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Pesiome

Ha ocHoBaHMK AaHHBIX NpocAexmsaHus ¢ nomotlbio ARGOS/GPS-tpancmutTepos u GPS/GSM-Tpekepos 34 opaos
(4 crenHbix opaa (Aquila nipalensis) u3 LlentpaabHoro KasaxcraHa, 1 ctenHoit opéa ¢ KOxHoro Ypana n 22 cTenHbix
0pAa, 5 0pPAOB-MOrMAbHUKOB (Aquila heliaca) n 2 6oablunx noaopanka (Aquila clanga) n3 Aatae-CasiHcKoro pervoHa
Poccun) onpeaeaeHbl OCHOBHbIE MyTH, CPOKM M MapameTpbl MUIpaLmu OPAOB Yepe3 BocTouHbii KazaxcTtaH, ovepueH
KOHTYP MUIPALMOHHOIO KOPMAOPA M OMpEAeAEHA YMCAEHHOCTb MUIPaHTOB, MPOXOASLLMX B HEM. [MoAyueHa MHbop-
Maums o BaKHOCTM xp. KapaTay aAg MUrpaLmmn opAoB € orpomHoi Tepputopun Kasaxcrana n Poccun. ObcyrkaaeTcs
OMaCHOCTb AASI OPAOB Pa3BUTHS B MUIPALIMOHHOM KOPUAOPE BETPodAeKTpocTaHumit (BIC), MCNoAb3yoLmx TypOMHbI
C FOPU3OHTaALHOM OCbIO BpaLLleHMs. AaHa OLeHKa BO3MOXKHOMO HEraTUBHOIO BAMSIHMS Ha MOMYASILIMM MUTPUPYIOLLIMX
yepe3 Kapartay opaos JKanatacckoit BOC n noteHumanbHbix BOC, koTopble MOryT ObiTb NOCTpoeHbl Ha xp. KapaTay.
AaHbl pekoMeHAaLMK Mo HelTpaAmsaumu ywepba opaam oT passutus BOC Ha xp. Kapatay.

KaroueBbie cAoBa: nepHaTtble XULLHWUKM, XWLLHbIE MTULbI, OPAbI, CTEMHOW Opéa, Aquila nipalensis, OpéA-MOrMABHUK,
Aquila heliaca, 6oabLuoii noaopamnk, Aquila clanga, murpauns, GPS/GSM-tpekepbl, ARGOS/GPS-TpaHcmnTTepsl, BOC,
seTporenepartop, Kapartay, Kazaxcran.

IMocrynuaa B peaakunio: 10.12.2021 r. MpuHata k nydAnkaunn: 26.12.2021 r.

Abstract

On the basis of data obtained from ARGOS/GPS and GPS/GSM tracking of 34 eagles (4 Steppe Eagles (Aquila nipalensis)
from Central KZ, 1 Steppe Eagle from Southern Ural region, 22 Steppe Eagles, 5 Eastern Imperial Eagles (Aquila heliaca)
from the ASR and 2 Greater Spotted Eagles (Aquila clanga) from the Altai-Sayan Ecoregion), we have defined the main
flyways, terms, and other parameters of migration of eagles through Eastern Kazakhstan. We have outlined the borders
of the migration corridor and estimated the number of migrants passing through it. The study highlights the importance
of the Karatau Ridge for eagles from the vast territories of Russia and Kazakhstan. But we are also concerned about
the development of wind farms with horizontal-axis wind turbines that pose ultimate danger for raptors in the Karatau
migration corridor. One of them already exists — the Zhanatas Wind-Power Station. Here we calculated the possible
negative impact on the eagle population from existing and projected wind farms of the Karatau ridge and give our rec-
ommendations for neutralizing the damage from the development of the electric power industry in Karatau.
Keywords: raptors, birds of prey, eagles, Steppe Eagle, Aquila nipalensis, Imperial Eagle, Aquila heliaca, Greater Spot-
ted Eagle, Aquila clanga, migration, GPS/GSM-trackers, ARGOS/GPS-transmitters, wind farm, wind generator, Karatau,
Kazakhstan.
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BBeaeHnne

LLIMpOKOKPbIAbIE XMLLIHbIE MTHLIbI BO BPEMS
AAABHMX MepemMeLleHMit noAaraloTca Ha Te-
MAOBble MOTOKM MOAHMMAIOLLErocs ropsyero
BO3AyXa, TaK Ha3blBaemble «TEePMWKM», MO-
3BOASIOLLME MM MapuTb Oe3 AMLLHMX 3aTpat
aneprum (Kerlinger, 1989; Shamoun-Baranes
et al., 2003; Bruderer et al., 1994). K Takum
BMAaM OTHOCsTCS Bce opAbl (Bruderer, Boldt,
2008), ncrnoAb3yoLlme BO Bpemsl MUIrpaumi
napeHue M NAAHMPYIOLLMIA MOAET Goree 95%
Bpemeru (Spaar, 1997). MurpupyioLLme opAbi
MCNbITbIBAIOT DOAbLLIME TPYAHOCTM NpU nepe-
CeYeHUN KPYMHbIX BOAOEMOB, MOCKOAbKY Tep-
MMKM 00PasyloTCs TOABKO HaA CyLLEN, a OPAbl
He MOryT MOAAEPXKMBATb aKTMBHbIN MOAET Ha
GoAbLIME PaCcCTOSAHMA Haa BOAoW (Panuccio
et al., 2021). B cBsi3u ¢ atnm, CpeansemHoe,
HépHoe u Kacnuickoe mMops MpPeACTaBASIOT
coboW cepbE3Hble MPensTCTBMA AAS Naps-
LIMX MTULL, KOTOPble AOAXKHBI MepecekaTb
MX B CaMblX Y3KMX MecTax AnOO obaeTaTb.
Moatomy Ha Adppo-ITareapkTuyeckom npo-
AETHOM MYTU B CMAY reOMOPCPOAOrUUECKMX
ocoberHocTeit CeBepHoit Adppukn u EBpa-
311 MMEETCS HeCKOABKO MECT Bblpa’keHHOM
MUIPALIMKM XMLLHBIX MTULL, TakK Ha3blBaemblx
«OYTBIAOYHBIX FOPABILLIEK», MPUYPOHEHHBIX K
npoansam — nbpaatap, Tywncckmin (Crum-
Aniickmid), bocdpop n Cyal, bab-Iab-MaHaebd
(Porter, Willis, 1968; Evans, Lathbury, 1973;
Bernis, 1980; Bijlsma, 1983; Bruun, 1985;
Porter, Beaman, 1985; Finlayson, 1992;
Welch, Welch, 1988; 1991; Shirihai et al.,
2000; Zalles, Bildstein, 2000; Alon et al.,
2004; Agostini et al., 2005; Uner et al., 2010;
Megalli, Hilgerloh, 2013; Hilgerloh et al.,
2014; Fulop et al., 2014; Onrubia, 2015; Pa-
nuccio et al., 2017; 2021; Uysal, Tosunoglu,
2018; Unal Altundag, Karatas, 2020; Jobson
etal., 2021).

KoHUeHTpaunmn XMLIHBbIX NTML Ha Murpa-
LMK HabAIOAQIOTC Takoke MexAy YEpHbiM K
Kacnuiicknum MopsmMm, rae XMLLHKMKK nepece-
KaloT KaBka3 npeumyLuectseHHO OAnM3 Mop-
ckmx nobepexxkuii B Typumm, Tpysun n Asep-
baiakane (Andrews et al., 1977; Verhelst et
al., 2011; Heiss, 2013; Hoekstra et al., 2020;
Wehrmann et al., 2019; Vansteelant et al.,
2020). Ho BoctouHee Kacnuna B CpeaHelt
A31MM MUrpaLMS MAET B OCHOBHOM LLMPOKMM
PPOHTOM, XOTl BblpaskeHHbIE KOHLIEHTPALIMK
MMIPaHTOB BCE XK€ MMeloTCd Ha BOCTOYHOM
nobepexxbe Kacnug (KOxHbIi YcTiopT 1 Boc-
TouHbIi AAbOOp3) (Ullman, Ullman, 2010;
Panuccio et al., 2018; aaHHble aBTOPOB) U B
3anaaHblx npearopbax Taub-LLlana u MNamu-
po-Anag (FaBpuaos, MNicuos, 1985; MaBprAos,
1996/1997; Sklyarenko et al., 2002; TaBpu-

Introduction

During long-distance flights, wide-winged
birds of prey use vertical drafts (rising cur-
rents of warm air, thermals) that let them soar
without excess energy expenditure (Kerlinger,
1989; Shamoun-Baranes et al., 2003; Bru-
derer et al., 1994). These species include all
eagles (Bruderer, Boldt, 2008) that use soaring
flight and gliding during migrations for more
than 95% of the time (Spaar, 1997). Migrat-
ing eagles face significant difficulties in cross-
ing large bodies of water since thermals are
only formed above land, and eagles are not
capable of prolonged active flights over water
(Panuccio et al., 2021). Thereby, the seas are
severe obstacles for soaring birds that need-
ing cross them in the narrowest spots or fly
around. Consequently, birds of prey concen-
trate in a few areas called “migratory bottle-
necks” on the Afro-Palaearctic flyway, located
at a few Straits: Gibraltar, Sicily, Bosporus and
Suez Canal, Bab-el-Mandeb (Porter, Willis,
1968; Evans, Lathbury, 1973; Bernis, 1980;
Bijlsma, 1983; Bruun, 1985; Porter, Beaman,
1985; Finlayson, 1992; Welch, Welch, 1988;
1991; Shirihai et al., 2000; Zalles, Bildstein,
2000; Alon et al., 2004; Agostini et al., 2005;
Uner et al., 2010; Megalli, Hilgerloh, 2013;
Hilgerloh et al., 2014; Fulop et al., 2014;
Onrubia, 2015; Panuccio et al., 2017; 2021;
Uysal, Tosunoglu, 2018; Unal Altundag,
Karatas, 2020; Jobson et al., 2021).

A high concentration of migrating birds of
prey is observed between the Black and Cas-
pian Seas as well where they cross the Cau-
casus, predominantly near the shorelines of
Turkey, Georgia, and Azerbaijan (Andrews
et al., 1977; Verhelst et al., 2011; Heiss,
2013; Hoekstra et al., 2020; Wehrmann et
al., 2019; Vansteelant et al., 2020). Areas east
of the Caspian Sea in Central Asia are mostly
known for a broad-front migration, although a
prominent concentration of bird migrants are
on the east coast of the Caspian Sea (Southern
Ustyurt and Eastern Alborz) (Ullman, Ullman,
2010; Panuccio et al., 2018; Authors’ data),
and the western foothills of Tien Shan and
Pamir-Alay (Gavrilov, Gistsov, 1985; Gavrilov,
1996/1997; Sklyarenko et al., 2002; Gavrilov,
Gavrilov, 2014; Authors’ data), in so-called
Western Circum-Himalayan migration corri-
dor (WCHMCQ) (Prins, Namgail, 2017).

The best known constriction of the WCHMC is
Chokpak Pass located in the Western Tien Shan
at the joint of the Talas Alatau and Borolday (a
spur of Karatau Ridge) (Gavrilov, 2006). The
pass is distinguished as IBBA Chokpak Pass
KZ077. According to 2001 data, the number
of more than 30 species of birds of prey mi-
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Murpaums XuLHbIX NTUL Yepe3
Kaparay. 11.04.2010.
®oto M. KapsikuHa.

Migration of birds of prey through
Karatau. 11/04/2010.
Photo by I. Karyakin.

AoB, TaBpuaos, 2014; AaHHble aBTOpPOB), B
Tak HasbiBaemom 3anaaHom Llnpkym-Iima-
AANCKOM MUIpaLMoHHOM Kopuaope (3LIFMK)
(Prins, Namgail, 2017). B nocaeaHem caydae
OPAbI OOXOAST BbICOKME FOpPbl, Yepe3 KOTo-
pble AETUT Macca APYrMX XMLIHUKOB CEeMeMn-
CTBa ACTPEOMHbIX, HECMOTPA Ha TO, YTO rOpbI
HE ABASIOTCA TaKMMM XKe CepbEe3HbIMM npe-
narcreuamu, kak mopsa (Den Besten, 2004;
Prins, Namgail, 2017; Kapsikun 1 ap., 2019a;
Kumar et al., 2020).

Hanboaee M3BECTHBbIM Cy)XKEHMEM MMIpa-
unoHHoro nytn B 3LIFMK gBAsieTcs nepesan
“oknak, pacnoAo>KeHHbIM B 3anaaHoOM TsHb-
LllaHe Ha cTbike Tanacckoro Aaatay u bo-
poaaas (oTpor xp. Kapatay). MakcumasbHas
BbicoTa xp. Axkabarabitay (Taracckuii Aaatay)
Aocturaet 2700-2900 M, a xp. bopoaaar —
1500-1700 M. B pesyAbTaTe nepesaa sBAS-
eTcsa HanboAee y3KUM MEeCTOM Mexkay Taaac-
cknm AnaTay m Kaparay, paccTtosHue mexay
CKAOHaMM KOTOpPbIX He npesbiaeT 9 km (Fas-
puaos, 2006). [NepeBaa BblaeAeH B KadecTBe
KAIOYEBOW OPHUTOAOTMHECKON TeppUTOpHM
MexkayHapoaHoro 3Hadenus (IBBA Chokpak
Pass KZ077). o yuétam 2007 r. YNCAEHHOCTb
MUIPUPOBABLUMX Yepe3 MepeBaA  XMLLHbIX
nT1u 30 BMAOB OLieHeHa B YyTb OoAee 67 ThiC.
ocobeit, 13 KoTopbiX OpAbl cocTaBuam 11015
ocobel, cpean KOTOPbIX aDCOAIOTHO AOMUHM-
poBaA cTernHoii opéa (Aquila nipalensis) (10
TbIC.) M OTCYTCTBOBAA OOAbLLOW MOAOPAMK
(Aquila clanga) (TaBpuaoB, 2006). 3a 5 aHel
B NMepBOM NOAOBMHe ceHTsOpa 2003 r. 3aechb
yuTeHo 15,7 Thic. xuwHbIX ntuu (BirdLife
International, 2021). Kasanocb 6bi, BeCb Xp.
Kapartay AOAKEH SBAATHCS KAIOYEBbIM y4aCT-
Kom 3LUIMK, oaHako A0 mocaeaHero Bpeme-
HM HUKAKMX CBEAEHMI O MMUIPaLMM XMLLHBIX
NTuL Yepes TeppuTopumio XpebTa 3a npesesa-
Mu Hoknaka He OblAo onybAmKoBaHo. Ha xp.
KapaTay BblaeAeHbl ewé 2 IBBA — ApbicTaHAbl
(Arystandy KZ073) n KeHnwwekray (Kenshektau
Mountains KZ070) (Ckasiperko, 2006; Ckas-

grating through the pass was estimated at a
little more than 67,000 individuals, of which
eagles accounted for 11,015 individuals. The
Steppe Eagle (Aquila nipalensis) was predomi-
nant (10,000 ind.), while the Greater Spotted
Eagle (Aquila clanga) was absent (Gavrilov,
2006). In the first half of September 2003,
15,700 birds of prey were counted here in 5
days (BirdLife International, 2021). The Kara-
tau Ridge should seemingly be the key part of
WCHMC, but until recently no data on birds
of prey migrating through the ridge outside of
Chokpak was published. At the same time, re-
sults of eagle migration studies in recent years
done by tracking birds equipped with Argos/
GPS transmitters and GSM/GPS trackers show
the importance of the whole Karatau as a key
area of the WCHMC (Karyakin et al., 2016b;
2018d; 2018e; 2019d; 2019e).

Since the beginning of the XXI century, the
number of Wind Power Plants (WPP) around
the world is quickly rising. Wind power re-
ceives governmental support as an alter-
native energy source that does not pollute
the air, unlike burning fossil fuels (Drewitt,
Langston, 2006; Kaldellis, Zafirakis, 2011;
Panwar et al., 2011; Konstantinidis, Botsa-
ris, 2016; IRENA, 2019). Greenhouse gas
emissions are the main cause of anthropo-
genic global climate change (Huntley et al.,
2006), therefore the transition to renewable
energy sources is important to reduce emis-
sions (Houghton et al., 2001, Chow et al.,
2003; Saidur et al., 2011). But the unprec-
edented speed and scale of WPP construc-
tion raise many questions about their impact
on wildlife (Drewitt, Langston, 2006; Barclay
et al., 2007; Kunz et al., 2007; Kuvlesky et
al., 2007; Telleria, 2009; Santos et al., 2010;
Saidur et al., 2011; Northrup, Wittemyer,
2013). For example, in the USA alone annual
bird mortality on wind turbines is estimated
at 140-328 thousand individuals (Loss et al.,
2013). Additionally, wind turbines kill from
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peHko u ap., 2008; BirdLife International,
2021), HO AASt APbICTAHAbI XWLLHbIE MTULIbI
BOOOLLE HE YKa3blBAIOTCA B Ka4eCTBe KAloYe-
BbIX BMAOB, a aAf KeHLuekTay ykasbiBaloTCs
TOABKO FHE3ASILLIMECS HA TEPPUTOPUM NAAAAb-
LLIMKM, B NEPBYIO O4epeAb O@AOrOAOBbIE CUMb
(Gyps fulvus) (CkasipeHko, Katunep, 2012;
BirdLife International, 2021).

B TO >xe Bpems, pesyAbTaTbl M3y4YeHUs MU-
rpaumnii OPAOB MOCAEAHMX AT MyTéM Mpo-
CAEXKMBAHWS MTULL, NomeyeHHbIX Argos/GPS-
TpaHcmutTepammn 1 GSM/CPS-Tpekepamu,
noKasaAM BaXXKHOCTb Bcero Kaparay Kak
KaloueBoro ydactka 3LIFMK (Kapsikun n ap.,
2016b; 2018d; 2018e; 2019d; 2019e).

C Hauana 271 BeKa KOAMYECTBO BETPOIAEK-
TpoctaHumii (B3C) BO BCEM MMpe CTpemu-
TeAbHO PAaCTET, M OHM MOAYYAIOT rOCyAap-
CTBEHHYIO MOAAEPXKKY KakK aAbTEPHATMBHbIE
MCTOYHUKM SHEPIUM, He 3arpsa3HaioLLmne BO3-
AyX, B OTAMYMM OT TEXHOAOTMI, UCMOAL3YIO-
LLMX Mckonaemoe Tonaneo (Drewitt, Langston,
2006; Kaldellis, Zafirakis, 2011; Panwar et al.,
2011; Konstantinidis, Botsaris, 2016; IRENA,
2019). BbiOpocbl MapHWKOBbLIX [a30B SBAS-
IOTC OCHOBHOM MPUUMHOM aHTPOMOre€HHOro
rA00aAbHOTO M3MeHeHMs Kammata (Huntley
et al., 2006), NO3TOMy NnepexoA Ha BO30OHOB-
ASIEMbI€ UCTOYHUKM BHEPIUKM UrPaeT BaXKHYIO
poAb B COKpalleHun BbiGpocos (Houghton
et al., 2001; Chow et al., 2003; Saidur et al.,
2011), HO GecnpeueseHTHble Temrbl 1 Mac-
wTadbl pa3sutia BOC Bbi3biBalOT BCE HOAbLLE
BOMPOCOB MO MX BO3ACUCTBMIO Ha AMKYIO Mpu-
poay (Drewitt, Langston, 2006; Barclay et al.,
2007; Kunz et al., 2007; Kuvlesky et al., 2007;
Telleria, 2009; Santos et al., 2010; Saidur et al.,
2011; Northrup, Wittemyer, 2013). Hanpu-
mep, Toabko B CLLIA exeroaHas cMepTHOCTb
nTuu Ha TypbuHax BOC ouennsaetcs B 140-
328 Thic. ocobeit (Loss et al., 2013), B AONOA-
HeHWe K KOTOpbIM BETPOTYpOMHbLI yOMBalOT
ewé ot 500 TbiC. A0 1,6 MAH. AETYUMX MbiLLIEN
(Arnett, Baerwald, 2013; Hayes, 2013).

MccaeaoBaHMS  MOCAGAHMX  AET  MOKa3bl-
BAIOT, YTO XWLUHbIE NTULLI OCOOEHHO “4yB-
CTBMTEAbHbI K HEeraTMBHOMY BO3AEMCTBMIO
B3C (Thelander, Rugge, 2000; Erickson et
al., 2002; Howe et al., 2002; Young et al.,
2003; Barrios, Rodriguez, 2004; Hoover,
Morrison, 2005; Percival, 2005; Stewart et
al., 2007; Kikuchi, 2008; de Lucas et al.,
2008; Smallwood et al., 2009; Thaxter et al.,
2017) n ¢ OoAbLUeI BEpPOATHOCTbIO CTAAKM-
BAIOTCA C AOMACTAMM TypOWH, Yem MHorue
APYrue BMAbl MTUL, M3-33 OCODEHHOCTEN MX
mopdpororun u noseaenus (Orloff, Flannery,
1992; Janss, 2000; Barrios, Rodriguez, 2004;
Smallwood, Thelander, 2004; Kikuchi, 2008;

500 thousand to 1.6 million bats (Arnett,
Baerwald, 2013; Hayes, 2013) annually.

Birds of prey are especially sensitive to the
negative impact of WPPs (Thelander, Rugge,
2000; Erickson et al., 2002; Howe et al., 2002;
Young et al., 2003; Barrios, Rodriguez, 2004;
Hoover, Morrison, 2005; Percival, 2005;
Stewart et al., 2007; Kikuchi, 2008; de Lucas
et al., 2008; Smallwood et al., 2009; Thax-
ter et al., 2017) and are more likely to collide
with turbine blades than other bird species
due to the peculiarities of their morphology
and behavior (Orloff, Flannery, 1992; Janss,
2000; Barrios, Rodriguez, 2004; Smallwood,
Thelander, 2004; Kikuchi, 2008; Dahl et al.,
2013; Perold et al., 2020). Daytime birds of
prey use their binocular narrow high-resolu-
tion frontal field of view to detect prey, that is
why in the airspace during flight birds cannot
always perceive obstacles in front of them, in-
creasing the risk of collisions with various an-
thropogenic structures (Martin, 2011; Martin
etal., 2012). Migrant birds of prey have a high-
er risk of collisions than other, especially non-
migratory species (Desholm, 2009; Steward et
al., 2007; Pearce-Higgins, Green, 2014; Bes-
ton et al., 2016; Thaxter et al., 2017). WPPs
equipped with blade turbines are becoming
one of the major factors limiting the number
of large birds of prey, causing death in nesting
territories and on flyways, negatively affect-
ing their behavior and habitat usage (Orloff,
1992; Meek et al., 1993; Winkelman, 1995;
Ogden, 1996; Hunt et al., 1998; Osborn et
al., 1998; Erickson et al., 2001; Langston, Pul-
lan, 2003; Fontan et al., 2003; de Lucas et
al., 2004; 2007; 2012a; 2012b; Desholm,
2006; 2009; Drewitt, Langston, 2006; Mad-
ders, Whitfield, 2006; Smallwood, Thelander,
2008; Carrete et al., 2009; Farfan et al., 2009;
Bellebaum et al., 2012; Martinez-Abrain et
al., 2012; Marques et al., 2014; Hunt et al.,
2017; Koppel, 2017). The problem of bird of
prey mortality on WPPs is aggravated by their
relatively low density, and most of them have
long lifespans with a low birthrate that makes
them especially vulnerable to excess mortality
(Kikuchi, 2008; Watson et al., 2018). WPPs
that kill birds of prey at the “bottlenecks” of
their flyways might influence not only local
populations but the whole complex of pop-
ulations continental scale, as happened to
Golden Eagle (Aquila chrysaetos) in the USA
(Katzner et al., 2016).

Unlike in the USA or Europe, WPPs are just
developing in Kazakhstan, and the country is
at tremendous risk of extirpating all birds of
prey, including the Steppe Eagle, a species
considered globally endangered (BirdLife In-
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Dahl et al., 2013; Perold et al., 2020). Csoé
OMHOKYASIpHOE  y3kOoe (PPOHTaAbHOE  MoAe
3peHust C BbICOKUM paspelleHueM AHEBHble
XULLHUKU UCMOAB3YIOT AASl OOHapys>KeHUs! AO-
OblUM, MOITOMY B BO3AYLLHOM MPOCTPAHCTBE
BO Bpems MOAETa MTULbI He BCeraa MoryT
BOCMPUHUMATb MPENsTCTBUS nepea COOOMH,
YTO YBEAMUMBAET PUCK CTOAKHOBEHMI C pas-
AMYHBIMM  @HTPOTMOreHHbIMIU  CTPYKTYpamu
(Martin, 2011; Martin et al., 2012). XuwiHble
MTULbI-MUIPAHTbl  AEMOHCTPUPYIOT — GoAee
BbICOKMI PUCK CTOAKHOBEHWI, Yem Apyrue,
0CO0EHHO He murpupytoLLimne Buabl (Desholm,
2009; Steward et al., 2007; Pearce-Higgins,
Creen, 2014; Beston et al., 2016; Thaxter et
al.,, 2017). BOC c aonactHbiMu TypOuHaMK
CTAHOBSITCS OAHWMM M3 OCHOBHbIX (PaKTOPOB,
AMMMTUPYIOLLUX YUCAEHHOCTb KPYMHbIX Nep-
HaTbIX XMLUHUKOB (OPAbI, MaAAAbLLMKM), MPU-
BOAS! K TMOeAM B MECTax MHE3A0BAHMS, 3MMOB-
KM M Ha NyTsX NPOAETA, HeraTMBHO BAWSIS Ha
MoBEAeHWE U UCMOAb30BaHME MTULIAMU CPEAbl
obutanusa (Orloff, 1992; Meek et al., 1993;
Winkelman, 1995; Ogden, 1996; Hunt et al.,
1998; Osborn et al., 1998; Erickson et al.,
2001; Langston, Pullan, 2003; Fontan et al.,
2003; de Lucas et al., 2004; 2007; 2012a;
2012b; Desholm, 2006; 2009; Drewitt,
Langston, 2006; Madders, Whitfield, 2006;
Smallwood, Thelander, 2008; Carrete et al.,
2009; Farfan et al., 2009; Bellebaum et al.,

Manoctpaums u3 Thaxter et al., 2017: [porHo3si
CpeAHero KoAM4ecTsa CTOAKHOBEHMI Ha TypOuHy

(3a roa =5D) ars oTpsinos ntui (9568 B1AOB) 13
anocTepuopHbIX pacripeaerennii moseaeii MCMCglmm,
YMOPSAOUEHHBIX 110 MPOrHO3aM CPEAHero (KOAMYeCTBO
BMAOB B OTPSIAE MOKa3aHo YEPHbIMU TOHKaMM).

Hlustration from Thaxter et al., 2017: Predictions of
mean collisions per turbine (per year +SD) for bird
orders (9568 species) from the posterior distributions
of MCMCglmm models, ordered by mean predictions
(numbers of species per order are shown by black dots).

ternational, 2020) because migrations there
include not only local populations crossing
Kazakhstan, but also birds from Russia and
Mongolia (see McGrady et al., 2021). It has
already begun: Zhanatas Wind-Power Plant
(N 43.479425° E 69.714195°) was built in
northern Karatau southwest from Zhanatas
in Sarysu District of Jambyl Region in the
very middle of the WCHMC with financial
support of the European Bank for Recon-
struction and Development, Asian Infra-
structure Investment Bank, Industrial and
Commercial Bank of China, and Green Cli-
mate Fund (Usov, 2020). Its design capacity
is calculated at 100 MW (China Power In-
ternational Development Limited Co, 2019)
(fig. 1).

This article summarizes the results of track-
ing of three species (Eastern Imperial Eagle
Aquila heliaca, Steppe Eagle, and Greater
Spotted Eagle) and predicts possible damage
caused by the development of bladed WPPs
on Karatau.

Methods

4 Steppe Eagles marked in Central Kazakh-
stan in 2018 and 22 Steppe Eagles, 5 Eastern
Imperial Eagles, and 2 Greater Spotted Eagles
marked in Altai-Sayan region in 2013-2021
were tracked to define migration routes. 1
Steppe Eagle from the Orenburg Region in
Russia that migrated to winter in the Indus
River basin was added to the analysis as well.
Data on 71 fall migrations of 34 eagles and
42 spring migrations of 18 eagles of 3 species
(Steppe Eagle: 55 fall migrations of 27 birds
and 31 spring migrations of 14 birds; Eastern
Imperial Eagle: 10 fall migrations of 5 birds
and 6 spring migrations of 3 birds; Greater
Spotted Eagle: 6 fall migrations of 2 birds and
5 spring migrations of 1 bird, table 1, fig. 1)
was collected.

Mainly GPS/GSM-trackers made by Ag-
uila (Poland) with solar panels weighing 33 g
were used in the studies. These trackers were
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2012; Martinez-Abrain et al., 2012; Marques
etal., 2014; Hunt et al., 2017; Koppel, 2017).
[Mpobaema rmbeAn xuiiHbIX N Ha BOC
yCyrybAsSieTCsl Tem, YTO 3TW BMAbI BCTPeYaloT-
CSl C OTHOCMTEAbHO HWM3KOM MAOTHOCTbIO, W
BOALLUMHCTBO M3 HUX AOATOXKMTEAW C HU3KOM
MPOAYKTUBHOCTbIO, UYTO A€AAeT MX OCODeH-
HO YSI3BMMbIMU K M3DbITOYHOM CMEepPTHOCTM
(Kikuchi, 2008; Watson et al., 2018). BOC,
YHUYTOXKAIOLLME XWLLHBIX MTULL B MecTax WX
KOHLEHTpaLMK Ha MPOAETE, MOTYT OKa3biBaTb
BAMSIHME HE TOALKO Ha AOKaAbHbIe MOMyASILIMMK,
HO M Ha LIeAbI KOMMAEKC MOMYASILMIA B KOHTU-
HeHTaAbHOM MacluTabe, Kak 3TO Moka3aHo Ha
npumepe GepkyTa (Aquila chrysaetos) B CLLIA
(Katzner et al., 2016).

HeraTtusHoe BAnsiHMe BOC Ha nonyaaumm
MHOIMX BMAOB XMBbIX OPraHU3MOB yyKe Mpu-
3HaHO MMPOBbIM MPUPOACOXPAHHBIM COOD-
LLeCTBOM, M MpeAAaraeTcs He CYuTaTh IHep-
reTUKy «3eAEHOM», eCAM OHA He MUHUMM3U-
pyeT pUCKM aAs GuopasHOOOpasms, NpuyYém
Ha BCex 3Tarnax eé NpoM3BOACTBa U Nepesaym
(Bennun et al., 2021).

B Kasaxcrane, B otAmMumm ot CLLIA n EB-
porbl, BOC ToAbkO pa3BuBaloTcsi, M CTpaHa
MMeeT OrpPOMHbIM MOTEHLMAA AASl YHWUHTO-
KEHWUS XMLUHBIX MTWL, BKAIOYasl CTenHbIX
OPAOB, HaXOASLLMXCA MOA YrpO30M McCHe3-
HOBeHMS B rAODaAbHOM Maclutade (BirdLife
International, 2020), koTopble Ha MUrpaLMsIx
uepe3 KaszaxcTaH MMeEIOT He TOAbKO Ka3ax-
CTaHCKOe, HO M POCCUMICKOE M AaXKe MOH-
roabckoe npoucxoxaenue (cm. McGrady et
al., 2021). 3aaeA B 3TOM HarpaBAEHUMU yxKe

K;}zakhstan

equipped with SIM cards from the Russian
mobile network operator “Megafon”. Data
was transferred to the receiving station in
Novosibirsk, serviced by Siberian Environ-
mental Center LLC as part of the projects of
the Russian Raptor Research and Conserva-
tion Network. Three Steppe Eagles (in Altai
Republic in 2014, Orenburg Region in 2016,
and Tyva Republic in 2021) were tagged with
Sula-L trackers made by ECOTONE (Poland)
weighing 29 g. One Steppe Eagle from Altai
Republic was tagged in 2021 with a tracker
made by GPS-collars (Norway) weighing 36 g
(model GPS/GSM/UHF PD FLiteTraX 36). Two
Imperial Eagles and one Creater Spotted Eagle
were tagged with Argos/GPS transmitters made
by Microwave Telemetry, Inc.

The sex of the chicks was determined by the
size of introns in the CHD1 gene of sex chro-
mosomes (Fridolfsson, Ellegren, 1999) accord-
ing to samples of chick feather pulp stored in
alcohol (Zinevich et al., 2018).

Chicks were tagged at the age of 60-65
days. Trackers were put on eagles’ backs as
backpacks (Kenward, 2001; Kenward et al.,
2001; Karyakin, 2004) using a harness sewn
from Teflon tape 6 and 9 mm wide. The mass
of equipment (with harness) was less than 3%
of the chicks’ body mass, which is less than
the recommended optimal value for teleme-
try studies of birds (Caccamise, Hedin, 1985;
Kenward, 2001).

Location density varied from 4 to 13 in day-
light hours from 0:00-03:00 to 12:00-19:00
GMT (from 06:00 to 00:00 UTC) (Karyakin et
al., 2019e). Aquila trackers were programmed
to send 1 location per hour, Sula-L - to send
1 location per 2-3 hours, Microwave Telem-
etry, Inc. transmitters — to send 1 location per
30 min — 3 hours depending on model and
season.

Data was processed using MS Excel 2003
and Statistica 10. Data range and mean = SD
are given for samples. The Wilcoxon signed-
rank test (T) was used to compare the samples.

Telemetry results were processed in ArcView
GIS 3.3 (1999) with the Animal Movement SA
v. 2.04 module (Hooge, Eichenlaub, 1997;
Hooge et al., 2001). All measurements, ex-
cept for azimuth, were taken in Albers coni-

Puc. 1. Xpebet Kapatay (3) u XKanaracckast BOC (2) Ha
kapTte KasaxctaHa (1 — rpaHmubl CTpaH,).

Fig. 1. Karatau Ridge (3) and Zhanatas WPP (2) in
Kazakhstan (1 — state borders).
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CO3AaH — Ha CeBepHbIX CkAaakax Kaparay, K
toro-3anaay ot >Kanataca B CapbICyCkom pan-
oHe YKamObIACKOM 00AaCTH, Ha cpeacTBa EB-
ponenckoro 6aHka PeKOHCTPYKLMM 1 pa3Bu-
Tns, A3natckoro GaHka MHPPACTPYKTYPHBIX
MHBECTULINIA, [TpoMmbILIAEHHO-KOMMepUe-
ckoro OaHka Kutas u 3eA€HOro kaumartuye-
ckoro poHaa, npsimo B LeHTpe 3LITMK no-
cTpoeHa »KanaTacckas BOC (N 43.479425°
E 69.714195° (Usov, 2020), npoekTHas
MOLLIHOCTb KOTOPOM paccymTaHa Ha 100 MBT
(China Power International Development
Limited Co, 2019) (puc. 1).

B AaHHOI CTaTbe MPUBOAATCS pPEe3yAbTaTbl
MPOCAEXKMBAHNSA OPAOB 3-X BMAOB (OpAa-MO-
rMAbHKKa Aquila heliaca, ctenHoro opaa u
BGOABLLOrO  MOAOPAMKA) M MPOFHO3MPYETCS
BO3MOXHbIN yepO OT pa3sBUTMS AOMACTHbIX
BOC Ha Kaparay A 3TUX BMAOB.

Metoanka

AAs onpeaeaeHns nyTeid Murpaumnm ObiAn
NPOCAEXKEHbI 4 CTEMHbLIX OpPAd, MOMEYEHHbIX
B LlenTparbHom Kasaxcrane B 2018 r., u 22
CTEMHbIX OpPAA, 5 OPAOB-MOIMMAbHMKOB M 2
BOAbLLMX MOAOPAMKA, MOMEYEHHbLIX B AATae-
CagHckom pernore Poccun B 2013-2021 rr.
Taroke B aHaAn3 aobaBAeH T CTENHON OpéA m3
Openbyprckoit obaact Poccun, murpmpoas-
LUMIA Ha 3MMOBKY B Oacceiin MHaa. [NoAyueHbl
AaHHble 0 77 oceHHern murpaumn 34 OpAoB U
42 BeceHHUX Murpaumsx 18 opAoB 3-X BMAOB
(cTenHou Opéa: 55 OCEHHUX MUrpaLIniA 27 MTuLL
n 31 BeceHHsas murpaums 14 nTuu; opéa-mo-
MMAbHKK: 10 OCEHHMX MUrpaumii 5 NTuu 1 6
BECEHHWX MMIPaUmii 3 NTuL; OOABLLIOW NOAOP-
AMK: 6 OCEHHMX MUIrpaumii 2 NTULL U 5 BeceH-
HUX MUrpaumii 1 nTuubl, TabA. 1, puc. 2).

B mnccaeaoBaHMSAX MCMOAb3OBaHbI MpenMy-
ectseHHOo GPS/GSM-Tpekepb! (aaTarorrepbi)
C COAHEYHbIMM MaHeAsMM KomnaHuu Aquila
(MoabLia) maccon 33 r. ITM Tpekepbl ObiAM
ocHateHbl CMM-kapTammn poccHicKoro one-
patopa coToBOW cBsi3n «Meradpon», nepe-
Aa4a AaHHbIX OCYLLECTBASETCS Ha MPUEMHYIO
craHumio B HoBocMbupcke, 0OCAY>KMBaeMyio
OO0 «CunbaKoLeHTp» B pamKkax MPOEKTOB
Poccmitckoin ceTn nsydeHns n oxpabl nep-
HaTbIX XMLUHMKOB. Tpu CTenHbiX opAa (B Pe-
cnybanke Aataii B 2014 r., B OpeHOyprckoi
obaactn B 2016 r. n B Pecnybanke TbiBa B
2021 r.) 6biAM NoMeuyeHbl Tpekepamu Sula-L
komnanmn ECOTONE ([NoAbLua) macco 29 r.
M OAMH CTernHoW opéa m3 PecnyOankn Aatai
6biA omedeH B 2021 . Tpekepom GPS-collars
(Hopserusl), maccoit 36 r (Moaeab GPS/GSM/
UHF PD FLiteTraX 36). ABa opAa-MOrMAbHMKa
1 1 6OABLLIONM MNOAOPAMK MomeveHbl Argos/GPS-
TpaHcMuTTepamu Microwave Telemetry, Inc.

cal projection (Albers Equal-Area Conic) for
the center of the Northern Eurasia with the
following parameters: Spheroid Krasovsky,
Central Meridian — 60, Reference Latitude —
0, Standard Parallel 1 — 52, Standard Parallel
2 — 64, False Easting — 8500000, False North-
ing — 0.

Spatial characteristics of locations were de-
fined by the Digital Elevation Model (DEM),
topographic raster and vector maps, multi-
temporal satellite imagery coverage acquired
by Lansat, Aster, and Spot (Karyakin et al.,
2009a) using the ArcView Spatial Analyst
module (1999). Data used to construct the
DEM was obtained from NASA SRTM v. 3.0
Global 1 (NASA JPL, 2013). ArcView Nearest
Features v. 3.8b and Distance and Azimuth
Matrix, v.2.1 (Jenness, 2004; 2005) were used
to determine the distances between the near-
est locations and the azimuth.

Both general (for the entire migration) and
local (for certain spots on the migration route)
azimuths were determined. General azimuth
was defined as the direction from the migra-
tion’s starting point towards its ending point.
Local azimuth was calculated using track seg-
ments between the start and end locations
(nodal points of the track).

Wind speed and direction were deter-
mined using Global Forecast System from
the website earth.nullschool.net (Beccario,
2021) to analyze eagles” movements relative
to wind.

Density analysis was conducted with the
Kernel method (Worton, 1989) to instrumen-
tally define the borders of the WCHMC where
no less than 50% of eagles fly. The following
parameters were selected: cell size T0x10 km,
R=100 km. To eliminate excess density at
overnight and prolonged stopping locations,
tracks were not divided by location points but
evenly distributed every kilometer. However,
birds’ movements were not filtered.

Additionally, for each species, the main fly-
ways were determined separately for fall and
spring migrations. For this, buffer zones with a
radius of 30 km were built around the tracks.
Tracks were supplemented with lines connect-
ing visual registration points of migrated birds
from the RRRCN*" 47 databases (46 points in
total). Buffer zones were built around them as
well. All buffers were eventually joined and
ranked by the track density of zones corre-
sponding to 100, 80, and 60% of the tracks.

Grid mapping in a network of 490 hexagons
with a side of 5 km (D=10 km) was carried
out to visualize data on the density and the
number of eagles’ tracks in different parts of
Karatau.
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Taba. 1. [TpocaesxeHHble murpaLin opaoB. [TpunaTsie cokpatuenns: AN — ctenHoii opéa (Aquila nipalensis), AH — opéa-mormnabHuk (Aquila
heliaca), ACL — 60AbLu0si noaopank (Aquila clanga), ASER — Aatae-CasiHckuii pernor, CK — LleHTpanbHbiii KasaxcraH, SU — KOxHbIN Ypan.

Table 1. Eagle migration tracking. Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Eastern Imperial Eagle (Aquila heliaca), ACL — Greater
Spotted Eagle (Aquila clanga), ASER — Altai-Sayan region, CK — Central Kazakhstan, SU — Southern Ural.

OceHHAs murpaums (YMcA0) BeceHHdas murpaums (4mcao)

Autumn migration (numbers) Spring migration (numbers)

Yepes Bne Yepes Bne

Kaparay Kaparay Kaparay Kaparay

Bua Pernon Ums Bcero Via  Outside Bcero  Via Kara- Outside

Ne Species Region Name Total Karatau Karatau Total tau Karatau
1 AN ASER Yparan / Uragan 4 4 0 3 1 2
2 AN ASER TyBuH / Tuvin 1 1 0 0 0 0
3 AN ASER Tac/ Tes 2 2 0 2 2 0
4 AN ASER Cun / Sin 4 3 1 3 1 2
5 AN ASER Mun / Min 4 4 0 3 2 1
6 AN ASER Xakac / Khakas 4 4 0 3 2 1
7 AN ASER LLloiiry /Shoygu 1 1 0 0 0 0
8 AN ASER Xaaaaa / Khaddad 1 1 0 1 1 0
9 AN ASER Mta/ lta 1 1 0 0 0 0
10 AN ASER Ackuz / Askiz 2 2 0 1 1 0
11 AN ASER >Kanna / Jeanne 3 3 0 2 2 0
12 AN ASER Pesi / Reya 1 1 0 0 0 0
13 AN ASER KpoH / Kron 1 1 0 0 0 0
14 AN ASER XaH / Khan 1 1 0 0 0 0
15 AN ASER LLlamaHka / Shamanka 1 0 1 0 0 0
16 AN ASER LLnpa / Shira 1 0 1 0 0 0
17 AN ASER Mpma / Irma 1 0 1 0 0 0
18 AN ASER baaa / Bella 1 0 1 1 0 1
19 AN ASER Tpurrep / Triger 1 0 1 0 0 0
20 AN ASER Aycs / Dusya 1 0 0 0 0 0
21 AN ASER Crenalua / Stepasha 1 0 0 0 0 0
22 AN ASER Axmpuk / Dzhirik 1 0 0 0 0 0
CrtenHble opabl u3 ACOP / AN from ASER 38 29 6 19 12 7
23 AN CK AmaH / Aman 0 4 3 0 3
24 AN CK AliHa / Ayna 0 4 3 1 2
25 AN CK Kerxxbik / Kenzhyk 1 2 2 1 1
26 AN CK Capbiryab / Sarygul 4 0 4 3 2 1
Crennbie opabl 3 LIK / AN from CK 15 1 14 11 4 7
27 AN SU Eea/Eva 2 0 2 1 0 1
Crenubie opabl | Steppe Eagles 55 30 22 31 16 15
28 AH ASER AnTait / Altai 1 0 1 0 0 0
29 AH ASER Typartaii / Turatay 1 1 0 0 0 0
30 AH ASER  Anyiika / Anuyka 1 1 0 1 1 0
31 AH ASER KaHouka / Kanochka 2 2 0 1 1 0
32 AH ASER Opouua / Orosha 5 5 0 4 4 0
Opabi-moruasHukn [ Imperial Eagles 10 8 2 6 6 0
33 ACL ASER 3aBa/ Zawa 1 0 1 0 0 0
34 ACL ASER Kaanrywa / Klangusha 4 1 5 4 0
boabwune noaopankm | Greater Spotted Eagles 6 4 1 5 4 0
BCE OPAbI / TOTAL EAGLES 71 43 25 42 26 15
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Puc. 2. Tpekn oceHHei n BeceHHei murpaumm 3-x BUAOB 0pAoB 13 AaTae-CasHckoro pernoHa, LlentpasbHoro Kasaxcrana u KOxHoro Ypasa. Ha
HUXXHEeM pUCYHKe roka3aHa MurpaLms opaos Yepe3 Kapatay. YcroBHble 0bo3Havenmns: 1 — rpanuubl cTpaH, 2 — XKanatacckas BOC, 3 — xpebet
Kapatay, 4 — Tpeku opaos 3-x B1uA0B (cTenHoro opaa Aquila nipalensis, opaa-moruasHika Aquila heliaca u 6oabLoro mnoaopanka Aquila clanga).

Fig. 2. The fall and spring migrations tracks of 3 eagle species from Altai-Sayan region, Central Kazakhstan, and Southern Ural. Eagle migration
through Karatau is shown in the lower picture. Legend: 1 — state borders, 2 — Zhanatas WPP, 3 — Karatau Ridge, 4 — tracks of 3 species of eagles
(Steppe Eagle Aquila nipalensis, Eastern Imperial Eagle Aquila heliaca, and Greater Spotted Eagle Aquila clanga).

[MOA NTEHLOB OMpeAeAsiAM Mo pasmepy MH-
TpoHoB reHa CHDT B noAoBbix xpomocomax
(Fridolfsson, Ellegren, 1999) no cobpaHHbIM B
CcnupT obpasLam MyAbrbl nepa NTeHUos (3u-
HeBuY u ap., 2018).

MeTnance nTeHubl B Bo3pacte 60—-65 AHeNn.
Tpekepbl ObIAM HaaeTbl OpAaM Ha CrMHY B
Buae piok3aukos (Kenward, 2001; Kenward
et al., 2001; Kapsikun, 2004) ¢ ncnoab3osa-
HUEM YMNPSKM, CLUMTOM U3 TEPAOHOBOM AeH-
Tbl WIMPMHOM 6 1 9 Mm. Mx mMacca B cHaps-
JKEHHOM COCTOSIHWUM (BMECTE C YMpsiXblo) Co-
CTaBAsiAa MeHee 3% OT MacChl TeAa MTEHLIOB,
YTO MEeHbLLE 3HAYEeHWs, PEKOMEHAYEMOrO B
KauecTBe OMNTMMAABHOIO AAS TeAeMeTpuue-
cKmx nccaeaoBaHuit nruu (Caccamise, Hedin,
1985; Kenward, 2001).

YHacTtoTta AoKaumii BapbupoBasa oT 4 Ao 13
AOKauui B cBeTOBOM AeHb € 0:00-3:00 ao
12:00-19:00 no 'puHBKMyy (c 06:00 ao 00:00
no 3oHanbHOMY Bpemenn UTC) (KapskuH m

Along with our data on the movement of
eagles tagged with trackers, other authors’
data, ring returns, and repeated observations
of birds with marked wings were used to dis-
tinguish population groups of eagles associ-
ated with the WCHMC (Meyburg et al., 1995;
2016; Strick et al., 2011; Bragin et al., 2012;
Karyakin et al., 2015; 2018b; Bekmansurov et
al., 2016; 2017; Poessel et al., 2018; Niko-
lenko et al., 2019). Minimum convex polygon
was constructed using tagging points of birds
migrating to Eastern Iran, Pakistan, and West-
ern India. All population groups covered by
this polygon were distinguished as associated
with the WCHMC.

The estimates of the number of breeding
pairs in population groups associated with
WCHMC, average number of fledglings per
pair annually, estimated average number of
sub-adult birds according to data published on
the Steppe Eagle (Vazhov et al., 2010; 2011;
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Ap., 2019e). Tpekepbl Aquila 6biAM 3anpo-
rpaMmmpoBaHbl Ha oTaady 1 Aokaumu B vac,
Sula-L — 1 Aokaumu B 2—3 yaca, TpaHCMUTTe-
pbl Microwave Telemetry, Inc. — 1 Aokaumm B
30 MMH. — 3 Haca, B 3aBUCMMOCTH OT MOAEAM
1 cesoHa.

Marematunueckyio 06paboTKy AaHHbIX OCy-
wectBAsian B MS Excel 2003 u Statistica 10.
AAg BbIDOPOK MPUBOAATCS AMANa3OH AaHHbIX
M cpeaHee 3HadyeHue =SD. AA cpaBHeHMS
BbIOOPOK MCMOAB30BAACS PaHIOBbINA KpuTe-
puit Buakokcora (7).

PesyabTaTbl TenemeTpun obpabaTbiBaAnCh
B ArcView GIS 3.3 (1999) ¢ nomMoLlbio Mo-
ayast Animal Movement SA v. 2.04 (Hooge,
Eichenlaub, 1997; Hooge et al., 2001). U3-
MepEeHMs, 3a NCKAIOYEHMEM a3uMyTa, NMPOBO-
AMAUCb B KOHMYECKOM npoekumn Aabbepca
(Albers Equal-Area Conic) ars ueHTpa Cesep-
HOM EBpasmm co cAeAyIOLLIMMM NapameTpamu:
Spheroid Krasovsky, Central Meridian — 60,
Reference Latitude — 0, Standard Parallel 1 —
52, Standard Parallel 2 — 64, False Easting —
8500000, False Northing — 0.

[TpocTpaHCTBEHHbIE XapaKTePUCTUKM  AO-
KalMii ONpeAeAsAMCb MO UMPPOBOK MOAEAM
peabedpa (LIMP), Tonorpadpuueckim pactpo-
BbIM M BEKTOPHbIM KapTam, MyAbTUBPEMEH-
HbIM MOKPBITUAM Ha OCHOBE KOCMOCHWMMKOB
Lansat, Aster n Spot (KapskuH u ap., 2009a)
C MCrNoAb30oBaHWeM MoayAst ArcView Spatial
Analyst (1999). LIMP noaroTtoBAeHa Ha OCHO-
Be AaHHbIX NASA SRTM v. 3.0 Global 1 (NASA
JPL, 2013). AAs onpeaeseHus AMCTaHUMM
MeXAY OAMMKAMLLMMM AOKALIMAMM U a3uMy-
Ta MCMOAb30BaAM PaCLLUMPeHns ars ArcView
Nearest Features v. 3.8b u Distance and
Azimuth Matrix, v.2.1 (Jenness, 2004; 2005).

A3UMYT nepemeLLeHnii OPAOB OMPEACASIACS
KaK reHepaAbHbIM (AAS BCEM MMIpaLMK), Tak
M AOKaAbHbIN (AAS OMPEABAEHHbIX Y4aCTKOB
Ha MUIPAUMOHHOM MyTH). [eHepaAbHbIM a3n-
MYT OMPEACASACH KaK HarnpaBAEHME OT TOUKM
CTapTa MuUrpauLmmn A0 TOYKM e€ 3aBepLUeHMs.
AOKaAbHBIN a3MMYT OMPEACASACS MO CerMeH-
Tam TpeKa MeXAY Ha4aAbHOM M KOHEYHOM AO-
Kaunamm (Y3AOBbIMM TOUKaMM Tpeka).

AAg aHaAM3a nepemeLleHns OpPAOB OTHO-
CUTEALHO BETpa OMNPEAEASAMCH CKOPOCTb M
HanpaBAeHMe BeTpa AAS TOYEK AOKaUMii Mo
AaHHbiM GFS (Clobal Forecast System) c caiita
earth.nullschool.net (Beccario, 2021).

AAS MHCTPYMEHTAALHOIO ONpeAeAeHNs rpa-
Huu 3LITMK;, B KOTOpbIX A€TUT He MeHee 50%
OpAOB, ObIA OCYLLECTBAEH aHAAM3 MAOTHOCTM
TPEKOB BCEX MTULL METOAOM Kernel (Worton,
1989). BbiOpaHbl cAeayioLIME MapamMeTpbl:
pasmep aueikn 10X 10 km, R=1T00 kM. Ars
TOro, 4TOObI M30aBUTLCS OT M3OLITOYHOM

2015; Karyakin et al., 2013; 2016a; 2017b;
2018a; 2018b: 2019b; 2019f; Barashkova,
Smelansky, 2014; Smelansky et al., 2018; Pu-
likovaetal., 2021), Eastern Imperial Eagle (Kar-
yakin et al., 2009; Karyakin, Nikolenko, 2010;
Bragin et al., 2012; Zuban, Vilkov, 2013; Gu-
bin, 2018; Karyakin, 2020), and Greater Spot-
ted Eagle (Karyakin et al., 2005a; Karyakin et
al., 2005b; Karyakin et al., 2005c; Karyakin,
2006a; 2008a; 2008b; Karyakin, Levin, 2008;
Rudovsky, 2010; Nikolenko, Karyakin, 2016;
Karyakin, Zabelin, 2018) were summarized to
determine the number of fall migrants using
data from Web-CIS “Faunistics” (Andreyen-
kov et al., 2021; Vazhov et al., 2021) and un-
published authors’ data.

The number of birds passing Karatau in the
fall was determined based on the proportion
of individuals in population groups associ-
ated with the WCHMC that passed directly
through Karatau. For this, the polygons corre-
sponding to the population groups of 3 spe-
cies of eagles were cut off along the borders of
the territory from which the migration of birds
through Karatau was established. Onward,
cropped polygons of population groups of
eagles were divided into zones, of which the
probability of bird migration through the Kara-
tau was estimated at 80% (zone 1), 50% (zone
2), and 20% (zone 3). The departure of birds
and stops for wintering in the area between
the natal region and Karatau were subtracted
from the estimated number of migrants ob-
tained by this method, and it formed an es-
timate of the number of birds flying through
Karatau in fall.

The number of spring migrants passing Kara-
tau was considered less than the fall one in
accordance with the average half-year mi-
gration of 3 eagle species, established during

IMreneu crenHoro opaa (Aquila nipalensis) (camka o
mumenn Tec), nomeyerHbiii B Pecriybanke Toisa (Poccus)
20.07.2019. ®oto M. KapskuHa.

Steppe Eagle (Aquila nipalensis) nestlings (female
named Tes), tagged in the Tyva Republic (Russia) on
20/07/2019. Photo by I. Karyakin.
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I/I3yHeHM€‘ MepHaTbIX XUUIHMKOB

MAOTHOCTM B TOUYKAX HOYEBOK M AAUTEAbHbIX
OCTaHOBOK NTULL, TPEKM ObIAM Pa3buThbl He Nno
TOYKaM AOKALIMIA, @ PABHOMEPHO HYepes Kak-
Ablii KMAOMETP, HO MpU 3TOM NepemMeLLeHns
NTUL Ha OCTAHOBKAX HE MCKAIOHAAMCh.

TakKe AAS KaXKAOTO BMAA OMPEACASAWCH
OCHOBHbIE MyTH NMPOAETA, OTARALHO AAS OCEH-
Hel M BeCeHHen Murpaumin. Aaga 3TOro Bo-
Kpyr TpekoB OblAM MOCTpOeHbl GydpepHble
30HbI paanycom 30 kM. Tpekn ObiAM AOTMOA-
HEHbI AMHUAMM, COCAUHSAIOLLIMMM TOUKMN BU3Y-
AAbHbIX PErMCTPaLIMiA MATPUPOBABLLMX NTULL
13 6asbl AaHHbIX POCcMitCKOM ceTn nsydenmns
M OXpaHbl MepHaTbIX XMLUHWKOB*" #” (Bcero
46 ToYeK), BOKPYr KOTOPbIX TakxKe OblAM Mno-
cTpoeHbl OydpepHble 30HbI. Bce Gydpepsbl B
AaAbHeWLeM OblAM CAMTBbI M PaHXKMPOBAHbI
MO MAOTHOCTM TPEKOB MPOCAEKEHHbIX NTHLU
Ha 30Hbl, cooTBeTcTBylowme 100, 80 1 60%
TPEKOB.

C ueAbio BM3yaAM3aUMM AAHHbLIX MO MAOT-
HOCTM M KOAMYECTBY TPEKOB OPAOB B Pa3HbIX
yacTax KapaTay oOCywecTBAGHO CeToYHOe
KapTupoBaHue B cetn 13 490 rekcaroHos co
CTOpoHOM 5 KM (D=10 KM).

AAS BBIAGACHMS MOMYASUMOHHbIX FPyNnu-
POBOK OPAOB, accounmpoBaHHbix ¢ 3LITMK,
MOMMMO  HALLMX AQHHBIX MPOCAEXKMBAHNSA
OPAOB, MOMEYEHHBIX Tpekepamm, MCMOAb-
30BaHbl CBEAEHMS APYIMX aBTOPOB, a Takxke
BO3BpaThl KOAELL M MOBTOPHbIE HabAOAEHMSA
NTUL C KpblAoMeTkamm (Meyburg et al., 1995;
2016; Strick et al., 2011; Bparut u ap., 2012;
KapsiknH u ap., 2015; 2018b; bekmarcypos
un ap., 2016; 2017; Poessel et al., 2018; Hu-

4 http://raptors.wildlifemonitoring.ru
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XapakTepucTuku BeTpa B TOYKe AOKaLIM1 OpAa-
MOIMAbHMKA 110 MMeHu KaHo4ka Ha oceHHel MurpaLmm
2014 r. (BBepxy) n BeceHHei murpaumm 2015 r. (BHU3y)
c casita earth.nullschool.net.

Wind characteristics at the locations of the Eastern Impe-
rial Eagle named Kanochka during the fall migration of
2014 (above) and the spring migration of 2015 (below)
from the website earth.nullschool.net.

their tracking (Karyakin et al., 2016c; 2018c;
2018d; 2019a; 2019d; 2019e; the new data
presented in the article), as well as in accord-
ance with the proportion of birds that remain
at wintering sites for the summer or changing
their migration routes to fly outside the Kara-
tau (or vice versa, through the Karatau, which
compensated for the decrease in the number
of spring migrants due to bird mortality during
wintering and bypassing Karatau).

The area of Karatau (including Borolday and
Small Karatau) calculated along the outer edge
of the front folds was 2853 km?, the length
between the extreme points in the west and
east was 415 km, the width of the narrowest
western part was 31 km, of the widest eastern
part — 118 km.

CRM “Band” (Band, 2000; Band et al.,
2007) was used as a model to assess the risk of
eagles’ collision with WPPs. It also takes into
the account flight altitude of birds (Johnston et
al., 2014b), wind direction and speed (Chris-
tie, Urquhart, 2015), as well as the probability
of eagles’ avoidance of collisions (Madders,
Whitfield, 2006; Whitfield, 2009; May et al.,
2011; Johnston et al., 2014a). Parameters of
the model are discussed in this article.

The risk assessment in CRM “Band” is based
on the probability of a bird collision with ro-
tor blades, taking into account the fact that
birds pass through the rotor swept zone (RSZ),
multiplied by the estimated number of birds
flying through the RSZ in a given unit of time
(the number of bird collisions annually = the
number of birds flying through the RSZ) (Band
et al., 2007). The technical part of the calcu-
lations is based on the characteristics of the
turbines and their morphology (for example,
wing shape), speed and flight behavior of
birds (flapping or soaring). The empirical part
is based on data from bird field observations.

Data on the flight altitude of migrating ea-
gles and their passage through 3 sections of the
front folds of the western extremity of Karatau,
Small Karatau, and Borolday was collected
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KOAEHKO 1 ap., 2019). o ToukaM MeveHus
NTUL, MUrPUPOBaBLUKX B BocTouHbId MpaH,
Makucran n 3anaanyio MHanio, ObiA NOCTPO-
€H MUHUMAABHbI KOHBEKCHbIX MOAUIOH. Bee
NOMYASALIMOHHbIE PYNNMPOBKK, 3aXBa4eHHble
3TUM MOAMIOHOM, ObIAM BblIA€AEHbI B Kade-
CTBe accoummpoBaHHbix ¢ 3LITMK.

AAS OnpeAeAeHMst YNCAEHHOCTM  OCEHHMX
MWUIPAHTOB CYMMMPOBAAMCb OLEHKM Y4MCACH-
HOCTM THE3AALUMXCA Nap B MOMYAALMOHHbIX
rpynnupoBKax, accounmpoBaHHbix ¢ 3LIFTMK,
CPEAHEE YMCAO CAETKOB Ha Mapy B FOA M Npea-
noAaraemoe CpPeAHee YMCAO HEMOAOBO3PEAbIX
NTUL B COOTBETCTBMM C AAHHbIMM, OMYOAMKO-
BaHHLIMM MO CTEMHOMY OpAy (Baxkoe u ap.,
2010; 2011; 2015; Kapskun u ap., 2013;
2016a; 2017b; 2018a; 2018b; 2019b; 2019f;
bapatukosa, CmeasiHckmi, 2014; CMeAsdHCKMI
n ap., 2018; Tlyankosa n ap., 2021), opay-
MormAbHKKY (Kapsikub u ap., 2009; KapsikuH,
Hukonaenko, 2010; bparunH u ap., 2012; 3y-
6aHb, Buakos, 2013; TyouH, 2018; KapskuH,
2020) n GOAbLIOMY NOAOPAMKY (KapskuH 1
Ap., 2005a; KapsikuH u ap., 2005b; KapsikuH
v ap., 2005¢; Kapsikun, 2006a; 2008a; 2008b;
Kapskun, AesmH, 2008; Pyaosckuii, 2010;
Hukonenko, KapsikuH, 2016; KapskuH, 3abe-
AMH, 2018), ¢ npuBAeUEeHeM MHApOpMaLIMK U3
BeO-TMC «DayHucTnka» (AHAPEeHKOB M Ap.,
2021; Baxos u ap., 2021) 1 HeonyOAMKOBaH-
HbIX AQHHbIX aBTOPOB.

“YMCAEHHOCTb MTUL, MPOXOAALLMX OCEHbIO
uepes Kapartay, onpeaeasiaaCb MCXOAS U3 AOAK
0co0e B NOMYyASLMOHHbIX MPYNMMPOBKAX, ac-
coummnpoBaHHbix ¢ 3LIFTMK, KoTopble npoLuam
HENoCpeACTBeHHO Hepes Kapatay. Aag 3TOro
MOAMIOHbI, COOTBETCTBYIOLLME MOMYAALIMOH-
HbIM FPYNMUPOBKaM OPAOB 3-X BMAOB, ObiAM
obpesaHbl MO rpaHMuUam TeppuTopumM, C KO-
TOPOW YCTaHOBAEHA MMIpauMs MTuul Yepes
Kapatay. Aaree o6pe3aHHble MOAMIOHbI Morny-
ASILLMOHHBIX FPYNMUMPOBOK OPAOB ObiAM MOAe-
A€Hbl Ha 30Hbl, M3 KOTOPbIX BEPOATHOCTb MM-
rpaumun NTuu vepes Kaparay oueHnBaach Kak
80% (3oHa 1), 50% (3oHa 2) u 20% (30Ha 3).
M3 NOAyHEHHOM TakKUM METOAOM OLIEHKM YMC-
AEHHOCTM MUIPAHTOB BbIYMTAACH OTXOA MTULL
M OCTaHOBKA Ha 3MMOBKY Ha y4acCTKe MEexAy
HaTaAbHOM obAacTbio u Kapatay 1 dhopmmpo-
BaAaCh OLLeHKA YMCAEHHOCTM NTUL, NPOAETalo-
LLMX OCeHbIO Yepe3 KapaTtay.

“YNCAEHHOCTb BECEHHMX MUIPaHTOB, Mpo-
XOAALUMX Yepe3 Kapartay, CuMTaAn MeHblue
OCEHHEMN B COOTBETCTBMUM C YCPEAHEHHbBIM MO-
AYFOAOBbIM OTXOAOM 3-X BMAOB OPAOB, yCTa-
HOBAEHHbIM B XOA€ MX NpocAexuBarms (Ka-
psiknH 1 ap., 2016c¢; 2018¢; 2018d; 2019a;
2019d; 2019e; HoOBble AaHHble, MpPEACTaB-
AEHHble B CTaTbe), a TakXKe B COOTBETCTBMU

during 2 field trips on April 22-26, 2005 and
April 5-21, 2010 (219 measurements in the
range of heights from 50 to 400 m), as well
as based on bird tracking data (217 locations).
During visual registrations, the distances to
the birds were determined from photos in the
Range Finder program (Khosravi, 2009) or in
MS Excel using formulas based on the metric
and angular dimensions of the object and the
focal length of the camera (Geidarov, 2011;
Gromazin et al., 2014). The flight altitude of
birds tagged with trackers was calculated by
subtracting the altitude at the location point
taken from the DEM from the altitude ob-
tained by the bird device. Altitudes below
50 m were discarded.

Information on the technical characteristics
of WPP turbines was obtained from the project
documents (China Power International Devel-
opment Limited Co, 2019) and technical docu-
mentation (Goldwind GW 121/2500, 2017): 40
turbines of 2.5 MW each from Envision, model
EN 121/2.5, tower height — 90 m, blade length
—59.5 m, turbine rotor diameter — 121 m, ra-
dius, respectively, — 60.5 m, area, covered by
the rotor — 11,595 m2, rotation speed no more
than 13.5 rpm, design wind speed — 9.3 m/s
(operating range 2.8-22.0 m/s), total frontal
area of all WPP rotors — 459,961 m?.

Calculation details for the model:

1. Zone A of the WPP was defined as the
minimum convex polygon (MCP) around the
outermost turbines (50.1 km2) + 100-meter
buffer and amounted to 54.7 km?. The length
of the WPP along Karatau was measured
along the line of turbine installation and was
26.3 km between the extreme western and
northeastern turbines.

2. The period of flight T was calculated by
multiplying the number of days for spring and
fall migrations of each species by the average
day length for each season. Day length was
defined as the number of hours between sun-
rise and sunset for latitude 43.5° according to
the model by Forsythe et al., 1995.

3. The number of birds n for each season
was estimated within the boundaries of the
WPP. This is the number of birds present
multiplied by the time spent in flight over the
WPP for the analyzed period for which the
risk of collision is assessed: n=FxAXT.

4. The dangerous flight area V/ is calculated
as the WPP area multiplied by the rotor diam-
eter (=121 m).

5. The total area covered by the WPP rotors
was calculated as V =NxTR*X(d+L), where
N is the number of wind turbines (=40), R
is the rotor length (=60.5 m), d is the rotor
depth in both directions (4.21 m), and L is
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M3yueHne nepHaTbIX XULLHUKOB

C AOAEM NTUL, OCTAIOLLMXCS Ha 3MMOBKax Ha
AETO M U3MEHSIOLMX MYTU MUIPaUMK 1 ACTS-
LMx 3a npeaerammn Kapatay (Mam HaoGoporT,
yepe3 Kaparay, 4TO KOMMNEHCMPOBAAO CHM-
JKEHME YMCAEHHOCTM BECEHHUX MMWIPaHTOB
3a CYET rmbeAn NTUL Ha 3MMOBKax 1 0Oxoaa
nmm Kapatay).

Maowaab Kapatay (Bkatodas bopasaai u
Manbiii Kapatay), paccuntaHHas no BHell-
HEeMY Kpalo MepeAOBbIX CKAAAOK, COCTaBMAQ
2853 KM?, NPOTAXKEHHOCTb MEXAY KpanHM-
MM TOYKAMM Ha 3arnaae 1 BoCToke — 415 KM,
LUMPKUHA B CaMOM Y3KOW 3anaAHOW 4acTh —
3T KM, B CaMOW LUMPOKOM BOCTOYHOW 4aCTH
— 118 kM.

B kauectBe MOAGAM pUCKA CTOAKHOBEHMS
opros ¢ BOC wucnoabzosaHa CRM «Band»
(Band, 2000; Band et al., 2007), AONOAHU-
TEAbHO y4MTbIBalOLLAS BLICOTY MOAETa NTUL
(Johnston et al., 2014b), HanpaBaexue u
ckopoctb BeTpa (Christie, Urquhart, 2015),
a TaKXKe BEepPOATHOCTb YKAOHEHWUS OPAOB OT
cTtoakHoBeHun (Madders, Whitfield, 2006;
Whitfield, 2009; May et al., 2011; Johnston
et al., 2014a), napameTpbl KOTOPOI 06CY>K-
AaloTcs.

OueHka pucka B CRM «Band» ocHoBaHa Ha
BEPOATHOCTM CTOAKHOBEHMS NTULL C AOMaCTs-
MK poTOpa C y4ETOM TOrO, YTO MTULILI MPOXO-
ASIT Yepe3 30Hy ABMXKeHKs poTopa (3AP), ym-
HOXXEHHOM Ha MNpeArnoAaraemMoe KOAMYECTBO
nTMU, npoAeTalolmnx vepes 3AP B Tedenue
3aAAQHHOM  E€AMHULIbI BPEMEHM  (KOAMYECTBO
CTOAKHOBEHMM MTULL B FOA = KOAUYECTBO MPO-
AeTtatowmx vepe3 3AP) (Band et al., 2007).
TexHunueckas 4acTb PacH€ToB OCHOBaHa Ha
XapakTepucTukax TypOuH M MOPCPOAOTMM
(Hanpumep, popme KpbliAa), CKOPOCTU U MO-
AETHOM MOBEAEHWUM (MALLIYLLMIA MOAET MAK Ma-
peHue) NT1L. IMIMpUYecKas 4acTb OCHOBaHa
Ha AQHHbBIX MOAEBbIX HAOAIOACHMIA 33 MTHULAMM.

Mudpopmaums o BbicoTe NMOAETa MUTPUPY-
IOLLIMX OPAOB M MX NPOXOAQ Hepe3 3 ydacTka
NePeAOBbIX CKAAAOK 3aMaAHOM OKOHEYHOCTM
Kaparay, Manoro Kaparay n bopoaaas co-
OpaHa B XOA€ ABYX MOAEBbIX Bbl€3A0B 22-26
anpeas 2005 r. n 5-21 anpeas 2010 r. (219
M3MEpPEeHMI B AManasoHe BbICOT OT 50 A0
400 M), a TaK>Ke MO AaHHbIM MPOCAEXKMBAHNA
nTUU C Tpekepamn (217 aokaumi). Tpu Bu-
3YaAbHbIX PErMCTPaLMAX AUCTAHLMKM AO NTULL
ornpeaeAsiaAncek no ¢poTo B nporpamme Range
Finder (Khosravi, 2009) namn B MS Excel no
pOpMyAaM, OCHOBAHHbIM Ha METPUHECKMX
M YrAOBbIX pa3mepax 0ObekTa M POKYCHOM
pacctosHumn kamepsl (Feraapos, 2011; 'po-
MasuH U1 Ap., 2014). BbicoTa npoAéTa ntuL,
NOMEYEHHbIX TPeKepamu, OnpeseAsdAach Bbl-
YMTaHMEM MOKa3aTeAs BbICOTbI HaA YPOBHEM

the bird body length. The bird body length is
determined as the average measurement be-
tween males and females for Eastern Imperial
Eagle at 0.78 m, for Steppe Eagle at 0.76 m,
and for Creater Spotted Eagle at 0.68 m (Kar-
yakin, 2004).

6. Number of birds in the volume covered
by the rotor blades is nx(V/V ) birds per sec-
ond.

7. Time it takes for the bird to pass through
the rotor disc was calculated as t=(d+L)/v,
where v is the speed in m/s.

8. Number of birds in the volume covered
by the rotor blades was divided by the transi-
tion time t: nX(V/V /L.

9. Collision probability was calculated using
the formula presented in the MS Excel table
(see above in the methodology) using the fol-
lowing input parameters:

K (3D probability): 1;

rotor diameter: 121 m;

number of rotor blades: 3;

maximum chord: 4.21 m;

step: 15 degrees;

bird body length: 0.68-0.78 m (see item 5);

the wingspan of a bird: defined as the av-
erage measurement between males and fe-
males for Eastern Imperial Eagle at 2.05 m, for
Steppe Eagle at 2.11 m, for Greater Spotted
Eagle at 1.70 m (Karyakin, 2004);

flight type: (2/mF, with F=1 (flap = 0 or
soar = 1);

average bird speed: average data from
trackers for each species.

MS Excel* tables, available as supplemen-
tary materials to the article by Christie, Ur-
quhart, 2015 and on the Natural Research
website (Collision Risk Modelling, 2015),
as well as MS Excel* tables available on the
page “SOSS-02: A review of flight heights and
avoidance rates of birds in relation to offshore
WPPs”?? of the BTO website (Band, 2012)
were used for data entry and processing.

Results

Estimation of the number of eagles pass-
ing through Karatau

The territory from which Steppe Eagles,
Eastern Imperial Eagles, and Greater Spotted
Eagles migrate for wintering in the WCHMC
stretches from Southern Ural (Russia) and Aral
Sea region (Kazakhstan) in the west to Khangai
(Mongolia) in the east and from the Chulym
basin (Russia) in the north to the lower reach-
es of the Sarysu, Chu, and upper reaches of
the lli (Trans-1li Alatau, Ketmen) in the south.
This territory comprises all zones of Eurasia
from desert to taiga and covers an area of 3.3
million km? (fig. 3).
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MOp$ B TOYKE AOKaLMK, B34TOro no LIMP, u3
noKasaTeAs BbICOTbl HaA YPOBHEM MOpS, Mo-
AYHEHHOTO NPUMOOPOM MTULbI. BbICOTbI HMxKe
50 M OTOpaKOBbIBAAUC.

MHdpopmaLmsi 0 TEXHUMYECKMX XapaKTepu-
cTukax Typoun BOC Obina noAyyeHa 13 AOKy-
menToB npoekTa (China Power International
Development Limited Co, 2019) u Tex-
Huyeckor aAokymenTaumn (Goldwind GW
121/2500, 2017): 40 Typ6bun no 2,5 MBT ot
Envision, moaeab EN 121/2.5, BbicoTa OalueH
— 90 M, aamHa Aonacten — 59,5 M, anameTp
poTopa TypOuHbl — 1271 M, paanyc, cooTseT-
CTBEHHO, — 60,5 M, NAOLLIaAb, OXBaTblBaemas
potopom — 11595 M2, CKOpPOCTb BpaLLeHus
He 6onee 13,5 06/MUH, MPOEKTHast CKOPOCTb
BeTpa — 9,3 Mm/c (pabounii ananasoH — 2,8—
22,0 m/c), oblias ppoHTaAbHas MAOLLAAb
Bcex potopos BOC — 459961 m2.

AeTaan pacH€TOB AAS MOABAM:

1. 3oHa A BOC Oblra onpeaeseHa Kak Mu-
HUMaAbHbLIM KOHBEKCHbIM noAnrod (MCP) Bo-
Kpyr kpanHux TypouH (50,1 km?) + 100-me-
TpoBbIii Oydpep 1 coctaBuaa 54,7 km2 Tpo-
Tsk€HHOCTL BOC BAOAL KapaTay m3mepena
noO AMHMM YCTaHOBKM TypOMH M COCTaBMAa
26,3 KM MEXAy KpPalHUMM 3anasHON U cese-
PO-BOCTOYHON TypOMHAMM.

2. lNMepuroa npoaéta T paccuUMTbIBAACS MNy-
TEM YMHOXKEHMS KOAMYECTBA AHE AAS BECEH-
Hel 1 OCEHHEeN MUIPaLMM Ka>KAOrO BMAA Ha
CPEAHIOI MPOAOAKMTEABHOCTL AHS AASL KayK-
AOTO ce30Ha. [TPOAOAKMTEABHOCTL AHS ObiAa
onpeAeAeHa Kak KOAMYECTBO 4aCOB MEXAY
BOCXOAOM M 33aXOAOM COAHLA AASl LUMPOTHI
43,5° cornacHo moaean Forsythe et al., 1995.

3. YMCAEHHOCTb MTULL N AASL KaXKAOTO Ce30-
Ha oueHMBaAach B rpaHmuax BOC. 310 koan-
YeCTBO MPUCYTCTBYIOLLMX MNTHLL, YMHOXXEHHOE
Ha Bpems, npoBeaéHHoe B MoAéTe Haa BOC
32 aHaAM3MPYeMbl MEPUOA, AAS KOTOPOIO
AeAaeTCsl OLleHKa CTOAKHOBEHMS: n=FXAXT.

4. TMpoCTpaHCTBO, OMACHOE AASl MOAETOB
V., paccumtano kak naouwaab BIC, ymHo-
JKeHHasl Ha AMameTp potopa (=121 m).

5. O6wmi  obOBLEM,  OXBaTbIBAEMbI
potopamn BOC, ©ObiA  paccunTaH  Kak
Vr=N><7TR2><(d+L), rae N — KoAn4ecTBo Be-
TpsHbIX TypOuH (=40), R — aAmMHa poTopa
(=60,5 M), d — raybuna potopa B 06e cTopo-
Hbl (4,21 M), a L — AAMHA TeAa NTULbl. AAMHaA
TeAa NTULbI OMPeAeAeHa KaK CPEAHMI Moka-
3aTeAb MEXAY Camuamu M CamKamm AASt Op-
Aa-MOTMAbHUKA B 0,78 M, AAS CTEMHOIO OpAa
— 0,76 M, AAst BOABLLIOTO NoAopAnKa — 0,68 M
(KapsakuH, 2004).

6. KoAnyecTBO NTULL B 06BEME, OXBAYEHHOM
AomacTamu  potopa, coctasaseT nX(V/V)
NTULL B CEKYHAY.

BetpotypbuHbi XKanatacckori BOC.
®oto u3: EcoSocio Analysts LLC, 2019.

Wind turbines of Zhanatas WPP.
Photo from: EcoSocio Analysts LLC, 2019.

Tracking eagles showed that from this vast
territory some birds of the birds fly to winter-
ing grounds in the Indus basin, some eagles,
mainly from the western part of the outlined
contour, fly to the Middle East and North Af-
rican wintering grounds, and the smaller part
goes to Xinjiang, Tibet, and probably in the
Ganges basin in India. For Steppe Eagles from
the Altai-Sayan region, Eastern Turkmenistan
turned out to be an important wintering place.
Cold wintering grounds have been established
for some Eastern Imperial Eagles and Steppe
Eagles, including 2 Steppe Eagles within the
nesting area.

Eagles fly along 4 main routes to winter in
Turkmenistan, Iran, Pakistan, and India:

1) bypassing Karatau and Pamir-Alai from
the west,

2) through Karatau, bypassing Pamir-Alai
from the west,

3) through Trans-Ili Alatau, Kyrgyzstan,
Kashgaria, Karakorum, and the Himalayas,

4) bypassing Tien Shan from the east along
the Tarim Basin or through it and further,
through the Karakorum and the Himalayas.

Thus, the passage through Karatau is one
of 4 options for the eagles to reach the
Indo-Pakistani and East Iranian wintering
grounds.

Out of 34 eagles that started the migration,
20 eagles (58.82%) passed through Karatau
at least once during the tracking period, and
14 eagles (41.18%) did not cross the Karatau
due to their death, stopping for the winter
to the north or bypassing Karatau the west
(11.76% — 4 eagles: Steppe Eagles Aman,
Aina, Sarygul and Eastern Imperial Eagle Al-
tai) or the east (14.71% — 5 eagles: Great-
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7. Bpems, Heobxoammoe nTuue, 4YTOObI
MPOWTH Yepe3 AUCK POTOpPa, PAaCCHUTbIBAAOCH
KaK t=(d+L)/v, rae v — ckopocTb B M/C.

8. KoamyectBo nNTulL B 0ObEME, OXBayeH-
HOM AOMACTSIMK POTOPA, ObIAO Pa3AeAeHO Ha
Bpems nepexoaa t: nX(V/V /.

9. BeposiTHOCTb CTOAKHOBEHMSI PacCHu-
TbiBaAacb Mo POPMyAe, MPEeACTaBAEHHONM B
Tabamue MS Excel (cM. Bbille B METOAMKE),
MCMOAb3Y$ CAEAYIOLLIME BXOAHbIE MapameTpbl:

K (3D BepodarHocTb): 1;

AMameTp potopa: 1271 m;

KOAMYECTBO AOMacTei potopa: 3;

MaKCMManbHas xopaa: 4,21 m;

war: 15 rpaaycos;

AAMHA TeAa nTuubl: 0,68-0,78 M (cM. n. 5);

pa3max KpbIAbEB MTULbI: OMPEeAeAEH Kak
CPeAHMI NoKa3aTeAb MEeXKAY CamMLiaMM U Cam-
KaMM AAS OpAa-MOrMAbHMKA B 2,05 M, AA4
cTenHoro opAa — 2,11 M, AAt BOAbLLOIO Mo-
aopanka — 1,70 m (Kapsakun, 2004);

Tmn noaérta: (2/mF, c F=1 (B3maxu = 0 uAn
nAaHupoBanmne = 1);

CpeAHsIs CKOpPOCTb MTMULbI: CPeAHME AdH-
Hble, MOAYYEHHbIe OT TPEKepPOB AASl KaXKAOIO
BMAQ.

Ang BBOAQ M 0OPabOTKM AAHHBIX MCMOAb-
30BaHbl TabAMLbl MS Excel®, aocTynHeie B
KayecTBe AOMOAHMTEAbHbIX MaTepuaroB K
cratbe Christie, Urquhart, 2015 u Ha caiite
Natural Research (Collision Risk Modelling,
2015), a Takke Tabanubl MS Excel®, aoctyn-
Hble Ha cTpaHuue «SOSS-02: O630p MeToAOB
OLIeHKM pUCKa CTOAKHOBEHMS MTULL C MOPCKM-
MW BeTpOIAeKTpoCTaHUMamm»*® caitta BTO
(Band, 2012).

Pe3yAbTaTbl

OueHka YHMCAEHHOCTHM OpPAOB, MPOAETalo-
wnx Yepe3 Kaparay

TeppuTOopus, C KOTOPOWU CTErMHbIE OpPAbI,
OPAbI-MOTMABHUKM 1 BOAbLLIME MOAOPAMKM MM-
rpupytoT Ha 3umoBkmn B 3LITMK, npoTaHyaacs
oT lOxHoro Ypaaa (Poccuns) n Mpuapaabs (Ka-
3axCTaH) Ha 3anaae Ao XaHras (MoHroams) Ha
BOCTOke M OT DacceiHa Yyabima (Poccus) Ha
ceBepe A0 HM30BbeB Capbicy, Yy 1 BepxHero
TeueHns Man (Bamaniicknii Anatay, KeTmeHb)
Ha tore. AaHHas TeppUTOPUS OXBaTblBaeT BCe
30HbI EBpa3uu, OT MyCTbIHHOM AO TaéXKHOU M
3aHMMaET nAoLLaAb 3,3 MAH. kM? (puc. 3).

[MpocaexxnBaHMe OpAOB MOKAa3aAo, YTO C
3TOW OFPOMHOW TEPPUTOPMM 4YacCTb MTUL
AETUT Ha 3MMOBKM, COCPEAOTOYEHHbIE B
OacceiiHe MHAQ, 4acTb OpPAOB, MpenmyLle-
CTBEHHO M3 3arMaAHOM 4aCTWM OYEPHEHHOro

er Spotted Eagle Zava, Steppe Eagles Eva,
[rma, Shamanka, Trigger) (fig. 4). Without
taking into account deaths during migration
and wintering of birds in the breeding area,
in populations of the Altai-Sayan region 19
eagles (79.17%) out of 24 crossed Karatau,
and 5 (20.83%) bypassed it from the west (1
eagle — Eastern Imperial Eagle Altai — 4.17%)
or from the east (4 eagles: 1 Creater Spotted
Eagle Zava and 3 Steppe Eagles Irma, Trigger,
and Shamanka — 16.67%). Thus, we took the
indicator of 80% of eagles gravitating towards
passage through Karatau as the baseline for
population groups in the 450 km zone on
both sides of the center line of the migration
route of Altai-Sayan birds (zone 1 in fig. 3).
From the Central Kazakhstan population
group of Steppe Eagles, only 1 bird out of 4
(25%) went through Karatau (see table 1), 2
birds overwintered in the lower reaches of
Indus, and 2 birds overwintered in the Mid-
dle East and Africa, using the Transcaspian
and even Caucasian (Aina) flyways. There-
fore, an indicator of 20% of eagles gravitating
towards the passage through Karatau was ap-
plied for extreme western population groups
associated with the WCHMC.

According to estimates of the number of
eagles in the population groups associated
with the WCHMC, 27.23% of individuals
tend to migrate through Karatau (fig. 3, ta-
ble 2). Moreover, up to 80% of birds from
the population groups of East Kazakhstan
and the Altai-Sayan region migrate towards
Karatau. However, this estimate needs to be
adjusted for mortality rates of birds during
migration and stops for “cold” wintering in
the breeding area.

According to tracking data, the mortality
rate during the autumn migration was 14.71%
(5 eagles out of 34 that started the 1+ au-
tumn migration), and 8.82% of birds died in
the breeding area (3 eagles out of 34). Two
birds (Bella and Shira) remained in the breed-
ing area during winter, and for one of them
(Bella), the wintering was successful — this is
5.88% of 34 tracked eagles. Thus, 14.71% of
the tracked eagles did not cross the mountains
of Central Asia due to death or winter stops,
and 85.29% migrated to the south, overcom-
ing mountain obstacles.

All data on mortality and wintering stops
in the nesting area refers to Steppe Eagles
since more of them were tagged than Eastern
Imperial Eagles and Greater Spotted Eagles,
indicating that the assembled data is more

48

http://www.natural-research.org/download_file/view/86/346

#  http://www.bto.org/sites/default/files/u28/downloads/Projects/Final_Report_SOS502_Band2Tool xlsm

50

http://www.bto.orglour-science/wetland-and-marine/soss/projects


http://www.natural-research.org/download_file/view/86/346
http://www.bto.org/sites/default/files/u28/downloads/Projects/Final_Report_SOSS02_Band2Tool.xlsm
http://www.bto.org/our-science/wetland-and-marine/soss/projects

Raptor Research

Raptors Conservation 2021, 43 123

550~

45°

35°

65° 75° 85° 95° 105° 55°

6 95°
3oHa 1 | fase
[13ona2

\ | []30na3

sst L

45°

35°

65° 75° 85°

KOHTYypa, A€TUT Ha OAMXKHEBOCTOYHbIE U Ce-
BepoadhpuKaHCKMe 3MMOBKH, a Apyrasi HacTb,
Npu4ém MeHbluas, yxoant B CuHu3gaHb, Tu-
6eT un, BeposATHO, B GacceliH laHra B MHanu.

Puc. 3. [NonyAsumoHHble rpynnupoBKu CTEMHOTO OpAa
(Aquila nipalensis), opaa-moruabHuka (Aquila heliaca)

1 6oAbLLOro noaopanka (Aquila clanga) B cesepHoii
EBpasum — BBEpXy, OCHOBHbIE MyT1 MUIPaLI1 OPAOB
uepe3 Kapatay n KOHTyp TeppUTOpMM, C KOTOPOMH OPAbI
MUFPUPYIOT Ha 3MMOBKM B 3anaaHom LInpkym-limanaii-
CKOM MUrpaumoHHom kopuaope (3LIFTMK) — B ueHTpe,
MOMYASIUMOHHbIE TPYNMMPOBKM OPAOB, PaHKMPOBaHHbIE
M0 AOA€ MTHLL, MUrpUpyloLLmnx Yepe3 Kapatay — BHu3y.
YcaosHble 0603Hadenms: 1 — rpaHmubl cTpaH, 2 — XKawa-
Tacckas BOC, 3 — xpebet Kaparay, 4 — nonyAsumMoHHbie
rpynnmupoBKu 3-X BUAOB OPAOB (KOAbI FPYMNMpPOBOK
COOTBETCTBYIOT TaKOBbIM B TabA. 2), 5 — BOAOEMBI,

6 — TeppuTOpPMS, HaceAsiemas MoMmyALMOHHbIMU
rpynnupoBKamu OpAOB, accoummupoBarHHbimu ¢ 3LITMK,
pasaeréHHasi Ha 30HbI: 30Ha 1 -1 696 603 km? — Bepo-
ATHOCTbL MUIpaLmMm opAoB Yepe3 Kapatay = 80%, 30Ha
2 - 755 148 KM’ — BepOSITHOCTb MUIpaLIM1 OPAOB Hepes
Kapatay = 50%, 30Ha 3 — 863 978 kM? — BepPOSITHOCTb
murpain opros depes Kapatay = 20%, 7 — OCHOB-
Hble MyTH MPOAETa, 8 — MONYASIUMOHHbIE Py NITMPOBKM
0pAoB, accounmpoBarHble ¢ 3LITMK, paHxuposaHHble
M0 BEPOSTHOCTM MUrpaumm ntuu yepe3 Kaparay s coot-
BETCTBUM C KOHTYpamm 30H 1,2 1 3 (cm. 1. 6).

Fig. 3. Steppe Eagle (Aquila nipalensis), Eastern Imperial
Eagle (Aquila heliaca), and Greater Spotted Eagle
(Aquila clanga) population groups in northern Eurasia

— above; the main of eagle migration through Karatau
and the outline of the area from where eagles move to
overwintering sites in the Western Circum-Himalayan
migration corridor (WCHMC) — in the center; eagle
population groups ranged by share of birds migrating
through Karatau — below. Legend: 1 — state borders, 2
— Zhanatas WPP, 3 — Karatau Ridge, 4 — 3 eagle species
population groups (group codes correspond with

those in table 2), 5 — water bodies, 6 — area occupied
by eagle population groups associated with the
WCHMC, divided by zones: zone 1 - 1,696,603 km? —
probability of eagle migration through Karatau = 80%,
zone 2 — 755,148 km? — probability of eagle migration
through Karatau = 50%, zone 3 — 863,978 km? — the
probability of eagle migration through Karatau = 20%,
7 — the main flight routes, 8 — eagle population groups
associated with the WCHMC ranged by the probability
of the migration through the Karatau corresponding
with the zone 1, 2, and 3 outlines (see item 6).

representative. This means that we are expe-
riencing a clear lack of data on Eastern Impe-
rial Eagle and Greater Spotted Eagle to assess
their mortality during fall migration. But the
mortality rate of Eastern Imperial Eagles and
Greater Spotted Eagles during the fall migra-
tion north of Karatau is likely lower than that
of Steppe Eagles several reasons. These two
species of eagles make fewer stops and gravi-
tate towards areas with woody vegetation,
avoiding open habitats; they use power line
supports as perches less often and have fright
distances than Steppe Eagles, thereby avoid-
ing many threats, such as death on power
lines or shooting. In this regard, it makes
sense to establish the following mortality
rates for eagles during autumn migration:
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Mponetenu yepes
Kaparay (E);
n=20; 59%

Arg cTenHbix opAaoB M3 Aatae-CagHckoro
pernoHa BaxkKHbIM MECTOM 3MMOBKM OKa3aACs
Boctounbii TypkMeHUCTaH. AAS HEKOTOPbIX
OPAOB-MOIMABHMKOB M CTEMHbIX OPAOB YCTa-
HOBAEHbI XOAOAHBIE 3MMOBKM, B TOM YMCAE
AAS 2-X CTEMHbIX OPAOB — B NMPEAGAAX MHE3A0-
BOro apeaaa.

Ha 3umoBkn B Typkmenuio, MpaH, Naku-
CTaH M MHAMIO OPAbI AETAT MO 4-M OCHOBHbIM
MapLpyTam:

1) B 06x0A Kaparay u [Nammpo-Aaas ¢ 3anaaa,

2) yepes Kapatay B 06xoa lammnpo-Anas ¢
3anaaa,

3) uepe3 3amamickmii Anatay, Kuprusmio,
Kawrapuio, Kapakopym n [Mmananm,

4) B 0b6xoa TaHb-LllaHs ¢ BocTOKa BAOAb
TapumcKoM BNaAnHbl MAM Yepe3 Heé 1 Aaree
yepe3s Kapakopym u ['Mmanan.

Taknum obpasom, npoxoa yepes Kapatay —
3TO OAMH M3 4-X BapMaHTOB AOCTMXKEHMS Op-
Aamm MHao-Tlakncranckmx n BoctouHo-Mpan-
CKMX 3MMOBOK.

M3 34 opaos, HauaBwmx murpaumio, 20
opros (58,82%) npoLuan yepes Kapatay XoTs
Obl OAMH pa3 3a NEPUOA OTCAEXKMBAHNS 1 14
oproB (41,18%) He nepecekaan Kapatay no
npuumMHam rmbean, OCTaHOBKM Ha 3MMOB-
Ky ceBepHee AMOO obOxoaa Kaparay c 3ana-
aa (11,76% — 4 opaa: cTenHble OpAbl AMaH,
AWiHa, CapbiryAb M OpEA-MOIMMABHUK AATaM)
nam ¢ Boctoka (14,71% — 5 OpPAOB: DOAbLLON
NOAOPAMK 3aBa, CTenHble opAbl EBa, Mpma,
LllamaHka, Tpurep) (puc. 4). 13 nonyaaumi
AnTtae-CasiHckoro permoHa 0e3 yuéta rube-
AM MITULL HA MUrpaumn 1 6e3 yuéta 3MMOBKK
NTULL B rHe3A0BOM apeane 19 opaos (79,17%)
n3 24-x nepecekan Kaparay, a 5 (20,83%)
obowaAn ero c 3anasa (1 OpPEA-MOrMAbHMK
AATat — 4,17%) uamn ¢ BocToKa (4 opaa: 1
GOABLLON NOAOPAMK 3aBa M 3 CTerHbIX OpAa
Mpma, Tpurrep u Lllamanka — 16,67%). Ta-
KMm oBpasoMm, nokasateab B 80% OpAOB, Ts-
roTelowmx K npoxoay 4epes Kapartay, Hamu
OblA NPUHAT 0A30BbIM AAS MOMYAALMOHHbIX

Moruénu, He gonertee Ao
Kaparay (A); n=3; 9%

OcTanucb Ha 3UMOBKe
ceBepHee Kaparay (B);
n=2; 6%

O6ownu Kapartay ¢
BOCTOYHOW CTOPOHbI
(C); n=5; 15%

\ O6ownu Kaparay ¢
3anagHoiil ctopoHsl (D);

n=4; 12%

9% for Steppe Eagle in accordance with the
tracking results, 5% for Eastern Imperial Eagle
and Greater Spotted Eagle based on expert
judgment.

Wintering in the breeding area was docu-
mented only for Steppe Eagle and Eastern
Imperial Eagle, and according to the results
of an analysis of winter encounters (Bayra-
shev et al., 2021; Belousov et al., 2021; our
data), it seems that the Steppe Eagle often
remains in cold wintering grounds. However,
this might be an illusion associated with the
greater number of Steppe Eagles and, ac-
cordingly, more frequent encounters with
observers. Wintering in the breeding area is
not known for Creater Spotted Eagle on the
researched territory; therefore, there is no
reason to assume that this species overwin-
ters north of Karatau. In light of this, it makes
sense to take the following indicators of over-
wintering in the nesting area: 6% for Steppe
Eagle and Eastern Imperial Eagle in accord-
ance with tracking results, 0% for Greater
Spotted Eagle.

The final estimate of the number of eagles
migrating in fall through Karatau, taking into
account the death of birds during the 1+ au-
tumn migration and overwintering in the
breeding area, is presented in table 3. The
main Karatau migrant is the Steppe Eagle given
its largest number among other eagles: 25,548
(22,336-29,504) individuals — 70.83% of the
number of eagles flying through Karatau, and
20.15% of the population groups associated
with the WCHMC. The next most common
eagle that migrates through the Karatau is the
Eastern Imperial Eagle — 8,335 (7,945-8,724)
individuals — 23.11% of the number of eag-
les flying through Karatau, and 42.97% of the
number of population groups associated with
the WCHMC. The Greater Spotted Eagle is
the least common species to fly through Kara-
tau, which is explained not only by a smaller
population but also by a greater proportion

Puc. 4. CraTyc OpAOB C Tpekepamu, Ha4aBLUMX MEPBYIO
OCEHHIOI MUIPALIMIO, HA MUIPALMOHHOM MYTU OT Ha-
TaAbHOM 0bAacTi Ao rop Cpeaneii A3uu.

Fig. 4. The status of tracked eagles that began the

first fall migration, on migration route from the natal
region to the mountains of the Central Asia. Legend:

A —died without reaching Karatau; B — overwintered
north of Karatau; C — bypassed Karatau from the east;
D — bypassed Karatau from the west; E — passed through
Karatau.
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rpynnupoBoK, Aexxatumx B 450 KM 30He no
obe CTOPOHbI OT OCEBOM AMHMM MapLupyTa
MUIPaLIMKM aATae-CasgHCKMX NTuu (3oHa 1 Ha
puc. 3). M3 ueHTpaAbHO-Ka3axCTaHCKOW Mo-
NYASLLMOHHOW FPYNMUMPOBKM CTEMHBLIX OPAOB
Amwb 1 ntMua m3 4-x (25%) nowuaa yepes
Kapatay (cm. TabA. 1), npuuém 3MMOBKM 2-X
NTULL A€KAAM B HM30BbSX MHAQ, @ 2 NTuLb
3umoBaan Ha bamxxHem Boctoke u B Adppu-
Ke, MCMOAb3Y$ 3aKaCrMnCKmni 1 aaxke KaBkas-
CKMi (AliHa) NPOAETHBIE NyTU. [loaToMy AAS
KPalHMX 3anaAHbIX MOMYAALMOHHBIX FpyM-
MMPOBOK, accoumMnpoBaHHbix ¢ 3LIFTMK, Obia
MPUHAT rnokasaTeAb B 20% OpAOB, TAroTelo-
LLUMX K NpoxoAy 4Yepe3 Kaparay.

[To OLeHKaM YNCAEHHOCTM OPAOB B MOMYAS-
LIMOHHbIX FPYNMMPOBKAaX, aCCOUMMPOBAHHBIX C
3LIMK, 27,23% ocobeii CTpemsTcs MUrpUpo-
BaTb Yepe3 Kapatay (puc. 3, TabA. 2). [Npnuém
M3 MOMYASILMOHHbIX IPYNNMpPoBOK BocTtouHo-
ro KasaxcraHa n Aatae-CagHCKOro permoHa
B cTopoHy Kapatay murpupyet a0 80% nruLL.
OAHaKo 3Ty oueHKy HEeOOXOAUMO KOPPEeKTM-
poBaThb MO NOKa3aTeAIM CMEPTHOCTM MTHLL BO
BPEMS MMUIpaLMM M OCTAHOBKM MTULL Ha «XO-
AOAHbIE» 3MMOBKM B FTHE3A0BOM apease.

CoranacHO  AaHHbIM  MPOCAEXKMBAHMS, -
6eAb MTUL Ha OCEHHEeW MMIPaLmn CoCTaBMAa
14,71% (5 opaoB 13 34, HauaBLUMX T-10 OCEH-
HIOIO MMIPaLIMIO), MPUYEM B FTHE3A0BOM apea-
Ae norndamn 8,82% ntuu (3 opAa u3 34). Ha 3u-
MOBKY B FHE3A0BOM apeaAe OCTaAUCh 2 MTHLIb
(baara m LLnpa), npuyém aAs OAHOM M3 HKX
(baAAbI) 3MMOBKa OKa3aAach YCMeLIHOW — 3TO
5,88% oT 34 npocaexkunBaemMblx OpAOB. Takum
00pa3om, M3 BCEro MyAa MPOCAEKMBAEMbIX
NTUL NO MPUYMHE TMOEAM MAM OCTAHOBKM Ha
3MMOBKY He nepecekan ropbl Cpeaneit Asum
14,71% opaoB, a 85,29% MUIpUpOBaAU 10XK-
Hee, NPEOAOAEB FOPHLIE MPErpaAbl.

Bcst MHcpopMaLms no cMepTHOCTH M OCTa-
HOBKaM Ha 3MMOBKM B FHE3A0BOM apeane OT-
HOCMTCS K CTEMHbIM OPAaM, Tak Kak MX OblAO
nomeyeHo BOAbLLE, 4EM OPAOB-MOMMAbHMKOB
M MOAOPAMKOB, a 3HA4MT COOpaHHbINA MaTe-
puan boaee penpeseHTatuseH. T.e., no op-
AY-MOTUABHUKY 1 OOAbLLIOMY MOAOPAMKY MbI
MCMbITIBAEM SABHYIO HEXBATKY AAHHBIX AAS
OLEHKM MX CMEPTHOCTM Ha OCEHHEeW Murpa-
umMn. Ho BeposTHO, 4TO CMEPTHOCTb OPAOB-
MOTUABHMKOB M OOAbLUMX MOAOPAMKOB Ha
OCeHHel Murpaumm cesepree Kaparay Huke,
Yem TakoBast CTEMHbLIX OPAOB, MO LIEAOMY PSAY
MPUUMH. DTU ABA BMAQ OPAOB ACAAIOT MEHb-
L€ OCTAHOBOK M Ha OCTAHOBKax TArOTeloT K
ydacTkam C APEBECHOM PaCTUTEAbHOCTbIO,
nsberasi OTKPbITbIX MECTOOOMTaHMI, OHM
pexke mcrnoab3yioT onopbl ADIT B KadecTse
npucaa u nMeioT 6oAee AMMHHbIE AUCTaHLMM

of birds from Western Siberia migrating to
the Middle East. As a result, the number of
Greater Spotted Eagles flying through Karatau
in fall is estimated at 2,186 (2,024-2,348) in-
dividuals, which is 6.06% of the number of
eagles flying through Karatau, and 31.19% of
the number of population groups associated
with the WCHMC. Thus, the number of three
species of eagles crossing Karatau during the
fall migration is estimated at 36,068 (32,305-
40,576) individuals.

The number of spring migrants crossing
Karatau is based on the fall number minus
the birds that died during fall migration after
migrants crossed Karatau and during winter-
ing, birds that remained oversummer in their
wintering areas, and birds that left for spring
migration bypassing Karatau.

Out of the 23 eagles that continued to mi-
grate to East Iranian and Indo-Pakistani win-
tering grounds associated with the WCHMC,
2 birds (8.7% — Steppe Eagle Tuvin and East-
ern Imperial Eagle Turatay) stopped reporting
data after crossing Karatau. Steppe Eagle died
on Karatau, and Eastern Imperial Eagle disap-
peared in Afghanistan (conditionally, we con-
sider it also dead, although this has not been
confirmed).

21 eagles reached wintering grounds, but
3 Steppe Eagles (Rhea, Kron, and Khan) had
not finished wintering by the time of data
processing for this article, therefore they are
not included in the mortality of birds dur-
ing wintering. Out of the 18 eagles spend-
ing the winter in East Iranian and Indo-Pa-
kistani wintering grounds associated with
the WCHMC, 3 died (16.67% — the Steppe
Eagles Ita and Shoigu and the Greater Spot-
ted Eagle Zava, all as a result of an electric
shock on power lines).

Out of 15 successfully overwintered eag-
les, 1 bird (6.67% — the Steppe Eagle Sin) re-
mained for the summer at the wintering site
in Southeastern Turkmenistan, and only 14
eagles began their spring migration. Sum-
mer movements at the northern border of
the winter range are also known for Greater
Spotted Eagles (Greater Spotted Eagle Mos-
cow, 2021; McCrady et al., 2021), but
are not known for Eastern Imperial Eagles;
therefore, we do not accept this correction
for the latter.

It would seem that it is sufficient to take
into account the departure of birds during
the winter and the proportion of birds that
remain in the wintering zone for the sum-
mer to estimate the number of spring mi-
grants through Karatau. However, reality
more complex. Spring migration routes of
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Taba. 2. OueHKa YUCAEHHOCTHM OPAOB, HAYMHAIOLLIMX OCEHHIOI MUrpaLmio no 3anasHomy Linpkym-limaraiickomy KOpUAOPY, MPenmyLLecTBeHHO
B pycae npoAéta depes Kapartay. [Npunsitbie cokpatuenms: AN — crenHosi opéa (Aquila nipalensis), AH — opéa-mormabruk (Aquila heliaca), ACL

— 60AbLLOI nosopank (Aquila clanga), PG — nonyasimorHas rpynnuposka (KOAbl FpyrnupoBOK COOTBETCTBYIOT TakoBbiM Ha puc. 3), FSP — uuncao

CAETKOB Ha ycrielHyto napy, BS — ycnex pasmHoxerns (AOASl ycneLHbIX rHé3A 0T YncAa rHe3Asawmxcs nap), NBB — uncao HepasmHOXaloLmxcs

1L B y4éTe Ha rHesasLytocs napy, MK — Aoas ntuu, murpupyioiumnx Hepe3 Kaparay, B NOMyASLMOHHON IPyninMpoBKe.

Table 2. Population estimate of eagles starting their autumn migration in the Western Circum-Himalayan Migration Corridor, mostly in the flyway
through Karatau Ridge. Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Eastern Imperial Eagle (Aquila heliaca), ACL — Greater Spotted
Eagle (Aquila clanga), PG — Population group (codes of population groups correspond to those in fig. 3), FSP — Number of fledglings per successful
pair, NBB — Number of non-breeding birds per breeding pair, MK — proportion of birds migrating through Karatau in the population group.
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Species PG FCZas FSP  BS, % > Z< NBB S rcZ£LES OQECr+asS MK %
AN ANG6 12000 2.1 58.22 14671 3.1 37200 75871 3.7
(10639-13360) (13007-16334) (32981-41416) (67266-84470)
AN AN7 5027 1.6 35.36 2844 2.7 13573 26471 48.1
(4520-5592) (2557-3164) (12204-15098) (23801-29446)
AN AN8 30 (25-35) 1.5 50.00 23 (19-26) 0.5 15 (13-18) 98 (81-114) 80
AN AN9 10 (8-12) 1.5 50.00 8(6-9 05 5 (4-6) 33 (26-39) 80
AN ANTO 1892 1.5 4250 1206 1.1 2081 7071 80
(1380-2648) (880-1688) (1518-2913) (5158-9897)
AN ANT1-12 70 (60-80) 1.4 50.00 49 (42-56) 0.5 35 (30-40) 224 (192-256) 80
AN ANT3 3000 1.6 40.00 1920 2.3 6900 14820  46.1
(2800-3200) (1792-2048) (6440-7360) (13832-15808)
AN ANT4 369 (341-397) 1.6 43.09 254 (235-274) 1.8 664 (614-715) 1657 80
(1531-1782)
AN ANT5-16 184 (164-204) 1.6 50.00 147 (131-163) 0.3 5 (49-61) 570 (508-632)  73.4
CrenHble opAbI 22582 21122 60529 126815
Steppe Eagles (19937-25528) (18669-23762) (53852-67627)  (112396-142445)
AH AHT0 1204 1.4 80.00 1348 1.8 2167 5924 20.1
(1116-1292) (1250-1447) (2009-2326) (5491-6357)
AH AH12 360 (338-382) 1.3 77.50 363 (341-385) 2.6 936 (879-993) 2019 (1895-2142)  19.9
AH AH13 280 (260-300) 1.4 60.00 235(218-252) 0.6 168 (156-180) 963 (894-1032)  48.2
AH AHT4 380 (370-390) 1.4 69.10 368 (358-377) 2 760 (740-780) 1888 (1838-1937) 80
AH AH15 100 (90-110) 1.2 75.00 90 (81-99) 0.1 10 9-11) 300 (270-330) 32
AH AHT6 500 (430-570) 1.9 70.00 665 (572-758) 0.5 250 (215-285) 1915 (1647-2183)  37.8
AH AH17 135 (130-140) 1.7 75.00 172 (166-179) 0.7 95 (91-98) 537 (517-557) 80
AH AH18 93 (85-101) 1.5 65.00 91 (83-98) 0.4 37 (34-40) 314 (287-341) 80
AH AHT9 783 (770-797) 1.6 76.50 958 (942-976) 1.5 1175 3699 80
(1155-1196) (3637-3765)
AH AH20 363 (348-377) 1.8 76.25 498 (478-517) 1.7 617 (592-641) 1841 (1765-1912)  72.7
OpAbI-MOTMABHUKM 4198 4788 6215 19399
Imperial Eagles (3937-4459) (4488-5088) (5879-6550) (18242-20556)
ACL ACL-WS 820 (720-920) 1.4 65.00 768 (674-861) 2.6 2132(1872-2392) 4540 (3986-5093) 7.6
ACL ACL-OIPF 390 (370-410) 1.6 65.00 416 (394-437) 2.2 858 (814-902) 2054 (1948-2159) 80
ACL ACL-TCH 75 (65-85) 1.4 65.00 70 (60-79) 1.5 113 (98-128) 332 (288-377) 80
ACL ACL-KASER 25 (20-30) 1.4 68.00 24(19-29) 0.4 10 (8-12) 84 (67-101) 56
boAbLIMe NoAOpAMKH 1310 1277 3113 7010
Greater Spotted Eagles (1175-1445) (1148-1406) (2792-3434) (6290-7730)
BCE OPAbI 28090 27188 69856 153223

TOTAL EAGLES (25049-31432) (24306-30257) (62523-77610) (136927-170730)

UcTounmnkm AanHbix / Data sources:

1 — Kapsiknn 1 ap., 2005a (Karyakin et al., 2005a), 2 — Kapsikun n ap., 2005b (Karyakin et al., 2005b), 3 — Kapskut u ap., 2005¢ (Karyakin et
al., 2005c), 4 — Kapsikun, 2006 (Karyakin, 2006), 5 — Kapsikun, 2008a (Karyakin, 2008a), 6 — Kapsikun, 2008b (Karyakin, 2008b), 7 — KapsikuH,
AeswuH, 2008 (Karyakin, Levin, 2008), 8 — KapsikuH 1 ap., 2009 (Karyakin et al., 2009), 9 — Baxos u ap., 2010 (Vazhov et al., 2010), 10 — KapsikuH,
Hukonenko, 2010 (Karyakin, Nikolenko, 2010), 11 — Pyaosckuii, 2010 (Rudovskiy, 2010), 12 — Baxos u ap., 2011 (Vazhov et al., 2011), 13 —
Bparun 1 ap., 2012 (Bragin et al., 2010), 14 — 3y6aHb, Buakos, 2013 (Zuban, Vilkov,2013), 15 — Kapsikun v ap., 2013 (Karyakin et al., 2013), 16
— bapauikosa, CmensiHekmid, 2014 (Barashkova, Smelansky, 2014), 17 — Kapsikun u ap., 2016a (Karyakin et al., 2016a), 18 — HukoaeHko, KapsikuH,
2016 (Nikolenko, Karyakin, 2016), 19 — Kapsikut n ap., 2017 (Karyakin et al., 2017), 20 — ['y6un, 2018 (Gubin, 2018), 21 — KapsikuH, 3abeanH, 2018
(Karyakin, Zabelin, 2018), 22 — KapsikuH u ap., 2018b (Karyakin et al., 2018b), 23 — CmeasiHckuii u ap., 2018 (Smelansky et al., 2021), 24 — KapskuH
un ap., 2019b (Karyakin et al., 2019b), 25 — Kapsikun 1 ap., 2019f (Karyakin et al., 2019f), 26 — Kapsikun, 2020 (Karyakin, 2020), 27 — INyavkoBa u ap.,
2021 (Pulikov et al., 2021), 28 — AHapeeHkoB 1 ap., 2021 (Andreyenkov et al., 2021), 29 — Baxos u ap., 2021 (Vazhov et al., 2021), 30 — HeonyOA.
AaHHble AeBuHa A.C. (Levin A.S., unpubl. data), 31 — Heony6a. aaHHbie KoBareHko A.B. (Kovalenko A.V., unpubl. data).
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BCMyr1BaHMs, Mo CpaBHEHMIO CO
CTEMHbIMKU OpPAAMM, TEM CambiM
n3beras Macchl yrpo3, Takmx, Kak
rmbeab Ha ADIT nan otcrpen. B
CBeTe 3TOro MMEET CMBbICA MpK-
HATb  CAGAyIOLUME  MOKasaTeAn
CMEPTHOCTWU OPAOB Ha OCEeHHel
MUIpaLMKn: AAS CTEMHOMO OpAa

— 9%, B COOTBETCTBMM C PE3YAb-
TaTaMM  MPOCAEXKMBaHMUS,  AAS

g, FE
Eg5gE OpAa-MOIMAbHMKA M OOABbLLOIO
n- = - S
E ] 3’3‘ S%E noAopAMKa — 5%, Ha OCHOBaHMK
gxx°se E IKCMEPTHON OLIEHKM.
I = V pp.=
g EE 2 g HcTounmku 3MMOBKM B FHE3AOBOM apeane
Q (=] =~ AQHHbIX
= 5 E] -
F222 53 Datasources YCTQHOBAEHbI TOABKO AASI CTen
2807 15,17 HOrO OpAa M OpPAA-MOIMAbHMKA,
(2489-3125) NpU4émM No pesyAbTaTaM aHaAu-
12733 19,25 3a 3MMHKUX BCTpey (banpaies u
(11448-14164) Ap., 20271; beaoycos u ap., 2021;
78 (65-91) 28, 30
26 0131 28’31 HallM  AdHHble) CKAAAbIBAETCS
21-31) ’ BeYaTAeHMe, YTO CTEMHOM OpéA
5657 16, 23,27,29 .
(4126-7918) yallle OCTaéTcs Ha XOAOAHBIX 3M-
179 (154-205) 9,17 MOBKaX, HO BO3MO>XHO 3TO WA-
6832  12,7,24,29 AIO3Msl, CBsI3aHHas C OOAbLLEN
(6377-7287) UMCAEHHOCTbLIO CTEerMHbIX OpPAOB
(1225 11432265) 22,24 M, COOTBETCTBEHHO, DOAbLLIEN MX
) BCTPEYaeMOCTblo  HabAloAaTeAs -
419 (373-464) 22,24 MU. A 6o Oro MnoAOpAMKaA
30056 . AbLLI AOPAMK
(26277-34711) 3MMOBKM B THE3AOBOM apeane
1191 26, 28 Ha paccmaTpuBaemMoi TeppuTo-
(1104-1278) pUn He M3BECTHbI, MO3TOMY HeT
402 (377-426) 13,26 OCHOBaHMSl CuMTaTb, UTO 3TOT
464 (431-497) 14, 26, 28, 29 BMA 3umyeT ceepHee Kaparay.
1510 (1470-1550) 3,26 B cBeTe aTOro MmeeT CMbICA Npu-
-1 26, 2
96 (66-106) 6,28 HATb  CAEAYIOLLIME  MOKasaTeAM
724 (623-825) 20, 26
OCTaHOBKM OPAOB Ha 3MMOBKY B
429 (413-445) 26, 28, 30 }
251 (230-273) 26, 28, 30 FHE3A0BOM apeane: AAS CTeanOro
2059 8, 26,28, 29 OpAa M OpAA-MOTMAbHMKA — 6%,
(2910-3012) B COOTBETCTBMM C pe3yAbTaTamu
1339 (1283-1390) 10, 26, 28 MPOCAEXXMBAHWS, AAS DOABLLIOIO
9365 noaopamka — 0.
(8927-9802) MToroBass oueHka YMCAEHHO-
345 (303-387) > CTU OPAOB, MWIPUPYIOLLMX OCe-
1643 (1559-1727) 1,2,3,4,5,7 K
Hblo yepe3 Kaparay, y4uTbiBaio-
266 (230-301) 6 as rmbeab NTMU Ha 1-i oceH
47 (38-57)  6,11,18, 21 tas "
2301 Hel MMrpaumMnm M OCTAHOBKM Ha
(2130-2472) 3MMOBKY B THE3AOBOM apeaae,
41722 npeacraBaeHa B TabA. 3. OcHoB-

(37334-46985)

HbIM MUrpaHTOM 4epe3 Kapatay

M3 OpPAOB B BMAY €ro HambOOAb-
L€ YNCAEHHOCTU ABASIETCS CTEMHON OPEA —
25548 (22336-29504) ocobeii — 70,83% oT
YMcAa OPAOB, NpoAeTaloLmnx Yepes Kaparay,
1 20,15% OT YNCAEHHOCTW MOMYASLIMOHHBIX
rpynnMpoBOK, accounmpoBaHHbix ¢ 3LITMK.
Chaeayiouiee Mecto no oOMAMIO MUIPUPYIO-
Lwmnx yepes KapaTay OpAOB 3aHMMaeT OpEéa-
MOMMABHMK — 8335 (7945-8724) ocobeu
— 23,11% OT uncAa OPAOB, MPOAETAIOLLIMX

many eagles are shifted westward relative
to the fall ones. For example, during fall mi-
gration from the natal region in Altai Terri-
tory (Russia) to the lower Indus (Pakistan),
the Greater Spotted Eagle Klangush passed
through the eastern part of Karatau 4 times,
while 5 of its spring migrations shifted to the
western end of Karatau, 302 km on average.
The shift of spring flights to the west is also
characteristic of Steppe Eagles, which cross
Karatau mainly in the eastern part in fall, and
in the western part in the spring. Eagles that
moved from Southeast Iran to South Iran in
winter often bypass Karatau from the west
during their spring migration. For example,
Steppe Eagle Uragan crossed Karatau in the
eastern and central parts on 4 fall migrations,
but only 1 of its spring migrations (the third)
passed through the western end of Karatau.
However, it is difficult to correct the west-
erly displacement of spring eagles’” migration
because it is compensated for by the spring
migration of birds that crossed the Trans-Ili
Alatau and the Karakorum in fall, and even at
the expense of birds returning from the Mid-
dle East and African wintering grounds. For
example, the female Steppe Eagle Aina, who
had never crossed the Karatau in fall, crossed
its western extremity on her 2" spring mi-
gration (our data); Creater Spotted Eagle,
marked during wintering in the UAE, mi-
grated for the summer to Central Kazakhstan
through Karatau (Strick et al., 2011). Our vis-
ual counts of Greater Spotted Eagles during
migrations through Karatau also show that in
spring they fly more in the western end of
Karatau than in fall (there is no data for the
rest of Karatau), but due to the small num-
ber of this species, it does not determine the
background number of migrating eagles. The
westerly shift of spring migrations relative to
fall ones is minimal for Eastern Imperial Eag-
les and does not exceed 100 km, therefore
it does not affect the estimate of the number
of spring migrants. Hence only Steppe Eagles
determine the background number of spring
migrants through Karatau. Consequently, we
rely mostly on this species when determin-
ing the proportion of birds bypassing Karatau
from the west during spring migration.

Out of the 14 eagles that started the 1+ spring
migration, 3 (21.43%) bypassed Karatau from
the west. However, taking into account com-
pensation due to migrants in the age group up
to 4 years old, this indicator can be reduced
by 3 times to calculate the number of spring
migrants flying through Karatau.

Thus, according to our calculations, the
number of spring migrants through Karatau
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M3yueHne nepHaTbIX XULLHUKOB

Taba. 3. OueHKa YMCAEHHOCTM OPAOB, MUIPUPYIOLLIMX Yepe3 KapaTay oceHbio. [1puHaTbie

cokpatuenus: AN — ctenHoii opéa (Aquila nipalensis),

AH — opéa-mormnabruk (Aquila heliaca), ACL — 60AbLuoii noaopank (Aquila clanga), PG — nonyasiLmoHHas rpynnmpoBka (KOAbl rpyrnupoBoK coOT-
BETCTBYIOT TaKOBbIM Ha pUC. 3), M — CMEPTHOCTb NMTHLL Ha OCEHHEN MUrpaLmmu A0 MOMeHTa nepecedenmns umu Kaparay, W — aoas nuu, octaio-

LUMXCS Ha «XOAOAHbIX» 3UMOBKax CeBepHee KapaTay.

Table 3. Population estimate of eagles migrating through Karatau in autumn. Abbreviations:

AN - Steppe Eagle (Aquila nipalensis), AH — Eastern

Imperial Eagle (Aquila heliaca), ACL — Greater Spotted Eagle (Aquila clanga), PG — Population group (codes of population groups correspond to
those in fig. 3), M — mortality of birds in autumn migration before their flight through Karatau, W — percentage of birds staying on «cold» winterings

north of Karatau.

YUMCAEHHOCTb NMTUL, AETALLMX B
pycae npoaéta k Kaparay
The number of birds migrating in

Bua the direction to Karatau
Species PG (M, min-max)
AN ANG6 2807 (2489-3125)
AN AN7 12733 (11448-14164)
AN AN8 78 (65-91)
AN AN9 26 (21-31)
AN AN10 5657 (4126-7918)
AN ANT1-12 179 (154-205)
AN ANT13 6832 (6377-7287)
AN ANT4 1325 (1225-1426)
AN AN15-16 419 (373-464)
CrenHsle opabl | Steppe Eagles 30056 (26278-34711)
AH AH10 1191 (1104-1278)
AH AH12 402 (377-426)
AH AH13 464 (431-497)
AH AHT4 1510 (1470-1550)
AH AH15 96 (86-106)
AH AH16 724 (623-825)
AH AH17 429 (413-445)
AH AH18 251 (230-273)
AH AH19 2959 (2910-3012)
AH AH20 1339 (1283-1390)
Opabi-mornabHuku [ Imperial Eagles 9365 (8927-9802)
ACL ACL-WS 345 (303-387)
ACL ACL-OIPF 1643 (1559-1727)
ACL ACL-TCH 266 (230-301)
ACL ACL-KASER 47 (38-57)
boAbLuMe noaopankm 2301 (2130-2472)
Greater Spotted Eagles

BCE OPAbI / TOTAL EAGLES 41722 (37335-46985)

YucaeHHOCTb NTHL,
npoaetaiowmx yepes Kaparay
The number of birds migrat-
ing across Karatau

% W, % (M, min-max)
9 6 2386 (2116-2656)
9 6 10823 (9731-12039)
9 6 66 (55-77)
9 6 22 (18-26)
9 6 4808 (3507-6730)
9 6 152 (131-174)
9 6 5807 (5420-6194)
9 6 1126 (1041-1212)
9 6 356 (317-394)
25548 (22336-29504)

5 6 1060 (983-1137)
5 6 358 (336-379)
5 6 413 (384-442)
5 6 1344 (1308-1380)
5 6 85 (77-94)
5 6 644 (554-734)
5 6 382 (368-396)
5 6 223 (205-243)
5 6 2634 (2590-2681)
5 6 1192 (1142-1237)
8335 (7945-8724)

5 0 328 (288-368)
5 0 1561 (1481-1641)
5 0 253 (219-286)
5 0 5 (36-54)

2186 (2024-2348)

36068 (32305-40577)

yepes Kapatay, n 42,97% OT UMCAEHHOCTH
MOMYASILMOHHBIX FPYMNNMPOBOK, aCCOLUMMPO-
BaHHbIX ¢ 3LITMK. MenbLue Bcero yepes Ka-
paTay AeTUT OOALLLOIO MOAOPAMKA, YTO CBS-
3aHO HE TOAbKO C MEHbLUEN YMCAEHHOCTbIO
3TOr0 BMAQ, HO M C DOAbLLIEM AOAEN MTUL U3
3anaaHoi Cnbupu, MUrpupylowmx Ha banx-
HMI1 BocTok. B ntore 4ncaeHHOCTb GOAbLLIMX
MOAOPAMKOB, TMPOAETAIOLLMX OCEHbIO Hepes
Kapatay, ouenunsaetcs B 2186 (2024-2348)
ocobeld, uTo coctaBasieT 6,06% OT uncaa op-
AOB, MpoAeTaloLLmx vepes Kaparay, 1 31,19%
OT UYMCAEHHOCTM MOMNYAAUMOHHBIX TPYMnu-

based on average half-year mortality of 3 eagle
species marked with trackers (death during
autumn migration and wintering), oversum-
mering at wintering sites, and bypassing Kara-
tau is 39.18% less than in fall for the Steppe
Eagle, 25.37% less for the Eastern Imperial
Eagle, and 21.54% less for the Greater Spot-
ted Eagle (fig. 5). Compensation for individu-
als that migrated east of Karatau in the fall
and went through Karatau in the spring was
taken into account for the latter species.

The final estimate of the number of eagles
migrating through Karatau in spring is pre-
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poBOK, accounnpoBaHHbix ¢ 3LUIMK. Takmum
00pasoM, UMCAEHHOCTb OPAOB TPEX BMAOB,
nepecekaiownx Kapatay Ha oceHHeil murpa-
umMm, oueHuBaeTca B 36068 (32305-40576)
ocoben.

YMCAEHHOCTb  BECEHHMX MUIPaHTOB de-
pes Kapatay CKAaAblBaeTCsi M3 OCEHHeM
YMCAEHHOCTM 32 BbIYETOM MTWL, NOrMOLIMX
Ha OCEHHEeM Murpaumu NocAe nepeceveHms
murpaHtamm Kaparay 1 Ha 3MMOBKax, MTULL,
OCTaBLUMXCS A€TOBaTb B MECTax MX 3MMOBKM
M NTUL, YLWEALLIMX B BECEHHIO MUIpaUmMio B
06xoa Kaparay.

M3 23 0pAOB, NMPOAOAKMBLUMX MUIPALMIO
Ha BoctouHo-MpaHckue n MHao-TlakucraH-
CKMe 3MMOBKM, accounmpoBaHHble ¢ 3LITMK,
nocae nepeceverns Kaparay 2 ntuusi (8,7%
— CTenHon Opén TyBMH 1 OPEA-MOTMAbHMK Ty-
paTai) BbiMaAK M3 NMPOCAEXKMBAHMS, NMPUHEM
cTenHoi opéa nornd Ha Kaparay, a opéa-mo-
MMABHMK MporaA B AdpraHucTaHe (yCAOBHO
Mbl €r0 CYMTaeM TalkoKe NOorMbLIMM, XOTS 3TO
HEe MOATBEPXKAEHO).

Aoctur 3uMOBOK 27T OpéA, HO 3 CTenHbIX
opAa (Pes, KpoH 1 XaH) He 3aKOHYMAM 3MMOB-
KY K MOMEHTY 00pabOTKM AAHHBIX AAS 3TOM
CTaTbM, MO3ITOMY HE aHAAM3MPYIOTCS B CMepT-
HOCTM MTUL Ha 3MMOBKax. Takum obpasom,
13 18 OpAOB, MPOBOAALLMX 3UMY Ha BocTou-
HO-MpaHCcknx 1 MHAo-TTakMCTaHCKMX 3MMOB-
Kax, accoummpoBaHHbix ¢ 3LUITMK, nornbamn
3 (16,67% — crentble opabl MTa u LLloiiry u
GOABLLON MOAOPAMK 3aBa, BCe B pe3yAbTare
nopa’keHns dIAeKTpoToKoM Ha ADI).

M3 15 OAaronoAy4yHO Mepe3mmoBaBLLIMX
opaos 1 nTunua (6,67% — cTenHoM opéA CuH)
OCTaAaCb Ha A€TO Ha MecTe 31MMOBKM B [Oro-
BocrouHom TypkmeHucTtaHe, n ToAbkO 14
OPAOB Ha4aAM BECEHHIOI0 MUTrpaLmio. AeTHue
NnepemMeLLeHns Ha CEeBEepPHOW rpaHuue 3um-
HEro apeasa M3BECTHbl TakXKe AAS DOAbLUMX
noaopankos (Greater Spotted Eagle Moscow,
2021; McGrady et al., 2021), HO He U3BeCTHbI
AASI OPAOB-MOTMABHMKOB, MO3TOMY AAS MO-
CAGAHMX Mbl HE MPUHUMAEM 3Ty NOMpPaBKy.

Kaszanoch Obl, AAS OLLEHKM YNCAEHHOCTH Be-
CeHHel mMurpaummn Yepes KapaTay aocTaTtou-
HO YUYMTbIBATb OTXOA MTULL HA 3UMOBKE M AOAIO
NTUL, KOTOpble OCTAlOTCH Ha AETO B 30He
31uMOBOK. OAHAKO KapTuHa BbIFASAMT Goaee
CAOXKHOW. [lyTn BeCeHHen MUrpaLmMm MHOImMX
OpPAOB CMELLEHbI B 3aMaAHOM HamnpaBAE€HUM
OTHOCMTEALHO MyTel OCEHHEeN MUIrpaLunu.
Tak, Hanpumep, OOAbLIOW MOAOPAMK KAaH-
ryla Ha OCeHHeW MUIrpaumMu u3 HaTaAbHOM
obAacTh B AATalickom kpae (Poccus) B HU30-
Bba MHaa (MakucraH) 4 pa3a NPOXOAUA Hepes
BOCTOYHYIO 4YacTb Kapartay, B TO Bpems Kak
5 ero BeCeHHMX MUrpaumii ObIAM CMeLLeHb

sented in table 4. As for the fall migration,
the main spring migrant through Karatau is
the Steppe Eagle at 15,536 (13,584-17,942)
individuals — 66.19% of the number of eagles
flying through Karatau (60.82% of the pop-
ulation during the fall migration). The next
place is occupied by Eastern Imperial Eagle at
6,220 (5,931-6,510) individuals — 26.50% —
of the number of eagles flying through Kara-
tau (74.63% of the population during fall
migration). And in last place is the Greater
Spotted Eagle at 1,716 (1,588-1,843) indi-
viduals, of which 7.31% of the number of
eagles flying through the Karatau (78.46% of
the population during the fall migration). The
number of three eagle species crossing Kara-
tau during the spring migration is estimated
at 23,472 (21,103-26,295) individuals,
which is 65.08% of the number of migrating
eagles in fall (fig. 6).

Data on the eagles’ survival rate in the first
migration cycle for the entire pool of tracked
birds, including those that did not migrate
through Karatau, is presented in fig. 7.

Eagle distribution while crossing Karatau
during fall and spring migrations

Analysis of eagle track density (Kernel-
method, R=100 km, points along the track
distributed every 1 km) showed the impor-
tance of the Karatau on the scale of the en-
tire WCHMC (fig. 8). The zone of increased
migration density (fall and spring in total)
stretches in a rather narrow strip 200-250 km
wide from the Chu-Ili mountains in Kazakh-
stan through Karatau, Nuratau (Uzbekistan),
southeast of Turkmenistan to the break be-
tween the Kopet Dag (Turkmen-Khorasan)
mountains and Paropamiz at the Iranian-Af-
ghan border. The centers of maximum track
density in this migration corridor lie on both
sides of the eastern Karatau, which is deter-
mined not only by migration but also by the
summer and winter movements of eagles in
the passage.

Complete mapping of the tracks of eagles
1 to 4 years of age from the populations as-
sociated with WCHMC showed the following
(fig. 9):

— during fall migration Steppe Eagles fly in
a wide front across the entire Karatau, and
about 10% of migrants from western nesting
groups pass between the southwestern slope
of Karatau and the Syr Darya valley; the dis-
tribution of migrants in the Karatau is uneven,
and 80% of birds fly through the eastern and
central parts of Karatau including the western
end of the Trans-Ili Alatau (possibly up to 60%
of Steppe Eagles that have chosen the route
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K 3arnaaHoM okoHedyHocTu Kapartay, B cpea-
Hem Ha 302 km. CmelueHne BeceHHMX npo-
AETOB B 3aMaAHOM HarnpaBAEHWMM XapakTep-
HO M AASI CTEMHBIX OPAOB, KOTOPbIE OCEHbIO
nepecekalotT Kapartay npeuMmyLLeCTBEHHO B
BOCTOYHOM 4aCTW, a BECHOW — B 3aMaAHOM.
OpAbl, nepemecTmBLIKECH B 3UMHEE Bpems
n3 lOro-BoctouHoro Mpana B IOXHbIN, ya-
CTO Ha BeCeHHen Murpaumnm ooxoadrt Kapatay
C 3anaaa. Hanpumep, ctenHoi opéa YparaH
Ha 4-X OCEHHMX MUrpaumsax nepecekan Kapa-
Tay B BOCTOYHOM M LEHTPAAbHOM 4aCTu, HO
AULLb OAHA €0 BECEHHSAS MUIPaLMs, MPUUEM
TOAbKO 3-9, MPOLUAA Yepes 3amnaAHylo OKO-
HeyHocTb Kapatay. OaHako nonpasky Ha 3a-
MaAHOE CMellleHWe BeCeHHEe! Murpaumnm op-
AOB KOPPEKTHO CAGAATb CAOXKHO M3-3a TOro,
YTO OHa KOMMEHCMPYETCH 3a CYET BECEHHEro
NPOAETa NTULL, KOTOPbIE OCEHbIO NepeceKam
3anAniickmnii Aaatay m Kapakopym, un aaxe
3a CYET MTUL, BO3BPaALLAOLIMXCA C bAnKHe-
BOCTOUHbIX M ACPPUKAHCKMX 3MMOBOK. Tak,
Hanpumep, camka CTenHoro opaa AiiHa, Hu
pa3y He nepecekasluas KapaTay oceHbio, Ha
CBOEW 2-ii BECEHHEW MUrpaumn rnepecekaa
€ro 3araAHyl0 OKOHEYHOCTb (HalLM AaHHbIE);
BOABLLON MNOAOPAMK, MOMEYEHHDIN HA 3UMOB-
ke B OAD, MUrpMpoBaA Ha AeTo B LleHTpans-
Hbili KazaxctaH yepes Kaparay (Strick et al.,
2011). Takke » HawKW BU3yaAbHble Y4YETb
BOABLLMX MOAOPAMKOB Ha MUIpauLmMsx Hepes
Kapartay nokasblBaloT, 4TO BECHOM B 3anaa-
HOM okoHe4HocTH KapaTay nx AeTut OoAbLue,
Yem OoCeHblo (Mo OCTaAbHOW 4acTm Kapatay
AQHHBIX HET), HO M3-3a HE3HAYUTEALHOW YKC-
AEHHOCTM 3TOrO BMAA OHa HE ornpeaeAser
POHOBYIO YUCAEHHOCTb MUIPUPYIOLLNX Op-
AOB. AASt OPAOB-MOIMABHMKOB 3aMaAHOe CMe-
LIEHWEe BECEHHUX MUIpaLnii OTHOCMTEAbHO
OCEHHMX MMHMMAAbHO M He npesbiwaeT 100
KM, MO3TOMY HE BAMSET Ha OLEHKY Y4MCAEH-
HOCTM BECEHHMX MUIpaHTOB. CAeroBaTeAb-
HO, TOAbKO CTErHbIE OPAbI OrMpeAeAsiioT ho-
HOBYIO YMCAEHHOCTb BECEHHWX MMWIPaHTOB
yepe3 Kapatay. [o3aToMy npu onpeaeaeHmm
AOAKM NTHL, 06xoadmnx KapaTay c 3anaaa Ha
BECEHHEeW MMIpaumm, Mbl Onupaemcs npak-
TUYECKM TOABKO Ha 3TOT BUA.

M3 14 opAOB, HayaBLUMX MEPBYIO BECEH-
HIOIO Murpaumio, 3 (21,43%) obowian Kapa-
Tay C 3anaaa, HO, y4MTbIBas KOMMNEHcaUmio 3a
CHYET MUIPaHTOB B BO3PACTHOM rpynne Ao 4-x
AT, MOXKHO B 3 pasa CoKpallaTb 3TOT MoKa-
3aTeAb AAS PacyéTa YMCAEHHOCTM BECeHHMX
MUrpaHTOB Yepe3 Kaparay.

Taknm ob6pasom, B HalMX pacyérax 4mc-
AEHHOCTb BECEHHMX MWrpaHToB 4yepe3 Ka-
paTay B COOTBETCTBMM C YCPEAHEHHbLIM MO-
AYrOAOBbIM OTXOAOM 3-X BMAOB OPAOB, MO-

through Karatau can fly through Chokpak);
Steppe Eagle spring migration routes are
displaced in the western direction, about
50% of migrants account for the eastern half
of Karatau, 30% of eagles pass through the
western part of the ridge, and 20% through
the center (in total, about 60% of Steppe
Eagles pass through the Western, Central,
and west of Eastern Karatau during spring
migration);

— in fall, Eastern Imperial Eagles fly
through the central and eastern parts of
Karatau, including the western end of
Trans-lli Alatau, with 80% of birds passing
the southeast of Karatau in the Chokpak re-
gion; spring migration follows an identical
route, but the same 80% of migrants are
distributed throughout the entire eastern
half of Karatau;

— during fall migrations Greater Spotted
Eagles fly in a wide front across the entire
Karatau (as well as bypassing it from the west
and through the Trans-Ili Alatau), but there
is not enough data to calculate the propor-
tion of birds passing through the eastern half
of Karatau (it is likely more attractive than
western); during spring migrations Greater
Spotted Eagles are distributed throughout
the Karatau with the greatest concentration
in its western part; based on the tracking of
Greater Spotted Eagle Klangush, key bird
areas at Telikol Lakes (KZ068) and Lakes in
the lower reaches of the Chu river (KZ069)
lying at the northwestern tip of Karatau are
important stopping places for Greater Spot-
ted Eagles during spring migrations and even
the summering of first-year birds.

Eastern Karatau is the leader in the number
of eagles passing through it in fall: 83.39% of
the track segments of 3 eagle species (261 out
of 313) are concentrated here, while the west-
ern part of Karatau accounts for 9.27%. How-
ever, in spring fewer eagles fly through the
eastern part of Karatau — 51.16% of track seg-
ments of 3 eagle species (66 out of 129), and
more fly through the western part — 30.23%
(fig. 10).

The results of the analysis of the eagles’
tracks density (Kernel method, R=20 km,
distribution of points along the track every
0.1 km) and grid mapping shown in fig. 11
demonstrate zones of increased density and
the number of points and tracks in cells dur-
ing the eagles’ migratory movements through
Karatau (movements at stops are excluded
from analysis).

The importance of Karatau is not only de-
termined by the passage of a large number of
birds in a rather narrow zone of the eastern
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Fig. 6. Population
estimate of eagles
migrating through
Karatau in autumn and
spring.

MeYeHHbIX Tpekepamu (rmbeAb Ha OCeHHeMl
MUIPALIMK 1 3UMOBKE), 3aA€PXKKOW MTULL Ha
AETO B MeCTax 3MMOBKM M MUrpaumen B o0-
xoa Kapartay MeHblue oceHHeit Ha 39,18%
AASI CTEMHOIO 0pAa, Ha 25,37% AAst OpAa-mo-
MMABHMKA M Ha 21,54% AAst HOABLLIOTO MoAOp-
AMKa (puc. 5). AAS MOCAEAHErO BMAA yyTeHa
KOMMEeHcaums 3a CHET 0COOeN, OCEHbIO M-
rPUpPOBaBLUMX BOCTOYHee KapaTy, a BeCHOM
— oTnpasmBLUKXCS Yepe3 Kaparay.

MToroBasi oueHKa 4YMCAEHHOCTU OpPAOB,
MUIpUPpYIOLLMX BeCHOM Yepes KapaTay, npea-
craAeHa B TaOA. 4. OCHOBHbIM BECEHHUM MK-
rpaHToM uepes Kapartay 13 OpAOB, Kak U Ha
OCEHHEN MUIPaLMM, SABASETCA CTEMHON OpPEA
— 15536 (13584-17942) ocobeit — 66,19%
OT 4YMCAA OpAOB, MpoAeTaloLIMX Yepe3 Ka-
patay (60,82% OT YMCAEHHOCTM B OCEHHIOIO
murpaumio). Caeayiouiee MecTo 3aHMMaeT
OPEA-MOTUABHMK — 6220 (5931-6510) oco-
Heit —26,50% OT YMCAQ OPAOB, MPOAETAIOLLNX
uepe3 Kapatay (74,63% OT UMCAEHHOCTM B
OCEHHIOI0 Murpaumio). M Ha nocaeaHem me-
CTe HaxoAMTCS OOAbLLOW MOAOPAMK — 1716
(1588-1843) ocobeit, uto coctasasiet 7,31%
OT YMCAA OpAOB, MpoAeTaloLIMX Yepe3 Ka-

30000

Puc. 5. [Nokaszatean CMepTHOCTH, AeTOBKM B 3UMHEM
apeane u CMeLLEeHUs MUTPALMOHHBIX MAPLLPYTOB AAS
OLIEHKN YACA@HHOCTU BECEHHUX MUIPaHTOB Yepe3
Kaparay.

Fig. 5. Rates of mortality, summering in winter range
and shifts of migration routes to estimate the population
of spring migrants through Karatau. Legend: A — died
during autumn migration south of Karatau, B — died
during wintering, C — stayed for summer in the wintering
zone, D — changed migration route against the autumn
one and either flew around Karatau or through it.

Karatau but also by their numerous stops, both
for a night and a few days, on the ridge and
along its periphery, especially on the south-
eastern trail (fig. 12).

Eagle migration parameters through
Karatau

Most eagles cross Karatau southwestward
during the fall migration (fig. 13, table 5). The
range of 180-315° contains 81.35% of hour-
ly segments of bird tracks crossing Karatau
(n=311). During fall migration, Eastern Impe-
rial Eagles (n=55) move mainly in the direc-
tion from 225 to 285° (67.27%); Steppe Eagles
(n=244) - in a wider range, from 195 to 315°
(78.69%); Creater Spotted Eagles (n=13), on
the contrary, in a narrower range, from 180 to
225° (53.85%), which, however, may be to a
lack of data. In the directions range from 180
to 315° 51.72% of eagle track segments lie
in the western part of Karatau (15 out of 29),
and 83.14% — in the eastern part (217 out of
261). At the same time, eagles pass central
Karatau mainly in the direction of 240-270°
- 60.87% of track segments (14 out of 23).
No reliable difference in movement directions
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Taba. 4. OLieHKa 4MCAEHHOCTH OPAOB, MUTpUPyIOLLIMX Yepe3 KapaTay BecHoi. [TpunsTeie cokpatuenms: AN — cterHoii opéa (Aquila nipalensis),
AH — opéa-mormnabruk (Aquila heliaca), ACL — 60AbLuoii noaopank (Aquila clanga), PG — nonyasiLmonHas rpynnmpoBka (KOAbl FpyrnupoBoK co-
OTBETCTBYIOT TaKOBbIM Ha pyuC. 3), MA — CMEePTHOCTb NTHLI Ha OCEHHEe! MurpaLmm NocAe nepeceqeqms umm Kaparay, MW — cmepTHOCTb UL Ha
3UMOBKE, S — AOAS MTHLI, OCTAIOLLMXCS Ha AETO Ha 3uMOBKax loxxHee Kapatay, T — AoAs nTuu, AeTsiumx B obxoa Kapatay, K — komnercaums 3a c4ér
ATUL, AETALLMX BECHOM Yepe3 KapaTay, HO OCeHbIO ACTEBLLMX APYTMMMU MapLLPYTamu.

Table 4. Population estimate of eagles migrating through Karatau in spring. Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Eastern
Imperial Eagle (Aquila heliaca), ACL — Greater Spotted Eagle (Aquila clanga), PG — Population group (codes of population groups correspond to
those in fig. 3), MA — bird mortality in autumn migration after flying through Karatau, MW — bird mortality on wintering, S — percentage of birds
staying in summer on wintering grounds south of Karatau, T — percentage of birds flying around Karatau, K — compensation due to birds flying
through Karatau in spring, but by other routes in autumn.

YucaeHHOCTb NMTUL,
npoaAetarowmx yepes Kaparay

YncaeHHOCTb NTUL,
NpoAETaIoLIMX Yepes

OCeHbIO Kaparay BecHoii

Birds migrating across Karatau Birds migrating across Kara-
Bua in autumn tau in spring
Species PG M, min-max) MA,% MW, % S,% T,% K, % (M, min-max)
AN AN6 2386 (2116-2656) 8.7 16.7 6.7 21.4 143 1451 (1287-1615)
AN AN7 10823 (9731-12039) 8.7 16.7 6.7 21.4 143 6582 (5918-7322)
AN ANS 66 (55-77) 8.7 16.7 6.7 21.4 143 40 (33-47)
AN AN9 22 (18-26) 8.7 16.7 6.7 21.4 143 13 (11-16)
AN AN10 4808 (3507-6730) 8.7 16.7 6.7 21.4 143 2924 (2133-4093)
AN ANT1-12 152 (131-174) 8.7 16.7 6.7 21.4 143 92 (80-106)
AN AN13 5807 (5420-6194) 8.7 16.7 6.7 21.4 143 3532 (3296-3767)
AN AN1T4 1126 (1041-1212) 8.7 16.7 6.7 21.4 143 685 (633-737)
AN AN15-16 356 (317-394) 8.7 16.7 6.7 21.4 143 217 (193-240)
CrenHblie OpAbI 25548 (22336-29504) 15536 (13584-17942)
Steppe Eagles
AH AH10 1060 (983-1137) 8.7 16.7 0 0 0 791 (734-849)
AH AH12 358 (336-379) 8.7 16.7 0 0 0 267 (251-283)
AH AH13 413 (384-442) 8.7 16.7 0 0 0 308 (287-330)
AH AH14 1344 (1308-1380) 8.7 16.7 0 0 0 1003 (976-1030)
AH AH15 85 (77-94) 8.7 16.7 0 0 0 63 (57-70)
AH AH16 644 (554-734) 8.7 16.7 0 0 0 481 (413-548)
AH AH17 382 (368-396) 8.7 16.7 0 0 0 285 (275-296)
AH AH18 223 (205-243) 8.7 16.7 0 0 0 166 (153-181)
AH AH19 2634 (2590-2681) 8.7 16.7 0 0 0 1966 (1933-2001)
AH AH20 1192 (1142-1237) 8.7 16.7 0 0 0 890 (852-923)
OpAbI-MOTMAbHUKM 8335 (7945-8724) 6220 (5931-6510)
Imperial Eagles
ACL ACL-WS 328 (288-368) 8.7 16.7 6.7 10.7 21.2 257 (226-289)
ACL ACL-OIPF 1561 (1481-1641) 8.7 16.7 6.7 10.7 21.2 1225 (1162-1287)
ACL ACL-TCH 253 (219 286) 8.7 16.7 6.7 10.7 21.2 198 (172-224)
ACL ACL-KASER 5 (36-54) 8.7 16.7 6.7 10.7 21.2 35 (28-42)
boAbLLIMe NOAOPAMKH 2186 (2024-2348) 1716 (1588-1843)
Greater Spotted Eagles
BCE OPAbI 36068 (32305-40577) 23472 (21103-26295)

TOTAL EAGLES

patay (78,46% OT YNCAGHHOCTM B OCEHHIOI0
MUIPaLIMIO). YUCAEHHOCTb OPAOB TPEX BUAOB,
nepecekalownx Kaparay Ha BeCeHHen Murpa-
umu, oueHmBaeTcs B 23472 (21103-26295)
ocobel, uto coctaBasieT 65,08% OT 4YMCAEH-
HOCTM MUFPUPYIOLLIMX OPAOB OCEHbIO (pUC. 6).

Ha puc. 7 npeactaBAeHbl AdHHbIE MO BbIXKK-
BA€MOCTM OPAOB B MEPBbIA MUIPALMOHHbIN

between eagle species was found, although it
was reliable between Eastern Imperial Eagles
and Steppe Eagles (T=493, Z=2.32, p=0.02)
and between Steppe Eagles and Greater Spot-
ted Eagles (T=14, Z=2.2, p=0.03). At the
same time, there is a reliable difference be-
tween eagles’ movement directions during the
fall flight in eastern and central Karatau (T=0,



Raptor Research

Raptors Conservation 2021, 43 133

XXuBbI, HO eLlé He
3aKOH4YMNU 1-10
3umoBky (E); n=5; 15%

Havanu 1-10 BeceHHIOO
murpauumto (D);
n=18; 52%

40° 50°

MoruGnu B xoge 1-i
OoCeHHell MUrpauum B
rHesgoBoMm apeane (A);
n=3; 9% Morn6nu B xopne 1-#
OoCeHHeW MUrpauum 3a

npegenamu rHe3goBoro
apeana (B); n=2; 6%

Morn6nu Ha 1-i
3umoeke (C); n=6; 18%

LIMKA MO BCEMY MYAY MPOCAEXMBAEMbIX MTULL,
BKAIOYad TeX, KOTOPble HE MUITPUPOBAAU Ye-
pe3 Kaparay.

Pacnpeaeaenne oparoB BO Bpems nepece-
yeHnss umun Kaparay Ha oceHHel u BeceH-
Heli Murpaumsx

AHaAM3 MAOTHOCTM Tpekos opAos (Kernel-
meToa, R=100 KM, pacnpeaeaeHne To4eK Mo
Tpeky yepe3 T Km) noka3aa BakHOCTL Kapatay
B MacLuTabax scero 3LIMMK (puc. 8). 3oHa no-
BbILUEHHOM MAOTHOCTM OPAOB Ha MMrpauLmsx
(OCEHHAa 1 BECEHHAa B CyMMe) TSHETCS AO-
CTaTOYHO Y3KOM NMOAOCOM LmpuHOK 200-250
Km oT Yy-Maniickmx rop B KaszaxcraHe vepes
Kapatay, Hypatay (Y36ekncraH), 1oro-BocTok
TykmeHuCTaHa K NpopbIBy mexay TypkmeHo-
XopacaHckumum ropamu u lNaponammnsom Ha
MpaHo-AdpraHckoii rpanuue. Ouarm mMakcu-
MaAbHOW MAOTHOCTM TPeKOB B 3TOM MMUrpa-
LIMOHHOM KOpMAOpE AexKaT no 06e CTOPOHbI
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Puc. 7. BoikmBaemoCTb OPAOB C Tpekepamu B MepBbiit
FOA JKM3HM AO Ha4aAa rnepBoi BeCeHHel M1rpaumm
(E — opAbl, nomeydeHHble 8 2021 ).

Fig. 7. Survival rate of eagles with trackers in 1 year of
lite before 1% spring migration. Legend: A — died during
1t autumn migration in the breeding range, B - died
during 1% autumn migration outside the breeding range,
C —died during 1* wintering, D — started 1% spring
migration, E — alive, but not yet finished 1 wintering
(eagles tagged in 2021).

Z=4.2, p=0.000), western and central Kara-
tau (T=0, Z=4.2, p=0.000), and western and
eastern Karatau (T=0, Z=3.0, p=0.000).
During spring migration, eagles mainly
move through Karatau in a northeastern di-
rection. The proportion of birds flying to the
northwest (mostly through western Karatau) is
already noticeable (fig. 13, table 5). 59.38%
of the hourly segments of bird tracks crossing
Karatau (n=128) are in the range of 1-90°,
and 32.81% in the range of 241-360°. Dur-
ing spring migration, Eastern Imperial Eagles
(n=33) move mainly in the direction from
16 to 105° (90.91%). Greater Spotted Eagles
(n=7) move in the range from 300 to 360°
(71.43%). But among Steppe Eagles (n=88),
53.41% of birds move in the directions range
from 15 to 90° and 31.82% - from 255 to
345°. In western Karatau, 58.97% of eagle
track segments (23 out of 39) lie in the di-
rections range between 270 and 360°, in the
eastern part — 78.79% (52 out of 66) — in the
directions range between 1 and 90°. 48.53%
of the segments of eagle tracks (11 out of 24)
in the central Karatau in the directions range
from 30 to 75° The difference in move-
ment directions is reliable between Eastern

Puc. 8. Kapta nAOTHOCTI MUIPUPYIOLLIMX CTEMHbIX
OPAOB, OPAOB-MOIMALHUKOB M GOALLLMX MOAOPAMKOB

B CyMMe Ha OCeHHEN 1 BeCeHHel MurpaLmm (BKAIo-

uasi ocTaHoBKM) B 3anasHom Linpkym-limanarickom
MUIPALIMOHHOM KOPUAOPE. YCAOBHbIE 0O03HaYeHMS:

A — rpanuuel ctpaH, B — >Kanatacckas BOC, C — xpebet
Kapartay, D — nAOTHOCTb TOUEK OPAMHBIX TPEKOB Ha 1 KM’
(Toukm pacripeaeseHbl no Tpeky vyepe3 1 km), E — Boso-
EMbl.

Fig. 8. Map of the density of migrating Steppe Eagles,
Imperial Eagles, and Greater Spotted Eagles in total
autumn and spring migration (including stops) in the
Western Circum-Himalayan Migration Corridor. Legend:
A — borders of countries, B — Zhanatas WPP, C — Karatau
Ridge, D — density of eagle track points per 1 km? (points
are distributed along the track in 1 km), E — waters.
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Puc. 9. Cxema oceHHel n BeCeHHek MUrpaLmii CTernHbiX OPAOB, OPAOB-MOIMALHMKOB M OOAbLLUMX MOAOPAMKOB B 3anaaHoM LInpkym-limanaickom
MMUIPaLMOHHOM KOPHAOPE. YCAOBHbIe 0003HaveHus: 1 — rpaHnubl ctpaH, 2 — XKanatacckas BOC, 3 — xpebet Kapatay, 4 — 30HbI C pa3AMyHOMI
AOAE# NTUL, MPOAETAIOLLIMX B MX MPAHMLIAX BO BPEMS MUIPaLIMK.

Fig. 9. Schematic of autumn and spring migration of Steppe Eagles, Imperial Eagles and Greater Spotted Eagles in the Western Circum-Himalayan
Migration Corridor. Legend: 1 — borders of the countries, 2 — Zhanatas WPP, 3 — Karatau Ridge, 4 — zones with a different percentage of birds flying
within their borders during migration.

BOCTOUYHOro Kaparay, 4To onpeaeAsieTcs He
TOABKO MUIpaLMeit, a TaKkKe AE€THUMM U 3UM-
HMMM MepemeLLEeHMsaIMU OPAOB B KOpMAOPEe
npoAéra.

MoAHOe KapTorpadpmMpoBaHue TPekoB op-
AOB 1—4 rOAOB XXM3HU U3 MOMYAALMI, aCCOLIM-

Imperial Eagles and Steppe Eagles (T=106,
Z=3.12, p=0.002), and Eastern Imperial
Eagles and Greater Spotted Eagles (T=0,
Z=2.37, p=0.02) but not reliable between
Steppe Eagles and Greater Spotted Eagles
(T=6, Z=1.35, p=0.2). A significant reliable
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Puc. 10. Anarpamma
OCEeHHeMN 1 BeCeHHeM
MUIPALII OPAOB Yepe3
3anaaHyio (W), ueH-
TpasbHyio (C) n BOCTOY-
Hyto (E) uactu Kaparay
(MO YUMCAY CErmMeHTOB
TPEKOB).

Fig. 10. Diagram of
autumn and spring
migrations of eagles
through western (W),
central (C), and eastern
(E) parts of Karatau

(by numbers of track
segments).

nposaHHbix ¢ 3LUIMK, nokasaa caeayouwlee
(puc. 9):

— CTerHble OPAbl Ha OCEHHEeX MUrpaumu
AETSIT LIMPOKMM ppoHTOM Yepe3 Becb Ka-
patay, a okoro 10% MMIPaHTOB M3 3araAHbIX
THE3AOBbLIX PYMMUPOBOK MPOXOAAT MEXKAY
IOro-3araAHbIM CKAOHOM Kapatay 1 AOAMHOM
Cbipaapbu; pacnpeaeseHne MUrpaHToB B Ka-
patay He paBHOMepHO 1 80% NTHL NpoAeTa-
€T 4epe3 BOCTOUHYIO M LEHTPAAbHYIO 4acTb
KapaTay ¢ 3axBaTOM 3anasHOW OKOHEYHO-
cTu 3amnaniickoro Aaatay (BeposiTHo A0 60%
CTEMHbIX OPAOB, BbIOpPaBLUMX MapLUPYT Yepes
Kaparay, MOXeT AeTeTb vepe3 Hoknak); nytu
BECEHHEN MUIpaLnm CTEMHbLIX OPAOB CMeLLe-
Hbl B 3aMaAHOM HarpaBA€HUMM M Ha BOCTOY-
HYI0O MOAOBMHY KapaTay NpMXOAMTCS OKOAO
50% murpaHToB, 30% OPAOB MPOXOASIT Ye-
pe3 3anaaHyto 4actb xpedTa u 20% — uepes
LeHTp (B cymme yepes 3anaaHbii, LleHtpans-
HbIM 1 3anaa BoctouHoro Kapatay npoxoamt
OKOAO 60% CTEMHbIX OPAOB Ha BECEHHEW MM-
rpaunm);

— OPAbI-MOIMAbHUKM OCEHbIO AETAT Hepes
LeHTPaAbHYIO M BOCTOYHYIO 4acTu Kapartay
C 3aXBaTOM 3aMaAHOM OKOHEYHOCTM 3anAni-
ckoro Aaatay, npuuém 80% NTULL MPOXOAUT
yepes 1ro-eocTok Kapartay B parioHe “Hok-
MaKa; BECEHHAS MUIPALMA AEXKUT B TOM XKe
pycae npoaéta, HO Te ke 80% MUIrpaHTOB
YXKe pacrnpeaeadioTcs Mo BCel BOCTOYHOM
noAosuHe Kaparay;

— 6OAbLUME MOAOPAMKM Ha OCEHHEM Mpo-
AETe, BMAMMO, AETSIT LUMPOKUM C(DPOHTOM
yepe3s Bech Kaparay (a Takoke B 00X0A ero ¢
3anaaa v vepes 3auAMICKUiA AAatay), OAHaKO
AAHHbIX BHO HE XBaTaeT, YTOObl MOCYUTaTb,
KaKOBa AOAS MTUL, MPOXOASALLMX Yepes BOC-
TO4YHYI0 MoAoBMHY KapaTay (Becbma Bepo-
ATHO, YTO OHa OoAee MpUBAEKATEAbHA, HYeMm
3anaaHas); BECHOM MOAOPAMKM pacripesess-
I0TCA Ha MUIpaumnK no Bcemy Kaparay ¢ Hau-
GOAbLIEN KOHLEHTpauMei B ero 3anaaHou
yactn. Cyas MO NPOCAEKMBAHMIO MOAOPAMKA
KAaHrywim,  KAlO4YeBble  OPHUTOAOTMYECKME

OceHHaa murpaums / Autumn migration

W; n=29; 9.3%

C; n=23;7.3%

E; n=66; 51.2%

E; n=261; 83.4%

difference was also found in the directions of
eagles’ spring movements in the eastern and
western parts of Karatau (T=107.5, Z=3.81,
p=0.000), and an unreliable difference
in the eastern and central parts of Karatau
(T=74,Z=2.17, p=0.03).

Some birds move along the axial part of the
ridge both in fall and spring (see fig. 12), but
the proportion of such movements does not
exceed 14.29% (10 passes out of 70).

Eagle speed during migration is defined by
the alternation of soaring and rising in ther-
mals. Eagles fly much more slowly when pass-
ing over mountainous obstacles than when
overflying plains, as they are forced to regu-
larly gain altitude. The decrease in average
migration speed is also significantly affected
by stops in the mountains while crossing
them. Even if we exclude the eagles’” move-
ment at stops, as well as track segments at
speeds below 5 km/h, a whole pool of track
segments before and after stops remains
when the birds are forced to slowly descend
or, on the contrary, rise from the ground and
gain altitude. These moments have an impact
on the decrease in the average migration
rate, but it is not possible to filter them out at
the frequency of tracking locations every 30
minutes — T hour.

During migration through Karatau, eagles’
movement speed varies widely from 5 to 90.1
km/h, averaging (n=548) 24.84+15.35 km/h.
Moreover, eagles definitely fly faster (from
5.20 to 90.1 km/h, on average 27.77+17.22
km/h, n=180) during spring migration than in
the fall (from 5.0 to 78. 69 km/h, on average
23.4+14.15 km/h, n=368) with a reliable dif-
ference (T=1271, Z=9.82, p=0.0000).

There are also differences in migration rates
between species. Thus, larger Eastern Impe-
rial Eagles fly through Karatau at a speed
of 5.51-74.77 km/h, on average (n=112)
18.24=11.49 km/h while the average move-
ment speed of smaller Steppe Eagles is reliably
higher (T=526, Z=7.66, p=0.0000) and is

BeceHHaa murpaums / Spring migration

W; n=39; 30.2%

n=129

C; n=24;18.6%
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Puc. 11. [TAOTHOCTb TpeKoB (A) u pe3yAbTaTbl CETOYHO-
o KapTMpoBaHMs MUrpaLmii opaos Yepe3 Kapartay o
unCAy Todek B sHerike (B) n uncay nporéros ntuu depes
sueliky (C). [TAOTHOCTb TOYeK OPAMHBIX TPEKOB Ha T kM’
(TOYKM pacripeAeneHbl o Tpeky Yepes 1 km). YCAOBHbIe
obosHaqenus: 1 —Kanatacckas BOC, 2 — xpebet Kaparay.

Fig. 11. Track density (A) and results of grid mapping

of eagle migrations through Karatau by the number of
points in a cell (B) and the number of bird flights through
a cell (C). Legend: 1 — Zhanatas WPP, 2 — Karatau Ridge,
3 —density of eagle track points per 1 km? (points are
distributed along the track in 1 km), 4 — number of track
points in a cell, 5 — number of tracks in a cell.

(n=397) 26.41+15.74 km/h (from 5.0 to 90.1
km/h). Greater Spotted Eagles are the smallest
of the considered group of species and move
at a speed of 6.59 to 79.95 km/h, on average
(n=39) 27.81+16.12 km/h, which is signifi-
cantly higher than the speed of Eastern Impe-
rial Eagles (T=18, Z=5.19, p=0.0000) and
Steppe Eagles (T=10, Z=5.3, p=0.0000).

The difference between movement speed of
the 3 eagle species during the fall and spring mi-
grations is shown in table 6 and fig. 14.

The difference in the movement speed of
different sexes of Steppe Eagles during migra-
tions was described earlier — females, despite
their heavier weight, showed higher speeds
than males (Karyakin et al., 2019e). During
flight through Karatau, female Steppe Eagles
also showed higher speeds (n=119, on aver-
age 28.62+17.56 km/h, lim 5.23-90.1 km/h)
than males (n=278, on average 25.46+14.82
km/h, lim 5.0-77.5 km/h, T=487, Z=8.18,
p=0.0000), as well as in fall (females:
n=70, on average 26.08+15.97 km/h, lim
5.92-78.69 km/h, males: n=220, on aver-
age 25.0%14.02 km/h, lim 5.0-77.5 km/h,
T=0, Z=7.27, p=0.0000), and in spring (fe-
males: n=49, on average 32.25+19.21 km/h,
lim 5.23-90.1 km/h, males: n=58, on aver-
age 27.2+17.57 km/h, lim 5.2-74.36 km/h,
T=25, Z=5.77, p=0.0000) (fig. 14). It can
be expected that the speed of females on mi-
grations is also higher than that of males for
Eastern Imperial Eagles and Greater Spotted
Eagles; however, there is not enough data to
test the hypothesis for these species.

No significant difference in the movement
speed of the eagles relative to orography or
movement direction was found. Maximum
speeds are typical for birds crossing the axial
part of Karatau or flying along its western end
without stopping (fig. 15). A more significant
influence on movement speed is exerted by
the direction and strength of the wind, both of
which vary greatly from season to season.
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68°

MOAOPAMKOB Ha BECEHHEM MPOAETE U Aaxe
AETOBKM MEPBOrOAOK.

BocTouHbiii Kapatay no cymme npoxoas-
LLIMX Y€PE3 HEr0 OCEHbIO OPAOB ABHO AUAMPY-
eT — 3AeCb COCPeAOToYeHO 83,39% cermeH-
TOB TPEKOB OPAOB 3-X BMAOB (2671 n3 313),
B TO BPeMs Kak Ha 3araAHyio 4actb Kaparay
npuxoantcs 9,27%. Ho yxe BecHoi uepes
BOCTO4YHYIO YacTb Kaparay AeTUT MeHbLue op-
AoB — 51,16% CerMeHTOB TPEKOB OPAOB 3-X
BMAOB (66 13 129), a yepe3 3anaaHyio — OOAb-
we — 30,23% (puc. 10).

AHaAM3 MAOTHOCTM TpekoB opaos (Kernel-
Metoa, R=20 kM, pacnpeseseHne To4ek Mo
Tpeky yepe3 0,1 KM) M CETOUYHOE KapTUpOBa-
HMe, pe3yAbTaTbl KOTOPbIX MPEACTABAEHbI Ha
puc. 11, HarAsIAHO A@MOHCTPUPYIOT 30HbI MO-
BbILLEHHOM MAOTHOCTM M KOAMYECTBA TOYEK M
TPEKOB B A4eliKax BO BPEMS MMIPALMOHHbIX
nepemeLleHnii opaos vepes Kaparay (nepeme-
LLIEHMS HA OCTAHOBKAX MCKAIOYEHbI M3 aHAAM3a).

BaykHocTb Kapartay onpeaeasetcs He TOAb-
KO MPOAETOM DOABLLIOFO KOAMYECTBA MTULL B
AOCTATO4YHO Y3KOM 30He BOCTO4HOro Kapa-
Tay, HO U MHOFOYMCAEHHbIMKU OCTAHOBKaMM,

70° 72°

According to GPS tracker data, eagle flight
altitude over Karatau (n=217) was deter-
mined to range from 52 to 771 m, averaging
286.61+156.4 m (median 254 m, asymme-
try 0.78) (fig. 16). Eagles crossed Karatau at
lower altitudes in fall (52-730 m, on average
281.24+152.47 m, n=156) than in spring
(54-771 m, on average 300.36%=166.56 m,
n=61; T=0, Z=6.28, p=0.0000).

According to visual observations (n1=219),
eagle flight altitude over Karatau varied from
50 to 400 m, averaging 237.71+82.03 m
(median 230 m, asymmetry -0.07) (fig. 16).
The lack of visual observations of eagles at al-
titudes above 400 m indicates the difficulty of
interpreting bird flight altitudes in the range
from 400 to 1000 m. However, birds fly at
these altitudes in small numbers.

According to visual observations, the flight
altitude of Greater Spotted Eagles was high-
er than that of the Steppe Eagles or Eastern
Imperial Eagles, varying from 80 to 400 m,
averaging (n=17) 295.59+103.24 m. How-
ever, there is not enough data, as Greater
Spotted Eagles accounted for only 7.76% of

68° 70° 72°
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Puc. 12. Kapta murpaumii oparos Hepe3 Kapatay n 0CTaHOBOK BO Bpemsl Murpaumu Ha Kapatay n B 15-kM 30He BOKPYT Hero.

Fig. 12. Map of eagle migrations through Karatau and stops during migration at Karatau and in the 15-km zone around it.
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KaK HOYHbIMM, TaK M MHOFOAHEBHbIMM, Ha
xpebTe v no ero nepudpepunu, ocobeHHO Ha
IOr0-BOCTOYHOM LUAel7ICbe (puc. 12).

Iapametpbl murpaumnm opaos vepe3 Ka-
paray

Bo Bpems oceHHel murpaumn OGOAbLLIMH-
CTBO OpAOB nepecekaeT Kapatay B toro-3a-
MaAHOM HanpasAeHun (puc. 13, Taba. 5). B
amanasoHe 180-315° Haxoautcs 81,35%
YaCOBbIX CErMEHTOB TPEKOB MTUL, nepece-
Kaowmx Kapatay (n=311). OpAbI-MOrMAbHK-
K1 (n=55) Ha OCEHHeM MPOAETE ABUIalOTCA
NPevMyLLeCTBEHHO B HarpaBAeHUW OT 225
A0 285° (67,27%), cTenHble OpAbl (n=244)
B 6oAee LMPOKOM aManasoHe — oT 195 ao
315° (78,69%), Goablume nosopAnkn (n=13)
HaoOopoT, B GoAee Y3KOM AManasoHe — OT
180 a0 225° (53,85%), 4TO, BNPOYEM, MOXKET
ObITb CBA3AHO C HEAOCTATKOM AaHHbIX. B Ana-
nasoHe HanpasaeHuii oT 180 ao 315° aexut
51,72% cerMeHTOB TPEKOB OPAOB B 3aMaAHOM
yactn Kapatay (15 13 29) un 83,14% — B BOC-
To4HOM (217 13 261). B TO e Bpemsa yepe3
LIeHTPaAbHYIO YacTb KapaTay OpAbl MPOXOAAT
NpevMyLLeCcTBeHHO B HanpaBAeHun 240-
270° - 60,87% cermMeHTOoB Tpekos (14 13 23).
Kakoi-Anbo 3HaYMMOM pasHuLbl B Harpas-
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the observed eagles. Therefore, additional in-
strumental research is required to determine
the real difference in flight altitude of Creater
Spotted Eagles and eagles of other species. In
their absence, we consider the flight altitude
of Greater Spotted Eagles as similar to that of
other eagles.

Visual observations and tracker data indi-
cate that average eagle flight altitude vary
reliably differ (T=2.5, Z=6.25, p=0.0000),
primarily 21.66% of eagle locations marked
by trackers lie in the altitude range above
400 m above the ground, i.e. outside the
high-altitude visual observation zone. We
combine the data considering this differ-
ence, assuming that about 10% of eagles do
not fall into the combined sample, in which
the flight altitude of eagles migrating through
Karatau varies from 50 to 771 m, averaging at
(n=435) 262.1+127.04 m (53.79% of birds
fly in the altitude range of 150-305 m).

Analysis of eagle movements on the DEM
shows that the flight altitude of birds depends
on the landscape features of the area they
pass in Karatau: the elevation above sea level
and the heat capacity of the slopes over which
thermals are formed. In particular, it is worth
noting that eagles avoid the Karatau area
south of Lake Bilikol, despite a significant flow
of birds through the Chokpak (fig. 17).

In the Karatau, eagles pass the height range
from 87 (at the foot of the ridge) to 998 m
(in the axial part of the ridge) above sea level,
averaging (n=524) 444.16+289.49 m. The
above sea level averaged 666.4+190.53 m
(lim 238-991 m) for 217 locations with a
flight altitude determined by the tracker. No
reliable correlation was found between the
eagles’ flight altitude above the ground and
altitude above sea level (r=0.4). Nevertheless,
flights at low altitudes at the foot of the ridge
and the increase in maximum flight altitude
at higher altitudes our attention (fig. 18). For
example, the birds’ flight height does not ex-
ceed 350 m at altitude up to 500 m above
sea level. Eagles only rise to a height of more
than 400 m above the earth’s surface at 600
m above sea level. Flight height of more than

Puc. 13. Hanpasrenus nepemereHnii OpAOB BO Bpems
BECEeHHeM n OCeHHen murpaumii Hepes Kaparay.

Fig. 13. Direction of eagle movements during spring and
autumn migrations through Karatau.
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Taba. 5. HanpasaeHus nepemellieHmii OpAOB (B rpasycax) BO Bpems BeCeHHel 1 oceHHeli murpaimii yepes Kapatay. [puHsTbIe coKpaLueHns:
AN — crenHoii opéa (Aquila nipalensis), AH — opéa-moruasrumk (Aquila heliaca), ACL — 6oabLoii noaopank (Aquila clanga), W — 3anaanas yacte
Kaparay, C — uentpasbHas yacts Kapatay, E — BoctoyHas yacts Kapartay.

Table 5. Direction of eagle movements (in degrees) during spring and autumn migrations through Karatau. Abbreviations: AN — Steppe Eagle (Aquila
nipalensis), AH — Imperial Eagle (Aquila heliaca), ACL — Greater Spotted Eagle (Aquila clanga), W — Western Karatau, C — Central Karatau, E —

Eastern Karatau.

OceHHssi murpauus / Autumn migration

BeceHHsis murpaums / Spring migration

Yacrb Kaparay

Bua / Species Part of Karatau

Yacrb Kaparay

Bua / Species Part of Karatau

AznmyT AH AN ACL w C E AH AN ACL W C E
Azimuth (n=55) (n=244) (n=13) (n=29) (n=23) (n=261) (n=33) (n=88) (n=7) (n=39) (n=24) (n=66)
1-15 7 3 4
16-30 1 1 3 5 1 1 6
31-45 1 1 2 11 4 3 6
46-60 1 4 1 4 6 12 1 6 11
61-75 4 8 11 7 1 1 2 16
76-90 6 3 7 5 2 9
91-105 5 1 1 3 1 1 2
106-120 1 4 2 4

121-135 1 1 1 1

136-150 1 4 2 2 5 1 1

151-165 1 1 1 1 1 1

166-180 3 2 1 1 1

181-195 1 9 2 2 10 1 1

196-210 2 12 3 4 1 12

211-225 1 15 2 2 1 15 1 1

226-240 8 26 1 1 1 33 1 1

241-255 14 54 1 2 10 57 1 3 2 2
256-270 12 44 1 4 51 4 2 2
271-285 3 18 2 1 18 1 4 3 2
286-300 1 12 1 1 11 4 2 1 1
301-315 1 11 2 10 6 1 4 3
316-330 1 3 1 3 1 6 2 7 1 1
331-345 3 3 4 2 1 1
346-360 4 1 3 3 2 5 1

AEHUSIX NMepPEMELLEHNIA MEXKAY BUAAMW OPAOB
He BbISIBAEHO, XOTS OHa M OblAd AOCTOBEPHOM
MEXAY OPAaMM-MOTMABHMKAMKM M CTEMHbIMM
opaammn (T=493, Z7=2,32, p=0,02) n mexxay
CTenHbIMM OpAaMK 1 OOAbLLMMM MOAOPAMKA-
mun (T=14, Z=2,2, p=0,03). Ipn 3Tom pas-
HMLA OblAa AOCTOBEPHOM MEXKAY HarpaBAEH!-
SIMU MepemMeLLIeHMII OPAOB Ha OCEHHEM Mpo-
AéTe B BOCTOYHOM M LIeHTpaAbHOM KapaTtay
(T=0, Z=4,2, p=0,000), B 3aNaAHOM 1 LEH-
TpaabHOM Kapatay (T=0, Z=4,2, p=0,000)
M B 3anaAHOM M BOCTOYHOM Kaparay (T=0,
Z=3,0, p=0,000).

Ha BeceHHel M1rpaumnmn oCHOBHOE Hanpas-
AEHMe nepemeLLeHnii opAoB vepes Kaparay —
CEBEpPO-BOCTOYHOE, HO Y>KE€ 3aMeTHOW SIBAS-
eTCSl AOAS MTUL, AETSLLMX Ha CeBepo-3araa,
NPEeMMYLLIECTBEHHO Yepe3 3amnaAHylo 4acTb
Kaparay (puc. 13, Taba. 5). B amanasone

600 m was only noted for birds crossing the
ridge at points with an altitude of more than
700 m above sea level (fig. 18, lower graph).
Temperature and wind may be the factors
determining the climb to maximum altitude.
Eagles prefer to use thermals in sunny weath-
er with light winds, and they soar in bad
weather with strong winds, sometimes flying
along the axial part of the ridge on small seg-
ments of the route.

The wind speed determined for 477 loca-
tions of Steppe Eagles in track segments with
bird movement speeds of more than 5 km/h
(including segments on the approach to the
Karatau, see fig. 19) varied from O (com-
plete calm) to 70 km/h, amounting to the
average of 11.88%8.30 km/h. For fall mi-
gration locations, wind speed varied in the
range from 0 to 70 km/h, averaging (n=343)
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1-90° HaxoamTCcs 59,38% 4acoBbIX CermeH-
TOB TPEKOB NTMLU, nepecekaowmnx Kapatay
(n=128), a B AManasoHe 241-360° - 32,81%.
OPpAbI-MOTMABHMKM  (N=33) Ha BeCeHHeM
MPOAETE ABMIAlOTCA MNPEUMYLLECTBEHHO B Ha-
npasAaeHnmn ot 16 a0 105° (90,91%), GoabLume
MOAOPAMKM (n=7) — B ananasoHe ot 300 ao
360° (71,43%). A BOT Cpean CTernHbIX OPAOB
(n=88) 53,41% ntuu nepemeLlaeTcs B AMa-
nasoHe HanpasAeHuii o1 15 a0 90° u 31,82%
— 0T 255 a0 345°. B 3anaaHoi yactu Kaparay
58,97% CcermMeHTOB TPeKOB OpAOB (23 13 39)
AEXaT B HanpaBAeHun mexay 270 n 360°, B
BOCTOYHOM 4acth — 78,79% (52 n3 66) — B Ha-
npaBAeHMn mexxay 1 1 90°. B uenTpaabHOM
YyacTu Kaparay B AMana3oHe HarnpaBA€HWiA OT
30 a0 75° npoxoanT 48,53% cermeHToB Tpe-
KoB opAoB (11 u3 24). Pa3Hmua B Hanpasae-
HUAX ABUXKEHMSI AOCTOBEPHA MEXKAY OpPAAMM-
MOTMAbHMKAMM U CTEMHbIMK OpAamm (T=106,
Z=3,12, p=0,002) 1 opAaM1-MOTUAbHUKAMM
n OoAbLIMMM noaopankamu (T=0, Z=2,37,
p=0,02), HO He AOCTOBEpHa MeXAy CTer-
HbIMM OpAaMM M DOALLLMMM MOAOPAMKAMM
(T=6, Z=1,35, p=0,2). Takke obHapy>keHa
3Ha4YMTEeAbHAsi AOCTOBEpHAs pasHuLA B Ha-
MpaBAEHMU BECEHHUX MNepemMeLLeHUn OPAOB
B BOCTOYHOW M B 3amnaaHou 4actsax Kaparay
(T=107,5, Z=3,81, p=0,000), 1 He3Haun-
TeAbHasl — B BOCTOYHOW M LIEHTPAAbHOM Ha-
crax Kaparay (T=74,Z2=2,17, p=0,03).

OTaeAbHbIE NTULBLI COBEPLUAIOT nepeme-
LLEHMS BAOAbL OCEBOM YacTh xpebTa, Kak oce-
HbIO, TaK M BECHOM (CM. puc. 12), 0AHaKO AOAS
Takux rnepemeLlleHmii He npesbiuaet 14,29%
(10 npoxoaos 13 70).

CKOpOCTb OPAOB Ha MMIPaLMM CKAAAbIBA-
€TCA M3 YepeAOBaHMS CKOAbXKEHMUS M MOAb-
éMOB B Tepmukax. [1pu npeosoreHun rop-
HbIX MPErpaA OPAbl AETAT FOPA3A0 MEAAEH-
Hee, YemM MO paBHMHE, TaK KaK BbIHY)KAEHbI
peryAapHo Habupatb BbICOTY. Ha cHuxeHne
CpeAHer CKOPOCTM MUIrpaumm Takxke cylue-
CTBEHHO BAMAIOT OCTAHOBKM MTUL B ropax BO
BpeMS MX nepeceveHns. AaKe ecAn UCKAIO-
YWUTb MepemMeLleHns NTULL Ha OCTaHOBKax, a
TaKXKe CErMEHTbI TPEKOB CO CKOPOCTbIO HUXKeE
5 KM/4, OCTAETCsl LIeAbli MyA CerMeHTOB Tpe-
KOB MepeA OCTaHOBKaMM M MOCAE HMX, KOr-
Aa MTULIbI BbIHY>KAEHbI MEAAEHHO CHUXKATbCSI
MAM XKe HaobOpOT, MOAHMMATLCSH C 3EMAU U
HabuMpaTb BbICOTY. DTM MOMEHTbI OKa3blBaloT
BAMSIHME Ha CHMXKEHME MOKa3aTeAen CpeAHeN
CKOPOCTM MUIpaLnm, HO OTCPUABTPOBATB KX
MpU YacToTe B3ATUA AOKaLMiA pa3 B 30 MMH —
1 yac He NPeACTaBASIETCA BO3MOXKHbIM.

CKopocTb  nepemMeLLeHns  MUrpUpYIoLLMX
opAOB 4epe3 Kapartay BapbupyeT B LUMPO-
KMx npeaenax oT 5 ao 90,1 km/4, cocras-

11.31%8.56 km/h; for spring migration — from
3 to 48 km/h, averaging (n=134) 13.31=7.46
km/h. le., in spring birds flew on average
with a reliably higher wind speed than in
fall (T=0, Z=10.04, p=0.0000). The wind
speed at the locations of female Steppe Eagles
(n=141, 13.55+9.75 km/h, lim 0-70 km/h)
was also higher on average (T=0, Z=10.23,
p=0.0000) than at the locations of males
(n=336, 11.17%7.52 km/h, 0-43 km/h), and
the difference remained the same both in fall
(females: n=78, on average 12.68+=10.39
km/h, lim 0-70 km/h, males: n=265, on
average 10.91=7.92 km/h, lim 0-43 km/h,
T=0, Z=7.57, p=0.0000), and in spring
(females: n=63, on average 14.63+8.85
km/h, lim 3-48 km/h, males: n=71, on aver-
age 12.4x5.77 km/h, lim 4-34 km/h, T=0,
Z=7.32, p=0.0000) - see fig. 20.

Only 2 female and 2 male Steppe Eagles
moved in windless periods and only during
fall migration.

Only 4 birds flew in a strong wind (more
than 38 km/h), and in 2 cases it was the fe-
male Tes who had completed transit through
Karatau during the fall migration in 2019 and
2021. On October 7, 2021, it took her three
hours without stopping to cross Karatau. She
started to move in the front folds of the north-
ern macroslope of Karatau at a wind speed
of 32 km/h. Kenzhyk flew along the southern
slope of Karatau as well during the fall mi-
gration on September 2, 2018, with a wind
speed of 43 km/h. Sarygul made another pass
in strong wind near the northwestern tip of
Karatau during the return on spring migration
on March 13, 2021. Having started to move
from Betpak-Dala at a wind speed of 34 km/h,
she passed Karatau in 3 hours, moving at a
speed of 60 km/h downwind at a wind speed
of 48 km/h.

It was noted that Steppe Eagles moved with
wind speeds ranging from 24 to 38 km/h in 43
cases out of 477 (9%). 38 of them were situat-
ed along the southern macroslope of Karatau,
and only 4 were confined to the plain at the
foot of the northern macroslope and 1 to the
southeastern edge of Karatau west of Chokpak
(fig. 19).

Most eagles’ locations are taken at points
with wind speeds ranging from 5 to 20 km/h,
and this range is apparently the most optimal
during migration. No reliable correlation be-
tween the speed of eagles’” movement and
wind speed has been noted, precisely because
most eagles fly at low wind speeds. Obviously,
eagle flight speed also increases significantly
at high wind speeds, but they prefer to wait
out strong winds on the ground when passing
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Asist B cpeaHem (n=548) 24,84+15,35 km/u.
[Mp14éM Ha BECEHHEN MUTPaLMM OPAbI ATAT
onpeaeAéHHo GbicTpee (0T 5,20 40 90,1 kKM/Y,
B cpeaHem 27,77 £17,22 km/4, n=180), yem
Ha oceHHelt (0T 5,0 A0 78,69 KM/, B cpeaHeM
23,4%14,15 km/4, n=368) Npun AOCTOBEPHOIA
pasnuue (T=1271, 2=9,82, p=0,0000).
Mexay BraaMM Takke MMEIOTCS pasAnydms
B CKOPOCTM MMrpaumun. Tak, Boaee KpyrHble
OPAbI-MOMMAbHMKM Yepe3 Kapatay AeTdT co
ckopocTblo 5,51-74,77 KM/M, B CpeaHem
(n=112) 18,24=11,49 KkMm/4, B TO Bpems
KaK CpeAHsis CKOpOCTb nepemelleHmnst boaee
MEAKMX CTeMHbIX OPAOB AOCTOBEPHO BblLLE
(T=526, Z=7,66, p=0,0000) 1 cocraBaseT
(n=397) 26,41+15,74 km/u (o1 5,0 a0 90,1
KkM/4). Hanbonee Meakne M3 paccmaTpuBae-
MO Fpynbl BUAOB DOAbLLIME MOAOPAMKM Me-
peMmeLLaloTCca CO CKOPOCTbIO OT 6,59 A0 79,95
KM/4, B cpeaHem (n1=39) 27,81£16,12 km/y,
YTO AOCTOBEPHO BbiLLIe, HeM CKOPOCTb OPAOB-
MoruabHukos (T=18, Z=5,19, p=0,0000) n
crenHbix opaos (T=10, Z=5,3, p=0,0000).
PasHuua Mexay CKopoCTamu nepemetue-
HMSI OPAOB 3-X BUAOB Ha OCEHHEN 1 BeCeHHEM
Murpaumm nokasaHa B TabA. 6 1 Ha puc. 14.
PaHee Oblra MOKa3aHa pa3HuLA B CKOPOCTH
nepemeLLeHns CTEeMHbIX OPAOB Pa3HOro noAa
Ha MWUIpaLMax — CaMKWM, HECMOTPS Ha CBOM
Oonee TKEAbIM Bec, NMokasblBaAn OOAbLLIME
CKOpOCTH, HexeAn camubl (KapakmH u Ap.,
2019e). Bo Bpems npoaéta yepe3 Kaparay
CaMKM CTerHbIX OPAOB MOKa3aAn Takxke 00-
Aee BbICOKMe ckopocTh (n=119, B cpeaHem
28,62+17,56 km/u, Iim 5,23-90,1 km/u), vem
camubl (n=278, B cpeaHemM 25,46*14,82
KkM/u, lim 5,0-77,5 km/u, T=487, Z=8,18,
p=0,0000), npuuyém Kak OCeHbIO (CaMKM:
n=70, B cpeaHem 26,08=15,97 km/d, lim
5,92-78,69 kM/4, camubl: n=220, B CpeaHeM
25,0£14,02 km/u, lim 5,0-77,5 km/u, T=0,
Z=7,27, p=0,0000), Tak M BECHOMN (CaMKM:

mountain obstacles and mainly fly above the
plains at a wind speed of more than 20 km/h.

Analysis of eagle movement relative to wind
direction showed that in 53.46% of 477 cases,
eagles moved with a fair wind and a fair/flank
wind (range from 0 to 60°), 26.61% — with a
flank wind (61-120°), and 20.34% — with a
head wind and head/flank wind (121-180°)
(fig. 19). Moreover, only 7 locations (7.22%)
out of 97 with movement during a head wind
were confined to the front folds of the north-
ern slope of Karatau, and the majority of such
locations (87.63%) are confined to the south-
ern slope and southeastern tip of Karatau. The
same could be said about eagle movement in
a flank wind: only 16 locations (18.8%) out
of 125 were concentrated along the northern
slope and northern foothills, and the rest lay
either along the southern periphery of the
ridge or in its center. In at least half of the cas-
es when the eagles moved with a flank wind,
they began to move with a fair wind, and only
after crossing the Karatau (usually from north-
west to southeast) did they move with a flank
wind.

In general, the angle between wind direc-
tion and the eagle movement varied from
0 to 179° for both migration periods, aver-
aging (n=477) 67.16+51.89° (fig. 20, 21),
and in the fall (n=343, 65.62+53.68°, lim
0-179°), it was on average reliably narrower
than in spring (n=134, 71.11£46.96°, lim
1-177° T=0, Z=10.04, p=0.0000). In fe-
males (n=141, 60.39+47.69°, [im 1-179°) it
also turned out to be narrower than in males
(n=336, 69.9+53.38°, lim 0-179° T=0,
Z=10.27, p=0.0000) — heavier females pre-
ferred to fly with the wind, more accurately
following its direction than lighter males
(fig. 20).

Factor analysis showed that there is no dif-
ferentiation in groups of females and males

TabA. 6. CkopocTy nepemeLLieHs OPAOB Ha MUrpaLmsix Npu nepecedeHmn umm Kapatay. [puHsitbie cokpatuerms: AN — ctenHoii opéa (Aquila
nipalensis), AH — OPEA-MOTMABHUK (Aquila heliaca), ACL — 60AbLLIOH MOAOPAMK (Aquila c]anga), AUT — ocenHsis murpauns, SPR — BecenHss murpaums.

Table 6. Rates of eagle movement on migrations when crossing Karatau. Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Imperial Eagle
(Aquila heliaca), ACL — Greater Spotted Eagle (Aquila clanga), AUT — autumn migration, SPR — spring migration.

OceHHss murpaums
Autumn migration

BeceHHss murpaums
Spring migration

Bce murpauum

K| B Lo
putepun Buakokcona All migrations

Bua Wilcoxon signed-rank test
Species M=SD (lim) n  M=SD (lim) AUT vs. SPR n  M=SD (lim)
ACL 27.05%9.86 20 28.54x20.65 T=58,72=1.49, p=0.14 39 27.81%16.12
(6.59-41.59) (6.7-79.95) (6.59-79.95)
AN 290 25.26x14.49 107 29.51%=18.43 T=5.0,2=8.96, p=0.0000 397 26.41x15.74
(5.0-78.69) (5.2-90.1) (5.0-90.1)
AH 13.1x7.76 53  23.96%+12.31 T=0,7=6.33, p=0.0000 112 18.24x11.49
(5.51-41.3) (6.31-74.77) (5.51-74.77)
Cpeanee 368 23.4+x14.15 180 27.77%17.22 T=1271,7=9.82, p=0.0000 548 24.84+15.35
Average (5.0-78.69) (5.2-90.1) (5.0-90.1)
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n=49, B cpeaHem 32,25%x19,21 xm/u, lim
5,23-90,1 KM/4, camubl: n=58, B CpeaHeM
27,2+17,57 kM/4, lim 5,2-74,36 km/u, T=25,
Z=5,77, p=0,0000) (puc. 14). Mo>xxHO 0xn-
AaTb, YTO MY OPAOB-MOTMABHUKOB M DOABLLIMX
MOAOPAMKOB CKOPOCTM CaMOK Ha MMIpaLmMsax
BblLLIE, YeM CKOPOCTM CaMLIOB, OAHAKO AAS
9TUX BMAOB He XBaTaeT AaHHbIX, 4TOObI Npo-
BEPUTb AAHHYIO TUMOTE3Y.

Kakoi-Anbo CyLLeCTBEHHOW pa3HMLbl B
CKOPOCTSX MepemeLLeHns OPAOB OT Oporpa-
prU MAM HampaBAEHUS ABMXKEHWS HE BblIsiB-
AHO. MaKCHMaAbHble CKOPOCTW XapakTep-
Hbl AASI MTULL, NMEepeceKalomX OCEBYIO 4acTb
KapaTay MAM AeTALIMX BAOAb €ro 3arnasHou
OKOHeyHocTn Ge3 octaHoBoK (puc. 15). Ha
CKOpOCTb NepemeLleHns 6oaee CyLLecTBeH-
HOE BAMAHME OKa3bIBAIOT HarpaBAeHME U
CMAQ BETPA, KOTOPblE CMABHO BapbMpYyiOT OT
Ce30Ha K Ce30HY.

Bbicota noaéta opaos Haa Kapatay no
GPS-aanHbIM Tpekepos (n=217) onpeaene-
Ha B AMana3oHe oT 52 Ao 771 M, COCTaBuB B
cpeaHem 286,61+156,4 m (MeanaHa 254 M,
acummetpus 0,78) (puc. 16). B ocennuit ne-
prOA OpAbI Nepecekaan KapaTay B cpeaHem
Ha MeHbLUMX BbicoTax (52—-730 M, B CpeaHem
281,24+152,47 M, n=156) He)XXxeAn BeCHOM
(54-771 M, B cpeaHem 300,36x166,56 M,
n=61; T=0, Z=6,28, p=0,0000).

Mo BM3yaAbHbIM HabAAeHMsM (1=219)
BbICOTa MOAETA OPAOB Haa Kapartay Bapbupo-
Bara oT 50 a0 400 M, COCTaBMB B CpeAHEM
237,71+82,03 M (MeanaHa 230 M, acum-
meTpusa -0,07) (puc. 16). OTpuuatesbHas
acMMMeTpUS BbIOOPKM, BO3MOXHO, CBf3aHa
C ABYMS$ pasHbiIMM Nepuosamm HabAIOAEHWMI
M AQHALLAPTHBIMM  XapaKTepUCTUKamu To-
yek HabAIOAEHMS, HO OHA He3Ha4yMTeAbHa M
el MOXHO npeHeOpeyb B MHTepnpeTaumnm
AQHHBIX, Y4MTbIBAs TO, YTO OCHOBHAA Macca
HaOAIOAEHMI A@XKMT BHYTPU AMana3oHa noka-
3aTeAel BbICOTbl MOAETA MTULL, MOMEYEHHbIX
Tpekepammn. OTCyTCTBME BMU3YaAbHbIX HAaOAIO-
AEHWIA OPAOB Ha BbicOTax Bbile 400 M cBU-
AETEAbCTBYET AMLLb O CAOXKHOCTU MHTEprpe-
TallMK BbICOTbI MOAETA MNTULL B AMArNa3oHe OT
400 Ao 1000 M, XOT$SI NTULBI HA 3TUX BbICOTaX
AETST, HO B HEOOABLLOM KOAMYECTBE.

Mo BM3yaAbHbIM HaDAIOAEHMSAM BbICOTA MO-
AéTa NOAOPAMKOB OblAa BbILLEe, YeM CTeMHbIX
OPAOB M OPAOB-MOTMABHWKOB, Bapbupys OT
80 a0 400 M, cocrtaBus B cpeaHem (n=17)
295,59+4+103,24 M. OAHaKO, AQHHbIX SBHO He
AOCTaTO4YHO, TaK KaK MOAOPAMKM COCTaBMAM
AWLLb 7,76% OT HabAIOAABLLMXCS OpAOB. [Moo-
TOMY AASl OTMPEACAEHWUS PEAAbHOW Pa3HULIbI B
BbICOTE MOAETA MOAOPAMKOB M OPAOB APYIMX
BMAOB TPeOYyIOTCH AOMOAHUTEAbHbIE MHCTPY-

during fall and spring migrations accord-
ing to a complex of parameters as elevation
above sea level, wind speed and direction,
azimuth of bird movement, speed, and an-
gle of movement relative to wind direction
(fig. 22-A).

Regression analysis does not really ex-
plain the correlation between eagle move-
ment speed (of both sexes) and parameters
of wind speed and above sea level both fall
flight (R?=0.10, F(5.337)=8.62, p<0.00000,
SE=14.28) and during the spring one
(R?=0.19,  F(5.128)=7.16, p<0.00001,
SE=16.27). However, it explains the correla-
tion between the angle of birds’" movement
and wind direction, but only for the fall migra-
tion (R?=0.42, F(5.337)=51.39, p<0.0000,
SE=40.73) (fig. 22-B, C)

Timing of fall and spring eagle migrations
through Karatau

Dates of tracked eagle migration through
Karatau are shown in table 7 and fig. 23.

Greater Spotted Eagle Klangush migrated
through Karatau in the fall in a fairly narrow
period of time, September 27 — October 2,
while spring migration dates shifted earlier
each year, from April 19-20 in 2015 to March
25-28 in 2018.

Fall Eastern Imperial Eagle migration lasted
from October 17 to November 28, moreo-
ver, first-year birds transitted Karatau before
November 4, migrating later in in subsequent
years, on November 2-28. First-year birds
spring migration happened in a fairly narrow
time period of Apil 5-12 unrelated to the
distance between wintering sites and Kara-
tau (Anuika and Orosha migrated from the
lower reaches of Indus in Pakistan; Kanochka
migrated from Uzbekistan). Orosha chose a
dump site at the outskirts of Shymkent as a
wintering area and in following years migrated
through Karatau on February 23 — March 6,
possibly marking the start of migration of sub-
adult and adult birds coming back from cold
wintering sites.

In fall Steppe Eagles migrated through Kara-
tau from August 5 to November 12 in two
pronounced waves, as shown before (Kar-
yakin et al., 2019e). Migration of Central
Kazakhstan populations (as well as Western
and Southeastern Kazakhstan populations)
and 2-3 year-old birds from the Altai-Sayan
region (summering in Western and Central
Kazakhstan) occurred August 5 — September
7. At the same time, first-year birds from Altai-
Sayan migrated through Karatau on Ocober
6 — November 14 (n=13, on average Octo-
ber 29+10 days). Sub-adult (2—4 year-old)
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Puc. 14. Anarpammbl pazmaxa CKOPOCTH NepemeLLeHns] OPAOB Ha MUrpaLmsx npu nepecederin umm Kapatay (A-D), npoAoAKuTeAbHOCTI Mu-
rpaumu Yepes Kapatay (E) 1 BbICOTHOro AnanasoHa, B KOTOPOM OpAbl MurpupytoT Haa Kapartay (F). [NpuHsateie cokpatuenms: AN — ctrernHoi opéa
(Aquila nipalensis), AH — opéa-mormabruk (Aquila heliaca), ACL — 60AbLuoii noaopank (Aquila clanga), AUT — oceHHsist murpatims, SPR — BeceHHsis

MUrpaLms.

Fig. 14. Diagrams of the speed range of eagle movements on migrations when crossing Karatau (A-D), duration of migration through Karatau (E),
and the altitude range in which eagles migrate over Karatau (F). Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Imperial Eagle (Aquila
heliaca), ACL — Greater Spotted Eagle (Aquila clanga), AUT — autumn migration, SPR — spring migration.
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Puc. 15. CreBa — kapTa ¢ cermeHTammn TPEeKOB OPAOB Ha murpaumsx Hepe3 Kapatay. CermeHTbl TPEKOB paHXKMpPOBaHbl Mo CKOPOCTH repeme-
LUeHns NTULL (Km/4); CripaBa — AMarpamma asumyTa rnepemeLLeHnii OpAOB Ha BECEHHEN M OCEHHel MUIpaLIMsX B rpyrnnax co CKOPOCThIO HUKe
cpeaHeii (M1H) 1 Bbillie CpeAHeld (MaKc). B anarpamme oTobpaxaioTcsi AOAM (% OT 4MCAA CerMEeHTOB TPEKOB B KaKAOK rpyrne): rpynna cermeHToB
CO CKOPOCTAMM BbILLIE CPEAHEN Ha OCeHHeN murpaumn —n=135, HiKe cpeaHes Ha OCeHHeN MurpaLmm — N=264, Bbille CPeAHer Ha BECeHHEN
murpaum —n=90, Huke cpeaHeii Ha BeceHHel murpaumnm —n=100. [1puHaTsie cokpaiuenmns: A — XKaHatacckas BOC, B — xpebet Kapartay,

C — cermeHTbl TPeKOB OPAOB, PAHXKMPOBaHHBIE 10 CKOPOCTH B KM/Y.

Fig. 15. On the left — a map with segments of eagle tracks on migrations through Karatau. Track segments are ranged by speed of bird movement
(km/h); on the right — a diagram of the azimuth of eagle movements on spring and autumn migrations in groups with below average (min) and above
average (max) speeds. The diagram shows the percentage (%) of track segments in each group: group of segments with speeds above average on
autumn migration — n=135, below average on autumn migration — n=264, above average on spring migration — n=90, below average on spring
migration —n=100. Legend: A — Zhanatas WPP, B — Karatau Ridge, C — segments of eagle tracks ranged by speed in kmj/h.



144

[TepHatbie xuiHnku 1 ux oxparda 2021, 43

I/I3y‘4€‘HI/I€‘ MepHaTbIX XUUIHMKOB

60

Busyanbnbie Habmronenust / Visual observations
K-C d=.08176, p<.15 ;flunnuecopca p<.01
— Oxwupaemoe HOpmanbHoe

70

GPS-nannste tpekepa / GPS-data of the tracker
K-C d=.08491, p<.10 ;Jlunnuedopca p<.01
— Oxwupaemoe HopmanbHoe

50

40

30

20

Yucno mabmonenuii / Number of observations

60

50

40

30

20

Yucno nabmoaenuii / Number of observations

]

I~

50

100

150 200 250 300 350 400 -100

Bricora Hax 3emiéit (M) / Height above the ground (m)

— BusyanbHble HabnogeHus / Visual observations (n=219)
— GPS-paHHble Tpekepa / GPS-data of the tracker (n1=173)

0 100 200 300 400 500 600 700 800
Beicota Hax 3emiéit (M) / Height above the ground (m)

|

| I\
AN
ANV

YAy WA

Yucno HabntoaeHui / Number of observations

X o A ™
Qf\" RTINS

& & &
'{LQ{@QK\&U@Q)'&U(\U&Q{@G@G{ﬁ({}U{{/g{(ﬁ‘mq/

> >
> A AP PP
g SRR GRSt o & S S
PN OV - 2 )

™ B o > A ©
4 F o «@k & U{b,,} S U‘b%b‘ oS S
S S

BbicoTa Hag 3eMnén (M) / Height above the ground (m)

Puc. 16. lcTorpammebl BbICOTbI epeMeLLIeH s OPAOB Ha MUIpaLMsIX npu nepecedeHmn umu Kapartay no BusyarbHbiM HabAloAeHMSIM (BBEPXY CAe-
Ba) n no GPS-aaHHbIM TpekepoB (BBepxy cripaBa). O6beAnHEHHbINA rpachuk BbICOT nepemeLLeHns OPAOB (BHM3Y).

Fig. 16. Histograms of altitudes of eagle movements on migrations when crossing Karatau based on visual observations (upper left) and GPS-tracker
data (upper right). Combined graph of eagle movement heights (bottom).

MEHTaAbHble MCCAeAOBaHMs. [loka mx Her,
Mbl CYMTAEM, YTO BbICOTA MOAETA MOAOPAMKOB
OblAa aHAaAOMMYHA TaKOBOWM APYr1X OPAOB.

CpeaHune nokasaTeAn BbICOTbI MOAETA NTHLL
MO BM3YaAbHbIM HAOAIOAEHMSM M AQHHBIM
TpeKepoB AOCTOBEpPHO oTAnyatotcst (1=2,5,
Z=6,25, p=0,0000), B nepBylo oyepeab 3a
CYéT TOro, uto 21,66% AOKaLMii OPAOB, MO-
MEUYEHHbIX TpeKepamu, AeXWUT B BbICOTHOM
avana3oHe Bbille 400 M Haa 3eMAEN, T.e.
3a MpeAeAammu BbICOTHOWM 30Hbl BU3YaAbHbIX
HaOAtoAEHMI. Mbl OObeaMHsIEeM AaHHble C
YY4ETOM 3TOM pasHMLbl, NnoAaras, 4YTo OKOAO
10% OpAOB He MOMaAaloT B OObEAMHEHHYIO
BbIOOPKY, B KOTOPOW BbICOTa MOAETA OPAOB,
Murpupytomx vepes Kaparay, Bapbupyet oT
50 a0 771 M, cocTaBAgs B cpeaHem (n=435)
262,1+127,04 M (53,79% NTUL AETST B Bbl-
COTHOM Anana3soHe 150-305 m).

AHaan3 nepemetuenmii opaos Ha LIMP no-
Ka3blBAET, YTO BbICOTA MOAETA MTUL 3aBUCUT

eagles from Altai-Sayan region that spent the
summer in the natal region migrated through
Karatau on October 12 — November 3, i.e. at
the same time as first-year birds. In the spring
Steppe Eagles migrated through Karatau on
March 9 — May 9, and most birds moved from
March 13 to April 11 (fig. 23).

During fall migration every eagle crossed
Karatau in 1-10 days on average (n=52)
2.3%1.8 days, while during the spring mi-
gration it took 1-4 days, on average (n=29)
1.8=1.0 days (fig. 14). And while Greater
Spotted Eagles and Eastern Imperial Eagles
showed no significant difference in the du-
ration of crossing Karatau during the fall and
spring migrations (both species usually trans-
ited Karatau in 2 days), Steppe Eagles passed
Karatau reliably faster or more quickly in
spring than in fall (T=0, Z=2.67, p=0.008),
on average (n=19) 1.5£0.9 days against
(n=34) 2.5x2.0.
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OT AQHALLACPTHBIX OCODEHHOCTel NnpeoAoAe-
Baemoro B Kapartay yyacTtka — BbICOTbI Haa
YPOBHEM MOPS M NMPOrPEBAEMOCTU CKAOHOB,
HaA KOTOPbIMKM CPOPMMPYIOTCS TepMUKM. B
4aCTHOCTK, oOpaLlaeT Ha cebd BHUMaHME M3-
GeraHne opaamu ydactka Kaparay Kk tory ot
03. BbMAMKOAL, HECMOTPSA Ha CyLLECTBEHHbIN
NnoToK NTuu Yepe3 HYoknak (puc. 17).
AnanasoH BbICOT HaA ypoBHEM MOp4, npe-
OAOAEBaeMbIX opAamu B Kaparay, Bapbupy-
eT oT 87 (B noaHoxbe xpebTa) a0 998 m (B
0CEeBOM YacTh xpebTa), COCTaBASAs B CpEAHEM
(n=524) 444,16%289,49 M. Aaa 217 Aoka-
LMI C ONPEeAEAEHHOM TPEKEPOM BbICOTOM Mo-
AETa BbICOTA HAaA YPOBHEM MOpPS COCTaBMAA B
cpeaHem 666,4+190,53 m (lim 238-991 m).
Kakoi-Anbo 3HaUMMOM KOPPEASLMM MEXKAY
BbICOTOM MOAETA OPAOB HaA 3€MAEI U BbICO-
TOM HaA YPOBHEM MOpsl He BbiBAEHO (r=0,4).
Tem He MeHee, oOpallaeT Ha cebs BHUMaHKe
MOAET Ha HEDOAbLUMX BbICOTAX B MOAHOXMM
xpebTa 1 yBeAMYeHne MaKCMMaAbHbIX MoKa-

We calculate the timing of fall migration
through Karatau for all eagle species at 113
days, from August 5 to November 25, the
spring migration — at 77 days, from February
22 to May 9. An estimation of the number of
migrants at different periods of fall and spring
migrations through Karatau is presented in ta-
ble 8, 9 and in fig. 24.

Possible impact of WPPs on Karatau on
migrating eagle populations

Based on data obtained by tracking eagles
and visual observations of migrants, 18% of
birds that cross Karatau fly at an altitude range
that risks death possible death at wind tur-
bines: 50-155 m (here we take into account
the correction by 10% of birds that were not
included in the joint sample of flight altitude
rate, see above). Based on the estimation of
migrant numbers, 5,815-7,304 eagles risk
collision with WPP while crossing Karatau, on
average 4,225 eagles during spring migration.
This number might be even higher in reality,
because eagles move at flight altitudes below
200 m above ground before rising in ther-
mals over the slopes of Karatau and approach
the front folds of the ridge in a “dangerous”
altitude range (see the dispersion chart on
fig. 18). Thus, the probability of collisions with
wind turbines will be highest at the front folds
of the northern slope of Karatau during fall mi-
gration and on the front folds of the southern
slope of Karatau during the spring migration.

Six eagles’ migratory tracks out of 69 that
crossed Karatau (i.e. 8.7% of tracked migra-
tions through Karatau) transited the Zhanatas
WPP that is only 6.34% of the whole length
of the Karatau (26.3 km relative to 415 km),
3 of them moved directly near wind turbines
(fig. 5). Estimating a similar proportion of
passes among all migrants, that amounts to
4,646-5,818 passes and an average 5,180
passes annually. At least 836—1,047 of them,
932 on average, are flying in the dangerous
altitude range.

Puc. 17. LIMP ¢ cermeHTamu TpekoB OpPAOB Ha Be-
ceHHel n oceHHei murpaumnsx (C) n octaHoBKamu BO
Bpemst murpaunm (B). YcroBHble 0b603HaqeHms:

A — XKanatacckas BOC.

Fig. 17. DEM with segments of eagle tracks on spring
and autumn migrations (C) and stopovers during
migration (B). Legend: A — Zhanatas WPP.
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3aTeAei BbICOTbl MOAETa Ha OOAbLUMX BbICO-
Tax (puc. 18). Tak, Hanpumep, Ha BbICOTE HaA
ypoBHem Mops A0 500 M BbICOTa NMOAETa NTUu
He npesbiwaeT 350 M. ToAbKO Bbile 600 M
HaA YPOBHEM MOpP$I OPAbl MOAHUMAIOTCS Ha
BbICOTy Ooaee 400 M HaA MOBEPXHOCTbIO
3emAM. A BbicoTa noaéta 6oaee 600 M oT™e-
4€Ha TOALKO AASl MTULL, MepeceKalowmx xpe-
6eT B ToUKax C BbicoTamm Goaee 700 M Haa
ypoBHem Mopsi (puc. 18, HMXHUIA rpadpmK).
HecMoTpsi Ha BO3MOXKHOCTb OPAOB MepeBa-
AmBaTh Kapartay Ha OOAbLIMX BbiCOTax, Ta-
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BAOAb OCEBOM YacTh xpebra.
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To estimate eagle mortality at the Zhana-
tas WPP properly, we used CRM “Band” (see
methods), calculating the probability of colli-
sion with turbines for every species separately
with WPP’s downtime at an average of 24.2%
annually (17.5-33.5% monthly).

For Eastern Imperial Eagles, an average risk
of collision while passing the RSZ of one tur-
bine averaged 8.4% in a base model (5.8%
—fair wind, 11.0% — head wind) (tables 10,
11), and 8.5% in an extended model using
bird flight altitude range with the condition of
18.29% individuals flying at the height of the
rotor (fig. 26). Modeling showed that among
1,610-1,723 eagles that potentially pass
through the RSZ, 108-117 birds may die as
a result of collision with wind turbine blades
(table 10).

For Steppe Eagles, an average risk of col-
lision while passing the RSZ of one turbine
averaged 7.0% in a base model (5.0% - fair
wind, 9.0% — head wind) (tables 10, 12) and
7.3% in an extended model (fig. 26). Mod-
eling showed that among 6,888-7,371 eagles
that potentially pass through the RSZ, 377-
417 birds may die as a result of collision with
wind turbine blades (table 10).

For Greater Spotted Eagles, an average risk
of collision while passing the RSZ of one tur-
bine averaged 6.6% in a base model (4.7%
— fair wind, 8.6% — head wind) (tables 10,
13), and 6.8% in an extended model (fig.
26). Modeling showed that among 494-528
Greater Spotted Eagles that potentially pass
through the RSZ, 26-29 birds may die as a
result of collision with wind turbine blades
(table 10).

To assess the risk of the collision with tur-
bines of Zhanatas WPP, we calculated a and
p (of collision) as the radius function, present-
ed in tables 11-13.

Tables with calculations of the mortality risk
of Eastern Imperial Eagles’’, Steppe Eagles®?,
and Greater Spotted Eagles®® at the Zhanatas
WPP are available as supplementary material
to the article.

Puc. 18. I'pachuk (BBepxy) 1 Anarpamma paccesHms
(BHM3Y), MNOKa3bIBAIOLLIME 3aBUCMMOCTb BbICOTbI MOAETa
OPAOB OT BbICOTbI HAA YPOBHEM MOPS.

Fig. 18. Graph (top) and scatter diagram (bottom)
showing the dependence of eagle flight altitude on
altitude above sea level.
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Puc. 19. Aokaumm opAOB, paH>KMpOBaHHbIE 10 CKOPOCTH BeTpa (M1) 1 yray Mexkay HarnpaBAeHuem BeTpa 1 ABvkeHnem ntuubl (M2), na LIMP u B
ructorpammax (G1 m G2), a Takke Anarpammbl paccesiHus, nokasblBaloLume 3aBUCMMOCTH CKOPOCTU MOAETa OpAOB OT ckopocTyu seTpa (D1) u yma
MEXKAY HarpaBAeHMeM BeTpa U ABUXKeHnem ntmubl (D2).

Fig. 19. Locations of eagles ranged by wind speed (M1) and angle between wind direction and bird movement (M2) on DEM and in histograms

(G1 and G2), and scatter diagrams showing dependence of eagle flight speed on wind speed (D7) and angle between wind direction and bird

movement (D2).
KM/4 (BKAIOHYAsi CermeHTbl Ha noaxoae K Ka- Thus, according to the base model, an-
patay, cm. puc. 19), Bapbuposaaa ot 0 (noa-  nual 511-563 deaths of migrating eagles
HbI LITWAB) A0 70 KM/4, cocTaBus B cpeaHem is possible on the Zhanatas WPP based on
11,88+8,30 Km/4. AAst AoKaLMit oceHHeld M- 13—14 birds by turbine annually without
rpauMM CKOpoCTb BeTpa M3MeHsinach B aMa-  taking into account the share of birds avoid-
nasoHe ot 0 a0 70 km/4, cocTaBus B cpeaHem  ing collision.
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Puc. 20. Anarpammbl pa3maxa CKOPOCTH BETPa B TOYKaX AOKaLIMi CTEMHbIX OPAOB (A) 1 yraa MEXKAY HarnpaBAeH1em BeTpa U HarpaBACHNEM ABMKe-
HYMS OPAOB Pa3HOIO M0AQ Ha OCEHHEN 1 BeCeHHeN Murpaumsx npu nepeceveqnn nmm Kapatay (B). [NpuHatslie cokpatuenms: F — camka, M — cameu,
AUT — ocenHsas murpauns, SPR — BeceHHsas murpaums.

Fig. 20. Diagrams of wind speed range at the location points of Steppe Eagles (A) and the angle between wind direction and movement direction of
eagles of different sexes on autumn and spring migrations when crossing Karatau (B). Abbreviations: F — female, M — male, AUT — autumn migration,
SPR — spring migration.

(n=343) 11,31%8,56 KM/4, AA BeCceHHenl —
0T 3 A0 48 KM/, coCTaBMB B cpeaHem (n=134)
13,31%7,46 kM/u. T.e. BECHOM NTULIbI AETEAM
B CPeAHEM MpPU AOCTOBEPHO DOAbLLIEH CKOpO-
CTu BeTpa, HexxeAn oceHbto (T=0, Z=10,04,
p=0,0000). CkopocTb BeTpa B AOKaLMSX ca-
MOK cTenHblx opaoB (n=141, 13,55%9,75
kM/4, lim 0-70 km/4) Takxke BblAa B CpeaHeMm
Bbilwe (7'=0, Z=10,23, p=0,0000), yem B
AoKaumsix camuoB  (n=336, 11,17x7,52
KM/, 0—43 KM/4), MPUUEM pasHuLa COXpaHs-
AACb KaK OCeHblO (CaMKM: N=78, B cpeaHem
12,68+10,39 km/™, lim 0-70 Kkm/4, cam-
ubl: n=265, B cpeaHem 10,91+7,92 km/u,
lim 0-43 km/m, T=0, Z=7,57, p=0,0000),
Tak M BECHOM (CaMKM: N=63, B CpeAHEeM
14,63+8,85 km/u, lim 3-48 km/4, camubl:
n=71, B cpeaHem 12,14*5,77 «m/u, lim
4-34 km/u, T=0, Z=7,32, p=0,0000) — cMm.
puc. 20.

[Mpn NOAHOM LUTMAE NMEpeMeLLAaANCh TOAb-
KO 2 CaMKM 1 2 camLia CTEMHbIX OPAOB M TOAb-
KO BO BpPeMsi OCEHHeN MUrpaLmm.

Mpu cuabHOM BeTpe (6oree 38 Km/u)
TOABKO 4 MTULbI AETEAM, MPUYEM B 2-X CAY-
Yasix 3TO camkKa TecC 3akaH4YMBaAa MepexoA
yepe3 Kapatay Ha OCeHHeEWM murpaumm B
2019 n 2021 rr., 7 okta6psa 2021 r. oHa 3a
Tpu Yaca Oe3 ocTtaHOBOK nepecekAa Kaparay,
HayaB ABMXKEHME B MepeAOBbIX CKAAAKax ce-
BepHOro MakpockaoHa Kapatay npu ckopo-
CTH BeTpa 32 kM/d. Takke Ha OCeHHel Mu-
rpaunn 2 ceHtadbpsa 2018 r., npn cKopocTu
BeTpa 43 KM/4, MPOAET BAOAb I05KHOIO CKAOHA
Kaparay cosepLuma Kerxbik. ELé oamH npo-

Given average wind speed while eagles
crossed the Karatau and average wind direc-
tion that affected at least 50% of migrants,
the risk of bird collisions on the territory of
Zhanatas WPP is 2.4 times higher (table 14).

With correction for wind, an annual mortal-
ity rate of 1175-1295 migrating eagles (29-32
birds per turbine annually) is expected at the
Zhanatas WPP without taking into account
the proportion of birds avoiding collision.

Tables with calculations of mortality risk of
Eastern Imperial Eagles™, Steppe Eagles®®, and
Greater Spotted Eagles®® at Zhanatas WPP
with correction for wind speed and direction
relative to bird movement are available as
supplementary material to the article.

Assuming that 96% of eagles on migra-
tion through Karatau will avoid collision with
wind turbine blades (1% more than the esti-
mation of Band et al., 2007 as a general norm
of avoidance), we lower eagle mortality risk at
Zhanatas WPP to 20-23 individuals annually or
0.5-0.6 individuals per turbine annually for the
base model and to 47-52 individuals annually
or 1.2-1.3 individuals per turbine annually for
the model with the correction for wind speed
and direction. It is unclear if we can assume
that this proportion of migrating eagles, a con-
siderable amount of which are first-year birds
migrating through Karatau for the first time,
will effectively avoid collisions, especially tak-
ing into account that with head or flank wind
eagles have less capability to maneuver while
moving through the RSZ of the WPP built in
the area where eagles begin their ascent.
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XOA MPU CMAbHOM BETpe y CeBepo-3arnaaHou
okoHeuyHocTn Kapatay cosepiumaa CapbiryAb
Ha oOpaTHOM BeceHHer murpaumn 13 map-
Ta 2021 r.: HayaB ABMXKeHune B bernak-Aane
MpM CKOPOCTM BeTpa 34 KMm/4, opamLa 3a 3 4
npotuAa Kaparay, ABMrasicb Co CKopocTbio 60
KM/4 MO BETPY Mpu CKOPOCTH BeTpa 48 Km/u.

[NepemelleHunst CTeMHLIX OPAOB MPU CKO-
pOCTH BeTpa B AMarnasoHe oT 24 A0 38 km/u
OTMeYeHbI B 43 cAydasix u3 477 (9%), npuyém
38 M3 HUX A€XKAT BAOAb I0XKHOMO MaKpPOCKAO-
Ha KapaTay v TOAbKO 4 NpuypoUeHbl K paBHM-
HEe B MOAHOXKMM CEBEPHOIO MAaKPOCKAOHA 1 1
— K I0r0-BOCTOYHOM KpOoMKe Kapatay K 3anaay
o1 Yoknaka (puc. 19).

OcHoBHas 4acTb AOKaUMI OPAOB B3dTa B
TOYKAaX CO CKOPOCTbIO BeTpa B AMarnasoHe
OoT 5 A0 20 KM/4 M 3TOT AManasoH, BUAMMO,
ABASETCH HanboAee ONTUMAAbHbBIM BO BpemSs
murpaumn. Kakoin-ambo cepbe€3Hoi Koppeas-
LMK CKOPOCTU MepeMeLLIeHUs OPAOB OT CKO-
pPOCTM BETPA HE OTMEYEHO KakK pa3 MMEHHO
NOTOMY, 4TO OOAbLLAS 4YaCTb OPAOB AETUT
NPy HU3KOM CKOPOCTH BeTpa. OYEBMAHO, YTO
NP1 BbICOKMX CKOPOCTAX BETPA 3HAYMTEALHO
YBEAMUMBAETCA M CKOPOCTb MOAETA OPAOB,
HO OHM MPEANOYMTAIOT NEePEXKMAATH CUAbHbIE
BETPa Ha 3eMAEe MPU MPOXOXKAEHUU TOPHBIX
nperpaa, a AT|T Npu CKOPOCTH BeTpa bonee
dem 20 KM/4 MPEUMYLLIECTBEHHO Ha PaBHUHE.

AHAAM3  ABMKEHWUS OPAOB OTHOCMTEAbHO
HarnpaBAeHMsi BETPa nokasaa, 4To B 53,46%
CAy4aeB M3 477 OpAbl NEpemeLLasnch npum
MOMYTHOM M MOMYTHO-OOKOBOM BeTpe (aMna-
nasoH ot 0 a0 60°), 26,61% — npu HOKOBOM
BeTpe (61-120° u 20,34% — npu BCTpeHHOM
1 BCTpeuHo-6okosom sBeTpe (121-180°) (puc.
19). Mpuuém, Avwwb 7 AoKaumid (7,22%) u3
97 B ABMXKEHMM MPU BCTPEUYHOM BeTpe ObiAn
MPUYpPOYEHbI K NMEePEeAOBbIM CKAAAKaM CeBep-
HOI0 CKAOHa KapaTay, a OCHOBHas AOASt TaKMX
AoKaumii (87,63%) Bbina npuypoyeHa K 10X-
HOMY CKAOHY M I0r0-BOCTO4HOM OKOHEYHOCTM
Kaparay. To »xe camoe MOXXHO cka3aTb U O
ABUXKEHMM OPAOB MpK DOKOBOM BETPE — AULLb
16 rokaumii (18,8%) 13 125 OblAM COCPeAOTO-
YeHbl BAOAb €0 CEBEPHOI0 CKAOHA U CeBep-
HbIX MPEArOPKI, a OCTaAbHble AeXaAn AMOO
no 10XKHOM nepudpepumn xpedTa, AMbO B ero
ueHTpe. Kak MUHMMYM B MOAOBMHE CAy4aeB
nepemeLleHns OpAoB Npu OOKOBOM BeTpe
OPAbl HaYMHAAWM ABMXKEHME TMPU MOMYTHOM
BETPE M TOALKO MOCAe npeceveHus Kaparay
(0ObIYHO C CceBepo-3amnasa Ha 0ro-BOCTOK)
ABUIaAUCb Mpu HOKOBOM BeTpe.

B ueaom 3a 06a MUrpaUMOHHbLIX Neproaa
YIOA MEXXAY HarpaBAEHMSAMM BETPA U ABMXKE-
HMS OPAOB BapbipoBaa oT 0 A0 179°, cocTasms
B cpeaHem (n=477) 67,16%=51,89° (puc. 20,

As shown above, 26.61% of eagles move
through Karatau with a flank wind (61-120°),
and 20.34% — with head wind or head/flank
wind (121-180°) (see fig. 19), but in the area
of Zhanatas WPP only 14.29% of eagles mi-
grated without fair wind. Then, only 85.71%
of eagles should be attributed to the group
with the probability of collisions of 96%; for
eagles that migrate in less favorable conditions
it should be estimated at least twice lower.

Thus, the minimal probability of eagle death
at Zhanatas WPP as a result of collision with
wind turbine blades is estimated at 55-61 in-
dividuals annually, or 1.38-1.53 individuals
per turbine annually taking into account the
bird flight attitude, wind speed and direction,
as well as an ability to avoid wind turbine
blades or pass round the turbines at a signifi-
cant distance (table 15).

Different sources report on other WPPs de-
velopment planned in Karatau and around it
(Trofimov, 2012; Upushev, Bolatbek, 2012;
JSC KazNIPIITES..., 2017; UNDP Kazakhstan,
2008; WPS Baidibek-1..., 2021) in the WCHMC
area, and their stages of development are un-
known. If these projects will be implemented,
total eagle deaths on wind turbines in Kara-
tau may increase to 165-183 individuals an-
nually. And if the real bird mortality rate will
exceed the predicted range because of a low
share of first-year birds that are able to avoid
collisions or fly around the WPP, then in the
future the number of dying eagles will lower
because of the elimination of birds migrating
in the WCHMC, and as a result, the number
of breeding groups associated with this cor-
ridor will decrease. It is southeastern Kazakh-
stan Steppe Eagle population groups, as well
as Eastern Imperial Eagle population groups in
Eastern and Central Kazakhstan that will pri-
marily be threatened due to their low number
and the minimal number of young birds that
are encountered during summer movements
and which serve as a population reserve to re-
build nesting pairs.

Based on the trend of further wind power
development in Southeastern Kazakhstan,
including in Karatau, we zoned Karatau for a
rapid test of possible WPP influence on eagles
(fig. 27). Zoning is done using the total eagle
migration data based on network mapping
and density analysis of bird tracks followed
with ARGOS/GPS-transmitters and GPS/GSM-
trackers (see fig. 11), as well as minimal prob-
ability of collision with turbines with average
flying profiles of eagles in these zones with
correction for wind speed and collision avoid-
ance (see table 10-13) for turbines similar to
ones that are used at Zhanatas WPP. Zone 1
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21), npnuém oceHblo (=343, 65,62+53,68°,
lim 0-179°) oH GblA B CpeAHEM AOCTOBEPHO
y>Ke, uem BecHol (n=134, 71,11+46,96°, lim
1-177°;, T=0, Z=10,04, p=0,0000), n y ca-
Mok (n=141, 60,39+47,69°, lim 1-179°) o
TaK>Ke OKa3aAca yxe, 4emM y camuoBs (n=336,
69,9%53,38°, lim 0-179°, T=0, Z=10,27,
p=0,0000) — Goree TKEAbIE CaMKM NPeAno-
ynTaAn AeTeTb Mo BeTpy, OoAee TOYHO Npu-
AEPXKMBAACh €0 HarpaBAeHus, yYem Oonee
Aériue camubl (puc. 20).

DaKTOPHLIM aHaAM3 MOKa3aA, YTO HET HU-
Kakoi andpcpepeHumanMm B rpynmnax camok
M CaMLIOB Ha OCEHHEM M BECEHHEM MPOAETax
MO TaKOMY KOMMAEKCY MapameTpoB, Kak Bbl-
COTa HaA YPOBHEM MOPS$, CKOPOCTb U Hanpas-
ABHME BETPa, a3uMyT MepemelleHns nTuu,
CKOPOCTb MTULL U YTOA UX ABUXKEHMS OTHOCK-
TeAbHO HanpaBAeHWs BeTpa (puc. 22-A).

PerpeccroHHbIl aHaAM3 MAOXO 0ObsicHAeT
CBA3b CKOPOCTK nepemeLleHns opaoB (000-
MX MOAOB) C MOKasaTeASMM BETpa W BbICOTbI
HaA YPOBHEM MOPS Kak Ha OCEHHEeM MpPOAE-
Te (R°=0,10, F(5,337)=8,62, p<0,00000,
SE=14,28), Tak U Ha BeceHHem (R?=0,19,
F(5,128)=7,16, p<0,00001, SE=16,27),
HO AydlUe OObSACHSET CBA3b YrAa MEXAY Ha-
NPaBAEHMEM ABMXKEHMS MTUL M HarnpasAe-
HMEM BETPa, HO TOAbKO Ha OCEHHEeW Murpa-

— AzumyT nepemelyeHns opnoe / Direction of eagles movements

HanpaeneHue Betpa / Wind direction

— AzumyT nepemelyeHns opnoe / Direction of eagles movements

— HanpaeneHue Betpa / Wind direction

OceHHASL MATPALIHS
Autumn migration

N Becennsiss MUrpanus
Spring migration

— the risk of collision is at 0.8-1.3 eagles per
turbine annually; zone 2 — risk of collision is
at 1.4-1.6 eagles per turbine annually; zone
3 — risk of collision is at 1.7-2 and more ea-
gles per turbine annually. Construction of
WPPs with blade turbines in zone 3 will lead
to catastrophic consequences for some eagle
populations that migrate in the WCHMC even
with minimal estimation for collision risk with
the big share of birds able avoid collisions or
prefer not to fly through the WPP.

The stops density map (fig. 28—-K1) was made
based on the map of locations of overnight
and prolonged stops during fall and spring mi-
grations (see fig. 12). Based on this map, we
marked out zones (fig. 28-K2) where it is not
advisable (zone 1) or inadmissible (zone 2)
to build a WPP for a number of reasons. The
first reason is the risk of habitat loss at eagle
stopovers. The second reason is an increased
risk of collision caused by more frequent eag-
le landings and departures eagles which, in
turn, increase the frequency of passes through
hazardous high-altitude rotor swept zones
at WPPs. The two issues are mutually exclu-
sive, but the domination of one or the other
after the construction of WPPs in highlighted
zones depends on a multitude of unpredict-
able factors (see discussion). WCHMC almost
perpendicularly crosses at least 3 wind corri-
dors with prevailing wind speed above 5 m/s,
and that makes these wind corridors promis-
ing for WPP construction: southwest of Kalba,
Balkhash region, and Karatau (see Parsons ...,
2009; Badger et al., 2021). Eagle migration is
the same in all wind corridors, and therefore
further wind power development in these
wind corridors will only increase risk to eagles.

Discussion
Currently, despite the considerable number
of publications describing movements of birds

Puc. 21. Anarpamma asumyTa nepemeLLeHii OpAoB

Ha BECeHHel 1 OCeHHeN MUrpaLmsax OTHOCUTEAbHO
HarpaAeHms BeTpa (Mo AaHHbIM M3 AoKaumii opAoB). B
AMarpamme oTobpakaloTcsi AOAM (% OT YMCAa AOKaLIMii B
Ka>kKAOM rpynne): OCeHHSIs1 Murpaums —n=343, BeceH-
Hs11 Murpaumsi —n=134.

Fig. 21. Diagram of the azimuth of eagle movements

on spring and autumn migrations against wind direction
(according to data from eagle locations). The diagram
shows percentage (%) of the number of locations in each
group: autumn migration —n=343, spring migration —
n=134.
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Puc. 22. Anarpamma Ocenmss Murpamus / Autumn migration
paccestiusi KaHo#H- S ———
HECKMX 3HAYEHMI AAST O Camrr/ Male
CaMOK 1 CamLIOB Ha Becennas Murparus / Spring migration
OCEHHel 1 BeCeHHeH A
murpamsix (A) u 3D Z g::;ﬁlf }1;7[1;;218
AMArpammbl paccesiHms Kop. 1 ot Kophs 2
rokasateAeii ckopo- &
ctv ntuu (Speed-bird) ;5
OTHOCUTEALHO BbICO-
Tbl HAA YPOBHEM MOPSI 5
(Elevation), ckopoctn
setpa (Speed-wind) n ;
yrAa MexAy HaripaBae-
HUeM repemeLLeHns 0 o
ntuu 1 Betpom (Ugol) (B o E'c?°
and C). o .
>~
Fig. 22. Scatter diagram
of canonical values 2
for females and males
on autumn and spring = -
migrations (A) and 3D 4 .
scatter diagrams of bird o
speed versus elevation, 2 o
windspeed and the angle
between the direction of /5
bird movement and wind 5 -4 3 2 -1 0 1 2 3
(Ugol) (B and C). Kop. 1
B C
3M Ouarpamma paccesHus 3M [narpamma paccenHus
Speed-bird M Speed-wind W Ugol Speed-bird U Elevation W Speed-wind
(MocTpouHoe yaaneHue MO) (MocTpouHoe yaanexue MNO)

umn (R?=0,42, F(5,337)=51,39, p<0,0000,
SE=40,73) (puc. 22 - B, Q).

Cpoku oceHHeldf M BeceHHeH MMUrpaumi
opAaos 4epe3 Kaparay

Aatbl, B KOTOpble HabAIOAAAACL MUIPaLIMg
OpAOB, MOMEYEeHHbIX Tpekepamu, yepes Ka-
paTay npuBeaeHbl B TabA. 7 1 Ha puc. 23.

boAbLoi noaopanK Kaadrylua murpuposan
yepe3 Kapatay 0CeHbIO B AOCTATOHHO Y3KMiA Me-
p1OA BpeMeHM: 27 ceHTS0ps — 2 OKTa0ps, B TO
BPEeMs Kak CPOKM €ro BECeHHEN MUIrpaLm exxe-
FOAHO CMeLLaAnCh Ha Boaee paHHue — ¢ 19-20
anpeaa B 2015 r. K 25-28 mapta B 2018 r.

OceHHas mMurpaums OpAOB-MOTMABHUKOB
npoxoamnaa ¢ 17 okTa6psa no 28 Hos0ps, npu-
4éM MEepBOrOAKM MPOXOAMAM Kapartay ao 4

on migrations, there are many unknown fac-
tors that determine migrants’ choice of routes,
as well as affect the nature of bird movements
along these routes.

The WCHMC is a very interesting area for
study of birds of prey migrations and obtaining
information on the above-mentioned objec-
tives. Since this migration corridor lies outside
the area of active research by foreign ornithol-
ogists, it remains a “blind spot” (Prins, Nam-
gail, 2017). Until recently, there has been no
data on migration parameters using the latest
tools (e.g. GPS/CSM tracking). There are still
no radar studies and nor any up-to-date sys-
tematic visual observations of migration, such
as those conducted in Georgia (Vansteelant
et al., 2014; 2020; Wehrmann et al., 2019)
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Taba. 7. Aatbl murpaunii oparos depes Kapatay. [Npunstoie cokpatueqms: ACOP — Antae-CasiHckmii pervoH, CK — LleHTpabHbii KazaxcraH, n — umc-
A0 riepecedeHmit Kapatay OpAOM B XOA€ OAHOM MurpaLim (BKAKOYasi AOXKHYIO MUIpaLImio, BO3BPAT Ha 3MMOBKY M MTOIOBYIO MUIPaLMIO MAM NETAEBOM
MPOAET Yepe3 aBe YacTu KapaTay B XOA€ OAHOM MUIpaLmm).

Table 7. Dates of eagle migration through Karatau. Abbreviations: ASER — Altai-Sayan Region, CK — Central Kazakhstan, n — number of Karatau
crossings by an eagle during one migration (including false migration, return for wintering and final migration or a loop flight through two parts of
Karatau during one migration).

Aatbl 0ceHHel MUrpaumm

Aartbl BeceHHel MUrpaumm

NUmsa Foa Dates of autumn migration Ann Dates of spring migration Ann
Name Year n M=SD Days n M=SD Days
1 2 3 4 5 6 7 8

Kaanrywa / Klangusha 2014 1 02-04/10 3.0

Kaaurywa / Klangusha 2015 0 1 19-20/04 2
Kaaurywa / Klangusha 2016 1 27-28/09 2 1 01-02/04 2
Kaanrywa / Klangusha 2017 1 01/10 1 1 30/03 1
Kaarrywa / Klangusha 2018 1 27-28/09 2 1 25-28/03 4
ACL 2014-2018 29-30/09+3 2%0.8 (1-3) 03-05/04=11  2.3%x1.3 (1-4)
Kanouka /Kanochka 2014 1 31/10-04/11 5 0

Kanouka /Kanochka 2015 1 14/11 11 12/04 1
Anyiika / Anuyka 2014 1 17-19/10 3.0

Anyiika / Anuyka 2015 1 14/11 11 11-12/04 2
Opotwua / Orosha 2014 1 30-31/10 2 0

Opotua / Orosha 2015 3 08-10/11 + 14/11 3+1 1 05-06/04 2
Opotua / Orosha 2016 3 05-06/11 + 09/11 + 11/11 24141 1 26-27/02 2
Opotua / Orosha 2017 1 02-03/11 2 1 03-06/03 4
Opotua / Orosha 2018 3 04/11 + 21/11 + 25-28/11 T+1+4 1 23-25/02 3
AH 2014-2018 08-09/11x10 2%0.8 (1-5) 20-21/03x22  2.3%1.0 (1-4)
Xakac / Khakas 2018 1 02-05/11 4.0

Xakac / Khakas 2019 3 03/09 + 25-26/09 + 03/10 T+2+1 1 14/03 1
Xaxac / Khakas 2020 1 20/08 11 09-10/04 2
Xakac / Khakas 2021 1 02-03/11 2 1 30-31/03 2
Cu / Sin 2018 1 31/10-04/11 5 0

Cur / Sin 2019 1 09/08 1T 0

CuH / Sin 2021 1 23-24/10 2 1 31/03 1
Cun / Sin 2021 0 1 01/04 1
Mwuh / Min 2018 1 30-31/10 2 0

Mun / Min 2019 1 31/08-01/09 2 0

Mun / Min 2020 1 28-29/10 2 1 16/04 1
Mun / Min 2021 1 23-24/10 2 1 30/03 1
Yparan / Uragan 2018 1 08-09/11 2 0

Yparan / Uragan 2019 1 09-10/11 2 0

YparaH / Uragan 2020 1 16/10 1 0

YparaH / Uragan 2021 1 20-22/10 31 11/04 1
Toc/ Tes 2019 1 15-17/10 3 0

Toc/ Tes 2020 1 16-18/09 31 09/05 1
Toc/ Tes 2021 1 07/10 T 1 30/04-01/05 2
LLloiiry /Shoygu 2019 1 12-14/11 30

Mta/ Ita 2019 1 29/10-07/11 10 0

Xaaaaa / Khaddad 2019 1 10-11/11 2 0

Xaaaaa / Khaddad 2020 0 1 24-26/04 3
JKanHa / Jeanne 2019 1 06-07/10 2.0

YKanHa / Jeanne 2020 1 18/09 1 1 14-17/03 4
YKanHa / Jeanne 2021 1 12-13/10 2 1 28-30/03

Acku3 / Askiz 2020 1 28-29/10 2 0

Acku3 / Askiz 2021 1 31/08-07/09 8 1 03-05/04 3
Xaw / Khan 2021 1 31/10-01/11 2.0

KpoH / Kron 2021 1 18/10 1.0
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Taba. 7. AaTbl murpaumii opros depes Kapatay. [Npunsiteie cokpatuerms: ACOP — Aatae-CasHckuii pernoH, CK — LleHTpanbHbii KasaxcraH, n — unc-
A0 nepecedeHmii Kapatay OpAOM B XOA€ OAHOM MurpaLinm (BKAKOYasi AOXKHYIO MUIpaLImio, BO3BPAT Ha 3MMOBKY M MTOIOBYIO MUIPALIMIO MAM NETAEBOM
MPOAET Yepe3 aBe YacTu KapaTay B XxoAe 0AHOM MMIpaLim) (OKOHYaHue).

Table 7. Dates of eagle migration through Karatau. Abbreviations: ASER — Altai-Sayan Region, CK — Central Kazakhstan, n — number of Karatau
crossings by an eagle during one migration (including false migration, return for wintering and final migration or a loop flight through two parts of
Karatau during one migration) (Ending).

1 2 3 4 5 6 7 8

Pesi / Reya 2021 1 30/10-01/11 3 0

AN ASER 2018-2021 12-13/10+26 2.5+2.0(1-10) 07-08/04x16  1.8+1.0 (1-4)
Kerxbik / Kenzhyk 2018 2 01-06/09 + 17/09 6+1 0

Kemxbik / Kenzhyk 2019 0 1 26/04 1
Capbiryab / Sarygul 2019 0 0

Capbliryab / Sarygul 2020 0 1 01/04 1
Capbliryab / Sarygul 2021 0 3 09/03 + 13/03 + 21/03 T+1+1
AiiHa / Ayna 2020 0 1 07.04 1
AiiHa / Ayna 2021 1 05/08 10

AN CK 2018-2021 28-30/08+22 2.7+2.9 (1-6) 28/03+18 1
AN 2018-2021 08-09/10+29 2.5+2.0 (1-10) 04-08/04=17  1.5+0.9 (1-4)
Bce opAbl 2014-2021 16-17/10+£28 2.3+1.8 (1-10) 31/03-01/04=18  1.8+1.0 (1-4)
All eagles

HOS0PS, B MOCAGAYIOLLME FOAbI MUIPUPYS B
BoAee No3AHKME CPOKM — CO 2 Mo 28 HoA0ps.
BecenHas murpaums nepBoroaok, BHe 3aBu-
CMMOCTHM OT YAAAEHHOCTH 3UMOBOK OT KapaTtay
(AHyrika n OpoLua MUrpUpPOBaAK 13 HU30BbLEB
Muaa B TMakucrane, KaHouka murpupoBana
13 ¥Y30ekncTaHa), NMPOMCXOAMAQ B AOCTaTOY-
HO Y3Kuii nepuoa ¢ 5 no 12 anpeas. Opouua,
BbIOPABLUMI AAS 3MMOBKM CBAAKY Ha OKpamHe
LLIbiIMKeHTa, BO BTOPOM M MOCAEAYIOLLIME FOAbI
MurprpoBaa yepe3 Kapatay ¢ 23 dpespans no
6 MapTa, BUAMMO OMpPEAeAsisi Ha4aAO Murpa-
LIMM MOAYB3POCABIX M B3POCAbIX MTULL, BO3BPa-
LLAIOLLIMXCS C XOAOAHBIX 3UMOBOK.

CrenHble OpAbl OCEHbIO MUIFPUPOBAAM He-
pes Kapatay c 5 aBrycra no 12 Hos0ps, ABy-
M$S BbIPQXKEHHbIMM BOAHaMM, Kak ObIAO MO-
KasaHo paHee (Kapsakun u ap., 2019e) — mu-
rpaums nTuu 13 nonyAaumii LlenTpasbHoro
KasaxcraHa (a Takxke, BUAMMO, M3 MOMNYASLMIA
3anaanoro 1 KOro-BoctouHoro KasaxcraHa)
M NTUu 2-3 roaa *usHu n3 Aatae-CasHcko-
ro pernoHa, HO AETOBABLUMX B 3anasHOM M
LlenTpaabHOM KazaxcraHe, wwiAa B NMepuoA C
5 asrycta no 17 ceHTabps, B TO Bpems Kak
nepBoroakn m3 Aatae-CagHCKOrO pervoHa
MUrpUpoBaAn depes Kaparay B nepuoa ¢ 6
OKT0ps no 14 Hosa0ps (n=13, B cpeaHem 29
okT06ps =10 aHel). HenoaoBospeable (2—4
roaa) opAbl 3 AaTae-CagHCKOrO pernoHa,
MPOBOAMBLUME AETO B HaTaAbHOWM 0DAaCTH,
MUrpUpoBaAn depes Kapartay B nepuoa ¢
12 okTa0ps No 3 HOAOPS — T.€. B CPOKM MMU-
rpaumu nepBoroAok. BecHol crenHbie OpAbi
MUrpupoBaan vepes Kapatay ¢ 9 mapta no 9
Mas, NpUYémM BOABLLMHCTBO NTULL IPOXOAMAO,
BMAMMO, ¢ 13 mapTa no 11 anpeas (puc. 23).

or Nepal (Curung et al., 2004; 2019; 2020;
deCandido et al., 2013; Subedi et al., 2017).

Our study of eagle migration sheds some
light on the parameters of migration of several
species in the WCHMC. Together with the re-
sults of tracking of Black-Eared Kites (Milvus
migrans lineatus) (see Kumar et al., 2020; Lit-
erak et al., 2021) they serve as groundwork
in the study of raptor migration parameters in
this part of Eurasia.

It is already clear that compared to lighter
kites, which by their flight characteristics oc-
cupy an intermediate position between hawks
and eagles (see Spaar, 1997), eagles prefer to fly
around high mountains and try to avoid even
Zailiisk and Talas Alatau, Kyrgyz Ridge and all
the western ridges of Pamir-Alai. It is very likely
that this phenomenon is based on low wind
load on foothills, caused by topography and
movement of air masses. Powerful thermals are
formed in foothills, making upward flows that
roll down to the foothill plain, where a sharp
boundary is formed between zones with low
and high wind speeds, which determines the
WCHMC axis (fig. 29).

Birds have a close connection between
flight behavior and wing morphology. Wing
load and aspect ratio determine the ability of
birds to use wind energy (see Spear, Ainley,
1997).

A comparison of flight styles and parameters
of migrating birds of prey in Israel showed that
the rate of ascent in thermals did not differ
between different species, indicating that it
is mainly the strength of ascending thermal
flows that determines the rate of ascent while
morphological traits were less important, but
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Jatbl oceHHel murpaumm yepes Kaparay
Dates of autumn migration through Karatau

[NlaTbl BeceHHelt Murpaumm yepes Kaparay
Dates of spring migration through Karatau
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23.9
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9.9
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12.8
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1 2
Yucno ocobeti / N ind.

3.5
26.4
19.4

124

5.4

29.3

223

15.3

8.3
13

22.2
1 2
Yucno ocobeii / N ind.

N ACL

AN CK

M AN ASER

N AH

B ACL

AN CK

M AN ASER

N AH

Ha oceHHel mMurpaumm Kaxxabii Opéa ne-
pecekan Kapartay 3a 1-10 aHeit, B cpeaHem
(n=52) 2,3%x1,8 AHel, B TO Bpems Kak Ha

Puc. 23. Aatbi murpaumii opaos yepes Kapartay.
puHsTbie cokpatuerms: AN — cTerHoii opéa (Aquila
nipalensis), AH — opéa-mornabHuk (Aquila heliaca), ACL
— 60AbLLION oaopamk (Aquila clanga), ASER — AaTae-Ca-
aHckmit pernor, CK — LienTpabHbii KazaxcraH.

Fig. 23. Dates of migration of eagles through Karatau.
Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH
— Imperial Eagle (Aquila heliaca), ACL — Greater Spotted
Eagle (Aquila clanga), ASER — Altai-Sayan Region, CK —
Central Kazakhstan.

in interthermal gliding air speed was positively
related and gliding angle negatively related to
the average body mass of birds. In sailing and
gliding flight the airspeed over rough terrain
was positively related to body mass (Spaar,
1997). Thus, the ability of birds to glide in-
creases with body mass. The heavier the ea-
gle, the more willingly it will choose a migra-
tion path where large ascending flows can
provide a long glide.

That is why Steppe Eagles, which have wings
longer but lighter than those of Imperial Eagles,
transit Karatau in a fairly wide range, while
Imperial Eagles fly in a narrower range, mainly
through the Chokpak, choosing the most optimal
orographic conditions, similar to Colden Eagles
in the Appalachians, concentrating in areas that
cause orographic uplifts (Dennhardt et al., 2015).

As they move in the migration corridor, glid-
ing birds of prey usually use two types of as-
cending flows: (a) orographic ascent resulting
from the deflection of horizontal winds over
sloping ground and (b) thermal ascent result-

Taba. 8. OueHka YMCAEHHOCTH OPAOB, AeTALLMX OCeHbio Yepe3 KapaTtay, no 10-aHeBHbIM nepuoAam (BBEpPXY B sHeikax AOAM OT OOLLEN YUCACHHOCTH
MUIPaHTOB, BHU3Y — YUCAEHHOCTb B OCOOSIX).

Table 8. Population estimate of eagles flying through Karatau in autumn by 10-day periods (top in cells — a percentage of the total number of
migrants, bottom — number of individuals).

Bua
Species Aatbi /Dates  yycaenrocts
01- 11- 21- 31/08- 10- 20- 30/09- 10- 20- 30/10- 09- 19- Ha OCeHHen
10/08 20/08 30/08 09/09 19/09 29/09 09/10 19/10 29/10 08/11 18/11 28/11 mwurpaumm (oc.)
ACL 2.5 15 325 325 15 25 Number of
individuals
AH 125 25 317 1108 40 3422 778 guing autumn
P AN 3.83 6.38 6.38 6.38 6.38 8.35 8.57 8.57 10.32 12.9 12.9 9.04 migration
ACL 55 328 710 710 328 55 2186
(561-59)  (304-  (658- (658-  (304- (51-59) (2024-2348)
352) 763) 763) 352)

AH 104 208 264 924 3334 2852 648 8335
(99- (199- (252- (880- (3178- (2719- (618- (7945-8724)

109) 218) 277) 967) 3490) 2985) 679)
AN 978 1630 1630 1630 1630 2133 2189 2189 2637 3296 3296 2310 25548
(855— (1425—- (1425- (1425- (1425- (1865—- (1914- (1914- (2305- (2881- (2881- (2019- (22336-29504)

N 1130) 1882) 1882) 1882) 1882) 2464) 2528) 2528) 3045) 3806) 3806) 2667)
Bcero 978 1630 1630 1685 1958 2948 3108 2782 3615 6630 6148 2958 36068
Total (855— (1425- (1425- (1476- (1729- (2622- (2771- (2470- (3236- (6059- (5600- (2637- (32305-40576)

1130) 1882) 1882) 1941) 2235) 3336) 3510) 3157) 4070) 7296) 6791) 3346)
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Taba. 9. OuerKa YMCAEHHOCTH OPAOB, ACTSILLIMX BeCHO Yyepe3 Kapatay, o 10-aHeBHbIM nepuoAam (BBepXy B sidelikax AOAM OT ObLLei YUCAeHHOCTH
MUIPaHTOB, BHU3Y — YACACHHOCTb B 0CO05X).

Table 9. Population estimate of eagles flying through Karatau in spring by 10-day periods (top in cells — a percentage of the total number of migrants,
bottom — number of individuals).

YucaeHHoCTHL

Ha BeCceHHeM

mwurpaumm (oc.)

Number of

individuals during

Aatbl / Dates  spring migration

Bua
Species  22/02-03/03 04-13/03 14-23/03 24/03-02/04 03-12/04 13-22/04 23/04-02/05 03-12/05
ACL 4 28.69 30.77 24.54 8.5 3.5
AH 15.6 18.6 18.6 18.6 18.6 10
P AN 5.89 11.76 25.21 28.57 12.07 9 7.5
ACL 69 492 528 421 146 60 1716
(64-74) (456-529) (489-567) (390-452) (135-157) (56-65) (1588-1843)
AH 970 1157 1157 1157 1157 622 6220
(925-1016) (1103-1211) (1103=1211) (1103-1211) (1103-1211) (593-651) (5931-6510)
AN 915 1827 3917 4439 1875 1398 1165 15536
N (800-1057) (1597-2110) (3425-4523) (3881-5126) (1640-2166) (1223-1615) (1019-1346) (13584-17942)
Bcero 970 2072 3053 5566 6124 2918 1544 1225 23472
Total (925-1016) (1903-2268) (2764-3395) (4983-6263) (5473-6904) (2622-3269) (1358-1771) (1074-1410) (21103-26295)

BeCeHHen murpaummn — 3a 1-4, B cpeaHem
(n=29) 1,8=1,0 anen (puc. 14). 1 ecan y
BOAbLLIMX MOAOPAMKOB M OPAOB-MOIMMABHUKOB
NMPOAOAKMTEALHOCTb MPOXOXKAeHUs Kapartay
Ha OCEHHEN M BeCEHHEN MUrPaLMsX NMPUHLN-
MMaAbHO He OTAMYAAACh (0COOM 0OOMX BUAOB
npoxoanan Kapartay oObl4HO 3a 2 AHS), TO Y
CTEeMHbIX OPAOB CPOK npoxoxaeHuns Kapatay
MHAMBUAYYMaMM BECHOM ObIA AOCTOBEPHO KO-
poye, yem ocenbto (T=0, Z=2,67, p=0,008)
— B cpeaHem (n=19) 1,5x0,9 aHa npoTtus
(n=34) 2,5x2,0.

Cpokn oceHHel murpaumm yepes Kapatay
AASI BCEX BMAOB OPAOB Mbl onpeaeasiem B 113
AHEM, € 5 aBrycra no 25 Hos10psl, BeCeHHel — B
77 aHeld, ¢ 22 dpespans no 9 Mast. OueHka unc-
ACHHOCTU MUIPAHTOB B Pa3Hble CPOKM OCEHHEe
M BECeHHeW Murpaumii opaos Yepes Kapatay
npeactaBAeHa B TabA. 8, 9 1 Ha puc. 24.

Bo3moxHoe BansHne BOC Ha Kapatay Ha
nonyAsiLM1U MUTPUPYIOLLIMX OPAOB

B cooTBeTcTBMM C AQHHBIMKM MPOCAEXKMBA-
HMS MepemMeLLeHni i OPAOB C MOMOLLIbIO Tpe-
KEPOB M BM3YaAbHOro HabAOAEHMS 3a MU-
rpaHTamu, 18% nruu, nepecekaroLnx Kapa-
Tay, AeTUT B BbICOTHOM AMAMa3oHe, OMacHOM
C TOYKM 3peHust rmbean Ha TypbuHax BOC
— 50-155 M (3aeCb Mbl yuMTbIBaEM MOMPaBKY
Ha 10% NTMU, He MOonaBLMX B OObEAMHEH-
HYI0 BbIOOPKY MoOKa3aTeAel BbICOTbl MOAETa,
CM. Bbllle). 3HA4YMUT, COrAACHO OLIEHKEe 4MmC-
AEHHOCTU MWIPAaHTOB, PUCKY CTOAKHOBEHMS
¢ BOC npu nepecevennn Kaparay moxxeT
noasepratbca ot 5815 a0 7304, B cpeaHem
6492, OpAOB Ha OCEHHEeW Murpaurmn u ot

ing from heating of the land surface by solar
radiation (Kerlinger, 1989). Gliding birds use
orographic ascent to gain height (often low
one) and then glide downward in their de-
sired direction, and so alternate ascent and
glide as they move along ridges rich in oro-
graphic ascent (Bohrer et al., 2012; Katzner
et al., 2012; 2015; Johnston et al., 2013). In
the case of thermal ascent, gliding birds usu-
ally fly fairly high into thermals, using a cir-
cular trajectory from which they glide linearly
to the next thermal (Kerlinger, 1989; Katzner
et al., 2015; Santos et al., 2017). Because of
these special requirements, gliding birds tend
to move through areas of high thermal po-
tential, which are migration corridors (Den-
nhardt et al., 2015). It is noted that during
migration, when thermals are inaccessible,
eagles (Golden Eagles in this study) minimize
migration time rather than energy by choos-
ing a more energy-consuming flight along the
slope instead of waiting for thermals to appear
(Duerr et al., 2012), i.e., they tend to search
for places of orographic ascent by moving
through places where it occurs. Orographic
ascent is especially useful for migrants when
formed on ridges oriented in the direction of
migration (Dennhardt et al., 2015; Kerlinger,
1989; Marques et al., 2020). But if the ridges
are oriented transversely to migration, then
wind interferes with migration parameters
especially, as it happens, for example, in the
USA, where in the mountains with ridges
directing the migration, eagles fly mostly in
crosswinds (Johnston et al., 2013; Katzner et
al., 2015; 2016).
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3799 a0 4733, B cpeaHem 4225, OpAOB Ha
BeCeHHel Murpaumu. Mpuuém, ata umdppa B
PEaALHOCTM MOXKET ObITb HOAbLLE, TaK KaK AO
noabéma Haa CKAOHamm Kapatay B Tepmukax
OpAbl MepPeMELLIAINTCS Ha BbicoTax A0 200 M
HaA 3eMAEM M K NepeAoBbIM CKAaAKam xpebTa
MOAXOAST B «OMACHOM) AMarna3oHe BbICOT (CM.
AMarpammy paccesiHus Ha puc. 18). Takum
00pa3om, BEPOATHOCTb CTOAKHOBEHMSA C Typ-
Ounammn ADIT ByaeT MakcMMaAbHas Ha nepe-
AOBbIX CKAAAKaX CeBEPHOro ckaoHa Kaparay B
NEePUOA OCEHHEN MUIPaLIMM U Ha NMEePEAOBbIX
CKAAAKax I0)KHOIO CKAOHa Kapatay B nepmoa
BECEHHEeN MUrpaumm.

Yepes JKanartacckyio BIC, npoTskéH-
HOCTb KOTOPOWi COCTaBASieT AMLLb 6,34% OT
NpoTsKEHHOCTM Kapatay (26,3 KM OTHOCH-
TeAbHO 415 KM), NMPOWAM 6 MUrPALIMOHHbIX
TpekoB OpAOB M3 69 nepecekwmnx Kaparay,
—T.e. 8,7% OT YMCAA NMPOCAEIKEHHBIX MUIPa-
umi yepes Kaparay, npuyém 3 13 HUX Heno-
CpeAcTBeHHO 0AM3 TypOuH (puc. 25). Ecam
MPEANOAOXKMTb aHAAOTMUHYIO AOAKD MPOXO-
aoB uepe3 BOC cpean Bcex mMurpaHTtos, To
MOXXHO roBOpUTbL 0 4646-5818, B cpeaHem

In flight with a tailwind and gliding, the en-
ergy expenditure of gliding birds is almost as
low as when resting on a perching site or nest
(Weimerskirch et al., 2000; Mandel et al.,
2008; Sakamoto et al., 2013). This, in turn,
may limit the directions in which dynami-
cally gliding birds can effectively move across
mountain barriers in the migration corridor.
Consequently, they must optimize their mi-
gration strategies by compromising between
knowledge of location and quality of the fly-
way and the current wind load, which varies
over time, not only from season to season, but
also over the course of one season. As shown
in seabirds, they often fly with favorable cross
and tail winds (Weimerskirch et al., 2000;
Wakefield et al., 2009; Spear, Ainley, 1997;
Paiva et al., 2010; Ventura et al., 2020),
which allow them to travel at high travel
speeds and low energy costs (Weimerskirch
et al., 2000; Wakefield et al., 2009; Richard-
son, 2011; Richardson et al., 2018). Both the
relative wind direction (i.e., the difference in
the angle between the wind direction and the
bird’s direction of flight) and the relative wind
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5180, npoxoaax B roa, 8361047, B cpeaHem
932. 13 KOTOPbIX, KAK MMHUMYM — B OMAaCHOM
BbICOTHOM AMana3oHe.

AAst TOro, 4TOObI MaKCMMAAbHO KOpPpeK-
THO OUeHUTb rnbeab OpAOB Ha JKaHaTacckown
BOC, mbl ncnoab3osaan CRM «Band» (cMm.
METOAMKY), PacCHMTbiBasi BEPOSTHOCTb CTOA-
KHOBEHMS C TypOMHaMM AASl Ka’KAOFO BMAA
oTAeAbHO npu npoctosx BOC B cpeanem
24,2% B roa (17,5-33,5% B mecsLl).

ANt OPAOB-MOIMABHMKOB CPEAHMI  PUCK
CTOAKHOBEHMS MPKU MPOXOXKAEHUM MNTULL B
3AP 0AHOWM TypOMHBI COCTaBMA B CpeAHeM
8,4% B 6azoBoit Moaean (5,8% — no BeTpy,
11,0% — npoTtus BeTpa) (taba. 10, 11) 1 8,5%
B PaCLUMPEHHON MOAGAM, C UCTMIOAb30BAHMEM
pacrpeAeAeHns BbICOTbl MOAETa NTUL MpK

PZhanatashWindfarm,

Google Earth

Gpoigle Earth

speed (or the tailwind component, i.e., the
windspeed component in the bird’s direction
of flight) influence their actual speed during
flight (Weimerskirch et al., 2000; Wakefield
et al., 2009; Ventura et al., 2020). The results
of the wind model showed that the actual
speed of birds (by the example of the Cape
Verde Petrel Pterodroma deserta) depends on
angle in a nonlinear trend, with the predicted
bird speed reaching a maximum at angle val-
ues around 50°. The model also showed that
this tendency was increased particularly when
birds traveled in strong winds (Ventura et al.,
2020). Similarly, eagles move through Kara-
tau, preferring tailwinds and quartering tail-
winds in the range up to 60° (in the optimum
40-50°, see fig. 19), changing their migration
routes year by to adapt to the current atmos-
pheric situation.

Understanding flight behavior of migrants in
response to weather conditions is becoming
increasingly important for reducing human-
bird conflicts in the aerosphere, especially in
light of the rapid development of wind power
(Ross-Smith et al., 2016), but it remains un-
derstudied (Shamoun-Baranes et al., 2017).

Standard WPP risk assessments assume a
linear dependence between the frequency of
occurrence of birds in the WPP area or the
frequency of birds fly through WPP rotors and
their mortality (Langston, Pullan, 2003; Small-
wood, Thelander, 2004; Tapia et al., 2009;
Telleria, 2009). This approach identifies short-
comings and provides that the likelihood of
birds colliding with turbines is highly depend-
ent on the avoidance behavior of different
species with respect to collision with blades,
topographic terrain characteristics, and wind
loading, rather than on bird numbers alone
(Barrios, Rodriguez, 2004; de Lucas et al.,
2008; 2012; Garvin et al., 2010; Ferrer et
al., 2012; Liechti et al., 2013; Katzner et al.,
2018; Miller et al., 2018; Fielding et al., 2021;
Murgatroyd et al., 2021). Even tower design
and rotor size play a role in number of deaths
(Thelander et al., 2000; ICF International,
2016).

Puc. 25. )KaHatacckast BOC Ha KOCMOCHUMKeE BbICOKO-
ro pa3peLueHmv 17 TpeKM OPAOB, npoxomvume MUMO
TypbuH: 1 —Yparan, 09.11.2019, 2 — Tac, 07.10.2021,
3 -Mra, 02.11.2019.

Fig. 25. Zhanatas WPP on a high-resolution satellite
image and tracks of eagles passing by the turbines:
1—Uragan, 09/11/2019, 2 — Tes, 07/10/2021, 3 - Ita,
02/11/20179.
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Puc. 26. pachuk oLieHKM prcka CTOAKHOBEHMIT OPAOB C AONACTSMM TypOMH B arbTep-
HaTUBHOM MOAEAM, MCTIOAB3YIOLLIEH MOKAa3aTeAM BbICOTbI MOAETa NTuLl. [lapameTpbi:
CKOpPeKTUpPOBaHHasi AOAS NTHULL, ACTALUMX Ha BbiCOTe poTopa — 18,29%, nHTerpan
notoka — 0,1926; A OpAa-MOTMAbHUKA: MHTErPaA CTOAKHOBEHMIM: POTUB BETpa
—-0,0217, no setpy — 0,0111, cpeaHmii — 0,0164; Ara CTENHOrO OpAa: MHTErpan
CTOAKHOBeHM: npoTus BeTpa — 0,0180, no setpy — 0,0099, cpeanmii — 0,0140; ars
BOABLLIOIO MOAOPAMKA: MHTErPaA CTOAKHOBEHMI: npoTus BeTpa —0,0169, no BeTpy —
0,0091, cpeanmii — 0,0130.

Fig. 26. Graph of the risk assessment of collisions of eagles with turbine blades in an
alternative model using bird flight altitudes. Parameters: adjusted percentage of birds
flying at rotor height — 18.29%, flux integral — 0.1926; for the Imperial Eagle: collision
integral: upwind — 0.0217, downwind — 0.07111, mean — 0.0164; for the Steppe Eagle:
collision integral: upwind - 0.0180, downwind — 0.0099, mean — 0.0140; for the
Greater Spotted Eagle: collision integral: upwind — 0.0169, downwind — 0.0091, mean
-0.0130.

ycaoBMM npoaéTta 18,29% ocobeit Ha BbicoTe
poTopa (puc. 26). MoaeAnpoBaHme Nokasano,
yto cpean 1610-1723 opAoB, NOTEHUMAABHO
npoxoaawmx B 3AP, B pe3yAbTaTe CTOAKHO-
BEHMS C AOMACTAMM BETPOBbIX TYPOUH MOXKET
rmbHyTs 108-117 ntuu (tada. 10).

AA$l CTEMHBIX OPAOB CPEAHMI PUCK CTOAKHO-
BEHMS Npu NpoxoxaeHun ntuu 8 3AP oaHon
TypOMHbI COCTaBWA B cpeaHem 7,0% B Gaso-
Boii Moaean (5,0% — no setpy, 9,0% — npoTus
BeTpa) (TabA. 10, 12) u 7,3% B pacLUMpeHHOM
MoAeAn (puc. 26). MoaeArpoBaHue nokasano,
4TO Cpean 6888-7371 OpAOB, NOTEHUMAALHO
npoxoaawmx B 3AP, B pesyAbTaTe CTOAKHO-
BEHMSI C AOMACTSAMM BETPOBbIX TYPOUH MOXET
rMOHyTb 377-417 ntuu (taba. 10).

AAS BOABLUMX MOAOPAMKOB CPEAHMI PUCK
CTOAKHOBEHUS MPU MPOXOXKAEHWUM NTUL B
3AP oaHOM TypOWHbBI COCTaBUA B CPEAHEM
6,6% B 0a3zoBoi Moaean (4,7% — Mo BeTpy,
8,6% — npoTtus BeTpa) (Taba. 10, 13) 1 6,8% B
PACLUMPEHHON MoAeAm (puc. 26). Moaeanpo-
BaHMe Mokasaao, 4To cpean 494-528 noaop-
AMKOB, MOTEHUMAABHO npoxoaaiumx B 3AP, B
pesyAbTaTe CTOAKHOBEHMSI C AOMAaCTsIMK Be-
TPOBLIX TYpOUH MOXKET rMOHYTL 26—-29 nTuu
(taba. 10).

PacuéT a u p (CTOAKHOBEHMS) Kak PyHK-
LMK PAAMYCa AAS OLIEHKM PUCKA CTOAKHOBE-
HUS OPAOB C TypOuHamm XKanaTtacckoi BOC
B 6a3oBoi moaean CRM «Band» npuseaéH B
Taba. 11-13.

Our model took into account only the mac-
ro-topography of Karatau, dividing it into 3
zones according to the width of the mountain
area and guiding ridges, the flying height of
birds (Johnston et al., 2014a), and wind direc-
tion and speed (Christie, Urquhart, 2015). The
probability of eagles avoiding collisions with
turbine blades (see Madders, Whitfield, 2006;
Whitfield, 2009; May et al., 2011; Johnston
et al., 2014b) was also taken at 96%. Unfor-
tunately, this figure of 96% is not confirmed
in our case, because there are no field stud-
ies of the behavior of exactly Greater Spotted
Eagles, Imperial Eagles and Steppe Eagles, es-
pecially in the conditions of southeastern Ka-
zakhstan. In the landscape of a mountain bar-
rier in the migration corridor, as with Karatau,
under certain wind loads, bird maneuvers to
avoid collisions with wind turbine blades can
be very complicated. First of all, this applies
to the frontal folds of the ridge, where eagles
move upwards to overcome mountains. Here,
any drift of birds by a crosswind or quartering
tailwind towards the turbines standing on the
edge of a sharp altitude difference can be fatal
for birds, and without actual observations of
the process it cannot be predicted and mod-
eled. Therefore, any theoretical framework
developed on other species under other natu-
ral conditions may simply not work here and
distort risk assessment of birds collision with
WPP turbines and result in underestimation.

The finite probabilities of bird collision with
wind turbine blades derived from the CRM
“Band” depend primarily on collision avoid-
ance probability, which for most species re-
mains unknown and difficult to determine
under certain conditions, especially within
species (see Cook et al., 2014). It is the lack
of reliable estimates of evasion rates that has
been the reason for criticism of the CRM
“Band” (Chamberlain et al., 2005; 2006;
Masden, Cook, 2016). The CRM authors’
original assumption (see Band et al., 2007) of
an overall collision evasion rate of 95%, made
in the absence of any empirical measurements
after specific studies turned out to be low for
a number of species in some countries. Col-
lision evasion rates were estimated for sev-
eral species and were higher than expected
(Desholm, Kahlert, 2005; Desholm, 2006;
Everaert, Steinen, 2007; Whitfield, Madders,
2006a; 2006b; Fernley et al., 2007; Urqu-
hart, Whitfield, 2016), up to 99.5-99.9% for
the Golden Eagle in Scotland (Madders, 2004
from: Chamberlain et al., 2006; Whitfield,
2009). However, most studies referred to the
movements of nesting birds or immatures on
nomadic migration, mostly in coastal areas
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Taba. 10. Ouerka pycka CTOAKHOBEHMIT OPAOB C BeTPOBbIMU TypbuHamu XKanatacckoii BOC.

Table 10. Risk assessment of collisions of eagles with wind turbines at Zhanatas WPP.

Mecsu / Month B Teuenmne

Aue  ®eB Mapt Anp Maii Mionb Mioab  Asr
Jan Feb Mar Apr May Jun Jul  Aug

Cent Okt Hos Aex roaa

Sep Oct Nov Dec Per annum

1 2 3 4 5 6 7 8 9 10 1 12 13 14
Opén-moruabHuk (Aquila heliaca) / Eastern Imperial Eagle (Aquila heliaca)
BapuaHT T — bazoBasi MOACAb: PUCK CTOAKHOBEHMS MPK MPOXOXKAEHUM OAHOrO poTopa (8,4%)
Option 1 — Basic model: Collision risk for single rotor transit (8.4%)
[NoTeHUMaAbHOE YMCAO MTHLL, NPOAETAIOLLMX 51 154 627 362 69 14 14 13 19 262 20 4 1610
uepes potopsl / Potential bird transits
through rotors
Yucao cToakHOBeHMI arst Beeld BOC (oc./ 3 10 43 23 4 1 1 1 1 18 1 0 108
mecsu)* / Collisions for entire windfarm
(birds per month)*
BapuaHT 2 — ba3oBas MOA€Ab C MCTIOAb30BaHMEM MPONOPLIMI M3 PACMIPEACAEHMS BbICOT MOAETa
Option 2 — Basic model using proportion from flight distribution
[ToTeHunarbHOE YMCAO MTHL, MPOAETAIOLLMX 3 11 44 24 4 1 1 1 1 19 1 0 110

uepes potopsl / Potential bird transits
through rotors

BapuaHT 3 — PaclumpeHHas MOAEAb C MCMOAb30BaHMEM pacripeAeAeHmsl BbICOTbI MOAETa (MponopLms Ha BeicoTe potopa 18,29%, uHterpan
notoka 0,1926, nnterpan ctoakHosenmii 0,01643, cpeaHnii puck CTOAKHOBEHMS MPU MPOXOXKAeHMM 0AHOro potopa 8,5%)
Option 3 — Advanced model using flight height distribution (proportion at rotor height 18.29%, flux integral 0.1926, collision integral 0.01643,

average collision risk for single rotor transit 8.5%)

[oTeHunarbHOE YMCAO NTHL, MPOAETAIOLLMX 54 165 671 387 74 15 15 14 21 280 21 4 1723
uepes potopsl / Potential bird transits

through rotors

YnCAO CTOAKHOBEHMI aAs Beeit BOC (oc./ 3 11 47 25 4 1 1 1 1 20 1 0 117
mecau)* / Collisions for entire windfarm

(birds per month)*

CrenHoii opéa (Aquila nipalensis) / Steppe Eagle (Aquila nipalensis)

BapuanT 1 — ba3oBasi MOAEAb: PUCK CTOAKHOBEHMSI MPH MPOXOXKAEHMM OAHOro potopa (7,0%)

Option 1 — Basic model: Collision risk for single rotor transit (7.0%)

[NoTeHunaAbHOE YMCAO MTHLL, NPOAETAIOLLMX 12 24 1287 1679 185 78 76 1181 940 1208 157 62 6888
uepes potopsl / Potential bird transits

through rotors

Yncao cToakHOBeHMIt ars Beeit BOC (oc./ 1 1 75 90 9 4 4 58 53 71 9 3 377
mecsiw)* / Collisions for entire windfarm

(birds per month)*

BapuaHT 2 — bazoBasi MOAEAb C MCMOAb30BaHMEM MPOMOPLIMM M3 PACTIPEAGAEHMS BbICOT MOAETA

Option 2 — Basic model using proportion from flight distribution

[NoTeHunaAbHOE YMCAO MTHLL, NPOAETAIOLLMX 1 1 76 92 9 4 4 59 54 72 9 3 383

uepes potopsl / Potential bird transits
through rotors

BapuaHT 3 — PaciumpeHHas MOA€Ab C MCMOAb30BaHMEM PACTIPEAEAEHMS BbICOTBI MOAETa (MPornopLmsi Ha BbicoTe potopa 18,29%, nHterpan
notoka 0,1926, uxnterpaa ctoakHosermii 0,01399, cpeaHmii puck CTOAKHOBEHMSI NP MPOXOKAEHMM OAHOIO poTopa 7,3%)
Option 3 — Advanced model using flight height distribution (proportion at rotor height 18.29%, flux integral 0.1926, collision integral 0.01399,

average collision risk for single rotor transit 7.3%)

[MoTeHuMaAbHOE HMCAO NTULL, MPOAETAIOLLNX 13 26 1378 1796 198 83 81 1264 1006 1292 168 66 7371
uepes potopsl / Potential bird transits

through rotors

YnCAO CTOAKHOBEHMI AAa Beeit BOC (oc./ 1 1 83 100 10 4 4 64 58 78 10 4 417
mecsu)* / Collisions for entire windfarm

(birds per month)*

boabLuoii noaopauk (Aquila clanga) / Greater Spotted Eagle (Aquila clanga)

Bapuant 1 — ba3oBasi MOAEAb: PUCK CTOAKHOBEHMSI MPH MPOXOXKAEHMM OAHOro potopa (6,6%)

Option 1 — Basic model: Collision risk for single rotor transit (6.6%)

[ToTeHunaAbHOE YMCAO MTHL, MPOAETAIOLLMX 0 0 13 30 2 1 1 14 359 74 0 0 494

yepes potopsl / Potential bird transits
through rotors
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Taba. 10. OueHka pyucKa CTOAKHOBEHMI OPAOB C BETPOBbimu TypbuHamm XKaHatacckort BOC (okoH4aHue).

Table 10. Risk assessment of collisions of eagles with wind turbines at Zhanatas WPP (Ending).

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Yucao cToakHOBeHMi aast Beert BOC (oc./ 0 0 1 1 0 0 0 1 19 4 0 0 26
mecsau)* / Collisions for entire windfarm
(birds per month)*
BapuanT 2 — basoBasi MOAeAb C MCITOAb30BaHMEM MPONOPLIMK M3 PACTIPEACAEHMS BbICOT MOAETa
Option 2 — Basic model using proportion from flight distribution
[MoTeHuMaAbHOE YMCAO MTHL, MPOAETAIOLLIMX 0 0 1 2 0 0 0 1 19 4 0 0 26

yepes potopsl / Potential bird transits
through rotors

BapuaHT 3 — PacLumpeHHas MOAEAb C MCIIOAb30BaHMEM PACTIPEAeAeHHs] BbICOThI MOAETa (MPOMopLIMs Ha BbicoTe poTopa 18,29%, uHterpan
notoka 0,1926, uuterpan ctoakHosermii 0,01303, cpeaHnii puck CTOAKHOBEHMS MPU MPOXOKAEHMUM 0AHOro poTopa 6,8%)
Option 3 — Advanced model using flight height distribution (proportion at rotor height 18.29%, flux integral 0.1926, collision integral 0.01303,

average collision risk for single rotor transit 6.8%)

[MoTeHumnarbHOE YNCAO NTHL, MPOAETAIOLLIMX 0 0 14 32 2 1 1 15 384 79 0 0 528
yepes potopsl / Potential bird transits

through rotors

YnCAO CTOAKHOBEHMI arst Bcen BOC (oc./ 0 0 1 2 0 0 0 1 21 4 0 0 29
mecsu)* / Collisions for entire windfarm

(birds per month)*

Bce opabi / All eagles

Bapumant 1 — ba3oBasi MOA€Ab: PUCK CTOAKHOBEHMS IPU MPOXOXKAEHMMU OAHOIO poTOpa

Option 1 — Basic model: Collision risk for single rotor transit

[MoTeHumnarbHOE YNCAO MTHL, MPOAETAIOLMX 63 178 1927 2071 256 93 91 1208 1318 1544 177 66 8992
yepes potopsl / Potential bird transits

through rotors

Yncao cToakHOBeHUi aast Beeit BOC (oc./ 4 11 119 114 13 5 5 60 73 93 10 3 511
mecsin)* / Collisions for entire windfarm

(birds per month)*

BapuaHT 2 — bazoBasi MOAEAb C MCMIOAb30BAHMEM MPOMOPLMM U3 PACTIPEACAEHUS BBICOT MOAETa

Option 2 — Basic model using proportion from flight distribution

[MoTeHunaabHOE YNCAO NTHL, MPOAETAIOLLINX 4 12 121 118 13 5 5 61 74 95 10 3 519
yepes potopsl / Potential bird transits

through rotors

BapuaHT 3 — PaclumpeHHasi MOAEAb C MCMOAb30BaHMEM pacripeAeAeHMs BbICOTbI MOAETa

Option 3 — Advanced model using flight height distribution

[MoTeHumnanbHOE YMCAO MTHL, MpoAeTalowmx 67 191 2063 2215 274 99 97 1293 1411 1651 189 70 9622
yepes potopsl / Potential bird transits

through rotors

Yucao cToakHOBeHMi aast Beeit BOC (oc./ 4 12 131 127 14 5 5 66 80 102 11 4 563

mecau)* / Collisions for entire windfarm
(birds per month)*

IMpumeuannue / Note:
* — yunTbIBast Bpemsi NpocTost 24,2% B roa, Npu yCAOBKM OTCYTCTBUS M3DeraHus
24.2% per year, assuming no avoidance.

TabAnubl ¢ pacuéTammn pucka rmbean op-
AOB-MOTMABHUKOB?!,  CTEeMHbIX OpAOB* U
BOABLUMX  MOAOPAMKOB®® Ha JKaHaTacckoi
BOC a0CTynHbI B BUAE AOMOAHUTEABHbIX Ma-
TepUaAoB K CTaTbe.

Taknm 0Opa3oMm, B COOTBETCTBMM C Da30BOWA
MoAeAblo, Ha »KaHaTacckoii BOC Bo3moXkHa
exeroaHas rmbeab 511-563 murpupyioLmnx
OpAOB 13 pacyéta 13-14 nTuu Ha TypOuHY B
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http://rrren.ru/wp-content/uploads/2021/12/AH-itog.xIsm
http://rrren.ru/wp-content/uploads/2021/12/AN-itog.xlsm
http://rrren.ru/wp-content/uploads/2021/12/ACL-itog.xlsm

52

53

nTMUamm ctoakHoseHuid / allowing for non-op time

or hilly landscapes, rather than in mountain
barrier conditions in the migration corridor
(see Walker et al., 2005; Whitfield, Field-
ing, 2017; Fielding et al., 2021; 2022 by the
example of the Golden Eagle in Scotland).
Herewith, Scottish Golden Eagles showed
higher levels of collision avoidance than was
determined for mountain areas of the USA
(Smallwood, Karas, 2009; Bell, Smallwood,


http://rrrcn.ru/wp-content/uploads/2021/12/AH-itog.xlsm
http://rrrcn.ru/wp-content/uploads/2021/12/AN-itog.xlsm
http://rrrcn.ru/wp-content/uploads/2021/12/ACL-itog.xlsm
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TabA. 11. Pacuét a u p (CTOAKHOBEHMsI) Kak (PyHKLIMM PaAmyca AAsI OLIEHKH py-
CKa CTOAKHOBEHMUS OPAOB-MOIMMAbLHUKOB C TypbuHamu JKaHaTtacckoii BOC B 6a3o-
Boii moaean CRM «Bandy ansi caeayiolumx napameTpoB: YUCAO Aonacteii — 3,
MakcumanbHas xopaa 4,21 m, war 15°, ammHa ntuusl — 0,78 M, pa3max KpbiAbeB
— 2,05 M, T NOAETa — cKOAbKeHMe (+1), A0Ast noAéToB npoTus BeTpa — 50%,
ckopocTb nTuubl — 5,06 m/c, paanyc potopa — 60,5 M, CKOPOCTb BpaLLeHMsl
Aonacresi — 5 06./muH, neproa Bpaiuerns — 12 ¢, COOTHOLLIEHME CTOPOH MTULIbI:
B=0,38, untepsaa nnterpaunn — 0,05.

Table 11. Calculation of a and p (collision) as a function of radius to assess the
risk of collision of Imperial Eagles with Zhanatas WPP turbines in the basic model
CRM “Band” for the following parameters: number of blades — 3, max chord
—4.21 m, pitch — 15°, bird length — 0.78 m, wingspan — 2.05 m, flight type —
gliding (+1), proportion of flights upwind — 50%, bird speed — 5.06 m/sec, rotor
radius — 60.5 m, rotation speed — 5 rpm, rotation period — 12.00 sec, bird aspect
ratio: $=0.38, integration interval — 0.05.

lMpotus BeTpa
Upwind:

Mo Betpy
Downwind:

Radius (r/R) chord (c/C) alpha (a)
0 1 1

length p (collision) length p (collision)

0.05 0.73 3.19 14.45 0.714 12.86 0.635
0.1 0.79 1.6 8.08 0.399 6.36 0.314
0.15 0.88 1.06 6.16 0.304 4.24 0.21
0.2 0.96 0.8 5.21 0.257 3.11 0.154
0.25 1 0.64 4.52 0.223 2.34 0.116
0.3 0.98 0.53 3.88 0.192 1.75 0.086
0.35 0.92 0.46 3.31 0.163 1.3 0.064
0.4 0.85 0.4 2.83 0.14 0.98 0.048
0.45 0.8 0.35 2.81 0.139 1.06 0.053
0.5 0.75 0.32 2.57 0.127 0.94 0.046
0.55 0.7 0.29 2.37 0.117 0.84 0.042
0.6 0.64 0.27 217 0.107 0.78 0.039
0.65 0.58 0.25 1.99 0.098 0.83 0.041
0.7 0.52 0.23 1.83 0.09 0.86 0.043
0.75 0.47 0.21 1.7 0.084 0.89 0.044
0.8 0.41 0.2 1.56 0.077 0.89 0.044
0.85 0.37 0.19 1.47 0.072 0.9 0.044
0.9 0.3 0.18 1.32 0.065 0.89 0.044
0.95 0.24 0.17 1.21 0.06 0.88 0.043
1 0 0.16 0.78 0.039 0.78 0.039
Puck croakHoBenms / Collision risk 11.00% 5.80%
Cpeanee / Average 8.40%

roA 6e3 y4éTa AOAM MTUL, YKAOHAIOLLIMXCS OT
CTOAKHOBEHMM.

YunTbiBag CPEAHIOI CKOPOCTb BeTpa npu
npoxoXkaeHnn opaamm Kapartay u cpeaHuit
YrOA BETPa AAsl, KaK MUHUMYM, 50% MUrpaH-
TOB MOXXHO FOBOPUTbL 00 yBEAMYEHUM pUCKa
CTOAKHOBEHMS MPU MPOXOXKAEHUM MTULIAMM
poTopos >KaHatacckorn BOC B cpeaHem B 2,4
pasa (taba. 14).

B csete nonpasku Ha BeTep Ha JKanaTac-
ckoi BOC MOXHO npeanoAarath eXXeroAHyio
cMepTHOCTL 1175-1295 Murpmpyiomnx op-
AOB (29-32 nTuu Ha TypOuHy B roa) 6e3 yué-
Ta AOAM MTHUL, YKAOHSIOLLMXCHA OT CTOAKHOBE-
HUWIA.

2010; New et al., 2015; Hunt et al., 2017).
In California, for example, 250 Golden Eag-
les were tagged near a large wind power
plant (142 km?) in 1994-2000, and 88 of
them died. Collisions with wind turbines
account for 41% of those 88 deaths, most
of which were juveniles and non-breeding
adults (Hunt et al., 2017).

Applying the “Golden Eagle” indicators of
probability of avoiding collisions with wind
turbines to other eagle species, we should
also understand that this is not a good solu-
tion, as the Golden Eagle is much less tol-
erant of anthropogenic activities than other
eagles. Analysis of bird flight zones and their
response to economic activity in breeding
territories showed that the Golden Eagle has
the longest distances of flight zones outside
nests and the highest level of avoidance of
disturbances on breeding territories, com-
pared to the Greater Spotted Eagle and the
Imperial Eagle, the latter of which is most
tolerant to disturbance by humans and their
economic activity (Karyakin et al., 2017a).
Therefore, higher levels of WPP avoidance
can be assumed for Golden Eagles than for
eagles of other species. Imperial Eagles nest
in the most developed human biome, do not
avoid anthropogenic objects (in recent years
the species is increasingly nesting on poles of
high-voltage power lines), and tend to areas
with ongoing human economic activity (see
Karyakin, 2006b; 2008c; Korepov, Borodin,
2013; Bekmansrov, 2015; Korepov, Stryu-
kov, 2015; llyukh, Shevtsov, 2020). This may
also be why the levels of WPP and collision
avoidance by them may be lower than those
of Golden Eagles. The Steppe Eagle may be
even worse with regard to avoiding WPP and
collisions, as the species began nesting on
power lines much earlier than the Imperial
Eagle (Karyakin, 2008c). During more than
60 years of power line network develop-
ment in Eurasia the Steppe Eagle could not
identify bird-dangerous structures and avoid
them, unlike the Imperial Eagle and the
Golden Eagle. As a result, the Steppe Eagle
is now among the birds most vulnerable to
electrocution on overhead power lines (Kar-
yakin, 2012; Karyakin et al., 2016b) because
of large-scale mortality throughout its range
(Karyakin, Novikova, 2006; Barbazyuk et
al., 2010; Matsyna et al., 2011; Medzhidov
et al., 2011; Levin, Kurkin, 2013; Pulikova,
Voronova, 2018; Saraev et al., 2019; Sho-
brak et al., 2021). The species has minimal
flight zones and uses artificial structures as
perching sites and nesting more often than
other eagles (Karyakin et al., 2016b). Such
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Taba. 12. PacyéT a 1 p (CTOAKHOBEHMS) Kak ChyHKLIMM PaAmMyCca AAsI OLIEHKM pucKa
CTOAKHOBEHMS CTeMHbIX OPAOB C TypbuHamm XKanatacckor BOC B 6a30B04 Moean
CRM «Band» arsi caeayioLLmx napameTpoB: YMCAO AonacTeii — 3, MakCMmaAbHas
xopaa 4,21 M, war 15°, aamHa ntuubsl — 0,76 M, pa3max Kpbiabes — 2,11 m, Tun
noAéTa — ckoAbxeHue (+1), A0As MoAéTos npoTus BeTpa — 50%, CKOPOCTb NTULIbI
- 7,22 m/c, paanyc potopa — 60,5 M, CKOPOCTb BpalLeHusl AoracTeii — 5 06./MuH,
nepuoa BpaileHns — 12 ¢, cCooTHoLeHue cTopoH nTuubl: $=0,38, MHTepBaA MHTe-

rpaumm —

0,05.

Table 12. Calculation of a and p (collision) as a function of radius to assess the risk of
collision of Steppe Eagles with Zhanatas WPP turbines in the basic model CRM “Band”
for the following parameters: number of blades — 3, max chord — 4.21 m, pitch - 15°,
bird length — 0.76 m, wingspan — 2.11 m, flight type — gliding (+1), proportion of
flights upwind — 50%, bird speed — 7.22 m/sec, rotor radius — 60.5 m, rotation speed
-5 rpm, rotation period — 12.00 sec, bird aspect ratio: =0.36, integration interval —

0.05.
MpoTus BeTpa Mo Betpy
Upwind: Downwind:
Radius  chord alpha
(r/R) (c/C) (o) length p (collision) length p (collision)
0 1.000 1.000
0.05 0.73  4.56 20.45 0.708 18.86 0.653
0.1 0.79  2.28 11.24 0.389 9.52 0.330
0.15 0.88  1.52 8.44 0.292 6.52 0.226
0.2 0.96 1.14 7.03 0.243 4.93 0.171
0.25 1.00 0.91 6.02 0.209 3.84 0.133
0.3 0.98 0.76 5.12 0.177 2.98 0.103
0.35 092 0.65 4.31 0.149 2.31 0.080
0.4 0.85 0.57 3.66 0.127 1.81 0.063
0.45 0.80  0.51 3.20 0.111 1.46 0.050
0.5 0.75 0.46 2.82 0.098 1.19 0.041
0.55 0.70  0.41 2.50 0.087 0.97 0.034
0.6 0.64 0.38 2.20 0.076 0.80 0.028
0.65 0.58 0.35 2.22 0.077 0.96 0.033
0.7 0.52  0.33 2.02 0.070 0.88 0.031
0.75 0.47 0.30 1.85 0.064 0.83 0.029
0.8 0.41 0.28 1.68 0.058 0.79 0.027
0.85 0.37  0.27 1.57 0.054 0.76 0.026
0.9 0.30 0.25 1.40 0.048 0.78 0.027
0.95 0.24 0.24 1.26 0.043 0.79 0.027
1 0.00 0.23 0.76 0.026 0.76 0.026
Puck croakHoBeHus / Collision risk 9.0% 5.0%
CpeaHee / Average 7.0%

TabAnubl ¢ pacuétammn pucka rmbean op-
AOB-MOMMAbHUKOB>*, CTEMHBIX OPAOB* 11 HOAB-
LIMX NMOAOPAMKOB®*® Ha »KaHaTtacckoit BOC ¢
NOMPaBKOW Ha CMAY BETPa 1 YTOA BETPA OTHO-
CUTEAbHO ABMXKEHMS MTULL AOCTYMHbI B BUAE
AOMOAHUTEAbHBIX MaTEPUAAOB K CTaTbe.

MpeanoAoxkus, 4To 96% OPAOB Ha MMrpa-
umn yepes Kaparay OyAeT yKAOHATLCS OT AO-
nacreii BetporeHepatopoB (Ha 1% Goablue,
uem npeanaraioT Band et al., 2007 B kayectse

*  http://rrren.ru/wp-content/uploads/2021/12/Wind-A-heliaca.xls
% http://rrren.ru/wp-content/uploads/2021/12/Wind-A-nipalensis.xls
% http://rrren.ru/wp-content/uploads/2021/12/Wind-A-clanga.xls

behavioral characteristics of the Steppe Eagle
suggest that WPPs will also adversely affect
this species, since it will not avoid them, or
collision avoidance/evasion rates will be very
low.

Another point, that is often behind the
scenes in other studies, but strongly affects the
ability of birds to evade collisions and, con-
sequently, the mortality rate of birds, is the
change in atmospheric conditions. The re-
sponse of migrants to atmospheric conditions,
depends on various internal and external fac-
tors (Nathan et al., 2008). During migration,
birds pay attention to energy consumption,
safety, time spent on migration, and a broad
range of other indicators, and the priorities
they establish affect their behavioral respons-
es to change of atmospheric conditions, such
as choosing a place to stop during a storm,
circling it, or flying through it at high altitude
(Alerstam, Lindstrom, 1990; Jenni, Schaub,
2003). The relative importance of these factors
and the ability of the bird to adapt accordingly
have both ecological and evolution limitations
(Shamoun-Baranes et al., 2017) that are not
considered in collision risk assessment.

It is obvious that wind speed and direction
change the flight behavior of birds and even in-
fluence the shifting of migration flows (Vanstee-
lantetal., 2014; Ainley et al., 2015; Yamamoto
et al., 2017), and thus affect the risk of colli-
sion, so they are included in the basic model of
the CRM “Band”. However, the wind analysis
uses averaged data that does not account for
abrupt changes in wind speed and direction,
which becomes relevant when birds are cross-
ing mountains. Our data showed that at the en-
trance to and exit from mountains, wind speed
and direction can vary greatly, which means
that the risk of collisions of birds with wind tur-
bines can also vary significantly.

Strong wind impairs the maneuverability of
birds in flight (Langston, Pullan, 2003). How-
ever, a drop in wind speed can be problem-
atic and carry a collision risk even greater than
a high wind speed, as birds lose the ability to
use wind energy to evade blades when pass-
ing the RSZ (see Barrios, Rodriguez, 2004;
de Lucas et al., 2008; Johnston et al., 2013).
The greatest danger for birds may be a sharp
decrease in wind speed when the tempera-
ture drops, when birds can use neither wind
energy, nor ascending flows when passing the
RSZ, and for the peak of autumn migration in
Karatau this may be a normal condition. For
example, in a known Colden Eagle migration
corridor in the Rocky Mountains foothills in
northeastern British Columbia, USA, the hour-
ly flight rate during autumn migration peaked


http://rrrcn.ru/wp-content/uploads/2021/12/Wind-A-heliaca.xls
http://rrrcn.ru/wp-content/uploads/2021/12/Wind-A-nipalensis.xls
http://rrrcn.ru/wp-content/uploads/2021/12/Wind-A-clanga.xls
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TabA. 13. Pacuét a u p (CTOAKHOBEHMs1) Kak (DyHKLMM PaAMyCa AAsI OLIEHKM
pHUCKa CTOAKHOBEHMS BOAbLLINX MOAOPAMKOB C TypOuHamm XKanatacckor BOC

B 6a30B0# moaean CRM «Band» ans caeayiolumx napameTpoB: YucAO Aonactei
- 3, makcumanbHas xopaa 4,21 m, war 15°, ammna ntuuel — 0,68 M, pasmax
KpbiAbeB — 1,7 M, Tun noAéta — ckoAbxxenume (+1), AoAs NOAETOB NpoTHB BeTpa —
50%, ckopocTe nTuubl — 7,22 mfc, paanyc potopa — 60,5 M, CKOPOCTb BpaLLeHMS]
Aonacresi — 5 06./muH, neproa Bpaiuerns — 12 ¢, COOTHOLLIEHME CTOPOH MTULIbI:
B=0,40, untepsaa nuterpaumu — 0,05.

Table 13. Calculation of a and p (collision) as a function of radius to assess the risk

of collision of Greater Spotted Eagles with Zhanatas WPP turbines in the basic model
CRM “Band” for the following parameters: number of blades — 3, max chord —4.21 m,
pitch — 15°, bird length — 0.68 m, wingspan — 1.7 m, flight type — gliding (+1), propor-
tion of flights upwind — 50%, bird speed — 7.22 m/sec, rotor radius — 60.5 m, rotation
speed — 5 rpm, rotation period — 12.00 sec, bird aspect ratio: B=0.40, integration
interval — 0.05.

MpoTtus BeTpa Mo Betpy
Upwind: Downwind:

Radius  chord p (colli-
(r/R) (c/C) alpha (a) length sion) length p (collision)
0 1.000 1.000
0.05 0.73 4.74 19.98 0.666 18.39 0.613
0.1 0.79 2.37 11.03 0.368  9.31 0.310
0.15 0.88 1.58 8.32 0.277  6.40 0.213
0.2 0.96 1.18 6.95 0.232 4.86 0.162
0.25 1.00 0.95 5.97 0.199  3.79 0.126
0.3 0.98 0.79 5.07 0.169  2.93 0.098
0.35 0.92 0.68 4.27 0.142  2.26 0.075
0.4 0.85 0.59 3.61 0.120 1.76 0.059
0.45 0.80 0.53 3.15 0.105  1.41 0.047
0.5 0.75 0.47 2.77 0.092 1.14 0.038
0.55 0.70 0.43 2.45 0.082 093 0.031
0.6 0.64 0.39 2.40 0.080  1.01 0.034
0.65 0.58 0.36 2.17 0.072 091 0.030
0.7 0.52 0.34 1.96 0.065 0.83 0.028
0.75 0.47 0.32 1.80 0.060 0.77 0.026
0.8 0.41 0.30 1.62 0.054 0.73 0.024
0.85 0.37 0.28 1.50 0.050 0.70 0.023
0.9 0.30 0.26 1.33 0.044  0.69 0.023
0.95 0.24 0.25 1.18 0.039 0.70 0.023
1 0.00 0.24 0.68 0.023  0.68 0.023
Puck ctoakHoBeHus / Collision risk 8.6% 4.7%
Cpeanee / Average 6.6%

oOLlelt HOPMbI YKAOHEHMS), Mbl CHMXaemM
PaCCYUTAHHBIA PUCK TMOEAM MUIPUPYIOLLMX
opAoB Ha YKanaTacckon BOC ao 20-23 oco-
6ei B roa nan 0,5-0,6 ocobei Ha TypOuHy B
roA B 56a3oBoW MoaeAn u A0 47-52 ocobeit B
roa uam 1,2-1,3 ocobeit Ha TypOuHY B roA B
MOAEAM C MOMNPaBKOM Ha CKOPOCTb M Hanpas-
AeHue BeTpa. He coscem sicHO, mpaBMAbHO
AW CUMTaTb, YTO TaKash AOAS MUIPUPYIOLLMX
OPAOB, M3 KOTOPbIX 3HA4YMTEAbHAS YACTb 3TO
NepBOrOAKM, BNepBble MUIpUpYIOLLMe Yepes
Kapatay, 6yaeT a(pheKTMBHO YKAOHSITLCS OT
CTOAKHOBEHMM, MpK TOM, YTO NpK BCTPEYHOM

at midday and increased 17% with each 1
km/h increase in wind speed and 11% with
each 1°C increase in temperature, while birds
largely avoided the collision danger zone at
higher wind speeds and higher temperatures
(Barrios, Rodriguez, 2004; de Lucas et al.,
2008; Johnston et al., 2013).

When wind speed decreases, orography
will have a significant effect on collision risks
(see Duerr et al., 2012). As shown for Golden
Eagles in the USA, eagles fly at relatively lower
altitudes over steep slopes and cliffs (places
where orographic lift is more likely to devel-
op) than over plains and smooth slopes (plac-
es where thermal lift is more likely to occur)
(Katzner et al., 2012; Johnston et al., 2013).
Consequently, when wind speeds decrease,
wind turbines built in areas of orographic lift
may pose the greatest danger to eagles, and
the probability of collisions should decrease in
proportion to the increase in tailwind speed.

Visibility ~deterioration during migration
may increase the risk of mortality from colli-
sions with wind turbines (Larsen, Guillemette,
2007), but even here it is not so unambiguous.
A number of studies have shown that in fog
birds compensate for limited visibility and ei-
ther reduce their time in flight or fly low above
the ground (see Moyle, Heppner, 1998; Rich-
ardson, 2000; Piersma et al., 2002). Thus
there is fog, on the one hand, while in Kara-
tau during the autumn eagle migration, there
is usually dusty haze, blown from Moyinkum
and Betpakdala by a strong tailwind, decreas-
ing visibility to such an extent that the risk
of collision increases even for fixed facilities,
such as high voltage power lines, cell towers
or wind turbine towers (see APLIC, 1994;
2012; Savereno et al., 1996; Harness et al.,
2003; Manwville Il, 2005; Jenkins et al., 2010;
Huppop, Hilgerloh, 2012; Bernardino et al.,
2018; Eccleston, Harness, 2018). On the oth-
er hand, stopover on migration during such
a period or flying at low altitudes (below the
RSZ) can, on the contrary, reduce the risk of
collisions.

Taking into account the fact that Karatau is
crossed by a large number of immature and
sub-adult Steppe Eagles, a correction for the
age of birds is also required, which we did not
do, because we tracked just the migration of
immature and sub-adult birds. At the same
time, in the USA by the example of Golden
Eagles shows that the tendency to cross ridge-
tops (where turbines are located) varied de-
pending on age classes, and immature eagles
were almost twice as likely to cross a ridgetop
as adult or sub-adult eagles (Johnston et al.,
2013). With the accumulation of adult bird
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Taba. 14. Puck CTOAKHOBEHMS OPAOB 3-X BUAOB C AOMaCTSAMM BETPOreHepaTopos

JKanatacckoi BOC npu pa3Hbix yraax BCTPEYHOrO BeTpa CorAnacHo 6a30B0i MoAeAn
CRM «Band» 6e3 nonpaBku Ha BbICOTy MOAETA AAS CPEAHEFi CKOPOCTH BeTpa 3 M/
(pacuét coraacHo metoanke m3: Christie, Urquhart, 2015). [TpuHsITbIe COKpaLLeHMs:

AN — ctenHoii opéa (Aquila nipalensis), AH — opéa-mornabrmk (Aquila heliaca),
ACL — 60AbLu0#i noropank (Aquila clanga).

Table 14. Risk of collision of eagles of 3 species with blades of wind generators of
Zhanatas WPP at different angles of headwind according to the basic model CRM
“Band” not adjusted for the flight altitude for average wind speed of 3 m/s
(calculation according to the methods from: Christie, Urquhart, 2015).
Abbreviations: AN — Steppe Eagle (Aquila nipalensis), AH — Imperial Eagle (Aquila
heliaca), ACL — Greater Spotted Eagle (Aquila clanga).

Yroa BcTpeuHoro BeTpa (B

PUCK CTOAKHOBEHMS C AOMACTAMMU

rpaaycax) BeTporeHepartopa (B %) Collison risk (%)
Angle to head wind (deg) AH AN ACL
0 17.4 17.2 16.4
5 17.4 17.2 16.4
10 17.3 17.1 16.3
15 17.1 16.9 16.1
20 16.8 16.6 15.8
25 16.4 16.3 15.5
30 16.0 15.8 15.0
35 15.5 15.4 14.5
40 15.0 15.0 14.0
45 14.6 14.7 13.6
50 14.3 14.4 13.2
55 141 14.3 12.8
60 13.9 14.2 12.6
65 13.8 14.1 12.4
70 13.7 14.0 12.2
75 13.6 13.9 12.0
80 13.5 13.8 11.8
85 11.4 11.5 10.6
90 2.9 3.0 2.5
95 11.1 11.2 10.1
100 11.5 11.8 9.8
105 10.5 10.8 8.9
110 9.7 10.0 8.2
115 9.1 9.4 7.7
120 8.6 8.9 7.3
125 8.2 8.4 7.0
130 7.8 8.0 6.7
135 7.5 7.7 6.5
140 7.2 7.3 6.2
145 6.9 7.0 6.0
150 6.5 6.6 5.8
155 6.2 6.3 5.5
160 6.0 6.0 5.4
165 5.7 5.8 5.2
170 5.5 5.6 5.1
175 5.4 5.4 5.0
180 5.3 5.3 4.9

tracking data, it will be possible to make ad-
justments in collision risk according to the age
of the eagles.

When birds pass the WPP in Karatau, sex
selection is also possible. As already shown by
studies in Israel (Spaar, 1997) and our data,
heavier birds fly faster and have smaller glid-
ing angles, which means that female eagles are
more vulnerable when passing through the RSZ
and have higher collision probability rates.

At present, very few studies have been pub-
lished that analyze the influence of different
types of wind turbines on the frequency of
bird collisions with the blades of these tur-
bines (see Thelander et al., 2003; Smallwood,
Thelander, 2004; de Lucas et al., 2008), here-
with, there are virtually no studies that include
large towers of the modern type with large ro-
tors, which differ from the older ones by their
slower rotation speed. In the Netherlands,
according to the results of a 3-month study
during autumn and winter period, the death
rate of birds on new generation turbines (1.65
MW) with large blade areas was 0.08 individ-
uals (from 0.05 to 0.19), and the number of
dead birds compared to the total number of
birds flying over the WPP was 0.14% on aver-
age; for previous generation turbines, the col-
lision risk was 0.06-0.28%. The authors con-
cluded that the turbines of the new generation
have technical characteristics that threefold
reduce the level of negative impact on birds
(Krijgsveld et al., 2009). At the same time, it
is worth noting that the country lies outside
the main migration corridors and there are
no concentrations of large soaring birds of
prey. Therefore, it is difficult to compare the
mortality reduction in this study with the ter-
ritories through which eagles migrate. At the
same time, studies in California (USA) showed
that the mortality rate of birds and bats was
constant per unit of energy produced regard-
less of size of turbines and distance between
them (Huso et al., 2021), and analysis of data
for the continental United States showed that
mortality increased with increasing turbine
hub height (Loss et al., 2013). Therefore, we
can only guess how the use of new turbines
in the Karatau WPP will affect the ability of
eagles to evade collisions. On the one hand,
with low rotor speeds, birds have more time
to safely pass through the RSZ. On the other
hand, large turbines create more turbulence,
which makes it difficult for birds to maneuver
through a RSZ, and in strong winds we cannot
exclude the possibility of barotrauma or con-
tusions, about which there is no published in-
formation in the case of birds at all (Shkradyuk,
2018), but about half of the bats on the wind
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1 DOKOBOM BETPE Y OPAOB MEHbLLIE BO3MOX-
HOCTEM AASl MaHEBpaA MpM MpOXoAe 4vepes
3AP B3C, nocrpoeHHol B 30He Habopa op-
AaMM BbICOTbI.

Kak 6blAO Moka3aHo Bbille, Yepe3 Kapatay
26,61% OpAOB MUIPUPYIOT NP GOKOBOM Be-
Tpe (61-120°) 1 20,34% — npu BCTPEUHOM U
BCTpeyHo-OokoBom BeTpe (121-180°) (cm.
puc. 19), Ho B 30He YKaHaTtacckor BOC Aniib
14,29% OpAOB MUIPUPOBAAO MpPU BETPE, OT-
AMYHOM OT MOMYTHOrO. 3HAYMT K rpynne ntu,
BEPOATHOCTb YKAOHEHMS OT CTOAKHOBEHMI B
KOTOPOI MOXET CTPeMUTbCSt K 96%, caeayeT
OTHOCHTb TOALKO 85,71% OpAOB, a AAS OPAOB,
MUFPUPYIOLLMX B BOAEE HECTaOMABHBIX YCAO-
BUSX, BEPOSATHOCTb YKAOHEHMS OT CTOAKHOBE-
HUIA CYMTaTb KaK MMHUMYM B 2 pasa HUxe.

Takum 00OpasoMm, MMHMMaAbHas BepoOST-
HOCTb rmbean opAos Ha YKaHartacckorn BOC B
pe3yAbTaTe CTOAKHOBEHMS MTULL C AOMACTSMM
BETPOreHepaTopoB, Mpu yuéTe BbICOTbI MO-
AETa NTUL, HanpaBAEHMS M CKOPOCTU BeTpa,
a TaKkKe CrocoOHOCTM NTULL YKAOHATbCH OT
AOMACTEN MAM BOOOLLIE OOXOAUTb TypOUHBI Ha
3HAUYNTEABHOM PACCTOSiHUM, OLIEHMBAETCS B
AvManasoHe ot 55 A0 61 ocobu B roa nam 1,38—
1,53 ocobeit Ha TypOuHy B roa (tada. 15).

farm die precisely because of barotrauma
(CGrodsky et al., 2011). On the one hand, large
turbines are located farther from each other
and the bird has more space to fly between
them, evading the RSZ. On the other hand,
spreading the turbines out over a greater dis-
tance reduces the level of avoidance by birds
of flights through the WPP, rather than when
less powerful and lower turbines stand more
densely. This means that more birds will try
to fly between the larger turbines than bypass
them, which we actually see in the example
of Steppe Eagles, which means that any side
wind drifts will put more birds at risk of being
pulled into the RSZ. Against the background
of these considerations, it becomes clear that
the real coefficient of evasion of birds from
collisions with the blades of wind generators
should be calculated for specific WPPs.

Many unaccounted-for factors can increase
and decrease both the probability of colli-
sion risk and the probability of a bird evad-
ing collisions with rotor blades. Factors that
reduce the probability of collision avoidance
are found to be significantly more common
in Karatau conditions than those that would
increase bird collision avoidance probability

Taba. 15. OueHka pucka CTOAKHOBEHMIi OPAOB C BETPOBbIMM TypbuHamm XKaHnatacckoii BOC ¢ yuéTom KoaghbhuLmeHTa YKAOHEHHUS OT CTOAKHO-

BeHMUA.

Table 15. Risk assessment of collisions of eagles with wind turbines of Zhanatas WPP, taking into account the collision avoidance factor.

UNCAO CTOAKHOBEHMI AASI BCEH

Mecsu / Month B teuenue

*
BBC, (,OC'/MeCﬂu) . . fAue ®eB Mapt Anp Maii Mionb Mioab Asr Cent Okt Hos  Aek roaa
Collisions for entire windfarm Jan Feb Mar Apr Ma Jun Jul Au Sep Oct Nov Dec Per annum
(birds per month)* P Y 8 P
BapmaHT 3 — PaciumpeHHasi MOAEAb C MCTIOAb30BAHHMEM PACTIPEAEAEHMS] BbICOTbI MOAETA
Option 3 — Advanced model using flight height distribution
Opén-mornabHuK (Aquila heliaca) 0 1 2 1 0 0 0 0 0 1 0 0 5
Eastern Imperial Eagle
CrenHoit opén (Aquila nipalensis) 0 0 3 4 0 0 0 3 3 4 0 0 17
Steppe Eagle
BoabLuoit noaopavk (Aquila clanga) 0 0 0 0 0 0 0 0 1 0 0 0 1
Greater Spotted Eagle
Bce opabi / All eagles 0 1 5 5 0 0 0 3 4 5 0 0 23
BapuanT 4 — PaciumpeHHasi MOA€Ab C MCTTOAb30BaHMEM PAaCIpEAEAEHMS BbICOTbI OAETa, HarpaBAEHMS M CKOPOCTH BETpa
Option 4 — Advanced model using flight height distribution, wind direction and speed
Opén-MornabHuK (Aquila heliaca) 0 2 4 3 0 0 0 0 0 2 0 0 11
Eastern Imperial Eagle
CrenHoit opén (Aquila nipalensis) 0 0 10 12 1 0 0 8 7 9 1 0 48
Steppe Eagle
BoabLuoi noaopavk (Aquila clanga) 0 0 0 0 0 0 0 0 2 0 0 0 2
Greater Spotted Eagle
Bce opabl / All eagles 0 2 14 15 1 0 0 8 9 11 1 0 61

Ipumeuanns | Notes:

* — yunTbiBas Bpems npoctosi 24,2% B roa / allowing for non-op time 24.2% per year
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I/I3yquMe MepHaTbIX XUUIHMKOB

B pa3AnuHbIX MCTOUHMKAX MMeeTCst MHpop-
Maums o paspaboTke apyrnx BOC na KapaTay
n B OAmkaiwmx okpectHocTsx (Tpodhumos,
2012; Ynywes, boaatbek, 2012), koTopbie
aexat B 3UINMK, n HensBecTHO Ha KaKkou
CTaamnmn pa3paboTKM OHM HaXOAATCA. Tak, Ha-
npumep, AO KASHUTTMNTIC «HEPTUS»
OblA paspaboTan npoekT BOC Ha naollaske
«Lloknap» B XKaMObIACKOW 00AACTM MOLLL-
HocTblo 109 MBT, B KOTOPOM nAaHMpyeT-
€S yCTaHOBKa BeTporeHepaTopos Tuna E82
E2/S/83/5K/01 n E82 E3/S/83/5K/01, usroros-
AEHHBIX KomraHuel «Enercon GmbH», koTto-
pble MMEIT HOMUHAALHYIO MOLLHOCTbL 3 KBT,
BLICOTY OaHm 83 1 06uLyI0 BLICOTY NOPsAKa
125,5 m (AO KasHUTTMMTOC..., 2017). M-
CTUTYTOM «Ka3CceAbaHepPronpoexkT npu noa-
aepxxke NMPOOH paspabotan npoekt B3C
AKysymabik B baianbeckom paioHe HOxHo-
Ka3axCTaHCKOW 00AacCTH, a Takxe noaobpa-
Hbl 2 aAbTepHaTMBHbIE MAOWAAkM ars BOC
B 35 KM K CE€BEPO-BOCTOKY OT M. XKy3yMabIK
B ropax Kapatay n 6An3 c. Cactobe B mex-
Aypedbe pek ApbIC 1 XKblAaHAbI Ha I0XKHOM
MakpockaoHe Kapartay, rae npeasaraertcs
ycTaHoBka 25 Typoun Vestas NM82 Homm-
HaAbHOM MOLIHOCTbIO 1650 KBT 1 BbiCOTOM
ocu potopa 80 M (UNDP Kazakhstan, 2008).
Takke 3TUM e MHCTUTYTOM no 3akasy TId
«HAP» B 2011 r. 6bIA pa3paboTaH npoexkt B3C
barianbex-1 (210 MBT), B pamkax KOTOporo Ha
naowaake B Kapatay npeanoaaraercs ycraHo-
BUTL 70 BeTpoarperatoB KomnaHum «Vestasy
moaerb V112-3.000/3MW/94m  MOLLHOCTbIO
3 MBT kaxabiit (BOC barianbek-1..., 2021).

Ecan 3T npoekTbl OyAyT peaAn3oBaHbl,
TO COBOKyMHas rmbeAb OpAOB Ha TypOuHax
BOC B Kapatay MoxeT BO3pacTi A0 Amana-
30Ha 165-183 ocobet B roa. 1 ecan rmbeab
NTULL B PEAALHOCTM OYyA€T CYLLECTBEHHO Bbl-
XOAUTb 32 MPEAEAbl YKa3aHHOro AMana3oHa
MO NPUUMHE HU3KOW AOAK YKAOHSIOLLMXCS OT
CTOAKHOBeHMS nAn nsderaioumnx BOC nepso-
FOAOK, TO B AAAbHEMLLIEM KOAMYECTBO MMOHY-
LUMX OPAOB OyA€T COKpaLaTbCs MO NpuymHe
SAMMMHALMK NTUL, MUFPUPYIOLLMX B AAHHOM
MMIPaLIMOHHOM KOPUAOPE, M, KaK CAGACTBHE,
COKPALLEeHNS YMCAEHHOCTM FHE3A0BbIX FPyr-
MUPOBOK, aCCOUMMPOBAHHBLIX C 3TUM MMUIpa-
LIMOHHBLIM KOPMAOPOM. B nepsyio ovepeab
MOA Yrpo3y MOnaAyT MMEHHO Ka3axCTaHCKue
MOMYAAUMOHHbIE  FPYMMUPOBKM  CTEMHOrO
opAa Ha toro-soctoke KasaxcraHa u nomny-
ASILMOHHbIE FPYNMUPOBKM OPAA-MOMMAbHMKA
B LleHTpaabHOM 1 BoctouHom KasaxcraHe B
BMAY CBOEW HM3KOM YMCAEHHOCTU M MWHMU-
MaAbHOIO 4YMCAQ MOAOABLIX MTUL, BCTpeYa-
IOLLMXCH B HUX Ha AETHMX KO4Y€BKax m obe-
CNeYMBAIOLLIMX MOMYASLIMOHHBIA Pe3epPB AAS

Betpotyp6ura Goldwind.
®Doro Xinjiang Goldwind Science & Technology Co., Ltd.

Wind turbine Goldwind. Photo from Xinjiang Goldwind
Science & Technology Co., Ltd.

when passing through the RSZ or bypassing
the WPP altogether. Therefore, we decided
to accept a compromise solution as 96% for
collision avoidance rate and believe it is more
correct than the high avoidance rates obtained
for Golden Eagles in Scotland.

Itis possible that our risk assessment of eagle
mortality at the Zhanatas WPP ranging from
55 to 61 individuals per year (1.38-1.53 in-
dividuals per turbine a year and 0.09-1.0% of
the number of individuals flying through Kara-
tau), considering wind speed and direction
and the possibility of birds collision avoidance
at around 96% may be overstated, especially
for a WPP with a 1-line turbine distribution.
For now, however, this is the only assessment
based on data modeling on visual observa-
tions of migration and eagle tracking using
trackers with a large number of unassessed
probabilities. In the future, if additional data
becomes available, it may be adjusted and we
would like it to be overstated, not the other
way around.



Raptor Research

Raptors Conservation 2021,43 167

BOCCTaHOBAEHMS PacPOPMMPOBAHHBIX MHE3-
AOBbIX Nap.

YUMTbIBas TEHAEHLMIO AaAbHeWLlero pas-
BUTUS BeTpodHepreTukn B KOro-BoctouHom
Kasaxcrane, 1 Ha Kaparay B TOM 4MCAe, HamK
ObIAO MOArOTOBAEHO 30HMpOBaHMe Kapatay
AASL LI@AEHM  DKCMPEeCC-OLEHKM BO3MOXHOMO
BAMsHUA BOC Ha opaos (puc. 27). 3oHMpo-
BaHME CAEAAHO MO COBOKYMHOCTM AaHHbIX O
MHIpaLmMmn OpAOB Ha Dase CeTOUYHOro KapTh-
POBaHMA M aHaAM3a NAOTHOCTM TPEKOB MTULL,
npocaexuBaembix ¢ nomotubio ARGOS/GPS-
TpaHcmutTepoB 1 GPS/GSM-TpekpoB  (cMm.
puc. 11), a TaKke Ha OCHOBE MMHMMAAbHOM
BEPOSATHOCTM CTOAKHOBEHMS C TypOMHamm
MpU CPEeAHMX MoKasaTeAsdx MOAETHbLIX napa-
METPOB OPAOB B AQHHbIX 30HaX, C MOMPABKOM
Ha CKOpPOCTb BETPa M YKAOHEHME OT CTOA-
KHOBEHMI (cM. Taba. 10-13), aaa TypOwMH,
aHAAOTMYHbIX TEM, KOTOPbIE MCMOAb3YIOTCS B
Kanatacckor BOC: 30Ha 1 — puCK CTOAKHO-
BeHns o1 0,8 A0 1,3 OpAOB Ha TypOUHY B roa,
30Ha 2 — PUCK CTOAKHOBeHMs oT 1,4 a0 1,6
OPAOB Ha TypOMHY B FOA, 30Ha 3 — PUCK CTOA-
KHOBeHMA OT 1,7 A0 2 1 Boaee OPAOB Ha Typ-
O6uHy B roa. CTpOUTEALCTBO AOMacTHbIX BOC
B 30He 3 npearnoAaraeT Katactpouyeckme
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Puc. 27. 3onnpoBanme Kapatay B COOTBETCTBIM C PUCKOM rMbeAn B pe3yAbTaTe
CTOAKHOBEHMSI C AONaCTHLIMM BETPOreHepaTopamm OpAOB 3-X BUAOB (OPEA-MOTHABHUK,
CTernHoi opéa n 6OAbLLION MOAOPAMK), MUIpupyioLLmx Yepe3 Kapatay B 3arnaaHom
Linpkym-limanaiickom MMrpaLmMoHHOM KOpHAOpPE. YCAOBHbIe 0b03HaqeHns: A — XKaHa-
Tacckast BOC, B — 30HbI prcka CTOAKHOBeHHs1 opaoB ¢ BOC: 30Ha 1 «onacHasy — puck
CTOAKHOBEHMSI OT 6 A0 11 OPAOB Ha TypOMHY B oA, 30Ha 2 «O4YeHb OracHasy — pUcK
CTOAKHOBEHMSI OT 12 A0 15 OpAOB Ha TypOUHY B roA, 30Ha 3 «KPUTMUECKAs» — PUCK
CTOAKHOBeHMs1 OT 16 A0 33 OpAOB Ha TypOUHY B roA.

Fig. 27. Zoning of Karatau according to the risk of mortality due to collision with
bladed wind generators of eagles of 3 species (Imperial Eagle, Steppe Eagle and Creater
Spotted Eagle) migrating through Karatau in the Western Circum-Himalayan Migration
Corridor. Legend: A — Zhanatas WPP, B - risk zones of eagle collision with WPP: zone

1 “dangerous” - risk of collision from 6 to 11 eagles per turbine a year, zone 2 “very
dangerous” — risk of collision from 12 to 15 eagles per turbine a year, zone 3 “critical” —
risk of collision from 16 to 33 eagles per turbine a year.

In the US windpower production complex
as a whole, raptor mortality is estimated at
0.006 individuals per turbine a year (Erick-
son et al., 2001). Other data range from 0
to 0.15 deaths per MW a year (Johnson, Ste-
phens, 2011), but the calculation includes
large numbers of WPP constructed outside
raptor habitat even during migration periods.
Looking only at California WPP, bird of prey
mortality rates range from 0.007 (Howell, Di-
Donato, 1991 — 150 turbines in the study) to
0.1 individuals per turbine a year (Thelander,
Rugge, 2000a; 2000b; Thelander pers. data
from Erickson et al., 2001 — 785 turbines in
the study), while in Altamont Pass the bird of
prey mortality rate is 47.6% according to com-
bined data from 1991-2000 (Howell, Dido-
nato, 1991; Howell et al., 1991; Orloff, Flan-
nery, 1992; 1996, Howell, 1997; Thelander,
Rugge, 2000a; 2000b; Erickson et al., 2001).
Nevertheless, there are WPPs with increased
bird mortality, for example, for several WPPs
in 1999-2001, the average mortality rate was
1.29 individuals per turbine a year (Howe
et al., 2002). The San Corgonio Pass WPP
(USA), which has 3200 turbines and through
which about 69 million birds fly during migra-
tion, has a mortality rate of 0.04 individuals
per turbine a year (Orloff, Flannery, 1992). At
the same time, these low mortality rates for
such number of turbines just may be caused
by their dense arrangement and, as a conse-
quence, are bypassed by birds.

In Spain, with the number of birds observed
in the WPP area comparable to that in Kara-
tau, mortality rates are significantly lower than
1 dead bird per turbine a year. For example,
in the WPP area of Tarifa (in Andalusia) with
a rather high abundance of Criffon Vultures
in the WPP area (0.36-125.91, average 8.88
individuals/km), Short-Toed Eagles (Circaetus
gallicus) (0-16.11, average 0.92 ind./km), and
Black Kites (Milvus migrans) (0-1111.12, av-
erage 25.94 ind./km), the average number of
dead birds of prey was 0.03 individuals per tur-
bine a year (de Lucas et al., 2004). At another
Spanish station the death rate of birds of differ-
ent species was 0.41 cases per turbine a year
(Lowther, 2000). In northern Spain, where bird
count and search for dead birds were carried
out in 2000-2002 in 37 territories containing
277 turbines, 1853 bird observations in the
RSZ accounted for 33671 registrations of grif-
fon vultures and 227 birds died from collisions,
which was 0.27 deaths per turbine a year; and
eagle registrations were minimal and, conse-
quently, their deaths at RSZ were also minimal
(Lekuona, Ursta, 2007). In the area of the
Strait of Gibraltar, through which there is the
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M3yueHne nepHaTbIX XULLHUKOB

67° 68°

MOCAEACTBUS AAS HEKOTOPbIX MOMYASLMIA Op-
A0B, murpupytownx B 3LITMK, aaxxe npu mu-
HMMAAbHOM OLEHKE pUCKa CTOAKHOBEHMI C
YY4ETOM BOABLLON AOAW YKAOHSIOLLIMXCS NTULL
MAM NTuL, nsderaoLmnx NpoAéTsl yepes BOC.

Takxe Ha OCHOBE KapTbl pacrpeseAeHus
TOYEK HOYEBOK M MHOFOAHEBHbIX OCTAHOBOK
OPAOB BO BPEMS OCEHHEW W BECEeHHEeWh MMU-
rpaunii yepes Kapatay (cm. puc. 12) Oblaa
nocTpoeHa KapTa MAOTHOCTM OCTaHOBOK
(puc. 28-K1), Ha oCcHOBE KOTOPOM BblAGAEHDI
30HbI (pUc. 28-K2), B KOTOPbLIX HEXeAaTeAb-
HO (30Ha 1) 1 HeaonmycTMMO (30Ha 2) CTpo-
ntb BOC no psaay npuumn. lNepsas npuunHa
— PUCK NOTepU MEeCTOOOMTaHWI, B KOTOPbIX
OPAbI COBEPLUIAIOT OCTaHOBKMW. BTopas npu-
YMHA — YBEAMYEHME PUCKA CTOAKHOBEHMIA 13-
3a 6oAee 4aCTbIX MOCAAOK M B3AETOB OPAOB
BO BPEMS$ OCTAHOBOK, KOTOPbIE YBEAMUYMBAIOT
4acCTOTy MPOXOXKAEHMS MTULL Hepe3 ONacHyio
BbICOTHYIO 30HY paboTbl potopos BOC. Obe
MPUUMHBI ABASIOTCS B3aMMOMCKAIOHAIOLLIMMM,
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mass migration of birds of prey from Europe to
Africa, the death rate from collisions with tur-
bines was higher than on power lines, and the
losses were mostly to local birds, mainly the
Griffon Vulture (0.15 individuals per turbine a
year) and the Common Kestrel (Falco tinnun-
culus) (0.19 individuals per turbine a year),
since the main flow of migrants was outside
the WPP (Barrios, Rodriguez, 2004).
However, a number of studies of WPP de-
signed in an area where other nonpredatory
species are concentrated clearly show that the
death rate can reach high limits, depending on
the location, number and status of birds in the
area. For example, in Belgium in 2004-2005,
death rate of birds at offshore wind power
plants ranged from 27.6 to 34.3 individuals
per turbine a year, and on land in the coastal
zone — from 3.9 to 7.3 individuals per turbine
a year; the collision probability of Common
Terns (Sterna hirundo) crossing the wind tur-
bine line was 0.110-0.118% for flights at ro-
tor height and 0.007-0.030% for all flights,
and of Sandwich Terns (Sterna sandvicensis)
was 0.046-0.088% for flights at rotor height
and 0.005-0.006% for all flights (Everaert,
Stienen, 2007). Similarly high death rates at
coastal wind power plants near Oosterbierum
are cited by Winkelman (1992): 2.4-56.2 in-
dividuals per turbine a year for large birds and
2.1-63.8 individuals per turbine a year for
Passeriformes. Estimates of bird mortality from
wind turbine collisions in Canada from counts

Puc. 28. Kapta narotHOCTM OCTaHOBOK 0pAoB (K1) 1
30HMpoBaHme Kapatay (K2) B COOTBETCTBMM C PUCKOM
MoTepU «CTOMOBbIXY MECTOOOMTaHMI M BO3pacTaHMs
pH1CKa CTOAKHOBEHMI OPAOB 3-X BUAOB (OPEA-MOTMAb-
HUK, CTENHOM OPEA 1 GOABLLIOH MOAOPAMK), MUTPUPYIO-
wmx yepe3 Kapatay B 3anaaHom Linpkym-limanarickom
MUIPALIMOHHOM KOPHAOPE. YCAOBHbIe 0603HaYeHMs:

A —XKanatacckas BOC, B — Kaparay, C — nnoTHOCTb
TOYeK OCTaHOBOK OpA0B, D — 30HbI pucka notepu
MecToobUTaHNi M BO3pacTaHMs! PUCKa CTOAKHOBEHMIA:
30Ha 1 — puCK notepu MectoobuTaHui 1 Bo3pactaHms
pMCKa CTOAKHOBEHWI yMePeHHbIN, CTponuTeAbcTB80 BOC
He>KeAaTeAbHO, 30Ha 2 — PUCK NOTepn MecToobUTaHmi
BbICOKMIA, BO3pacTaH1e pucka CTOAKHOBEHMI boaee vem
4-kpatHoe, cTpouteAbcTBo BOC HeaonycTumo.

Fig. 28. Map of eagle stopover density (K1) and zoning
of Karatau (K2) according to the risk of loss of “stopover”
habitats and increasing risk of collisions of eagles of 3
species (Imperial Eagle, Steppe Eagle and Greater Spotted
Eagle) migrating through Karatau in the Western Circum-
Himalayan Migration Corridor. Legend: A — Zhanatas
WPP, B — Karatau, C — density of eagle stopover points,
D — zones of habitat loss risk and collision risk increase:
zone T — moderate risk of habitat loss and collision risk
increase, WPP construction is ill-advised, zone 2 — high
risk of habitat loss, collision risk increase more than 4
times, WPP construction is unacceptable.



Raptor Research

Raptors Conservation 2021, 43 169

HO Kakas M3 HuX OyAeT AOMMHMPOBATbL MpK
crpouteabctBe BOC B BbIAGAEHHBIX 30HaX
3aBMCMT OT MHOXECTBA HEMPOrHO3MPyembIX
dpakTopos (cM. 0bcykaeHMe).

3LIMK nepecekaeT npakTMyecki neprieHAm-
KYASIPHO, KaK MMHUMYM, 3 BETPOBbIX KOPHUAOPa C
NpeobAAAAIOLLIEN B HUX CKOPOCTbIO BETPA BhiLLe
5 M/C, YTO AeAAET 3TU BETPOBbIE KOPUAOPbI Mep-
CMEeKTUBHbIMKU As CTpouTeAbcTBa BIC — 310
toro-3anaa Kaabbl, lNprbasxatube 1 Kaparay (cm.
Parsons ..., 2009; Badger et al., 2021). Bo Bcex
BETPOBbIX KOPMAOPAX CMTyaUuMsi C MMUIrpaumelt
OPAOB OAMHAKOBASi, MO3TOMY MPU AAAbHENLLIEM
pasutn BOC B 3TMX BETPOBBLIX KOPMUAOPAX
yrpo3a opAam OyAeT TOAbKO BO3pacTaTh.

Ob6cyxaenue

B HacTosiluee Bpems, HECMOTPS Ha 3HauM-
TEAbHOE YMCAO MYOAMKALIMIA, OMUChIBAIOLLMX
nepemeLLeHns NTUL Ha MUIpaumsX, OCTaéTcs
MHOXKECTBO HEM3BECTHbIX PaKTOPOB, orpe-
ABASIOLLMX BbIOOP MUIPaHTaMM MapLIpyTOB,
a TaK>Ke BAUSIOLLMX Ha XapaKTep nepemetue-
HUS MTULL MO 3TUM MapLUpyTam.

MHTepecHenLMM paioHOM B MAaHe W3-
YYEHUA MUIPAUMIA XMLIHBIX MTALL M MOAY-
YEHUS CBEAEHMM MO BbllUEe O03BYyYEHHbIM
3apadam sasasetca 3UIMK. Tak kak aToT
MWIPALMOHHBIA KOPUAODP AEXKMT BHE 30HbI
aKTMBHbIX MCCACAOBAHMI 3apyOeXKHbIX Op-
HWUTOAOIOB, TO OH OCTA&TCA «OeAbIM MATHOMY
(Prins, Namgail, 2017). Otcioaa a0 nocaea-
HEro BpemeHn He ObIAO HMKAKMX CBEAEHMI
0 napameTpax MMrpaumm, MOAYYEHHbIX HO-
BeiluMmmn  cpeactBamun  (Hanpumep, GPS/
GSM-npocaexxnsaHmem), A0 CUX MOP He Be-
AETCSH MCCAEAOBAHMIA C MOMOLLIbIO PAaAApPOB U
AQXKE OTCYTCTBYIOT KakKMe-AMDO CUCTEMHble
BM3YyaAbHble HaOAIOAGHMS 3a MMrpauMen Ha
COBPEMEHHOM YPOBHE, MOAOOHbIE Tem, KO-
Topble BeayTcst B [pysun (Vansteelant et al.,
2014; 2020; Wehrmann et al., 2019) nan B
Henaae (Gurung et al., 2004; 2019; 2020;
deCandido et al., 2013; Subedi et al., 2017).

Hawmn nccaeaoBaHMS  MUrpaumnmn  OpPAOB
NPOAMBAIOT HEOOAbLLOM CBET Ha MNapame-
TPbl NEpPeMEeLLEHNS HECKOAbKMX BMAOB B
3UIMK. BmecTte ¢ pedyAbTaTamm NpOCAEKM-
BaHWs YEPHOYXMX KopLuyHOB (Milvus migrans
lineatus) (cm. Kumar et al., 2020; Literdk et
al., 2021) oHu co3zaaloT OMNPEACAEHHbBIN 3aAeA
B M3y4eHMM NapameTPOB MUIPaLIMM XMLLHbIX
MTULL B 3TOM YacTh EBpasun.

YK€ OYeBMAHO, YTO B OTAMYMEe OT Oonee
AErKMX KOPLUYHOB, MO CBOMM MOAETHbLIM Xa-
PaKTEPUCTMKAM 3aHMMAIOLLMX MPOMEXYTOY-
HOE MOAOXKEHME MeXKAY acTpebamu 1 opAamm
(cM. Spaar, 1997), opAbl MPEANOYUTAIOT ABK-
ratbCs B OOXOA BbLICOKOrOPMIA M CTapaioTcs

at 43 WPPs ranged from 0 to 26.9 birds per
turbine per year, averaging 8.2=1.4 birds per
turbine a year, with no significant differences
in estimated mortality per turbine between
Canadian provinces (Zimmerling et al., 2013).

The review shows a huge variation in the
death rate of birds of different species at WPP,
including birds of prey. Unfortunately, it is im-
possible to compare our estimate of expected
bird mortality at Zhanatas WPP with actually
established mortality of eagles at WPP struc-
tures similar to it, because Karatau conditions
are unique, and there are few Steppe Eagles
and Imperial Eagles flying in the migration cor-
ridors between Europe and Africa. Lesser Spot-
ted Eagles (Aquila pomarina) flying there en
masse, judging by observations in Israel (Sham-
oun-Baranes et al., 2003) and Egypt (I.V. Kar-
yakin, pers. data), pass over mountains at much
higher altitudes (up to 500-1500 m according
to Shamoun-Baranes et al., 2003), in a range
comparable to that of scavengers (de Lucas et
al., 2004), and thus more effectively avoid col-
lisions with wind generators than Steppe Eagles
and Imperial Eagles do transiting the Western
Circum-Himalayan Migration Corridor.

In our study, visual observations also showed
a higher range of flight of Greater Spotted Eag-
les than of Steppe Eagles and Imperial Eagles,
but observations of migrating Spotted Eagles
were insufficient to determine a reliable dif-
ference. However, in terms of data on the
flight altitude of a closely related species, the
Lesser Spotted Eagle, it can be assumed that
the higher flight altitude of Greater Spotted
Eagles than Steppe or Imperial Eagles during
migration is not an artifact of observations, but
similar to that of Lesser Spotted Eagles, which
means this species avoids collisions with WPP
better than other eagles.

The variability of bird death rates because of
collusion with turbine blades within the same
WPP can be more than twice as large as the
rates variation between different WPPs. That
is, the number of dead birds can be high at
one turbine, while neighboring turbines that
are seemingly identical do not harm birds,
which means that the location of turbines in
the landscape plays an important role in pro-
ducing mortality from collisions with blades
(Barrios, Rodriguez, 2004; de Lucas et al.,
2012a). However, given the lack of such stud-
ies in Kazakhstan, we did not consider the
possible difference between turbines in the
risk assessment, averaging the probable death
rates for each turbine. At the same time,
guided by the tracks of eagles passing through
Zhanatas WPP (see fig. 24), we can assume
that turbines in the eastern sector of the WPP
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[UZBEKISTA

00X0AUTb AaXKe 3auMAMUCKMIA UM TaAacCKui
Anatay, Knuprusckuii xpebeTt u Bce 3anaaHble
xpebTbl [Nlammnpo-Anras. Becbma BeposiTHO,
UTO B OCHOBE DTOIO SIBAEHUSI A€XKMUT HM3Kas
BeTpOBag Harpyska Ha MpeAropHble Tep-
puTOpKu, 0OYCAOBAEHHasi Tororpadpueii u
ABM>KEHMEM BO3AYLLHbIX Macc. B npearopbsx
pOpPMMPYIOTCS MOLLIHbIE TEPMMUKM, 0Dpasy-
loLLIMe BOCXOASLLME MOTOKM, CKaTblBaloLLIMe-
CSl Ha MOAFOPHYIO paBHMHY, rae obpasyeTcs
pesKkasi rpaHuLa MeXKAy 30HaMKM C HU3KOM M
BbICOKOM CKOPOCTSIMM BeTpa, ornpeaeAsiioLLas
ocb 3LIIMK (puc. 29).

Y NTMU MMeeTCs TeCHasi CBA3b MeXKAy Mo-
AETHBIM MOBEAEHMEM U MOPAPOAOTHEN Kpbl-
AbeB. Harpyska Ha KpbIAbSi M COOTHOLLEHMe
CTOPOH OMNPEeAeASIOT BO3MOXKHOCTb MTULL MUC-
MOAb30BaTb BHEPrMIO BeTpa. Tak, Hanpumep,
B MCCA@AOBAHMAX MOPCKMX MTULL YacToTa no-
A€Ta NpuM BCTPEYHOM BETpe M YacToTa NoAéTa
Mpu NOMYTHOM BETPe B 3HAYUTEAbHOM CTere-
HM KOPPEeAMPOBaAM C Harpy3Kol Ha KpbIAO M

200 400 Kilometers [

N, N

will kill more eagles than turbines in the west-
ern sector, although the possibility of evading
the blades when eagles pass through the west-
ern sector will be lower, because the turbines
stand in two rows.

In fact, eagles flew through the eastern sec-
tor of Zhanatas WPP during autumn migration
mainly in a light tailwind at an angle of 120-
140° to the axial region of the ridge at dan-
gerous heights, and this nature of migration
increases the risk of collisions at low tempera-
tures, which we did not consider. For exam-
ple, observations in craggy mountains showed
that during autumn migration, Golden Eagles
were more likely to cross ridges at turbine
heights (risk zone <150 m above ground) in
a headwind or tailwind, but this probability
decreased with temperature increase; on the
contrary, during spring migration, eagles were
more likely to move within the ridge top in an
easterly crosswind (Johnston et al., 2013).

When data on the actual mortality of birds
at turbines of Zhanatas WPP become availa-
ble, it will be possible to analyze this mortality
relative to topography and environment tem-
perature at different turbines and differential
modeling of mortality rate.

Another issue related to WPP network de-
velopment in Karatau is habitat disturbance,
the results of which eagles may lose stopover
resting places during migrations while seeking
to avoid WPPs. The problem of loss of territo-
ries optimal for migration by their topographic
characteristics also remains understudied.
The habitat loss resulting from WPP network
development was considered to be relevant
mainly for gallinaceous birds (Robel et al.,
2004; Leddy et al., 1999; Pruett et al., 2009;
Zeiler, Griinschachner-Berger, 2009; Dusang,
2011; Griinschachner-Berger, Kainer, 2011;
Hagen et al., 2011; Brunner, Friedel, 2019).
However, a study of migrating kites in Spain
has shown that the impact of wind power

Puc. 29. Kapta BeTpos Ha BbicoTe 200 M Haa 3eMAEi n3
Global Wind Atlas version 3.0 (Badger et al., 2021) c Tpe-
Kamu CTerHbIX OPAOB, OPAOB-MOIMABHUKOB M GOAbLLIMX
noAopAnkos u3 Aatae-CasiHckoro permoHa m LleHTpans-
Horo KasaxcraHa (BHU3y) 1 rpaHuLer MUIPaLMOHHOIO
KOPMAOPA COrAACHO AaHHBIM 0 MAOTHOCTU TPEKOB
OpAOB (BBEPXY).

Fig. 29. Map of winds at 200 m above ground from
Global Wind Atlas version 3.0 (Badger et al., 2021) with
tracks of Steppe Eagles, Imperial Eagles and Greater
Spotted Eagles from the Altai-Sayan Region and Central
Kazakhstan (bottom) and boundary of the migration
corridor according to eagle track density data (top).
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€ro YAAMHEHMEM; BMAbI C OOAEE BLICOKOW Ha-
FPY3KOM Ha KPbIAO M YAAMHEHMEM KPbIAQ Hallle
AETaAM MPU BCTPEYHOM BETPE U pexe — npu
MOMyTHOM, HaNPOTUB, AOASt BUAOB CPEAM KPYT-
HbIX MTUL, A€TAIOWMX C MOMYTHbIM BETPOM,
3HAUYUTEABHO YBEAMHMBAAACH C YBEAMYEHMEM
Harpy3kmM Ha KpbIAO (Spear, Ainley, 1997).

CpaBHeHune CTUAeH M NapameTpoB MOAETa
NepeATHbLIX XMULLHbIX NTUU B M3panae noka-
3aA0, YTO CKOPOCTb MOAbEMA B TEPMMKAX He
pasAMHanach y pasHbiX BUAOB, YTO yKa3blBa-
€T Ha TO, YTO B OCHOBHOM CMAA BOCXOASALLIMX
TEMAOBbIX MOTOKOB OMNpeAeAsAa CKOPOCTb
noabéma, a Mopdporormyeckmne 0cobeHHOCTH
ObIAM MEHEE 3HAUYMMbIMM, HO YXKE MPU Mex-
TEPMMYECKOM NAAHMPOBAHUKM CKOPOCTb BO3-
AyXa MOAOXMTEAbHO, a YFOA MAAHUMPOBAHMS
OTPUUATEABHO 3aBMCEAM OT CPEAHEN MacChbl
TeAa NTUL; B NapALLEM U MAAHMPYIOLLEM MO-
A&Te CKOPOCTb MO Mepece4&HHON MECTHOCTH
OTHOCUTEALHO BO3AyXa OblAa MOAOKMTEALHO
cBsi3aHa C Maccol Teaa (Spaar, 1997). Takum
00pa3oM, CMOCOOHOCTb MTULL K CKOAbXKEHMIO
YBEAMUYMBACTCH C YBEAMHYEHMEM MacChl TeAa
M Yem Takeaee OpEA, Tem OH OXOTHee DyaeT
BbIOMpaTb AAS MUIpaLMKM TOT MyTb, Ha KOTO-
POM KpYMHbIE BOCXOASLUME MOTOKM CMOIYT
obecneunBaTb AAMTEALHOE CKOAbXKEHME.

MMEHHO MO3TOMY CTEMHbIE OPAbl, MMEIO-
e GoAee AAMHHOE KPbIAO, YeM OPAbI-MO-
FMAbHMKKM, HO Ooaee Aérkue, npoxoaqart Ka-
patay B AOCTaTO4MHO LUMPOKOM AManasoHe,
a OPAbI-MOTMABHUKM ATAT B OoAee y3KOM
AManasoHe, NpenMyLLecTBeHHO vepes “ok-
nak, BbloMpas HanboAaee ONTUMaAbHbIe Opo-
rpadpuyeckme ycAoBusi, NoaoOHO GepkyTam
B Annasavax, KOHUEHTPUPYIOLLMXCS B paio-
Hax, BbI3bIBAIOLLMX Oporpachuyeckme Moab-
émbl (Dennhardt et al., 2015).

[Nepemeruascb B MUIPaLMOHHOM KOPUAO-
pe, XMLIHbIE NTULbLI-NAPUTEAN MCMOAL3YIOT
00bIYHO ABA TMMA BOCXOASILLUMX MOTOKOB: (a)
oporpagpmyeckmii  MOAbEM, BO3HMKAIOLLIMIA
B pe3yAbTaTe OTKAOHEHWUS FOPM3O0HTAAbHbIX
BETPOB MO HAaKAOHHOW MecTHOCTM u (O) Te-
MAOBOW MOALEM, 0OpasyloWMiCa B TedeHue
AHS M3-33 HarpeBa MOBEPXHOCTU CyLUM COA-
HeuHol paanauneii (Kerlinger, 1989). Mapu-
TEAW MCMOAB3YIOT OpPOrpacpUyecKmii MOAbEM,
4yTOObI HabpaTb BbLICOTY (HAaCTO HEOOAbLLYIO)
M AAAEE CKOAb3UTb BHM3 B XKEAAEMOM Ha-
NPaBAEHMM, M TaK HYepeAyioT MOAbEMbI CO
CKOABXKEHMAMM, MepemeLlasch BAOAb FOp-
HbIX XpebToB, GoraTbix OporpadpryecKrmm
noabémamm (Bohrer et al., 2012; Katzner et
al., 2012; 2015; Johnston et al., 2013). B
CAy4ae TEernAOBOro noAb&ma napsiume NTmLb
00bIYHO 3abMpaloTCs AOCTaTOYHO BbICOKO B
TEPMMKM, UCMOAB3YS KPYrOBYIO TPAeKTOPHIO,

on gliding birds is greater than previously
thought, and deaths due to collisions are not
the only factor negatively affecting migrants —
avoidance of WPP by birds of prey also results
in loss of habitat in migration corridors, which
can have long-term negative population re-
sults (Marques et al., 2020). Thus, on the one
hand, avoidance reduces the risk of collisions,
on the other hand, birds avoiding WPPs lose
favorable places for flight and stopover and,
accordingly, fly and stop over in suboptimal
places, which reduces their survival on migra-
tions. The last factor remains unstudied, its in-
fluence on eagles is unknown and it is difficult
to predict, as is the level of avoidance of WPPs
by eagles.

Avoidance of territories after construction
of WPP has been proven for various species,
in particular the Black Kite (Milvus migrans)
(Ferrer et al., 2012; Marques et al., 2020). A
study in Wisconsin (USA) conducted before
and after the construction of WPP showed
that after construction the abundance of birds
of prey decreased by 47% compared to pre-
construction levels, and flight behavior varied
by species, but most birds flew at least 100
m from the turbines and above the RSZ; Tur-
key Buzzards (Cathartes aura) and Red-Tailed
Buzzards (Buteo jamaicensis) were more likely
than all other birds of prey to exhibit collision
risk behavior, but they also showed signs of
collision avoidance, and buzzards neverthe-
less died at WPPs (Garvin et al., 2011). At the
same time, there was no evidence of avoid-
ance by Northern Harrier (Circus hudsonius)
in studies at several wind power plants (Ker-
linger, 2002; Schmidt et al., 2003), but anoth-
er study showed turbine avoidance by harriers
the year after WPP construction (Johnson et
al., 2000). Studies of a closely related species,
the Hen Harrier (Cicrus cyaneus) in North-
ern Ireland suggest that wind turbines are not
avoided by birds on hunting grounds, but lo-
calized shifting of nesting territories may occur
in the area up to 300 m around turbines (data
by NaturalResearch from: Madders, Whitfield,
2006). A number of studies on avoidance of
WPPs by Colden Eagles were conducted in
the USA, but the results were contradictory. In
one study, the authors compared eagle move-
ments in the WPP and in an undisturbed area
outside the WPP and found no difference
(Schmidt et al., 2003), and in another study,
before and after WPP construction, they also
showed no reliable levels of eagle avoidance
of the WPP area after construction (Johnson
et al., 2000). A large WPP at Altamont Pass
in California showed some eagle avoidance of
the WPP relative to an undisturbed territory



172

[TepHatbie xuiHnku 1 ux oxparda 2021, 43

M3yH€HM€‘ MepHaTbIX XUUIHMKOB

CrenHoit opén, reTaiumit
BAOAb CKAOHA FOpbl U
MCMOAB3YIOLLIMI OPO-
rpachudeckmii MoAbEM.
®oto U. KapskuHa.

Steppe Eagle flying along
the mountain side and
using orographic uplift.
Photo by I. Karyakin.

OT KOTOPOW OHU AMHENHO CKOAb3ST K CAEAY-
lowemy Tepmuky (Kerlinger, 1989; Katzner et
al., 2015; Santos et al., 2017). M3-3a Takux
0co0ObIX TpeboBaHWI Napsiuue NTULbI UMe-
IOT TEHAEHLIMIO MepeMeLLaThcsl Mo ydacTkam
C BbICOKMM MOTEHUMAAOM TEPMMKOB, KOM-
MU U SIBASIOTCS MMIPALMOHHBIE KOPUAOPbI
(Dennhardt et al., 2015). Ipu 3ToM OTMeue-
HO, Y4TO BO BPEMSI MUIpaLIMK, KOrAQ TEPMMUKM
HEAOCTYHbI, OPAbI (B AQHHOM MCCAE€AOBAHMM
6epKyTbl) MUHUMU3HPYIOT BPEMSI MUTPaLInK,
a He aHepruio, Bbibupas Goaee 3Heprosa-
TPaTHbIA MOAET BAOAb CKAOHA BMECTO OXW-
AaHus nosiBaeHust Tepmukos (Duerr et al.,
2012), T.e. OHM CTPEMATCA K MOWUCKY MeCT
oporpacpuyeckoro noabéma, nepemeLlasch
uepe3 MecTa ero BO3HMKHOBeHMsi. Oporpa-
dprUecKkmii NoAbEM OCOOEHHO MOAE3EH AAS
MWUIPaHTOB, Koraa chopMMUpPYETCst Ha FOPHbIX
XpebTax, OPUEHTUPOBAHHDBIX B HAMPABAEHWUM
murpaunmn (Dennhardt et al., 2015; Kerlinger,
1989; Marques et al., 2020). Ho ecan xpeb-
Tbl OPUEHTUPOBAHbI MOMEPEK MUIrpaLiK, TO
B MapameTpbl MUrpaunn 0COBEHHO CHUABHO
BMeLLMBAETCS BeTep, Kak 3TO, Harpumep,
npouncxoant B CLLIA, rae B ropax c xpebra-
MM, HANPaBASIOLLMMM MUTPALIMIO, OPAbI AETST
B OCHOBHOM Nnpu 6okoBom BeTpe (Johnston et
al., 2013; Katzner et al., 2015; 2016).

B noaérte npu nonyTHoM BETpe M Mpu nape-
HUM 3Hepro3aTpaTbl MapuTeAei MoyTH Takue
XK€ HM3KMe, KaK BO BpeMsi OTAbIxa Ha Mpucase
uan ruesae (Weimerskirch et al., 2000; Mandel
etal., 2008; Sakamoto et al., 2013). D10, B cBOIO
O4epPEeAb, MOXET OrPaHWUUMBATL HAMPABAEHMS,
B KOTOPbIX AMHAMMYHO MapsiLLite MTULbI MOTyT
appeKTUBHO MepemeLLiaTbCst Yepe3 ropHble
Mperpaasl B MUrpaluMoHHom Kopuaope. Caeno-
BaTEAbHO, OHM AOAXKHbI OMTUMM3MPOBATH CBOM
cTpaTermm Murpaumu MnyTém  KOMIMpomucca
MEXAY 3HAHUSIMM O MECTOMOAOXKEHUM U Kaue-
CTBE pycAa MPOAETa M TeKyLLel BETPOBOM Ha-
rPy3KOM, KOTOpasi BapbMpYyeT BO BPEMEHH, M3~
MEHSISICb HE TOABKO OT Ce30Ha K Ce30HY, HO U

(Hunt et al., 1995), but after nearly 10 years
a tendency toward increased use of the WPP
area by birds of prey was recorded, while the
authors specifically noted that any avoidance
by birds of prey of WPP previously recorded
was no longer observed (Smallwood, The-
lander, 2004). In contrast to these data, there
is evidence of avoidance of the area by ter-
ritorial Golden Eagles after the construction
of WPP here, and this again happened in
Scotland (Walker et al., 2005). However, im-
mature birds also continued to visit WPPs as
before. Further studies in Scotland confirmed
the avoidance of central parts of WPP also by
immature nomadic Golden Eagles, although
they were still moving peripherally to the WPP
dangerously close to wind generators (Fielding
et al., 2021). Thus, even by one species, the
Golden Eagle, the least tolerant to human ac-
tivity among the true eagles, it is impossible to
predict even approximately the level of WPP
avoidance.

If avoidance does not occur, then WPPs built
at regular migrant stopover sites will increase
the risk of collisions for the reason that birds
within WPPs will make landings and takeoffs,
significantly more often passing through the
RSZ than on a transit flight through Karatau.

To identify species at high risk of popula-
tion decline due to collisions with wind tur-
bines in the USA, we calculated the effect of
mortality from turbines on decline in popu-
lations, trends of which were derived either
from breeding bird counts or from a matrix
model based on demographical values from
publications, and the number of mortalities
at which populations are still able to maintain
stability. The calculations showed that among
14 species studied, those with a relatively high
potential impact on populations as a result
of collisions with wind turbines include the
Golden Eagle, the Ferruginous Buzzard (Bu-
teo regalis) and Red-Tailed Hawk, American
Kestrel (Falco sparverius) and Barn Owl (Tyto
furcata) (Diffendorfer et al., 2021). Thus, it
can be expected that in Eurasia all eagles will
be in the main risk group when increasing the
volume of WPPs.

Even knowing approximate numbers, pro-
ductivity and survival rate of immatures in
eagle populations migrating in the WCH-
MC, and separately through Karatau, it is
impossible to correctly predict the impact
of WPPs both in terms of habitat loss and
excess mortality. That is, until we begin to
observe population collapses, we cannot
say exactly how many eagles would need to
be killed in WPPs for this to become notice-
able.
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B TeyeHue ce3oHa. Kak nokasaHo Ha MOPCKMX
NTMUAX, OHM YaCTO AeTaloT C BAAroNPUSTHLIM
GOKOBbBIM 1 NOMYyTHbIM BeTpamu (Weimerskirch
et al., 2000; Wakefield et al., 2009; Spear,
Ainley, 1997; Paiva et al., 2010; Ventura et al.,
2020), KoTOpble MO3BOASIOT MM MepemMeLLaThb-
CSl C BbICOKOW MyTeBOW CKOPOCTbIO M HU3KUMM
aHepreTuueckumu 3atpatamu (Weimerskirch et
al., 2000; Wakefield et al., 2009; Richardson,
2011; Richardson et al., 2018). Ha ux nytesyio
CKOPOCTb, AOCTUIraemylo BO Bpemsl MOAETa, BAU-
SieT KaK OTHOCUTEeAbHOe HarpaBAeHuWe BeTpa (T.e.
pasHMLa B yrAe MeXKAy HarpaBAeHMem BeTpa
M HarnpaBAEHWEM ABMXKEHMS MTULBI), TaK M OT-
HOCWUTEeAbHasi CKOPOCTb BeTpa (MAM MOmMyTHas
COCTaBASIIOLLIAs BETPA, T.€. COCTaBASIOLLIAst CKO-
pOCTV BETpa B HarpaBAeHMM MOAETA MTHLIbI)
(Weimerskirch et al., 2000; Wakefield et al.,
2009; Ventura et al., 2020). Pe3yAbTaTbl BETPO-
BOI MOA@AM MOKa3aAW, YTO MyTeBask CKOPOCTb
NT1U (Ha nNpuMepe kaboBepPACKOro TaindpyHHM-
Ka Pterodroma deserta) 3aBucuT OT yraa B He-
AVHEHOM TPeHAe, NPy 3TOM NPOrHo3upyemast
CKOPOCTb MTUL AOCTMIaeT MakCUMyMa Npu 3Ha-
yeHMax yraa okoao 50°. MoaeAb Takoke nokasa-
AQ, 4TO 3Ta TeHAEHUMS OCOOEHHO YCUAMBAAACh,
KOraa MTWLbl MyTeLIeCcTBOBaAM MPKU CMABHOM
BeTpe (Ventura et al., 2020). TouHo TaK e ye-
pe3 Kapatay ABMraioTcsi OpAbl, MpearnoymnTas
NOMYTHbIM 1 NOMYTHO-OOKOBOM BETPbLI B AMana-
30He A0 60° (B onTumyme 40-50°, cm. puc. 19),
M3MEHSIS CBOM MMIPaLIMOHHbIE MapLLPYThl FOA
OT roAa, aAanTMpysiCb K TekyLlei atmoccpep-
HOW CUTyaumn.

[MoHMMaHMe MOAETHOro MOBEAeHUS MU-
rPaHTOB B OTBET Ha MOrOAHbIE YCAOBMS CTa-
HOBUTCS BCE OOAGE BaXKHbIM AAS YMeEHblle-
HUSI KOHCPAMKTOB MEXAY AIOAbMM M MTULIAMM
B aspocdpepe, ocobeHHO B cBeTe OYpHOro
passuTus BeTpodHepreTukn (Ross-Smith et
al., 2016), HO Noka OHO OCTaércs cAabo m3-
ydeHHbIM (Shamoun-Baranes et al., 2017).

CraHaapTHble oueHkn pucka BOC npeano-
AaraioT AMHEeMHYIO 3aBMCMMOCTb MEXAY Ya-
CTOTOM BCTPEYAEMOCTM NTMU B paioHe BOC
MAM 4acTOTOM NpPoA€Ta MTULL Yepe3 PoTopbl
B3C 1 ux rubeabio (Langston, Pullan, 2003;
Smallwood, Thelander, 2004; Tapia et al.,
2009; Telleria, 2009). B Takom noaxoae Bbi-
SIBA@HbI HEAOCTATKM M MMEIOTCS AOKa3aTeAb-
CTBa TOrO, YTO BEPOSTHOCTb CTOAKHOBEHMS
NTUU C TypOMHAMM B 3HAYMTEALHOM CTerneHu
3aBMCUT OT NMOBEAGHMS Pa3HbIX BUAOB B YacTH
n3beraHMs CTOAKHOBEHMSI C AOMACTSMM, TO-
norpacgonuecknx xapakTepucTK MEecTHOCTU
M BETPOBOM Harpy3ki, a He TOAbLKO OT YMC-
AeHHocTu nTuu (Barrios, Rodriguez, 2004; de
Lucas et al., 2008; 2012; Garvin et al., 2010;
Ferrer et al., 2012; Liechti et al., 2013; KauHep

For common bird species, the impact of
collisions with wind turbines is unlikely to be
noticeable at the population level because
the calculated death rate is less than 0.01%
of their population size (see example from
Canada: Zimmerling et al., 2013). However,
for long-lived birds of prey with low popula-
tion densities and slow reproduction rates,
even low levels of excess mortality can have
population-level consequences in the long
term (Saether, Bakke, 2000; Manville, 2009).
Such species, and this includes all eagles, un-
like species with lower survival rates and higher
breeding performance, are generally unable to
withstand excessive anthropogenic mortality
(see, e.g., Sandercock et al., 2011). Modeling
results based on the Leslie matrix model show
that population viability can be very sensitive
to proportionally small increases in mortality,
and instead of a small effect it was found that
an additional 1% mortality in the populations
of several species studied, including the White-
Tailed Eagle and the Marsh Harrier (Circus
aeruginosus) resulted in population declines of
2-24% after 10 years, and assumption of a 5%
increase in mortality over existing mortality re-
sulted in population decline of 9-77% after 10
years (Schippers et al., 2020). This for species
increasing their population size.

Real observations in nature show that col-
lisions of Egyptian Vultures (Neophron perc-
nopterus) in Spain, where 80% of the Europe-
an breeding population stays, have contribut-
ed to the decline in population (Carrete et al.,
2009); the same holds true for the Red Kite
(Milvus milvus) population in Germany due to
additional mortality from collisions with wind
turbines (Bellebaum et al., 2013; Grinkorn et
al., 2016).

Populations with low density and/or de-
creasing in numbers are particularly unstable
to excess mortality (Nichols et al., 1984; Bar-
tmann et al., 1992). This is what we see in
the case of the Steppe Eagle, listed as IUCN
globally threatened species due to decrease
in numbers virtually throughout its range (Kar-
yakin, 2018; Garbett et al., 2018; BirdLife In-
ternational, 2020).

Many sources of anthropogenic mortality
can also work together cumulatively to reduce
populations in different locations throughout
their life cycles (Loss et al., 2012; Schippers et
al., 2020). For example, the number of breed-
ing Griffon Vultures in the study territory in
Spain decreased by 24%, adult survival by
30% and breeding performance by 35% as a
result of the combined effects of feeding site
closure and mortality at WPPs, but the popu-
lation recovered once feeding was restored
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Xpebet Kapartay.
®oto M. KapsikuHa.

The Karatau ridge.
Photo by I. Karyakin.

n ap., 2018; Muarep u ap., 2018; Fielding et
al., 2021; Murgatroyd et al., 2021). Aaxke KOH-
CTpyKuUus GalleH M pasmep POTOPOB WUrpaeT
poAb B yposHe cmepTHocTH (Thelander et al.,
2000; ICF International, 2016).

B Halueli MOAEAW Mbl YUUTBIBAAW AWLLIL Ma-
Kpo-Tonorpacpuio Kapartay, pasaeans ero
Ha 3 30HbI MO LUMPHHE FOPHOrO MaccuBa M
HarmpaBAsioLLMM  XpebTam, BbICOTY MOAETa
ntuu (Johnston et al., 2014a), HanpaBAeHue
n ckopocTe Betpa (Christie, Urquhart, 2015).
BeposTHOCTb YKAOHEHMSI OPAOB OT CTOAKHO-
BEHWs C AomacTsamu TypbuH (cm. Madders,
Whitfield, 2006; Whitfield, 2009; May et al.,
2011; Johnston et al., 2014b) 6biAa Takke
yuTeHa Ha yposHe 96%. K coxaaeHuio, 3ToT
nokasaTteAb B 96% SBASIETCS He MOATBEPX-
AEHHbIM B Halllem CAyYae, TaK KaK HeT HaTyp-
HbIX HaOAIOAEHMIA 32 MOBEAEHMEM WMEHHO
BOABLUMX MOAOPAMKOB, OPAOB-MOIMMABHUKOB
W CTEMHbBIX OPAOB, OCOOEHHO B YCAOBMSIX I0T0O-
BocTouHoro KasaxcraHa. B aanawadpre rop-
Horo Gapbepa B MWIpaLMOHHOM KOPUAOPE,
KOMM siBAsieTcst KapaTay, npu onpeaeAéHHbIX
BETPOBbIX HArpy3Kax MaHEBPbI MTULL AASE YXO-
A OT CTOAKHOBEHMSI C AOMACTSIMM BETPOBBIX
TYpOUH MOTYT ObITb CUALHO OCAOXKHEHbI. B
MEPBYI0 O4YepeAb 3TO KACAETCs MepeAOBbIX
CKAQAOK xpeOTa, rae NpoucxoanT Habop op-
AAMU  BbICOTbI AASI MPEOAOAEHUSI UMUK FOP.
3aecb AOOOM CHOC NTULL BOKOBLIM MAM MO-
MyTHO-GOKOBbIM BETPOM B CTOPOHY TypOUH,
CTOSILLMX Ha KPOMKE PEe3KOro reperaaa Bbl-
COT, MOXEeT CTaTb haTaAbHbIM AASI MTULL, TPU
aToM 6e3 pakTHuecknx HabAloAeH M 3a Npo-
LIECCOM €ro HEBO3MOXHO CMPOrHO3MpoOBaTh
n cMmoaeanposathb. [losTomy alobast Teope-
TUYeckast OCHoBa, pa3paboTaHHasi Ha MHbIX

and significantly problematic WPPs were
closed; the study showed that productivity
and survival were mainly affected by WPPs,
and that food shortages contributed to chang-
es in behavior and extension of movements of
vultures in search for food, increasing the risk
of collisions (Martinez-Abrain et al., 2012).

Cumulative deaths from collisions with
wind turbines (Gauthreaux, Besler, 2003)
plus deaths from electrocution at power lines
(Lehman et al., 2007; Prinsen et al., 2011;
Kapskud, 2012; HwukoaeHnko, KapsakuH,
2012; Dixon et al., 2013; Loss et al., 2014;
Guila, Pérez-Carcfa, 2022) plus delayed
deaths caused by second generation antico-
agulant rodenticides (Thomas et al., 2011;
Elliott et al., 2014; Rattner et al., 2014) pre-
sent a more than redundant set of causes
determining population declines, such as
the Steppe Eagle. Therefore, in order to con-
serve rare species, a precautionary approach
(Cooney 2004) is useful. Under this approach
minimization, or better, complete elimina-
tion, of bird mortality should be demanded
from potentially hazardous industries and
activities (Longcore, Smith, 2013) both at
the state level and at the level of companies
themselves that are concerned about their
ratings and reputational risks.

In the European Union, there are legislated
guidelines for WPP construction (Zwart et al.,
2016) that are intended to ensure appropri-
ate siting of WWPs in areas that minimize ad-
verse impacts on wildlife (Directive 2011/92/
EU, 2012). Canada (Kingsley, Whittam, 2005)
has similar guidelines to those Europe. In the
United States, pre-construction survey re-
quirements vary greatly from state to state,
and some states have very detailed instruc-
tions issued by state bodies regarding the loca-
tion of WPPs (Jodi Stemler Consulting, 2007;
USFWS, 2012).

Kazakhstan also has a legislative document
— Code of Rules of the Republic of Kazakh-
stan, CR of RK 4.04-112-2014 “Planning
of Wind Power Stations” (2015) in which
paragraph 14 “Environmental Impact Assess-
ment” is ineffectual in regard to this problem
and does not regulate the construction of
wind power plants (WPP) in areas sensitive
to biodiversity, and does not formulate re-
quirements to reduce the impact of WPPs on
birds, completely shifting it to design organi-
zations that do not benefit from considering
birds in the design of WPPs.

Paragraph 14.3. When developing the En-
vironmental Impact Assessment section, it is
necessary to consider data from local execu-
tive bodies in the field of environmental pro-



Raptor Research

Raptors Conservation 2021,43 175

BMAAX B MHbIX MPUPOAHbIX YCAOBMSX, MOXKET
NonpocTy 3aeck He paboTaTb M OyAeT Mcka-
»KaTb OLEHKM PUCKOB CTOAKHOBEHMS MTULL C
TypOuHammn BOC B CTOPOHY MX 3aHMKEHMS.

KoHeuHble  BEPOSTHOCTM  CTOAKHOBEHMs
NTUL C AOMACTSIMK BETPOreHepaTopoB, MOAY-
yeHHble Ha ocHoBe CRM «Bandy, 3aBucar B
nepBylo o4epeab OT BEPOSTHOCTM M3beraHns
NTULAMWU CTOAKHOBEHMIA, KoTopas AAS OOAb-
LUMHCTBA BWMAOB B OMPEAEAEHHDBIX YCAOBMSIX
OCTa@TCsl HEM3BECTHOM U TPYAHO OMpeAeAs-
emol, ocobeHHo BHYTpK BMaa (cm. Cook et
al., 2014). MmenHo OTCYTCTBME HAAEXKHbIX
OLEHOK YPOBHS YKAOHEHWsl SIBUAOCH MpU-
unHoit kputukn CRM «Bandy (Chamberlain
et al., 2005; 2006; Masden, Cook, 2016).
MepBoHaYaAbHOE  MPEANOAOXKEeHWe — aBTo-
pos CRM (cMm. Band et al., 2007) 06 obLuet
HOPME YKAOHEHMsi OT CTOAKHOBeHMI B 95%,
CAEAQHHOE B OTCYTCTBMM KaKMX-AMOO M-
MUPUYECKMX M3MEPEHMIA, MOCAe  LleAeBbIX
MCCAGAOBAHMI B HEKOTOPbIX CTPaHax AAS
psiAa BMAOB OKa3aAaOCb HM3kMM. [lokasare-
AV YKAOHEHMUSI OT CTOAKHOBEHMIA OblAK OLle-
HEHbl AASl HECKOAbKMX BMAOB M OKa3aAMCb
Boree  BBICOKMMM, Hem  MPeArnoAararoCh
(Desholm, Kahlert, 2005; Desholm, 2006;
Everaert, Steinen, 2007; Whitfield, Madders,
2006a; 2006b; Fernley et al., 2007; Urquhart,
Whitfield, 2016) — BnaoTb a0 99,5-99,9% y
H6epkyta B LLloTAaHAaMM (Madders, 2004 wn3:
Chamberlain et al., 2006; Whitfield, 2009).
OAHaKo B DOABLLMHCTBE MCCAGAOBAHMIA peyb
WAQ O MepemeLleHnax FHe3ASLLUMXCS NTul
MAM MOAOABIX MTULL Ha KOYEBKax, Mpenmy-
LLECTBEHHO B NMPUOPEXKHON 30HE MAM XOAMM-
CTOM AaHALIAgpTe, @ He B YCAOBMSIX FOPHOIO
Hapbepa B MWMIpaLMOHHOM KOpMaOpe (CM.
Walker et al., 2005; Whitfield, Fielding, 2017;
Fielding et al., 2021; 2022 Ha npumepe Gep-
KyTa B LLIoTAaHAMM). T1pr 3TOM LLOTAAHACKME
HepKyTbl MPOAEMOHCTPUPOBaAK DOAEE BbICO-
KMe YpOBHM M3beraHusi CTOAKHOBEHMI, Yem
3TO OMPEAGAEHO AAS FTOPHbIX paioHos CLLIA
(Smallwood, Karas, 2009; Bell, Smallwood,
2010; New et al., 2015; Hunt et al., 2017).
Hanpumep, B KaandpopHuu B 1994-2000 rr.
6AM3 kpynHoi BOC (142 km?) H6blAM nomeye-
Hbl 250 OepkyToB, 88 M3 KOTOPbIX NOrMOAO,
NpHUYEM Ha CTOAKHOBEHMS C BETPSIHbIMM Typ-
HuHamm npuxoantcs 41% u3 atx 88 cmep-
TeAbHbIX CAy4aeB, HOABLUMHCTBO M3 KOTOPbIX
ObIAM HECOBEPLUEHHOAETHUMM U HEe Pa3MHO-
JKAIOLMMMCS B3POCAbIMM 0CODaMM (Hunt et
al., 2017).

MprmeHss «bepKyTHUHbIE» MoKa3aTeAn Be-
POSITHOCTU YKAOHEHWSI OT CTOAKHOBEHWI C
BeTporeHepaTopamu K APyrMm BUAAM OPAOB,
HaAO TaKXKe MOHMMaTb, 4TO 3TO He camoe

tection on the ecological value of the territory,
including the presence of rare or endangered
species of plants and animals, migration routes
of birds, etc.

Paragraph 14.4. When designing a WPP
which includes more than three wind turbines
it is necessary to carry out seasonal observa-
tion of bird migration by a specialized ornitho-
logical organization.

Paragraph 14.5. Upon the recommenda-
tion of the specialized organization, it is ad-
visable to provide for measures that prevent
impact on avifauna by coloring the blades
with fluorescent paints, installation of sound
signals to deter the birds, illumination of
poles and blades of wind turbines at night,
and in fog and other conditions of insuffi-
cient visibility.

Since in the case of Zhanatas WPP, through
which a large number of Steppe Eagles mi-
grate, the time for a preventive approach has
already been missed. WPP was built in vio-
lation of all of the above guidelines. Urgent
measures are required to be taken to mitigate
its impact on migrants and primarily on the
decreasing numbers of Steppe Eagles.

Unfortunately, there are very few existing
instruments or measures with a proven and
effective impact on reduction of bird colli-
sions with wind turbines. At the same time,
in civilized countries, demand for such meas-
ures from state environmental agencies, WWP
developers, nongovernmental organizations,
and the concerned public is growing (Voigt et
al., 2019).

Among the measures to reduce bird mortal-
ity in already constructed WPPs, the following
options have been proposed and/or tested in
different countries:

a) shorter period of operation,

b) acoustic methods,

¢) visual methods.

Reduction of the period of operation, i.e.,
shutting down during the most vulnerable pe-
riods of the year, such as migration periods,
has been proposed as a measure to minimize
bird collision deaths by several studies (de
Lucas et al., 2012a; Marques et al., 2014;
May et al., 2015; Tomé et al., 2017) and is
included in IUCN recommendations as the
most effective measure to prevent bird col-
lisions with wind turbines (Bennun et al.,
2021). A program of selective shutdowns of
high-risk turbines was tested in Spain and
showed a reduction in Griffon Vulture mortal-
ity rate by 50% (de Lucas et al., 2012a). The
same holds true for a study in the USA, where
annual shutdown during certain seasons or in
certain weather conditions reduced mortality
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Opén-mormabHuk (Aquila
heliaca) aktmBHO ocsa-
MBaeT AASl THE3A0BaHMsl
oropbl ADI, B cBsA3m €
uem MoxkeT ObITb ToAe-
paHTeH K BeTporeHepa-
TOpam u He nzberatb
BOC Ha murpaumsx.
®oro P. bekmaHcyposa.

The Imperial Eagle
(Aquila heliaca) is
actively developing
power poles for nesting,
and therefore it can

be tolerant to wind
generators and not
avoid wind farms during
migrations. Photo by

R. Bekmansurov.

yAauHOe pelleHne, Tak kak OepkyT ropasao
MeHee TOAepaHTeH K aHTPOMOreHHOM Aes-
TEAbHOCTM YEAOBEKA, YeM Apyrue OpAbl. AHa-
AM3 AMCTAHLMIU BCMYrMBaHWA MTULL M UX OT-
BETa Ha BEAYLLYIOCH Ha MHE3A0BbIX y4acTKax
XO3SMCTBEHHYIO A€ATEALHOCTb MOKa3aA, YTo
OEepKyT MMEeT Camble AaAbHME AMCTaHUMM
BCMYrMBaHMS NTULL BHE FHE3A M CaMblid BbICO-
KM ypOBEeHb M3beraHns HapyLUEHNI Ha rHe3-
AOBbIX Y4aCTKax, OTHOCUTEAbHO OOAbLLIOFO
MOAOPAMKA M OPAA-MOTMAbHMKA, MOCAEAHMN
M3 KOTOpbIX HamboAaee ToAepaHTeH K Oec-
MOKOMCTBY CO CTOPOHbI Y€AOBEKA M €ro XO-
39UCTBEHHOW AeATeAbHOCTH (KapsakuH u Ap.,
2017a). CaeaoBaTeAbHO, AMAS DEPKyTa MOXKHO
npeanoaAaratb DOAee BbICOKME YPOBHK M30e-
raHms BOC, HeXeAn y OpAOB APYrMX BMAOB.
OPpAbI-MOMMABHUKM  THE3AATCH B Hanboaee
OCBOEHHOM HYeAOBeKOM Onome, He nzberaiot
AHTPOMOreHHbIX OOLEKTOB (B MOCAEAHME FOAbI
BMA BCE Yalle MHe3AMTCS Ha OMopax BbICOKO-
BOABbTHbIX AD[) 1 TAroTeloT K TeppUTOPUSM
C BEAYLLENCS XO3ANCTBEHHON AESTEABHOCTbIO
deroBeka (cMm. Kapsikun, 2006b; 2008c; Ko-
penos, bopoaunn, 2013; bekmancypos, 2015;
Kopenos, Crpiokos, 2015; Mabiox, LLlesLos,
2020), noaTomy ypoBHuM nsberaHna umm BOC
M YKAOHEHMS OT CTOAKHOBEHMI MOIyT ObITb
HUKE TakoBbIX Y OepkyToB. Ewé xyxe ¢ m3-
6erannem BOC 1 ykrOHEHMEM OT CTOAKHOBe-
HUI MOXKET ObITb Yy CTEMHOIO OpAa, KOTOPbIN
ropasA0 paHbLUe OpPAA-MOTMAbHMKA OCBOMA
rHe3aosaHme Ha AJIT (KapskuH, 2008c) u 3a
Goree yem 60-AeTHMI NEePUOA Pa3BUTUS CETH
AT B EBpasumn He CMOT MAEHTUPMLIMPOBATH

NTMLEOoNacHble KOHCTPYKLMKM M Hay4MThCs
n3beratb WX, B OTAMUMe OT OepkyTa M op-
Aa-MOTMAbHKKA. B mTOre B HacTosllee Bpe-

of large birds (Golden Eagles) and bats, but
even inoperative turbines caused collisions
of small birds and night migrants with them
(Smallwood, Bell, 2020). Turbine shutdowns
of turbines after detecting birds in real time
by radar or video monitoring, especially in
bad weather conditions that increases the risk
of collisions, were implemented in Sweden
(Litsgdrd et al., 2016), Norway (May, 2017)
and Portugal (Tomé et al., 2017) and showed
to be effective.

Modern radars detect small birds at distanc-
es from 2 to 5 km, and large birds at distances
of up to 12-15 km (Dokter et al., 2011; Nils-
son et al., 2018; Phillips et al., 2018; Ben-
nun et al., 2021). In particular, the Accipiter®
eBirdRad (Accipiter Radar Technologies, Inc.;
Fonthill, ON, Canada) detected transmitter-
tagged griffons and vultures up to 5 km away
(Beason et al., 2010); Robin Radar Max®, a
bird-search-only, with unlimited field of view,
deployed at the Tahkoluoto WPP in Finland
to prevent collisions of White-Tailed Eagles
with wind generators and at the Kavarna WPP
in Bulgaria to prevent collisions of migratory
and key species (eagles, scavengers), showed
a maximum distance up to 15 km for large
birds detection (Bennun et al., 2021); STRIX
Birdrack®, targeting both birds and bats, de-
ployed at the Bardao de Sao Joao in Portugal
detected large birds at distances up to 12 km
and completely eliminated fatal collisions in
more than 5 years of operation (the radar was
used in combination with watchers) (Tomé et
al., 2017), and after deployment in Egypt, it
detected flocks of large birds at distances up
to 20 km and reduced fatal collisions to 5-7
per year from about 400,000 migrating birds
passing through the WPP each season (Tomé
etal., 2019).

However, radars cannot perform direct
classification of species, classification, re-
quiring an ornithologist to monitor the radar
and analyze the resulting data (Ruhe, 2008;
van Gasteren et al., 2019). The expert will
also make the decision on shutting down the
turbine (Bennun et al., 2021). Expert biolo-
gist operators, high cost (Robin Radar Max®
— 500,000 USD), large size and power con-
sumption, and government radiation regu-
lations limiting frequency and beam power
are the main barriers to wide use of radars
to detect birds in large numbers of WPPs
(Criindinger, 2017).

In the last decade, with the development
of graphics processors and image processing
algorithms based on artificial intelligence, ma-
chine vision-based detection systems (video
systems) have become increasingly effective
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M$S CTEMHOM OPEA OTHOCUTCA K YMCAY NTULL,
HanboAee ya3B1MbIX OT MOPaXKEHUSA DAEKTPO-
TOKOM Ha BO3ayLHbIx ADI (KapsakuH, 2012;
Kapsikuu u ap., 2016b) u3-3a MacLutabHoi
rmbean Bo BCEM apeane (KapsikuH, Hosuko-
Ba, 2006; bapbasiok 1 ap., 2010; MausbiHa 1
Ap., 2011; Meaxnaos n ap., 2011; AeBuH,
Kypkunn, 2013; TNyamkosa, Boporosa, 2018;
Capaes u ap., 2019; Shobrak et al., 2021),
MMEET MMHUMAAbHbIE AMCTaHLMM BCMyruBa-
HUS M Yalle APYrMX OPAOB MCMOAb3YeT MC-
KYCCTBEHHbIE COOPY>KEHWS B KauyecTBe npwm-
CaA U AASL YCTPOMUCTBA THE3A (KapskuH 1 Ap.,
2016b). TakuMe 0CODEHHOCTM MOBEAEHMS
CTEMHOrO OpAa npeanoaaraioT, 4to u B3C
OyAyT BAMATL Ha 3TOT BMA TakXKe HEraTMBHO
B BMAY TOFO, YTO OH He OyaeT mx msberatb
MAM YpOBEHb M36eraHns U/MAM YKAOHEHUs OT
CTOAKHOBEHMIM OyAeT O4EeHb HU3KMNA.

Apyroii MOMEHT, OCTAIOLLMICA 32 KAAPOM
MHOIMX MCCAEAOBAHWMMI, HO CMAbHO BAMSIO-
LM Ha BO3MOXHOCTb YKAOHEHMS MTUl OT
CTOAKHOBEHMI M, KaK CAEACTBME, YPOBEHb
CMEPTHOCTM NTULL — 3TO U3MEHEHMEe aTMOC-
dpepHbIX yCAOBMIA. PeakLims MUrpaHToB Ha aT-
MocdpepHble YCAOBMSI 3aBUCUT OT Pa3AMUHBIX
BHYTPEHHUX M BHeLLHMX cpakTopos (Nathan
etal., 2008). Bo Bpemsi MUrpaLMm NTHLLbI yAe-
ASIIOT BHMMaHMe DHEPreTMYecKMm 3aTpartam,
6e30MacHOCTH,  BPEMEHM, MOTPa4YEHHOMY
Ha MMUIpaLMio, U LEAOMY KOMIAEKCY APYIrmX
nokasaTeAei, M BbICTpaMBaemble MMM Mpwu-
OPUTETbI BAUSIOT Ha MX MOBEAEHYECKME peak-
LMK Ha U3MEHEHME aTMOCCDEPHbIX YCAOBMHA,
Hanpumep Ha BbIOOP OCTAHOBKM BO Bpems
LITOpMa, 0OX0Aa €ro BOKPYr MAM MPOAETOM
depe3 Hero Ha GoAbLLON BbicoTe (Alerstam,
Lindstrom, 1990; Jenni, Schaub, 2003). Ot-
HOCHUTEAbHAsl BAaXKHOCTb 3TWMX (PAKTOPOB M
CNOCOOHOCTb  MTUUbLI  COOTBETCTBYIOLLMM
obpasom npucnocabAMBaTLCH MMEIOT  Kak
3KOAOTMYECKME, TaK M 3BOAIOLMOHHbIE Orpa-
Huuennsa (Shamoun-Baranes et al., 2017), ko-
TOpble HE YUYMTHIBAIOTCH MPKU OLEHKEe pucKa
CTOAKHOBEHMM.

O4eBMAHO, 4TO CKOPOCTb M HanpaBAeHMe
BETPa M3MEHSIOT NMOAETHOE MOBEAEHME MTULL
M AQKE BAMAIOT Ha CMEeLLeHWe MUIPALUMOH-
Hbix noTokoB (Vansteelant et al., 2014; Ainley
et al., 2015; Yamamoto et al., 2017), a 3Ha-
YMT BAMSIOT Ha PUCK CTOAKHOBEHMS, MO3TO-
My OHM BKAIOHYeHbl B 0a3oBylo moaeAb CRM
«Band». Ho npwu aHaAu3e BeTpa MCMOAb3YIOT-
CS YCPEAHEHHbIE AAHHbIE, HE Y4MTbIBalOLLME
PE3KMX M3MEHEHMIA B CKOPOCTU M HamnpasAe-
HWUW BETPa, Y4TO MpK NepeceyeHnn NTuuamm
rop CTaHOBMTCS aKTyaAbHbIM. Hawm aaHHble
MOKa3aAM, YTO Ha BXOAE B FOPbl M Ha BbIXOAE
CKOPOCTb M HanpaBAE€HME BETPa MOMYT CUAb-

or useful (Adams et al., 2017; Feng et al.,
2019; Albertani et al., 2021; Gradolewski et
al., 2021). A single camera can detect a fly-
ing bird and perform species identification.
However, the most recent systems use ste-
reoscopy, which extends their ability to de-
tect birds (May et al., 2012; McClure et al.,
2018). Stereoscopic systems can provide the
same distance estimation performance to fly-
ing birds as radar systems, but only in ranges
up to 1 km (McClure et al., 2018; Cil et al.,
2018). In recent years, several systems using
bird detection ranges from 300 m to 1500
m developed for automatic bird detection
at wind power plants for shutting down tur-
bines, have already been implemented and
tested: DTBird (2017; 2021), SafeWind (Bi-
odiv-Wind, 2021), IdentiFlight (2021), Bird-
Vision (2021) and Airelectronics (Vulture...,
2020), or are undergoing field trials (Adams
et al., 2017). Most of the systems available
on the market are based on a monoscopic
approach, and only IdentiFlight and the sys-
tem developed by the Biodiversity Research
Institute (BRI), The University of Maine Oro-
no School of Computing and Information
Science (UMaine SCIS), HiDef Aerial Sur-
veying Limited (HiDef), and SunEdison, Inc.
(see Adams et al., 2017), uses stereovision
and a built-in classifier to classify birds into
three different groups. Automatic shutdown
of wind turbines using the IdentiFlight video
system installed in the US wind power plant
has proven to be effective in reducing colli-
sions of birds of prey the size of a kestrel, re-
ducing collisions by 82%. Moreover the sys-
tem detected 562% more birds than watch-
ers (McClure et al., 2018). To improve the
performance of stereo systems to detect and
recognize birds, the Automatic Detection
and Response Method (ADaRM) has been
developed and shown to be effective (Cra-
dolewski et al., 2021). It is to be expected
that such systems will be further developed,
reduced in cost and available for use in many
low-cost wind power plants.

To reduce collision mortality, the follow-
ing half measure has been proposed: shifting
the activation of specific turbines from wind
speeds of 5-8 m/s to higher speeds to reduce
the risk of bird collisions in low winds (Barrios,
Rodriguez, 2004; Smallwood et al., 2009).
However, the effectiveness of this half meas-
ure has not been tested in long-term studies
on migrants.

Reproduction of high-intensity sounds
when birds approach wind turbines has lim-
ited effectiveness due to habituation (May et
al., 2015) and has not been designed to deter
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HO Pa3AMYaTLCS, @ 3HAYUT MOTYT CyLLECTBEH-
HO Pa3AMYaTLCA U PUCKM CTOAKHOBEHMIA NTHL
C BETporeHepaTopamm.

ChAbHbIN BETep yXyAlLaeT MaHEBPEHHOCTb
nTmu B noaéte (Langston, Pullan, 2003). Ho
CHMXKEHME CKOPOCTM BeTpa MOXeT CTaTb
NPOOAEMaTUYHLIM ABACHWEM M HECTU Yrpo3y
CTOAKHOBEHMI AaXke DOAbLLYIO, YeM BbICOKas
CKOPOCTb BETPa, Tak KakK MTULbl TEPKIOT BO3-
MOXXHOCTb MCMOAB30BaTh SHEPIUIO BETPA AAS
YKAOHEHMI OT AOMacTer Mpu NpOXOXKAEHUM
3AP (cm. Barrios, Rodriguez, 2004; de Lucas
et al., 2008; Johnston et al., 2013). Hanbo-
A€ OMACHBLIM AAS MTULL MOXKET ObITh pe3koe
CHMXKEHME CKOPOCTK BETPa MPU MOHMKEHUM
Temnepartypbl, KOraa MTULbI HE MOryT MC-
MOAb30BaThb HM IHEPIMIO BETPA, HM BOCXOAS-
e notokn npu npoxoae 3AP, a A nuka
OCEHHel Murpaumnmn B ycrosusax Kaparay ato
MoXKeT ObITb HOpMOM. Hanpumep, B npea-
ropbax CKaAMCTbIX FOp Ha CeBepO-BOCTOKe
bputanckoi Koaymbun (CLLIA) B M3BecTHOM
MMIPaLMOHHOM KOopuaope OepKyToB, Mmo4a-
COBasi CKOPOCTb NMPOAETa BO BPEMS OCEHHEMN
MMIpaLmMmK AOCTMIaAa NKKa B MOAACHbL M YBe-
AMUMBAAACh Ha 17% C KaXKAbIM YBEAUUEHMEM
ckopocTu BeTpa Ha 1 Km/4 1 Ha 11% ¢ KaxK-
AbIM MOBbILLEHKEM TemnepaTypbl Ha 1°C, npu
3TOM MpK DOALLUMX CKOPOCTAX BeTpa M Mno-
BbILUEHUM TemnepaTypbl NTULbLI NPaKTUYEeCKM
HE BXOAMAM B OMACHYIO AASl CTOAKHOBEHMWM
3oHy (Johnston et al., 2013).

Mpy CHMKEHMM CKOPOCTM BETpa Oporpa-
cpnsi OyaeT OkasbiBaTb CYLIECTBEHHOE BAM-
AHME Ha PUCKM CTOAKHOBeHMI (cm. Duerr et
al., 2012). Kak nokasaHo Ha npumepe 6epky-
ToB B CLLIA, OpAbI A€TalOT HAa OTHOCHUTEABHO
MeHbLLUEN BbICOTE HAA KPYTbIMMU CKAOHaMM M
CKaAamm (MecTamu, rae MOXKET pa3BMBaTLHCS
oporpagpuyeckmii NoAbéM), Yem Haa pas-
HUHAMM M MOAOTMMM CKAOHaMM (MecTamm,
rAe TePMUYECKMI NoAbEM DoAaee BeposTeH)
(Katzner et al., 2012; Johnston et al., 2013).
CAeaoBaTEAbHO, MPU CHUKEHMUAX CKOPOCTM
BeTpa HaMOOAbLLYIO OMACHOCTb AAS OPAOB
MOTYT NPEACTaBASTb BETPOTYPOUHbI, MOCTPO-
€HHble B 30HEe OporpagomMyeckoro MnoAbéma,
NPy 3TOM BEPOSTHOCTb CTOAKHOBEHMI AOAXK-
Ha nasaTb MPOMOPUMOHAALHO YBEAUYEHMIO
CKOPOCTM MOMyTHOro BeTpa.

YXyAlLeHMEe BMAUMOCTM BO BpeMs MUIrpa-
UMM MOXKET YBEAMYMBATL PUCK CMEPTHO-
CTM OT CTOAKHOBEHMS C BeTporeHepaTtopa-
mu (Larsen, Guillemette, 2007), oaHako w
3A€Cb He BCE TaK OAHO3Ha4HO. B psae umc-
CAEAOBAHMI MOKa3aHO, YTO B TyMaHe NTMULbI
KOMMEHCUPYIOT OFPaHUYEHHYIO BUAMMOCTb
M AMDO COKPALLAIOT BPEMS HAXOXAEHMS B
NMOAETE, AMDO AETAT HU3KO HaA 3eMAEN (CM.

birds of prey. Devices projecting broadband
ultrasound from 20 to 110 kHz have been de-
signed and studied to reduce mortality of bats
at wind turbines, showing limited reductions
in mortality at experimental wind turbines,
ranging from 2% to 64% (Arnett et al., 2013).
However, because of the physiological differ-
ences between bats and birds, acoustic-based
technical solutions for a set of species at high-
er risk for collisions are not feasible (Arnett,
May, 2016).

As visual markers that demonstrate threat
to birds or simply improve the visibility of
potentially dangerous structures, ultraviolet
paint on rotor blades to reduce collisions with
blades of daytime birds of prey and several
other species, sensitive to ultraviolet radia-
tion (Young et al., 2003), or lighting turbines
at night (pulsing lights, blue or green lights)
to reduce night bird mortality (Johnson et al.,
2007; Poot et al., 2008) and even painting
tower bases to reduce Galliformes mortality
from collisions not only with blades but with
wind turbine poles (Stokke et al., 2020) have
been suggested. Coloring the blades with ul-
traviolet paint did not confirm effectiveness
(Hunt et al., 2015), but laboratory experi-
ments showed that painting one of the ro-
tor blades black could help reduce motion
blurring and allow birds to see the RSZ, thus
reducing the risk of collisions (Hodos, 2003).
The author recommended further field tests
to determine the effectiveness of coloring in
reducing collision mortality. Similar experi-
ments were conducted at the Smgla WPP in
Norway and showed an effectiveness of 70%
for collision avoidance among all bird species
and 100% for collision avoidance in birds of
prey (May et al., 2020).

Oregon State University developed a visual
eagle deterrence system using inflatable an-
thropomorphic objects with random kinetic
motion (Albertani et al., 2021), but there is no
hard evidence of its effectiveness; in experi-
ments it was paired with a video monitoring
system that warns of eagles appearing near a
turbine.

The above review shows that only turbine
shutdowns when birds approach is an effec-
tive method for mitigation of wind power
plant construction in migration corridors.
However, equipment to automate turbine
shutdowns is quite expensive both in terms
of acquisition costs and maintenance, making
it unlikely that small companies will agree to
install it. Painting the blade black looks prom-
ising, but this method requires more detailed
studies in the migration corridors of a whole
number of species.
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Tyman B ropax Kaparay.
®oto M. KapsikmnHa.

Fog in the Karatau
mountains. Photo by
I. Karyakin.

Moyle, Heppner, 1998; Richardson, 2000;
Piersma et al., 2002). TMoaToMy, C 0AHOM
CTOPOHbI, TyMaH, a B ycAoBusax Kapartay Hau-
6oAee HacTO Ha OCEHHEeW MMUIpaLnu OpPAOB
3TO MbIA€BAs 3aBeca, CAyBaemas ¢ MoWibiH-
KYMOB M 13 beTnakaaAbl CUAbHbBIM MOMYTHbIM
BETPOM, YXYALIAeT BUAMMOCTb HACTOABKO,
YTO BO3PACTAET PUCK CTOAKHOBEHMS AaXKe
CO CTaUMOHAPHLIMM OObEeKTaMK, TaKUMMK,
Kak BbICOKOBOAbTHble AD[1, COTOBbIE BbILLKMK
nAmM OaliHn BeTporeHepTopos (cm. APLIC,
1994; 2012; Savereno et al., 1996; Harness
et al., 2003; Manville 1, 2005; Jenkins et al.,
2010; Huppop, Hilgerloh, 2012; Bernardino
et al., 2018; Eccleston, Harness, 2018). C
APYFOM CTOPOHbI, OCTAHOBKA Ha MUIpaLmm B
TaKoM NepUOA MAM MPOAET Ha HU3KMX BbICO-
Tax (Huke 3AP) MoryT, Ha060pOT, CHMXKaTb
PUCK CTOAKHOBEHMA.

YunteiBag TO, 4TO Kapatay nepecekaet
BOAbLLIOE KOAMHYECTBO MOAOABIX W MOAY-
B3POCAbIX CTEMHbLIX OPAOB, HeobXxoAMMa
TaKk>Ke NMonpaska Ha BO3PacT MTULL, KOTOPYIO
Mbl HE AEAAAM, TaK KaK MPOCAEXKMBAAM C MO-
MOLLbIO TPEKEPOB KaK pa3 MMrpaumio Mo-
AOABIX M MOAYB3POCAbIX NTUL. [1pn 3TOM B
CLUA Ha npumepe GepkyTa nokasaHo, YTO
CKAOHHOCTb nepecekaTh BepLUnHbl XpeOToB,
FA€ AOAXKHbI ObIAM ObITb PaCMOAOXKEHbI Typ-
OMHbI, pa3AMyasacb B 3aBMCMMOCTU OT BO3-
PACTHBIX KAACCOB M MOAOABIE OPAbI MOYTH B
ABa pasa valle nepecekaAn BepLUMHy xpeb-
Ta, YeM B3POCAbIE MAM MOAYB3POCABIE OPAbI
(Johnston et al., 2013). Mpu HakonAeHum
AAHHBIX MO MPOCAEXKMBAHMIO B3POCABLIX MTULL
OyAeT BO3MOXXHO BHECTM KOPPEKTUPOBKY B
PUCK CTOAKHOBEHMS B COOTBETCTBMUM C BO3-
PacTOM OpAOB.

[Mpu npoxoxxaennn ntuuammn BOC B Kapa-
Tay BO3MOXKeH M NMoAoBoi oToop. Kak yxxe no-
KaszaHO uccaeaoBaHusmmn B M3pamae (Spaar,
1997) M HALLIMMM AQHHBIMUK, DoAee TAXKEAbIE
NTULBI AETAIOT ObICTPEE M UMEIOT MeHbLLMne

Conclusion

Wind power plants in Kazakhstan are just
beginning to develop and have not yet caused
serious damage to eagles and other birds of
prey. However, with unregulated develop-
ment of wind energy this damage could be-
come enormous in the near future and be a
significant factor in the decline of populations
of large birds of prey, primarily the Steppe
Eagle, the population of which is decreasing
quite rapidly (see Karyakin, 2018; Karyakin et
al., 2019f; Pulikova et al., 2021).

As evidence from construction of the Zha-
natas WPP shows, even biodiversity-oriented
and reputation risk-conscious companies
(such as the EBRD) investing in “green energy”
turn a blind eye to weak preparation of design
documentation prepared in violation of Euro-
pean standards and methodologies and lack-
ing relevant information on biodiversity and
giving only a weak impression of risk assess-
ments for rare species (see EcoSocio Analysts
LLC, 2019). Biodiversity risk assessment was
overlooked by the experts of many investors.
It proves that in Kazakhstan, the overuse of
data complicating the construction of facilities
hazardous to biodiversity are not profitable for
investors, project designers, or government
employees, and weak civil society is unable to
resist industry atttacks on nature. Therefore,
in order to prevent the introduction of “dirty”
technologies (even if they are presented as
“green” ones) that negatively affect biodiver-
sity, an active influence on market players
from outside by the expert community and
decision-makers is necessary. And this re-
quires quality information support for studies
of possible risks. Therefore, the main goal for
this article is to reach the expert community
and decision makers and bring information
about the importance of eastern Kazakhstan
for birds of prey on a Eurasian scale and to
show that large numbers of birds from a huge
area can become victims of WPP develop-
ment in a small territory through which a con-
tinental-scale migrant flow is going. We hope
that the results of this study will be used in the
evaluation of WPP development projects and
projects presenting the greatest danger to rare
bird species will be rejected.

At present, there are several WPPs operat-
ing within Kazakhstan in the WGWMC. In ad-
dition to Zhanatas WPP, also in the WCHMC,
but east of Karatau, the Kurdai WPP is brought
into operation (N 43.334736° E 74.965691°)
near the village of Kurdai, Zhambyl Region,
developed with the support of the UNDP
(Tredovan et al., 2008). In 2020, two WPPs
were commissioned near the village of
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Camell (caeBa) u camka

(cnpaBa) CTenHoOro opaa.

Doto M. KapsikuHa.

Male (left) and female

(right) of the Steppe Eagle.

Photo by I. Karyakin.

YIAbl MAGHUPOBAHMS, @ 3HAYUT CaMKM OPAOB
OoAee yA3BMMbI MPU MPOXOXKAEHUM Hepe3
3AP 1 umeloT DoAee BbICOKME BEPOSTHOCTM
CTOAKHOBEHWMN.

B HacTosLlee Bpems onyOAMKOBAHO KpaiHe
MaAO pe3yAbTaTOB MCCAEAOBAHWI, B KOTOPbIX
aHAAM3MPYeTCS BAMSIHWME BETPOTYpOMH pas-
HOFO TWUMA Ha YacTOTy CTOAKHOBEHWI NTuU
C Aonactsmu 3Tmx TypouH (cm. Thelander
et al., 2003; Smallwood, Thelander, 2004;
de Lucas et al., 2008), npu 3Tom npakT1ye-
CKM HET MCCACAOBAHMIA, KOTOPbIE BKAIOHYAAM
Obl BOAbLLIME DaLUHM COBPEMEHHOro Tuna C
KPYMHbIMM POTOPamMK, KOTOPble OT CTapbix
OTAMYAIOTCH OOACE MEAAEHHOM CKOPOCTbIO
BpawleHus. B Huaepaanaax no pesyabTatam
3-MECAYHbIX MCCACAOBAHWMI B OCEHHE-3UM-
HUIA NEPUOA CMEPTHOCTb MTUL Ha TypOMHax
HoBOro nokoAexums (1,65 MBT) ¢ GoabLuOM
MAOLLIAAbIO AomacTei coctaBuaa 0,08 ocobei
(ot 0,05 A0 0,19), @ YMCAEHHOCTb NOrMbLLIMX
NTUL MO CPaBHEHMIO C OOLUEN YUCAEHHO-
CTbio NTUL, AeTsawmx Haa BOC, coctaBmaa B
cpearem 0,14%; aAs TypOUH MpeAblayLLero
MOKOAEHMS, PUCK CTOAKHOBEHMS ObIA paBeH
0,06-0,28%. ABTOopamu ObIA CAEAQH BbIBOA,
4TO TYpOMHBLI HOBOrO MOKOAEHWS UMEIOT
TeXHUYECKMe XapaKTepUCTUKKM, BTPOE CHU-
JKaloLLMEe YPOBEHb HEraTMBHOIO BAMSIHUS Ha
ntuu (Krijgsveld et al., 2009). Mpu aTOM CTO-
MT OTMETMTb, YTO CTPaHa AEXMT 3a npeae-
AAMM OCHOBHbIX MWUIPALIMOHHBIX KOPMAOPOB
M B HEW HET CKOMAEHWI KPYMHbIX XMLLUHbIX
nTuu-naputesen. NosTomMy cHukeHune ypos-
HS CMEPTHOCTM B AQHHOM WMCCAEAOBAHMM
CAOXKHO CpaBHMBATb C TEPPUTOPUSAMHU, Hepes
KOTOPbIE MUIPUPYIOT OpAbl. B TO e Bpems
MCCAEAOBAHUS B Ka/\mq:)opHMVl (CLLIA) noka-
3aAM, YTO YPOBEHb CMEPTHOCTM NTULL U Ae-
TyUMX MbIlei OblA MOCTOSHHBIM Ha @AMHMLLY
MPOU3BEAEHHOM BHEPIUM BHE 3aBUCUMOCTM
OT pasmMepoB TypOMH U PaCCTOSAHUIA MEXAY
Humun (Huso et al., 2021), a aHaAM3 AQHHbLIX MO

Koktal, Zhambyl Region (N 43.287828° E
70.312958°): Koktal-1 and Koktal-2 WPPs,
each with installed capacity of 4.95 MW
(KEGOC, 2020). There is also no available in-
formation about the impact of these WPPs on
birds, especially for Kordai WPP, which has
been in operation for more than 5 years. This
information is either ignored by the owners of
WPPs, or deliberately hidden. This gap must
be closed in the near future with case studies.

The cumulative environmental impact of
wind power plants may be lower than that of
other electricity generation sources (Sovacool,
2012; 2013), and given the goals of reducing
greenhouse gas emissions, we can assume that
wind power will develop rapidly to reduce
the use of fossil fuels and slow down poten-
tially negative climate dynamics. WPP devel-
opment will proceed in Kazakhstan, despite
numerous challenges (Orlov, 2012; Antonov,
2014; Karatayev, Clarke, 2014; Atageldiyeva,
Kalimbetov, 2015; Akhmetkaliyeva, 2020).
In 2009, the country adopted the law “On
State Support of the Use of Renewable Energy
Sources” (Law..., 2009), enabling a significant
increase in generating capacity from renew-
able energy sources (RES), expanding their
share to 10% of total electricity consumption
(Upushev, Bolatbek, 2012).

Therefore, in order to preserve rare bird
species, there is an urgent need for decisions
at the state level to prohibit the construction
of WPPs with a horizontal axis of rotation in
migration corridors, in particular in the entire
WGWMC. However, since the importance
of WPP development is obvious, state efforts
should be made to support the development
and implementation of alternative WPP struc-
tures that do not negatively affect migratory
birds and can be installed both for local gen-
eration and as entire windparks in migration
corridors outside bird stopover areas. Such
installations could include:

a) vertical axis turbines (Hyams, 2012; Kjell-
in, 2012; Whittlesey, 2017; Adefarati, Bansal,
2019; Li, 2019), such as the Bolotov Windro-
tor (Bolotov et al., 2007; Bolotov, 2011), al-
ready in use in Kazakhstan (ITAR-TASS, 2010;
Bolotov, Bolotov, 2019; Shkolnik et al., 2019)
and promising both for implementation in
small businesses and private farms, especially
remote ones (Bolotov et al., 2019; Polyakova
et al., 2019), as well as for integration into re-
gional power grids, with some improvement
of automation and dispatching control sys-
tems (Ibraev, Musilimov, 2017), but does not
have financial support for development,

b) wind generators of resonant energy
caused by wind vortices (using aeroelastic
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KOHTMHeHTaAbHOM yacTn CLLIA nokasaa, uto
CMEPTHOCTb YBEAMUMBAAACH C YBEAMYEHUEM
BbICOTbI CTYMULbI TypOMHBI (Loss et al., 2013).
[MO3TOMY MOXKHO TOABKO AOFaAbIBATbCH, Kak
McnoAb3osaHue HoBbIX TypbuH B BOC Ha Ka-
paTay OyA€T BAUATb Ha BO3MOXXHOCTb YKAOHE-
HUS OPAOB OT CTOAKHOBEHMI. C 0AHOM CTOpO-
Hbl, MPU HU3KOM CKOPOCTH BpaLLEHKs poTopa
NTULbI UMEIOT DOAbLLE BpemeHn, YToObI Oes-
onacHo nponth yepe3 3AP. Ho c apyroii cTo-
POHbI, 6OAbLUME TYPOUHBI CO3AAIOT BOABLLYIO
TYPOYAEHTHOCTb, 4TO OCAOXKHSET NTHULIAM Ma-
HeBpUpoBaHue nNpu NpoAéte upes 3AP 1 npu
CMABHOM BETPE HEAb3S MCKAIOYATb BO3MOXK-
HOCTb 6apOTPaBM MAM KOHTY3MI, O KOTOPbIX
B CAy4ae C NTMuamm HeT BooOLue onybAnKo-
BaHHOM mHdpopmaumn (LLikpaaiok, 2018), Ho
OKOAO MOAOBMHBI A€TYUMX Mbillei Ha BOC
rMOHET UMEHHO M0 3TUM npuinHam (Grodsky
et al., 2011). C oaHOI CTOpPOHbI, GOAbLLIME
TYpOMHbBI  PaCcroOAOXKEHbI  AaAbLLIE APYr OT
Apyra u'y NTuubl €CTb OOAbLIE MeCTa, 4TOObI
MPOAETETb MEXKAY HUMM, YKAOHSAACH OT 3AP.
C Apyroi CTOpOHbI, pasHeceHne TypOuH Ha
GoAbLLIEEe PACCTOAHME CHUXKAET YPOBEHb W3-
GeraHns nTuamm NpoAéTos vepes BOC, He-
JKeAM KOrAa MeHee MOLLIHbIEe M DoAee HU3Kme
TypOMHbI CTOAT 6oA€e MAOTHO. DTO 3HAYMT,
4TO BOAbLUE NTHLL OYAYT NbITaTLCA NPOAETETh
MexkAy OOAbLLMMM TypOMHamu, Yem o0DOoNTH
MX, YTO Mbl, COOCTBEHHO, M BUAMM Ha Mpw-
Mepe CTernHbIX OPAOB, a 3HA4MUT MPU AIOObIX
BGOKOBbIX CHOCaX BETPOM OOAbLLE NTULL OyaeT
NOABEPraTbCs OMACHOCTM ObITb 3aTAHYTbIMM
B 3AP. Ha dpoHe 3Tmx coobpaxkeHuii cTa-
HOBMUTCS MOHSATHO, YTO peaAbHbli KO3ppu-
LMEHT YKAOHEHMS MTULL OT CTOAKHOBEHWI C
AOMACTAMM  BETPOre€HEepPaToOpPOB HY>KHO Bbi-
YMCASTb AAS KOHKpeTHbIX BOC.

MHOXecTBO HeyuTéHHbIX pakTOpoB, Kak
KayeAmn, TO yBEAMUYMBAIOT, TO YMEHbLLAIOT Kak
BEPOATHOCTb PUCKA CTOAKHOBEHMS, Tak 1 Be-
POSATHOCTb YKAOHEHMS MTULL OT CTOAKHOBEHMS
C AOMacTamu BeTporeHepatopos. MakTopos,
KOTOPbIE CHMXKAIOT BEPOATHOCTb YKAOHEHMS
OT CTOAKHOBEHMI, B ycroBusx Kapatay 00-
Hapy>XMBAETCS 3HAYUTEAbHO OOAbLUE, HeMm
Tex, KOTopble Obl yBEANUMBAAM BEPOSTHOCTD
YKAOHEHMS MTULL OT CTOAKHOBEHMI Mpu Npo-
xoae yepe3 3AP nan Boobuie obxona BIC.
[MO3TOMY Mbl PELLMAM MPUHATL KOMMIPOMMCC-
HOe pelleHMe B KauecTBe rnokasateas 96%
AAS KOD(PEPULIMEHTA YKAOHEHMST OT CTOAKHO-
BEHMI M cuMTaem ero OGoAee MpaBUAbHbLIM,
YeM BbICOKME MOKA3aTeAM YKAOHEHMUS, MOAY-
yeHHble A OepkyToB B LLloTAaHAMM.

B0o3MO>KHO, 4TO Halla oueHka pucka rube-
A1 OpAOB Ha JKaHaTacckon BOC B ananasoHe
oT 55 A0 671 ocobu B roa (1,38-1,53 ocobe

resonance) (Barrero-Gil et al., 2012; Mueller-
Vahl et al., 2013; Bodkhe, 2018; Haridass et
al., 2018; Paré-Lambert, Olivier, 2018; Vish-
nu et al., 2019; Raghuwanshi et al., 2020),
such as Vortex Bladeless (Yanez, 2015; 2018;
Francis et al., 2021), which are not yet avail-
able in Kazakhstan, but have stronger financial
and scientific support to promote in foreign
countries than turbines with vertical axis of ro-
tation, and probably soon will provide strong
competition to classical wind turbines with
horizontal axis of rotation.

Recommendations

For the conservation of birds of prey that
migrate in the Western Circum-Himalayan
Migration Corridor (WCHMC), especially
Steppe Eagles, the government of Kazakhstan
should do the following:

1. Declare a moratorium on the construc-
tion of new wind power plants using blade
wind generators with a horizontal axis of rota-
tion throughout the primary raptor migration
routes in the WCHMC. This does not apply to
the development of WPPs using Bolotov Win-
drotors or resonant energy wind generators
installed outside birds of prey concentration
sites at migration stopovers.

2. Oblige owners of previously installed
WPPs to fully shut them down for 113 days
during the autumn migration from August 5 to
November 25, and for 77 days during spring
migration — from February 22 to May 9, until
they take measures to automate the process of
shutting down wind generators when birds fly
near them by installing radar or video moni-
toring stereo systems.

3. Develop a new Code of Rules of the Re-
public of Kazakhstan “Planning of Wind Pow-
er-Stations”, regulating the design of WPPs in
areas sensitive to biodiversity and listing man-
datory measures to mitigate negative impact
of WPPs on biodiversity.

Owners of WPPs should do the following:

4. Equip WPPs with automatic bird turbine
collision warning systems based on radar or
stereo video monitoring systems.

5. During WPP operation and until
equipped with automatic collision warning
systems, reduce the risk of collision for breed-
ing and wintering birds in areas of WPPs by
painting blades in accordance with recom-
mendations by Norwegian researchers (see
May et al., 2020).

A good alternative to the development of
mega-wind farms, which require significant
costs to mitigate their negative impact on birds
could be the development of a network of
bird-safe small power units, such as VRTB tur-
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Ha TypOuHy B roa un 0,09-1,0% oT uncaa oco-
6en, npoaeTaomnx yepes Kapatay), yumnTbi-
BaloLlas CKOPOCTb M HamnpaBAeHMe BeTpa,
a TaKXKe BO3MOXHOCTb YKAOHEHMS NTUL OT
CTOAKHOBEHUSI B paiioHe 96%, MOXeT ObITb
3aBbILLEHHOM, 0cobeHHO ara BOC ¢ pacnipe-
aeAeHnem TypouH B 1 AnHmio. OaHako, noka
3TO €AMHCTBEHHAs OLEeHKa, OCHOBaHHas Ha
MOAEAMPOBAHMM AAHHbIX Ha OCHOBE BM3yaAb-
HbIX HAaOAIOAEHMI MUTPaLIMKM 1 NMPOCAEKMBA-
HMS OPAOB C MOMOLLIbIO TPEKEPOB C HOALLIMM
KOAMYECTBOM HEOLIEHEHHBIX BEPOSTHOCTEN.
B AaAbHeileMm, Npu MOABAEHWMU AOMOAHM-
TeAbHbIX AQHHbIX, OHa MOXET ObITb CKOppEeK-
TUPOBaHa M XOTEAOCh Obl, YTOObI OHa OKa3a-
AaCb 3aBbILUEHHOM, a He Ha0OOPOT.

B CLLA B ueaom no scemy komnaekcy BOC
CMEPTHOCTb XMLIHBLIX NTMU oueHeHa B 0,006
ocobeit Ha TypbuHy B roa (Erickson et al.,
2001), no apyrium aanHbim oT 0 A0 0,15 cmep-
TEAbHbIX CAydaeB Ha MBT B roa (Johnson,
Stephens, 2011), Ho B pacuéTte courypupyet
6oAbLIoe KoanyecTBo BOC, nocTpoeHHbIX
BHE 30Hbl OOMTAHMM XMLLUHbLIX MTULL AdXKE B
nepuoa mMurpaumn. Ecam ke paccmaTpusath
Toabko BOC B KaandpopHum, 1o 3aech ypo-
BEHb CMEPTHOCTM XMLUHBLIX NTULL BapbupyeT
ot 0,007 (Howell, DiDonato, 1991 — 150
TypOuH B nccaeaoBaHnmn) Ao 0,1 ocoben Ha
TypouHy B roa (Thelander, Rugge, 2000a;
2000b; Thelander pers. data from Erickson
et al., 2001 — 785 TypOMH B MCCAEAOBAHMM),
Npuyém Ha nepesase AALTAMOHT AOAS MO-
MMOLIMX XMLUHBIX MTULL MO OObEAMHEHHbLIM
AaHHbIM 3a 1991-2000 rr. coctaBaseT 47,6%
(Howell, Didonato, 1991; Howell et al., 1991;
Orloff, Flannery, 1992; 1996, Howell, 1997;
Thelander, Rugge, 2000a; 2000b; Erickson
et al., 2001). Tem He MeHee, ecTb BOC, Ha
KOTOPbIX OTMEYaeTCs MOBbILIEHHAA rMOeAb
nTuu, Hanpumep aas psgaa BOC B 1999-2001
roAa CpeAHMi MnokasaTeAb CMEPTHOCTM CO-
crasua 1,29 ocobeit Ha TypOuHy B roa (Howe
etal., 2002). Ha BOC Nepean Cax FoproHmo
(CLLA), B KoTOpOWM HacumnTbiBaeTcs 3200 Typ-
OMH 1 yepe3 KOTOPYIO B MEPUOA MMIPaLMiA
NPoOAETaeT OKOAO 69 MAH. MTUL, NMoKasaTeAb
cMmepTHocTH cocTaBaseT 0,04 oc. Ha TypOu-
Hy B roa (Orloff, Flannery, 1992). MNpu aTom
TakMe HM3KME MoKasaTeAn CMEPTHOCTU AAS
TaKoOro KoAM4ecTBa TypOWMH Kak pa3s MoryT
ObITb BbI3BaHbI MX MAOTHbBIM PACMOAOXKEHNEM
M, KaK CAGACTBME, OOXOAOM NTULIAMM.

Ha MekcukaHckoM nepeluerike, rae cxo-
ASTCS TPU OCHOBHbIX MPOAETHBIX MyTWU He-
apKTUYECKMX M HEOTPOMMYECKMX NTUL M
MPOAETAET OKOAO MMAAMOHA XMLLHbIX NTULU
B TEYEeHMEe OCEHHEro Ce30Ha MMUrpaumm,
CKOpPPEeKTMpOBaHHas CMepTHOCTL B 2015 .

bines (Bolotov Wind Rotor Turbines), installed
independently at small businesses, farms, re-
mote technical facilities of industrial enter-
prises and resource extraction companies and
which do not carry the accompanying threats
to birds presented by power lines.
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Kpachbii kopruyH
(Milvus milvus), noru6-
wmii Ha BOC B pesyabTa-
Te CTOAKHOBEHMS].

®oro K. leanke.

Red Kite (Milvus milvus)
killed due to a wind farm
collision.

Photo by Ch. Gelpke.

coctaBmaa ot 9,06 Ao 12,85 ntmuu/MBT/roa
(Cabrera-Cruz et al., 2020).

B Mcnanum npu umcaeHHOCTM NTUU, Ha-
Oatoaaiomxcs B 30He BOC, cpaBHMUMOW C
TakoBOM B KapaTay, nokasaTeAn CMepTHOCTU
CyLeCTBEHHO HKe, Yem 1 nornbuias nrmua
Ha TypOuHy B roa. Hanpumep, Ha Tepputopum
BOC Tapudpa (B AHAaAy3MM) MPM AOCTAaTOHHO
6oAbLLIOM 00MAMKM B paitoHe BOC Geaorono-
Bbix curos (0,36-125,91, B cpearem 8,88 oc./
kM), 3meesinoB (Circaetus gallicus) (0-16,11,
B cpeaHem, 0.92 oc./kM) M YEPHBIX KOpLLY-
HoB (Milvus migrans) (0-1111,12, B cpeaHem,
25,94 oc./KMm) CpeAHee KOAMYEeCTBO NOrmdLIMX
XMLWHbIX N1 cocTaBasAo 0,03 oc. Ha TypOu-
Hy B roa (de Lucas et al., 2004). Ha apyroii uc-
MaHCKOW CTaHUMM CMEPTHOCTb MTWL Pa3HbIX
BMAOB cocTaBmAa 0,41 cAyqait B roA Ha Typ-
OuHy (Lowther, 2000). B ceBepHoOn McnaHumm,
rae y4éT NTuL U NOUCK TPYNnoB NPOBOAUAMCH
B 2000-2002 rr. Ha 37 y4acTKax, coAepka-
wnx 277 TypOuH, Ha 33671 perucrpaumio
6GeAOroAOBbIX CMMOB NMPMULLAOCL 1853 HabAlo-
aeHns ntu B 3AP 1 227 nTmu nornbao B pe-
3yAbTaTe CTOAKHOBEHMMI, Y4TO COCTaBmAo 0,27
CMepPTeAbHbIX CAyYaeB Ha TypOuHY B roa; a
perncTpaumnmn OpAOB OblIAM MUHMMAAbHBI W,
KaK CAEACTBME, MUHUMAAbHbI 1 (PaKTbl UX M-
6ean Ha BOC (Lekuona, Ursta, 2007). B paii-
oHe MOpaATapcKoro NpoAmBa, Yepes KOTo-
PbI MPOXOAMT MacCOBas MUIPALIMS XMLLHbIX
nTuu 13 EBponsl B AcppuKy, CMepTHOCTb OT
CTOAKHOBEHMS C TypOrHamm OblAa BbiLLEe, Yem
Ha ADI1, npuyém noTepu KOCHYAMCb B OCHOB-
HOM MECTHbIX MTULL, NPEUMYLLECTBEHHO Oe-
Aoropaosoro cuna (0,15 ocobeit Ha TypOuHY
B roA) M OObIKHOBEHHOM MyCTeAbrn (Falco
tinnunculus) (0,19 ocobeii Ha TypOUHY B roa),
TaK Kak OCHOBHOM MOTOK MUIPAHTOB LUEA 3a
npeaeaamu BOC (Barrios, Rodriguez, 2004).

OaHako psa nccaeaoBannii BOC, cnpoek-

TUPOBAHHbLIX B 30HE KOHUEHTPaUMK APYrux

HEXMLLHBIX BUAOB, HAFASAHO MOKa3bIBAET, YTO
B 3aBMCUMOCTM OT MECTHOCTU, YMCAEHHOCTH
M CTaTyca NTML B AAHHOW MECTHOCTH, CMepT-
HOCTb MOXKET AOCTUIaTh BbICOKMX MPEAEAOB.
Tak B beabrunm B 2004-2005 rr. rmbeab NTmu
Ha BOC, crosawmx B Mope, BapbuMpoBara OT
27,6 A0 34,3 oc. Ha TypOMHY B roA, a Ha Cylle
B NpuOpexHoi 30He — oT 3,9 A0 7,3 ocC. Ha
TypOMHY B rOA; MPUYEM BEPOATHOCTb CTOA-
KHOBEHMS ODObIKHOBEHHbIX Kpadek (Sterna
hirundo), nepecekaloLLMX AMHUIO BETPOTYp-
6uH, coctaBmaa 0,110-0,118% arst NOAETOB
Ha BbicoTe potopa 1 0,007-0,030% anst Bcex
NOAETOB, a MNecTPOHOChIX Kpadek (Sterna
sandvicensis) — 0,046-0,088% aAs NMoAETOB
Ha BbicoTe potopa 1 0,005-0,006% anst Bcex
noArétoe (Everaert, Stienen, 2007). AHano-
FMYHO BBLICOKME MOKa3aTeAM CMEePTHOCTM
Ha npubpexxHbix BOC Bo3ae Octpebupyma
(Oosterbierum) npuBoant AX.D. BuHkeAb-
maH (Winkelman, 1992): 2,4-56,2 ocobeii Ha
TYpOMHY B FOA AAS KPYNHBIX NTMU M 2,1-63,8
ocobelt Ha TypOMHY B FOA — AAS BOPOOLUHBbIX.
OueHKM CMepTHOCTM NTUL B pe3yAbTaTe
CTOAKHOBEHMI C BeTpoTypOuHamm B KaHaae
no y4étam Ha 43 BOC Bapbuposaamck ot 0
AO 26,9 nTu Ha TypOMHY B oA, COCTaBMB C
cpeaHem 8,2+1,4 nTuubl Ha TypOUHY B roA,
Npu 3TOM He ObIAO 3HAYMTEAbHbIX Pa3AMUMIA
B OLIEHOYHOM CMEPTHOCTM Ha OAHY TypOMHY
Mexay nposuHumammu KaHaasl (Zimmerling et
al., 2013).

M3 0630pa BMAEH OFPOMHbIN pa3bpoc no-
Kasateaeid rmbeAn NTUL pasHbIX BMAOB Ha
B3C, B ToM umcae xuuuHbIX. K coxaaeHuio,
CPaBHWTbL Hally OLEHKY MPeArnoAaraeMon rm-
H6ean nTuu Ha YKaHatacckoit BOC ¢ dpakty-
Y4ECKM YCTAHOBAEHHOW CMEpPTHOCTbIO OPAOB
Ha KOHCTpyKUmax BOC, aHaAOrMUHbIM e, He
MPEACTaBASETCH BO3MOXKHbIM, TaK KaK YCAO-
Busa KapaTay yHWKaAbHbI, @ B MUIPALMOHHbIX
Kopuaopax mexay Eepornoit n Adppukoii He
AETUT TaKoe KOAMYECTBO CTErHbIX OPAOB M
OPAOB-MOIMABHUKOB. [lpoAeTaolume Tam B
Macce MaAble NMoAOPAKKK (Aquila pomarina),
cyasi no HabAoaeHusimM B M3panae (Shamoun-
Baranes et al., 2003) u Erunte (M1.B. KapskuH,
AMYH. AGHHbIE) MPOXOAST HaA FOPamMK Ha 3Ha-
UMTEAbHO OOAbLLMX BbicoTax (A0 500-1500 m
COrAaCHO AaHHbIM Shamoun-Baranes et al.,
2003), B AvManasoHe, CPaBHMMOM C MaAaAb-
wmkamu (de Lucas et al., 2004), a 3HaumT 60-
Aee 3(PPEKTUBHO M36eraloT CTOAKHOBEHMIA C
BETpOreHepaTopamu, Yem CTerHble OpPAbl M
OPABI-MOMMAbHMKK Ha NpoAéTe B 3LITMK.

B Hawem mccAreroBaHMM BU3yaAbHble Ha-
OAIOAEHMS TaKKe MOKa3aAM DOAee BbICOKMIA
AManasoH MoA€ta OOAbLUMX  MOAOPAMKOB,
HEXEAM CTEMHbIX OPAOB M OPAOB-MOTMALHM-
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CrenHoii opéa n Kyp-
raHHuk (Buteo rufinus),
AETSILLME 1TPH CUABLHOM
BeTpe M HU3KOM Temrie-
patype Ha HebOAbLLIOM
BbICOTE HaA BEPLUMHOM
xpebTa Kaparay.

Doto M. KapsikmHa.

Steppe Eagle and
Long-Legged Buzzard
(Buteo rufinus) flying in
strong winds and low
temperatures at low

altitude above the top of

Karatau Ridge.
Photo by I. Karyakin.

KOB, OAHaKO HabAIOAEHWMIA MUIPUPYIOLLMX MO-
AOPAMKOB OKa3aAOChb HEAOCTATOYHO, YTOObI
OMpPeAeAnTb AOCTOBEpHYIO pasHuuy. Ho B
CBETe CBEACHMI O BbiCOTE MOAETA DAM3KOrO

BMAA — MAAOTO MOAOPAMKA, MOXHO MpeAno-
Aaratb, YTO OOAbLUAS, YEM Y CTEMHbIX OPAOB
M OPAOB-MOIMALHMKOB, BbiCOTa Nepemelle-
HUIA DOABbLLIMX MOAOPAMKOB Ha MUIpaLMsX He
apTedhakT HabAIOAEHMH, @ aHAAOTMYHA TaKo-
BOM MaAbIX MOAOPAMKOB, @ 3HAUYUT 3TOT BMA
Ayde usberaet CTOAKHOBeHMI ¢ BOC, yem
APYrue OpAbI.

Pazbpoc nokasateaei CMepTHOCTM NTUL
cpean TypOMH B MpeAeAax OAHOW M TOM e
BOC moxeT Goaee uvem BABOE MpeBbILIATH
pa3bpoc nokasareaeit mexxay pasHbimm BOC.
T.e. umcao NOrMBLLIMX NTUL MOXET ObITb Bbl-
COKMM Ha OAHOM TypOuMHe, B TO Bpems Kak Co-
ceaHune TypOUHbI, KOTOPbIE BHELLIHE OAMHAKO-
Bbl, HE HAHOCHT YPOH MTULIAM, a 3HAYMT Me-
CTOMOAOXEHME TypOUH B AaHALIAdpTe MrpaeT
BXKHYIO POAb B MPOAYLMPOBAHMM CMEpPTEN
OT CTOAKHOBEHMI C Aonactamu (Barrios,
Rodriguez, 2004; de Lucas et al., 2012a).
OAHaKo, yuMTbIBas OTCYTCTBME MOAODHbIX
nccaeaoBaHmin B KaszaxcraHe, B oueHke pu-
CKa Mbl MITHOPUPOBAAM BO3MOXKHYIO Pa3HMLLY
MeXAy TypOMHaMM, YCPeAHMB MOKa3aTeAm
BEPOATHON CMEPTHOCTM AASI KaXKAOM TypOwm-
Hbl. B TO e Bpems, OpuUeHTUpysCh Ha Tpe-
KM OpAOB, MpolueAlmx yepes yKaHatacckyio
BOC (cM. puc. 24), MOXHO npeanoAarats,
4TO TypOMHbI BOCTO4HOro cektopa BOC 0Oy-
AyT yOuBaTh OOAbLLIE OPAOB, Yem TypOuHbI B
3aMaAHOM CEKTOPE, XOT$ BO3MOXKHOCTb YKAO-
HEHWS OT AOMACTEN NPK NMPOXOXKACHUM OpPAQ-
MM 3aMaAHOrO cekTopa OyAeT HuKe, Tak Kak
TypOMHbI CTOAT B ABa psiAa.

MHTepecHo, 4TO Yepe3 BOCTOUHbIN CEeKTOp
Kanatacckon BOC Ha oceHHen murpaumnn
OpPAbI  MPOAETAAM  MPEUMYLLECTBEHHO MpK
cAaboM MOMyTHOM BeTpe noa yraom 120-
140° K oceBo YacTh xpeOTa Ha OMACHbIX Bbl-

COTax, 1 TakoW XxapaKTep MUrpaLmnn yBeAnyn-
BaeT PUCK CTOAKHOBEHMIA MPU HU3KUX Tem-
nepatypax, KOTopble HaMi He YYWUTbIBAAWCE.
Hanpumep, HabAIOAEHMS B CKAaAUCTbIX FOpax
MoKasaAu, YTO BO Bpemsl OCEHHel MUrpaLmm
HepKyTbl C HOAbLLEN BEPOSTHOCTBLIO Mepece-
KaAu rpsiabl Ha BbicOTe TypOMHbI (30Ha pucka
<150 M Haa 3emAel) Npu BCTPEUHOM MAK MO-
MyTHOM BETPE, HO 3Ta BEPOSTHOCTb YMeHb-
LaAacb C MOBbILLeHMeM TemrepaTypbl; Ha-
MPOTMB, BO BPEMS BECEHHEI MUIpaLIi OPAbI
¢ GoAbLLEl BEPOSITHOCTBIO MepemeLLarmch B
npeaeAax BepLUKHbI XpebTa Npu BOCTOUHOM
6okoBom BeTpe (Johnston et al., 2013).

Py NOSIBAEHKMM AAHHBIX MO PAKTUHECKOM
CMEPTHOCTM NTULL Ha TypOuHax JKaHaTacckoi
B3C craHeT BO3MOXKHbIM aHaAM3 3TOM cMepT-
HOCTM OTHOCUTEALHO TOMOrpacpuM MecTHO-
CTW 1 TemrepaTypbl OKpYy»KaloLLei cpeabl Ha
pasHbix TypOuHax M andpdpepeHUMpoBaHHOe
MOAEAMPOBaHME YPOBHA CMEPTHOCTY.

Apyron npobaemoint passutua cetn BIC
B Kapartay sBAsieTcs HapylleHWe MecToo-
OuUTaHWiA, B pe3yAbTaTe 4Yero OpPAbl MOryT
AMLIMUTBCS MECT OCTAHOBKM Ha Murpaumsx
no npuunte mnsberanns BIC. Takxke mano-
M3ydeHHOM ocTaéTtcs npobaema noTepu
TEPPUTOPUIA, ONTUMAABHbBIX AASl MUTPaLIMK
Mo CBOMM Tomnorpachnyecknm xapakrepu-
cTukam. MoTepst MecToobuTaHuii B pe3yAb-
TaTe pa3suTusa cet BOC cumTanach akTy-
aAbHOM B OCHOBHOM AAst KypuHBbIX (Robel et
al., 2004; Leddy et al., 1999; Pruett et al.,
2009; Zeiler, Griinschachner-Berger, 2009;
Dusang,  2011;  Griinschachner-Berger,
Kainer, 2011; Hagen et al., 2011; Brunner,
Friedel, 2019). Ho usyuenune MurpmpyioLmx
KOpLIYHOB B McnaHuu nokasaao, YTO BAM-
SIHMe BEeTPOIHEPreTUKM Ha napamx nTuu
BoAblLIe, Yem CYMTaAOCh paHee, M CMep-
TeAbHblE CAyYan B pe3yAbTaTe CTOAKHOBe-
HWIA He EeAMHCTBEHHbI dpakTop, HeraTus-
HO BAMSIOLLMI Ha MMIPaHTOB — M3beraHue
XMWHBbIMK NTHUuamm BOC Takoke NpuMBOANT K
notepe cpeabl 0OOMTaHWS B MUIPaLMOHHbIX
KOpMAOpax, 4TO MOXET MMeTb AOArOCpPOY-
Hblii HEraTUBHbIM MOMYASUMOHHbINA ddpcpeKT
(Marques et al., 2020). Takum o6Gpas3om, ¢
OAHOI CTOPOHbI, M3beraHune CHuMx}aeT pUCK
CTOAKHOBEHWIA, C APYroii CTOPOHbI, MTULLbI,
nsberaowmne BOC, TepaioT GaaronpuaTHble
MecTa AASl MepeAéTa M OCTaHOBKW M, COOT-
BETCTBEHHO, MPOAETAIOT M OCTaHABAMBAIOTCS
B CyOOMTHMAaAbHBIX MECTax, YTO CHUXKAeT KX
BbIXKMBAEMOCTb Ha Murpaumnsx. FocreaHnid
pakTOp OCTAETCS HEM3YUYEHHbIM, €ro BAM-
SIHME Ha OPAOB He M3BECTHO M ero CAOXKHO
NPOrHo3MpoBaTh, KakK, COOCTBEHHO, M ypo-
BeHb nsberanns BOC opaamu.
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M3beraHne TeppuTOpMii MOCAe  CTPOU-
TeabCTBa BOC AOKa3aHO AAS pasHbIX BMAOB,
B 4ACTHOCTW — AASI YE€pHOTO KopluyHa (Milvus
migrans) (Ferrer et al., 2012; Marques et al.,
2020). MccaeaoBanume B BuckoHcune (CLLA),
NPOBEAEHHOE AO M MOCAE CTPOMTEALCTBA
BOC, nokasano, 4TO MocAe CTPOMUTEAbCTBA
0BMAME XMLLIHBIX MTULL COKPATMAOCh Ha 47%
MO CPaBHEHMIO C YPOBHEM AO CTPOMTEABCTBA,
a NoBEAEHME B MOAETE M3MEHHAAOCh B 3aBMCK-
MOCTM OT BMAQ, HO BOABLUMHCTBO MTHLL NPO-
A€TaAM Ha paccTosiHumn He meHee 100 m oT
TypOuH 1 Bbiwe 3AP; rpudpbl-uHaeiikn (Ca-
thartes aura) v KPacHOXBOCTble KaHiOKM (Bu-
teo jamaicensis) Yalle, 4em BCe Apyrue BUAbI
XMLLHMKOB, AEMOHCTPMPOBAAM MOBEAeHMeE,
CONPSXXEHHOE C MNOBbILLEHHbIM PUCKOM CTOA-
KHOBEHMS, HO TaKXe MPOSABASAM MPU3HAKM
n3beraHns CTOAKHOBEHWI U, TEM HEe MeHee,
KaHtoku rmdamn Ha BOC (Garvin et al., 2011). B
TO XK€ BPeMs, B MCCACAOBAHMSAX HA HECKOAb-
Knx BOC He ObIAO MOAYHEHO CBMAECTEALCTB MX
nzberaHus ceBepHbiM AyHém (Circus hudsoni-
us) (Kerlinger, 2002; Schmidt et al., 2003), Ho
B APYrOM MCCAGAOBaHMM n3beraHue TypOuH
AYHSIMM MOKa3aHO Ha CAGAYIOLLMI FOA MOCAe
ctpouteabctBa BOC (Johnson et al., 2000).
MccaeroBanms OAM3KOrO BMAA — MOAEBOTO
Ayns (Cicrus cyaneus) B CeBepHON MpaaHamn,
MPeAnoAaraioT, 4To BETPOTypOuHbI He n3be-
raioTCs NTMLAMKM Ha OXOTHMYbMX ydacTKax,
HO AOKaAbHOE CMELLEHME Ha TFHEe3A0BaHWM
MOXXET MPOMCXOAUTbL B 30HE A0 300 M BO-
Kpyr TypbuH (aaHHble Natural Research w3:
Madders, Whitfield, 2006). Psaa uccaeaoa-
HMI No nsberannio Tepputopmn BOC Hepky-
Tamm Obia npoBeaéH B CLLIA, oaHako pesyAb-
TaTbl OKa3aAUChb MPOTUBOPEUMBLIMU. B 0AHOM
MCCAEAOBAHMM aBTOPbI CPaBHMBAAK Nepeme-
weHns opaos Ha BOC u B HeHapylleHHOM
yuactke BHe BOC 1 He 0OHapy>KMAM pasHuLbI
(Schmidt et al., 2003), B Apyrom — npoBoau-
AMCb MCCACAOBAHMS AO M MOCAE CTPOWUTEAb-
ctBa BOC, koTOpble Takke He Mokas3aAu Ka-
KMX-AMOO AOCTOBEPHbIX YPOBHEN M3beraHms
opaamn Tepputopmn BIC nocae eé crpou-
TeabcTBa (Johnson et al., 2000). Ha kpynHoii
B3C Ha nepesane AabTaMoHT B KaandpopHim
ObIAO OTMeYEeHO HeKkoTopoe u3beraHwe op-
Aamn BOC OTHOCMTEABHO HeHapyLUeHHOro
yudacTka (Hunt et al., 1995), Ho cnycTs noytu
10 AeT OTMeYEeHa TEHAEHLMS K YBEAUYEHMIO
MCNoAb30BaHMs Tepputopun BIC xuwHbiMm
nTUUamm, NPUYEM aBTOPbI CNELIMAAbHO OTMe-
TUAM, 4TO Kakoe-AMbO nsberaHme XMLLHbIMK
ntuuammn BOC, otmeyvaBlueecs paHee, OOAb-
we He HabaoaaeTca (Smallwood, Thelander,
2004). Ho B pa3pes C 5TMMM AQHHbBIMM MOAY-
Y€Hbl CBMAETEAbCTBA M30eraHms MeCTHOCTM

TEPPUTOPUAAbHBIMM BEpKyTamm NOCAe CTPO-
uteAabctBa B Helt BOC, 1 310 cHoBa B LLloT-
AaHamn (Walker et al., 2005). Ho npu 3tom
HEMOAOBO3PEAbIE MTULLI TAKXKE MPOAOAYKAAM
nocewatb BOC, kak 1 paHee. B aaabHenwmx
nccaeaoBaHmax B LLloTaaHann OblAO  MOA-
TBEPXKACHO M30eraHne LeHTPaAbHbLIX YacTen
B3C n HenoaoBo3peAbiMm Kouyiowmmn Gep-
KyTamu, xoTs no nepucpepmn BIC onun Bcé
Ke nepemMeLLacmMch B OMacHOM OAM30CTM OT
BeTporeHepatopos (Fielding et al., 2021). Ta-
KMM 00Pa3oM, AaKe Mo OAHOMY BUAY — Bepky-
Ty, HAUMEHEe TOAEPAHTHOMY K AATEALHOCTM
4EAOBEKA M3 HACTOSALLIMX OPAOB, HEBO3MOXKHO
Aake NPUOAM3NTEABHO NMPOrHO3MPOBATL YPO-
BeHb u3beranHns BOC.

Ecan e nsberanmnsa He OyAeT NPOMCXOAUTD,
To BOC, noctpoeHHble B MecTax peryAsipHowm
OCTaHOBKM MMIPAHTOB, OyAyT yBeAM4MBaTb
PUCK CTOAKHOBEHMI MO TOW MPUYMHE, YTO
nTuubl B npeaesax BOC O6yayT coepLuaTh no-
CaAKM U1 B3AETbI, CyLLECTBEHHO Yalle NMPOXOAs
uepe3 3AP, yem Ha TpaH3UTHOM MPOAETE Ye-
pe3 KapaTay.

AASl BLISBA@HMS BUAOB C BbICOKMM PUCKOM
COKPALLEHUS YNCAEHHOCTM M3-3a CTOAKHOBE-
HMI ¢ BeTpoTypbuHamm B CLLIA paccunTtaHo
BAMSIHME CMEPTHOCTM OT TypOMH Ha CHuxKe-
HUE MPUPOCTa MOMYAALMI, TPEHAbI KOTOPbIX
ObIAM MOAYHYEHbI AMDO MO yYETaM FHEe3AALLMX-
€S NTnU, AMDO Ha OCHOBE MaTPUYHON MoAe-
AV Ha OCHOBE AEMOrpacpMUecKmX 3HaueHMi,
MOAYYEHHBIX M3 AUTEpaTypbl, a Takke MOA-
CHMTAHO KOAMYECTBO CMEPTEAbHBIX CAy4aes,
NpK KOTOPbIX MOMYASALIMM €L1é CNOCOOHbI MOA-
AEPXKMBaThb CTAaOMAbHOCTb. PacuéTtbl nokasa-
AW, YTO 13 T4 M3yYeHHbIX BUAOB K YMCAY TeX,
Y KOTOpPbIX OTHOCUTEALHO BbLICOK MOTEHLMAA
BO3ACWCTBMSA Ha MOMyASUMM B pe3yAbTaTe
CTOAKHOBEHWI C BETPSHbIMK TypOMHamm, OT-
HocsiTcst GepKyT, KopoAeBckuid (Buteo regalis)
M KPACHOXBOCTbIA KaHIOKM, amepuKaHCKas
nycreabra (Falco sparverius) u cunyxa (Tyto
furcata) (Diffendorfer et al., 2021). CaenaoBa-
TeAbHO, MOXKHO MPEANOoAaraTh, 4TO B YCAOBMAX
EBpasnmn Bce opAbl OyAyT B OCHOBHOW rpynne
p1cka npu HapauvsaHum 06bémos BOC.

Aayke 3Hast MPUMEPHYIO YNCAEHHOCTb, NMPO-
AYKTMBHOCTb M YPOBEHb BbIKMBAEMOCTU MO-
AOABIX AO MOAOBOW 3PEAOCTU B MOMYASALIMAX
opAoB, murpupyiowmnx B 3LIFMK, 1 otaeab-
HO yepes KapaTay, HEBO3MOXXHO KOPPEKTHO
cnporHo3nposaTh BAnaHne BOC kak B yacTy
noTepyn MecTooOMUTaHWii, Tak M B YaCTU M3-
ObITOYHOM CMepTHOCTU. T.e., MoKa Mbl He
Ha4yHEM HaOAIOAATb KpyLIeHMe MOMyASUni,
Mbl HE CMOXKEM TOYHO CKa3aTb, CKOALKO MO-
TpebyeTtcst youTb opaoB Ha BOC, utobbl 310
CTaAO 3aMeTHO.
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AASl PacnpOCTPaHEHHBIX BUAOB MTULL BAMS-
HUE CTOAKHOBEHMI C BETPAHbIMM TypOMHaMM
BPSIA AV 3aMETHO Ha MOMYASLIMOHHOM YPOBHE,
MOCKOAbKY pacyéTHast CMEPTHOCTb COCTaBASET
MeHee 0,01% OT YMCAEHHOCTH UX MOMYASILIMM
(cm. npumep u3 Kanaabl: Zimmerling et al.,
2013). HO AAS AOATOXKMBYLLMX XMLLUHBIX MTULL
C HM3KOW MAOTHOCTbBIO MOMYAALMIA U MEAAEH-
HbIMW TemMnami BOCMPOM3BOACTBA AAXKE HM3-
KMe YPOBHM M3OLITOYHON CMEPTHOCTM MOFYT
MMETb MOCAEACTBMS Ha YPOBHE MOMNYAALMIA B
AoArocpouHoit nepcriektuse (Saether, Bakke,
2000; Manville, 2009). Takue BuAbl, a K HWUM
OTHOCSTCS BCE OPAbI, B OTAMYME OT BUAOB C HO-
A€€ HM3KOM BbDKMBAEMOCTLIO M OoAee BbICO-
KOWM MAOAOBUTOCTBIO, KaK MPaBMAO HE Cnocod-
Hbl MPOTUBOCTOATb M30bLITOYHOW aHTPOMNOreH-
HOM cmepTHOCTH (cM., Hanpumep, Sandercock
et al., 2011). Pe3yAbTaTbl MOAGAMPOBAHUS Ha
OCHOBE MaTPUYHON MOAEAM AECAM MOKa3blBa-
10T, YTO >KM3HECNOCOOHOCTL MOMYAALIMM MO-
KeT ObITb OY€Hb YyBCTBMTEALHOW K Mponop-
LIMOHAALHO HEOOALLLOMY YBEAMHEHMIO CMepT-
HOCTM M BMECTO HE3HauMTeAbHOro acpdpekTa
OOHAPYXXMAOCh, YTO AOMOAHUTEAbHAS CMEPT-
HOCTb Ha 1% B MOMYASIUMSIX PSIAQ M3YUYEHHBbIX
BMAOB, B TOM YMCAE OpAaHa-OeAoXBOCTa M
6oroTHOrO AyH$ (Circus aeruginosus), npuBeAa
K CHM>KEHMIO YMCAEHHOCTM Ha 2-24% uvepes
10 AeT, a AOMyLUEHME YBEAUYEHNS CMEepPTHO-
CTM Ha 5% MO CPaBHEHMIO C CYLLIECTBYIOLLIEH
CMEPTHOCTBIO MPUBEAO K CHUXXEHMIO YMCACH-
HOCTU Ha 9-77% uepe3 10 aet (Schippers et
al., 2020) — 1 3TO AASI BUAOB, YBEAMUMBAIOLLMX
YNCACHHOCTb.

dakTnyeckme HabAIoACHMS B NpUpoAe Mno-
Ka3bIBalOT, 4TO CTOAKHOBEHUS CTEPBATHUKOB
(Neophron percnopterus) B Mcnanuu, rae
npoxwueaeT 80% eBpONencKoii rHesasteics
NOMyAAUMM, CNOCOOCTBOBAAM COKPALLEHMIO
uncaeHHoctn (Carrete et al., 2009), To e
camoe MPOMCXOAUT C MOMyAdUMen KPacHOro
kopliyHa (Milvus milvus) 8 Tepmanun us-3a
AOMOAHUTEALHOM CMEPTHOCTM OT CTOAKHO-
BeHus c BeTpoTypOuHamu (Bellebaum et al.,
2013; Grinkorn et al., 2016).

OcobeHHO HeYCTOMUYMBBLIMK K M3DbITOHHOM
CMEPTHOCTU ABASIOTCA MOMYASILIMM C HU3KOM
MAOTHOCTbIO WM/MAM COKpaLLAIOLLMECS B YMC-
AaenHoctu (Nichols et al., 1984; Bartmann et
al., 1992). IMeHHO 3TO Mbl UMEEM B cuTya-
UMK CO CTEMHbIM OPAOM, KOTOPbIM BHECEH
B CMMCOK TAODAALHO YrPOXKAeMbIX BUAOB
MCOIT u3-3a  COKpaLlLeHWUs YUCAEHHOCTM
cpaKTMUeCKM Ha BCEM MPOTSKEHUM CBOErO
apeana (Kapsiknt, 2018; Garbett et al., 2018;
BirdLife International, 2020).

MHorne  MCTOYHMKM  AHTPOMOreHHOM
CMEPTHOCTM  TaKXKe MOIyT  KYMYASATMBHO

paboTaTb BMeCTe Ha COKpalleHMe YMCAEH-
HOCTM MOMYASALIMIA B Pa3HbIX MeCTax Ha npo-
TSPKEHUM MX >KM3HEHHBIX UMKAOB (Loss et al.,
2012; Schippers et al., 2020). Hanpumep,
YMCAEHHOCTb  FHE3AALIMXCH  OEAOrOAOBbIX
CMMOB Ha KOHTPOALHOM Tepputopumn B Mcna-
HUKM YMeHbLUMAACh Ha 24%, BbDKMBAEMOCTb
B3pOCAbIX 0cobeli Ha 30% M MAOAOBMTOCTb Ha
35% B pe3yAbTaTe COBMECTHOIO BAMSIHMS 3a-
KPbITUS MOAKOPMOUHBIX MAOLLAAOK M FMOeAm
Ha BOC, oAHako MonyAsiLmMs BOCCTAHOBMAACH,
Kak TOAbKO NMOAKOPMKa OblAa BOCCTAaHOBAEHA,
a camble npobaemHble BOC 3aKkpbIThbl; MccAe-
AOBaHME MOKa3aA0, YTO Ha MPOAYKTMBHOCTb
U BbDKMBAEMOCTb BAMSIAM B ocHOBHOM BOC, a
HexBaTKa NuLLM CNocoOCTBOBAAA M3MEHEHMIO
MOBEAEGHMA U YAAMHSAO KOPMOBbIE nepeme-
LLEHWUS CMMOB, YBEAMUMBAS PUCK CTOAKHOBE-
Huit (Martinez-Abrain et al., 2012).

KyMyASTUBHA# CMEPTHOCTb B  pe3yAbTa-
Te CTOAKHOBEHWS C BeTporeHepaTopamu
(Gauthreaux, Besler, 2003) + cMmepTHOCTb
Ha ADIT B pe3yAbTaTe MopakeHMsl SAeKTpo-
TokoM (Lehman et al., 2007; Prinsen et al.,
2011; Kapsakun, 2012; HukoaeHko, KapakuH,
2012; Dixon et al., 2013; Loss et al., 2014;
Guila, Pérez-Garcia, 2022) + oTAOXeHHas
CMEPTHOCTb,  BbI3BaHHAA  AHTMKOAryASHT-
HbIMWU POAEHTMLIMAAMK BTOPOIO MOKOAEHMS
(Thomas et al., 2011; Elliott et al., 2014;
Rattner et al., 2014) — 1 Mbl UMeeM Goaee yem
M30bITOYHbIN HAOOP NPUYMH, ONPEACASIOLLMX
COKpaLUeHNe UYMCAEHHOCTM MOMNYAALMHA, Ha-
npumep, TOro ke CTeMHOro opaa. loatomy
B LIEASIX COXPAHEHMUS PEAKMX BUAOB OMpaBAaH
npeaynpeanteAbHblid noaxoa (Cooney 2004),
npu KOTOPOM MMHMMM3ALIME, a Ay4lle MOA-
HOE WCKAIOYEHME CMEPTHOCTM NTUL AOAX-
Hbl TPEOOBATbCA OT MOTEHLUMAALHO OMACHbIX
oTpacAer M BMAOB AesTeAbHOCTM (Longcore,
Smith, 2013) Kak Ha rocyAapCTBEHHOM YpOB-
He, TaK M Ha YpOBHE CaMMX KOMMaHui, bec-
MOKOSALLUMXCA O CBOMX PEUTMHIrax u penyTa-
LIMOHHBIX PUCKaX.

Aasi cTpaH EBpocoiosa cchopMyAnpoBaHbi
CACAYIOLLIME PEKOMEHAALMKM MO CTPOUTEAb-
ctBy BOC (U3 Zwart et al., 2016):

1. BOC He caeayeT CTpOWTb Ha TEpPPUTO-
pusX, KOTOPbIE YaCTO MCMOAb3YIOTCS BMAQ-
MW, YYBCTBUTEAbHBLIMM K CTOAKHOBEHMAM
MAM MHBIM NMOOAEMaMm, CO3AaBaeMbIM BETPO-
TypOuHammn. K HUM OTHOCATCS TeppuTopun,
BaKHbIE AASl MEPHATbIX XMLLHWMKOB, TaKue,
Kak ropHble XpeOTbl U KAIOYEBble MeCTa Kop-
MoaoObIBaHKs. Kpome Toro, BOC He caeayet
CTPOMTL B paiioHax, rae MPOUCXOAUT OOAb-
LLIOE YMCAO MEPEAETOB YyBCTBUTEAbHBIX BU-
AOB, HANpPUMep, B MyHKTax nepecedeHns mMu-
rpaLmii MAM MEXAY paliOHaMK FTHE3AOBAHMS 1
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KopMmaeHus (Langston, Pullan, 2003; Percival,
2005; Hotker et al., 2006; Bright et al., 2008).

2. BOC He caeayeT CTPOWTbL Ha TepPUTOPU-
X, KOTOPbIE OMpeAeAeHbl KaK YHacTKU Mex-
AYHApPOAHOW MAM HALLMOHAALHOW MPUPOAOOX-
PaHHOM AESITEAbHOCTM MAM MMEIOT MPaBo Ha
Hux (Langston, Pullan, 2003).

3. BOC caeayeT pasmewiatb Tak, 4TOObI
OHM BbIAM NaparreAbHbl OCHOBHOMY Harpas-
AeHmio npoaéta ntuu (Hotker et al., 2006).
Hanpumep, oK MOryT ObITb pasmMeLLieHbl na-
PAAAEABHO MAPLLPYTY MUIpaLIMK UAK NEPEAE-
TOB MEXAY MeCTamMu HOYEBKM U KOPMAEHMUSI.

4. BOC AOAXKHBI MMETb KOPUAOPbI, YTOObI
NTULBI MOFAM AETKO MepeMeLLaTbCsl MeXAY
Humun (Hotker et al., 2006).

5. BeTpoBble TypOMHBI HE AOAXKHBI CO3AQ-
BaTb YCAOBMSI AASI MPUCAA U Tem DoAee rHes-
AOBaHUsl U MPOYME YCAOBUSI, KOTOPbIE MOTAU
661 NpuBAeyb nTuu (Hotker et al., 2006).

6. Bbicota MauTbl AOAXKHA ObiTb BbliOpaHa
TaK, YTOObl PUCK CTOAKHOBEHMS ObIA HU3KMM
n/man Aloboe HapylueHne ObIAO MUHMMAaAb-
HbiM (Hotker et al., 2006).

DT mepbl Npu3BaHbl obecneynTs pasme-
wenne BOC B noaxoasiiem mMecTe, KOTOpoe
MWUHUMU3UPYET HebAaronpusTHoe BO3AeH-
CTBMe Ha AMKyto npupoay (Directive 2011/92/
EU, 2012).

B Kanaae (Kingsley, Whittam, 2005) aeii-
CTBYIOT @HaAOTMUHbIE PYKOBOASILLME MPUHLIN-
nbl, Kak 1 B EBpone. B CLLIA TpeboBaHmns K
00CAEAOBAHMIO, MPEALLIECTBYIOLLEMY CTPOM-
TEAbCTBY, CMABHO Pa3AMYAIOTCS B 3aBUCUMMO-
CTM OT LITaTa, MPUYEM B PsiAe LUTATOB FOCOp-
raHammu M3AaHbl O4eHb MOAPOOHbIE MHCTPYK-
UMK OTHOCUTeAbHO pa3melleHns BIC (Jodi
Stemler Consulting, 2007; USFWS, 2012).

B KaszaxcraHe Takke MMEETCSi 3aKOHOAa-

TeAbHbIN AOKyMeHT — CBoa npasua Pecnyban-
kn Kasaxcran CIT PK 4.04-112-2014 «[1po-
eKTMpOBaHMe BETPSAHBIX IAEKTPOCTAHLMIA»
(2015), B KoTOpOM M. 14. «OueHKa BO3Aeit-

CTBMS Ha OKPY>KAIOLLLYIO CPEAY» MO CYTU ABASI-
€TCa OTMMUCKOM OT NPODAEMbI, HUKaK He pe-
rAaMeHTUpyeT cTponTeabctso BOC B mecTax,
4YBCTBUTEAbHBIX AAF OMOpasHOOOpasns, u He
chopMmyAnpyeT TpeboBaHMS MO CHUXKEHMIO
BAMaHna BOC Ha nTuu, MOAHOCTbIO nepe-
KAAAbIBas 3TO Ha MPOEKTHble OpraHM3aumnm,
KOTOPbIM HE BLIFOAHO 3ameydaTh MTUL B XOAe
npoekTuposBaHung BOC:

n.n. 14.3. I'pu paspabotke pasaera OBOC
HEOOXOAMMO  YH4MTbIBATL AAHHBIE MECTHbIX
OpraHoB MCMOAHWUTEALHOM BAACTM B ccpepe
OXpaHbl OKPY>KalOLLeN CpeAbl MO 3KOAOIM-
4ECKOM LEeHHOCTM TePPUTOPKM, B TOM YUCAE
O HAaAMUYMM PEAKMX MAM MCYE3AIOLLIMX BUAOB
PaCTEHMI M XKMBOTHBIX, O MyTAX MMIpaLum
NTULL U T.A.

n.n. 14.4. Tpu npoexktnposannn BIC,
“MeloLLel B CBoem cocTaBe Goaee Tpéx BDY,
HEOOXOAMMO CMAaMK  CMeUMaAM3NPOBaHHON
OpraHu3aLmMmM OPHUTOAOIMHECKOTO MPOPUAS
OCYLLECTBMTb MOCE30HHOE HabAlAeHWe 3a
MUIpauUmen NTuL.

n.n. 14.5. Tlo pekomeHaaUMM cCreumram-
3MPOBAHHOM OpraHM3auMM PeKOMEHAYeTCS
NpeAycMaTpuBaTh  Mepbl, MPeAoTBpaLlalo-
LLMe BpeA OpHUTOCPayHe, 3a CHET MOKPbITUS
AOTacTell  PAYOPECLIEHTHbIMM  Kpackamu,
YCTAHOBKM 3BYKOBbIX CMIHAAOB, OTMyruBaio-
LUMX NTML, NOACBETKA OMop 1 Aonacteil BIY
B HOYHbIE Yacbl, BO BPEMS TYMaHOB M Mpu
APYIMX YCAOBMAX HEAOCTATOUHOM BUAMMOCTMU.

Tak kak B caydae ¢ YKanatacckon BOC, ve-
pe3 KOTOpYylD MMrpupyeT OOAbLIOE KOAMYe-
CTBO CTEMHbIX OPAOB, BPEMS AAS MpeAynpe-
AMTEABHOTO MoAX0Aa Yrke ynylieHo n BOC
NOCTpOEHa B HapylleHue BCeX BbilLenpu-
BEAEHHbIX pPEKOMEHAALMA, TO HEOOXOAUMDI
CPOYHbIE MEPbl MO CMAMYEHUI0 e€ BO3AeH-
CTBMS HAa MUIPAHTOB U1, B NEPBYIO O4EPeAb, Ha
COKPALLAIOLMX YNCAEHHOCTb CTEMHbLIX OPAOB.

K coXxaaeHMIO, CyLLLeCTBYIOLLMX MHCTPYMEH-
TOB MAM Mep C AOKa3aHHbIM M 2pcpeKTUBHBIM
BAMSAHMEM Ha CHMXKEHME CTOAKHOBEHMI NTHL
C BeTPOTYypOMHamMK KpaliHe Mano. B To xe
BPEMS B LIMBUAM30BAHHbIX CTPaHax CMpoC Ha
TakMe Mepbl CO CTOPOHbI FOCYAAPCTBEHHbIX
NPUPOAOOXPaAHHbIX OPraHoB, Pa3paboT4MKOB
BMD, HenpaBuTeALCTBEHHBLIX OpraHM3aumi
1 006ecrnokoeHHOM 0OLIEeCTBEHHOCTM PacTET
(Voigt et al., 2019).

JKanaracckas BOC. ®@oto ChinaSPIC.
Zhanatas WPP. Photo from ChinaSPIC.
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M3 Mep no cokpatleHuio rmbean nTuu Ha
y>Ke noctpoeHHbix BOC B pasHbix cTpaHax
MPeAAOXKEHBI M/MAK OMPOBOBaHbI CAEAYIOLLIME
BapMaHTbl:

a) cokpatleHue nepuoaa paboTsl,

6) aKkyCTUYeCKne MeTOAbI,

B) BM3YaAbHbI€ METOAbI.

Cokpatlenne neproaa paboTbl, T.e. OTKAIO-
YeHUE B Camble ySa3BMMbIE NMEPUOAbI FOA], Ha-
npuMep, B NEPUOAbI MUIrpaumnn, ObIAO Npea-
AOXKEHO B Ka4yecTBe Mepbl MWHMMM3ALMK
CMepTen MTULL OT CTOAKHOBEHWI B Pe3yAb-
Tate HeCKOAbKMX MccaeaoBaHuit (de Lucas
et al., 2012a; Marques et al., 2014; May et
al., 2015; Tomé et al., 2017) 1 BKAIOYEHO B
pekomeHaaunm MCOIT B kadectse Hanbo-
Aee 2pPeKTUBHOM Mepbl MpPeAoTBpaLLEeHHs
CTOAKHOBEHMI MTULL C BeTporeHepaTtopamm
(Bennun et al., 2021). Mporpamma BbIGOPOH-
HOM OCTaHOBKKM 0CODO ONacHbIX TYpOuH ObiAa
onpoboBaHa B McnaHum M nokasasa cokpa-
LLIeHMEe CMEPTHOCTU OEAOrOAOBbLIX CUMOB Ha
50% (de Lucas et al., 2012a). To ke camoe
MOYKHO cKa3aTb 1 00 nccaeaoBanmm B CLLIA,
FA€ €XErOAHOe OTKAIHYEHME B TedeHue OT-
AEABHbIX CE€30HOB MAM B OMPEACAEHHBIX MO-
FOAHBIX  YCAOBMSX CHMXKAAO CMEPTHOCTb
KPYMHbIX NTML (DEPKYTOB) M ARTYYMX MbILLEN,
HO MpM 3TOM AaXKe OCTaHOBAEHHble TypOwu-
Hbl BbI3bIBAAM CTOAKHOBEHMS C HUMU MEAKMX
MTHL M HOYHbIX MUrpaHTOB (Smallwood, Bell,
2020). OcraHoBKa TypOMH nocae obHapyke-
HUS NTULL B PEXMME PEAAbHOIO BPEMEHU C
MOMOLLbIO pasapa WA BUACOHADAIOAEHMS,
0COOEHHO B MAOXYIO MOrOAY, YBEAMYMBAIO-
LLYIO PUCK CTOAKHOBEHMI, ObiAa peaAm3oBa-
Ha B LLIBeumn (Litsgdrd et al., 2016), Hopse-
run (May, 2017) u Moptyraamm (Tomé et al.,
2017) 1 nokasasa cBoto 3¢pPeKTUBHOCTb.

CoBpemeHHble  pasapbl  OOHapy>XmBaioT
MEAKMX MTULL Ha PacCTOAHMM OT 2 A0 5 KM,
a KpynHbix — a0 12-15 kM (Dokter et al.,
2011; Nilsson et al., 2018; Phillips et al.,
2018; Bennun et al., 2021). B uactHocTH
paaap Accipiter® eBirdRad (Accipiter Radar
Technologies, Inc.; Fonthill, ON, Canada)
obHapy»KmMBaA cunos M rpudpos, MomeueH-
HbIX TPAHCMMTTEPaMM, Ha PACCTOAHMM AO 5
kM (Beason et al., 2010); Robin Radar Max®,
OPUEHTUPOBAHHbIA TOALKO Ha MOMCK MTUL,
MMEIOLLMI  HEeOorpaHMYeHHOEe MOAe 3peHus,
pa3eépHyTbiii Ha BOC TaxkoAyoTo B DUHASH-
AW AAS TIPEAOTBPALLEHUS CTOAKHOBEHWI C
BeTporeHepaTopamu OPAAHOB-OEAOXBOCTOB
n Ha BOC KasapHbl B boArapum aag npeaot-
BpALLEHNS  CTOAKHOBEHMI  MMIPUPYIOLLIMX
M KAIOYEBbLIX (OPAbl, MAAAABLUMKKM) BMAOB,
nokasan MakCKMMaAbHOe paccTosiHue oOHa-
py>KeHus KpynHbix ntmu Ao 15 kM (Bennun

et al., 2021); STRIX Birdrack®, opuenTupo-
BaHHbI/ KaK Ha NTUL, TaK M Ha AETYUYUX Mbl-
LIei, pa3sBEépHyTLI Ha bapan-ae-Can-)KyaH B
MopTyraAnm, oOHapy>KMBaA KPYMHbLIX MTULL Ha
AUCTaHUMM AO 12 KM M MOAHOCTBIO YCTpaHMA
CMEPTeAbHbIE CTOAKHOBEHMS 3a DoAee Yem 5
AeT (DYHKLIMOHMPOBAHWS (Paaap UCTOAb30BaA-
Ccs1 B coveTaHumn c Habaioaateaamm) (Tomé et
al., 2017), a nocae passéptbiBaHus B ErunTe
0OHapy>XMBaA CTan KPYMHbIX NTULL HA AUCTaH-
ummr A0 20 KM M COKPATUA YUCAO CMEPTEAbHbIX
CTOAKHOBEHMI A0 5—7 B FOA MPH NMPOXOAE He-
pe3 BOC oxkoao 400 TbiC. MUIPUPYIOLLIMX NTULL
KaxkAbli ce30H (Tomé et al., 2019).

OaAHako pasapbl HE MOMYT BbINOAHSATH
MPSIMYIO0  KAQCCMCPMKALIMIO BMAOB, MOITOMY
AN OOCAYXKMBAHMS pasapa M aHaAM3a MOAy-
YeHHbIX AaHHbIX Heobxoamm Guoaor (Ruhe,
2008; van Gasteren et al., 2019), KoTopbiii
n OyaeT NpuHMMaTL pelleHne 06 OCTaHOB-
ke TypOuHbl (Bennun et al., 2021). Tpebyio-
LLIMECS CMEeUMaAUCTbI-OMOAOTHN AAS PabOTBI C
paaapom, Bbicokas LeHa (Robin Radar Max®
— 500 Tbic. USD), 6oAbLLONM pa3mep M sHep-
ronotpebAeHMe, a Takxke roCyAapCTBEHHble
HOPMbI M3AYYEHMS, OFPaHUYMBAIOLLIME YaCTO-
Ty M MOLUHOCTb Ay4a, ABASIOTCH FAABHbLIMK
Gapbepamm AAS LUMPOKOTO MPUMEHEHUS pa-
AApPOB C LeAbIO OOHapy»KeHMs NTULL Ha OOAb-
wom koandectse BIC (Crindinger, 2017).

B nocaeaHee aecaTmaeTne, C pasBuTHeM
BO3MOXKHOCTeli rpadpuyeckmx npoLeccopos
M aAropuTMOB 00paboTKM M300parkeHnid Ha
OCHOBE MCKYCCTBEHHOIO MWHTEAAEKTa, CH-
CTeMbl OOHapY>KeHWUS Ha OCHOBE MalUMHHO-
ro 3peHns (BUMAEOCUCTEMbI) CTAaHOBATCH BCE
Horee npoaykTHBHbIMKM (Adams et al., 2017;
Feng et al., 2019; Albertani et al., 2021;
Gradolewski et al., 2021). OaHa kamepa Mo-
KeT OOHapy>KMBaTb AETALLYIO NTULY WU Bbi-
MOAHSATb BMAOBYIO MAeHTMcPMKaUmio. OaHa-
KO Camble MOCAEAHME CUCTEMbl UCMOAL3YIOT
CTEPeOCKONMIO, KOTopas pacLuMpseT X BO3-
MOXXHOCTM 1o oOHapyxeHuio ntuu (May et
al., 2012; McClure et al., 2018). Crepeocko-
MUYECKMUEe CUCTEMbI MOTYT 0DecnednTsb Takue
XKe XapaKTepUCTUKM OLEHKM AMCTAHLIMIA AO
AETALMX NTUL, KaK M PAAMOAOKALMOHHbIE,
HO TOAbKO B Ananasone Ao 1 km (McClure et
al., 2018; Gil et al., 2018). B nocaeaHue roabl
AN aBTOMATMYECKOro OOHapy>KeHMs NTuu
Ha BOC aas ocTtaHOBKM TypOMH ObIAO paspa-
60TaHO HECKOAbKO CUCTEM, MCMOAL3YIOLLMX
AAALHOCTM OOHapy»keHuns ntuu ot 300 M A0
1500 M, KOTOpbIE Y)Ke BHEAPEHbI 1 MpoBepe-
Hbl: DTBird (2017; 2021), SafeWind (Biodiv-
Wind, 2021), IdentiFlight (2021), BirdVision
(2021) wu Airelectronics (Vulture..., 2020),
MAM HAXOASTCS B CTAAMM MOAEBbIX UCMbITAHWIA
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Uanioctpauns m3 ctatou McClure et al., 2018: A — cuctema kamep IdentiFlight, nokasbisaiolas HeCKOAbKO kamep C
LUMPOKMM rToAem 0630pa u CTepeokamepy BbICOKOTO pa3peLLeHusl, yCTaHOBA@HHYIO Ha BAOKe MaHOpamMUpOBaHUs 1
HakAoHa; B — kapta BOC ¢ 6ychbepamu wmpmHoi 1 km (KOMOMHMPOBAHHAS 30HA BU3YaAbHOIO MOKPbITHS, BHELLHMI
MHOIOYrOAbHUK) 11 400 M (BHYTpeHHMii MHOrOyroAbHuK) BOKpyr ycTpoiicts IdentiFlight; C — chotorpachus 6epkyra,
cAeAaHHasi M MPaBUAbHO KaaccucbuumposaHHas IdentiFlight; D — ¢potorpacbus 6erororosoro opaaHa (Haliaeetus
leucocephalus), caenanHas u npasuabHO knaccucbuumposarHas IdentiFlight.

Hlustration from an article by McClure et al., 2018: A — IdentiFlight Camera System showing several of the Wide Field
of View cameras and the High Resolution Stereo Camera mounted on a Pan and Tilt unit. B — Map of the study site
with 1 km (the combined zone of visual coverage, outer polygon) and 400 m (inner polygon) buffers shown around
IdentiFlight units. C — Photograph of a Golden Eagle that was taken and correctly classified by IdentiFlight. D — Photo-

graph of a Bald Eagle (Haliaeetus leucocephalus) that was taken and correctly classified by IdentiFlight.

(Adams et al., 2017). BOAbLUMHCTBO AOCTYI-
HbIX Ha PbIHKE CUCTEM OCHOBaHbI HA MOHOCKO-
M1MYecKoM roaxoae M Toabko B ldentiFlight, a
Takke B cuCTeMe, paspabaTbiBAa€MOI MHCTU-
TYTOM UCCAeAOBaHMIA GropazHoobpasms (BRI),
COBMECTHO CO LLIKOAOW BbIYUCAMTEABHON Tex-
HUKK 1 nHcpopmaTnkn OpoHO YHuBepcuTeTa
wrata Man (UMaine SCIS), komnanuein HiDef
Aerial Surveying Limited (HiDef) no npown3ssoa-
CTBY MOAYNPOBOAHUKOB AASI BO30OHOBASIEMBIX
MCTOYHMKOB 3Heprin u SunEdison, Inc. (cm.
Adams et al., 2017), npumeHseTcs crepeo-
BMAEHME M BCTPOEHHBIN Kaaccudpukatop, no-
3BOASIOLLIMIA KAACCMCPMLIMPOBATH MTHLL HA TPU
pasHble rpynmnbl. ABTOMaTUMYecKoe OTKAloYe-
H1Ee BETPSHBIX TYPOUH C MOMOLLIbIO BUAEOCH-
crembl IdentiFlight, ycraHoBAeHHOM Ha BOC B
CLLA, okazanocb achpekTHBHON Mepoit AAst
YMEHbLLIEHUs] CTOAKHOBEHMSI XMLLHBIX MTULL
pasmMepoM OT MyCTeAbrM, COKpaTWUB CAydau
CTOAKHOBEHMIA Ha 82%, Npuyém crncrtema ob-
Hapy»kunaa Ha 562% OGOAblLe NTUL, Yem Ha-
6aoratean (McClure et al., 2018). Aasi yAyu-
LLEeHNS1 PaboTbl CTEPEOCHUCTEM C LIeAbIO OOHa-

PY>XEHMsI U pacro3HaHus NTUL pa3paboTaH w
nokasaa CBoIO0 3PPEKTUBHOCTL METOA aBTO-
MaTMYeCKOro oBHapyXeHUs U pearnpoBaHus
(ADaRM) (Gradolewski et al., 2021). Caeayet
0XKMAATb, YTO TaKMe CUCTEMbI OYAYT AaAblie
pa3BMBaTLCS, a MX MPOM3BOACTBO YAELLIEB-
ASITBCSI M OHM CTaHYT AOCTYMHBIMM AASI UCTTOAb-
30BaHMS Ha MHOTMX HM3KOOKAKeTHbIX BOC.
Takxke AASl CHMXKEHMS CMEPTHOCTU OT
CTOAKHOBEHMI Mpeanaranach Takasi nmoAyme-
pa, KaK CMeLLleHMe BKAIOYEHMSI KOHKPETHBIX
TypOMH CO CkOpoCcTM BeTpa B 5-8 M/C Ha
HoAee BbICOKME CKOPOCTM, YTODbI CHWU3WTb
PUCK CTOAKHOBEHMS MTULL MPU CAADOM BeTpe
(Barrios, Rodriguez, 2004; Smallwood et al.,
2009), oaHako apPEKTUBHOCTb ITOM MOAY-
Mepbl He MpoBepeHa AOAFOCPOYHbIMK MCCAE-
AOBaHMSIMM HAa MUIPAHTaXx.
Bocnpon3BoACTBO 3BYKOB BbICOKOWM MHTEH-
CMBHOCTM MPU MOAXOAE MTULL K BETPOTYp-
HuHaM MMeeT orpaHMyeHHylo 3PdpeKTmB-
HOCTb M3-3a npuBbikaHus (May et al., 2015),
1 BooOLLIe He pa3paboTaHO AASt OTMYTMBAHMS
XWLLHbIX NTULL. YCTPOICTBa, NpoeumpyoLLmne
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BetpotypbuHa Ha
BETPOIAEKTPOCTaHLMN
Cména (Hopserns)

C OKpaLLeHHbIMM
AOMacTsMM poTopa.
®oto n3: May et al.,
2020.

Wind turbine at Smala
wind-power plant (Nor-
way) with painted rotor
blade. Photo from: May
etal., 2020.

LLIMPOKOMOAOCHBIN YAbTPa3Byk oT 20 A0 110 kI,
OblAM pa3paboTaHbl 1 MCCACAOBAHbI AASI CHU-
JKeHna cmepTHOCTM Ha BOC AeTyunx mbiLuei,
rnokasas He o4eHb dPPeKTUBHOE COKpaLLie-
HME CMEPTHOCTM Ha IKCMEPUMEHTAAbHBIX Be-
TPOTYpOMHAxX — B AManasoHe oT 2% A0 64%
(Arnett et al., 2013). Ho u3-3a ousnonaoru-
YECKMX PasAMUMIA AETYUMX MbILLEN M NTUL
TeXHUYECKMe PeLleHNs Ha OCHOBE aKyCTUKM
AASl KOMIMAEKCA BMAOB, MMEIOLLMX MOBbILLIEH-
HbI PUCK K CTOAKHOBEHMSM, HEBO3MOXHbI
(Arnett, May, 2016).

B KkauecTse BM3yaAbHbIX MapKkepoB, KOTO-
pble AEMOHCTPUPYIOT NTHLAM OMACHOCTb MAM
MPOCTO YAYYLLIAIOT BUAMMOCTb MNOTEHUMAABHO
OMacHbIX CTPYKTYp, MPEAAAraAOCh HaHece-
HMEe YAbTPACPMOAETOBOM KpacKu Ha AOMACTy
potopa, 4TOObl CHM3WUTb CTOAKHOBEHMS C
AOMACTAMM AHEBHbIX XWLUHbIX NTUL M pssa
APYIMX BMAOB, YyBCTBMTEABHbIX K YAbTPachu-
0AeTOBOMY M3AydeHuio (Young et al., 2003),
MAM OcBelleHne TypOMH B HOYHOE Bpems
(NYAbCMPYIOLLIMIA CBET, CMHME MAU 3EAEHble
OFHM) AAS CHMXKEHMS CMEPTHOCTM HOYHbIX
ntuu (Johnson et al., 2007; Poot et al., 2008)
M AKe OKpaluMBaHMe OCHOBaHMI OalueH
AASt CHUMOKEHWS CMEPTHOCTM KYPUHBIX NTULL B
pe3syAbTaTe CTOAKHOBEHMIA AaXKe He C Aona-
CTSMM, a C ornopamu BeTpoTypouH (Stokke
et al., 2020). OkpalumBaHue Aonacrter yAb-
TPapMOAETOBOIM KPaCKOW He MOATBEPAMAO
acpcpexTuBHOCTH (Hunt et al., 2015), Ho npwu
3TOM AabOPaTOPHbIE IKCMEPUMEHTbI NoKa3a-
AWM, YTO OKpacka OAHOM M3 AOMaCTel poTopa
B YEPHbIA LBET MOXET MOMOYb YMEHbLINUTD

‘-5_.!-,- !,< 3

CMa3sbIBaHUE ABMXKEHMS M MO3BOAWUT MTULIAM
yBuaeTb 3AP, 4TO CHU3UT PUCK CTOAKHOBE-
Huin (Hodos, 2003). ABTOp peKOMeHAOBaA
MPOBECTM AAAbHEMLLME MOAEBbIE UCMbITAHNS,
4TOObI OnpeAeAnTb IPPEKTUBHOCTL MOKpa-
CKM B CHMKEHMM CMEPTHOCTM OT CTOAKHOBE-
HWIA. [OAODHbIE KCNEPUMEHTBI OblAM NPOBe-
aeHbl Ha BOC Cména B Hopserun n nokasaan
acpcpekTMBHOCTE 70% AAS MPEAOTBpPALLEHMS
CTOAKHOBEHMI CPEeAM BCEeX BMAOB NTULL U
100% AASi MpeAOTBPALLEHMS CTOAKHOBEHMI
XuLLHbIX NTUL (May et al., 2020).

YHusepcuteT wrata OperoH paspaboTan
CUCTEMY BM3YaAbHOIO OTMYrMBaHWS OPAOB, B
KOTOPOM MCMOAb30BAAWUCh HAAYBHbIE aHTPO-
nomMopcpHble 0OLEKTBI CO CAyYalHbIM KMHe-
Tnueckum ABmeHmem (Albertani et al., 2021),
OAHAKO MOKa HeT Cepb&3HbIX AOKa3aTeAbCTB
eé 2ppeKTMBHOCTM U B IKCMEPUMEHTAX OHa
NPUMEHSAAACL B Mape C CMCTEMOW BMAEOHaA-
OAIOAEHMS, MPEAYNPEXAABLIEN O NMOSBACHUM
opAa 6AM3 TypOMHbI.

BoiwenprBea€HHbii  0030p nokasbiBaer,
YTO TOABKO OCTaHOBKa TypOWMH Mpu MoAAé-
Te NTUL SBASETCS IPEPEKTUBHBIM METOAOM
CMSArYeHNs MOCACACTBMIA cTpouTeabcTBa BOC
B MUIrpauMoHHOM Kopuaope. Oanako o06o-
pyAOBaHMe AAS aBTOMaTM3aLMKM OCTaHOBKM
TypOMH AOCTaTOYHO AOPOroe Kak Mo CTOMMO-
CTW NpuobpeTeHns, Tak 1 B 0OCAYKMBaHMK,
MO3TOMY BPSIA AW HEOOAbLLIME KOMMAHWUM CO-
FAQCATCS Ha ero yCTaHoBKy. [lepcnekTBHOM
BbIFASIAMT MOKpacka AOMaCTW B YEPHbIN LBET,
OAHaKO 3TOT MeToA TpebyeT OoAee AeTaAb-
HbIX MCCARAOBAHMI B MMPALIMOHHBIX KOPUAO-
pax Ha KOMMAEKCEe BUAOB.

3akAloueHne

BOC B KasaxcraHe TOAbKO Ha4MHalOT pas-
BMBaTbCA M MOKa HEe HaHeCAM Cepbe3HOro
ylepba opAamM M APYrMM XWLLHBIM NTHLAM.
OAHako nNpu  «AMKOM» pPa3BUTUM BETPOD-
HepreTMkun 3ToT yuepd yxke B OAvKanLlem
OyAyllem MOXeT CTaTb KOAOCCAAbHbIM M
0Ka3aTbCsl CyLLECTBEHHbIM (PaKTOPOM B CO-
KpaLLeHWM YUCAEHHOCTM MOMNYASUMIA Kpyr-
HbIX XMLLHMKOB, B NEPBYIO O4epeAb CTEMHOro
0OpAa, YMCAEHHOCTb KOTOPOro COKpallaeTcs
AOCTaTO4YHO ObICTpbIMM Temnamu (cm. Kaps-
kuH, 2018; Kapsikun n ap., 2019f; Myankosa
nap., 2021).

Kak nokasbiBaeT npakTuka CTPOMTEAbCTBa
Kawnatacckort BOC, aaxe komnanuu, opu-
EeHTUPOBaHHble Ha coxpaHeHue OuopasHo-
06pasna M yuuTbiBalOLLME penyTaUMOHHbIE
puckn (Hanpumep, EBPP), npu unHsectmpo-
BaHMM CPEACTB B TaK Ha3blBaeMYIO «3eAEHYIO
SHepreTMKy» 3aKpblBalOT rAa3a Ha Hekaye-
CTBEHHYIO MOArOTOBKY MPOEKTHOW AOKYMEH-
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Tauuu, KOTopas rOTOBWUTCH C HapylleHuem
€BPOMENCKMX CTaHAAPTOB WM METOAMK, He
COAEPXKUT aKTyaAbHYIO MHApopmaLmio o G1o-
pasHoobpasmMn M CO3AaET AULIL BMAMMOCTb
paboTbl MO OLEHKE PUCKOB AAS PEAKMX BM-
AOB >KMBOTHbIX (cM. EcoSocio Analysts LLC,
2019). lpu oueHKe BO3MOXKHOIO BAMAHMS
Kanaracckort BOC Ha nonyaaummn murpu-
PYIOLLMX OPAOB MPOEKTUPOBLUMKM  BMOAHE
MOrAM Obl MCMOAB30BaTb MHCPOPMALMIO MO
MUIpaLMsM, KOTOPast AOCTYMHa OHAAWH Ha
MHTEPAKTMBHBIX KapTax®” *%, oAaHaKo 3TOro
He OblA0 caeraHo. Caabo npopaboTaHHbIA B
nAaHe OUEHKM PUCKOB AAd OuopasHoobpa-
318 NPOEKT ObIA MPOMYLLEH 3KCNepTamm BCex
MHBECTOPOB. DTO CBMAETEALCTBYET O TOM,
uTo B KasaxcraHe M30bITOYHOE MCMOAb30OBA-
HME AAHHbIX, OCAOXKHSIOLLMX CTPOMTEALCTBO
onacHbIx AAd OropasHooOpasms OObLEKTOB,
HE BbIFOAHO HM MHBECTOpPAaM, HU MPOEKTU-
poBLUMKAM M Oe3pasAMyHO rocannaparty, a
cAaboe rpakaaHckoe oOLeCTBO He B COCTO-
SIHUM NPOTMBOCTOSITb HACTYMAEHMIO OM3Heca
Ha npupoay. oaTomy, 4TOObI NPENATCTBO-
BaTb BHEAPEHMIO «TPSI3HBIX» TEXHOAOTMIA
(AaKe €CAM OHM BbIAAIOTCH 33 «3EAEHbIEY),
HEraTMBHO BAMSIOLLIMX Ha OuopasHoobpasue,
HEODOXOAMMO aKTMBHOE BAMSAHME Ha y4acT-
HMKOB PblHKAa CO CTOPOHbI IKCMEPTHOro COo-
o0LecTBa M AWML, NPUHUMAIOLLIMX PEeLIEHUS.
A AASL 3TOrO HEOOXOAMMA KauyeCTBEeHHas MH-
dpOpMaLIMOHHas MoAAep)KKa MCCAEAOBaHMIA
BO3MOXHbIX PUCKOB. [1O3TOMY AAS AAHHOM
cTaTbn OblAa MOCTaBAEHA OCHOBHAsA LEeAb —
AOHECTM AO IKCMEPTHOrO COOOLLECTBa U AML,
MPUHUMAIOLLMX peLLeHns, MHPOPMaLMIo O
Ba)KHOCTM BOCTOKa KaszaxcTaHa AAS XMLLHbIX
nT1u B MacliTabax EBpasnm 1 nokasartb, 4To
GOABLLOE YMCAO MTULL C OFPOMHON TEPPUTO-
pUK MOXET CTaTb xepTBamu pa3sutia BOC
Ha MaAeHbKOW TeppUTOPUM, Yepes KOTOopyio
MAET MOTOK MMWIPAHTOB KOHTMHEHTAALHOIO
MacwTtaba. Mbl Haaeemcs, YTO pe3yAbTaTbl
AAHHOTO MCCACAOBaHMS OYAYT MCMOAb30BaHbI
B OLeHKe NpoekToB pa3snTns BOC u npoek-
Tbl, MOTEHUMAABHO HamboAee OnacHble AAs
PEAKMX BUAOB MTULL, OYAYT OTKAOHEHbI.

B Hacroawee spems B 3LITMK B npeaeaax
KasaxcraHa pyHKUMOHMPYeT HeckoAabko BOC.
Momunmo >Kanatacckol, Takxke B 3LITMK, HO
BoCTOo4YHee KapaTay, 3anywieHa B 3KCMAya-
Taumio Kopaarickas BOC (N 43,334736° E
74,965691°) y noc. Kopaai >KamObiackom 00-
AacTu, pa3pabaTbiBaBLLAACA NPU MOAAEPIKKE
MPOOH (TpeaosaH 1 ap., 2008). B HacTos-
wee Bpemst a1a BOC cpopmmnposana 41 Typ-

57 http://rrren.ru/ru/migration/se2018
% http://rrren.ru/ru/migration/se2020

Kopaavickast BDOC. ®@oto IVY Photo.
Korday WPP. Photo from IVY Photo.

6uHoi Ha naowaan 1,55 km?. epBsas YacTb
BETponapka, BAAAEAbLIEM KOTOPOW ABASIETCS
TOO «Vista International», mMowHocTbio 21
MBT (cpeansis roaosas BbipaboTka: 72000
ThiC. KBT/4, koadpdpuuUMeHT ncnoab3oBaHmMs
YCTaHOBAEHHOW MoLLHOCTM: 40%) 3anylue-
Ha B 3KcnayaTaumio B 2014 r. Bropasa 4actb
BETponapka, BAAAEAbLIEM KOTOPOW ABASIETCS
TOO «Betpo Musect», mowHoctbio 30,65
MBT (cpeaHsas roaosas sbipaboTka: 114000
ThiC. KBT/4, koadpdprUMeHT ncnoab3oBaHmMs
YCTaHOBAEHHOM MoLLIHOCTM: 40%) 3anyLueHa
B 3KcnAyaTtaumio B 2014 r. (Kapra..., 2019).
B 2020 r. OblAM BBEAEHbLI B 3KCMAyaTaUMIO
ase BOC y noc. Kokrtaa 2KamObiAcKoM 0OAa-
ctn (N 43,287828° E 70,312958): BOC Kok-
Taa-1, BAaaeAbuem koTopol aeasetcs TOO
«Wind Power city» n KokTaa-2, BraseAbLiem
koTopoi siBasietcss TOO «Wind Electricity.
YcTaHOBAEHHast MOLLIHOCTbL Kaxkaon BOC 4,95
Ms (AO «KEGOC»..., 2020). O BAUSIHUM ITUX
BOC Ha nTuu Takoke HEeT HMKAKOW AOCTYMHOM
nHdpopmaLmm, ocobenHo no Kopaaiickoid
BOC, umeroweit 6oaee yem 5-A€THMI CPOK
aKCnAyaTaLmm.

CobcrBeHHO and KasaxcTana A0 cux nop
HET BOOOLLE HUKAKMX CBEACHMIA O rmbean
peakmnx BMAOB Ha BOC, HecmoTps Ha TO, UTo
HEKOTOpPbIE 13 HUX BBEAEHbI B IKCMAyaTaLMIO
B paiOHax C MNOBbILUEHHOW MAOTHOCTbIO MHEe3-
AFLLUMXCS M 3UMYIOLUMX KPYMHbLIX MepHaTbIx
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XMLHMKOB (McaTaiCkuidi paioH ATbipaycKown
obnacty, EpeiimenTay). OTa mHdopmaums
MAM UrHOpUpYeTCs BAaaeAbluamn BIC, nan
CNeumnanbHO CckpbiBaeTcs. M 3T1oT npobea
AOAXKEH ObITb 3aKpbIT B OAMKallee Bpems
LIeAEBbIMM MCCACAOBAHUAMM.

CosokynHoe Bo3aencTaue BOC Ha okpyxa-
IOLLYIO CPeAY MOXKET ObITb HMXKeE, Yem y Apy-
MMX MCTOUHMKOB IAEKTPOIHeprin (Sovacool,
2012; 2013), a yunTbIBasl L€AK MO COKpaLle-
HMIO BLIOPOCOB MAPHMKOBLIX A30B MOXHO
npeanoAaraTb, YTO BETPOBas 3HepreTMka Oy-
AET CTPEMUTEAbHO Pa3BMBATLCS, YTOObI CO-
KPaTWUTb MCMOAb30BaHME MCKOMAEeMbIX BUAOB
TOMAMBA M 3aTOPMO3UTb MOTEHLMAALHO He-
raTMBHYIO AMHaMKKY KAnmarta. Passutne BOC
OyaeT natn n B Kasaxcrane, HecMOTps Ha
MHoroumcaeHHble npobaembl (Opaos, 2012;
AHTOHOB, 2014; Karatayev, Clarke, 2014; Ata-
reabaneBa, Kaanmmodbetos, 2015; AxmeTkaAu-
eBa, 2020). B crtpare B 2009 r. ObIA NpUHAT
3aKOH «O roCyAapCTBEHHOM MOAAEPXKKE WC-
MOAb30BaHMS BO30OHOBASIEMbIX MCTOYHMKOB
aHeprumny» (3akoH..., 2009), KoTopbIi No3BO-
AMA 3HAQUUTEABHO YBEAMUUTbL FeHepupyloLme
MOLLUHOCTM Ha BMD3, yBeAnumB mx AOAIO AO
10% oT obLLero noTpebAeHMs IAEKTPUUECKOI
SHeprn n K 2024 1. HOBbIMM Ka3axCTaHCKM-
Mu BOC BeposdTHO yxKe OyaeT npou3BeAeHO
10 MApA. KBT/4ac anekTpoaHeprin, uto obe-

CNeYnT TrOAOBYID 3KOHOMMIO MCKOMaemMoro

TornAuBa B oobeme 3—3,5 MAH. TOHH U 3Haun-
TEAbHO YAYHLLMT 3KOAOIMYECKYI0 0OCTaHOBKY
B cTpaHe (Ynywes, boaatbek, 2012).

[TO3TOMY AAS COXpaHEHMSI PEAKMX BMAOB
MTULL HACYyLLHO HEeOOXOAMMbI peLLeHUs Ha
rocyAapCTBEHHOM YPOBHe O 3arnpeTte CTpou-
TeAbcTBa BOC C ropunsoHTaAbHOM OCbio Bpa-
LLIEHMS B MUTPALIMOHHBIX KOPMAOPAX, B 4acT-
HOCTM, Ha BCEM npotsxkennn 3LIIMK. Ho
TaK Kak BaXXHOCTb pa3BuTusa BOC oyesmaHa,
AOAXKHBI ObITb MPEANPUHATBI, ONSTb >Ke, FOCy-
AAPCTBEHHbIE YCMAMS MO MOAAEPXKKE pa3Bu-
TUS M BHEAPEHWS aAbTepPHATUBHbIX KOHCTPYK-
umit BOC, KoTopble He BAMSIIOT HeraTMBHO Ha
MUIPUPYIOLLMX MNTULL MU MOTYT YCTaHaBAMBATb-
CSl KaK TOYEYHO, TaK M B BUAE LIeAbIX MapKOB
B MMIPaLIMOHHbIX KOPMAOPAX 3a MpeseAamm
30Hbl OCTaHOBOK MTULL. K TakMM ycTaHOBKam
MO>KHO OTHECTH:

a) TypOMHbI C BepTMKaAbHOM ocbio (Hyams,
2012; Kjellin, 2012; Whittlesey, 2017;
Adefarati, Bansal, 2019; Li, 2019), kak, Ha-
npumep, BuHapoTtop boaotosa (boaoToB 1
Ap., 2007; boaotos, 2011), KOTOpPbLIA YyxKe
ncnoabsyetca B Kasaxcrane (MTAP-TACC,
2010; boaoToB, boaoToB, 2019; LLIKOAbHMK
M Ap., 20719) M NepcrnekT1BEH Kak AAS BHeApe-
HUS B NPeAnpUATMS MaAoro Om3Heca M 4acT-
Hble XO351MCTBa, OCOOEHHO YAAAEHHbIE OT L-
BuAnsaumn (borotos u ap., 2019; Polyakova
et al., 2019), Tak 1 AAS MHTErpauuu B peru-
OHaAbHble dHeproceTu, Npu HEKOTOPOM AO-
paboTke cMCTemM aBToMaTu3alMM M AucCreT-
yepckoro ynpabaeHuns (Mbpaes, Mycanmos,
2017), HO He uMeeT hMHAHCOBOI MOoAAEDK-
KM AASL pa3BUTUS;

6) BeTporeHepaTopbl Pe30HAHCHOW 3Hep-
MK, BbI3BAHHOW BETPOBLIMM 3aBUXPEHUAMM
(MCnoAb3yloLLMe SBAEHME a3poynpyroro pe-
3oHaHca) (Barrero-Gil et al., 2012; Mueller-
Vahl et al., 2013; Bodkhe, 2018; Haridass et
al., 2018; Paré-Lambert, Olivier, 2018; Vishnu
et al., 2019; Raghuwanshi et al., 2020), kak,
Hanpumep, Vortex Bladeless (Yanez, 2015;
2018; Francis et al., 2021), koTopble Mnoka
oTCyTCTBYIOT B KasaxcraHe, HO mmeloT Oo-
Aee Cepbé3Hylo (PMHAHCOBYIO M Hayu4HYIo
MOAAEPXKKY AASI MPOABMXKEHMS B 3apybex-
HbIX CTpaHax, Yem TypOMWHbI C BepTMKAAbHOM
OCblO, W, BEPOSITHO, B CKOPOM BPEMEHM CO-
CTaBAT CEepPbE3HYI0 KOHKYPEeHLIMIO KAaccuye-
CKMM BeTporeHepaTopam C FOPU30OHTaAbHOM
OCbIO BpaLLeHus.

Burapotop boaoTosa.

Bolotov Windrotor.



Raptor Research

Raptors Conservation 2021,43 193

PekomeHaaumm

AAS COXpaHEHMS XMLLHBIX NTUL, MUIPUPY-
owmnx B 3LUIIMK, B ocobeHHOCTM CTenHbIX
OpAOB, MpaBMTEAbCTBY KasaxcTana HeoOxo-
AMMO:

1. OObsgBMTb MOPATOPUIA Ha CTPOUTEAb-
CTBO HOBbIX BOC, MCNOAL3yIOLIMX AONACTHbIE
BETPOreHepaTopbl C FOPU30HTAALHOM OCbIO
BPALLEHN Ha BCEM MPOTHKEHUM OCHOBHO-
ro pycaa npoAéra xuiuHbix ntiu B 3LITMK.
JT0 He KacaeTca pa3sutna BIOC, ykomnaek-
TOBaHHbIX BMHAPOTOpamu boAoToBa mAn Be-
TporeHepaTopamMmn PE30HAHCHOW 3Hepruu,
yCTaHaBAMBAEMbIX 3a MPEACAAMM MECT KOH-
LEHTPaLMM  XMULLHMKOB Ha MWIPALMOHHBIX
OCTaHOBKaXx.

2. O6493aTb COOCTBEHHMKOB Y>Ke YCTaHOB-
AeHHbIX BOC MOAHOCTLIO OTKAIOHYATL MX Ha
113 AHel BO Bpemsi OCEHHEN Murpaumm c 5
aBrycra no 25 Hoa0ps 1 Ha 77 AHEN BO Bpe-
Msl BECEHHeW Murpaumm — ¢ 22 cpeBpass rno
9 Mag A0 Tex Mop, Noka UMK He OyAyT npu-
HATbI MEePbI MO aBTOMaTM3aumMmM npouecca oT-
KAIOYEHMS BETPOreHepaTopoB Mpu MosAéTe
K HAM MTUL NYyTEM YCTAHOBKM PaAapoB MAM
CTEPEOCUCTEM BUACOHADAIOAEHMS.

3. Paspabotatb HOBbIM CBOA npasBuA «[1po-
eKTUPOBaHMe BETPSAHbLIX SAEKTPOCTaHUMIA,
peraameHTupylowmnii npoektuposaHne BIC
B MeCTax, YyBCTBMTEAbHbIX AAS OMOpa3HOO-
Opasns, 1 nepedncadionii 00s3aTeAbHbIe
Mepbl MO CMArYEHUIO HEFaTUBHOTO BAMSIHMNS
BOC Ha 6uopasHoobpasme.

CobcrBeHHnkam BOC Heobxoanmo:

1. O3zaboTtnTbes ocHaweHnem BIC asTo-
MaTMUYECKUMM CUCTEMAMM MPEAYNPEKACHMNS
CTOAKHOBEHMI NTUL C TYypOMHAMM Ha OCHOBE
paAapoB MAM CTEPEOCUCTEM BMAEOHAOAIOAE-
HUS.

2. Ha nepuoa pabotsl BOC mexay murpa-
LMSAMM AO MX 0OOPYAOBAHMS aBTOMATUUECKM-
MM CUCTEMaMM MPEAYNPEXAECHNS CTOAKHOBE-
HUIA AASL CHUXKEHMS PUCKA CTOAKHOBEHMIA C
BETPOreHepaTopamm FHE3AALLMXCA U 3UMYIO-
Lwmnx B paroHe BOC nTuu npoBecTu nokpacky
AOMacTe B COOTBETCTBMM C peKOMeHAaLMs-
MU HOPBEXKCKMX MCCAeAOBaTeAeN (M. May et
al., 2020).

Xopouwei aabTepHaTUMBOW Pa3BUTUIO Me-
ra-BeTponapkos, Tpebylowmnx Cepbe3HbiX
3aTpaT Ha CMArYeHMe MX HeratMBHOro
BAMSAHMA HA NTUL, MOFAO Obl CTaTb pa3Bu-
THe ceTn 6e30MacHbIX AAS NTULL YCTaHOBOK
Maaon mouwHoctn, tuna BPTb, koTopble
MOFYT yCTaHaBAMBATbCA aBTOHOMHO Ha
npeAnpusTUaX Maroro 6usHeca, pepmax,
YAAAEHHBIX TEXHMYECKMX oObekTax Mpom-
NPEeANnPUATHUIA U AODBIBAIOLLIMX KOMMAHWUIA 1
HEe HEeCTM COMYTCTBYIOLUMX AAS MTUL YrpO3

B BMAe nTuueonacHbix AT M AONOAHM-
TEeAbHbIX AOPOT.

bAaroaapHocTu

PeaAm3aums AaHHOro npoekTa crana BO3-
MOXKHOW OAarosaps coTpyaHuyecTBy Poc-
CMICKOM CETU M3YUYEHUS M OXPaHbl NepHaTbIX
xnwHnkos (RRRCN) ¢ OO0 «CnbakoueHTpy»
(HoBocmbupcek, Poccuns) n Accounaunei co-
XpaHeHus OuopasHooOpasns  KasaxcraHa
(ACBK), B3sBLUMMKM Ha cebsi opraHM3aumio
akcneanumii B Poccum n KasaxcraHe. [Moa-
Aep>KaAM NpoekT domHaHcoBo: AaTae-CasiH-
ckoe otaereHne WWEF-Poccun, dpoHa «Mup
BOKpyr TebOsa» Kopnopaumn «Cubupckoe
3A0poBbey, Pycckoe reorpadpuyeckoe 06-
wecto (npoekt «Opabl Poccumy), Rufford
Foundation, Clobal Greengrants Fund, The
Altai Project / Earth Island Institute, THK
«Kazxpom», komnaHusi Aquila (npeaocrasu-
Aa 2 Tpekepa GecnaatHo), MME / BirdLife
Hungary, komnauusi «MeradpoH», a Takxke
yacTHble crnioHcopbl M.M. Tlaaxota n E.A.
[MaBroBa B pamkax npoekta «llacnopT aas
opAa». OrpoMHOE HYMCAO AIOAEM OTKAMKHY-
AOCb Ha Mpu3biB PMHAHCOBO MOAAEPXKATb
MPOCAEXKMBAHME OPAOB BO Bpems aKuUuu
«3aKnHb OpPAYy Ha MOOMAKY!», KoTopas OblAa
opraHusoBaHa C nomoubio LleHTpa peabu-
AMTALMKM  AMKMX XKMBOTHBIX (HoBOCHOMpCK,
Poccus). B opranmsaumm paboT Ha mecrax
MOMOIAM 3aMOBEAHMKM «YOCYyHypCKash KOTAO-
BMHay», «XaKacCckui» u Haunapk «CarnAorem-
CKMiA». B cBA3M € 3TMM, aBTOpbI BAarosapst
BCE MOAAEP>KaBLUME MPOEKT OpraHM3aumu, a
TaKXKe YaCTHbIX CMOHCOPOB, MHOIME U3 KOTO-
PbIX OKa3aAMCb HEM3BECTHbIMM. OTaeAbHas
HaaroaapHocTb Akennuncpep Kacthep, Bepe
Boporosoi n Cepreio CkasgpeHko 3a mMo-
MOLLb B MOMCKE MCTOYHMKOB CPMHAHCMpOBa-
Hus, Buktopun LLlypkunHon, AumHmero baa-
6aH-00Ay, Braancaasy KaHsaio, AaekcaHapy
Kykcuny, Aenncy MaankoBy n IpkuHy Taabl-
POBY 32 BCECTOPOHHIOIO MOMOLLbL B MOAEBOK
pabote B AaTae-CasiHCKOM pervoHe, AHHe
bapatukosoi, Pomany baxtuny, Aaexceto Ba-
runy, Cepreto BaxoBy, Aaekceto [pnubkosy,
bayprkany WMckakosy, lNpemcarapy Mectpu
(Premsagar Mestri), AnHe [NarxunHoi, Onery
LLunpsesy n ArekcaHapy MuAexmky 3a yda-
CTHEe B IKCNEeANLIMSX.

PaGota no onpeaeAeHuio MoAa OpPAOB
MOAEKYASAPHO-OMOAOTMUYECKUMM MeToAa-
MK OblAa noaaepykaHa nporpammoint Ne 41
[Mpe3nanyma PAH «bropasHoobpasme npu-
POAHBIX CUCTEM M OMOAOIMYECKMe pecypchl
Poccum» 1 nporpammoit  cpyHaaMeHTaAb-
HbIX Hay4HbIX MCCA@AOBaHMI (MpoekT 0310-
2019-0003).
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