reaching 25–30 pairs in the first dec-
ade (Demerdzhiev et al. 2011b) and 35–40 pairs nowadays (authors’ data). The EIE is dis-
tributed mainly in the south-eastern part of Bulgaria (Demerdzhiev et al. 2014a).

Recent studies on the species diet showed that it mainly foraged with medium size mam-
mals, birds and reptiles (Marin et al. 2004, Katzner et al. 2006, Horváth et al. 2010, De-
merdzhiev et al. 2014b, Horváth et al. 2018a). However, the EIE is an opportunistic species, 
therefore taking advantage of the most abundant prey in the occupied territory (Kovács еt al. 
2005). Because of their prey species, eagles became subject to hunting and poaching (Hor-
váth et al. 2018b). Similarly, because the eagles are hunting farm animals (Meyburg & Kir-
wan 2020) conflicts between human and nature may arise (Duriez et al. 2019). 

At Balkans level, the most common threats to the species population include electrocution 
(Stoychev et al. 2014), the use of poisonous baits (used mainly to fight livestock predators) 
(Pantović & Andevski 2018). 
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Any action against the species welfare is treated as environmental or wildlife crime ac-
cording to the Bulgarian jurisdiction, as EIE appeared to be protected species under the 
terms of the Biodiversity Act (Anonymous 2002). Furthermore, specific provisions by the 
national legislation are foreseen whenever cruelty towards vertebrate animals occurs (Kirov 
et al. 2019), resulting in fine or imprisonment.

The study aimed to summarize and analyse the main causes of incidents among the EIE 
in Bulgaria: non-human related and human-related causes. Based on the obtained results, 
we also proposed specific conservation measures to be undertaken to mitigate the identi-
fied threats.

Material and methods

Study area

The survey was primarily accomplished in Bulgaria, although the dataset of some birds, 
which were marked in Bulgaria, but found dead outside the territory of the country, was al-
so included.

Study period and data procedures

Fifty-six cases of injured or dead EIEs were investigated in the period 1992–2019, re-
trieved by the Green Balkans Wildlife Rehabilitation and Breeding Center (WRBC) 
and Bulgarian Society for the Protection of Birds (BSPB) species database. The data-
base information included (1) the regular species monitoring scheme within the breed-
ing territories to record the EIE’s breeding rates, (2) the surveys of hazardous electric 
power lines within species home range and (3) intensive monitoring of satellite- or ra-
dio-tagged birds. The study covered only incidents with fledged birds and nest mortali-
ty cases were excluded from the analysis. The identified factors were compared with the 
age of birds, season and period. Regarding EIE distribution in age groups, floaters were 
initially defined as birds prevented from breeding by territoriality or other spacing behav-
iours (Brown 1969, Newton 1992). If resource availability limits the number of breed-
ers, and territory competition makes some individuals become floaters when all suita-
ble breeding habitats are occupied. Floaters are individuals able to enter the reproductive 
population as breeders when a breeding site or potential mate becomes available (Pente-
riani et al. 2005, 2006, 2008). 

The cases of birds found alive or distressed were analysed by the database of WRBC, 
where the birds were sent for therapy and rehabilitation. Dead birds were processed accord-
ing to the status of the corpses. The corpses suitable for analysis (not decomposed) were sent 
either to WRBC for X-ray and necropsy, or directly to laboratory for toxicological analysis. 
Several laboratories were chosen with regards to location proximity or capacity for certain 
analytical methods. Laboratory findings indicated presence of substances - anticholinester-
ase’s inhibitors. Particular pesticides were not determined as the methodology was able to 
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detect only the group mechanism of action. In cases where the birds’ corpses did not allow 
further analysis due to high rate of decomposition, the cause of death was estimated based 
on evidence found around the bird in the field. We checked each location in the field to ver-
ify the condition of the GPS-tagged eagles.

The causes of incidents were classified in two main groups: non-human related reasons, 
such as intraspecific aggression or windstorm, and human-related activities, such as poison-
ing, electrocution, shooting and collision with power lines or traffic. 

Statistical procedures

To examine the correlation of the incidents due to the age, individuals were categorized as 
juveniles (the period from fledging to the end of the first winter), immatures (from their sec-
ond to fifth plumage) and adults (after their fifth plumage) (Forsman 2005). Тhe fluctuation 
in the number of incidents was investigated in relation to the eagle’s reproductive cycle: 
(1) breeding, i.e. laying and incubation (during spring), (2) chick-rearing period (in sum-
mer), (3) post-fledgling period (autumn), and (4) pre-laying period (during winter season) 
(Kovács et al. 2005). Analysis of the temporal variation in the incident cases was divided 
into three periods: (1) till 2006, the period before the acquisition of Bulgaria in the Europe-
an Union; 2) 2007–2013, Bulgaria being accepted as a member state in the EU, implemen-
tation of the EU legislation and period of active conservation measures for the species with 
increase in the population numbers, (3) 2014–2019, the period of population stagnation and 
increase in the threats for the species.

The data were processed with IBM SPSS Statistics (SPSS-Inc., 2019, SPSS Reference 
Guide 26 SPSS, Chicago, USA) using descriptive statistics with frequency distribution ta-
bles. The correlation between different variables was investigated with the Pearson corre-
lation coefficient. All categorical data were organized in 2×2 contingency table. As within 
the table there were cells with expected count less than 5, the Fisher exact test was ap-
plied. Significance of results was presented with the exact P-value (2-tail), known in SPSS 
as Exact Sig (2-sided). 

Results 

Main mortality factors 

We registered 56 cases of incidents with EIE in Bulgaria within the study period. The ma-
jority of all analysed birds were found dead (n = 45, 80.40%) and the rest of the eagles were 
found alive (n = 11, 19.60%). It was possible to determine the cause of death for 76.90% 
(n = 43) of the individuals (those found dead at discovery and those that died during therapy 
at WRBC). Electrocution (30.40%, n = 17 cases) and poisoning (19.60%, n = 11 cases) were 
the most frequent causes of mortality. Of the remaining causes, only shooting (n = 7 cases, 
12.50%), collision with power lines (n = 3 cases, 5.40%) and mortality due to collision with 
vehicle (n = 2 cases, 3.60%) were particularly frequent.
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The eagles found alive after the incidents were sent to the WRBC for therapy. Results showed 
that 10.70% (n = 6) of the birds survived the therapy and were consequently released (only 
one bird was left for aviary keeping due to its permanent disabilities). There were no signifi-
cant differences between the cause of the incident and the final outcome from the injury (exact 
P = 0.26). The subject for the traumatic injury in all of the cases was analysed and for the most 
of the incidents was associated with human-related activities (n = 43, 76.80%), and only small 
share of the birds (n = 3, 5.40%) had suffered from non-human related reasons (intraspecific 
aggression and windstorm). In 17.90% of the cases (n = 10) the cause of injury remained un-
known (for both alive and dead specimens) (Figure 1). No significant differences were found 
between the cause of incident and the health status of the bird at discovery (exact P = 0.14). 

Age related mortality

There were significant differences in the cause of death between age classes (exact P = 0.01). 
Incidents at different age stages appeared to be significantly influenced by the cause for the 
mortality.

The main factor for casualties in juvenile EIE was electrocution (n = 7, 12.50%), followed 
by poisoning (n = 3, 5.40%). However, unknown causes accounted for seven birds (n = 7, 
12.50%). Immature eagles were mainly affected by electrocution, followed by shooting and 
poisoning. The main cause for incidents in adult birds was poisoning, followed by electro-
cution and causes from non-human origin. 

We found that 46.2% (n = 6) of all registered poisoning incidents were diagnosed as such 
based on the case history and clinical symptoms of the birds. The rest 53.8% (n = 7) of the 
poison samples were confirmed to contain anticholinesterase’s inhibitors, suggesting the use 
of pesticides.

Figure 1. Causes of mortality or injury among Eastern Imperial Eagles in Bulgaria according to the 
status at discovery and outcome of the injury

1. ábra Parlagi sasok pusztulási vagy sérülési okai Bulgáriában a megtalálási állapot és a sérülés 
kimenetele alapján
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Season-related mortality

The maximum number of incidents occurred during winter and summer (Table 1). No sig-
nificant differences were found between the cause of death and seasonality (exact P = 0.18). 
The majority of the traumas (detected in live and dead birds at discovery) in juveniles and 
immatures were recorded in the autumn season. On the contrary, we registered the majority 
of incidents with adult birds in the summer.

Electrocution

Poisoned

Shot

Collision w
ith 

pow
er lines

N
on-

hum
an origin

Collision w
ith 

vehicle

U
nknow

n

Total

Age                

juvenile 7 3 0 1 1 0 7 19

immature 8 5 7 2 0 1 3 26

adult 2 5 1 0 2 1 0 11

Season                

spring 1 3 2 2 1 1 1 11

summer 8 4 0 0 0 1 3 16

autumn 4 2 1 0 0 0 4 11

winter 4 4 5 1 2 0 2 18

Period                

until 2006 0 4 2 1 1 0 4 12

2007–2013 8 3 4 0 0 0 5 20

2014–2019 9 6 2 2 2 2 1 24

Territorial/Floaters 

Floaters 15 7 5 3 2 2 10 44

Territorial 2 6 3 0 1 0 0 12

Tagged/Non-tagged

Transmitter-tagged 8 7 3 0 0 2 3 23

Non tagged 9 6 5 3 3 0 7 33

Country

Bulgaria 13 12 8 3 3 2 7 48

Turkey 3 1 0 0 0 0 2 6

Syria 1 0 0 0 0 0 0 1

Sudan 0 0 0 0 0 0 1 1

Total 17 13 8 3 3 2 10 56

Table 1. Causes of mortality or injury among Eastern Imperial Eagles in Bulgaria according to the 
different variables studied

1. táblázat Parlagi sasok pusztulási vagy sérülési okai Bulgáriában az egyes vizsgált változók alapján
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Temporal changes in mortality 

The study found a relationship be-
tween the period of the registered 
casualties and the main causes iden-
tified as factors for the incidents 
(exact P = 0.04) (Table 2). A sta-
tistically significant difference was 
determined between the period 
2007–2013 and the increase of elec-
trocution traumas in EIE.

Mortality in breeding and 
dispersal areas 

The territorial dependence appeared 
to be an important factor related to 
circumstances for fatal incidents 
for the EIE (exact P = 0.07). Float-
ers were affected with a significant-
ly higher rate by electrocution inju-
ries than territorial ones. 

Tagging-devices were found to 
play no important role in the trau-
matic injuries (exact P = 0.25). 
However, a slight increase in the 
number of electrocution casualties 
was found for the group of the non-
tagged EIE.

Discussion

The sustainability of the ecological food systems is highly dependent on the sustainability of 
the scavenger and raptor populations for maintaining the environmental balance. Unfortu-
nately, growing evidence shows a negative change in the apex scavenger populations world-
wide (O’Bryan et al. 2019), which become vulnerable with other predatory species due to 
violent human activities (Santangeli et al. 2019). Human disturbance, bad weather or a com-
bination of both were identified as factors causing chick mortality in the threatened EIE in 
Austria (Wichmann 2011). Although our study did not include mortality at this early stage 
(chick growing) in the estimations, we found that 71.5% of the mortality cases of the EIE 
from Bulgaria were also result from human interventions, with the other 5.4% caused by in-
traspecific aggression and extreme weather. Similar results were found for the threatened 

Year

Population 
size (n) 

(Number of 
nesting pairs 

x 2)

Number of 
specimens 

found
(n)

Ratio of 
incidents vs. 
population 

size (%)

1992 4 1 25.00

1993 4 1 25.00

1998 12 1 8.33

2001 20 1 5.00

2004 30 7 23.33

2005 28 1 3.57

2008 38 2 5.26

2009 40 3 7.50

2010 36 4 11.11

2011 44 5 11.36

2012 46 5 10.87

2013 50 1 2.00

2014 52 10 19.23

2015 56 5 8.93

2016 56 2 3.57

2017 56 5 8.93

2018 58 1 1.72

2019 62 1 1.61

Table 2. Ratio of Eastern Imperial Eagle specimens 
found dead or injured in Bulgaria in relation 
to the Bulgarian breeding population. Data till 
2014 were retrieved from Demerdzhiev, 2015. 
After 2015 we used unpublished authors data 
and field observations 

2. táblázat Az elpusztultan vagy sérülten megtalált parla-
gi sasok száma Bulgáriában az országos költő 
állomány nagyságához viszonyítva
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Spanish Imperial Eagle (Aquila adalberti), as well, with the illegal use of poisonous baits 
and veterinary drugs as main causes for mortality (Ferrer et al. 2013, Margalida et al. 2017). 

The protection of EIE in Bulgaria was directly addressed for the first time in the 1990s 
(Petrov & Stoychev 2002). The systematic conservation activities, implemented since 2000, 
have led to increase in the number of pairs and occupied territories. This positive trend ap-
peared to be a consequence as well from both better protection of breeding grounds and 
some immigration of eagles from adjacent regions (Demerdzhiev et al. 2015). The observa-
tions on the status of the Bulgarian populations of EIE improved till 2014 (Demerdzhiev et 
al. 2011b, Demerdzhiev et al. 2014a, Demerdzhiev et al. 2015). 

Despite the success of the conservation efforts and the implementation of the Europe-
an legislation on wildlife protection and regulation on pesticide use in Bulgaria since 2007 
(Anonymous 2009, Nikolova et al. 2015), our results indicated non-significant decrease in 
the number of incidents and total mortality rates in eagles. Our data confirmed the previous 
findings that the most important factor causing the mortality of immature eagles was elec-
trocution (Stoychev et al. 2014), accompanied by shooting and poisoning too (Demerdzhiev 
et al. 2014a). 

The natal dispersal of EIEs was found to be the most threatened period, as high mortality 
rates were revealed for the first calendar year birds (Demerdzhiev et al. 2015), that increased 
further for the second and third calendar years (Stoychev et al. 2014), while we found sig-
nificant decrease mortality rates in adults. The main factor for fatal casualties in juvenile ea-
gles was electrocution, followed by unknown causes and poisoning. For the immatures key 
mortality factor was electrocution, accompanied by shooting and poisoning. Likewise, the 
main causes for trauma injuries in juvenile and immature eagles from the Bulgarian popula-
tion were identified by other studies as well (Stoychev et al. 2014). 

We speculate that adult eagles appeared to be less likely to die from electrocution due to 
their life experience. By occupying a certain area, they learned to avoid electric poles and land-
ed on trees instead. At the same time, we rarely registered shot adult EIE in their breeding ter-
ritories as a result of successful long-term awareness raising work. Immature birds that visited 
different areas within their dispersal period (very often outside Bulgaria) could be shot due to 
misunderstanding or intentionally, so the work with hunters at these places should be intensi-
fied. Poisoning appeared as a threat of equal intensity for all age groups, with the juveniles and 
immatures being poisoned in the dispersal areas and the adults in the nesting areas. We could 
assume also that most of the unknown causes of death were probably due to poisoning, how-
ever, the late discovery of the body or its remains, prevented us to confirm the cause of dead. 

Regarding the Spanish Imperial Eagle, data suggested that electrocution occurred more 
frequently in autumn and winter (Gonzalez et al. 2007). In contrary to these findings, we 
registered high mortality due to electrocution in summer. Considering the EIE mortality by 
seasons, it could be pointed out that electrocution was more common in summer for floaters, 
which used to concentrate in Temporal Settlement Areas such as Sliven field, appeared to 
be attracted by abundant prey in this season, mostly European Souslik (Spermophilus citel-
lus), and due to lack of tall trees they often perched on the poles where got injured. Winter 
and spring were suggested as the seasons with more frequent poisoning cases of Spanish Im-
perial Eagles (Thirgood et al. 2000), related to the illegal control on other predator species 
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(Gonzalez et al. 2007). For EIE, we found that the highest number of registered poisoning 
incidents occurred in winter and summer, when EIE become attracted by poisonous baits, 
which we hypothesized to be intended for wolves and jackals (winter), or when baits for ro-
dents were dispersed (summer). This hypothesis was based only on field observations as we 
lacked sufficient evidence from toxicological analyses. The shooting incidents were mainly 
detected in winter, due to the permitted active hunting in this season, which imposed the ne-
cessity for more intensive conservation work with hunters during winter. To summarize, the 
winter period was generally associated with the highest mortality rates among EIE, due to 
the difficulties in finding food and deteriorating weather conditions and other mortality fac-
tors with anthropogenic character occurring then.

Despite the numerous conservation activities undertaken during the second and third pe-
riods of the study, the number of EIE found dead increased. In consistence with previous 
studies, our results showed that till 2006 the fatal cases due to electrocution were 0%, in the 
period 2007–2013 they increased to 14.30% and in 2014–2019 they reached 16.10%. This 
contradiction is due to the lack of systematic studies until 2004 on bird mortality caused by 
the hazardous power grid (Demerdzhiev et al. 2009), as well as to more precise method for 
determining mortality factors by marking eagles with transmitters (Stoychev et al. 2014). 
At the same time, more than 3000 hazardous electric poles in the territories of the Bulgari-
an population of the species were modified to bird-friendly design to prevent the casualties 
(Demerdzhiev et al. 2014a, authors’ data). Explanation of increased mortality due to elec-
trocution in the third period could be found in expansion of the population and coloniza-
tion of new breeding territories mainly by unexperienced immature birds and also by prob-
ably increased number of the floaters, which made the risk of incidents by unsecured poles 
higher. As a measure for reducing the hazard, the modification of risky electric poles in the 
new nesting areas and new dispersal sites should be continued. Regarding the poisoning in-
cidents, we found no differences till 2014. During the next few years from 2014–2019, an 
increase in the number of registered poisoning cases was documented. The role of anthro-
pogenic factors as shooting and human disturbance, which pose a threat for the EIE popu-
lations was confirmed as well (Schmidt & Horal 2018), despite the intensive conservative 
measures in the period 1998–2014 (Demerdzhiev et al. 2015). 

When compared with the population size, the noted increase in the total number of inci-
dents in the second and third periods was accompanied by a significant increase in the num-
ber of the EIE population during the same time. Thus, registered EIE casualties per year rep-
resented a small share compared to the total population size (Table 2). 

Data for the mortality rates estimations were obtained from both transmitter-tagged and 
non-tagged birds, as Gonzalez et al. (2007) suggested that records of individuals from both 
groups provided similar information on the frequency of the causes of mortality.

Mortality due to electrocution had been estimated through specific methodology of study-
ing this factor based on regular inspections of hazardous electric poles when the injured ea-
gles were easily found. Data from the 27 satellite-tracked EIE unambiguously proved elec-
trocution as a major factor in floater mortality (Stoychev et al. 2014).

It should be noted that certain difference in mortality between territorial birds and floaters 
existed. The study found that nesting birds died more often from poisoning and less often 
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from electrocution, while in floaters mortality due to electrocution was more frequent than 
poisoning. The last fact could be explained by the lack of experience of the floaters and 
probably their wider distribution. Together with young birds, in their dispersal areas, they 
used to land often on electric poles and become casualties of electrocution. At the same time, 
the breeding EIE used to stay within the familiar nesting territories, while the floaters ex-
plored many different places, thus, increasing the risk to get injured or die from any of the 
anthropogenic factors.

Understanding on the nature of poisoning in wildlife is provided by a number of studies 
on the human-wildlife conflict (Margalida et al. 2014, Schmidt & Horal 2018). The unsta-
ble coexistence of carnivores and birds of prey with game and livestock, resulting in dam-
ages in human property and safety, was stated to be a motive for a hostile attitude towards 
raptors (Brochet et al. 2019, BirdLife International 2020), scavengers (Plaza et al. 2019), 
and use of poisonous baits to control livestock predators like wolves (Petrov et al. 1996, 
Peterson et al. 2010). Thus, secondary or malicious animal poisoning was recorded to pose 
an enormous threat for the stability of the Spanish Imperial Eagle populations with esti-
mation of 54% mortality cases in adult birds since 1990, due to increased use of poison in 
hunting areas (Ferrer & Penteriani 2008), and illegal practices related to use of poisonous 
baits in EIE (Horváth et al. 2016, Chiaria et al. 2017). The fatal incidents with the EIEs in 
Bulgaria were associated also with the use of poisonous baits against the Grey Wolf (Ca-
nis lupus) population, but affecting also raptors and scavengers. In fact, data reported no 
presence of the grey wolf in territories, co-inhabited by the eagle pairs, till 2014 (Anony-
mous 2013). On the other side, evidences for the presence of several wolf packs were re-
ceived through field observations (authors’ data) after 2014. Indirectly, the role of poison-
ous baits for wolves as a mortality factor for the eagles was confirmed due to the change 
in the land use in agriculture (Lazarova & Balieva 2020) and signals from farmers for wolf 
attacks on their herds.

Reasons behind poisoning in wildlife were investigated in a range of European countries 
like Belgium, France, Greece, Italy and Spain. Data over a ten-year period reported that de-
liberate primary or secondary poisonings, mainly in birds, including raptors, were of a con-
cern to all countries. Analysis showed that in poisoning incidents with fatal consequences 
among the frequently identified agents were metals (particularly lead arising from sporting/
hunting activities) and pesticides (mainly anticholinesterases and anticoagulants) (Guitart et 
al. 2010). Poisoning was the most significant mortality factor for EIE in Hungary (Deák et 
al. 2020b). Regarding scavenger species, like vultures, it was found that secondary poison-
ing due to human-wildlife conflict exposed the birds to the toxic effect of pesticides (Plaza 
et al. 2019) and in long-term resulted in 60% of all registered vulture poisoning events in 
the southern Balkan Peninsula during the last 36 years. Most frequently used substances in 
poisonous baits were strychnine, carbamate, and organophosphorus compounds (Parvanov 
et al. 2018). Moreover, highly toxic pesticides were detected in intentional poisoning of do-
mestic animals and wildlife in Spain (aldicarb, carbofuran and strychnine) (Martínez-Haro 
et al. 2008), Italy (insecticides – anticholinesterases, rodenticides, molluscicides and herbi-
cides) (Chiaria et al. 2017), Tunisia (carbamates, organophosphates and rodenticides-an-
ticoagulants) (Lahmar et al. 2019) and Hungary (carbofuran, brodifacoum, terbufos and 
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diazinon) (Deák et al. 2020a). In correspondence with these findings, our results showed 
that laboratory confirmed intoxications in EIEs from the study were caused by anticholinest-
erase’s inhibitors such as organophosphate and carbamate insecticides. 

The extremely high number of poisoning incidents in raptors and scavengers registered 
worldwide in the last decades redirected the conservation efforts towards improvement of 
the detection efficiency of poisonous baits. In Europe, poison-and carcass searching dog 
units were established and joint forces of NGOs, governmental officers, wildlife veterinari-
ans, police and prosecutors were set to improve detection, reporting, investigation and per-
secution of illegal poisoning in vulnerable species like the EIE (Petrov et al. 1996, Horváth 
et al. 2018b). 

Conclusion

EIEs are using a larger range and visiting diverse areas during their wanderings, while terri-
torial birds are attached to a specific area, therefore different mortality factors are affecting 
these two groups, which require different conservation approaches. Among the main mor-
tality causes for the eagles appeared to be electrocution and poisoning, despite the continu-
ous joint efforts of conservation organisations in the last two decades.

Modification of the hazardous electric poles should be considered the main conserva-
tion priority in both natal and species dispersal areas. Anti-poisoning actions should be 
considered at a first priority step in EIE breeding territories and as a second priority in 
dispersal areas outside Bulgaria. Moreover, international pressure and support on these 
threats can result in better conservation applicability, especially outside Bulgaria. Least, 
but importantly not last, it is necessary to intensify the work with local institutions and 
stakeholders such as hunters, farmers, etc., who have a crucial role in the long-term sur-
vival of the EIE in Bulgaria.

Acknowledgements

These results were achieved with the support of a foundation EuroNatur – Germany, Enter-
prise for Management of Environment Protection Activities – MOEW, Bulgaria, LIFE14NAT/
BG/001119, LIFE12NAT/BG/000572, LIFE07 NAT/BG/000068, LIFE14NAT/BG/001119, 
LIFE12NAT/BG/000572, LIFE07 NAT/BG/000068. The authors express their gratitude to 
all those who co-operated and contributed to field data observations, conservation activities, 
treatment and rehabilitation of injured EIE: Svetoslav Spasov, Ivaylo Angelov, Nikolai Ter-
ziev, Tzeno Petrov, Petar Iankov, Vladimir Trifonov, Nedko Nedyalkov, Georgi Georgiev, 
Dimitar Plachiysky, Georgi Popgeorgiev, Georgi Gerdzhikov, Vera Dyulgerska, Vladimir 
Dobrev, Vanyo Angelov, Alexander Georgiev, Vasilena Georgieva, Valentin Velev, Volen 
Arkumarev, Konstantin Dichev, Dimitar Popov, Iliyan Stoev, Dimitar Marinov, Konstantin 
Popov, Hristina Klisurova, Ivelin Ivanov, Simeon Marin, Petya Karpuzova, Dobromir Dob-
rinov, Stefka Dimitrova, Galina Simeonova, Tsvetan Chaprazov.



131I. Lazarova, D. Dobrev, G. Gradev, R. Petrov, S. Stoychev,  
I. Klisurov & D. Demerdzhiev

Anonymous 1979. Council of Europe, Convention on the Conservation of European Wildlife and Natural Ha bi-
tats, Appendix II – strictly protected fauna species, European Treaty Series – No. 104. – Bern Convention, 
https://rm.coe.int/1680078af f

Anonymous 2002. Biodiversity Act. State Gazette 77/09.08.2002. – last amended State Gazette 98/27.11.2018 
(BG)

Anonymous 2009. Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 
on the conservation of wild birds. 26.1.2010. – Official Journal of the European Union L 20/7

Anonymous 2013. Information systems for protected areas from the ecological network NATURA 2000. Minis-
try of Environment and Water. (BG) – http://natura2000.moew.government.bg/

Anonymous 2019. Convention On International Trade In Endangered Species Of Wild Fauna And Flora, Appen-
dices I, II and III valid from 26 November 2019 Interpretation. – https://cites.org/sites/default/files/eng/app/ 
2019/E-Appendices-2019-11-26.pdf 

BirdLife International 2020. Aquila heliaca (amended version of 2017 assessment). – The IUCN Red List of 
Threatened Species DOI: 10.2305/IUCN.UK.2019-3.RLTS.T22696048A155464885.en

BirdLife International Species factsheet 2020. Aquila heliaca. – http://www.birdlife.org on 20/01/2020 
Brochet, A., Van Den Bossche, W., Jones, V. R., Arnardottir, H., Damoc, D., Demko, M., Driessens, G., Flensted, 

K., Gerber, M., Ghasabyan, M., Gradinarov, D., Hansen, J., Horváth, H., Karlonas, M., Krogulec, J., Kuz-
menko, T., Lachman, L., Lehtiniemi, T., Lorgé, P., Lötberg, U., Lusby, J., Ottens, G., Paquet, J., Rukhaia, A., 
Schmidt, M., Shimmings, P., Stipnieks, A., Sultanov, E., Vermouzek, Z., Vintchevski, A., Volke, V., Willi, G. 
& Butchart, S. H. M. 2019. Illegal killing and taking of birds in Europe outside the Mediterranean: assess-
ing the scope and scale of a complex issue. – Bird Conservation International 29(1): 10–40. DOI: 10.1017/
S0959270917000533

Brown, J. L. 1969. Territorial behavior and population regulation in birds: a review and re-evaluation. – Wilson 
Bulletin 81(3): 293–329.

Chiaria, M., Cortinovis, C., Vitale, N., Zanoni, M., Faggionato, E., Biancardi, A. & Caloni, F. 2017. Pesticide in-
cidence in poisoned baits: A 10-year report. – Science of the Total Environment 601–602: 285–292. DOI: 
10.1016/j.scitotenv.2017.05.158

Deák, G., Juhász, T., Árvay, M. & Horváth, M. 2020a Vadon élő állatokat érintő mérgezéses esetek alakulása 
Magyarországon 2017 és 2019 között [The situation of wild animal poisoning in Hungary between 2017 and 
2019.]. – Heliaca 16: 60–64. DOI: 10.13140/RG.2.2.22228.14726 (in Hungarian with English Summary)

Deák, G., Fatér, I., Juhász, T. & Horváth, M. 2020b Parlagi sasok (Aquila heliaca) pusztulási és kézre kerülé-
si okainak alakulása Magyarországon 2010 és 2019 között [Causes of death, injuries and diseases of East-
ern Imperial Eagles (Aquila heliaca) in Hungary between 2010 and 2019]. – Heliaca 16: 114–117. DOI: 
10.13140/RG.2.2.14678.40006 (in Hungarian with English Summary)

Demerdzhiev, D. Stoychev, S., Petrov, Tz., Angelov, I. & Nedyalkov, N. 2009. Impact of power lines on bird mor-
tality in Southern Bulgaria. – Acta Zoologica Bulgarica 61(2): 175–183.

Demerdzhiev, D., Horváth, M., Kovács, A., Stoychev, S. & Karyakin, I. 2011a Status and population trend of 
the Eastern Imperial Eagle (Aquila heliaca) in Europe in the period 2000–2010. – Acta Zoologica Bulgari-
ca Suppl. 3: 5–14.

Demerdzhiev, D. A., Gradev, G. Zh., Stoychev, S. A., Ivanov, I., Petrov, Tz. & Marin, S. A. 2011b Increase of the 
population of the Eastern Imperial Eagle (Aquila heliaca) in Bulgaria. – Acta Zoologica Bulgarica Suppl. 3: 
41–54.

Demerdzhiev, D. 2014. Factors influencing bird mortality caused by power lines within Special Protected Areas 
and undertaken conservation efforts. – Acta Zoologica Bulgarica 66(2): 411–423.

Demerdzhiev, D., Stoychev, S., Dobrev, D., Spasov, S. & Terziev, N. 2014a Conservation measures undertaken to 
improve the population status of Eastern Imperial Eagle (Aquila heliaca) in Bulgaria. – Slovak Raptor Jour-
nal 8(1): 27–39. DOI: 10.2478/srj-2014-0007.

Demerdzhiev, D., Dobrev, D., Isfendiyaroğlu, S., Boev, Z., Stoychev, S., Terziev, N. & Spasov, S. 2014b Distribu-
tion, abundance, breeding parameters, threats and prey preferences ofthe Eastern Imperial Eagle (Aquila heli-
aca) in European Turkey. – Slovak Raptor Journal 8(1): 17–25. DOI: 10.2478/srj-2014-0004.

Demerdzhiev, D., Stoychev, S., Dobrev, D., Spasov, S. & Oppel, St. 2015. Studying the demographic drivers of 
an increasing Imperial Eagle population to inform conservation management. – Biodiversity and Conserva-
tion 24(3): 627–639. DOI: 10.1007/s10531-014-0841-0

References



ORNIS HUNGARICA 2020. 28(2)132

Demeter, I., Horváth, M., Nagy, K., Görögh, Z., Tóth, P., Bagyura, J., Solt, S., Kovács, A., Dwyer, J. & Harness, 
R. 2018. Documenting and reducing avian electrocutions in Hungary: a conservation contribution from ci-
tizen scientists. – The Wilson Journal of Ornithology 130(3): 600–614. DOI: 10.1676/17-031.1

Donàzar, J. A., Cortés-Avizanda, A., Fargallo, J. A., Margalida, A., Moleón, M., Morales-Reyes, Z., More-
no-Opo, R., Pérez-García, J. M., Sánchez-Zapata, J. A., Zuberogoitia, I. & Serrano, D. 2016. Roles of rap-
tors in a changing world: from flagships to providers of key ecosystem services. – Ardeola 63(1): 181–234. 
DOI: 10.13157/arla.63.1.2016.rp8

Duriez, O., Descaves, S., Gallais, R., Neouze, R., Fluhr, J. & Decante, F. 2019. Vultures attacking livestock: 
a problem of vulture behavioural change or farmers’ perception? – Bird Conservation International 29(3): 
437–453. DOI: 10.1017/S0959270918000345

Dwyer, J. F., Kratz, G. E., Harness, R. E. & Little, S. S. 2015. Critical dimensions of raptors on electric utility 
poles. – Journal of Raptor Research 49(2): 210–216. DOI: 10.3356/0892-1016-49.2.210

Ferguson-Lees, J. & Christie, D. A. 2001. Raptors of the World. – Houghton Mifflin Company, New York
Ferrer, M. & Penteriani, V. 2008. Non-independence of demographic parameters: positive density-dependent fe-

cundity in eagles. – Journal of Applied Ecology 45(5): 1453–1459. DOI: 10.1111/j.1365-2664.2008.01497.x
Ferrer, M., Newton, I. & Muriel, R. 2013. Rescue of a small declining population of Spanish Imperial Eagles. 

– Biological Conservation 159: 32–36. DOI: 10.1016/j.biocon.2012.10.011
Forsman, D. 2005. Eastern Imperial Eagle plumages. – Alula 4: 147–152.
Gonzalez, L. M., Margalida, A., Manosa, S., Sanchez, R., Oria, J., Molina, J.´ I., Caldera, J., Aranda, A. & 

Prad, L. 2007. Causes and spatio-temporal variations of non-natural mortality in the Vulnerable Spa-
nish Imperial Eagle Aquila adalberti during a recovery period. – Oryx 41(4): 495–502. DOI: 10.1017/
S0030605307414119

Gradev, G., Matarranz, V., Dobreva, E., Popov, D., Ivanov, I., Klisurov, I., Kmetova, E. & Vasilakis, D. 2011. 
First results of the tracking of an Eastern Imperial Eagle (Аquila heliaca) tagged with a GPS/ GSM Trans-
mitter in Bulgaria. – Acta Zoologica Bulgarica Suppl. 3: 15–20.

Guitart, R., Sachana, M., Caloni, F., Croubels, S., Vandenbroucke, V. & Berny, P. 2010. Animal poisoning in 
Europe. Part 3. Wildlife. – The Veterinary Journal 183(3): 260–265. DOI: 10.1016/j.tvjl.2009.03.033 

Horváth, M., Szitta, T., Firmánszky, G., Solti, B., Kovács, A. & Moskát, C. 2010. Spatial variation in prey com-
position and its possible effect on reproductive success in an expanding Eastern Imperial Eagle (Aquila he-
liaca) population. – Acta Zoologica Academiae Scientiarum Hungaricae 56(2): 187–200.

Horváth, М., Demeter, I., Fatér, I., Firmánszky, G., Kleszó, A., Kovács, A., Szitta, T., Tóth, I., Zalai, T. & 
Bagyura, J. 2011. Population dynamics of the Imperial Eagle (Aquila heliaca) in Hungary between 2001 
and 2009. – Acta Zoologica Bulgarica Suppl. 3: 61–70.

Horváth, M., Bagyura, J., Deák, G., Fatér, I., Firmánszky, G., Horváth, Á., Juhász, T., Klébert, A., Lóránt, 
M., Németh, T., Pongrácz, Á., Prommer, M., Serfőző, J., Tóth, I. & Váczi, M. 2016. A parlagisas-védel-
mi és mérgezés-megelőzési munkacsoportok 2014. évi beszámolója [Annual Report of the Hungar-
ian Imperial Eagle and Anti-poisoning Working Groups – 2014]. – Heliaca 12: 6–11. DOI: 10.13140/
RG.2.2.31092.37768 (in Hungarian with English Summary)

Horváth, M., Solti, B., Fatér, I., Juhász, T., Haraszthy, L., Szitta, T., Ballók, Zs. & Pásztory-Kovács, Sz. 2018a 
Temporal changes in the diet composition of the Eastern Imperial Eagle (Aquila heliaca) in Hungary. – Or-
nis Hungarica 26(1): 1–26. DOI: 10.1515/orhu-2018-0001

Horváth, M., Deák, G., Fatér, I., Juhász, T., Bánfi, P., Horváth, Á., Kiss, Á., Kovács, G., Pongrácz, Á. & Sós, 
E. 2018b A HELICON LIFE projekt eredményei a mérgezésmegelőzés és a parlagisas-védelem területén 
2012 és 2016 között [The results of the HELICON LIFE project in the prevention of poisoning and in the 
conservation of Eastern Imperial Eagle between 2012 and 2016]. – Heliaca 13: 100–105. DOI: 10.13140/
RG.2.2.23314.89286 (in Hungarian with English Summary)

Hristovich, G. 1890. Materials for studying the Fauna of Bulgaria. – Collection of Folklore 2: 185–225.
Katzner, T., Bragin, E., Knick, S. & Smith, A. 2006. Spatial structure in the diet of Imperial Eagles Aquila he-

liaca in Kazakhstan. – Journal of Avian Biology 37(6): 594–600. DOI: 10.1111/j.2006.0908-8857.03617.x
Kirov, V., Kostov, I., Kirova, S. & Balieva, G. 2019. Contemporary development of legislation on criminaliza-

tion of animal cruelty. – International Journal Scientific Papers 32(1): 201–206.
Kovács, A., Demeter, I., Horváth, M., Fülöp, Gy., Frank, T. & Szilvácsku, Zs. 2005. Imperial Eagle Manage-

ment Guidelines. – MME / BirdLife Hungary, Budapest
Lahmar, R., Berny, P., Mahjoub, T. & Ben Youssef, S. 2019. Animal pesticide poisoning in Tunisia. – Frontiers 

in Veterinary Science 6: 369. DOI: 10.3389/fvets.2019.00369.



133I. Lazarova, D. Dobrev, G. Gradev, R. Petrov, S. Stoychev,  
I. Klisurov & D. Demerdzhiev

Lazarova, I. & Balieva, G. 2020. Pesticide agents as factors for wild animals poisoning. – Scientific reports from 
the 12th scientific conference “Climate changes – a global threat for the food chain”. Edited by the Risk Assess-
ment Centre on Food Chain, Bulgarian Focal Point of EFSA, pp. 18–40. DOI: 10.5281/zenodo.3647855 (BG)

Margalida, A., Campión, D. & Donázar, J. A. 2014. Vultures vs livestock: conservation relationships in an emerg-
ing conflict between humans and wildlife. – Oryx 48(2): 172–176. DOI: 10.1017/S0030605312000889

Margalida, A., Colomer, M. À., Sánchez, R., Sánchez, F. J., Oria, J. & González, L. M. 2017. Behavioral evidence 
of hunting and foraging techniques by a top predator suggests the importance of scavenging for preadults. – 
Ecology and Evolution 7(12): 4192–4199. DOI: 10.1002/ece3.2944

Marin, S., Ivanov, I., Georgiev, D. & Boev, Z. 2004. On the food of the Imperial Eagle Aquila heliaca on Sakar 
Mountain and Dervent Heights, Bulgaria. – In: Chancellor, R. & Meyburg, B-U. (eds.) Raptors Worldwide, 
WWGBP/MME, pp. 589–592.

Martínez-Haro, M., Mateo, R., Guitart, R., Soler-Rodríguez, F., Pérez-López, M., María-Mojica, P. & 
García-Fernández, A. J. 2008. Relationship of the toxicity of pesticide formulations and their commercial 
restrictions with the frequency of animal poisonings. – Ecotoxicology and Environmental Safety 69(3): 
396–402. DOI: 10.1016/j.ecoenv.2007.05.006

McClure, Ch. J. W., Westrip, J. R. S., Johnson, J. A., Schulwitz, S. E., Virani, M. Z., Davies, R., Symes, A., 
Wheatley, H., Thorstrom, R., Amar, A., Buij, R., Jones, V. R., Williams, N. P., Buechley, E. R. & Butchart, S. 
H. M. 2018. State of the world’s raptors: Distributions, threats, and conservation recommendations. – Biolo-
gical Conservation 227: 390–402. DOI: 10.1016/j.biocon.2018.08.012

Meyburg, B-U. & Kirwan, G. M. 2020. Imperial Eagle (Aquila heliaca), version 1.0. – In: del Hoyo, J., Elliott, 
A., Sargatal, J., Christie, D. A. & de Juana, E. (eds.) Birds of the World – Cornell Lab of Ornithology, Ithaca, 
NY, USA DOI: 10.2173/bow.impeag1.01

Newton, I. 1992. Experiments on the limitation of bird numbers by territorial behaviour. – Biological Reviews 
67(2): 129–173. DOI: 10.1111/j.1469-185X.1992.tb01017.x

Nikolova, G. 2010. Bulgarian contribution for saving the wildlife biodiversity – legislative basis and organiza-
tional structures. – 17th Scientific Conference with International Participation “Animal Protection and Wel-
fare”, Conference Proceedings, edited by the Conference Scientific Committee, University of Veterinary and 
Pharmaceutical Sciences, Brno, Czech Republic, pp. 178–183.

Nikolova, G., Kostov, I. & Baliev, S. 2015. Legislative regulatory mechanisms for reducing the negative effects 
of pesticides on public health. – Reports from the 8th Scientific conference of the Bulgarian Focal Point of 
European Food Safety Authority (EFSA). Edited by the Risk Assessment Center, Sofia, Bulgaria (BG) DOI: 
10.5281/zenodo.4061734

O’Bryan, Ch. J., Holden, M. H. & Watson, J. E. M. 2019. The mesoscavenger release hypothesis and implications 
for ecosystem and human well-being. – Ecology Letters 22(9): 1340–1348. DOI: 10.1111/ele.13288

Pantović, U. & Andevski, J. 2018. Review of the problem of poison use and vulture poisoning in the Balkan Pen-
insula. – Vulture Conservation Foundation, Netherlands 

Parvanov, D., Stoynov, E., Vangelova, N., Peshev, H., Grozdanov, A., Delov, V. & Iliev, Y. 2018. Vulture mortal-
ity resulting from illegal poisoning in the southern Balkan Peninsula. – Environmental Science and Pollution 
Research 25: 1706–1712. DOI: 10.1007/s11356-017-0594-x

Patev, P. 1950. Birds of Bulgaria. – BAS, Sofia (in Bulgarian)
Penteriani, V., Otalora, F. & Ferrer, M. 2005. Floater survival affects population persistence. The role of prey avail-

ability and environmental stochasticity. – Oikos 108(3): 523–534. DOI: 10.1111/j.0030-1299.2005.13514.x
Penteriani, V., Otalora, F. & Ferrer, M. 2006. Floater dynamics can explain positive patterns of density depend-

ence fecundity in animal populations. – American Naturalist 168(5): 697–703. DOI: 10.2307/3873463
Penteriani, V., Otalora, F. & Ferrer, M. 2008. Floater mortality within settlement areas can explain the Allee ef-

fect in breeding populations. – Ecological Modelling 213(1): 98–104. DOI: 10.1016/j.ecolmodel.2007.11.009
Peterson, M. N., Birckhead, J. L., Leong, K., Peterson, M. J. & Peterson, T. R. 2010. Rearticulating the myth of 

human-wildlife conflict. – Conservation Letters 3(2): 74–82. DOI: 10.1111/j.1755-263X.2010.00099.x
Petrov, Tz., Iankov, P., Darakchiev, A., Nikolov, H., Michev, T., Profirov, L. & Milchev, B. 1996. Status of the 

Imperial Eagle Aquila heliaca in Bulgaria in the period between 1890 and 1993. – In: Meyburg, B-U. & 
Chancellor, R. D. (eds.) Eagle Studies. – World Working Group on Birds of Prey (WWGBP), Berlin, Lon-
don & Paris, pp. 429–434.

Petrov, T. & Stoychev, S. 2002. National action plan for the Imperial Eagle (A. heliaca). – In: Bulgarian Society 
for Protection of Birds, Ministry of Environment and Water (eds.) Globally threatened birds in Bulgaria: na-
tional action plans for conservation Part 1. – BSPB-MOSV, Sofia, pp. 132–161.



ORNIS HUNGARICA 2020. 28(2)134

Plaza, P. I., Martínez-López, E. &. Lambertucci, S. A. 2019. The perfect threat: Pesticides and vultures. – Science 
of the Total Environment 687: 1207–1218. DOI: 10.1016/j.scitotenv.2019.06.160

Santangeli, A., Girardello, M., Buechley, E. R., Eklund, J. & Phipps, L. W. 2019. Navigating spaces for imple-
menting raptor research and conservation under varying levels of violence and governance in the Global 
South. – Biological Conservation 239: 108212, 1–9. DOI:10.1016/j.biocon.2019.108212

Schmidt, M. & Horal, D. 2018. Eastern Imperial Eagle (Aquila heliaca) on its most north-west distribution edge. 
– Raptors Conservation Suppl. 1: 102–103. DOI: 10.19074/1814-8654 

Smart, J., Amar, A., Sim, I. M. W., Etheridge, B., Cameron, D., Christie, G. & Wilson, J. D. 2010. Illegal killing 
slows population recovery of a re-introduced raptor of high conservation concern – The Red Kite Milvus mil-
vus. – Biological Conservation 143: 1278–1286. DOI: 10.1016/j.biocon.2010.03.002

Stoychev, S., Demerdzhiev, D., Spasov, S., Meyburg, B-U. & Dobrev, D. 2014. Survival rate and mortality of ju-
venile and immature Eastern Imperial Eagles (Aquila heliaca) from Bulgaria studied by satellite telemetry. – 
Slovak Raptor Journal 8(1): 53–60. DOI: 10.2478/srj-201 4-0008. 

Thiollay, J. M. 1994. Family Accipitridae (Hawks and Eagles). – In: del Hoyo, J., Elliot, A. & Sargatal, J. (eds.) 
Handbook of the Birds of the World, Vol. 2. New World Vultures to Guineafowl. – Lynx Edicions, Barcelona

Thirgood, S. J., Redpath, S. M., Rothery, P. & Aebischer, N. J. 2000. Raptor predation and population limitation in 
red grouse. – Journal of Animal Ecology 69(3): 504–516. DOI: 10.1046/j.1365-2656.2000.00413.x

Vili, N., Szabó, K., Kovács, Sz., Kabai, P. Kalmár, L. & Horváth, M. 2013. High turnover rate revealed by non-in-
vasive genetic analyses in an expanding Eastern Imperial Eagle population. – Acta Zoologica Academiae Sci-
entiarum Hungaricae 59(3): 279–295.

Wichmann, G. 2011. The situation of the Eastern Imperial Eagle Aquila heliaca in Austria. – Acta Zoologica Bul-
garica Suppl. 3: 37–40.


