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Landscape-scale reduction of raptor electrocution hotspots through targeted
mitigation and utility-company collaboration

ZnizZenie vyskytu kritickych miest elektrokucie dravcov v krajinnej mierke prostrednictvom cielenych
mitigacnych opatreni a spoluprace s energetickou spolo¢nost’ou

José Rafael GARRIDO © “& Victor FISCAL

Abstract: Electrocution on power lines is one of the main anthropogenic causes of mortality in birds of prey worldwide
and represents a major conservation concern for long-lived raptor species. Because mortality is spatially aggregated,
arelatively small number of dangerous pylons can account for a disproportionate share of electrocution events, suggesting
that targeted mitigation strategies may substantially improve conservation efficiency. We evaluated the effectiveness of
a collaborative mitigation agreement between the Andalusian Government and the main electricity company in southern
Spain (ENEL-ENDESA) by analysing temporal changes in the prevalence of electrocution blackspots. Using the official
long-term electrocution database of Andalusia, we compared the proportion of 10x10 km UTM grid cells classified as
mortality blackspots in 2014—2019 and during implementation of the agreement (2020-2025). Blackspots were defined as
grid cells with more than 10 electrocuted raptors (orders Accipitriformes, Falconiformes and Strigiformes) recorded during
both study periods. The proportion of blackspot grid cells decreased from 14.9% (44/295) before the agreement to 7.3%
(28/381) during the mitigation period, despite increased sampling effort in the latter period. Differences between periods
were significant, and the estimated odds ratio (OR = 0.45; 95% CI: 0.27-0.74) indicated a reduction of approximately
45% in the odds of a grid cell being classified as a blackspot. Importantly, this reduction was achieved after retrofitting
only 13,166 hazardous pylons, representing approximately 5.2% of the estimated dangerous poles in Andalusia.
Our results demonstrate that scientifically guided, spatially targeted mitigation programs developed through coordinated
collaboration between conservation authorities and electricity companies can efficiently reduce the risk of electrocution at
the landscape scale and help lower extinction risk for some endangered predator species.

Abstrakt: Elektrokucia na elektrickych vedeniach je jednou z hlavnych antropogénnych pri¢in umrtnosti dravych
vtakov na celom svete a predstavuje zdvazny problém pre ochranu dlhovekych druhov dravcov. Kedze umrtnost
je priestorovo agregovana, relativne maly podet nebezpenych stipov elektrického vedenia méze spdsobovat
nepomerne velky podiel pripadov trazu pridom. To naznacuje, ze cielené mitigacné stratégie modzu vyrazne
zvysit efektivitu ochrany prirody. Vyhodnotili sme t¢innost” dohody o spolupraci na zmiernovani dopadov medzi
andalizskou vlidou a hlavnou elektrarenskou spolo¢nostou v juznom Spanielsku (ENEL-ENDESA) analyzou
Casovych zmien v prevalencii kritickych miest umrtnosti spdsobenych elektrickym pradom. Na zaklade databazy
urazov elektrickym pridom v Andalizii sme porovnali podiel §tvorcov siete UTM s rozmerom 10%10 km
klasifikovanych ako kritické miesta umrtnosti v rokoch 2014-2019 a pocas vykonavania dohody (2020-2025).
Ako kritické miesta boli definované §tvorce siete, v ktorych bolo v oboch sledovanych obdobiach zaznamenanych viac
ako 10 usmrtenych dravcov a sov (rady Accipitriformes — dravce, Falconiformes — sokolotvaré a Strigiformes — sovy).
Podiel stvorcov s kritickym vyskytom klesol zo 14,9 % (44/295) pred uzavretim dohody na 7,3 % (28/381) pocas obdobia
aplikacie opatreni, a to aj napriek zvySenému uUsiliu pri zbere dat v druhom obdobi. Rozdiely medzi obdobiami boli
Statisticky vyznamné a odhadovany pomer Sanci (OR = 0,45; 95 % CI: 0,27-0,74) poukazuje na priblizne 45 % zniZenie
Sance, ze §tvorec siete bude klasifikovany ako kritické miesto. Délezité je, Ze toto zniZenie sa dosiahlo po technickom
zabezpedeni iba 13 166 rizikovych stipov, ¢o predstavuje priblizne 5,2 % z odhadovaného celkového poétu nebezpeénych
stipov v Andaluzii. Vysledky ukazuju, e vedecky riadené a priestorovo cielené mitigaéné programy vyvinuté v ramci
spoluprace medzi orgdnmi ochrany prirody a energetickymi spolocnostami dokazu efektivne znizit' riziko trazu
elektrickym pridom v krajinnom mierke a pomoct’ znizit’ riziko vyhynutia niektorych ohrozenych druhov dravych vtakov.
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Introduction

Electrocution on power lines is widely recognised as one
of the main anthropogenic causes of mortality in birds
worldwide, affecting millions of individuals annually
(Prinsen et al. 2011, Dwyer et al. 2023, Serratosa et al.
2024). Among birds, raptors are particularly vulnerable
because of their large body size, wingspan and behavioural
ecology, especially their tendency to perch while hunting
or scanning the environment (Ferrer 2012, Dwyer et
al. 2015). In open landscapes with limited availability
of natural perches, power poles are heavily used by
raptors, substantially increasing the risk of electrocution
(Godino et al. 2016, Angelov et al. 2013, Dixon et al.
2017). Consequently, electrocution has become a major
conservation concern for many threatened birds of prey
and has contributed to population declines across several
continents (Ferrer 2012, Eccleston & Harness 2018,
Martin Martin et al. 2022).

Electrocution is a particularly important conservation
threat to long-lived raptor species, as relatively
small increases in adult mortality can strongly affect
population dynamics and elevate extinction risk. Power-
line electrocution has consistently been recognised as
one of the principal anthropogenic pressures affecting
both widespread and threatened birds of prey, and the
identification and mitigation of hazardous electrical
infrastructures have become fundamental components
of modern raptor conservation programs (Dwyer 2009,
Galis et al. 2019, Martin Martin et al. 2022).

Most electrocutions occur on medium-voltage
distribution lines where birds simultaneously contact
two energised conductors or an energised and a grounded
component. However, mortality is not homogeneously
distributed across electrical networks. Instead,
electrocution events are strongly associated with specific
support designs and landscape contexts, generating
spatially aggregated mortality hotspots, so-called
“blackspots” (Tint6 et al. 2010, Pérez-Garcia et al. 2015,
Martin Martin et al. 2026). In practice, a relatively small
proportion of pylons may account for a disproportionately
high share of total mortality, producing highly skewed
mortality distributions in which a few dangerous
structures concentrate most casualties (Lopez Lopez et al.
2011, Bedrosian et al. 2020, Martin Martin et al. 2026).

The aggregation of mortality in a relatively small
number of hazardous structures has major implications
for conservation management. Since most electrocution
events are concentrated in a limited proportion of pylons,
prioritising the identification and retrofitting of the
highest-risk support designs has emerged as one of the

most effective strategies for reducing avian mortality
(Janss & Ferrer 1999, Lehman et al. 2007, Martin Martin
et al. 2022). Targeted mitigation actions focused on
electrocution hotspots have been shown to significantly
decrease mortality rates and support the recovery of
threatened populations (Guil et al. 2011, Lopez Lopez
et al. 2011, Chavko et al. 2022, 2025). In Andalusia,
for instance, the correction of high-risk pylons led to a
reduction of more than 80% in electrocution mortality
of the Spanish imperial eagle (Aquila adalberti) (Lopez
Lopez et al. 2011), illustrating the effectiveness of
strategically focused mitigation measures (Fig. 1).
Different approaches have been developed to address
this problem. However, legal frameworks in several
countries, including Spain, establish mandatory correction
of dangerous power lines, particularly within protected
areas or zones of high conservation value (Ferrer et al.
2026). Therefore, collaborative agreements between
public administrations and electricity companies have
emerged as a complementary and often more flexible
mechanism to accelerate mitigation at large spatial
scales (Ferrer et al. 2026). These agreements facilitate
the prioritisation of high-risk areas, the optimisation of
economic resources, and the implementation of corrective
measures beyond the minimum legal requirements.

Fig. 1. Spanish imperial eagle (Aquila adalberti) perched on a
retrofitted power line pylon designed to prevent electrocution
in Andalusia (southern Spain). These measures have been
one of the main drivers of the increase in the species’ breeding
population in Spain (© Jesus Bautista).

Obr. 1. Orol ibersky (Aquila adalberti) sediaci na upravenom
stipe elektrického vedenia navrhnutom tak, aby sa zabranilo
opatrenia boli jednym z hlavnych hybatelov narastu hniezdnej
populacie tohto druhu v Spanielsku (© Jesus Bautista).



Despite the widespread implementation of mitigation
measures, robust quantitative evaluations of their
effectiveness at the landscape scale remain relatively
scarce, particularly under real-world monitoring
conditions where sampling effort varies through time
(Galis et al. 2019). This limitation reduces our ability to
determine whether mitigation programs are effectively
decreasing electrocution risk and contributing to reduced
extinction risk in threatened raptor populations.

Andalusia, the southernmost autonomous region of
Spain, supports an exceptionally rich raptor community
(SEO/BirdLife 2022) and several threatened species of
conservation concern, including the Spanish imperial
eagle, Bonelli’s eagle (Aquila fasciata), bearded vulture
(Gypaetus barbatus), and Egyptian vulture (Neophron
percnopterus) (SEO/BirdLife 2021).

The electrical distribution network in Andalusia
is extensive and highly developed, comprising nearly
40,000 km of power lines and approximately 500,000
utility poles. Around 95% of this infrastructure is
owned and managed by a single electricity company,
ENEL-ENDESA, making the region particularly well-
suited for evaluating the effectiveness of large-scale
collaborative mitigation programs to reduce the risk of
avian electrocution.

The local extensive electricity network contains
many potentially dangerous pylons and has caused the
electrocution of thousands of birds across dozens of
species (Ferrer 2012). To reduce electrocution mortality,
the Government of Andalusia and ENEL-ENDESA
signed a memorandum of understanding in 2019 to reduce
avian mortality from electrical infrastructure through
scientifically guided, targeted, and prioritised mitigation
(Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo
Sostenible 2019). The agreement is based on the analysis
of cumulative mortality data, the identification and
remediation of blackspots, and the correction of the most
hazardous support configurations, all under fluid, ongoing
communication between the parties. It establishes two
priority categories for adaptation: urgent, referring to
structures that must be modified immediately because
they have already caused electrocutions or pose a direct
threat to breeding populations of endangered raptors;
and planned, referring to structures that must be adapted
within no more than three months because they present
hazardous configurations and are located in open areas
within the distribution range of endangered species.

In this study, we assessed the effectiveness of
a mitigation agreement established with the main
electricity company in Andalusia by comparing the
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spatial prevalence of electrocution blackspots before and
after its implementation. Specifically, we tested whether
the agreement resulted in a reduction in the occurrence
of electrocution blackspots at the regional scale. We
hypothesised that the prevalence of electrocution
blackspots would be significantly lower following the
implementation of the agreement and, consequently, that
this would address one of the principal threats affecting
raptor populations.

Material and methods

The study area was Andalusia, the southernmost region
of Spain, located in the western Mediterranean Basin
and covering approximately 87,600 km?, comparable in
area to countries such as Portugal or Austria. It includes
a wide diversity of habitats, ranging from Mediterranean
forests and mountain systems to extensive agricultural
landscapes, wetlands, and semi-arid areas.

Analyses were based on the official electrocution
database maintained by the Andalusian Government,
which compiles long-term records of avian electrocution
incidents detected through systematic monitoring (Fig. 2),
wildlife recovery centres, field inspections and reports
from environmental officers (Table 1, Regional Ministry
of Sustainability and Environment of the Regional
Government of Andalusia, unpublished data). For each
incident, the database includes species identification, the
number of individuals affected, the geographic location,
and the year of occurrence. For the purposes of this study,
raptor species belonging to the orders Accipitriformes,
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Fig. 2. Golden eagle (Aquila chrysaetos) electrocuted on a support
of the power line in Andalusia, where the regional government
maintains a database which compiles long-term records of avian
electrocution incidents detected in the region (© Jesus Bautista).
Obr. 2. Orol skalny (Aquila chrysaetos) usmrteny elektrickym
pradom na stipe elektrického vedenia v Andaluzii, kde regionalna
vlada spravuje databazu o pripadoch elektrokucie vtakov
zistenych v tomto regiéne (© Jesus Bautista).



Garrido JR & Fiscal V: Landscape-scale reduction of raptor electrocution hotspots through targeted mitigation and utility-company collaboration

Tab.1. Number of electrocuted birds per species recorded in the official long-term electrocution database of the Andalusian Government.
Tab.1. Pocet usmrtenych jednotlivych druhov vtdkov zaznamenany v oficialnej databaze Urazov elektrickym prudom vliady Andaluzie.

Scientific name Common name Threat category No. of electrocutions %
Ciconia ciconia white stork Not Threatened 2,401 25
Bubo bubo Eurasian eagle-owl Not Threatened 1,221 13
Corvus corax northern raven Not Threatened 1,046 1"
Buteo buteo common buzzard Not Threatened 1,004 1"
Gyps fulvus griffon vulture Not Threatened 434 5
Circaetus gallicus short-toed snake eagle Not Threatened 330 3
Milvus migrans black kite Not Threatened 316 3
Aquila fasciata Bonelli’s eagle Vulnerable 277 3
Falco tinnunculus common kestrel Not Threatened 200 2
Aquila adalberti Spanish imperial eagle Endangered 144 2
Falco naumanni lesser kestrel Not Threatened 141 1
Hieraaetus pennatus booted eagle Not Threatened 138 1
Aquila chrysaetos golden eagle Not Threatened 128 1
Milvus milvus red kite Endangered 60 1
Ciconia nigra black stork Endangered 31 0
Pandion haliaetus osprey Vulnerable 26 0
Aegypius monachus cinereous vulture Vulnerable 16 0
Neophron percnopterus Egyptian vulture Endangered 7 0
Circus pygargus Montagu’s harrier Vulnerable 6 0
Other species (n = 48) - - 860 9
Total (n = 67 species) - - 9,548 100

Falconiformes and Strigiformes were included in the
analyses. Only electrocutions recorded from 2014
onwards were included in the analysis, as this marks
the point at which systematic data collection began,
carried out by administrative staff, NGOs, and naturalists
alike, alongside a growing awareness of the scale of the
problem, which has driven a progressive increase in
monitoring effort over the years.

Spatial analyses were conducted using 10x10 km UTM
grid cells as the sampling unit. Grid-based approaches are
widely used in large-scale biodiversity monitoring and
spatial risk assessment because they standardise sampling
units and facilitate comparisons across regions and time
periods.

Two temporal periods were compared: the pre-
agreement period (2014-2019) and the agreement period
(2020-2025), which corresponds to the implementation
of the mitigation agreement between the Andalusian
Government and ENEL-ENDESA (Fig. 3).

Mortality blackspots were defined as UTM grid
cells in which more than 10 electrocuted raptors were
recorded during each temporal period. This threshold
was selected to identify areas with recurrent and
spatially aggregated mortality associated with hazardous
electrical infrastructures, consistent with the hotspot-
based approach commonly applied in electrocution risk

assessment (Janss & Ferrer 1999, Tint6 et al. 2010, Pérez-
Garcia et al. 2015). Sampling effort was quantified as the
total number of surveyed 10 x 10 km UTM grid cells
in each period. A total of 295 grid cells were surveyed
during 2014-2019 and 381 during 2020-2025. Because
sampling effort increased during the agreement period,
the detection probability of blackspots would also be
expected to increase. Consequently, any reduction in
the proportion of blackspot grid cells during the second
period should be interpreted as a conservative estimate of
the true mitigation effect rather than an artefact derived
from reduced monitoring intensity.

To evaluate whether the prevalence of blackspots
changed following implementation of the mitigation
agreement, we compared the number and proportion of
blackspot cells between periods using a 2X2 contingency
table and a chi-square test of independence.

The effect size was quantified with an odds ratio
and its 95% confidence interval. Odds ratios are widely
used in ecological and epidemiological analyses because
they provide an intuitive measure of the magnitude
and direction of treatment or management effects (Rita
& Komonen 2008). An odds ratio below 1 indicates
a reduction in the probability that a grid cell will be
classified as a mortality blackspot during the agreement
period. Survey effort was treated as the number of
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Fig. 3. Electrical pylon crossarms retrofitted to prevent bird electrocution in Andalusia. The left image (A) shows a crossarm constructed
from insulating material, preventing electric current from passing through the body of any bird perched on it. The right image (B)
illustrates several mitigation measures, including one-meter structural extensions that increase the clearance between the conductor
and the metallic crossarm, insulating covers installed on conductors, and insulation fitted to disconnectors (© Jose Rafael Garrido).

Obr. 3. Konzoly stipov elektrického vedenia upravené s cielom zabranit elektrokdcii vtakov v Andaldzii. Obrazok viavo (A) znazorfiuje
konzolu vyrobenu z izolaéného materialu, ktora zabrariuje prechodu elektrického prudu telom vtaka, ktory na nej sedi. Obrazok (B)
vpravo ilustruje niekolko mitigaénych opatreni vratane metrovych konstrukénych prediZeni, ktoré zvaé$uju vzdialenost medzi vodidom
a kovovou konzolou, izolaénych krytov nainstalovanych na vodi¢och a izolacie umiestnenej na odpajacoch (© Jose Rafael Garrido).

grid cells surveyed in each period; because effort was
higher during 2020-2025, the analysis is conservative,
since increased effort should increase the probability of
detecting blackspots.

All analyses were conducted at the grid-cell level,
considering the presence or absence of mortality
blackspots as the response variable. Statistical significance
was assessed at o = 0.05.

ChatGPT (OpenAl) was used to improve the English
language and assist with statistical analyses. The authors
reviewed, verified, and incorporated the resulting outputs
into the text.

Results

A total of 4,876 electrocuted birds of prey from 30 species
were registered from 1990 to 2025, 1,847 from 27 species
in the pre-agreement period (2014-2019) and 1.675 from
26 species during the agreement period (2020-2025).
The most affected species were Eurasian eagle-owl
(Bubo bubo) and common buzzard (Buteo buteo) but also
threatened species like Bonelli’s and Spanish imperial
cagles (Table 2).

Survey coverage increased by approximately 29%
between study periods, from 295 (10 x 10 km UTM)
grid cells in the pre-agreement period (2014-2019) to
381 cells during the agreement period (2020-2025).

Actotal of 44 grid cells (14.9%) were classified as mortality
blackspots during the pre-agreement period, whereas only
28 grid cells (7.3%) met the blackspot criterion during the
agreement period (Fig. 4). This represents an approximate
51% reduction in blackspot prevalence. Many fatalities
occurred outside protected areas (Fig. 5).

Pearson’s chi-square test indicated that the proportion
of blackspot grid cells differed significantly between the
two study periods (> =10.0, df =1, p = 0.0015).

Effect size analyses showed that the odds of a grid
cell being classified as a mortality blackspot during
2020-2025 were substantially lower than before the
agreement’s implementation (2014-2019) (Odds ratio = 0.45;
95% CI: 0.27-0.74). In practical terms, this corresponds to
areduction of approximately 55% in the odds of blackspot
occurrence following implementation of mitigation
measures.

During the agreement period, the number of
electrocution blackspots decreased significantly despite
mitigation actions being applied to only a small fraction
of the potentially hazardous electrical infrastructure.
A total of 13,166 dangerous pylons were selectively
retrofitted through a highly targeted strategy, representing
approximately 5.2% of the estimated 250,000 hazardous
poles present in Andalusia. The estimate aligns with
MAGRAMA’s (2014) finding that approximately half
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Fig. 4. The 10x10 km UTM grid cells with recorded electrocutions
of birds of prey in Andalusia (Spain) during the pre-agreement
period (2014—2019) (panel A) and during the agreement period
(2020-2025) (panel B). Grid cells considered black spots for bird-
of-prey electrocution (with 10 or more electrocuted raptors) are
shown in black.

Obr. 4. Stvorce siete UTM s rozmerom 10x10 km so zazna-
menanymi pripadmi elektrokdcie dravych vtakov v Andaluzii
(Spanielsko) v obdobi pred uzavretim dohody (2014-2019) (ast
A) a podas platnosti dohody (2020-2025) (8ast B). Stvorce siete
povazované za kritické miesta (tzv. blackspoty) pre elektrokuciu
dravcov (s 10 alebo viacerymi usmrtenymi dravcami) su zobrazené
Eiernou farbou.

of all distribution infrastructure in Spain is configured
to pose an electrocution risk to birds. In line with the
reduction in blackspots, the total number of raptor
electrocutions has also decreased by nearly 10% following
the agreement, although fatalities are now more widely
distributed across the territory (Fig. 4). At the species
level, electrocutions have declined in 65% of species;
however, they have increased in threatened species such
as the Spanish imperial eagle (nearly 100%) and the red
kite (500%). Other species showing a marked increase
in electrocutions include, for instance, the booted eagle
(Hieraaetus pennatus) (94%; Table 2).

Discussion

The results supported our hypothesis that the prevalence
of electrocution hotspots decreased during the agreement
period, despite increased survey effort. So, this observed
decline cannot reasonably be attributed to reduced
detection probability, and the results strongly suggest a
real decrease in the spatial concentration of electrocution
mortality following implementation of targeted corrective
measures under the agreement with ENEL-ENDESA and
should therefore be interpreted as a conservative estimate
of the effectiveness of those mitigation measures.

Importantly, this decline was achieved by retrofitting
only 5.2% of potentially dangerous pylons in Andalusia.
This underscores a central principle of effective
electrocution mitigation: fatalities are not randomly
distributed across electrical networks but are spatially
concentrated in a small number of particularly hazardous
structures (Janss & Ferrer 1999, Tint6 et al. 2010, Lopez
Lopez et al. 2011). Consequently, selectively targeting
high-risk infrastructure generates disproportionately large
conservation returns. Prioritising mortality hotspots over
broad, non-selective network-wide correction therefore
maximises conservation benefit while optimising
economic and technical investment (Ferrer 2012, Martin
Martin et al. 2022). Most species affected by electrocution
currently show growing or stable populations, although
mortality levels remain high, a particular concern for
threatened species such as the Spanish imperial eagle,
Bonelli’s eagle, and the red kite (Table 2). In some cases,
such as the Spanish imperial eagle and the red kite, this
high mortality could be related to the increase in breeding
and wintering populations (see below). However, this is
not the case for the Bonelli’s Eagle, which has shown a
stable population trend.

The success of this strategy also underscores the
value of institutional cooperation. Regional and national
regulations establish technical requirements to reduce the
risk of electrocution; however, in practice, many fatalities
occur outside protected areas, where legal obligations
alone are insufficient to ensure the timely correction of
hazardous infrastructure (Fig. 5). Legal action alone,
therefore, is not enough to address this conservation
challenge. Effective implementation of corrective
measures at large spatial scales requires sustained
coordination among conservation authorities, researchers,
and electricity companies. The agreement evaluated here
demonstrates how collaborative frameworks can facilitate
prioritisation, accelerate implementation, and optimise
investment in biodiversity conservation. Moreover,
when private funds are directed toward mitigating the



Fig. 5. Location of raptor
electrocution sites on power
lines in Andalusia, Spain
(black dots) and protection
zones where power lines
must be made safe accord-
ing to Spanish and Andal-
usian legislation (grey areas).
Obr. 5. Lokalizacia miest
elektrokucie dravych vtakov
na elektrickych vedeniach
v Andaltzii v Spanielsku
(Cierne body) a ochranné
zony, v ktorych musia byt
elektrické vedenia zabez-
pecené v sulade so Spa-
nielskou a Andaluzskou
legislativou (sivé plochy).
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problem, they translate into direct investment in repairing
dangerous power lines, whereas if that same money were
channelled into fines, it would flow into regional budgets
rather than being applied directly to fixing the hazardous
infrastructure.

Beyond its direct effect on local mortality rates,
reducing the spatial concentration of electrocution risk
has important consequences for the population dynamics
of birds of prey. Long-lived species are particularly
sensitive to changes in adult survival, with even modest
decreases in non-natural mortality translating into
big benefits for population viability and substantial
reductions in extinction risk (Newton 1998, Newton et al.
2016). Although eliminating electrocution incidents is an
unrealistic goal while power lines remain in service, the
main objective is to reduce mortality to levels low enough
that it no longer limits raptor populations, ensuring that
deaths due to power lines no longer threaten the long-
term viability of any species.

This is indeed the case for the bird-of-prey community
in Andalusia, where, currently, few species face an
extinction risk from power-line electrocution. The case of
the Spanish imperial eagle illustrates both the challenge
and the progress achieved. Despite a recent increase in
recorded electrocution events, reflecting demographic
success, the regional population has grown from fewer
than 50 to nearly 200 breeding pairs over the past two
decades, and from approximately 200 to nearly 1,000
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pairs nationally (MITECO, 2023). This expansion has
been driven in large part by the insulation of power
lines at key mortality hotspots, which facilitated range
expansion into areas with previously unknown hazardous
infrastructure generating density-dependent mortality
without threatening population viability (CMS, 2024).
A similar pattern may also be occurring with the booted
eagle, which likewise shows an increase in recorded
electrocutions concurrent with clear population growth
across Spain (SEO/BirdLife 2022). The same may apply
to the red kite, another species showing an increase in
electrocution events, despite its small, threatened resident
breeding population in Andalusia (fewer than 50 breeding
pairs, Consejeria de Sostenibilidad y Medio Ambiente
2025). The region receives a large wintering influx
from European breeding populations that are currently
expanding (BirdLife International, 2021), which would
similarly produce a density-dependent increase in
electrocution mortality.

We conclude that our results demonstrate that a
targeted mitigation strategy based on the identification and
correction of electrocution blackspots can substantially
reduce the risk of electrocution at a regional scale. The
marked decline in blackspot prevalence following the
implementation of the Andalusian agreement provides
strong empirical evidence that sustained collaboration
between conservation authorities and electricity
companies can effectively mitigate one of the main human-
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Tab. 2. Number of raptors electrocuted by species recorded in Andalusia in total (1990-2025), during the pre-agreement period
(2014-2019), and the agreement period (2020—2025). The trend of the breeding population in the region is also indicated, according
to the Regional Ministry of Sustainability and Environment of the Regional Government of Andalusia (2025) and SEO/BirdLife (2022):
increasing trend (1), decreasing trend (|), stable (=), unknown trend (?), no breeding population in Andalusia (-). Species catalogued
as threatened in the region are shown in bold.
Tab. 2. Pocet usmrtenych dravcov podla jednotlivych druhov zaznamenany v Andaluzii celkovo (1990-2025), v obdobi pred uzavretim
dohody (2014—2019) a pocas platnosti dohody (2020—2025). Uvedeny je aj trend hniezdnej populéacie v regiéne podia Regionalneho
ministerstva udrzatelnosti a Zivotného prostredia vlady Andaluzie (2025) a SEO/BirdLife (2022): rastuci trend (1), klesajuci trend (|),
stabilny (=), neznamy trend (?), v Andaluzii nehniezdi (-). Druhy zaradené v regidone medzi ohrozené su vyznacené tu¢nym pismom.

., 1990-2025 2014-2019 2020-2025 Breeding trend
Species Number % Number % Number %

Bubo bubo Eurasian eagle-owl 1,221 25 406 22 466 27.8

Buteo buteo common buzzard 1,004 20.6 431 23.3 283 16.9 =
Gyps fulvus griffon vulture 434 8.9 170 9.2 203 121 1
Circaetus gallicus short-toed snake eagle 330 6.8 141 7.6 89 53 1
Milvus migrans black kite 316 6.5 133 7.2 107 6.4 =
Aquila fasciata Bonelli’s eagle 277 5.7 101 5.5 92 5.5 =
Falco tinnunculus common kestrel 200 4.1 76 4.1 65 3.9 1
Aquila adalberti Spanish imperial eagle 144 3 36 1.9 70 4.2 1
Falco naumanni lesser kestrel 141 29 90 4.9 19 11 1
Hieraaetus pennatus booted eagle 138 2.8 36 1.9 70 4.2 1
Aquila chrysaetos golden eagle 128 2.6 56 3 42 2.5 1
Accipiter gentilis northern goshawk 62 1.3 24 1.3 23 1.4 =
Milvus milvus red kite 60 1.2 7 0.4 39 2.3 l
Elanus caeruleus black-winged kite 35 0.7 21 1.1 3 0.2 =
Pandion haliaetus osprey 26 0.5 5 0.3 8 0.5 =
Strix aluco tawny owl 20 0.4 2 0.1 6 0.4 1
Falco peregrinus peregrine falcon 18 0.4 6 0.3 7 0.4 =
Aegypius monachus cinereous vulture 16 0.3 2 0.1 8 0.5 1
Tyto alba barn owl 12 0.2 4 0.2 1 0.1 l
Circus aeruginosus western marsh harrier 10 0.2 3 0.2 4 0.2 l
Athene noctua little owl 8 0.2 5 0.3 2 0.1 1
Neophron percnopterus Egyptian vulture 7 0.1 3 0.2 2 0.1 1
Parabuteo unicinctus Harris’s hawk 7 0.1 5 0.3 2 0.1 -
Circus pygargus Montagu’s harrier 6 0.1 3 0.2 0 0 1
Accipiter nisus Eurasian sparrowhawk 5 0.1 3 0.2 1 0.1 =
Asio otus long-eared owl 4 0.1 3 0.2 0 0 ?
Pernis apivorus European honey buzzard 3 0.1 3 0.2 0 0 -
Gyps rueppellii Ruppell’s vulture 2 0 0 0 2 0.1 -
Asio flammeus short-eared owl 1 0 0 0 0 0 -
Falco biarmicus lanner falcon 1 0 0 0 1 0.1 -
Non identified - 240 5 72 4 60 3.6 -
Total 4,876 - 1,847 - 1,675 - -
No. of species 30 - 27 - 26 - -

induced causes of raptor mortality. While electrocution
events are unlikely to be eliminated, conservation efforts
should focus on ensuring they no longer limit population
viability. We therefore recommend maintaining long-term
mortality monitoring programmes, regularly updating
spatial risk assessments, and prioritising corrective
actions in newly colonised areas and remaining high-
risk sectors. The Andalusian model offers a cost-effective

and transferable framework that can be applied in
other regions to maximise conservation benefits while
optimising management resources.
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