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BLICOKMI YypPOBEHDL MOTPEOHOCTM YeAOBeYe-
CTBa B pecypcax MPMBEA K HEOOXOAMMOCTH
MICKaTb HOBbLIE MCTOYHMKM BO30OOHOBASIEMOM
sHeprn. [TPOM3BOACTBO BO30OHOBASIEMOV
SHEPIMM yMEHbLAET NMoTpebAeHMEe HEBO306-
HOBASIEMbIX SHEPropecypcoB, a TaK)Ke CHU-
JKaeT BLIOPOCHI MAPHUKOBLIX ra3oB. OAHAKO,
PasBUTME M MPOMU3BOACTBO BO3OOHOBASIEMOM
SHEPIUM UMeeT 3HAYUTEAbHbIE MOCAEACTBUSI
AAsT OKpy>Katolen cpeabl. B yactHoctn, Ha
BETPsiHbIX cTaHumsix (BOC) eskeroaHo rmb-
HET OrPOMHOE KOAMYECTBO MTULL U AETYUYUX
MbILWEN, CTAAKMBASICL € TypOuHamu. Harpu-
mep, ToAbko B CoeamHéHHbIx Lltatax B3C
ybuBator okoro 140-328 toic. mrmu u 500
TbIC. — 1,6 MAH A€TYUYMX MBbIILE €>KErOAHO.
[AaBHasl CAO’KHOCTDL B OLleHKe BAMsiHMST BOC
Ha MOMyASILIMM MTUL — HEXBATKA AOATOCPOY-
HBIX MCCAEAOBaHMI Ha AericTtBytowmx BIC, a
TaKXKE AVIHAMMKM TOMYASILMIA BUAOB, TMOHY-
wmx Ha BOC, B KOHTMHEHTAALHOM U MMUPO-
BOM MacwTtabax. IT0 0COOGEHHO XapaKTEPHO
AAST BUAOB-AOATOXKUTEAEN C HM3KOW MPOAYK-
TUBHOCTLIO, HarnpuMep, AAsl TaKMX ucyesa-
IOWMX U PEAKMX BUAOB-AOATOMKMTEAEN, KaK
XMIHDbIE NTUULL. DPeKTbl, OKasbiBaemble
B3C Ha 3TV BMAbLI, AOAKHDI ObITh TWATEALHO
OTCAEXKUBAEMDI, ‘-lT06bl HalTM MeXaHU3Mbl

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
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MWHUMU3UPOBATb, CMSITYUTL U CHU3UTL Hera-
TMBHbIE MOCAEACTBUSI OT AOOLIYM SHEPTUM AASI
3KoCcUcTeMbl. B 3TOM cmbicae onpeaeseHue
BMAQ-UHAMKATOPA MOXXET MOMOYbL YAYYLIMUTDL
M OMNTUMMU3NPOBAaTb UHPPACTPYKTYPY MOHM-
TOPWHra BAMsIHMSI. AASI KOHKPETHBIX OOAa-
CTel, Takux Kak Vicranmsi, GEAOTOAOBbIN CuM
(Gyps fulvus) sIBASIETCS1 XOPOLIMM MHAMKATO-
POM CMEPTHOCTM MTULL HA BETPSIHBIX TypPOU-
Hax, MOTOMY YTO YaCTO BCTPEYAETCSl C MHbI-
MM BMAAMM MTUL, TMOHYWMMM HA TypOUHAX.
[TosTOMYy yMEHblIEHNE CMEPTHOCTU CUIMOB
MO>KET MOMOYb CHU3UTL YPOBEHL CMEPTHO-
CTU AAsT APYTUX, BOAEE PEAKMX BMAOB, TAKMX
KaK WCNAHCKUA OPEA-MOTMAbHUK (Aquila
adalberti) uan 6epkyt (Aquila chrysaetos).

B koHue 2016 r. Vicnanus 6biaa MsiToii B
MUPE CTPaHOM Mo 061LEMY NMPOU3BOACTBA Be-
TPSIHOM SHEPruM ¢ 06LEMOM MPOU3BOACTBA B
23.026 MBT. B TO >ke Bpemst CTpaHa SIBASIETCST
KpariHe Ba&KHLIM PETMOHOM C TOUKM 3PEHMUs
OXPaHbl MPUPOABI, CO CTABUALHBLIMM TOMY-
ASILMSIMM MHOTMX €BPOTNENCKMX BMAOB MTULL,
HaXOASILUIMXCSl MOA YrPO30M MCYE3HOBEHMSI,
M MeCcTaMM OCTAHOBKM Ha MyTM CE30HHbLIX
mMuUrpaumim MHoOrmx BuaoB. B Mcnanum >ku-
BET 60Aee 90% eBpONenckmMx 6EAOrOAOBLIX
CUMOB, MOIYASILMSI BOCCTAHOBMAACL 3a TMO-
CA€AHVE AecaTuAeTUst € 3,2 Tbic. A0 25 ThIC.
PasMHOXKaroWMXCs nap B nepuoa ¢ 1979 no
2008 rr. CroakHoBeHus1 ¢ B3C m aaekTpo-
TPaBMbI OCTAlOTCsl CaMOM  PaCrpPOCTPaHEH-
HOM MpUYMHONM cmepT curnos B McnaHum.
OTO A€AAEeT CTPaHy XOPOLUE MOAEALIO AASI
M3yyeHust B3ammoaericteusi nmu u B3C, a
GEAOTOAOBDLIV CUIT — MAEAALHDIN KAHAMAAQT AASI
M3YYEHUsl BMAOB, YTOObI MOAYYUTbL MHAPOP-
MaLMIO O TOM, Kak 0Becrneymntb COXpaHeHve
NTMU U A€TyYMX Mbllwen u passutme BIC.
YToObl  YAYHWWTL MOHUMAHWE MATTEPHOB
ABVDKEHUI CUMOB U (pakTOPOB, BAMSIIOWMX
Ha CTOAKHOBEHME C TypOUHAMW, U CHU3UTD
CMEPTHOCTL MTUL, Mbl HA4YaAM MPOEKT MO OT-
CA©XKMBAHMIO CUMOB C MOMOLILIO MHHOBALIM-
OHHbLIX MPUOBOPOB TeremeTpumn. B npoBuH-
um Kaamc (AHaaaycusi, toskHast Mcnanus)
npo>kuBaeT okoAo 2400 pasmMHO KAIOWMXCST
nap GEAOrOAOBLIX CMIMOB, M COXPAHSIETCs
GoAbILIAs MOMYAsIUMSI MTUL, HE AOCTMIIIMX
MOAOBOW 3PEAOCTU, KOTOPAasl YBEAUYMBAETCS
BO Bpemsi murpauuu. B 1o >ke Bpemsi B Kaaunc
pacrioroxeHnl 27 BOC ¢ 1014 TypbuHamu,
ycTaHoBA€HHbIMMU € 1992 roaa. CoBnaaeHue
B PACMOAOXKEHMM OOLIMPHOM MOMYASILMM CU-
MOB M XOPOWO Pa3BUTLIX OBLEKTOB MOAyYE-
HVsl BETPSIHOM SHEPTUM OMPEACAUAO KpanHe
BLICOKYIO CMEPTHOCTL CPEAM CMUMOB U MHbLIX
ntuu. Tak, B nepuoa ¢ 1996 no 2016 rr. Ao
1848 cunos normbao Ha BIC B npoBMHLMM

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 C6diz (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, Co6diz
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
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Kaanc. 3aech ke 12 cunos (10 camuos u 2
camku) 6biAM novmaHol 22 mas 2018 r. v no-
meyeHbl GPS/GPRS/GSM Tpekepamu € ak-
ceaepomeTtpamu, npowuseoactea ECOTONE
(Moabwa)'. Mbl paspabaTLiBa€éM MOAEAM MO
VIHTEpPrpeTaumMM AAHHBLIX AKCEAEPOMETPOB.
STO MO3BOAUT OMPEAEAUTL NMOBEAEHUE B MO-
A8Te U AACT KOHTEKCT, B KOTOPOM MOXXHO
VIHTEPIPETUPOBATL ONMPEAEAEHHDIE ACICTBMS
Bo3Aae BOC. Apyroli MHHOBaLMeN, BKAIOYEH-
HOM B MpuOOpPDI, SIBASETCSl 3anmch atMOC-
¢hepHoro aaeaeHust. Mbl HaAeemcsl, YTO 3TU
AAHHbIE TIOMOTYT MOHSTL, KaK U3MEHEHUsl B
AABA€HUM MOTYT MOBAMSITL HA MOBEAE€HUE B
MOAETE U YAYYUUTL OTNPEAEAEHME BbLICOTbI
noAérta. Ha npotsbkeHun nepBbiX TPEX me-
CsiLleB MCCAEAOBaHMs1 cunbl nepecekam BOC
MO MHOJKECTBY MPUYMH. XOTSI HM OAHA U3
MeYeHbLIX MTULL CMEPTEALHO HE MOCTPAAAAQ,
OAHA M3 MTUL, MOMMAHHLIX BO BPEMSl Meye-
HUs1 (HO He CHaBXKEHHAsI TPEKEPOM) NMormbaa
B aBIyCT€ OT CMEPTEALHOrO CTOAKHOBEHMSI.
AOArOCPOYHLIA AHAAM3 AAHHDLIX, TMOAYY€H-
HbIX B PE3yAbTaT€ MCCAEAOBAHMSI, MO3BOAUT
AydlI€ TOHsTL OBWME MNATTEPHLI MEPEABM-
JKEHUM B3POCAbIX OEAOrOAOBLIX CUIMOB OT-
HOCUTEALHO BHELIHMX (haKTOPOB (hakTopoB
OKpPY>KatoWen CPeAbl) U BHYTPEHHUX (MHAM-
BMAYAABLHbBIX). DTO MO3BOAUT CMOAEAMPOBATDL
MEePEABVKEHMSI CUMOB (B MHAMBUMAYAAbHOM
MacwTabe 1 macwrtabe MonyAsiuMm) C yué-
TOM TMEepPEMEHHbIX OKpPY KaloLen CPeAbl (To-
norpachusi, BeTep, BOCXOASIILME MOTOKU) U
MOCTPOUTL KapTbl PUCKA MYTEM COBMEILEHMSI
MOAYYEHHDIX AAHHLIX C pPacrpeAeAeHMEM Mo-
TeHuMaabHbIX B3C.

captured on 22 may 2018 and attached
with high resolution GPRS-GSM transmit-
ters with accelerometers manufactured by
ECOTONE (Poland)!. 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.

Meyvenune opaa-mornabHmka (Aquila heliaca) GPS/GSM t1pexkepom. doro A. Kopernosoii.

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

1

http://ecotone-telemetry.com



