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Abstract

Electrocution on medium-voltage distribution lines is a globally recognized threat to
birds, yet data from the South Caucasus remain scarce. In Armenia, the magnitude and
spatial distribution of this impact have not previously been assessed through system-
atic field surveys. This pilot study evaluated bird electrocution in selected regions of
the country during the 2024 breeding and autumn migration periods. Surveys covered
approximately 114 km of 10 kV overhead power lines (OPLs) (2,071 poles) across Ar-
mavir, Ararat, Kotayk, and Shirak provinces. Transects were walked along a 40 m search
belt, and all carcasses discovered were documented, with species identification, pole
type, and geographic coordinates being recorded. Given resource constraints, following
initial surveys, the study prioritised concrete poles over wooden ones as the former
were identified as presenting a potentially higher mortality risk. In total, 252 electrocuted
birds representing 15 identified species were recorded. Mortality was markedly higher
during autumn migration in Shirak (228 cases) than during the breeding season in other
surveyed regions (24 cases), although this contrast may reflect both seasonal patterns
and regional landscape differences. Corvids and small- to medium-sized diurnal raptors
comprised the majority of recorded casualties. Spatial mapping revealed distinct mor-
tality clusters, particularly around Arpi Lake National Park and in open steppe—agricul-
tural landscapes with limited natural perching structures. Informal carcass persistence
observations suggested prolonged detectability of large raptor remains. The results in-
dicate that electrocution on medium-voltage lines represents a concentrated and poten-
tially significant source of avian mortality in parts of Armenia, underscoring the need for
targeted mitigation and systematic monitoring.

Key words: anthropogenic mortality, biodiversity impact, bird mortality, human-wildlife
conflict, infrastructure effects, South Caucasus, utility poles, wildlife conservation
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Introduction

Mortality of birds associated with power line infrastructure has emerged as an
important conservation issue, revealing substantial and frequently underesti-
mated threats to avian populations at a global scale (Lehman et al. 2007; Jen-
kins et al. 2010; Bernardino et al. 2018). With the rapid expansion of electrical
infrastructure, including power lines and poles, birds are increasingly exposed
to fatal encounters. Globally, millions of birds are estimated to die each year
due to interactions with power lines, particularly large-bodied, slow-reproduc-
ing species such as raptors and waterfowl. These losses pose serious con-
servation challenges, as even modest increases in adult mortality can affect
long-term population viability (Loss et al. 2014; Singh et al. 2024).

Among the main mechanisms of bird mortality associated with power lines
is electrocution, which typically occurs on low- to medium-voltage distribution
lines where insufficient separation between energized components or between
an energized conductor and grounded hardware (e.g., metal crossarms) en-
ables birds to bridge contacts and complete an electrical circuit, often while
perching or taking off (Demerdzhiev 2014; Biasotto et al. 2022). These interac-
tions represent a distinctive form of human-wildlife conflict. Unlike direct con-
flicts such as crop depredation or livestock predation (Nyhus 2016; Mekonen
2020), the impacts here are indirect, with essential energy networks that sus-
tain economic growth, electrification, and renewable energy deployment simul-
taneously imposing hidden costs on biodiversity (Burdett et al. 2022; Singh et
al. 2024). At the same time, power lines may create ecological opportunities for
species, offering perches or nesting substrates in landscapes lacking tall natu-
ral structures. This dual role, as both hazard and habitat surrogate, complicates
management, requiring a balance between energy security and ecological sus-
tainability (D’Amico et al. 2018; Bennett et al. 2025).

Mitigation measures are well established, and engineering interventions
such as insulating energized components, reconfiguring cross-arms, or in-
stalling perch deterrents can substantially reduce electrocution risk (Bevanger
1994; Dixon et al. 2019). When combined with strategic routing, micro-siting,
and rigorous environmental assessment, these measures demonstrate that
bird mortality can be significantly reduced without compromising energy de-
livery (Dwyer et al. 2014; D’Amico et al. 2018). Despite this research and the
proven solutions, implementation remain patchy.

The majority of electrocution studies have been conducted in developed re-
gions, leaving major knowledge gaps in biodiversity-rich but under-studied re-
gions (Bernardino et al. 2018; Guil and Pérez-Garcia 2022). One such under-rep-
resented region is the South Caucasus, where diverse topography, high avian
richness, and growing energy infrastructure coverage converge. While a study
from Azerbaijan’s Nakhchivan Autonomous Republic has documented substan-
tial mortality on distribution lines (Mammadov and Matsyura 2020), informa-
tion from other territories in the region remains scarce, confined to NGO reports
or general information from raptor research (Abuladze 2013; Abuladze 2023;
Mammadov et al. 2025), rather than systematic scientific analyses. This evi-
dence gap is particularly concerning in a region that lies along important migra-
tory corridors for raptors and other large birds (Verhelst et al. 2011; Heiss 2013).
The ecological implications of bird electrocution and collision extend beyond
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individual mortality to broader ecosystem functions, as many avian species act
as scavengers, dispersers, or predators (Sekercioglu 2006; Loss et al. 2015).

Against this backdrop, the present case study provides the first assessment
of avian mortality from power lines in several territories of Armenia. The pri-
mary objective of this study was to assess the extent of bird electrocution in
the study areas (mainly concentrating on birds of prey), with particular focus
on identifying the most affected species and high-risk hotspots. The analysis
further examines incident distribution, sex and age composition of victims, and
the influence of different pole types and on electrocution risk.

Materials and methods

Study area

The pilot studies were conducted across several regions of the Republic of
Armenia, with a focus on areas characterized by both high densities of over-
head power lines (OPL) and important bird habitats (Figure 1, 2). Surveys were
designed to cover different ecological contexts and seasons, targeting both
breeding and migration periods.

The first field studies were carried out in the Armavir and Ararat provinces of
Armenia. These regions were selected due to their dense networks of OPLs and
their importance as breeding grounds for numerous large and threatened bird
species. In Armavir, surveys were concentrated within and around the Metsam-
or and Sardarapat Important Bird Areas (IBAs), which serve as critical breed-
ing sites for both wetland and arid zone birds subject to high anthropogenic
pressure, including extensive power line infrastructure. Following preliminary
assessments, the team discontinued further surveys in Armavir, as there were
accessibility issues in some areas, and because the majority of accessible pow-
er lines traversed settlements and active roads, where the risk to large birds ap-
peared relatively low. Later surveys were concentrated in areas adjacent to the
Khosrov Forest State Reserve. Power lines located outside, but in close proxim-
ity to the reserve were targeted, under the assumption that breeding birds would
utilise nearby structures for perching and hunting. These surveys encompassed
both Ararat and Kotayk provinces, which feature a mix of mountainous areas
and, in the case of Ararat, extensive flat lowlands with significant urban and
agricultural development. The surrounding landscape included rocky slopes,
boulder-strewn hills, and orchards with tall trees, all of which could provide al-
ternative natural perching opportunities. A similar configuration was observed
in surveyed areas in Kotayk, though the terrain here was more rugged.

During the autumn migration period, surveys shifted to Shirak province, one of
Armenia’s important raptor migration corridors. This landscape is dominated by
high-altitude steppe—agricultural mosaics with sparse tree cover, and wetland ar-
eas around Lake Arpi. The scarcity of natural perching structures in this landscape
may promote increased use of power line infrastructure by birds. Here we exam-
ined Lake Arpi National Park, a protected area founded in 2009 to conserve its
biodiversity, wetlands, and steppes. The lake and its surrounding area are a critical
habitat for many species, including the large colony of Armenian gulls and the only
known breeding site in Armenia for the Dalmatian pelican. It is also recognised as a
Ramsar Convention Protection Site for its wetlands (Ministry of Environment RA).
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Figures 1-2. Study area and surveyed overhead power lines in (1) Ararat, Armavir, and Kotayk provinces and (2) Shirak
province.

Survey design

A total of 15 two-day field trips (30 days in all) from 12 September to 7 Novem-
ber 2024 were conducted to ensure comprehensive coverage of all the iden-
tified high-risk areas in Shirak province, and from 30 May to 30 July 2024, 10
trips in total (10 days) were carried out in Ararat, Armavir, and Kotayk provinces
(primarily around the Khosrov Forest State Reserve).

Prior to the start of the surveys, the team contacted CJSC “Electric Networks
of Armenia”, the country’s primary electricity distributor, requesting digital
maps of the 0.4-35 kV OPLs network to improve survey accuracy. However, as
these detailed maps were not available (no digital maps of the grid existed), the
first phase of the work involved locating power lines independently in the field.
This was followed by an on-site potential hazards assessment through rapid
evaluation following the criteria of Matsyna and Zamazkin (2010). If a line was
identified as potentially dangerous for birds, transects were then walked along
its route. As official names of the surveyed power lines were often unavailable,
each line was assigned an identifier based on the nearest locality and a sequen-
tial number.

Due to time constraints and the limited size of the survey team, priority was
given to lines with concrete poles, which are considered a higher risk for bird
electrocution. During the first survey phase, some lines consisting of wooden
poles were also inspected; however, in the second phase (in Shirak province),
lines composed exclusively of wooden poles were excluded from the surveys.
Given this, it should be noted that the survey design was biased toward con-
crete poles, and no comparison was made between pole materials with respect
to bird mortality.

During the second survey period, collaboration with the Environmental De-
partment of “Electric Networks of Armenia” improved access. Regional utility
branches in Shirak province provided local guidance, directing the team to pow-
er lines with predominantly concrete poles identified as high-risk.
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Data collection

The fieldwork generally followed the methods described by Matsyna and
Zamazkin (2010), with additional elements adapted from Demerdzhiev (2014)
and Qaneer and Demerdzhiev (2023). During fieldwork, survey routes were re-
corded with a mobile device, and all observations were entered into a mobile
biodiversity data collection application iObs (www.observation.org). Descrip-
tive analyses and data visualization were carried out using R 4.5.2 (R Core Team
2025), while spatial analyses and mapping were conducted using QGIS (QGIS
Development Team 2024). Surveys were conducted under favourable weather
conditions, in accordance with recommendations to avoid inspections during
adverse weather or at night. The field team consisted of two surveyors with
transportation support. Inspections were performed systematically by exam-
ining each pole and the surrounding area for bird casualties or remains. Most
surveys were conducted on foot along power lines examining a 40 metre wide
belt, 20 metres each side of the power line. In areas with dense vegetation or
tall grass, sticks were used to part foliage and improve visibility. All carcasses
found within a 5 m radius of a pole were considered probable electrocution
victims (Demerdzhiev 2014; Qaneer and Demerdzhiev 2023). In some cases,
however, birds found beyond this radius were also classified as probable elec-
trocution victims after careful examination of the carcass, when no obvious al-
ternative cause of death was apparent. When bird casualties were discovered,
the following data were recorded: line identifier, pole type (concrete/wooden,
anchor, intermediate, switches) (Figure 3a-f.), geographic coordinates, species,
age and sex (where determinable), number of individuals, presence of burn
marks, distance of the carcass from the pole and wires.

Species identification was primarily conducted in the field; in cases of un-
certainty, identification was verified using standard ornithological references,
including Adamian and Klem (1997), Forsman (2016), Korepova (2016), and
Svensson et al. (2010). Identification was further supported by photographic
documentation collected during surveys.

Although widely recommended in electrocution studies (Borner et al. 2017;
Bernardino et al. 2022), carcass removal rate (loss to scavengers or environ-
mental factors) and observer detection rate (likelihood of discovery given ter-
rain and vegetation) were not systematically measured due to time constraints
and the extensive survey area. This represents an important limitation of the
study, as the actual number of bird fatalities may have been higher than record-
ed. Therefore, the results presented here should be interpreted as minimum ob-
served mortality. As an informal measure of carcass persistence, several fresh
carcasses (primarily Buteo sp.) were marked in the field and revisited during
subsequent monitoring trips. On each visit, the carcass condition and position
were noted, offering preliminary qualitative insights into removal dynamics,
which may inform the design of future formal persistence trials.

Results

Our results show that bird electrocution affects a diverse group of species,
with 15 species identified and 4 additional specimens recorded to the genus
level (Figure 4). The dataset (Table 1) includes detailed information on sex, life
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Figure 3. Examples of common pole types recorded during the surveys: (a) concrete intermediate pole; (b) wooden in-
termediate pole; (c) concrete anchor pole; (d) wooden anchor pole; (€) concrete pole with switches; (f) wooden pole with
switches. Intermediate poles are typically single-pole structures, whereas anchor poles are usually two- or three-pole
structures and often support additional equipment, such as switches.

stages, and pole types. The summary includes 252 electrocution records, with
the highest numbers recorded for Eurasian magpie (n = 49), common kestrel (n
= 34), rook (n = 34), western jackdaw (n = 33), and common buzzard (n = 31),
together comprising 71.8% of all records. Raptors accounted for 97 individuals
(38.5%). Sex could rarely be determined (250 of 252 records were classified as
NA sex), precluding sex-based comparisons. Age was determined for 53 indi-
viduals, of which 44 (83.0%) were classified as juvenile/immature and 9 (17.0%)
as adult. In the raptor subset, 31 of 34 age-determined individuals (91.2%) were
juvenile/immature. Most records occurred on concrete poles (239/252; 94.8%),
whereas only a small proportion were found on wooden poles (13/252; 5.2%).
Most carcasses were recorded on intermediate poles (216/252; 85.7%), while
fewer cases were associated with anchor poles (27/252; 10.7%) and poles with
switches (9/252; 3.6%). A more detailed breakdown of pole types and materials
is provided in the following sections.

Surveys during the breeding period

During the breeding season, approximately 60 km or 1090 poles (966 concrete
and 124 wooden) of 6-10 kV OPLs were inspected across Armavir, Ararat, and
Kotayk provinces. The first breeding-season surveys were partly exploratory,
because the exact locations of many OPL sections were not known before-
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Table 1. Summary of electrocution data and abbreviations and category definitions: NA sex: sex could not
be determined; F: female; M: male. Ad: adult individual; NA age: age could not be determined; ju/im: juvenile/
immature combined (carcass condition did not allow reliable separation; all young birds were grouped in
this category); CP: concrete pole; WP: wooden pole; AP: anchor pole; IP: intermediate pole; SP: pole with
switches.

Ad NAage ju/im CP
40 6 47
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30 0 30
26
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Lesser kestrel / Falco naumanni
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Corvidae sp.

Rock dove / Columba livia
Eurasia hoopoe / Upupa epops
Eurasian eagle-owl / Bubo bubo
Golden eagle / Aquila chrysaetos
Lesser Grey shrike / Lanius minor
Eurasian jay / Garrulus glandarius
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Figure 4. Species composition of recorded bird carcasses; species listed in the Red Book of Armenia (RA) are shown in red.
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hand and had to be identified in the field. After these initial visits, which yielded
only 2 carcasses, subsequent survey effort was focused on OPL sections in
Ararat and Kotayk marzes, mainly around the Khosrov Forest State Reserve, in
order to prioritise an area of greater relevance to the study objectives. In total,
24 OPL sections were surveyed in these provinces, of which 19 were re-visited,
mainly around the Khosrov Forest State Reserve. Electrocuted birds were re-
corded beneath a total of 23 poles, with the maximum of 2 fatalities observed
under a single pole.

In total, 24 bird electrocution cases were documented in this phase, includ-
ing three older incidents were only bone/feather remains were found. A large
cluster (12 cases) was found on a 3.5 km long uninsulated 10 kV OPL with con-
crete poles near Hatsavan village (Kotayk province) on 18 July 2024. The site,
characterized by flat landscape and apricot orchards, appeared to increase
electrocution risk due to both habitat structure and powerline design. Species
composition during this season was dominated by the Eurasian magpie, which
accounted for 13 of the 24 fatalities. Other species included common kestrel,
Eurasian hoopoe, lesser grey shrike, hooded crow, and Eurasian jay (Table 2).

Analysis of pole materials revealed 23 cases on concrete poles and 1 on
wooden (intermediate). Carcasses were found 0.5-15 m from poles (average
2.02 m). One kestrel carcass was located directly on a crossarm. Burn marks
were rarely present, even on fresh carcasses.

Surveys during the autumn migration period in Shirak province

During autumn migration, around 54 km or 981 poles (956 concrete and 25
wooden) of 10 kV OPLs were surveyed in Shirak province, covering nearly the
entire region, including Ashotsk, Amasia, Maralik, Artik, Akhuryan, Gyumri, and
Ani communities. Collaboration with Armenian Electric Networks allowed ef-
ficient targeting of high-risk concrete-pole sections. In total, 20 sample lines
were investigated. Many OPLs connected villages and traversed open fields,
often with limited natural perching alternatives. Here, in total, 154 poles were
associated with bird mortality, with the highest recorded count being 10 car-
casses beneath a single pole.

A total of 228 electrocuted birds were recorded during this period (Table 2).
Species composition was dominated by corvids and raptors, with large num-
bers of Eurasian magpies, rooks, western jackdaws, common buzzards and
common kestrels. Notably, Armenian Red listed species — Eurasian eagle-owl,
lesser kestrel, and a golden eagle were among the casualties.

Analysis of pole materials showed that 216 cases were recorded on con-
crete poles (149 poles), while 12 cases were recorded on wooden poles, all of
which were of anchor or switch type (5 poles). Carcasses were found 0.5-20 m
from poles (average 2.63 m). Four birds were recorded directly on crossarms.

Burn marks were noted in nine cases, on species such as lesser kestrel
(burns on feet), long-legged buzzard (feet), common kestrel (feet, two cas-
es), common buzzard (neck and feet; one bird carried a mouse), western
jackdaw (feet and bill), and Eurasian magpie (entire body with surrounding
burned grass).
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Table 2. Bird electrocution cases recorded during this study.

Species

Autumn migration period (Shirak province) Breeding season (Armavir, Ararat, and Kotayk provinces)

Buteo sp.
Common buzzard
Common kestrel
Common starling
Corvid species
Eurasian eagle-owl
Eurasian magpie
Golden eagle

Gull

Hooded crow
Lesser kestrel
Long-legged buzzard
Pigeon or dove
Rock dove

Rook

Western jackdaw
Eurasian hoopoe
Lesser grey shrike
Eurasian jay
Unidentifiable

7
31
31 3
21
2
1
36 13

W =2 2N

Spatial patterns

Spatial mapping identified Lake Arpi National Park and its surroundings as the
most critical hotspot for casualties, particularly at locations where parallel, un-
insulated 10 kV lines run approximately 20 m apart along the lakeshore and in-
tersect grassland habitats heavily used by raptors and wetland birds. Additional
hotspots were concentrated between Zorakert and Paghakn villages, from Pa-
ghakn to Ardenis village, and along the Bavra—Tavshut highway (Figures 5,6).

Raptor-specific mapping revealed similar patterns but highlighted additional
high-risk lines: Hartashen - Tashir (Lori province) — ~7 km of concrete poles
with electrocution incidents involving a golden eagle, multiple common buz-
zards, long-legged buzzards, and common kestrels. Next, Karaberd—Maralik,
where high number of carcasses of common buzzards and long-legged buz-
zards were found, demonstrating a high risk for raptors in steppe—agricultural
landscapes (Figures 7,8).

Carcass removal observations

Although we did not conduct formal carcass removal rate tests, the location
of some fresh carcasses was marked when the birds were found and revisited
during subsequent monitoring trips in Shirak province (autumn season). Each
time, the condition and position of the carcass were noted, providing informal
insights into carcass persistence over time. Several notable cases were record-
ed, primarily involving raptors (Table 3). These observations suggest that car-
cass removal rates for large raptors can be relatively low in the studied areas.
In the documented cases, while some carcasses exhibited signs of scavenging,
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Figures 5-8. Locations of all recorded bird carcasses in (5) Ararat, Armavir, and Kotayk provinces, and (6) Shirak prov-

ince; Locations of recorded raptor carcasses in (7) Ararat, Armavir, and Kotayk provinces, and (8) Shirak province.

many remained intact (by the time of our final visits they were in a mummified
condition) or were only slightly displaced over a 1 to 2-month period. Although,
in one case, a long-legged buzzard was moved for around 40 meters away from

the pole where it was initially found into an open field.

Discussion

This study provides one of the first assessments of bird-power line interactions
in the Republic of Armenia and suggests that electrocution on medium-voltage
OPLs may represent an important source of avian mortality in the country, with
patterns broadly consistent with global findings.
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Table 3. Opportunistic observations of carcass persistence during field surveys

Species N First observation Consequent observation Habitat Carcass location
Common buzzard 1 12.09.2024 31.10.2024 Grassland Ground
Common buzzard 3 13.09.2024 31.10.2024 Grassland Ground
Common buzzard 1 12.09.2024 31.10.2024 Grassland Ground
Common buzzard 1 26.09.2024 01.11.2024 Grassland Ground
Common kestrel 1 26.09.2024 31.10.2024 Grassland Ground
Long-legged buzzard 1 12.09.2024 31.10.2024 Grassland Ground
Long-legged buzzard 2 26.09.2024 31.10.2024 Grassland Ground
Long-legged buzzard 1 27.09.2024 01.11.2024 Grassland Ground
Long-legged buzzard 1 27.09.2024 01.11.2024 Grassland Ground
Golden eagle 1 27.09.2024 25.07.2025 Grassland On the pole

Overall, corvids and raptors comprised the majority of records. Within cor-
vids, Eurasian magpie was the most frequently recorded victim, followed by
rook and western jackdaw, reflecting their relative abundance in steppe and
agricultural landscapes and their communal perching behaviour. Among rap-
tors, common buzzard, long-legged buzzard, and common kestrel were most
frequently recorded, consistent with their regular use of poles as hunting and
resting perches. These findings suggest that areas with flat terrain, limited nat-
ural perches, extensive uninsulated power lines, and key migratory habitats
may concentrate electrocution risk, particularly for medium and large species
that rely on elevated structures for hunting and roosting.

Among the 97 recorded raptor individuals (38.5% of all recorded carcasses),
age could not be determined for many individuals due to carcass condition.
Juvenile/immature accounted for about 32% of all recorded raptors, indicating
that younger birds were also susceptible to electrocution. Although less fre-
quent, large raptors of local conservation concern were also affected, including
a juvenile golden eagle and a Eurasian eagle-owl, both listed as Vulnerable in
the Red Book of Animals of Armenia. Additionally, four gull carcasses were
found, presumably Armenian gulls breeding at Lake Arpi, a species also clas-
sified as Vulnerable in the Red Book listings for the country, although species
identification could not be confirmed with certainty.

The majority of recorded fatalities were associated with concrete poles,
particularly intermediate types. This pattern reflects both the higher inherent
hazard associated with certain concrete pole configurations and the survey de-
sign, which prioritized concrete lines. Wooden poles yielded fewer incidents in
the surveyed sections, probably due to their structural characteristics, includ-
ing comparatively wide spacing between wires, moreover, most of the exam-
ined wooden poles were not grounded. However, it should be emphasized that
wooden-only lines were under-sampled (and excluded in the second survey
phase), so their relative risk cannot be directly compared with that of concrete
poles. In Shirak province, particularly in the northern regions such as Ashotsk,
Amasia, and Maralik, most poles were wooden. These poles, built in the 1960s
during the Soviet era, remain widely used and, according to the engineer of the
“Ashotsk” network, are better suited to Shirak’s harsh climate, where prolonged
severe frosts can cause concrete poles to break at their base. Another con-
tributing factor is that wooden poles are comparatively easier to transport and
install in mountainous terrain or remote areas lacking vehicle access, which
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explains their continued use and replacement to this day in Armenia (L. Ha-
rutyunyan pers. comm.).

Among pole types, most electrocution cases occurred on intermediate
poles, primarily concrete poles, with only one case recorded on wooden pole.
This was followed by anchor poles, which included three wooden poles. Poles
with switches were rarely involved; however, of the nine such poles recorded,
seven were wooden and grounded.

In some cases, particularly in Ararat and Armavir provinces, surveyed power
lines were short and terminated abruptly, requiring the team to relocation to
survey other potentially hazardous lines. In addition, access to certain poles
within populated areas was occasionally restricted due to private property
boundaries and barriers. In Armavir, although the surveyed lines were relatively
short, they represented potential hazards because they were often the only ele-
vated structures in otherwise open landscapes. They were mostly constructed
of concrete poles with metal cross-arms, however, no bird casualties were re-
corded during their inspection, possibly because many of these lines were lo-
cated near settlements, highways, and agricultural fields, where scavenging by
dogs and other carnivores may have reduced carcass detectability. Following
preliminary assessments, surveys in Armavir were later discontinued for sever-
al reasons, including the fact that most power lines traversed settlements and
active roads, where the risk to large birds appeared relatively low, and frequent
accessibility constraints. Nevertheless, incidents of collision and electrocution
involving white storks (Ciconia ciconia) were reported in villages by local res-
idents, governmental bodies and Armenian Electric Networks (pers. comm.).

Although quantifying insulated versus non-insulated OPLs was not a prima-
ry goal on this study, it is interesting to note, some newly constructed lines in
Ararat, Armavir, and Kotayk provinces were fully equipped with closed cable
wires, potentially reducing electrocution risk. Approximately 7 km of relatively
insulated lines (closed cable wires) have been erected near Lanjanist, Lanjazat,
and Lusashogh villages in Ararat province and no casualties were recorded on
this section.

Spatial analyses identified key “hotspots”. During the breeding season, the
highest concentration of cases occurred around Hatsavan and Garni villages in
Kotayk province. Raptors were relatively few in this season, with only four com-
mon kestrels recorded, but they were clustered in the same locations. During
the autumn migration season in Shirak, the highest concentration of electro-
cution incidents was recorded around Lake Arpi National Park, particularly at
locations where parallel, uninsulated 10 kV lines ran approximately 20 m apart
along the lakeshore. Additional hotspots included the regions between Zorakert
and Paghakn villages, from Paghakn to Ardenis village, and along the Bavra-
Tavshut highway. Other hazardous sections included the Hartashen—Tashir
line, where casualties included a golden eagle, buzzards, and kestrels, and the
Karaberd—Maralik section, which caused multiple raptor deaths. These pat-
terns suggest that open steppe and agricultural areas with few natural perches
and extensive uninsulated infrastructure are especially dangerous, particularly
in key migratory habitats.

Several unique or unexpected cases further illustrate the diversity of risks.
In Ararat province, a greater flamingo collision was documented, with photo-
graphic evidence provided by a fishpond owner. White storks were also report-
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ed dying from both electrocution and collisions near their nests. One young
long-legged buzzard showed signs of captivity, including cut tail feathers and
cords on its legs, suggesting that compromised survival skills may have con-
tributed to its mortality.

Electrocution effects varied widely. Only nine carcasses bore visible burn
marks, ranging from localised burns on toes or bills, to a magpie with full-body
burns and scorched ground around the carcass, however, most carcasses
lacked external signs of electrocution. This indicates that the absence of burns
should not be used to rule out electrocution as a cause of death.

Unfortunately, due to resource limitations, we were unable to conduct sys-
tematic carcass removal trials, which prevented a robust estimation of true
mortality in the surveyed area after accounting for scavenger activity and car-
cass disappearance due to environmental exposure. The absence of formal
carcass persistence (including scavenger removal and decomposition) trials
and observer-detection trials represents an important source of uncertain-
ty in mortality surveys under power lines. Previous studies have shown that
a substantial proportion of bird carcasses may disappear before scheduled
searches, while others may remain undetected because detection probabil-
ity varies with carcass size, season, habitat structure, ground visibility, and
observer performance. As these biases are site and method specific, failure
to quantify them can lead to a substantial underestimation of true mortality
(Loss et al. 2014; Borner et al. 2017; Bernardino et al. 2022). Therefore, the
numbers reported in the present study should be interpreted as minimum ob-
served mortality rather than absolute mortality estimates. However, to obtain
at least an approximate indication of carcass persistence for birds of prey, we
marked several fresh carcasses that had probably been electrocuted within
the previous 1-2 days. During subsequent visits, we found that marked buz-
zard and kestrel carcasses persisted for more than a month in some cases,
even in open grassland with low vegetation, and one Golden Eagle carcass
remained on a pole for at least 301 days (from 27 September 2024 to 25
July 2025; rechecked in 2025). Although some carcasses did show signs
of scavenging or displacement, many remained intact for extended periods,
suggesting that detection probability for large raptors may be relatively high
in the studied area.

Although the surveyed areas were relatively limited, the results indicate that
bird electrocution on medium-voltage power lines is an existing conservation
problem in Armenia and underline the need for targeted mitigation. Retrofitting
hazardous concrete poles with insulation of energized components, perch de-
terrents, or other bird-safe designs would reduce mortality substantially and
should be prioritized by the national electricity distribution company and its
regional branches and OPL owners. This is especially important in open land-
scapes with few natural perches, key biodiversity areas such as Lake Arpi Na-
tional Park, and migration corridors in Shirak marz. The mortality of Red Book
species further emphasizes the conservation urgency of this mitigation. More
broadly, these results show that power infrastructure impacts may represent
a form of human-wildlife conflict, in which essential development creates se-
vere but preventable biodiversity losses. Integrating bird-safe standards into
national energy planning, technical regulations and legislation, and environ-
mental assessment procedures should therefore be considered by the relevant
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governmental bodies, while systematic monitoring could be supported jointly
by state institutions, the energy sector, and conservation organizations to re-
duce avian mortality and better safeguard bird populations.
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