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Abstract: 	 Avian electrocution has been well documented mostly in North America and Europe. In Asia, mortality due 
to hazardous power grid was studied mainly in Russia, Kazakhstan and Mongolia. However, this type of 
research is still rare in the Middle East region and the problem there remains poorly understood. Jordan is 
on the flyway of many threatened species, such as Steppe Eagle Aquila nipalensis (Hodgson, 1833), Egyp-
tian Vulture Neophron percnopterus (Linnaeus, 1758) and Eastern Imperial Eagle Aquila heliaca (Savigny, 
1809). Therefore, the study of the electrocution risk in the country is of crucial importance to clarifying the 
dangerous power lines, threatening birds and their subsequent mitigation. In this pilot study, we focused 
on regions comprising part of the eastern Mediterranean migration route of the Egyptian Vulture used also 
by other raptor species. We found 215 electrocuted birds belonging to nine species, as the most common 
victim was the White Stork Ciconia ciconia (Linnaeus, 1758) (n = 197). Raptors were the next most com-
monly electrocuted guild in our study, including globally endangered Steppe Eagle (n = 2) and Egyptian 
Vulture (n = 1). Most electrocution incidents were recorded on tower station (KR = 2.43). The power poles 
of Type 3 (KR = 1) and Type 6 (KR = 0.75) also caused high bird mortality. However, 742 poles of dif-
ferent types were insulated within the project „Urgent Actions to Strengthen the Balkan Population of the 
Egyptian Vulture and Secure Its Flyway” (LIFE16 NAT/BG/000874). We recommend the intensification of 
such research in order to evaluate how serious the problem really is in the Middle East region, identifying 
hotspots of electrocution mortality and implementing subsequent mitigation measures. 
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Introduction
The development of the electricity transmission in-
frastructure is expected to expand globally in the next 
decades (Griggs et al. 2013). This will have highly 
negative impact on environment in different aspects 
such as habitat fragmentation due to power line cor-
ridors (Andrews 1990), the effects of electromag-
netic fields (Fernie & Reynolds 2005, Balmori 
2015), changes in species interactions (Lammers & 
Collopy 2007) and an increase in wildfires (Guil et 
al. 2018). The most severe impact is the increase in 

non-natural mortality due to electrocution on power 
pylons (Lehman et al. 2007, Guil & Pérez-García 
2022) and collision with overhead wires (Bernardi-
no et al. 2018). However, the electricity network can 
also present suitable nesting habitats and provide 
perching sites for many birds, including endangered 
species (Mañosa 2001, Karyakin 2008, Trajanow-
ski et al. 2014, Mainwaring 2015).

Electrocutions concern different guilds of birds, 
but the most affected groups are raptors, corvids and 
storks (Guyonne et al. 2001, Demerdzhiev et al. 
2009, Demerdzhiev 2014). This threat is especially 
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harmful to the populations of some globally threat-
ened species such as Steppe Eagle, Eastern Impe-
rial Eagle, Spanish Imperial Eagle Aquila adalberti 
(Brehm, 1861) and Egyptian Vulture (Karyakin 
& Novikova 2006, González et al. 2007, López-
López et al. 2011, Angelov et al. 2013, Karyakin 
2013, Lazarova et al. 2020, Oppel et al. 2021a, 
2022, Shobrak et al. 2020, 2022, Dwyer et al. 
2023). Although research on bird mortality caused 
by hazardous power grids in Asia has increased over 
the past decade (Dixon et al. 2013, Guil & Pérez-
García 2022, Dwyer et al. 2023), this type of study 
is still rare in the Middle East region and the prob-
lem there remains poorly understood (Kolnegari 
et al. 2021, Shobrak et al. 2022). Since Jordan is 
on the flyway of many migrant species, including 
large raptors such as Steppe Eagle, Eastern Impe-
rial Eagle, Lesser Spotted Eagle Clanga pomarina 
(Brehm, 1831) and Egyptian Vulture (Buechley et 
al. 2018, Oppel et al. 2021b, Panuccio et al. 2021), 
bird mortality due to the risky power grid is expect-
ed to be high. Therefore, the study of the electro-
cution risk in the country is of crucial importance 
to clarifying the hazardous power lines threatening 
birds and their subsequent mitigation.

In this pilot study focused on an area compris-
ing part of the eastern Mediterranean migration fly-
way of the Egyptian Vulture (Buechley et al. 2018, 
Oppel et al. 2021a, b), we identified hazardous pow-
er lines causing mortality among birds of prey and 
took action to secure them. We present the results of 
power line surveys conducted along predetermined 
power lines across the country during the migration 
seasons of 2019 (spring and autumn) and autumn of 
2021. This is the first study of this kind in the coun-
try, enlightening the problem of bird electrocution 
in the region and mitigation measures undertaken. 
They are also pilot in the region to solve this threat.

Materials and Methods 
Study design
The study was carried out in three periods: spring 
2019 (from 18 to 24 April), autumn 2019 (from 14 to 
21 October) and autumn 2021 (from 17 to 21), cov-
ering powerlines of a total length of about 161 km. 
We focused the study in the southern and northern 
parts of the country around Ma’an, and Al-Mafraq, 
since the regions had been identified as areas of po-
tentially high risk of electrocution incidents (Fig. 1). 
Since Ma’an Governorate is the largest governorate 
in the country, covering about 32,000 km2, which 
is more than one third of the country’s land area, a 
sample of power lines in the region was selected. 

Sampling was based on records of power outages 
in the province, possibly due to bird collision. The 
survey was also extended to cover sections of power 
lines along the highway between Ma’an and Aqaba. 
In addition, parts of Aqaba Province in the western 
part of the country were also surveyed. A total of 
161 km of power lines were inspected in the study 
area and 1998 poles of different types were checked 
(Fig. 1).

Several types of power poles, defined based on 
various combinations of the support structure (pole) 
and the number of insulators located on them, could 
be found in the studied areas. The main types of 
poles (20 Kv) included (Fig. 2):

Type 1: concrete pole with upright porcelain 
insulators located parallel to each other; 

Type 2: concrete strain pole with powerlines 
below the crossarm; conductors run in parallel; 

Type 3: wooden strain pole with one conductor 
above the crossarm; 

Type 4: tower station;
Type 5: concrete pole with upright rubber insu-

lators located parallel to each other; 
Type 6: concrete strain pole with powerlines 

below the crossarm; conductors are suspended at 
different levels.

One-off walking inspections were carried out 
along the power lines. The inspections were per-
formed by the transect method, counting the re-
mains of victims within an area of 20 m on either 
side of each power supply line (Demerdzhiev et al. 
2009, Demerdzhiev 2014). The following specifics 
of each power pole were considered: GPS coordi-
nates, type of pole, habitats within a radius of 50 m 
around the pole. On finding a victim, the following 
data were entered in a standard field form: name of 
the line, individual pole coordinates, species, age, 
gender of the bird (when determined), the number of 
the victims, condition of the victims (fresh carcass, 
mummified carcass, feathers and bones, only feath-
ers or only bones bearing traces of singes or burns), 
distance and position of the victim to the pole and 
wires, type of habitat. All victims within a radius of 
5 m around the pole were considered electrocuted, 
while birds found under the wires were considered 
victims of collision (Demerdzhiev et al. 2009, De-
merdzhiev 2014).

The calculation of the number of electrocuted 
birds was performed by introducing a Killing Rate 
index (KR) calculated by dividing the number of all 
victims of a certain type of power pole by the total 
number of power poles of the relevant type (De-
merdzhiev 2014). The value obtained (KR) is per 
pole and varies ≥ 0 and the higher it is, the higher the 
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Fig. 1. Powerline route-transects covered during the survey

Fig. 2. Different 20 kV pole configurations surveyed in the study
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danger of this type of pole is for the birds. This value 
was mostly used to guide us in identifying which 
power lines needed to be isolated urgently. To assess 
the importance of individual power lines for bird 
mortality, we calculated relative line mortality by 
dividing the number of victims found by the number 
of kilometres inspected of the given power line.

Results 
Species mortality
We found 215 electrocuted birds from to nine spe-
cies and the most common victim was the White 
Stork (n = 197) (Table 1). Raptors were the next 
most commonly electrocuted guild including large 
eagles such as Steppe Eagle (n = 2), Golden Ea-
gle (Aquila chrysaetos) (n = 1), and medium sized 
Short-toed Eagle (Circaetus gallicus) (n = 6), Black 
Kite (Milvus migrans) (n = 3), Egyptian Vulture (n 
= 1) and Peregrine Falcon (Falco peregrinus) (n = 
1). In general, birds of prey accounted for 6.51% of 
victims found. However, three Brown-necked Ra-
vens (Corvus ruficollis) and a Little Egret (Egretta 
garzetta) were also detected and identified as elec-
trocuted.  

Pole design and habitat effect on electrocution 
rate 
Most electrocutions were recorded on tower station 
(pole type 4) with KR = 2.43. The power poles of 
Type 3 (KR = 1) and Type 6 (KR = 0.75) also caused 
high bird mortality. However, poles of Type 5 and 
Type 1 less often caused electrocution in our study 
(Table 2). Most of the electrocution incidents were 
recorded in arable land, 98.1% (n = 211), while four 
birds (1.9%) were found in desert habitat. 

Significance of power lines and conservation 
priority 
Of all electrocuted birds found during the study, the 
Egyptian Vulture and the Steppe Eagle are catego-
rized as globally endangered (Table 1). The most 
dangerous line was Al Mafraq, where 8.47 victims 
per km were found (Fig. 1, 3), followed by the lines 
Al Ekaider (6.54 victims/km), Syria-Jordan Border 
(4.65 victims/km), Al Jafer (0.24 victims/km), and 
Wadi Rum (0.10 victims/km). A total of 742 poles 
of different types were insulated within the project 
”Urgent Actions to Strengthen the Balkan Popula-
tion of the Egyptian Vulture and Secure Its Flyway” 
(LIFE16 NAT/BG/000874) (Table 2). 

Table 1. List of species died from electrocution and their global conservation status

N Species Number of 
victims % of victims IUCN Red List 

Status
1 White Stork Ciconia ciconia (Linnaeus, 1758) 197 91.63 LC
2 Little Egret Egretta garzetta (Linnaeus, 1766) 1 0.47 LC
3 Black Kite Milvus migrans Boddaert, 1783 3 1.4 LC
4 Egyptian Vulture Neophron percnopterus (Linnaeus, 1758) 1 0.47 EN
5 Short-toed Snake Eagle Circaetus gallicus (Gmelin, 1788) 6 2.79 LC
6 Peregrine Falcon Falco peregrinus Tunstall, 1771 1 0.47 LC
7 Steppe Eagle Aquila nipalensis Hodgson, 1833 2 0.93 EN
8 Golden Eagle Aquila chrysaetos (Linnaeus, 1758) 1 0.47 LC
9 Brown-necked Raven Corvus ruficollis Lesson, 1831 3 1.4 LC

Total 215 100

Table 2. Killing rate established with the various types of power poles and number of insulated poles.

Pole type Number of poles Number of victims KR Number of insulated poles % of insulated poles
Type 1 1251 15 0.012 220 17.59
Type 2 124 0 0 30 24.19
Type 3 65 65 1 45 69.23
Type 4 7 17 2.43 7 100
Type 5 511 88 0.17 415 81.21
Type 6 40 30 0.75 25 62.5
Total 1998 215 0.11 742 37.14
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Discussion 
Our results confirmed previous findings, namely that 
White Stork and raptor guild are among the birds 
most affected by electrocution (Demerdzhiev 2014, 
Dwyer et al. 2023). Due to their large body size and 
their behaviour, preferring elevated perches, storks 
and diurnal raptors are particularly prone to electro-
cution.

Electrocution on poorly designed power poles 
is known as causing persistent mortality especially 
for species such as Egyptian Vulture and Steppe Ea-
gle (Karyakin & Novikova 2006, Angelov et al. 
2013, Karyakin 2013, Kolnegari et al. 2021, Dw-
yer et al. 2023). However, persistent non-natural 

mortality caused by electrocution in the whole dis-
tribution area is the main reason for severe popula-
tion declines of Steppe Eagle (Karyakin 2013). Our 
results confirmed that tower station was extremely 
dangerous in terms of bird electrocution (De-
merdzhiev et al. 2009, Demerdzhiev 2014). How-
ever, the high mortality reported for this pole type 
should be considered with caution due to the small 
sample size of tower stations in our study (only 
seven). The “strain pole” types have been noted as 
being among the most dangerous ones, causing mul-
tiple electrocution incidents in other studies as well 
(Demerdzhiev et al. 2009). We have confirmed that 
poles with “pin-type insulators” located parallel to 
each other (Type 1, Type 5) were extremely hazard-

Fig. 3. Map of found electrocuted birds belonging to different species
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ous for raptors (Kolnegari et al. 2021, Shobrak et 
al. 2022). Understandably, all electrocuted diurnal 
birds of prey found in our study were collected un-
der such types of poles. Poles of similar types were 
also mentioned as particularly dangerous for raptors 
globally (Ferrer et al. 1991, Guyonne et al. 2001, 
Bekmansurov et al. 2012, Angelov et al. 2013, 
Demerdzhiev 2014).

The highest mortality recorded on the Al Mafraq 
line was due to dead White Storks under tower stations 
(transformers). A large number of electrocuted storks 
was also found on the lines of the Al Ekaider and 
Syria-Jordan Border. Al Ekaider is a dumpsite along 
migration route of White Stork and considered as an 
important stopover site for feeding used by thousands 
of storks. The Al Jafer Line in the Ma’an area appears 
to be one of the most hazardous lines for raptors, as 
all dead Egyptian Vultures, Steppe Eagles, Short-toed 
Snake Eagles, and Black Kites were found there. In 
this area, there are no records of existing dumps or 
slaughterhouse waste disposal sites (authors’ data). It 
is likely that the availability of suitable prey, as well 
as the convenient perches provided by the hazardous 
electric poles used by raptors and storks for staging 
during their migration, are the reason for the high 
mortality along this line. The likely reason for finding 
so many dead birds of prey of various species in such 
a limited area is the location of this power line. It is 
found in open grounds that include different habitats 
such as desert and arable land, where the presence of 
prey attracts predators. On the other hand, the lack of 
trees encourages birds to perch on hazardous poles 
and significantly increases the risk of electrocution. 
Therefore, regions like Ma’an, being stopover sites 
for many raptors along their migration route, are ex-
tremely important for the species conservation, since 
in a very short time they could concentrate a large 
part of their populations, where persistent mortality 
due to any reason, for example electrocution, would 
have a serious deleterious population-level effect in 
the future. 

Conservation mitigation
About 40% (n = 742) of the investigated hazard-
ous electric poles of different types were insulated 
within the project “Urgent Actions to Strengthen the 
Balkan Population of the Egyptian Vulture and Se-
cure Its Flyway” (LIFE16 NAT/BG/000874) (Table 
2). However, all identified dangerous tower stations 
were insulated, as well as most of the “strain” pole 
types. When securing the power lines, priority was 
given to insulation of the grid in its entirety, as well 
as the more important sections of Al Jafer and the 
Syria-Jordan Border power lines. 

Our expectations that bird electrocution mor-
tality would be high in the study areas due to the lo-
cation of the country on the flyway of many species, 
found full confirmation. Finding specimens of glob-
ally threatened species, such as the Egyptian Vulture 
and the Steppe Eagle, electrocuted in such a short 
time only in a small part of Jordan’s territory, shows 
the gravity of the problem related to the mortality of 
these species in the region. 

Therefore, to ensure a safe migration flyway 
for different globally threatened species such as the 
Steppe Eagle and the Egyptian Vulture, urgent meas-
ures are needed along the entire migration route in-
volving both Jordan and neighbouring countries of 
the region. Collaboration with the energy companies 
should be intensified to provide best practice solu-
tion, such as gradual replacement of dangerous types 
of electric poles with safe ones or isolation of haz-
ardous ones where it is impossible to replace them. 
We recommend also the intensification of similar 
research, in order to evaluate how serious the prob-
lem really is, identifying hotspots of electrocution 
mortality and implementing subsequent insulation 
of hazardous electricity infrastructure. This will in-
evitably contribute to the prevention of the dramatic 
decline in the populations of these species, as well 
as to their subsequent recovery.
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