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New Methods of Eagle Research
НОВЫЕ МЕТОДЫ ИССЛЕДОВАНИЙ ОРЛОВ

Use of Innovative Telemetry Methods to Asses Interactions Between 
Wind Farms and Wildlife
ИСПОЛЬЗОВАНИЕ ИННОВАЦИОННЫХ МЕТОДОВ ТЕЛЕМЕТРИИ 
ДЛЯ ОЦЕНКИ ВЛИЯНИЯ ВЕТРО-ЭЛЕКТРОСТАНЦИЙ НА ПРИРОДУ
Pérez-García J.M. (University of Lleida, Lleida, Spain)
Carrete M. (University Pablo Olavide, Sevilla, Spain)
Arrondo E. (Estación Biológica de Doñana, Sevilla, Spain)
Cortés-Avizanda A. (Instituto Mediterráneo de Estudios Avanzados, Esporles, Spain)
de la Riva M. (Estación Biológica de Doñana, Sevilla, Spain)
Sánchez-Zapata J.A. (University Miguel Hernández, Elche, Spain)
Donázar J.A. (Estación Biológica de Doñana, Sevilla, Spain)
Перес-Гарсиа Д.M. (Университет Лерида, Лерида, Испания)
Каррет M. (Университет Пабло Олавиде, Севилья, Испания)
Aррондo E. (Биологическая станция Доньяна, Севилья, Испания)
Кортес-Ависандa A. (Средиземноморский институт перспективных исследований, 
Эспорлес, Испания)
Де ла Рива M. (Биологическая станция Доньяна, Севилья, Испания)
Санчес-Сапата Д.A. (Университет Мигель Эрнандес, Эльче, Испания)
Донасар Д.A. (Биологическая станция Доньяна, Севилья, Испания)

The high levels of human demands of re-
sources have led to the need to find new 
sources of more sustainable energy. In this 
context, the production of energy from re-
newable sources has emerged as one of the 
greatest opportunities for development, re-
ducing the consumption of non-renewable 
products and, also greenhouse gas emis-
sions. Nevertheless, renewable energy de-
velopment and production has substantial 
environmental consequences. In particular, 
wind power record a large number of wild-
life fatalities annually due to the collision 
with the turbines. For example, only in the 
United States it is estimated that the wind 
turbines kill around 140,000 –328,000 birds 
and 500,000 –1.6 million bats, yearly. A 
major difficulty in assessing the impact of 
wind farms on bird populations is the scarci-
ty of long-term studies at operational wind 
farms, and the continental and global-scale 
population dynamics of many species of 
wildlife killed at wind-energy facilities. This 
is especially the case for long lived with low 
productivity, as is the case with many en-
dangered or rare long-lived species such 
as raptors. The effects of wind-farms on 
species of conservation concern should be 

Âûñîêèé урîâåнь ïîòрåбнîñòè ÷åлîâå÷å-
ñòâа â рåñурñаõ ïрèâёл ê нåîбõîдèмîñòè 
èñêаòь нîâûå èñòî÷нèêè âîçîбнîâляåмîé 
энåргèè. Ïрîèçâîдñòâî âîçîбнîâляåмîé 
энåргèè умåньшаåò ïîòрåблåнèå нåâîçîб-
нîâляåмûõ энåргîрåñурñîâ, а òаêжå ñнè-
жаåò âûбрîñû ïарнèêîâûõ гаçîâ. Однаêî, 
раçâèòèå è ïрîèçâîдñòâî âîçîбнîâляåмîé 
энåргèè èмååò çна÷èòåльнûå ïîñлåдñòâèя 
для îêружаюùåé ñрåдû. Â ÷аñòнîñòè, на 
âåòрянûõ ñòанцèяõ (ÂЭÑ) åжåгîднî гèб-
нåò îгрîмнîå êîлè÷åñòâî ïòèц è лåòу÷èõ 
мûшåé, ñòалêèâаяñь ñ òурбèнамè. Наïрè-
мåр, òîльêî â Ñîåдèнённûõ Шòаòаõ ÂЭÑ 
убèâаюò îêîлî 140–328 òûñ. ïòèц è 500 
òûñ. – 1,6 млн лåòу÷èõ мûшåé åжåгîднî. 
Глаâная ñлîжнîñòь â îцåнêå âлèянèя ÂЭÑ 
на ïîïуляцèè ïòèц – нåõâаòêа дîлгîñрî÷-
нûõ èññлåдîâанèé на дåéñòâуюùèõ ÂЭÑ, а 
òаêжå дèнамèêè ïîïуляцèé âèдîâ, гèбну-
ùèõ на ÂЭÑ, â êîнòèнåнòальнîм è мèрî-
âîм маñшòабаõ. Эòî îñîбåннî õараêòåрнî 
для âèдîâ-дîлгîжèòåлåé ñ нèçêîé ïрîдуê-
òèâнîñòью, наïрèмåр, для òаêèõ èñ÷åçа-
юùèõ è рåдêèõ âèдîâ-дîлгîжèòåлåé, êаê 
õèùнûå ïòèцû. Эффåêòû, îêаçûâаåмûå 
ÂЭÑ на эòè âèдû, дîлжнû бûòь òùаòåльнî 
îòñлåжèâаåмû, ÷òîбû наéòè мåõанèçмû 
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carefully monitored and to find mechanisms 
minimize, mitigate, and reduce negative 
consequences of energy extraction to eco-
systems. In this sense, identifying indicator 
species would help to improve and opti-
mize infrastructure impact monitoring. For 
specific areas such as Spain, Griffon Vulture 
(Gyps fulvus) emerged as a good indicator 
of bird mortality on wind turbines due to 
show the highest co-occurrence with other 
wildlife species collided with turbines. So, 
to reduce Griffon Vulture mortality may be 
decisive to lower mortality rates for other 
rarer or scarcer species such as Spanish Im-
perial Eagles (Aquila adalberti) or Golden 
Eagles (Aquila chrysaetos). 

At the end of the year 2016, Spain was the 
world’s fifth largest wind-power producer 
with a 23,026 MW of generating capacity. 
At the same time, this country is a region 
vastly important to wildlife, with population 
strongholds of many threatened European 
avian species as well as an important pas-
sage area for multiple species during their 
seasonal migrations. Spain holds > 90% of 
European Griffon Vultures, the population 
has steeply recovered in the last decades 
passing of 3,200 to 25,000 breeding pairs 
between 1979 and 2008. Collisions with 
wind turbines and electrocution are by far 
the most important mortality sources for 
Griffon Vultures in Spain.These character-
istics make this country a good model to 
study the interactions between wildlife and 
wind turbines, and the Griffon Vulture as an 
ideal candidate as study species to obtain 
information aiming to conciliate bird flying 
vertebrate conservation and wind farm de-
velopment. To contribute to the knowledge 
the patterns of movements of vultures and 
factors driving collisions in wind turbines in 
order to reduce their mortality, we started 
a project of Griffon Vultures tracking means 
innovative telemetry devices. The province 
of Cбdiz (Andalusia, southern Spain) holds 
around 2400 breeding pairs of Griffon Vul-
tures and maintains a very large population 
of pre-adult birds, which increases during 
the migrations. At the same time, Cбdiz 
holds 27 wind farms with 1014 turbines 
constructed since 1992. The spatial coin-
cidence of a large population of vultures 
and the strong wind-farm development 
has determined a very high mortality inci-
dence on Griffon Vultures and other birds. 
Thus, between 1996 and 2016 up to 1848 
Griffon Vultures died in wind farms of the 
Cadiz province. Here, a total of 12 Griffon 
Vultures (10 males and 2 females) were 

мèнèмèçèрîâаòь, ñмяг÷èòь è ñнèçèòь нåга-
òèâнûå ïîñлåдñòâèя îò дîбû÷è энåргèè для 
эêîñèñòåмû. Â эòîм ñмûñлå îïрåдåлåнèå 
âèда-èндèêаòîра мîжåò ïîмî÷ь улу÷шèòь 
è îïòèмèçèрîâаòь èнфраñòруêòуру мîнè-
òîрèнга âлèянèя. Äля êîнêрåòнûõ îбла-
ñòåé, òаêèõ êаê Иñïанèя, бåлîгîлîâûé ñèï 
(Gyps fulvus) яâляåòñя õîрîшèм èндèêаòî-
рîм ñмåрòнîñòè ïòèц на âåòрянûõ òурбè-
наõ, ïîòîму ÷òî ÷аñòî âñòрå÷аåòñя ñ èнû-
мè âèдамè ïòèц, гèбнуùèмè на òурбèнаõ. 
Ïîэòîму умåньшåнèå ñмåрòнîñòè ñèïîâ 
мîжåò ïîмî÷ь ñнèçèòь урîâåнь ñмåрòнî-
ñòè для другèõ, бîлåå рåдêèõ âèдîâ, òаêèõ 
êаê èñïанñêèé îрёл-мîгèльнèê (Aquila 
adalberti) èлè бåрêуò (Aquila chrysaetos).

Â êîнцå 2016 г. Иñïанèя бûла ïяòîé â 
мèрå ñòранîé ïî îбъёму ïрîèçâîдñòâа âå-
òрянîé энåргèè ñ îбъåмîм ïрîèçâîдñòâа â 
23.026 MÂò. Â òî жå âрåмя ñòрана яâляåòñя 
êраéнå âажнûм рåгèîнîм ñ òî÷êè çрåнèя 
îõранû ïрèрîдû, ñî ñòабèльнûмè ïîïу-
ляцèямè мнîгèõ åâрîïåéñêèõ âèдîâ ïòèц, 
наõîдяùèõñя ïîд угрîçîé èñ÷åçнîâåнèя, 
è мåñòамè îñòанîâêè на ïуòè ñåçîннûõ 
мèграцèé мнîгèõ âèдîâ. Â Иñïанèè жè-
âёò бîлåå 90% åâрîïåéñêèõ бåлîгîлîâûõ 
ñèïîâ, ïîïуляцèя âîññòанîâèлаñь çа ïî-
ñлåднèå дåñяòèлåòèя ñ 3,2 òûñ. дî 25 òûñ. 
раçмнîжаюùèõñя ïар â ïåрèîд ñ 1979 ïî 
2008 гг. Ñòîлêнîâåнèя ñ ÂЭÑ è элåêòрî-
òраâмû îñòаюòñя ñамîé раñïрîñòранён-
нîé ïрè÷èнîé ñмåрòè ñèïîâ â Иñïанèè. 
Эòî дåлаåò ñòрану õîрîшåé мîдåлью для 
èçу÷åнèя âçаèмîдåéñòâèя ïòèц è ÂЭÑ, а 
бåлîгîлîâûé ñèï – èдåальнûé êандèдаò для 
èçу÷åнèя âèдîâ, ÷òîбû ïîлу÷èòь èнфîр-
мацèю î òîм, êаê îбåñïå÷èòь ñîõранåнèå 
ïòèц è лåòу÷èõ мûшåé è раçâèòèå ÂЭÑ. 
Чòîбû улу÷шèòь ïîнèманèå ïаòòåрнîâ 
дâèжåнèé ñèïîâ è фаêòîрîâ, âлèяюùèõ 
на ñòîлêнîâåнèå ñ òурбèнамè, è ñнèçèòь 
ñмåрòнîñòь ïòèц, мû на÷алè ïрîåêò ïî îò-
ñлåжèâанèю ñèïîâ ñ ïîмîùью èннîâацè-
îннûõ ïрèбîрîâ òåлåмåòрèè. Â ïрîâèн-
цèè Кадèñ (Àндалуñèя, южная Иñïанèя) 
ïрîжèâаåò îêîлî 2400 раçмнîжаюùèõñя 
ïар бåлîгîлîâûõ ñèïîâ, è ñîõраняåòñя 
бîльшая ïîïуляцèя ïòèц, нå дîñòèгшèõ 
ïîлîâîé çрåлîñòè, êîòîрая уâåлè÷èâаåòñя 
âî âрåмя мèграцèè. Â òî жå âрåмя â Кадèñ 
раñïîлîжåнû 27 ÂЭÑ ñ 1014 òурбèнамè, 
уñòанîâлåннûмè ñ 1992 гîда. Ñîâïадåнèå 
â раñïîлîжåнèè îбшèрнîé ïîïуляцèè ñè-
ïîâ è õîрîшî раçâèòûõ îбъåêòîâ ïîлу÷å-
нèя âåòрянîé энåргèè îïрåдåлèлî êраéнå 
âûñîêую ñмåрòнîñòь ñрåдè ñèïîâ è èнûõ 
ïòèц. Таê, â ïåрèîд ñ 1996 ïî 2016 гг. дî 
1848 ñèïîâ ïîгèблî на ÂЭÑ â ïрîâèнцèè 



194 Ïåðíàòûå õèùíèêè è èõ îõðàíà 2018, Спåцвûп. 1 Мàòåðèàлû êîíфåðåíцèй

captured on 22 may 2018 and attached 
with high resolution GPRS-GSM transmit-
ters with accelerometers manufactured by 
ECOTONE (Poland)1. We are developing 
models to interpret accelerometer data. 
It will allow quantification of flight behav-
ior and thus a context to interpret specific 
interactions near windfarms. . Another in-
novation incorporated in our devices is the 
recording of barometric pressure. We hope 
this data will allow us to understand how 
changes in air pressures could influence on 
flight behavior and to refine flight altitude 
estimates. During the first 3 months of the 
study the vultures crossed the wind farms 
on numerous occasions. Although none 
of the tagged them had a fatal interaction 
with the turbines yet one of the birds cap-
tured during the markings (but that was not 
marked with a transmitter), died in August 
by a fatal collision. The long-term analysis 
of the data provided by this study will al-
low further understanding of the general 
patterns of movements of adult Griffon Vul-
tures in relation to extrinsic (environmen-
tal) and intrinsic (individual factors), and 
to model the Griffon Vulture movements 
(at population and individual scales) with 
respect to environmental variables (topog-
raphy, winds, updraft potential) in order to 
build risk maps based on the overlapping of 
these results and the distribution of poten-
tial wind farms.

Кадèñ. Здåñь жå 12 ñèïîâ (10 ñамцîâ è 2 
ñамêè) бûлè ïîéманû 22 мая 2018 г. è ïî-
мå÷åнû GPS/GPRS/GSM òрåêåрамè ñ аê-
ñåлåрîмåòрамè, ïрîèçâîдñòâа ECOTONE 
(Ïîльша)1. Мû раçрабаòûâаåм мîдåлè ïî 
èнòåрïрåòацèè даннûõ аêñåлåрîмåòрîâ. 
Эòî ïîçâîлèò îïрåдåлèòь ïîâåдåнèå â ïî-
лёòå è даñò êîнòåêñò, â êîòîрîм мîжнî 
èнòåрïрåòèрîâаòь îïрåдåлённûå дåéñòâèя 
âîçлå ÂЭÑ. Äругîé èннîâацèåé, âêлю÷ён-
нîé â ïрèбîрû, яâляåòñя çаïèñь аòмîñ-
фåрнîгî даâлåнèя. Мû надååмñя, ÷òî эòè 
даннûå ïîмîгуò ïîняòь, êаê èçмåнåнèя â 
даâлåнèè мîгуò ïîâлèяòь на ïîâåдåнèå â 
ïîлёòå è улу÷шèòь îïрåдåлåнèå âûñîòû 
ïîлёòа. На ïрîòяжåнèè ïåрâûõ òрёõ мå-
ñяцåâ èññлåдîâанèя ñèïû ïåрåñåêалè ÂЭÑ 
ïî мнîжåñòâу ïрè÷èн. Хîòя нè îдна èç 
мå÷åнûõ ïòèц ñмåрòåльнî нå ïîñòрадала, 
îдна èç ïòèц, ïîéманнûõ âî âрåмя мå÷å-
нèя (нî нå ñнабжённая òрåêåрîм) ïîгèбла 
â аâгуñòå îò ñмåрòåльнîгî ñòîлêнîâåнèя. 
Äîлгîñрî÷нûé аналèç даннûõ, ïîлу÷åн-
нûõ â рåçульòаòå èññлåдîâанèя, ïîçâîлèò 
лу÷шå ïîняòь îбùèå ïаòòåрнû ïåрåдâè-
жåнèé âçрîñлûõ бåлîгîлîâûõ ñèïîâ îò-
нîñèòåльнî âнåшнèõ фаêòîрîâ (фаêòîрîâ 
îêружаюùåé ñрåдû) è âнуòрåннèõ (èндè-
âèдуальнûõ). Эòî ïîçâîлèò ñмîдåлèрîâаòь 
ïåрåдâèжåнèя ñèïîâ (â èндèâèдуальнîм 
маñшòабå è маñшòабå ïîïуляцèè) ñ у÷ё-
òîм ïåрåмåннûõ îêружаюùåé ñрåдû (òî-
ïîграфèя, âåòåр, âîñõîдяùèå ïîòîêè) è 
ïîñòрîèòь êарòû рèñêа ïуòём ñîâмåùåнèя 
ïîлу÷åннûõ даннûõ ñ раñïрåдåлåнèåм ïî-
òåнцèальнûõ ÂЭÑ.

1 http://ecotone-telemetry.com

Мечение орла-могильника (Aquila heliaca) GPS/GSM трекером. Фото Д. Кореповой.

Tagging the Imperial Eagle (Aquila heliaca) GPS/GSM-datalogger. Photo by D. Korepova.


