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Pesiome

bepkyT (Aquila chrysaetos) — camblii KpynHbiii OpéA KasaxcTaHa, rHE3ASLLMIACS MPAKTUHECKM BO BCEX FOPHbIX
M AECHbIX paitoHax CTpaHbl. B Kapartay n Hy-MAMICKMX ropax COCPEAOTOYEHbI ABE KPYMHblE FHE3A0Bbl€ Py-
NMUPOBKM 3TOrO BMAA, KOTOpbIM € 20271 . yrpoxaeT pa3suTue ceTu BeTpoarekTpocTaHumii (BOC), Tak kak obe
3TUX FHE3AOBbIX FPYNMUMPOBKM COCPEAOTOUEHbI B MOLLIHLIX BETPOBbIX KOPUAOPAX, NEPCNEKTUBHBIX AAS BbIPDAaOOTKM
BETPOBOM 3Heprun. B xoae paboTbl Mbl CMOAGAMPOBaAM pacnpocTpaHeHune GepkyTa B Kapartay u Yy-Maniicknx
ropax, UCMoAb3ysi METOA KAaccudpmkaumm nzobpaxeHuii «Random Foresty, paccumTan UMCAEHHOCTb BMAA Ha
AAHHOMW TEPPUTOPUM W OLIEHWMAM YrPO3bl €0 FHE3A0BbIM FPYNMMPOBKAM CO CTOPOHbI Kak CyLLECTBYIOLLMX, TaK u
nepcnekTuBHbIx BOC. MAoliaab FrHE3A0NPUrOAHbIX AAS BepkyTa 61MoTonoB onpeaeaeHa B 18209,9 km?, naollasb
mMecToobuTaHmnii — 67602,43 km?. YncaenHnoctn 6epkyTa B KapaTay 1 Ha npuaeramoLmx TeppuTopmusx no cocro-
aHuio Ha 2024 . oueHeHa B 434-645, B cpeaHem 466 ruesasawmxca nap (M3sectHo 80 rHE3AO0BbIX y4acTKOB) M
1126-1674, B cpeaHem 1209 ocobeit C y4ETOM CAETKOB TEKYLLErO FoAa U HEMOAOBO3PEeAbIX NTHL, B Hy-MAnickmx
ropax — B 163-292, B cpeanem 222 rHesasiumecs napbl (M3BecTHO 40 rHe3A0BbIX Y4aCTKOB), U 422-757, B cpea-
Hem 575 ocobei. YncaeHHOCTb murpupylowmx Yepes Kapatay GepkyToB oueHeHa B 7276-11423, B cpeaHem
8386 ocobeit. B 30He BAMsHus JKanatacckoit BOC n BOC «LLioknap» paanmycom 4,5 KM 3a 3 roaa MCYe3AM Ha
rHe3AoBaHMM 3 napbl 6epkyToB. HYacTb NTUL U3 pacchOPMUPOBAHHBIX Map NOrMbAa B pe3yAbTaTe CTOAKHOBEHMS
C AONACTAMM BETPSHbLIX TYPOMH, YTO MOATBEPXKAEHO OCTaHKaMM ABYX 6epKyTOB, OGHapY KEHHbIX NOA TypOuHamu.
Ha ocrosanuu pacuétos B CRM «Band» Gblra co3aaHa kapTa pUCKOB C LIArOM ek 5 KM, NpeACTaBAsioLas
o060t OLIeHKY BEPOSTHOM rMbeAn opaos npu cTponTeAbcTBe BOC B aTux auelikax. Pe3yAbTaTbl AAHHOIO MCCAEAO-
BaHMS MPUMEHMUMbI AASl TAQHMPOBAHMS MEPONPUATKIA NO OxpaHe GepkyTa, aHaAM3a PUCKOB Pa3BUTUS HE TOALKO
BETPOIHEPreTUKM, HO U MHOTO 3eMAEMOAb30BaHM, BKAIOUAsi AODbIYY MOAE3HBIX MCKOMAEMbIX M AaXKe peKpeaLuio,
a TaKXKe AASl PeaAM3aUumnM KOMMEHCAUMOHHbLIX MEPOMNPUSATUIA aHTPOMOreHHOrO BMELIATeAbCTBA B MECTOOOUTaHNS
GepkyTa.

Pexomenayemas umtara: Kapskun 1.B., Knkos KM., Hukoaenko 3.1, Inaiidep E.IL, [Nyankosa M., KanténkuHa
A.l'. bepkyT B KapaTay 1 Yy-Maniickux ropax (KazaxcraH) n oueHka puckoB ero nonyAsiuMsiM CO CTOPOHbI Pa3B1Ba-
loLLIeiCs BeTpoaHepreTUku. — MNepHaTblie XMLLIHMKK 1 ux oxpaHa. 2024. Ne 48. C. 11-99. DOI:
10.19074/1814-8654-2024-48-11-99 URL: http://rrrcn.ru/ru/archives/36097

KatoueBble croBa: nepHaTble XULLHWKM, XMLLIHbIE NTULLI, 6epkyT, Aquila chrysaetos, MoaeAnpoBaHue pacnpocTpaHe-
HU1S BMAOB, BETpsiHble aaekTpocTaHumu, BOC, CRM Band, KapaTay, KazaxcraH.

INMocrynuaa B peaakunio: 20.11.2024 r. MpuHata k nybankaunn: 25.12.2024 1.
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Abstract

The Golden Eagle (Aquila chrysaetos) is the largest eagle in Kazakhstan, breeding in almost all mountainous and forested
areas of the country. In Karatau and the Chu-Ili Mountains, there are large breeding groups of this species, which have
been threatened by the development of a network of wind power plants (WPPs) since 2021 since both of these breeding
groups are concentrated in powerful wind corridors that are promising for wind energy generation. During the work,
we modelled the distribution of the Golden Eagle in Karatau and the Chu-Ili Mountains using the Random Forest image
classification method, calculated its numbers in this area and assessed the threats to its breeding groups from both exist-
ing and prospective WPPs. The area of breeding biotopes for the Golden Eagle is 18209.9 km?, and the area of habitats
is 67602.43 km?. The Golden Eagle population in Karatau as of 2024 is estimated at 434-645, on average 466 breeding
pairs (80 breeding territories are known), and 1126-1674, an average of 1209 ind., taking into account fledglings of the
current year and immature eagles, in the Chu-lli Mountains — at 163-292, on average 222 breeding pairs (40 breeding
territories is known), and 422-757, on average 575 ind. The number of Golden Eagles migrating through Karatau is esti-
mated at 7276-11423, with an average of 8386 ind. In the zone of influence of the Zhanatas and Shokpar windfarms,
which has a radius of 4.5 km, three pairs of breeding Golden Eagles disappeared over 3 years. Some of the birds from the
disbanded pairs died due to collisions with the blades of wind turbines, which is confirmed by the remains of 2 Golden
Eagles under the turbines. Based on calculations in the CRM “Band”, a risk map with a cell step of 5 km was created,
representing an assessment of the probable mortality of eagles during the construction of wind farms in these cells. The
results of this study apply to the conservation planning efforts of the Golden Eagle, analysing the risks of developing
not only wind energy but also other land uses, including mining and even recreation, and implementing compensatory
measures for human intervention in the Goolden Eagle’s habitat.

Recommended citation: Karyakin 1.V., Knizhov K.I., Nikolenko E.G., Shnayder E.P., Pulikova G.I., Kaptyonkina A.G.
Golden Eagle in Karatau and Chu-Ili Mountains (Kazakhstan) and Assessment of Risks to its Populations from
Developing Wind Energy. — Raptors Conservation. 2024. 48: 11-99. DOI: 10.19074/1814-8654-2024-48-11-99
URL: http://rrren.ru/en/archives/36097
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Beeaenue

bepkyT (Aquila chrysaetos) — camblii Kpyn-
HbIi U3 FHE3AALLMXCH OPAOB KasaxcTaHa, BHe-
cén B KpacHyio kHury KasaxcraHa B KaTero-
puu Il KaK «peakas NTMUA C COKpaLLAloLLIencs
yncaeHHoCTbIO» (bepesosunkos, 2010). B paae
mecT TaHb-LLlaHa cumTancs CpaBHUTEALHO
OObIYHbIM, FHE3A0BbIE FPYNMMPOBKM OepKyTa
OblAM BbISIBAEHbI B TaracCKOM AAaTay M Ha ce-
BEPHOW OKOHEYHOCTU Yy-MAnicknx rop, HO
npu 3Tom Beck Kapatay B KpacHoi kHure Ka-
3axcTaHa OblA MCKAIOYEH M3 FHE3A0BOMO apea-
Aa Buaa (bepesosukos, 2010), XoTs ero rxes-
AOBaHMe U MPUCYTCTBUE B FHE3A0BOM NEPUOA
3A€Ch OMMCAHO HECKOALKUMM MCCAAOBATEAS-
mu (Kopenros, 1962; TybuH, Kapnos, 2000;
Koabunues, 2004). A.®. Koswapb (2019) B
CBOE (pyHAAMEHTaABHONM CBOAKE MO MTMULIAM
Tanb-LLlaHa ncnpasma 3Ty owMOKyY, BKAIOYMB
Becb Kaparay B rHe3a0BoM apean 6epkyTa, Ha-
nucas, 4To «B TaHb-LLlaHe OepkyT rHesamTcs
MOYTH MOBCEMECTHO» M «OTCYTCTBME Ha KapTe
0003Ha4YeHMI BCTPEY B HEKOTOPbIX BHYTPEH-
HUX M I0XKHbIX paioOHaxX — BCErO AMLLb HEAO-
CTaTOK A2HHbIX O MECTax, B KOTOPbIX PEAKO
ObIBaAM OPHUTOAOTM». YNCAEHHOCTL DepkyTa,
Kak B 3anaAHbix oTporax TaHb-Lllang, Tak u

bepkyt (Aquila chrysaetos). @oto M. KapsikuHa.
Golden Eagle (Aquila chrysaetos). Photo by I. Karyakin.

BO BCEM KasaxcraHe, ocCTaBaracb HeM3BeCT-
HOW AO MocAeAHero Bpemenun (bepesoBuKos,
2010; Kosuapb, 2019), Ho, no mHenunio A.O.
Kostuapsa (2019), B uerom no TaHb-LLlaHio oHa
AOCTaTOYHO BbICOKasl.

LleAblii psiA MCCAGAOBAHMIA yKa3blBaeT Ha
TO, YTO OEPKYT yA3BMM K Pa3BUTUIO BETPOI-

Introduction

The Golden Eagle (Aquila chrysaetos, fur-
ther GE) is the largest of the breeding eagles
of Kazakhstan, listed in the Red Data Book of
Kazakhstan in category Il as a “rare bird with
declining population numbers” (Berezovikov,
2010). In Tien Shan, considered ordinary,
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HepreTukn. ITOT KPYNHbIA OPEA, BO-NEPBbIX,
nornbaeT B pe3yAbTaTe€ CTOAKHOBEHWS C
AOMACTAMM  TYpOMH  BETPOIAEKTPOCTAHLIMIA
(BDC), BO-BTOpLIX, MOKMAAET MeCcTooOu-
TaHus, 3acTpanBaemble TypOuHammu (Hunt
et al, 1995; 1997, 2017; Hodos, 2003;
Walker et al., 2005; Smallwood, Thelander,
2005; 2008; Tapia et al., 2009; Katzner et
al., 2012a; 2015; 2016; 2020; Pagel et al.,
2013; Johnston et al., 2013; 2014a; New et
al., 2015; Watson et al., 2018; Fielding et al.,
2021; 2022). B 10 e Bpemsd, B KazaxcraHe
BETpPO3HEpreTMka pa3sBMBAETCH AOCTaTOYHO
ObICTPbIMM Temnamu, n ecan B 2014 r. npoms-
BOACTBO BETPOBOM HEPrun B CTpaHe COCTaB-
Asino 0,01 TBT/u, To B 2023 1. 310 yxe 3,93
TBT/u (Ritchie et al., 2024). B HacTosLLIee Bpe-
ma B Kasaxcrane aerictsyet 59 BOC obuiei
mMowHocTelo  1409,55 MBT (QazaqGreen,
2024), B TOM umcAae 2 0coDO OMacHbIX AAA
ntuu BOC, noctpoerHble B ropax Kaparay, —
Kanaracckas u «LLloknap» (KapsikuH 1 ap.,
2021; KapsakuH, 2023). Ha craanm npoek-
TpoBaHus HaxoamTcs BOC B “y-Manickmx
ropax 6An3 n. MUPHbINA, MOLLIHOCTb KOTOPOM
coctaBuT 50% oT obLuero obbéma Bcex 00b-
ekToB BMD, BBEAEHHLIX B 3KCMAyaTauUMio B
Kazaxcrane k 2023 r. (QazaqGreen, 2023).
Takxxe Abu Dhabi Future Energy Company
PJSC — Masdar 1 MuHKUCTEPCTBO dHEPreTUKM
Pecnybankn Kaszaxcran noanmcaamn coraatue-
Hue o pa3paboTke npoekta B3C MOLWHOCTbIO
1 I'BT Ha Kapartay B >Kambbiackoi obaactm
(Juru, 2024; KEGOC, 2024). CookynHoe
BAMaHMe 3Tux BOC Ha nonyasumio GepkyTta
Hen3BecTHO. OHO MOXKET OKa3aTbCs HeraTmB-
HbIM NPU AaAbHeNLem passutum cetn BOC B
Kaparay u Yy-Maniicknx ropax, ecam dyaet
MPOUCXOAUTL MO aHaAorum € KaHaTacckou
BOC n BOC «lLloknap», npu npoekTnposa-
HUM KOTOPbIX ObIAM MOAHOCTbIO NMPOUTHOPYM-
POBaHbl PUCKM AAS DEPKYTa 1 ADYTUX PEAKMX
BMAOB, a MTUUE3ALUMTHLIE MEPOMNPUATUS He
NPEAYCMOTPEHbI 1 HE PEAAM30BaHbI.

YTO0ObI MOHATL pacnpoCTpaHeHue U 4uc-
AeHHocTb OepkyTa B Kapatay n Yy-Maniickmnx
ropax, OUEHWTb BAMSHME CyLLECTBYIOLLMX,
npoexkTupyembix 1 runotetmdeckix BOC Ha
€ro MOMyAsUMIO M CMPOrHO3MpOBaTh BO3-
MOXXHbIW yLIepO OT AaAbHEMLIEro pasBuTHS
BETPO3HEPreTUKM B pACCMaTPUBAEMOM peru-
OHE, Mbl MPOBEAM LIeAEBble UCCACAOBAHUS B
2022-2024 rr. o pe3yAbTaTam 3THX UCCAE-
AOBaHMI MNOArOTOBAEHA HACTOSLLIAS CTaTbs.

MeToauka uccaeroBaHmii

AAl MOHUMAHUA MPEXHEro pacnpocTpa-
Henns Oepkyta B Kapatay n Yy-Mamickmx
ropax Mbl MPOBEAM MOWUCK CTaTel, coaep-

breeding groups of the further GE were identi-
fied in the Talas Alatau and at the northern
end of the Chu-Ili Mountains. Still, in the Red
Data Book of Kazakhstan, the entire Karatau
was excluded from the nesting range of the
species (Berezovikov, 2010), although its nest-
ing and presence in the nesting period here
are followed by several researchers (Kore-
lov, 1962; Gubin, Karpov, 2000; Kolbintsev,
2004). A.F. Kovshar (2019), in his fundamen-
tal summary of the Tien Shan bird, corrected
the error, included the whole of Karatau in the
nesting range of the GE, writing that “in the
Tien Shan, the GE nests almost everywhere”
and “the absence on the map of designated
meetings in some internal and southern re-
gions is just a lack of data from places that
ornithologists have rarely visited”. The num-
ber of GEs, both in the western spurs of the
Tien Shan and in all of Kazakhstan, remains
unknown until recently (Berezovikov, 2010;
Kovshar, 2019), but, according to A.F. Kov-
shar (2019), in general, in the Tien Shan, it is
pretty high.

Several studies indicate that GE is vulner-
able to wind energy development. This large
eagle, firstly, dies as a result of collisions with
the blades of wind turbines on the wind
power stations (WPPs), and secondly, leaves
habitats on which the turbines are built (Hunt
et al., 1995; 1997; 2017; Hodos, 2003;
Walker et al., 2005; Smallwood, Thelander,
2005; 2008; Tapia et al., 2009; Katzner et
al., 2012a; 2015; 2016; 2020; Pagel et al.,
2013; Johnston et al., 2013; 2014a; New et
al., 2015; Watson et al., 2018; Fielding et al.,
2021; 2022). At the same time, wind energy
is developing reasonably rapidly in Kazakh-
stan. In 2014, wind energy production in the
country was 0.01 TWh, and in 2023, it was
already 3.93 TWh (Ritchie et al., 2024). Cur-
rently, there are 59 WPPs with a total capac-
ity of 1,409.55 MW operating in Kazakhstan
(QazaqGreen, 2024), including two WPPs
that are especially dangerous for birds, built in
the Karatau Mountains — Zhanatas and Shok-
par (Karyakin et al., 2021; Karyakin, 2023). A
WPP in the Chu-lli Mountains near the village
of Mirny is at the design stage, the capacity
of which will be 50% of the total volume of
all renewable energy facilities commissioned
in Kazakhstan by 2023 (QazaqGreen, 2023).
Also, Abu Dhabi Future Energy Company PJSC
— Masdar and the Ministry of Energy of the Re-
public of Kazakhstan signed an agreement to
develop a T GW wind farm project in Karatau
in the Zhambyl region (Juru, 2024; KEGOC,
2024). The cumulative impact of these wind
farms on the golden eagle population is un-
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XaLlnx KalodeBble croBa «bepkym + Aquila
chrysaetos + «Kapartay» + «Yy-Maniickue
ropb», B 0as’ax AaHHbIX UMTUPOBAHWUS Ha-
yuHbix ctateit, B Google Scholar u B oTkpbI-
TbIX DAEKTPOHHbIX OMOAMOTEKAX, TakKMX Kak
DAeKTpoHHas Brorornyeckas 6ubanoteka’,
DyHAameHTaAbHas JAEKTPOHHas 6ubAnoTeka
«®nopa u dpayHa» A. LLinnyHosa'’, B pasae-
Ae «[Tybamkaumm» Ha carnte MHcTuTyTa 300-
AOTUMKM MuHKUcTepcTBa 00pa3oBaHUs U HayKu
Pecnybankn Kasaxcran’?, a Takxe B apxuse
nybAMKaumii POCCMICKON CeTU U3ydeHus K
OXpaHbl MepHaTbIX XMWHUKOB™. B ntore ang
paccmaTpuBaemoli TeppuTopmun Obiro cobpa-
HO 102 HabAOAEHMS, CMMUCOK KOTOPbLIX NpH-
BoAnTCA B [NpuAaoskeHnn 17,

MelI ckauaamn Habop aaHHbix M3 GBIF' (GBIF.
org, 2024), Bkalovaiomii 304 HabAOAeHMS
u3 eBird (Auer et al., 2024), 92 HabAOAEHNA
13 pasaeia «llepHaTble XMHMKK Mupay» Bed-
MMC «®ayHuctukar (Karyakin et al., 2020), 24
HabAloaeHms 13 iNaturalist (iNaturalist, 2024),
6 HabAoaeHnn 3 Observation (Observation.
org, 2024), no 5 HabAloaeHnit 3 Naturgucker
(Naturgucker.de, 2024) n BA «OHAaiH AHEB-
HUKKM HabAoaeHnid Nty (Ukolov et al., 2019)
1 co3aaan Habop aaHHbIX ¢ caita Kazakhstan
Birdwatching Community’® B dhopmate MS
Excel, BbiGpas oTTyaa 87 HabAOAeHMIT Bepky-
Ta Ha Kaparay v B Yy-Maniicknx ropax ¢ npm-
AeraoLmMmm Tepputopmsamu 3a 2004-2024 rr.
(AkMmKkaHoBa 1 ap.., 2022): oba Habopa aaH-
HbIX B cpopmaTe MS Excel aocTynHbl Ha caiite
RRRCN B IMpuaoxenun 174,

MepBble LeAeBble MCCAEAOBAHMS THE3A0-
BbIX rpynnupoBok OepkyTa B ropax Kapa-
Tay M Ha MpuAeralomx Tepputopusax Obian
nposeaeHbl Hamm B 2005 1 2010 rr., B Yy-
Maniickmnx ropax — B 2009-2010 rr. Toay-
YeHHble CBeAeHMs ObIAM 3arpy>keHbl B pas-
aen «[epHatble xuwHKMkKM Mupa»'” Be6-TMC
«DayHnUCTHKa» POCCMIMCKON CeTM U3ydeHns n
OXpPaHbl MepHaTbIX XWULLHWUKOB, OTKYAQ BblBe-
AeH Habop AaHHbIX B popmarte Lueiin-cpaiina
AAS AaAbHeNen o6paboTkm B TMC. boabLuas
4acTb 3TUX CBEAEHWI paHee HWUrAe He MyOAu-
KOBaAacb, AMLLb MHCPOPMALIMS O FHE3AOBbIX
ydacTkax H6epkyTa B ceBepo-3anaAHoOi 4acTu
Kaparay (okoHeuHocTb ChipaapbuHckoro Ka-
paTay), oTHocsauwerocs k 6acceiHy p. Capbl-
cy, OblAa BKAIOYEHA B MyOAMKAUMIO MO XMLL-
HbiM NTMUAm GacceiHa 3Toi pekn (KapsakuH
n aAp., 2008) 1 B IKCNEAULIMOHHbIE 3aMETKM
2005 r. (KapsiknH, bapabawmH, 2006).

known. It may be harmful with further devel-
opment of the wind farm network in Karatau
and the Chu-Ili Mountains if it happens in the
same way as in the Zhanatas and Shokpar
wind farms, the design of which completely
ignored the risks to the Golden Eagle and oth-
er rare species, and bird protection measures
were not provided for or implemented.

Methods

To understand the previous distribution of
the GE in Karatau and the Chu-lli Mountains,
we searched for articles containing the key-
words “Golden Eagle” + Aquila chrysaetos +
“Karatau” + “Chu-lli Mountains” in scientific
article citation databases, Google Scholar, and
open electronic libraries such as the Electronic
Biological Library™, the Fundamental Electronic
Library “Flora and Fauna” of A. Shipunov?, in
the “Publications” section on the website of the
Institute of Zoology of the Ministry of Education
and Science of the Republic of Kazakhstan™,
and the archive of publications of the Russian
Raptor Research and Conservation Network
(RRRCN)™3. As a result, 102 observations were
collected for the considered territory, the list of
which is given in Appendix 1.

We downloaded a dataset from GBIF"®
(GBIF.org, 2024), including 304 observations
from eBird (Auer et al., 2024), 92 observations
from the “Raptors of the World” section of the
“Faunistics” web GIS (Karyakin et al., 2020),
24 observations from iNaturalist (iNaturalist,
2024), six observations from Observation (Ob-
servation.org, 2024), five observations each
from Naturgucker (Naturgucker.de, 2024) and
the Birds observations database from Russia
(Ukolov et al., 2019) and created a dataset
from the Kazakhstan Birdwatching Community
website™ in MS Excel format, selecting 87 GE
observations from there on Karatau and in the
Chu-lli Mountains with adjacent territories for
2004-2024 (Akimkanova et al., 2022): both
data sets in MS Excel format are available on
the RRRCN website in Appendix 1.

The first targeted studies of the breeding
groups of the GE in the Karatau Mountains
and adjacent territories were conducted by us
in 2005 and 2010, in the Chu-lli Mountains
— in 2009-2010. The obtained information
was uploaded to the section “Birds of Prey of
the World”"” of the web-GIS “Faunistics” of
the RRRCN, where a data set was extracted
in shapefile format for further processing in
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B 2022-2024 rr. mMbl NPOBEAM YaCTUYHbIN
MOHWUTOPUHI M3BECTHbIX FTHE3A0BbLIX Y4aCTKOB
6epkyTta B Kapatay, a B 2023-2024 rr. — B
Yy-MAniickmnx ropax, a Takke 0OCAEAOBaAM
paHee He noceluaBLIMeCs TePPUTOPUN, YTO-
Obl YTOYHWUTL A€TAAM PACMPOCTPAHEHNS BMAA
M €ro YNCAEHHOCTb. Bce cobpaHHble AaHHbIE,
Kak u paHee, OblAn BHeceHbl B pasaen «[lep-
HaTble XWLLHUKKM Mupa»'” Be6-TMC «DayHu-
CTUKa».

[ToAeBble MCCAEAOBAHMS MPOBOAMAMCL B
COOTBETCTBMU C METOAMHYECKUMMU PEKOMEH-
AALIMAMM MO U3YHEHMIO NEPHATBLIX XMLLIHMKOB
(Kapsakun, 2004) 1 AeTaAbHO OMMcaHbl B CTa-
Tbe o0 cTepssiTHuKe (Neophron percnopterus)
B Kaparay (KapakuH u ap., 2022a), rHesas-
LLIEMCS B CXOXMX C OEPKYTOM YCAOBUSX.

KoopanHatbl MecT oOHapy»eHus NTul u
MX THE3A ornpeaeAsiach ¢ romotubio GPS/
FANOHAC-HaBMratopoB MAM B nporpamme
LocusMap™ Ha cmapTtdpoHax. MHcpopmaLms
O HalAEHHbIX NTMLAX M FHE3AAX 3aHOCUAACH B
BEAOMOCTM yuéTa Mo YCTaHOBAEHHOI dhopme.

Kak 1 B paboTe no crepBaTHMKY (KapsakuH
n ap., 2022a) rue3sosas Tepputopusa Oep-
KyTa CYMTaAaCh 3aHSTOW, €CAM HabAIOAAAOChH
MPUCYTCTBME Mapbl MTULL C FTHE3A0BbIM MOBe-
AeHMEM (TOKOBOE MoBeAeHMe camua B npu-
CYTCTBMM CaMKM, KOMYASAUMS B FHE3AOMPU-
rOAHOM GMOTOME, NMPUHOCHI AODbLIYM B OAHO
M TO XKe MeCTO, 3aLumnTa Tepputopum). NHésaa
CYMTAAMCb aKTUBHbIMM, €CAM B HMX HaDbAlOAA-
AMCb HAaCWXKMBAIOLLME NTULbI, NTEHLbI, Aiiua,
OCTaTKM SAMYHOM CKOPAYMbI MAM MTEHLIOBOrO
nyxa, AMOO OHM ObIAM MOAHOBAEHbI U B FHe3Ae
MUMEACS HACeAHOM MyX. YCnellHbIMKU CHuTa-
AMCb THE3AQ, M3 KOTOPLIX YCMELIHO BbIAETEA
x0T 661 1 nTeneu. Ho Tak Kak 60AbLIas YacTb
FHE3A MPOBEPSAACh TOABKO OAHOKPATHO B
CE30H PAa3MHOXEHMSI, TO AASl LeAeH AaHHOM
CTaTbW Mbl OMEPUPYEM MOHATUEM yCNeLHOoe
FHE3A0 Ha MOMEHT MPOBEPKM — 3TO FHE3AO,
B KOTOPOM Ha MOMEHT MPOBEPKM HAXOAMA-
€ XOTS Obl OAMH XXMBOW NTEHEL MAM HacK-
KMBaemasl KAaaka. [1OKMHYTOM rHe3A0BOM
TEePPUTOPUEN CUMTaAM YHACTOK, Ha KOTOPOM
obHapy>keHO cTapoe rHes3ao 6e3 npu3Hakos
noceLeHNs NTMLAMM U Ha yHacTKe NTULLbI He
BCTPEYEHbI.

Anst paboTbl MO NPoeKTy GbiAK CPOPMMpPOBa-
Hbl MCCAAOBATEAbCKME YNkl (0AHa B 2005—
2010 1 2023 rr. v aBe — B 2022, 2024 rT.), KO-
TOpbl€ NEPEABMIraAMCh Ha aBTOMOOMASIX Mo-
BblLLEHHOM npoxoanmocTtu (YA3 «llaTpmot»
n Toyota Prado). O6lias npoTsKEHHOCTb
aBTOMapLUpyToB B 30He paboTbl B 2005-
2024 rr. coctaBunaa 36198 km (puc. 1), B Tom

8 http://www.locusmap.app

the GIS. Most of this information has not been
published anywhere before, only information
on the nesting sites of the Golden Eagle in the
northwestern part of the Karatau (northwest-
ern end of Syr Darya Karatau), which belongs
to the Sarysu river basin was included in the
publication on birds of prey in the basin of
this river (Karyakin et al., 2008) and in the ex-
pedition notes of 2005 (Karyakin, Barabashin,
2006).

In 2022-2024, we partially monitored
known CE breeding territories in Karatau and
in 2023-2024 — in the Chu-lli Mountains.
We also surveyed previously unvisited areas
to clarify the details of the species distribution
and its abundance. All collected data, as be-
fore, were entered into the section “Raptors
of the World”'” of the web-GIS “Faunistics”.

Field studies were carried out according to
the methodological recommendations for the
study of raptors (Karyakin, 2004) and are de-
scribed in detail in the article on the Egyptian
Vulture (Neophron percnopterus) in Karatau
(Karyakin et al., 2022a), which nests in condi-
tions similar to the GE.

The coordinates of the locations of bird de-
tection and their nests were determined using
GPS/GLONASS navigators or in the LocusMap
program on smartphones. Information about
the birds and nests found was entered into re-
cords in the established form.

As in the work on the Egyptian Vulture (Kar-
yakin et al., 2022a), the breeding territory of
the GE was considered occupied if the pres-
ence of a pair of birds with nesting behaviour
was observed (lekking behaviour of the male
in the presence of the female, copulation in
a suitable nesting biotope, bringing prey to
the same place, defending the territory). Nests
were considered active if incubating birds,
chicks, eggs, remains of eggshells, or nest-
lings were observed in them, or they were
renewed, and there was a nestling’s down
in the nest. Nests were considered success-
ful if at least one nestling successfully fledged
from them. However, since most nests were
checked only once during the breeding sea-
son, for this article, we use the concept of a
successful nest at the time of inspection — this
is a nest in which, at the time of inspection,
there was at least one live nestling or incubat-
ing clutch. An abandoned breeding territory
was considered where an old nest was found,
with no signs of bird visits and no birds en-
countered.

Research groups were formed to work on
the project (one in 2005-2010 and 2023,
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uncae B ropax Kaparay B 2005-2024 rr.
— 24816 kM (2005 r. — 312 km, 2010 r. —
2180 km, 2022 r.—7933 km, 2023 1. = 1231 KkMm,
2024 r. — 1348 kM), B Yy-Maniicknx ropax s
2009-2024 rr.— 7950 kM (2009 r. — 510 KM,
2010 r.—489 kM, 2022 1. — 1357 km, 2023 1. —
2830 kM, 2024 r. — 2764 KMm).

B Kapatay B 2005 r. ObiAa 3aA0XKeHa MAO-
LLIAAKA Ha €ro CeBepo-3anaAHOM OKOHEYHO-
CTU, NAOLLIAAb KOTOPOI cocTaBuaa 491,96 km?.
B 2010 r. ObinO 3ar0keHO yxke 11 yuéTHbIX
NAOLLAAOK 00LLen naowaasio 1273,2 km? 1
AMHEWHbIE MapLUPYTbl MPOBEAEHbl Ha 6-Tu
y4acTKax YMHKOB B CEBEPHbIX Npearopbsx Ka-
patay, obuiei npoTskeéHHocTbio 20,85 Km.
B 2022 r. 3aecb ObIAO 3aA0XKEHO 16 YUETHBIX
NAOLLAAOK 00Llen naowwaabio 4191,54 km?,
4aCTb M3 KOTOPbIX YaCTUYHO MepeKpbiBasach
¢ naowaakamu 2010 r. MaoLLasb nepexpbITms
coctasnaa 521,72 km?. B 2024 r. yuéTHas nao-
Lwaab OblAa paclumpeHa elwé Ha 391,78 km? 3a
CYET 0ObEAMHEHMS 2-X MAOLLAAOK, 0DCAEAO-

Puc. 1. MapiupyTbi (BBepXy) 1 y4ETHbIE NAOLLAAKM
(BHM3y) B 2005-2024 rr. Hymepaums naoLasok cooT-
BETCTBYET Hymepaumu B TabA. 6—7. YCAOBHbie 0003Ha4e-
Husi: A — FpaHmLIbl CTpaH.

Fig. 1. Field research routes (upper) and surveyed plots
(bottom) in 2005-2024. Plots numbering corresponds to
that in tables 6-7. Legends: A — borders of countries.

and two in 2022 and 2024), which travelled
in off-road vehicles (UAZ Patriot and Toyota
Prado). The total length of vehicle routes in
the work area in 2005-2024 was 36,198 km
(Fig. 1), including in the Karatau Mountains
in 2005-2024 — 24,816 km (2005 — 312 km,
2010 - 2,180 km, 2022 — 7,933 km, 2023 —
1,231 km, 2024 — 1,348 km), in the Chu-lli
Mountains in 2009-2024 — 7,950 km (2009
~ 510 km, 2010 — 489 km, 2022 — 1,357 km,
2023 — 2,830 km, 2024 — 2,764 km).

In 2005, a site was laid out at the northwest-
ern end of Karatau, 491.96 km?. In 2010, 11
survey sites with a total area of 1,273.2 km?
were established, and linear routes were drawn
on six sections of cliffs in the northern foothills
of Karatau, totalling 20.85 km. In 2022, 16 sur-
vey sites with a total area of 4,191.54 km? were
established here, some of which partially over-
lapped with the 2010 sites. The overlap area
was 521.72 km?. In 2024, the survey area was
expanded by another 391.78 km? by combin-
ing two sites surveyed in 2022 and the territory
between them. Thus, the total accounting area
(the overlapping territory of the sites is consid-
ered a single area) in Karatau by 2024 amount-
ed to 5,823.03 km? (Fig. 1).

In 2009, 4 survey plots with a total area of
2,270.3 km? were established in the Chu-Ili
Mountains. In 2010 and 2022, we visited one
breeding territory of GEs. In 2023, the 4" new
survey plot (3,959.2 km?) was surveyed in
detail, and in 2024, the survey area was ex-
panded by 115.9 km? by surveying the terri-
tory adjacent to one of the plots established
in 2009. Thus, the total survey area (the over-
lapping territory of the plots is counted as a
single one) in the Chu-Ili Mountains in 2024
was 7,514.81 km? (Fig. 1).

At the survey plots (the total survey area
was 13,337.84 km?), we tried to minimise the
omission of eagles and identify all GE nests lo-
cated at the plots. Only at one site, including
the Zhanatas wind farm and the Shokpar wind
farm, in 2024, the routes were repeated three
times per season from mid-April to the end
of August to exclude the omission of breeding
birds. Nevertheless, our calculations consider
the number of GEs at the plots absolute de-
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TunuyHbie mecta
rHe3aoBaHus 6epkyTa
B Kapatay (boparaa#) —
caesa m Yy-Maniickmx
ropax — crpasa.

®oto M. KapskuHa.

Typical nesting sites

of the Golden Eagle

in Karatau Mountains
(Boraldai) — on the

left and the Chu-Ili
Mountains — on the right.
Photos by I. Karyakin.

BaHHbIX B 2022 I. 1 TeppUTOPUM, AeXKallen
MeXAY HumM. Takum 0Opas3om, obLias ydér-
Hasl MAOLLAAb (MepeKpbIBalOLLIAsCA TeppPUTO-
pu1si NMAOLLIAAOK yUTeHa Kak eAmHasl) B Kapartay
Kk 2024 r. coctasmaa 5823,03 km? (puc. 1).

B Yy-Manicknx ropax B 2009 r. 6biro 3a-
AOXEHO 4 yYETHbIX MAOLLIAAKM OOLIer nAo-
waabto 2270,3 km2. B 2010 u 2022 rr. Mbl
MOCETUAM 3A€Cb MO OAHOMY THE3AOBOMY
yuactky 6epkyTos. B 2023 r. ObiAa AeTaAb-
HO oOcAaeaoBaHa 4-9 HOBas y4€THas MAO-
waaka (3959,2 km?), a B 2024 r. paclumpe-
Ha Ha 115,9 kM? y4€THas nAoLLaAb 3a CYET
00CACAOBAHNS TEPPUTOPUM, NPUAETAIOLLEN K
OAHOM M3 MAOLLAAOK, Bbla€A€HHbIX B 2009 .
Takum obpasom, obulas y4yéTHas nAoLLaAb
(NepeKpbIBaIOLLAACH TEPPUTOPHUS MAOLLAAOK
ydTeHa Kak eamHas) B Hy-MAnickmux ropax B
2024 r. coctaBuaa 7514,81 km? (puc. 1).

Ha y4éTHbix naowlaskax (oOwiast y4€THas
nAoLLaAb coctaBuaa 13337,84 km?) Mbl cTa-
PaAMCb MUHMMM3MPOBATL MPOMYCKM OPAOB M
BbISIBUTbL BCE HE3Aa OepkyTa, pacnoAaraBLum-
€Csl Ha MAOLLIAAKax. TOAbKO Ha OAHOM MAOLLAA-
Ke, Bkalovalowlei JKanaracckyio BOC n BOC
«Lloknap» B 2024 r. MapLIpyTbli NOBTOPSAMCh
TPM>KAbI 33 CE30H C CEPEAMHbI arnpeAs Mo KoHew
aBrycra, 4ToObl MCKAIOYMTL MPOMYCK MHE3AS-
LLUMXCA NTULL Tem He MeHee, NpM pacuéTax Mbi
CUYMTaEM YNCAEHHOCTb OepKyTa Ha MAOLLIAAKAX
abCOAIOTHOM, HECMOTPS Ha OMPEACAEHHYIO Be-
POATHOCTb NMPOMYCKa MHE3AALUMXCS nap.

Bce wm3amepeHus, 3a MCKAIOYEHMEM a3u-
MyTa, nposoananck B ArcView GIS 3.3 ESRI
B npoekumn Orthographic (Datum: WGS

spite a certain probability of missing breeding
pairs.

All measurements, except for the azimuth,
were carried out in ArcView GIS 3.3 ESRI in
the Orthographic projection (Datum: WGCS
84, Spheroid: Sphere, Central Meridian: 70,
Reference Latitude: 45).

The modelling of the species distribution
was carried out in complete analogy with the
work on the Egyptian Vulture (Karyakin et al.,
2022a).

To determine the preferences of the GE
in choosing suitable biotopes and to model
them, we determined environmental variables
at the scale of the microenvironment — within
a radius of 100 m around the nest, and the
microenvironment — within a radius of 1 km
around the nest.

To classify suitable breeding biotopes, we
used regularly occupied active nests in the
breeding territories of pairs and alternative nests
in which breeding was observed in the past, lo-
cated 500 m and further from active nests, to
avoid pseudo-replication of parameters.

From the RRRCN database, we selected
234 points of GE presence, from which we ex-
cluded duplicates of repeated checks and en-
counters of single birds, leaving only nests and
encounters of breeding pairs. We also exclud-
ed two nests whose accuracy was not high be-
cause they were discovered during an inspec-
tion of gorges with a telescope and were not
visited. We included 155 GE presence points
in the analysis, which describes 135 nests and
20 pair registrations in 118 different breeding
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84, Spheroid: Sphere, Central Meridian: 70,
Reference Latitude: 45).

MoaeAnpoBaHme pacrnpocTpaHeHus Buaa
MPOBOAMAOCH MO MOAHOM aHaAormMmn c pabo-
TOW No cTepBATHMKY (KapakuH u ap., 2022a).

AAst onpeaeAeHust npeanoyTeHnin GepkyTa
B BbIOOPE rHE3AOMPUIOAHBLIX OMOTOMOB U AAS
MX MOAEAVPOBAHMS Mbl OMPEAGANAM MEPEMEH-
Hble OKPY>KaloLLIe CpeAbl B MacLLTabe MUKPO-
cpeabl — B paanyce 100 M BOKpyr rHesaa, u
MaKpocpeabl — B paanyce 1 KM BOKPYT rHe3Aa.

AASl KAACCHMCPMKALMKM  FHE3AOMPUIOAHBIX
OGMOTOMNOB Mbl MCMOAb30BAaAN HE TOAbKO pe-
TYAIPHO 3aHMMaeMble aKTUBHble THE3Aa Ha
FHE3A0BbIX TEPPUTOPUAX Map, HO M aAbTEpHa-
TUBHbIE FHE3AQ, B KOTOPLIX PAa3MHOXXEHMe Ha-
BAIOAAAOCH B MPOLUAOM, HO KOTOPbIE YAQAEH
Ha 500 M 1 AaAee OT aKTMBHBIX THE3A, YTOObI
n3bexartb NCeBAOPENAMKaLIMM NapameTpoB.

M3 6a3bl AaHHLIX RRRCN Hamm Obian oTobpa-
Hbl 234 TOUYKM NpUCyTCTBMS OepkyTa, U3 KOTo-
PbIX Mbl MCKAIOYMAM AYOAM MOBTOPHbIX NpOBe-
POK M BCTPEYM OAMHOUHBIX MTULL, OCTABMB TOAb-
KO FHé3Aa M BCTPEUM rHe3Aqmxcs nap. Takke
Mbl UCKAIOUMAM 2 THE3AQ, TOYHOCTb MPUBA3KM
KOTOPbIX OblA HEBLICOKOM, 13-3a TOTO, YTO OHM
OblAM OBOHapY>KEeHbI MPU OCMOTPE YLLIeAWIA B
TPyOy M He NocelaAmchb. Mbl BKAIOYMAM B aHa-
An3 155 Touek npucyTcTBms GepkyTa, KOTopble
onucbiBaloT 135 rHé3a u 20 permcTpaunii nap
Ha 118 pasAMUHbIX THE3A0BbLIX yHacTKax B Kapa-
Tay (97 Touex Ha 78 ydacTtkax) n Yy-Manickmx
ropax (55 Touek Ha 40 yyacTkax).

MapameTpbl OMOTONOB AAS TOYEK MPUCYT-
CTBMS 6epKyTa CPaBHMBAAKNCH C aHAAOIUYHbBIM
YMCAOM CAYHAMHBLIX TOYEK, CreHepupoBaH-
HbIX B FPaHMUAX MMHMMAABHbBIX KOHBEKCHbIX
MOAUIOHOB, MOCTPOEHHLIX MO TOYKam Npu-
cytcTBua 6epkyTa B Kapatay n Yy-Maniickmnx
ropax COOTBETCTBEHHO.

AAS CO3AaHMS CUCTEMBI CAYHANHbIX TOYEK 1
OMpeAeAEHNS AUCTAHLIMIK MEXAY DAMMKAMLLIN-
MU COCEASIMU  UCMOAb30BaHbl PacCLLMPEHUs
Random point generator 1 Nearest Features v.
3.8b (Jenness, 2004; 2005).

NepemeHHble ObiAM MPOBEPEHbl Ha CTaTk-
CTMYECKYI0 HOPMAAbHOCTb C MCMOAb30BaAHNEM
kpuTepus Anaanedpopca. CpeaHme 3HaueHMs
NEePEMEHHbIX OKPYXKAIOLLIE CPEAbl AASI TOHEK
NpUCYTCTBMA OepKyTa M CAyYalHbIX TO4eK
CPaBHMBAAMCH C MCMOAL30BAHNEM t-KpUTEPUSI.
Takxke, 4TOObl MOHSATb HACKOABKO CEPbE3HbI
OMOTONUYECKME  PA3AMUMS  MEXAY THE3A0-
BbIMM TIpynnupoBkammn OepkyTos B KapaTay
n Yy-Manicknux ropax, € MCrNoAb30BaHMEM
t-KpUTEPUS Mbl CPABHMAM CPEAHME 3HAYEeHMS
MPOCTPAHCTBEHHBLIX U KAMMAaTUYECKMUX nepe-
MEHHbIX TOUYeK MPUCYTCTBUS DepKyTa ars 000-
MX FOPHBLIX MaccuBOB. Ha ocHoBe cpaBHeHMs

Tunnyanblii rHe3aoBoit buoton 6epkyra B Hy-Manvickmx
ropax. @oto M. KapsknHa.

Typical breeding biotope of the Golden Eagle in the
Chu-Ili Mountains. Photo by I. Karyakin.

territories in Karatau (97 points in 78 sites) and
the Chu-lli Mountains (55 points in 40 sites).

Biotope parameters for GE presence points
were compared with a similar number of ran-
dom points generated within the boundaries
of minimum convex polygons constructed
from GE presence points in Karatau and the
Chu-lli Mountains, respectively.

To create a system of random points and
determine distances between nearest neigh-
bours, the Random point generator and Near-
est Features v. 3.8b extensions (Jenness, 2004;
2005) were used.

Variables were tested for statistical normality
using the Lilliefors test. Average values of envi-
ronmental variables for GE presence points, and
random points were compared using the t-test.
Also, to understand how significant the topic
differences are between golden eagle nesting
groups in the Karatau and Chu-lli Mountains,
we compared average values of spatial and cli-
matic variables of GE presence points for both
mountain ranges using the t-test. Based on the
comparison, a decision was made to model the
species distribution to a single extent without
dividing it into two fragments.

To describe the features of suitable breed-
ing biotopes at the micro- and macroenvi-
ronmental levels, 58 explanatory variables
obtained from earth remote sensing (ERS)
products were used: NASADEM (NASA JPL,
2020), MOD13A1.061 Terra Vegetation In-
dices 16-Day Clobal 500m (Didan, 2021),
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ObIAO MPUHATO peLleHe O MOAEAMPOBAHWUK
pacnpocTpaHeH1s BMAQ B LIEABHOM JKCTEeHTe
6e3 pasaeneHust Ha ABa pparmeHTa.

AAS OMMCaHWS MPU3HAKOB MHE3AOMPUIOA-
HbIX GMOTOMOB Ha YPOBHE MMKPO- U MaKpOC-
peAbl MCMOABb30BaHbl 58 0ObACHAIOLWIMX Nepe-
MEHHBIX, MOAYYEHHbIX W3 TMPOAYKTOB AWC-
TaHUMOHHOIO 30HAMpOBaHMA 3emMAn (A33):
NASADEM (NASA JPL, 2020), MOD13A1.061
Terra Vegetation Indices 16-Day Global 500m
(Didan, 2021), Geomorpho90m (Amatulli
et al., 2020), Global Habitat Heterogeneity
(Tuanmu, Jetz, 2015), Global Wind Atlas
(Badger et al., 2021), World Clim (Fick,
Hijmans, 2017), ESA WorldCover 10m v100
(Zanaga et al., 2021) (MpuaoxeHue 2%9).

M3yunB B3aMMOCBSA3M MEpPeMEeHHbIX C Mo-
MolLLbIO KoadpdprLmeHTa Koppeasiumnn Cnnp-
MeHa (1?°, 4ToObl M30aBUTLCS OT MYyAbTH-
KOAAMHEapPHOCTH, Mbl OTOPOCMAM HaMMeHee
3HauYMMble NepeMeHHble A 6a30BOi Moae-
AW, KOPpULIMEHT (r) KOppeAsiuMK B napax
KoTopbix ObiA >0,75. B ntore ans aHaamsa
Mbl cpOopMKpoBaAM Habopbl AAsl 3 Moae-
Ael, OTAMYAIOLLMXCS MPEACTaBAEHHOCTbIO B
HUX KOPPEAMPYIOLLMX U BaXKHbIX MO AQHHbIM
t-KpUTEPUS NepemeHHbIX (KOAMYECTBO nepe-
MEHHbBIX B MOAGASIX CM. B pa3aeAe «PesyAbTa-
Thl UCCAEAOBAHMINY).

YT00bI NPOBEPUTL, HE 3aBUCAT AW OT reo-
rpacpmMyecKoro PacCTOSIHWAS MEXAY AOKa-
UMMM MpeACKa3aHHble 3HaYeHMs MOAeAM,
M WMCKAIOYMTb MPOCTPAHCTBEHHYIO aBTOKOP-
peasumio, OblA MCNOAb30BaH TecT MopaHa
(R-cpyHKumMs «moran.testy B nakeTe «spdep»)
(Griffith, Peres-Neto, 2006; Dormann et al.,
2007). Busyaansaumsa pe3yAbTaToB TecTa
OCyLLeCTBAEHa B COOTBETCTBMU C PeKOMEHAA-
umamu T.E. CamcoHoBa (2021).

MoaeanpoBsarme pacnpocTpaHeH1s 1 ymc-
AEHHOCTW OCYLUECTBASINOCb B Mporpamme
BioDiv?', ncnoab3yioiueii Google Earth Engine
(GEE)®2. KpaTkoe onucaHue nepBoii Bepcuu
MpOrpamMmbl AQHO B OTAEAbHOM MyOAMKaLIMK
(cm. KapskumH, Knmxos, 2023).

AAst KAaccudpUKaLMK  M300paxeHuid  uc-
noAb3oBaAcsi Random Forest, koTopbliii B Mo-
CAEAHEe BPeMmsl IBASIeTCS LUMPOKO MCMOAb3Y-
eMblii METOAOM MOAEAMPOBAHMS pacripeseAe-
Hus BMAOB (Zhang et al., 2019).

B cootBeTcTBMM C pexomeHaaumammn (Bro-
tons et al., 2004) GbiAM NOArOTOBAEHbI HabO-
pbl AQHHBIX OTCYTCTBMA GepkyTa M BMecTe C
AaHHBIMKM 00 WX MPUCYTCTBMM (TOHUKM THE3A),
umnopTtuposaHsl B BioDiv?’. Habop pactpos
AQHHBIX  AMCTAHUMOHHOIO  30HAMPOBaHMS

Geomorpho90m (Amatulli et al., 2020), Global
Habitat Heterogeneity (Tuanmu, Jetz, 2015),
Global Wind Atlas (Badger et al., 2021), World
Clim (Fick, Hijmans, 2017), ESA WorldCover
10m v100 (Zanaga et al., 2021) (Appendix 2).

Having studied the interrelations of vari-
ables using the Spearman correlation coef-
ficient (r)* to eliminate multicollinearity, we
discarded the least significant variables for the
basic model, the correlation coefficient (r) in
pairs of which was >0.75. As a result, for the
analysis, we formed sets for three models that
differed in representing correlated and essen-
tial variables according to the t-criterion data
(see the section “Research Results” for the
number of variables in the models).

To check whether the predicted values of
the model do not depend on the geographic
distance between locations and to exclude spa-
tial autocorrelation, the Moran test (R function
“moran.test” in the “spdep” package) was used
(Griffith, Peres-Neto, 2006; Dormann et al.,
2007). The test results were visualised by the
recommendations of T.E. Samsonov (2021).

Distribution and abundance modelling
was carried out in the BioDiv?' program us-
ing Google Earth Engine (GEE)?2. A brief de-
scription of the first version of the program is
given in a separate publication (see Karyakin,
Knizhov, 2023).

Random Forest was used to classify images,
which has recently become widely used for
modelling species distribution (Zhang et al.,
2019).

Following recommendations (Brotons et al.,
2004), GE absence datasets were prepared
and imported into BioDiv?" along with pres-
ence data (breeding points). The remote sens-
ing dataset was fitted and classified according
to a previously proposed workflow algorithm
for fitting species distribution models (Crego
etal., 2022).

We split the GE location data into training
(80%) and testing (20%) sets, implementing a
spatial block cross-validation method to split
the training and testing data (Roberts et al.,
2017; Valavi et al., 2019; Crego et al., 2022).
The analysis was run for 20 iterations with ran-
dom block splits.

The accuracy of the models was assessed
based on validation for each iteration of
model fitting using AUC-ROC (Fielding, Bell,
1997; Fawcett, 2006) controlled by R? and
Kappa (Brownlee, 2016; Zhang et al., 2021).

The extent of the analysis was limited by the fol-
lowing coordinates: T — N 45.2402 E 66.43011,

19 http://rrren.ru/wp-content/uploads/2024/12/ App2-Variables-AC.xls
20 http://rrren.ru/wp-content/uploads/2024/12/collinearityAC.png

21 http://gis.eaglesofthepalearctic.org

22 http://earthengine.google.com
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3emAn BbiA NOAOOPaH M KAacCHAPUULMPOBAH
COTAACHO paHee NMPeAAOXKEHHOMY aArOpUTMy
paboyero npouecca noabopa MoaeAei pac-
npocrpaHeHuns B1aos (Crego et al., 2022).

MbI pa3saeAnAn AaHHbIE O MECTOMOAOXKE-
HUK OepkyToB Ha Habopbl AAS OOydeHus
(80%) v TecTpoBaHus (20%), BHEAPUB METOA
NepeKpecTHON MNpPOBEPKM MPOCTPAHCTBEH-
HbIX ODAOKOB AASt PA3AGAEHMS AQHHBIX AAS OD-
ydeHus 1 nposepku moaean (Roberts et al.,
2017; Valavi et al., 2019; Crego et al., 2022).
B xoae anaam3a Obino 3anyweno 20 utepa-
LIMIA CO CAyHaiiHbIM pa3aeAeHnem GAOKOB.

ToYHOCTL MOAEAEM OLEHMBAAACh Ha OCHO-
BE MPOBEPKM AN KXKAOW UTepaumnm noabopa
moaean nocpeactsom AUC-ROC  (Fielding,
Bell, 1997; Fawcett, 2006) ¢ koHTpoAem o R?
u Kappa (Brownlee, 2016; Zhang et al., 2021).

OKCTeHT aHaAmM3a OblA OrpaHMYeH CAeAy-
oMK koopanHatammn: 1 — N 45.2402 E
66.43011, 2 — N 43.47967 E 73.71789, 3
— N 45.87371 E 70.46561, 4 — N 46.36155
E 72.03755, 5 — N 43.4887 E 76.26551, 6
- N 42.61239 E 76.25647, 7 — N 42.9095 E
73.99664, 8 —N 40.85344 E 68.55528, 9 - N
41.13984 E 67.01459.

B pesyabTate Obina NOCTpoOeHa KapTa rHes-
AOTMPUIOAHbIX AASt OepkyTa OMOTOMNOB, KO-
TOpas B BMAE pacTpa C MUKCEASIMM, PaHXu-
POBaHHbLIMK MO BEPOATHOCTM MPUCYTCTBUS,
akcnopTtuposaHa B dpopmare Geotiff. Pactp
BekTOpM3oBaH B ArcView B chopmaT Lueiin-
cpaiira. K rHesaonpuroaHsim 6uotonam ot-
HECeHbl MUKCEeAM C BEPOSTHOCTLIO MPUCYT-
cTBust B1aa 6oree 50%.

AAS CO3AaHMS KapTbl OOLLEN MAOLLIAAM MECTO-
O0OWTaHUI BOKPYF MUKCEAEN C BEPOSTHOCTbLIO
npucyTcTBUs BUAA Oonee 50% MocTpoeHb! Oy-
chepbl C paAlycom, PaBHbIM NMOAOBUHE CpeAHel
AUCTaHLIMM MeXKAY OAMMKANLLMMIM COCEAMM.

IKCTPanOAALIMIO HUCAEHHOCTH BepKyTa Mbl
OCYLLIECTBASIAM ABYMSI METOAAMM:

1 — npsaMol nepecyér CpeAHeB3BeLleH-
HOMO MoKa3aTeAst MAOTHOCTM C MAOLLAAOK (C
Y4€TOM MAOLLAAOK, Ha KOTOpbIX OepKyT He
BCTpeYeH) Ha nAoLlaab mectoobutaHui (Ka-
pakuH, 2004) ¢ pac4€TOM HECUMMETPUYHOIO
AOBEPUTEALHOIO MHTEpBaAa (PaBkuH, HeAnH-
ues, 1990);

2 — METOA TeHepaunM CAyYalHbIX Touek
MO 3aAaHHOMY AMaNa3sOHy AMCTaHUMIA MEXAY
OAMIKANLLIMMM COCEASIMM Ha OCHOBE peryAsip-
HoM ceTun (aanee [CH). IMNoapobHoe onucaHne
METOAQ U3A0XKEHO paHee (CM. KapsakuH v ap.,
2022a).

Baanaaumio naTTepHa CreHepmpoBaHHbIX
TOYEK OCYLLECTBASIAM ABYMs Criocobamu no
HUXXeomnuncaHHoMy npuHumny. CHadaaa dpop-
MMPOBaAM HAOOP BAAMAALIMOHHBIX MAOLLAAOK.

2 — N 43.47967 E 73.71789, 3 — N 45.87371
E 70.46561, 4 — N 46.36155 E 72.03755,
5-N43.4887 E 76.26551, 6 — N 42.61239
E 76.25647, 7 — N 42.9095 E 73.99664,
8 — N 40.85344 E 68.55528, 9 — N 41.13984 E
67.01459. As a result, a map of habitats suitable
for the GE was constructed, which was exported
in Geotiff format as a raster with pixels ranked by
probability of presence. The raster was vectorised
in ArcView into a shapefile format. Pixels with
a probability of presence of the species of more
than 50% were classified as breeding biotopes.

To create a map of the total area of habitats
around pixels with a probability of the pres-
ence of more than 50% of species, buffers
with a radius equal to half the average dis-
tance between the nearest neighbours were
constructed.

We extrapolated the GE population num-
bers using two methods:

1 — direct recalculation of the average
weighted density indicator from the sites (tak-
ing into account the sites where the GE was
not encountered) to the area of habitats (Kar-
yakin, 2004) with the calculation of the asym-
metric confidence interval (Ravkin, Chelint-
sev, 1990);

2 — a method for generating random points
for a given range of distances between the
nearest neighbours based on a regular net-
work (hereinafter RPC). A detailed descrip-
tion of the method is presented earlier (see
Karyakin et al., 2022a).

The generated point pattern was validated in
two ways according to the principle described
below. First, a set of validation plots was
formed. Then, this set was randomly divided
into training and testing in a ratio of 80% to
20%. All points lying in a more extensive set
were selected as a training set of points, and
the verification algorithm was run for them, af-
ter which the number of hits in the test set of
validation sites was compared with the actual
number of GE presence points in these plots.
The iteration was repeated 100 times. The
minimum, maximum and average values of the
number *£SD, validation error and confidence
interval were calculated for all iterations. In the
first method, each validation site corresponded
to the counting plots (see Fig. 1). In the second
method, all surveyed areas were divided by GE
presence points into Thiessen polygons, which
were selected as validation plots.

Based on the results of the RPG popula-
tion estimation module, we formed 4 layers
of points: with the maximum, minimum and
average number of points, as well as sets of
points with minimal errors in validation by
Thiessen polygons and by counting plots. The
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3aTeMm cay4variHbiM 06pasom pasbuBasn 3TOT
Habop Ha TPeHMPOBOYHBIN 1 TECTOBbIM, B CO-
oTHoleHnn 80% K 20%. B kauectse TpeHu-
POBOYHOrO Habopa ToueK BbIOMPaAn BCe TOY-
Kn, Aexkalumne B 6oAbLIem Habope 1 3anycka-
AV AASI HUX aAFOPUTM MPOBEPKM, MOCAE Yero
CpaBHMBAAM KOAMHECTBO MOMasaHMi B TECTO-
Bblii HAOOP BaAMAALIMOHHBIX MAOLLAAOK C pe-
aAbHbIM YMCAOM TOYEK NPUCYTCTBUSA BepkyTa
Ha 3TMX NAOLLIAAKax. MTepaumns noBTopsAach
100 pas. lNo BceM uTepaunsm paccumTbIBa-
AACb MMHUMAAbHOE, MaKCMMaAbHOE M Cpea-
Hee 3HayeHue yucAaeHHocTn *SD, owwmbka
BAaAMAALIMM U AOBEPUTEAbHbIA WHTEpBaA. B
nepBoM Cnocobe Kakaas 13 BaAMAALIMOHHBIX
MAOLLAAOK COOTBETCTBOBAAA YYETHLIM MAO-
LaAkam (cMm. puc. 1). Bo BTopom cnocobe Bce
obcaeaoBaHHbIe 00AACTM  pa3bMBaAnCh MO
TOYKaM MPUCYTCTBMS OepKyTa Ha MOAMIOHbI
Tuccena, koTopble BbIOMPAAMCL B KauyecTBe
BAAMAALIMOHHbIX MAOLLAAOK.

Mo pe3yAbTaTy paboTbl MOAYAS OLEHKM
uncAeHHocTH Metoaom FCH Mbl cpopmmpo-
BaAM 4 CAOSt TOYEK: C MAKCUMAAbHbIM, MUHM-
MaAbHbIM M CPEAHUM KOAMHYECTBOM TOYeK, a
TakKe Habopbl TOYEK C MUHMMAALHLIMK MO-
FPEeLHOCTAMM B BaAMAALIMKM MO MOAUTOHAM
Tuccena 1 No NAOLLAAKaM.

[MapameTpbl KOPPEKTUPOBKKM CreHepupo-
BAHHOIO CAOSl TOYEK AAS MOAYHEHWUS MUTOro-
BOIO MOKPbITUS, AETLLIEr0 B OCHOBY MTOrOBOM
OLEHKM YUCAEHHOCTM, OMNUCaHbl B pe3yAbTa-
Tax MCCAEAOBAHUSA (CM. HUXKE).

Bepudpukaumio  MTOroBOro  MoKpbITUS
TOYEK OCYLUECTBASAM MO TOYKam MpUCyT-
crtBua OepkyTta u3 6a3 aaHHbIX RRRCN, GBIF
M M3 Habopa aaHHbIX C caiita Kazakhstan
Birdwatching Community. TMoTeHUMaAbHbIiA
Y4acCTOK CUMTaAM MOATBEPXKAEHHbBIM, €CAU
CreHepupoBaHHas Touvka NnonaaaAa B U3BecT-
HbI FHE3A0BOWM y4acToK OepkyTa (Ha KOTo-
POM HaMAEHO FHE3A0 MAM BCTpedeHa napa
nTuu), AMOO B 30HE CMAOLLUHOIO MOKPbITUS
FHE3AOMPUIOAHLIMKM OMOTONaMK B paanyce
4-X KM OT CreHepupoBaHHOM TOYKM WMAM B
M30AMPOBAHHOM FHE3AOMPUroAHOM GroTone
B paanyce 15 KM OT CreHepUpPOBAHHOW TOUKM
MMEAUCb BU3yaAbHble HabAloAeHMS GepKyTa B
FHE3A0BOM MEPUOA B OAHOM U3 BbllLeyKa3aH-
HbiX 6a3 AQHHbIX.

Ang oueHkn BanaHua BOC Ha GepkyTos B
2024 r. Mbl NPOBEAM MOHWUTOPUHT FHE3A0BbIX
Y4aCTKOB OPAOB B paanyce 45 Km BOKpyr >Ka-
HaTacckoi BOC 1 BOC «LLloknapy. Takxke Mbl
MPOU3BEAN MOMCK OCTAHKOB MOrMOLLIMX NTULL
noa OAMKarWMMK K rHé3sam GepkyTtos 10
TypbuHammn (13 50). IMomnck ocyecTBAgAcs
B ceHTa0pe. Paanyc nouncka cocrasua 100 m
OT Ka>KAOM M3 OCMOTPEHHbLIX TypOuH. B xoae

parameters for adjusting the generated layer
of points to obtain the final coverage, which
formed the basis for the final population num-
bers estimate, are described in the research
results (see below).

The final coverage of points remains was ver-
ified based on the GE presence points from the
RRRCN and GBIF databases and the Kazakh-
stan Birdwatching Community website dataset.
A potential site was considered confirmed if the
generated point fell into a known GE breeding
territory (where a nest was found or a pair of
birds was encountered) or in the zone of con-
tinuous coverage of breeding biotopes within
a 4 km radius from the generated point or in
an isolated breeding biotope where within a 15
km radius from the generated point there were
visual observations of the GE during the breed-
ing period in one of the above databases.

To assess the impact of the wind farm on
GEs in 2024, we monitored the eagles’ breed-
ing territories within a 45 km radius around
the Zhanatas and Shokpar wind farms. We
also searched for the remains of dead birds
under 10 turbines (out of 50) closest to the GE
nests. The search was carried out in Septem-
ber. The search radius was 100 m from each
of the inspected turbines. During a circular
walk around the area from the turbine, with
each circle 25 m away, all birds’ bones and
feathers were recorded.

To assess the risk of wind farm development
for the GE population in the study area, we
divided it into 5x5 km cells. For each cell,

bepkyT Ha npucase psiaom C rHe3som. Kaparay,
26.07.2022. ®oto M. KapskuHa.

Golden Eagle perching near its nest. Karatau,
26/07/2022. Photo by I. Karyakin.
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KpyroBoro obxoaa TeppuTopmumn OT TypPOUHbI C
yAAAEHMEM KaXKAOTO Kpyra Ha 25 m cpukcmpo-
BaAWChb BCE KOCTHO-MEPLEBbIE OCTAHKM MTULL.

C ueabio oueHkM pucka passutns cetn BOC
AAS MOMYAALMKM DepKyTa Ha MCCAeAYEeMOM Tep-
PUTOPUU Mbl PA3AEAMAM €€ Ha AHEIKM 5 X5 KM.
AAS KXKAOM A4EMKM Mbl OMPEAAMAN YMCAEH-
HOCTb OPAOB, CYMMMPOBAB KOAMHECTBO B3POC-
AbIX MTUL, CAETKOB, HEMOAOBO3PEABLIX MTULL U
MUIPAHTOB AASI KaXKAOFO MeCsiLIa roaa, M Mpo-
M3BEAM PaCHETbI PUCKA CTOAKHOBEHMS OPAOB
¢ ronactamum TypouH BIC, ncnoassosas CRM
«Band» (Band, 2000; Band et al., 2007), ao-
MOAHUTEABLHO YUMTLIBAIOLLIYIO BbICOTY MOAETa
ntuu (Johnston et al., 2014b) u BeposTHOCTbL
YKAOHEHMSI OPAOB OT CTOAKHOBeHMIA (Madders,
Whitfield, 2006; Whitfield, 2009; May et al.,
2011; Johnston et al., 2014a).

OueHka pucka B CRM «Band» ocHoBaHa Ha
BEPOSATHOCTM CTOAKHOBEHMS MTULL C AONACTS-
MM poTOpa € y4ETOM TOrO, YTO MTULbI NMPO-
XOASAT Hepe3 30Hy ABMXKeHus potopa (3AP).
B mMoaeAn yunTbIBAETCS NMPeAnoAaraemoe Ko-
AMYECTBO MTUl, NpoaeTaolmnx vyepes 3AP B
TeYyeHne ONPeAeAEHHOro BpPeMeHM (KoAmue-
CTBO CTOAKHOBEHWI MTULL B TOA = KOAMYe-
CTBO MpoaeTaioLLmx Yepes 3AP) (Band et al.,
2007). TexHmyeckas 4acTb PacH&TOB OCHO-
BaHa Ha xapakTepucTukax TypOuH, a Takxe
MOPPOAOTUM, CKOPOCTU M MOAETHOM MoBe-
A€HMM (MaLLYLUMIA NOAET MAM MapeHune) NTmL.
OMnupuyeckas 4acTb OCHOBaHa Ha AaHHbIX
MOAEBbIX HAOAIOAEHMIA 33 MTULLAMM.

AAst OAYUeHKs MHCpopMaUMK O HanpasAe-
HUM, BbiCOTe NoAéTa OepKyTOB 1 pacyéTa Bpe-
MeHM, KOTopoe OepKyTbl MPOBOAAT B MOAETE
Ha MHE3AOBbIX ydacTkax Ha BbicoTax 3AP, B
2022 (c 21 no 29 ceHtab6ps) n B 2024 1. (c 24
Mapta rno 5 Hos0ps) OblAK NPOBEAEHbBI BU3yaAb-
Hble HaOAIOAGHMS 33 OPAaMM Ha 5 MHE3A0BbIX
yyactkax (3 8 2022 r. v 3 B8 2024 r., 0OAvH 13
KOTOPbIX OblA 00WMiA B 2022 1 2024 rT.) B Te-
veHne 546 vacos. HabAOAATEAbHbIE MYHKTHI
HaxoAMAACh Ha AamcTaHumsx 2,0-3,6, B cpea-
HeM (n=5) 2,7%+0,6 KM OT 3aHSATbIX MHE3A
OPAOB, 4TOObI HE MCKaXKaTb aKTMBHOCTb Op-
AOB TMPUCYTCTBUEM AlOAEH BOAM3M MX FHE3A.
Taroke Mbl nposean 807 4acoB HabAIOAEHMM
3a nepemeLLeHnamMmn NTuu B ropax Kaparay:
€ 21 no 29 centabpga 2022 r. — Ha 10 TouKax,
BKAlOYasi 3 Toukm Ha KanaTacckor BOC (144
yaca), 13-14 anpeaa 2023 r. — Ha 2 To4Kax
(12 yacos), 24 mapta — 30 okT96psa 2024 r.
— Ha 6 Toykax, BKAloYas 3 Toukm Ha >KaHa-
Tacckor BIOC (651 yac). DM Touku HabAlo-
AEHUS HAXOAMAMCh AaAee 5 KM OT 3aHATbIX
rHé3a OepkyTa. B xoae HabAOAEHMIA Ha TOY-
Kax OTMEYaAMCb BCE perncrpaummn 6epkyTos,
3anmnCbIBaAOCh BPeMs M BbICOTa MOAETa NTULL,

bepkyt. ®oto M. KapsikuHa.
Golden Eagle. Photo by |. Karyakin.

we determined the number of eagles by sum-
ming the number of adults, fledglings, imma-
tures, and migrants for each month of the year
and calculated the risk of eagle collisions with
wind farm turbine blades using the Band CRM
(Band, 2000; Band et al., 2007), which ad-
ditionally takes into account the flight altitude
of birds (Johnston et al., 2014b) and the prob-
ability of eagle avoidance of collisions (Mad-
ders, Whitfield, 2006; Whitfield, 2009; May
etal., 2011; Johnston et al., 2014a).

The risk assessment in the Band CRM is
based on the probability of a bird striking the
rotor blades, considering that the birds pass
through the rotor movement zone (RSZ). The
model considers the expected number of birds
flying through the RSZ during a specific time
(number of bird strikes per year = number
of birds flying through the RSZ) (Band et al.,
2007). The technical part of the calculations is
based on the characteristics of the turbines, as
well as the birds” morphology, speed and flight
behaviour (flapping or soaring). The empirical
part is based on field observations of birds.

To obtain information on the direction and
altitude of golden eagles’ flights and to calcu-
late the time that GEs spend in flight on nest-
ing sites at RSZ altitudes, visual observations
of eagles were conducted in 2022 (from Sep-
tember 21 to 29) and 2024 (from March 24 to
November 5) at five breeding territories (3 in
2022 and 3 in 2024, one of which was com-
mon in 2022 and 2024) for 546 hours. Vantage
points were located at distances of 2.0-3.6,
on average (n=5) 2.7%0.6 km from occupied
eagle nests, so as not to distort the activity of
eagles by the presence of people near their
nests. We also conducted 807 hours of bird
movement observations in the Karatau Moun-
tains from September 21 to 29, 2022 — at 10
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COFAACHO  METOAMYECKMM  PEKOMEHAALIMAM
Scottish Natural Heritage, 2017., ¢ Toii AuLb
pasHuuei, 4to B 2022 r. HaDAIOAEHWS BEAUCD
Ha KaXKAOM TOYKE B TEYEHME BCEro CBETOBOIo
AHg, B 2023 r. —no 6 yacos ¢ 11:00 ao 17:00,
a B 2024 r. — no 3 4aca OAMH pa3 B CyTKu
yepes CyTKM. AUCTaHUMM AO OPAOB OMpeAe-
ASIAUCb C MOMOLLLIO OMHOKAEH C Ad3epHbLIMM
AanbHomepamm Leica Geovid 15x56 HD-R,
Bushnell Fusion 1 Mile Arc 12X50v, Sturman
10x42 LRF, no dpoto B nporpamme Range
Finder (Khosravi, 2009) nan B MS Excel no
dpopmyAam, OCHOBAHHbIM Ha METPUUECKMX M
YrAOBbIX pa3Mepax oObekTa 1 pOKyCHOM pac-
croaHun kamepsl (Feiaapos, 2011; FpomasnH
u ap., 2014). BbicoTy paccunTbiBaan no ¢pop-
MyA€ TaHreHca OCTPOro yrAa B MPSMOYTrOAb-
HOM TPEYFOALHUKE AU MPAMbIMU U3MEPEHMU-
SIMM C MOMOLLIBIO A33€PHbBIX AAAbHOMEPOB AAS
NTUL, MPOAETaBLUMX HaA FOAOBOW. CKOPOCTb
NOAETa OMPEACASIAACh MO PACCTOSHUIO MEXKAY
AOKaLMAMM B CEKTOpe HaDAIOAEHMS, KOTOPbINA
HbIA (PUKCMPOBAHHBIM PAAMYCOM 2 KM Ha TOu-
Kax HaOAIOAGHMS 3a MpeAeAaMM THE3A0BbIX
y4acTkoB OEPKYTOB M BapbMpOBaA OT 2 A0 4,5 KM
Ha THe3AO0BbIX ydacTkax. [lo BexTopy, no-
CTPOEHHOMY MEXAY MOCAEAOBATEAbHBIMM AO-
KauMsaMM MTULL, OMPEAEASIAOCh HamnpaBAeHMe
ABUXXEHMSA. A3UMYT OMPEACASIACS B MPOEKLMK
Lambert Conformal Conic (Datum: WGS 84,
Spheroid: Krasovsky, Central Meridian: 70,
Reference Latitude: 0, Standard Parallel 1-2:
28-42) (Snyder, Voxland, 1989).

[To COBOKYNHOCTM HAaDAIOAEHMIA Mbl pac-
CHMTaAM BPEMS, KOTOpble DEPKYTbl MPOBOAAT
B MOAETE, CyTOUHYIO aKTUBHOCTb (4acTOTY Mo-
AETOB B 4aCOBbIE MHTEPBAAbI B TEYEHME CYyTOK
Mo MECTHOMY BPEMEHM), CKOPOCTb MOAETA M
BbICOTY MOAETA NTUL AASl OMNPEAEAEHHOrO
rpasleHTa BbICOT MECTHOCTM.

[MNapameTpbl TypOMH AAs pacdéTa pUCKOB B
CRM «Band» B3siTbl M3 TEXHMHECKON AOKYMEH-
Taumm abCTpakTHOM Moaean Envision 2,5 MBT
EN 121/2.5 (Goldwind GW 121/2500, 2017):
BbicoTa OawHu — 90 M, AAMHA AonacTten —
59,5 M, anameTp potopa TypOuHbl — 1271 M,
paanyc — 60,5 M, naoLlaab, OxBaTblBaemas
potopom — 11595 M2, CKOpPOCTbL BpaLLeHKs
— He Gonee 13,5 06/MWH, nNpoekTHas CKo-
poctb BeTpa — 9,3 M/c (pabounii ananasoH
- 2,8-22,0 mM/c). ObLas cppoHTaAbHasi MAO-
waab Bcex potopoB BIC aag auedkn 5x5
KM, NOCYMTaHHAs AAS 2-X PAAOB TypOuH, OT-
croawmx Ha 2 kM (Mo 11 TypOMH B KaKAOM
psay), cocTaBuaa 252978 m?, B COOTBETCTBMM
¢ napameTpammn YKanatacckon BIC (pacuét
caeAaH no kocMocHumkam B Google Earth).

AeTaan pacH€TOB AAS MOAEAM B3ATbl M3 Ny-
O6AmKaunn Kapsakun v ap., 2021:

vantage points, including three vantage points
at the Zhanatas Wind Farm (144 hours), April
13-14, 2023 - at 2 points (12 hours), March
24 — October 30, 2024 — at 6 points, includ-
ing three vantage points at the Zhanatas Wind
Farm (651 hours). These vantage points were
located further than 5 km from occupied GE
nests. During the observations, all GE observa-
tions were noted. The time and altitude of the
birds’ flights were recorded according to the
methodological recommendations of Scottish
Natural Heritage, 2017, with the only differ-
ence being that in 2022, observations were
carried out at each vantage point throughout
the daylight hours, in 2023 — for 6 hours from
11:00 to 17:00, and in 2024 — for 3 hours
once a day every other day. Distances to eag-
les were determined using binoculars with la-
ser rangefinders Leica Geovid 15%x56 HD-R,
Bushnell Fusion 1 Mile Arc 12x50v, Sturman
10%x42 LRF, from photos in the Range Finder
program (Khosravi, 2009) or in MS Excel using
formulas based on the metric and angular di-
mensions of the object and the focal length of
the camera (Geydarov, 2011; Gromazin et al.,
2014). The altitude was calculated using the
formula for the tangent of an acute angle in a
right triangle or by direct measurements using
laser rangefinders for birds flying overhead.
Flight speed was determined by the distance
between locations in the observation sector,
a fixed radius of 2 km at vantage points out-
side the breeding territories of GEs and varied
from 2 to 4.5 km in the breeding territories.
The direction of movement was determined
using a vector constructed between successive
bird locations. The azimuth was defined in the
Lambert Conformal Conic projection (Datum:
WGCS 84, Spheroid: Krasovsky, Central Merid-
ian: 70, Reference Latitude: 0, Standard Par-
allel 1-2: 28-42) (Snyder, Voxland, 1989).

Based on the totality of observations, we
calculated the time that GEs spend in flight,
daily activity (frequency of flights in hourly in-
tervals during the day according to local time),
flight speed and flight altitude of birds for a
certain gradient of terrain elevations.

The turbine parameters for risk calculation in
the CRM “Band” are taken from the technical
documentation of the abstract model Envision
2.5 MW EN 121/2.5 (Goldwind GW 121/2500,
2017): tower height — 90 m, blade length —
59.5 m, turbine rotor diameter — 121 m, ra-
dius — 60.5 m, rotor area — 11595 m?2, rotation
speed — no more than 13.5 rpm, design wind
speed — 9.3 m/s (operating range — 2.8-22.0
m/s). The total frontal area of all wind farm ro-
tors for a 5x5 km cell, calculated for two rows
of turbines spaced 2 km apart (11 turbines in



24

[TepHatbie xuLHuku m ux oxpara 2024, 48

M3yueHne nepHaTbIX XULLHUKOB

1. 3oHa A BOC Oblna onpeaeseHa Kak no-
AVTOH, MOCTPOEHHbIA BOKPYF KpamHMX Typ-
61H 1 cocTaBrAaa 10 KM? AASI KXKAOK siHeiKu
5X5 KM.

2. Bpems noaéta T paccumTbIBAaAOCH MYTEM
YMHOXEHUSA KOAMYECTBA AHEW Ha CPEAHIOI0
MPOAOAKMTEABHOCTL AHS AASI K&XKAOFO Ce30-
Ha. [1pOAOAKMUTEABHOCTb AHS OblAa onpeae-
ABHa KaK KOAMYECTBO 4acOB MEXAY BOCXO-
AOM M 3aXOAOM COAHLIA AAS LUMPOTbI KaXKAOM
sg4yeiiku B AManasoHe ot 40,85 ao 46,53° co-
raacHo Moaean Forsythe et al., 1995.

3. YMCAEHHOCTL MTULL N AASL KAXKAOTO Ce30-
Ha oueHmBaAach B rpaHmuax BOC. 310 koAn-
YECTBO MPUCYTCTBYIOLLUMX MNTULL, YMHOXXEHHOE
Ha Bpems, NpoBeaéHHoe B NoAéTe Haa BOC
32 aHaAM3MPyeMbl MEepuoA, AAS KOTOPOrO
A€AAETCH OLIeHKA CTOAKHOBEHMSA: N=FXxAXT.

4. TlpoCTpaHCTBO, OMaCHOE AASl MOAETOB
V, paccumTano kak naoutaab BIC, ymHo-
JKEHHast Ha AMameTp poTopa (=121 m).

5. Obwmnit 006bEM, OXxBaTbiBaeMbIii POTO-
pamu BOC, GbiA paccumTan Kak V =NxaR*xL,
rae. N — KOAMYEeCTBO BeTPSAHbIX TypOuH
(=40), R — aanHa potopa (=60,5 M), L — arn-
Ha TeAa NTuubl. AAMHA TeAa NTULbLI onpeae-
A€HA KaK CPEAHMI MOKa3aTeAb MEXAY Cam-
uammn 1 camkamu ans 6epkyta 8 0,85 m (Ka-
pakuH, 2004).

6. KoAanyecTtBo nNTulL B 0ObEME, OXBayeH-
HOM AOMacTaMu poTopa, coctaaseT nx(V/
V) NTULL B CEKyHAY.

7. Bpems, Heobxoammoe nTuue, 4TOObI
MPONTH Yepe3 AUCK POTOPa, PacCHUTbIBAAOCh
KaK t=(d+L)/v, rae v — ckopocTb B M/C.

8. KoanyectBo nTmu B 0oObeme, OXBayeH-
HOM AOMACTSAMM POTOPA, OLIAO Pa3sAeAEHO Ha
Bpems nepexoaa t: nx(V/V )/t.

9. BepoaTHOCTb CTOAKHOBEHWS paccyu-
ThIBaAACb MO CPOPMYAE, MPEACTABAEHHOW B
Tabamue MS Excel (cM. Bbille B METOAMKE),
MCMOAb3YS CAEAYIOLLIME BXOAHbBIE NapameTpbl:

— K (3D BepoatHOCTb): 1;

— AMameTp potopa: 121 m;

— KOAMYECTBO AOMacTel potopa: 3;

— MaKcMMaAbHasa xopaa: 4,21 m;

—war: 15 rpaaycos;

— AMHa TeAa nTuubl: 0,85 M (cm. n. 5);

— pasmax KpblAbEB MTULbI: OMPEACAEH Kak
CPeAHMI MOKa3aTeAb MEXKAY CaMLaMM M Cam-
Kamu ang 6epkyTa B 2,15 M (Kapskun, 2004);

— 1N noaérta: (2/x)F, ¢ F=1 (B3maxu = 0
MAM NAaHMpoBaHme = 1);

— CpeAHss CKOPOCTb NTULbI: CPEAHME AdH-
HbI€ MOAYY€HbI MO BU3yaAbHbIM HaDAIOAEHM-
SIM Ha FHE3A0BbIX Y4acTKax ((PMKCHPOBAAOCH
BpeMs HabAIOAEHMS OPAOB Ha BbICOTaxX B
ananasoHe 3AP u npoiiaeHHOE MMM 3a 3TO
BpemMs pacCcTosiHue).

each row), was 252978 m?, according to the
parameters of the Zhanatas wind farm (calcu-
lated using satellite images in Google Earth).

The calculation details for the model are
taken from Karyakin et al., 2021:

1. Zone A of the wind farm was defined as
a polygon built around the outermost turbines
and was 10 km? for each 5x5 km cell.

2. Flight time T was calculated by multiply-
ing the number of days by the average day
length for each season. Day length was de-
fined as the number of hours between sunrise
and sunset for the latitude of each cell in the
range from 40.85 to 46.53° according to the
model of Forsythe et al., 1995.

3. Bird numbers n for each season were esti-
mated within the boundaries of the wind farm.
This is the number of birds present multiplied
by the time spent in flight over the wind farm
during the analysed period for which the col-
lision estimate is made: n=FxAxT.

4. The hazardous area for flights V, was cal-
culated as the area of the wind farm multi-
plied by the rotor diameter (=121 m).

5. The total volume swept by the wind farm
rotors was calculated as V =NxzR’xL, where
N is the number of wind turbines (=40), R
is the rotor length (=60.5 m), L is the bird’s
body length. The bird’s body length is defined
as the average between males and females for
the golden eagle, 0.85 m (Karyakin, 2004).

6. The number of birds in the volume swept
by the rotor blades is nx(V//V/, ) birds per second.

7. The time required for a bird to pass
through the rotor disk was calculated as
t=(d+L)/v, where v is the speed in m/s.

8. The number of birds in the volume en-
gulfed by the rotor blades was divided by the
transition time t: nx(V//V )/t.

9. The collision probability was calculated
using the formula presented in the MS Excel
table (see above in the methodology), using
the following input parameters:

- K (3D probability): 1;

— rotor diameter: 121 m;

— number of rotor blades: 3;

— maximum chord: 4.21 m;

— pitch: 15 degrees;

— bird body length: 0.85 m (see item 5);

— bird wingspan: defined as the average be-
tween males and females for the golden eagle
of 2.15 m (Karyakin, 2004);

— flight type: (2/m)F, with F=1 (flapping = 0
or gliding = 1);

— an average speed of the bird: average data
were obtained from visual observations in nest-
ing areas (the time of observation of eagles at
heights in the RSZ range and the distance they
travelled during this time were recorded).
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Ang BBOAQ M 0OpPabOTKM AaHHbBIX MCMOAbL-
30BaHa nporpamma BioDiv¥', B koTopyto
MHTErpupoBaHbl POPMYAbl M3 TabAuL MS
Excel®, AOCTYrMHBbIX B Ka4eCTBE AOMOAHUTEAb-
HbIX MaTepuanros k ctatbe Christie, Urquhart,
2015 m Ha canTe Natural Research (Collision
Risk Modelling, 2015), a Takxe Tabanubl MS
Excel*, aoctynHble Ha cTpanuue «SOSS-02:
O0630p METOAOB OLEHKM PUCKa CTOAKHOBE-
HMS NTULL C MOPCKMMM BETPOIAEKTPOCTAHLIM-
amm»?® caiita BTO (Band, 2012).

Mo pe3yAbTaTam OLEHKM PUCKOB B MpO-
rpamme Vulnerability? noctpoeHa kapTa Be-
POSITHOCTM CTOAKHOBEHMs HepKyTOB C AoMa-
cramu BOC ars nccaeayemont Tepputopmm ¢
LLIAroM A4erKMn 5 KM.

[MpocTeiiwyio  mMaTemaTmyeckyto obpaboT-
Ky AaHHbIX ocyLecTBAsiaM B MS Excel 2003 u
Statistica 10. AASl OCHOBHbIX BLIOOPOK NPHBO-
ASITCSl AMAMa30H AaHHBIX, CpeAHee 3HayeHue U
CTaHAApTHOe OTKAOHeHue (£SD), ecAan He oro-
BapMBAETCs MHOTO. AAS MOKa3aTeAel MAOTHOCTH
FHE3ASLLMXCS NMap B MAOLLAAOHHBIX Y4&Tax npu-
BOAWTCS CTaHAApPTHas OLUMOKa CpeAHeB3BeLLeH-
Hoii (SE). KoneepTaums [MC-chaiiroB pasHbix
dpopmatos  (Shapefile, GeoJSON, KML, CSV)
OCYLLIECTBASIAACb Yepe3 BeB-caitT mapshaper®”.

Pe3yAbTaTbl MCCAEAOBAHMM

O630p ony6AMKOBaHHOM MHGpOpMaLIMK O
nonyAsumu 6epkyra Ha MCCA@Ayemol Tep-
putopum

bepkyT — 0céaAblit B1A, LUMPOKO pacnpo-
CTPaHEHHbIN Ha TeppuUTOpUKM OOALLLMHCTBA
ropHbiX mMaccmBoB TaHb-LLlana (Kopeaos,
1962). b.M. Tybun n O.B. beadaos (2017)
xapakTepmusyloT OepkyTa Kak OObIYHbIN
océanblii  BuA  CobipaapbuHckoro Kapatay,
BCTPEYaloLMICS Be3AE, MA€ €CTb CKaAbHMU-
kn. M.H. Kopenros (2012) onucbiBaeT He-
CKOAbKO BCTpeY C OepKyTamu B XOA€ 3IKC-
neanunin 1958 n 1960 rr. Ha Kaparay: B
yul. Y3yHOyAak napy OepkyToB BMAEAM 7 U
8 anpeasa 1958 r., oanHouKy BCTpeTuAn 10
anpeas B ropax bypyatay, Takoke ntuu Bu-
AeAM 22 anpeas Bo3Ae ceAa baabikum n 26
anpeas Ha Kasrypre, Bo3ae c. LLlaBpoBka 23
anpeAs HabAloAaAM 3-x OpAOB, Ha Kalukapa-
Te 9 u 11 Maa — 1-ro opaa; B ropax Ken-
AblKTac 6epkyTa BuaeAn 3 mioas 1960 r., a
B AkOacTtay Ha npopbise bopoaras 12 mioas
OblAa BCTpeyeHa camka C AoDOblvei. B pai-
oHe c. lucrean (cesepHee c. BanHoBKa) B
ropax bopoasas 9 maa 1981 r. Ha BbICTY-

The BioDiv*" program was used for data
entry and processing, integrating formulas
from MS Excel®® tables available as supple-
mentary materials to the article by Christie,
Urquhart, 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 Methods for As-
sessing the Risk of Bird Collisions with Off-
shore Wind Farms” on the BTO website?
(Band, 2012).

Based on the risk assessment results in the
Vulnerability*® program, a map of the proba-
bility of golden eagle collisions with wind farm
blades was constructed for the study area with
a cell step of 5 km.

The most straightforward mathematical
processing of the data was carried out in MS
Excel 2003 and Statistica 10. Unless other-
wise stated, the data range, mean value and
standard deviation (+SD) are given for the
primary samples. The standard error of the
mean (£SE) is shown for nesting pair density
values in plot censuses. GIS file conversion of
different formats (Shapefile, GeoJSON, KML,
CSV) was performed via the mapshaper®”
website.

Research Results

Review of published information on the
Golden Eagle population in the study area

The Golden Eagle is a permanent presence
in the breeding range species, widespread in
most Tien Shan mountain ranges (Korelov,
1962). B.M. Gubin and O.V. Belyalov (2017)
characterise the GE as a common seden-
tary species of the Syr Darya Karatau found
wherever rocky outcrops exist. M.N. Korelov
(2012) describes several encounters with GEs
during expeditions to the Karatau in 1958 and
1960: a pair of GEs were seen in the Uzun-
bulak gorge on April 7 and 8, 1958, a single
one was encountered on April 10 in the Bu-
rultau mountains, birds were also seen on
April 22 near the village of Balykchi and on
April 26 in Kazgurt, near the village of on April
23, 3 eagles were observed in Shavrovka,
on May 9 and 11, 1 eagle was observed in
Kashkarat; in the Kendyktas Mountains, a GE
was seen on July 3, 1960, and in Akbastau,
at the Boroldai breakthrough, a female with
prey was encountered on July 12. In the vil-
lage of Pisteli (north of Vannovka), in the Bor-
oldai Mountains, on May 9, 1981, a Golden
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ne CKaAbl HalAEHO FHE3A0 DepKyT C AByMs
siiuamm (MdpaHaep, 1986). OceHblo 2002 T.
OpPAOB HacTo HabAAaAn Ha Kapatay B yuie-
Absix Cariacy, bosaablp, Kaparyp, a Takoke
OAMH pa3 Ha boponaaae (Haankosa, KoAOKH-
ues, 2006). B.I. KoabuHues (2004) nonyas-
umio bepkyTa B ropax Masoro Kapatay u Ha
xpebTe bopoaaaii oLeHnBaa scero B 4-5 nap,
KOTOPbI€ MHE3AMAMCH TOALKO B HEAOCTYMHbIX
CKaAax CamblX BbICOKMX y4aCTKOB rOp CO 3Ha-
YNUTEALHOW CTEMEHbIO M3PE3aHHOCTU peAbe-
cpa: B bepkapuHcKoii rpynne yiieanii, obpa-
LLEHHbIX K 03epy buiAnKoAb, Ha bopanaae B
palioHe KaHbOHOB pek bopoaaait u Kowikapa-
Ta; CyAs MO MHOIOKpaTHLIM BCTpeYam NTuu
M MOAXOASLLMM OCODEHHOCTSIM MECTHOCTMH,
MX THE3AOBaHME Talkke MpeAnoAaraeTcs B
paioHe BepwnHbl bokeinTay (BepxoBbs YAb-
KyH Kokbyaak) n B BepxoBbsax pek Lllabak-
Tbl U bepkyTel. B CeBepHom Kapatay ruesaa
6epkyToB ObiAM HaliaeHbl B KeHcae B paiioHe
Auncaiickoro nepeBana, B CKaAbHOM MaccuBe
KeHuekTay y BepLimMH MbIHXMAKK W B ypOUm-
we Kapakyp (KoabuHues, 2004). B cesepo-
3anaAHoM Yactu Kaparay B TedeHnmn 4-x AHen
(22-25 anpeas 2025 r.) 6bir0 0BHapy>xeHO
14 rHésa 6epkyTa Ha 12 rHe3A0BbIX y4acTKax;
B HECKOAbKMX HE3AAX CAMKM CMAEAM Ha KAAA-
Kax, B OAHOM rHe3ae ObIAO yxke 2 diiua, Ha
APYIMX yHacTKax NTuLbl AMOO TOKOBaAM, AMOO
3aHMMaAMCb MOAHOBAEHMEM CBOMX THE3A,
BOABLUMHCTBO M3 KOTOPbIX ObIAO YCTPOEHO
Ha MOAKaX CKaAbHbIX OOHaXKEHMI BPEMEHHbIX
BOAOTOKOB LI€HTPAAbHOM 4aCTW FOPHOrO Mac-
cuBa (KapsiknH, bapabawmH, 2006). B 5 kM
ceBepHee Kaparay >xunaoe ruesao bepkyra co
CBEXKECHECEHHbIM AMLIOM ObIAO OOHapy>KeHO
25 anpeasa B Huue 4-X METPOBOIO MAUHSAHO-
ro obpbiBa (KapskuH, bapabawmn, 2006).
Ha TteppuTopmn KapaTayckoro 3anoseaHmka
GepkyTa BCTPeYaAm NMoyT BO BCEX YLLEAbSX,
HO FHE3A He HaxoanAmn (Mcmana yyay, 2007).

B oamxarnwmx K Kapartay okpecTHOCTAX
OepKyTbl FHE3AATCA B 3anOBEAHMKE AKCY-
Axabarabl (Koswapbs, 2019) n Ha Teppu-
Topun Caiipam-Yramckoro HauMOHaAbHOrO
napka, rae nx HabAIOAQIOT PErYyASPHO U KPY-
raoroanyHo (HYaaunkosa, 2009b). B 3anosea-
Huke Akcy-Axabarabl (Taracckmit Aaatay)
OepkyT HabAIOAAACH MNPaKTUYECKM BCeMM
nccaeaoBatensimu (Mpawernko, 1986; 2009;
KoAnbuHueB, YaamkoBa, 2002; YaaukoBa,
2002; 2004; 2006; 2007; 2008; KoAbuH-
ues, 2004), Ha AOCTYMHOM 4YacTu TeppuTo-
pUMU HECKOALKO AecaTMAeTMi (c 1926 r.)
ObIAO M3BECTHO 5 XKMAbIX FHE3A DepkyTa (Ha
ckanax Boaonaaa Kuwun-KamHabl — 1800 M, B
ypouuniie baarabpek — 1900 M, B ypouuiue
K3biakap — 1500M, B BEpXOBbsX yleAbs Taa-

Eagle nest with two eggs was found on a
rock ledge (Pfander, 1986). In the autumn of
2002, eagles were often observed on Karatau
in the Sayasu, Boyaldyr, and Karagur gorges
and once on Boroldai (Chalikova, Kolbintsev,
2006). V.G. Kolbintsev (2004) estimated the
GE population in the Maly Karatau Mountains
and on the Boroldai Ridge at only 4-5 pairs,
which nested only in inaccessible cliffs of the
highest parts of the mountains with a signifi-
cant degree of the ruggedness of the relief: in
the Berkarinskaya group of gorges facing Lake
Biylikol, on Boraldai in the area of the canyons
of the Boroldai and Koshkarata Rivers; judg-
ing by the repeated encounters with birds and
suitable terrain features, their nesting is also
assumed in the area of the Bokeytau summit
(upper reaches of the Ulkun Kokbulak) and
the upper reaches of the Shabakty and Ber-
kuty Rivers. In Northern Karatau, golden eagle
nests were found in Kensai in the area of the
Achisai Pass, in the Kenchektau rock massif
near the peaks of Mynzhilki and in the Karakur
tract (Kolbintsev, 2004). In the northwestern
part of Karatau, 14 GE nests were discovered
in 12 breeding territories over 4 days (April
22-25, 2025); in several nests, females were
sitting on clutches, one nest already had two
eggs, in other sites, the birds were either mat-
ing or renovating their nests, most of which
were built on the shelves of rocky outcrops
of temporary watercourses in the central part
of the mountain range (Karyakin, Barabashin,
2006). An inhabited GE nest with a freshly laid
egg was discovered on April 25 in a niche of
a 4-meter clay cliff at 5 km north of Karatau
(Karyakin, Barabashin, 2006). On the Karatau
Nature Reserve territory, GEs were encoun-
tered in almost all gorges, but no nests were
found (Ismail uulu, 2007).

In the vicinity of Karatau, GEs nest in the
Aksu-Dzhabagly State Nature Reserve (Kovs-
har, 2019) and on the territory of the Sairam-
Ugam National Park, where they are observed
regularly and year-round (Chalikova, 2009b).
In the Aksu-Dzhabagly State Nature Reserve
(Talas Alatau), the GE was followed by almost
all researchers (lvaschenko, 1986; 2009; Kol-
bintsev, Chalikova, 2002; Chalikova, 2002;
2004; 2006; 2007; 2008; Kolbintsev, 2004),
in the accessible part of the territory for sev-
eral decades (since 1926) 5 inhabited nests of
the GE were known (on the rocks of the Kshi-
Kaindy waterfall — 1800 m, in the Baldabrek
tract — 1900 m, in the Kzylzhar tract — 1500 m,
in the upper reaches of the Taldybulak gorge
— 1900 m and the gorge of the Topshak River
— 2000 m (Kovshar, 1966; Ivaschenko, 1986;
Chalikova, 2006), and at least twice as many
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AblOyAak — 1900 m 1 B yweabe p. Tonwak —
2000 m (Kosiuapb, 1966; Meatuerko, 1986;
YHaamkosa, 2006), a Ha BCel TeppUTOPUM MX
0OMTaHMS MPEANOAAraArOCh Kak MWHUMYM
BaBoe Ooablue (Koslapb, 2019). B Havane
2000-x rr. Ha TeppuTOpPUM 3anoBEAHMKA
ObIAO M3BECTHO 12 rHé3A BepkyTa, KOTopble
nepumoAMyeckne 3aHMmaAncb ntuuamm (Ya-
AnKoBa, 2002). Ha Mpcy-Maluatckom yyacr-
ke Carpam-YraMCcKoro HauMoHaALHOroO nap-
Ka 6epkyToB HabAloAaAM B ropax Tackapa, B
BepxoBba p. Mpcy u B yuw. Capblairsip (Ya-
AmMkoBa, 2009a; 2009b; 2009c¢).

IO>xxHee Kapatay 13 masa 2006 r. 6epkyT
HabAIOAAACH B paliOHe OCHOBHOMO MOBbILLE-
Hus xpebTa KasrypT, rae BMoAHE BO3MOXHO
ero rHesaoBaHue (Yaamkosa, 2006). Ho Ha
n30AMpoBaHHOM XxpebTe beabTay, pacnoao-
JKEHHOM Takxe toxxHee Kapartay mexxay Ha-
CeAEHHbIMM NMyHKTamn ApbICb M XoaXKaTyrau,
GepkyT He oOHapy)keH opHuTOAoramm (Iy-
61H, 2018b).

BocTtounee Kapatay B 15 KM ceBepHee
noc. Akcyek 24 anpeas 1996 r. HaiaeHO
rHe3A0 OepkyTa € 2 HaCMXKEHHbIMM aiua-
MM, PaCNOAOXKEHHOE Ha BepluMHe cakcay-
Aa B 1,5 M OT 3eMAM B OOLUMPHOM COPOBOW
KOTAOBMHE, cpean HapxaHOB C PEAKMM CakK-
cayAbHuKom (bepesoBukos u ap., 1999),
GepkyTbl ObIAM BCTpedeHbl Y AKCyeka M B
Cekceyanane ocenbio 2007 r. (KoBaaeHko,
2008), oanMHOYHas nTuua HabAloAaAach 3M-
Mo# (12 auBapa 2008 r.) B npeAropHom 4a-
CTU MOWMbI pekn Yy Haa ckaoHOM Kacrek-
ckoro xpebta (beasinos, Kapnos, 2009).

B Cepekrace (ioro-soctouHas 4actb “y-
Manitckmnx rop) 25 niona 1992 r. BcrpeyeHa
napa 6A13 3MMOBKK; Nno coobuerHmio B.A. be-
ASINOBA 3A€Ch YabaHbl COXXMAM MHOTOAETHee
FHE3A0 3TOM Mapbl Ha CKaAe; OepKyT, cuas-
winii Ha onope ADI, HabAaancs 6An3 AHap-
xas 13 nioas 1992 r. (IfyowmH, 2008). MHe3ro c
KAAAKOM HalAM B Hue OGeperoBoro odpbiBa
p. Konaabicai 2 anpeas 1997 r. (bepe3osnkos
n ap., 1999). MNapa GepkyToB SBHO Ha rHes-
AOBOM y4acTKe BCTpedeHa 26 anpeaa 2001 r.
HaA yweabem EwkuAbl, rae 29 anpeas Haii-
ABHO THE3A0 C TOALKO YTO BbIAYMMBLUMMMCS
nTeHuamm B BEPXHEN 4aCTh CKAOHA B CKaAb-
HuKe Haa pekoi (Fyoun, 2008). INpu npo-
BEAEHMWU OPHUTOAOTMHECKMX paboT OepkyTa
OTMEYaAM HEOAHOKPATHO Ha TeppuTopum
KyCaHAaAMHCKOM 3arnOBEAHON 30HbI U B TO-
pax XaHTay (Ckagpenko, 2005; 2007; Kosa-
AeHKo, 2008).

Mexay Hy-Manicknumn ropamm n Kaparay
GepKyT OMPeAeAEHHO rHe3AUTCH MOoMbIHKY-
Max, eXKEroAHO pPerncTpupoBaACs Ha Teppu-
TOopun AHAACAICKOrO 3aKasHMKa, B KOTOPOM

bepkyt. ®oto M. KapsikuHa.
Golden Eagle. Photo by I. Karyakin.

were assumed throughout their habitat (Kovs-
har, 2019). In the early 2000s, 12 GE nests
were known on the reserve’s territory, peri-
odically occupied by birds (Chalikova, 2002).
In the Irsu-Mashat section of the Sairam-
Ugam National Park, GEs were observed in
the Taskara Mountains, in the upper reaches
of the Irsu River and the Saryaygyr gorge (Cha-
likova, 2009a; 2009b; 2009c¢).

South of Karatau, on May 13, 2006, a GE was
observed in the area of the principal elevation
of the Kazgurt ridge, where its nesting is entirely
possible (Chalikova, 2006). However, ornithol-
ogists did not find the GE on the isolated Beltau
ridge, also located south of Karatau between
Arys and Khodzhatugai (Cubin, 2018b).

To the east of Karatau, 15 km north of the
village of Aksuek, on April 24, 1996, a CE nest
with two hatched eggs was found, located on
the top of a saxaul tree 1.5 m from the ground
in a vast depression, among dunes with sparse
saxaul (Berezovikov et al., 1999), GEs were
encountered near Aksuek and in Sekseuldal
in the fall of 2007 (Kovalenko, 2008), a single
bird was observed in winter (January 12, 2008)
in the foothill part of the Chu River floodplain
above the slope of the Kastek Range (Belyalov,
Karpov, 2009). In Serektas (southeastern part
of the Chu-lli Mountains) on June 25, 1992,
a pair was encountered near wintering; ac-
cording to V.A. Belyalov, shepherds burned
the long-standing nest of this pair on a cliff;
a GE sitting on a power transmission line sup-
port was observed near Anarkhai on July 13,
1992 (Gubin, 2008). A nest with clutches was
found in a niche of the coastal cliff of the Ko-
palysai River on April 2, 1997 (Berezovikov et
al., 1999). A pair of GEs, clearly in the breed-
ing territory, was encountered on April 26,
2001, above the Eshkily gorge, where on April
29, a nest with newly hatched nestlings was
found in the upper part of the slope in a rocky
outcrop above the river (Gubin, 2008). Dur-
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ObIAO M3BECTHO TakXe >XMAOe rHe3ao B 18
KM K CeBepy OT LeHTPaAbHOM ycaabObl 3a-
kasHuka (I'youn, 2018a). Mo HeonybAu-
KoBaHHbIM Habaloaenmam C. Llmbiranésa
OGepkyT HabAIlOAAACS MpaKTUYECKM Besae
Ha BOCTOKe beTnakaaabl, HO OOAblue BCe-
FO BCTPEYAACH MO FOPHbIM rpynnamM Axam-
OyAaropa, barikapa, KypmaHuatbl, KoTopble,
No CyTH, SBASIOTCH MPOAOAXKEHHem Yy-
Uaninckux rop. M3 19 OCMOTPEHHBLIX UM
rHE3A 18 OblAM Ha ckanax M 1 Ha cakcayae
(T'ybun, 2018a). B parioHe AxxaMOyAropbi
GepkyT Habaloaaaca aetom 2005 r. (Ckag-
peHko, 2006). A. AkMmKaHoBa (AKMMKaHO-
Ba 1 Ap., 2024) npusoanT dpoTorpadpuio cu-
AfLLEN Ha rHe3Ae camku OT 6 Mas 2015 1. Ha
BbICTYMe CKaAbl cepepHee AkDakas B paio-
He MeTeoCTaHUMn ManTIoKeH.

Mo AaHHbIM caliTa AOuTeaen nTuu Kasax-
CTaHa, 6oAblUe BCero HabAloaeHui BepkyTa
CAEAAHO B I0)KHOM M 10r0-BOCTOYHOM HacTsX
CTpaHbl. Ha wnccaeayemolt Hamu Tepputo-
puM 69% HaBAIOAEHMI MPUXOANTCS Ha 3ano-
BeAHMK AKCy AxkabarAbl 1 ero OKpecTHOCTH
(AKnMKaHoBa un aAp., 2024). Tak, exeroaHo,
HauuHas ¢ 2014 r., HabAlOAATEAM AEAMAMCH
cpoTorpagpusimMm 6epKyTOB B OKPECTHOCTSIX
c. Xabarabl (AkumkaHoBa u ap., 2024).
BOABLUMHCTBO HaDAIOAEHMI CAEAAHO OCEHbBIO
M 3MMON. B BeceHHe-AeTHee Bpems Oepky-
TOB 006bI4HO poTorpachmrpoBasm B OKpeCT-
HoCTax xp. bopaaaaiTay; HeCKOAbLKO HabAlO-
A€HWIA ONYyOAMKOBAHO AAS TeppuTopum Caii-
pam-YramcKkoro HauMOHaAbHOFO MPUPOAHO-
ro napka (AkumkaHoBsa 1 ap., 2024). B To xe
Bpemsa aAs Hy-MAMCKMX rop v npuaeraio-
LLIMX K HUM TEPPUTOPMUI, 3a nocaeaHne 15
AET Ha CalT OblIAO AODABAEHO MeHblUe Ae-
caTka HabAAeHM GepkyTa (AKMMKaHOBa U
Ap., 2024).

I'loAesble uccaeaoBaHms aBTOpoB

3a Becb nepuoa mnccaeaoBaHmii ¢ 2005
no 2024 rr. Ha paccMaTpuMBaemMon Teppu-
TOpUK BbIABAEHO 120 rHE3A0BbLIX Y4acTKOB
6epkyTta (B Kaparay — 80, B Yy-Maniicknx
ropax — 40, Taba. 1). Takxe, oTAeAbHble
BCTpeun OepkyTa B TIHE3A0BOW MNepuoa
M3BEeCTHbl B neckax MoWbIHKyM (3 TOYKM
BCTpeY), rae 3TOT OpEéA paCnpOCTpaHéH
CMOPAANYHO, U Ha NEPEAOBbIX CKAAAKax 3a-
MaAHOrO MakKpOCKAOHa Taaacckoro AaaTay
(1 rHe3A0BOM y4acToK M T BCTpeya NTuLbl B
FHE3A0MPUIrOAHOM OMOTOMNE), rae UMeeTcs
KpyrnHas ruesaosas rpynnuposka 6epkyTa,
4TO Mbl BUAMM MO Habopam aaHHbIx (GBIF.
org, 2024; AxumkaHosa u ap., 2024), Ho
HaMM 3A€Cb HE BEAUCb MCCAEAOBAHUS 3TOMO
BMAa (puc. 2).

ing ornithological work, GEs were repeatedly
noted in the territory of the Zhusandalinskaya
Nature Reserve and the Khantau mountains
(Sklyarenko, 2005; 2007; Kovalenko, 2008).

Between the Chu-Ili Mountains and Kara-
tau, the GE nests in Moyinqum Sands and was
recorded annually in the Andasai Nature Re-
serve, where an living nest was also known 18
km north of the reserve’s central estate (Gu-
bin, 2018a). According to unpublished obser-
vations by S. Shmygalev, the GE was observed
almost everywhere in the east of Betpakdala
but was most often found in the mountain
groups of Dzhambulgora, Baikara, and Kur-
manchaty, which are essentially a continua-
tion of the Chu-Ili Mountains. Of the 19 nests
he examined, 18 were on rocks and one on
saxaul (Gubin, 2018a). In the Dzhambulgora
area, the GE was observed in the summer
of 2005 (Sklyarenko, 2006). A. Akimkanova
(Akimkanova et al., 2024) provides a photo-
graph of a female sitting on a nest from May 6,
2015, on a rock ledge north of Akbakai in the
area of the Maityuken meteorological station.

According to the Kazakhstan Birdwatching
Community website, most CE observations
were made in the southern and southeastern
parts of the country. In the territory we studied,
69% of observations were made in the Aksu
Dzhabagly State Nature Reserve and its environs
(Akimkanova et al., 2024). Thus, annually, in
2014, observers shared photographs of GEs in
the vicinity of the village of Zhabagly (Akimkano-
va et al., 2024). Most of the observations were
made in autumn and winter. In the spring and
summer, GEs were usually photographed near
the Boraldaytau ridge; several observations were
published for the territory of the Sairam-Ugam
National Nature Park (Akimkanova et al., 2024).
At the same time, less than a dozen GE observa-
tions have been added to the site for the Chu-Ili
Mountains and adjacent territories over the past
15 years (Akimkanova et al., 2024).

Field research of the authors

During the entire research period from
2005 to 2024, 120 breeding territories of the
GE were identified in the territory under con-
sideration (80 in Karatau, 40 in the Chu-lli
Mountains, Table 1). Also, individual encoun-
ters of the Golden Eagle during the nesting
period are known in the Moyinqum Sands (3
record points), where this eagle is sporadic,
and on the advanced folds of the western
macroslope of the Talas Alatau (1 breeding
territory and one record of a bird in a breed-
ing biotope), where there is a sizeable nesting
group of the GE, which we can see from the
data sets (GBIF.org, 2024; Akimkanova et al.,
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Taba. 1. [He3a0Bble yHaCTKM U CAydan pasmHoxkeHus 6epkyta (Aquila chrysaetos) B Kapatay u Yy-Maniickux ropax B 2005-2024 rr.

Table 1. The Golden Eagle (Aquila chrysaetos) breeding territories and cases of breeding in Karatau and Chu-Ili Mountains from 2005 to 2024.

Aoas ot obLuiero AoAs OT uncaa

YUCAQ BbISBA€HHbIX YcnewHble 3aHATbIX
MokuuyTble Hosble  3austbie THE3A0BBIX rHésaa Ha THE3A0BBIX
THE3AOBblE T[HE3AOBble THE3AOBble y4acTkoB, %  MOMEHT NepBoi y4acTkoB, %
THe3r0BbIE y4acTKM  y4acTku yuacTku Share of the npoBepku Share of the
yuactkn Abandoned New  Occupied total number  Successful nests total number of
Tepputopus  Toa Breeding breeding  breeding  breeding of breeding at the time of first occupied breeding
Territory Year territories  territories territories  territories territories, % observation territories, %
Kaparay UctunHbIE
Karatau rHe3A0Bble
y4acTkmu*
The true
number of
breeding
territories* 80 5 1 75 93.75 27 36.00
Cayyan
rHe3A0BaHWMa™*
Breeding
cases** 99 5 1 94 94.95 27 28.72
2005 11 11 100.00 3 27.27
2010 35 35 100.00 18 51.43
2022 40 3 37 92.50 4 10.81
2024 13 2 1 11 84.62 2 18.18
Yy-Uaniickne MCTUHHbIE
ropbl rHEe3AO0Bble
Chu-lli ydactkn* The
Mountains true number
of breeding
territories* 40 4 36 90.00 13 36.11
Cayuan
rHe3A0BaHMa™**
Breeding
cases™* 42 4 38 90.48 13 34.21
2009 13 1 12 92.31 58.33
2023 21 3 18 85.71 4 22.22
2024 8 8 100.00 2 25.00
Bcero MCTUHHBIX THE3A0BbIX
y4acTkoB
Total the true number of
breeding territories 120 9 1 111 92.50 40 36.04
Aons / Share, % 100 7.50 0.83 92.50 36.04
Bcero caydaes rHesaoBaHms
Total breeding cases 141 9 1 132 93.62 40 30.30
Aons / Share, % 100 6.38 0.71 93.62 30.30

lpumeyanns | Notes:
* MCTUHHOE YMCAO MHE3AO0BBIX y4acTKoB 6e3 yuéTa AyGAMpoBaHMs B XOAe MOBTOPHbIX Nposepok / The true number of breeding
territories not duplicated during repeated checks.
** Caydan rHe3a0BaHust (B pasHble FOAbl PSIA OAHMX M TEX >Ke THE3AOBbIX YHAaCTKOB nocellaacsi noBTopHo) / Breeding cases (in
different years some of the same breeding territories were visited repeatedly).

M3 80 rHe3aoBbIX ydacTkoB GepkyTa B Ka-
paray K KoHuy 2024 r. 75 0CTaBaAUCh 3aHATbI-
MK opaamm: T HOBbLIK nosBuaca B 2024 1. 1 5
FHE3AO0BbIX YHACTKOB ObIAO MOKMHYTO MTULIAMY,
(taba. 1). Ha rHe3aoBbIx yyacTkax obOHapye-
Ho 102 rHe3aa GepkyTa, 33 13 KOTOPbIX ObIAM
aAbTEPHATMBHLIMKM ~ CTapbiMM  MOCTPOMKamK,
a 69 — 3aHATbIMK. YCMelHoe pasMHOXKeHue

2024), but we did not conduct studies of this
species here (Fig. 2).

Of the 80 GE breeding territories in Karatau,
75 remained occupied by eagles by the end
of 2024: 1 new one appeared in 2024, and 5
breeding territories were abandoned by birds
(Table 1). A total of 102 GE nests were found
in the breeding territories, 33 of which were
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oTMeudeHo Ha 27,3% ruésa 8 2005 r. u 51,4%
— B 2010 r., HO B 2022-2024 rr. Ha paccma-
TPMBAEMON TEPPUTOPUM YCMELLHOE Pa3MHO-
)KeHne oTmevanoch Aulb y 10.8-18.2% nap
(tabA. 1). CTOAb HM3KMIA YPOBEHb Pa3sMHOXKe-
HUS OPAOB OblA BbI3BaH MAYOOKOM Aenpeccu-
€1 YMCAEHHOCTU IPbI3YHOB, U NCHE3HOBEHUEM
3aiiua-Tonas (Lepus tolai) n cpeaHeasmaTckoid
vepenaxu (Testudo [Agrionemys] horsfieldii).
Mpruém cambiii MPOBaAbHBINA MO yCrnexy pas-
MHOXKeHNs ObiA 2022 1., KOraa Ha poHe OTCyT-
CTBUS MEAKMX MAEKOMMTAIOLLIMX M Hepenaxu,
HaOAKOAAAOCh CHUXKEHME YNCAEHHOCTU KEKAMKA
(Alectoris chukar), KOTOpbIi BCe 3TH roAbl OCTa-
BaACS €AMHCTBEHHbIM 0a30BbIM KOPMOM OPAOB.
M3 5 xkumabix B 2010 r. rHésa 6epkyTa, KoTopble
ObIAM MOBTOPHO OCMOTpPeHbI B 2022 I., HU OAHO
He ObIAO YCMeLLHbIM, U 3 U3 HUX yXKe AQBHO He
3aHMMAAMCh OpAaMK. HecMoTps Ha oTcyTCcTBMe
pasMHOXXeHUs y MHOMMX nap O6epkyTos B Kapa-
Tay, OHM NMPOAOAKAAN AEPHKATLCS HA THE3A0BBIX
ydacTtkax. [pekpaiuenne perucrpaumin B3poc-

Puc. 2. Peructpaumnm 6epkyta (Aquila chrysaetos) s
Kaparay n Hy-Maniickmnx ropax 8 2005-2024 rr. no
HabAloAeHMsmM aBTOPOB CTaTbi U3 6a3bl AaHHbIX RRRCN
(BBepxy), u3 GBIF u c catita KasaxcraHckoro coobiie-
cTBa HabAloAaTeAei TuLl (BHU3Y). YCAOBHble 0603Ha-
YeHuns: A — rpaHuLbl CTPaH, rHe3AoBaHue — rHésaa man
BCTpeYM nap C rHe3A0BbIM MOBEAeHUEM, 0COOU — perm-
CTpaLmm OAMHOYHBIX MTULL B THE3A0BOM MEPHOA.

Fig. 2. Golden Eagle (Aquila chrysaetos) records in
Karatau and Chu-Ili Mountains in 2005-2024 based

on observations by the authors of this article from the
RRRCN database (upper), from GBIF and the Kazakhstan
birdwatching community website (bottom). Legends: A
— borders of countries, br — nests or observations of pairs
with breeding behaviour, ind — records of single birds
during the breeding period.

alternative old buildings, and 69 were occu-
pied. Successful breeding was noted in 27.3%
of nests in 2005 and 51.4% in 2010, but in
2022-2024, successful breeding was noted
in only 10.8-18.2% of pairs in the study area
(Table 1). Such a low level of eagle reproduc-
tion was caused by a deep depression in the
number of rodents and the disappearance of
the Tolai Hare (Lepus tolai) and the Central
Asian Tortoise (Testudo [Agrionemys] horsfiel-
dii). Moreover, the most unsuccessful year in
terms of breeding success was 2022, when,
against the background of the absence of small
mammals and a tortoise, a decrease in the
number of the Chukar (Alectoris chukar) was
observed, which all these years remained the
only basic food for eagles. Of the five Golden
Eagle nests inhabited in 2010, which were re-
examined in 2022, none were successful, and
3 of them had not been occupied by eagles
for a long time. Despite the lack of reproduc-
tion in many Golden Eagle pairs in Karatau,
they continued to stay in nesting areas. The
cessation of registrations of adult birds and
abandonment of nesting sites was noted in 5
areas in places of anthropogenic disturbanc-
es (construction of facilities, development of
minerals) in 3 out of 5 cases — in the zone of
influence of the Zhanatas wind farm and the
Shokpar wind farm (see details below).

Of the 40 GE breeding territories in the
Chu-1li Mountains, 36 remained occupied by
eagles by the end of 2024 (Table 1). A total
of 66 GE nests were found in the breeding
territories, 30 of which were alternative old
buildings, and 36 were occupied. Successful
breeding was noted in 58.3% of nests in 2009,
22.2% in 2023, and 25.0% in 2024 (Table 1).
In general, the breeding success of GEs (the
proportion of successful nests out of the num-
ber of occupied nests) for all breeding cases
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AbIX MTULL M OCTABAEHWME THE3AOBbLIX Y4aCTKOB
OTMEYEHO Ha 5 y4acTkax B MeCTax aHTpOro-
FeHHbIX HapPyLLEHW (CTPOUTEALCTBO OOBLEKTOB,
pa3paboTka MNOAE3HbIX MCKOMaembIx), B 3-X 13 5
CAy4aeB — B 30He BAUSAHMS YKaHaTacckon BOC
BOC «LLloknap» (MoApoBHOCTM CM. HUXKe).

M3 40 rHe3aoBbIX y4acTkoB OepkyTta B “y-
Manrickmx ropax, K koHuy 2024 r. 36 ocra-
BaAMCb 3aHSATbIMM opAamm (TabA. 1). Ha rHes-
AOBbIX Y4acTkax OOHapy>keHo 66 rHésa Oep-
KyTa, 30 13 KOTOpPbIX ObIAM aAbTEPHATUBHbBIMM
CTapbiMM MOCTPOMKaMM, a 36 — 3aHATbIMM.
YcneLuHoe pa3MHOXKeHMe OTMeueHo Ha 58,3%
rHésa B 2009 r., Ha 22,2% rHésa — B 2023 .
n Ha 25,0% ruésa — B 2024 r. (taba. 1). B
LIEAOM yCreX pasMHOXeHUs BepKyToB (AOAS
YCMEeLLHbIX THE3A OT YMCAQ 3aHATLIX) MO BCEM
CAyHasM pasmHOXeHus B Yy-MAniickmx ro-
pax okasaacs Bbille, Yem B Kapatay (34,21%
OTHOCHMTEALHO 28,72%), HO HE3HAYUTEALHO.
[TO UCTUHHBIM THE3AO0BbIM Y4aCTKam Cpea-
HAS YCMELWHOCTb Pa3sMHOXEHMs COCTaBMAA
36,04% 3a Bce roabl uccaeroBaHuid. Mpekpa-
LLIEHME FHe3A0BaHMSl 3a BECb NEPUOA OTMeYe-
HO Ha 4 rHe3A0BbIX yHaCTKax, B 3-X CAy4asx u3
KOTOPbLIX MPUYMHHON CTAaAO CTPOUTEALCTBO
dpepm Moa rHE3A0BbIMM CKAAAMM, OKa3aBLLIK-
MUCS €AUHCTBEHHBIMM FHE3AONPUIOAHBIM Ha
AaHHBIX y4acCTKax. He UCKAIoYEeHO, YTO NTULbI
NepPeMeCcTUANCh B MHbIE FHE3A0BbIE OMOTOMbI,
KOTOPbIE BbIMAaAM M3 Hallero 00CAeAOBaHMUS.
B wactHoCTM, 3a€Cb M3BECTHO rHe3AOBaHMe
GepkyTa Ha onopax AD[ 1 AepeBbax B yaane-
Humn ot ckaa (cm. GBIF.org, 2024; AknmkaHo-
Ba u Ap., 2024).

ANCTaHUMKM MEXKAY aKTUBHBIMM M CTapbiMK
aAbTePHATMBHbIMM FHE3AaMM OepkyTa B npe-
A€AaX OAHOrO yvactka uameHsiAmcb ot 0,04
A0 2,09 kM, B cpeaHem (n=68) 0,68+0,55 kv
1 6biIAM pakTUHeCKK OAMHaKoBbIMM B Kapa-
Tay n Yy-Maniickmx ropax.

AncraHummn mexxay OAMKaMLWIMMKM coceas-
Mu OGepkyTa BapbupoBaan oT 1,79 ao 25,64
KM, COCTaBMB B CpeaHeM (n=86) 7,44+5,57
kM (puc. 3). TpeTb GepkyToB (30,23%) rHes-
AVMAUCb B YAAAEHWUM Ha 3—5 KM ApPYr OT Apyra.
MHTepecHO, YTO AMCTaHUMM MeXAY DAMXKaM-
UMMM coCeasMM B AManazoHe oT 11 ao 13
KM OTCYTCTBOBAAM, YTO MPEANoOAaraeT BO3-
MO>KHOCTb  MPOMyCKa FHEe3A0BbIX Y4aCTKOB
GepKyTOB B FHE3AOMPUIOAHLIX OuoToMax Ha
AMCTaHUMAX Aaree 13 km. Takmx ancTaHuMiA
MEXKAY FHE3A0BLIMM YHaCTKaMKU OPAOB BbISiB-
AeHO 17 (19,77%), HO 5 13 HUX MPOTAHYAMCb
yepes MPOCTPAHCTBO MEXAY AOKAUMsSIMM, Ha
KOTOPOM MeCTa, MPUrOAHbIE AASl FHE3AOBA-
HMs OepkyTa, OTCYTCTBOBAaAM, a OCTaAbHble
12 pa3mellaAmcb Ha BMOAHE MPUFOAHbBIX AAS
FHE3A0BaHWS TEPPUTOPUSIX.

in the Chu-Ili Mountains was higher than in
Karatau (34.21% versus 28.72%) but not sig-
nificantly. For actual breeding territories, the
average breeding success was 36.04% overall
years of research. Cessation of nesting over
the entire period was noted in 4 nesting sites;
in 3 cases, the cause was the construction of
farms under nesting cliffs, which turned out
to be the only suitable nesting sites in these
sites. It is possible that the birds moved to
other nesting biotopes that were not included
in our survey. In particular, GE nest on pow-
er transmission line supports and trees away
from cliffs (see GBIF.org, 2024; Akimkanova
etal., 2024).

Distances between active and old alterna-
tive nests of the GE within one site varied
from 0.04 to 2.09 km, on average (n=68)
0.68=0.55 km and were virtually the same in
Karatau and the Chu-Ili Mountains.

Distances between the nearest neighbours
of the GE varied from 1.79 to 25.64 km, on
average (n=86) 7.44=5.57 km (Fig. 3). One-
third of the GEs (30.23%) nested at a distance
of 3-5 km from each other. Interestingly, dis-
tances between the nearest neighbours in the
range of 11 to 13 km were absent, which sug-
gests the possibility of missing nesting sites of
golden eagles in suitable biotopes at distances
further than 13 km. There were 17 such dis-
tances (19.77%) between the breeding territo-
ries of eagles. Still, five stretched through the
space between the locations where no places
were suitable for nesting the CE, and the re-
maining 12 were located in territories quite
suitable for nesting.

A comparison of the distances between the
closest neighbours of the GE in Karatau and
the Chu-Ili Mountains shows that in Karatau,
eagles nest on average at shorter distances
from each other (6.49+4.63 km, n=57,
1.79-21.45 km) than in Chu-Ili (9.31+6.78
km, n=29, 1.85-25.64 km) and the difference
in means looks reliable (t=-2.27, p=0.026).
However, in general, if we focus on the real
mountain areas, the distribution is the same; it
is just that in the Chu-Ili Mountains, there are
quite a lot of narrow valleys with rare rocks,
where the GE nests at a distance from each
other at distances higher than average. This
determines the presence of two groups (close
and distant) of distances between the nearest
neighbours in the Chu-Ili Mountains (Fig. 3).

All GE nests in Karatau (102) and the Chu-lIli
Mountains (66) are built on cliffs, mainly in the
upper third (50.61%, n=164) (Fig. 4). Moreo-
ver, in Karatau, the proportion of nests built
in the upper third of cliffs (53.92%, n=102) is
higher than in the Chu-Ili Mountains (45.16%,
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CpaBHeHne AMCTaHUMIA MexAy OAMKanLn-
Mu coceasmm BepkyTa B Kapatay 1 Hy-Maniicikmx
ropax nokasblBaeT, YTo B KapaTay OpAbl FHE3AST-
CA B CPEAHEM HA MEHBLLIMX AUCTaHLIMSX APYT OT
apyra (6,49+4,63 kv, n=57, 1,79-21,45 km),
yem B Hy-Man (9,31%£6,78 kM, n=29, 1,85-
25,64 KM) M pasHMLA CPEAHMX BbIFASIAUT AOCTO-
BepHOW (t=-2,27, p=0,026). OaHaKO B LIeAOM,
€CAM OPMEHTMPOBATLCS Ha HacToALIME FOp-
Hble y4aCTKM, pacrnpeAeAeHMe OAMHAKOBO,
npocto B Yy-MAMHUCKMX ropax AOCTaTOYHO
MHOTO Y3KMX AOAMH C PEAKMMM CKaAamu, Ha
KOTOPbIX OEPKYT FHE3AMTCS B YAAACHUU APYT
OT ApYra Ha PacCTOSHMSX BbILLIE CPEAHMX. ITO
OnpeAeAsieT HaAnume AByX rpynn (GAM3KMX u
AAABHMX) AMCTaHUMIA MeXAY OAMXKANLLMMM
coceaamu B Hy-Maniickmnx ropax (puc. 3).

Bce ruésaa GepkyTa B Kaparay (102) n Yy-
MAMICKMX ropax (66) yCTpOeHbl Ha CKaAax,
NpenMyLLIECTBEHHO B BepxHei TpeTu (50,61%,

n=62), where quite a lot of nests are located
in the lower third of cliffs (19.61% in Chu-Ili
compared to 38.71% in Karatau). The height
of the nests varies from 2 to 250 m, averaging
(n=145) 35.98+43.97 m (median 20 m). In
Karatau, Golden Eagles build nests at a higher
altitude (52.28+47.92 m, n=92, lim 3-250
m) than in the Chu-Ili Mountains (7.68+7.07
m, n=53, lim 2—40 m), with a reliable dif-
ference (t=6.665, df=142, p<0.00000),
mainly due to the higher cliffs in Karatau
(Fig. 4). 44.16% of nests (n=154) were built
on open-topped ledges, 40.91% in niches
closed on all sides, and 14.94% in semi-nich-
es (ledges under a canopy or niches open on
one side). Moreover, in Karatau, although not
significantly, nests built-in niches dominated
(48.51%, n=101), and in the Chu-Ili Moun-
tains — on shelves (56.6%, n=53), which is as-
sociated with the structure of the rocks and

Puc. 3. ucrorpammbl AMCTaHLIMI (B KM) MEXAY BAvKariLummm coceaamu bepkyTa B Kapatay m Hy-Manvickux ropax — A, ToAbko B Kapatay — B, ToAbko
B Hy-Manricknx ropax — C u amarpamma pasmaxa AMCTaHLMI MeXKAY OAvDKakiLLmmm coceasimm 6epkyTa B Kapatay u Yy-Maniickmx ropax — D.

Fig. 3. Histograms of distances (in km) between the nearest neighbors of the Golden Eagle in Karatau and the Chu-Ili Mountains — A, only in Karatau
Mountains — B, only in the Chu-Ili Mountains — C and the box-and-whiskers plot of distances between the nearest neighbors of the Golden Eagle in
Karatau and the Chu-Ili Mountains — D.
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n=164) (puc. 4). lNpnuém B Kapartay aoAs
FHE3A, YCTPOEHHBIX B BEpXHeM TPeTn CKaa
(53,92%, n=102), BbiLLe, vyem B Hy-Maniickmx
ropax (45,16%, n=62), rae AOCTaTO4HO MHO-
ro rHé3A PacrnoAaraeTcsl B HXHEN TPeTH CKaa
(19,61% B Yy-Man otHocuTeabHO 38,71% B
Kapatay). Bbicota pacrnonoxeHus rHé3a Ba-
pbupyeT oT 2 A0 250 M, COCTaBASA B CpEAHEM
(n=145) 35,98+43,97 M (MeanaHa 20 M).
B Kapartay OepkyTbl ycTpamBaloT rHésaa Ha
Goablueli BbicoTe (52,28+47,92 M, n=92,
lim 3-250 m), yem B My-Maniickmnx ropax
(7,68+7,07 M, n=53, lim 2—40 M), C HaAE>KHOM
pasHuueii (t=6.665, df=142, p<0.00000),
B OCHOBHOM, MO MpUYKMHE OOAbLLEN BbICOTbI
ckaa B Kaparay (puc. 4). Ha oTkpbITbIX CBEpXY
noAkax ycrpoeHo (n=154) 44,16% ruésa, B
3aKpbITbIX CO BCEX CTOPOH Huiwax — 40,91%
M B MOAYHMLLAX (MOAKM MOA HABECOM MAM OT-
KpbITble C OAHOrO 60Ka HuLLK) — 14,94%. [pu-
yém B KapaTay, XOTb M He 3HAUYMTEABHO, HO
AOMMHMPOBAAM THE3AQ, YCTPOEHHbIE B HMLLAX
(48,51%, n=101), a B Yy-Maniickmnx ropax
— Ha noAkax (56,6%, n=53), 4To CBS3aHO CO
CTPYKTYPOM CKaA M AMMMTOM B HUX KPYMHbIX
HMLL B 3TMX ropax (puc. 4).

Puc. 4. BbicoTa ycTpoiicTBa 1 pacrioAoxkeHme rHésa bepkyra Ha ckarax B Kapatay u Yy-Maunvickmx ropax.

Fig. 4. The height above ground and location of the Golden Eagle nest on the cliffs in Karatau and Chu-Ili Mountains.

the limitation of large niches in them in these
mountains (Fig. 4).

The examined clutches (5 in the Chu-lli
Mountains and 4 in Karatau) contained 1 to
2 eggs, an average of 1.44%+0.53 eggs (two
clutches of 1 egg and one of 2 eggs had long
since died by the time of examination). The
broods contained 1 to 2 nestlings, an aver-
age (n=11) of 1.18+0.4 (Fig. 5). No differ-
ence was observed between the productiv-
ity of pairs in Karatau and the Chu-Ili Moun-
tains. Of the six broods observed in Karatau,
only one contained two nestlings. Of the five
broods examined in the Chu-Ili Mountains,
only one contained two nestlings. Repeated
checks were carried out only on four nests (1
with two nestlings and 3 with one nestling),
in 3 of which, including a nest with two nest-
lings in the Chu-lli Mountains in 2024, the
nestlings successfully fledged. In one nest in
2024 in the Chu-lli Mountains, one nestling
died, probably due to unsuccessfully leaving
the nest before full-fledging (the remains were
found under the nest during a repeat check
2-3 weeks after the incident). Thus, we do not
have complete data on the productivity of GEs
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B ocmoTpenHbix kraaakax (5 B Hy-Manickmx
ropax 1 4 — B Kapartay) 661A0 OT 1 A0 2 auu, B
cpearem 1,44+0,53 anua (aBe kAaakm u3 1
Aua 1 oaHa M3 2-X MU OblAM AQBHO MOrMO-
LUME K MOMEHTY OCMOTPa). B BbIBOAKax HabAtO-
AAAOCb OT 1 A0 2 MTeHUOB, B cpeaHem (n=11)
1,18+0,4 nreHua (puc. 5). Kakoi-anbo pas-
HULIbI MEXKAY MPOAYKTMBHOCTBIO NMap B Kapatay
n Yy-MAniicknx ropax He 3amedeHo: u3 6 Bbl-
BOAKOB, HaOAloAaBLUMXCS B KapaTay, TOAbKO B
OAHOM ObIAO 2 MTEeHLA, U3 5 BbIBOAKOB, OCMO-
TpeHHbIX B Hy-MAnickmx ropax, Taikoke TOAbKO
B OAHOM 0ObIAO 2 NTeHua. [MoBTOpHbIe MpoBepKM
MPOBeAEHbI TOALKO Ha 4-X rHé3aax (1 — ¢ aByms
NMTeHUamMM U 3 — C OAHMM MTEHLOM), B 3-X U3
KOTOPbIX, BKAIOHYast FHe3A0 C 2 nTeHuamu B Hy-
Maniicknx ropax B 2024 1. nTeHUbl yCrewHo
BbiAeTeAr. B oaHOM rHe3ae, Takke B 2024 . B
Yy-Maniicknx ropax, oamH nrexHeu norud, se-
POSATHO, B pe3yAbTaTe HeyAa4HOrO OCTaBACHMS
rHE3Aa A0 MOMEHTA MOAHOTO onepeHus (OCTaH-
KM ObIAM HalAEHbI MOA FHE3AOM B XOA€ MOBTOP-
HOM MPOBEPKMN Yepe3 2—3 HEeACAM MOCAE MHLIM-
aeHTa). Takum 0Bpasom, Mbl He pacrioAaraem
MOAHOLICHHBIMW AQHHBLIMM TO MPOAYKTUBHOCTM
6epKyTOB M BbDKMBAEMOCTW FHE3A 3TOrO BMAA
Ha paccmaTpuBaeMOol TeppuTopmn, UTo TpebyeT

Puc. 5. H1cro amL B KAAAKax M MTEHLIOB B BbIBOAKAX
b6epkyta B Kapatay n Yy-Manrickux ropax.

Fig. 5. Number of eggs per clutch and nestlings per
brood of the Golden Eagle in Karatau and Chu-Ili
Mountains.

and the survival rate of nests of this species
in the territory under consideration, which re-
quires further research. Nevertheless, for the
estimation of the population, it is possible to
operate with a loss of chicks at the late stages
of 25%, taking into account the poor current
food situation and, accordingly, an indicator
of 0.89 nestlings per successful nest at the
time of fledging.

The low success of GE reproduction in
2022-2024 is directly related to the depres-
sion in the number of rodents that have af-
fected a vast territory of southern Kazakhstan
from 2017-2018 to the present.

In 2005-2010, the Great Gerbil (Rhombo-
mys opimus) and the Yellow Ground Squir-
rel (Spermophilus fulvus) were background
rodents throughout the study area, both in
Karatau and in the Chu-lli Mountains, with
the gerbil dominating on plateau-like uplands
and the Ground Squirrel near farms in the val-
leys. In both Karatau and the Chu-Ili Moun-
tains, the Tolai Hare was present, and large
numbers of tortoises were observed, both
visually and among the golden eagle’s prey.
For example, in the northwestern tip of Kara-
tau in April 2005, the tortoise was dominant
in the golden eagle’s diet (see Karyakin and
Barabashin, 2006).

In 2022-2024, the situation with food in
the study areas was fundamentally different.
In 2022, we managed to identify only three
colonies of Great Gerbils in the Karatau Moun-
tains, with a minimal population of several
dozen active burrows and four settlements of
Yellow Ground Squirrels, also consisting of a
dozen active burrows. Within a radius of 2 km
from the gerbil colonies and two settlements
of Ground Squirrels, successful nests of GEs
were identified. However, during the inspec-
tion, among the prey, we were able to locate
mainly the remains of birds, mainly chukars,
and turtles (only on the northern macroslope
of the Smal Karatau). A similar situation per-
sisted in 2023-2024. The Tolai Hare and
Tortoise have entirely disappeared from both
the counts (only one hare was encountered
during 60 field days in September 2024) and
the Colden Eagle’s diet throughout Karatau,
except the foot of the northern macroslope.
Moreover, the situation with the tortoise in
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AAABHENLLIMX MCCAEAOBAHUM. Tem He MeHee, Aa
OLIEHKM YMCAEHHOCTM MOXKHO OMepupoBaTh OT-
XOAOM MTEHLIOB Ha MO3AHKX CTaAUSIX B 25%, y4u-
ThiBasl MAOXYIO TEKYLLYIO CUTyaUMio C KOpMamu
M1, COOTBETCTBEHHO, Noka3atenem B 0,89 nren-
LIOB Ha YCMELLIHOE MHE3A0 K MOMEHTY BbIAETA.

Hu3kag ycnewHoCTb pasMHoXeHns bep-
kyta B 2022-2024 rr. Hanpsamylo CBsA3aHa
C Aernpeccuen YUCAEHHOCTH FPbI3YHOB, 3a-
TPOHYBLUMX OFPOMHYIO TEPPUTOPUIO 0T
Kaszaxctana ¢ 2017-2018 rr. no Hacros-
Liee Bpems.

B 2005-2010 r. 60AbLUas necyaHka (Rhom-
bomys opimus) n xéTbiii cycank (Spermo-
philus fulvus) 6biAM POHOBBIMM TpbI3yHaMM
Ha BCEM UCCACAYEMON TEPPUTOPKM, Kak B Ka-
partay, Tak u B Hy-Maniickmnx ropax, npuyém
necyaHka AOMMHMPOBAAA Ha NAATOOOPa3HbIX
BO3BbILLEHHOCTSX, @ CYCAUK OKOAO chepm B
aoanHax. M B Kapartay u B Yy-Maniickux ro-
pax NpUCYTCTBOBAA 3asiL-TOAAM M HabAloAa-
AOCb DOAbLLIOE KOAMYECTBO HYepenax, NpUyém
KaK BM3yaAbHO, Tak U cpean A0Dblum Bepky-
Ta. Hanpumep, Ha ceBepo-3anaaHoON OKOHeu-
HocTn Kapatay B anpeae 2005 r. yepenaxa
OblAa aDCOAIOTHBIM AOMWUHAHTOM B paLMOHe
6epkyTa (cM. Kapskun, bapabaiwimH, 2006).

B 2022-2024 rr. cutyaums ¢ KopMamu Ha
UCCAEAYEMBIX TEPPUTOPKSIX OTAMHAAACH MPUH-
uMnmasbHo. B 2022 r. Ham B ropax Kapatay
YAAAOCh BbISIBUTb AWLLb 3 KOAOHMM MeCHaHKK,
C O4YeHb OrPaHMHYEHHON YUCAEHHOCTLIO B He-
CKOAbKO AECSITKOB aKTMBHbIX HOP, U 4 noceAe-
HMS CYCAMKOB, COCTOSILLMX TaK)Ke M3 HECKOAb-
KMX AECSTKOB aKTMBHBLIX HOP. B paanyce 2 km
OT KOAOHMIA MECHAHKM 1 2 MOCEAEHWI CYCAUKOB
ObIAM  BbISBAGHbI YCMellHble THé3aa Oepky-
TOB, XOTSl Ha BCEX M3 HMX BO Bpems OCMOTpa
Cpean AOBbIMM YAAAOCh MAEHTMCPMLIMPOBATH B
OCHOBHOM OCTaHKM MTHL, MPEUMYLLIECTBEHHO
KEKAMKOB, M depenax (TOAbKO Ha CeBEPHOM
MakKpoCKAoHe Manoro Kaparay). AHarornyHas
CUTyaums coxpaHsiaach B 2023-2024 rr. 3asu
yepenaxa Ha BCEM NpoTshkeHun Kaparay, 3a nc-
KAIOYEHMEM MOAHOXKbSI CEBEPHOTO MAKPOCKAO-
Ha, MOAHOCTBIO BbIMaAM KaK M3 y4ETOB (TOALKO 1
3asu BCTpedeH 3a 60 NOAEBbIX AHEl B CeHTA0pe
2024 r.), Tak 1 13 paurora 6epkyTa. [pnuém
C Yepenaxon cuTyaums B Kaparay okasaracb
MPOCTO KaTaCTPOPUUHOM — CBEXME OCTaHKM
e€ naHumpen ObiAM OOHapyXeHbl AWLLb MOA
ABYMsl FHE3Aamm OEpKyTOB Ha CEBEPHOM Ma-
KpockaoHe. Ha MHOrmx rHésaax, rae B 2005 u
2010 rr. yepenaxa AOMMHMPOBaAA B MUTaHWUM
GepKyTa, He yAaAOCh HAWTW HKM OAHOTO Boaee
MAM MeHee CBEXero cpparmeHTa Kaparakca,
KOTOPbIM Obl HEe NMPeBpaLLaAca B TPYXy B pyKax,
YTO YKa3blBAET HA AAUTEALHOE OTCYTCTBME Ye-
penaxu Ha AaHHbIX THE3A0BbIX Y4aCTKaX OPAOB.

Karatau turned out to be simply catastrophic;
fresh remains of its shells were found only un-
der two GE nests on the northern macroslope.
In many nests, where the tortoise dominated
the golden eagle’s diet in 2005 and 2010, it
was not possible to find a single more or less
fresh fragment of the carapace that would not
turn into dust in the hands, which indicates
a long-term absence of the tortoise in these
breeding territories of the GEs.

In half of the GE breeding territories in Smal
Karatau in 2022-2024, remains of young In-
dian Crested Porcupines (Hystrix indica) that
were eaten were found. This species was not
found in the eagle’s diet until 2022 and ap-
peared due to the absence of other mammals
from the usual prey spectrum. However, it
does not play any significant role in the eagles’
diet, apparently due to the difference in the
daily activity of the porcupine and the GE (the
porcupine is a nocturnal animal).

In the Chu-Ili Mountains, the food situation
in 2022 was better than in Karatau. Against
the background of the ongoing depression
in the number of rodents, a moderate num-
ber of Tolai Hares (12 registrations in 14 field
days) and a relatively high number of turtles
remained, which was also noted as either a
dominant or sub-dominant in the Golden Eag-
le’s diet, according to the analysis of food re-
mains on and under nests. In 2023, the popu-
lation of Great Gerbil lance began to recover
along the periphery of the Chu-Ili Mountains.
Still, by 2024, it had not reached its optimal
population size and was absent from many
previously inhabited habitats.

Kraaka 6epkyta. Yy-Mansickme ropei, 07.05.2023.
®oto M. KapsikuHa.

Golden Eagle clutch. Chu-Ili Mountains, 07/05/2023.
Photo by I. Karyakin.
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Ha noAoBMHe rHe3A0BbIX y4acTKOB Oepky-
ToB B Manom Kapatay B 2022-2024 rr. ObiAn
OOHapy>KeHbl OCTaHKM CbEAEHHbIX MOAOAbIX
ankobpasos (Hystrix indica). 310oT BMA AO
2022 r. B paumoHe GepkyTa He BCTpeYaAcs
M MOSABUACS, OYEBMAHO, MO MPUYMHE OTCYT-
CTBMS APYTMX MAEKOMUTAIOLLMX U3 OObIMHOMO
cnekTpa A0ObI4KM. Tem He MeHee, OH He urpa-
€T KakoW-AMOO 3HaYMMOMN POAM B pauLMOHE
OPAOB, OYEBUAHO, M3-3a Pa3HULIbI B CyTOUYHOM
aKTMBHOCTM AnKoOpasa n bepkyTa (ankobpas
HOYHOE >XMBOTHOE).

B Yy-Maniickmx ropax cutyaumsa C Kopma-
mu B 2022 r. GbiAa Aydlle, Yem B Kaparay. Ha
choHE MPOAOAXKAIOLLEHCS AEMPECCUM UMCAEH-
HOCTM TPbI3yHOB, COXPaHAAaCh ymepeHHas
YMCAEHHOCTb 3aiiua (12 peructpaumia 3a 14 no-
AEBbIX AHEMN) U OTHOCUTEALHO BbICOKAs YNCAEH-
HOCTb 4epernaxu, KoTopas Takke OTMeYasach
AMBO AOMMHAHTOM, AMOO CyD-AOMMHAHTOM pa-
LMoHa 6epkyTa, Mo aHaAM3y OCTaHKOB MULLIK Ha
rHé3AaX M NMoA HUMK. B 2023 r. Ha4aroCh BOC-
CTaHOBAEHME YMCAEHHOCTM NECHaHKM1 No nepu-
chepumn Yy-Maniickmx rop, oaHaxko u k 2024 r.
OHa He AOCTMIAA OMTUMAAbHOM YMCAEHHOCTM
1 OTCYTCTBOBAaAa BO MHOTMX MECTOOOMUTaHMSX,
HaCeAEHHbIX paHee.

MoaeanpoBaHue pacnpocTpaHeHns

AHaAM3  CPEAHMX 3HAYEHWUIH MepemeHHbIX
OKpY>KaloLlen cpeabl A 97 TOYEK MPUCyT-
cTBMs OepkyTa Ha rHesaoBaHumn B Kapatay oT-
HOCMTEAbHO 58 TakoBbIX B Yy-MAMIMCKIX ropax
NoCcpeAcTBom t-kputepus CTbloseHTa Nokasaa,
YTO OHM PA3AMYAIOTCS MO PACTUTEALHOCTM W
KAMMATMHECKMM NepeMeHHbIM, a Takxke Mo He-
KOTOPbIM reoMopdpOAOTMHECKHM (TabA. 2). He-
CMOTPS Ha BOAeE AN MEHEEe OAMHAKOBLIE Bbl-
COTbI Haa ypoBHem mopst (elevation), GepkyTbl
B Kapartay rHesanancek B 6oAee nepecedéHHoM
MeCTHOCTH, (DoAee BbLICOKME MOKasaTeAn tri,
slope, vrm, roughness), c 6oaee rycroii pacTit-
TeAbHOCTbIO (range of EVI, NDVI) npu 3Tom B
Bonee BbICOKOM TemrepaTypHOM AuarasoHe
AETOM, HeM B Hy-Maninckmnx ropax.

M3 BaxkHbIX MepemMeHHbIX, pa3Huua Cpea-
HUX 3HAYEHMI OKasanacCb KPUTUUECKM BbICO-
KOM AASl BEKTOPHOM Mepbl HEPOBHOCTM (vrm),
CAOXKHOCTM MECTHOCTM (AOASl MAOLLAAM CO
ckAoHamu Hoaee 30 rpaaycos RIX), axcrnoHeH-
LMaAbHO B3BeLIEeHHOW pasHuua B EVI Mexay
COCEAHUMM MNnKCeAamm (contrast) M pa3dbpo-
COM KOMOMHaumi EVI mexxay coceaHnmm
nUKceAsMm  (variance), KoTopble MAEHTUCPK-
LMPYIOT FAYOOKME YLLIeAbS C APEBECHOM pac-
TUTEABHOCTLIO. B 0CTaAbHBIX CAyHasx pasHumua
MEXAY CPEAHUMM AASI BaKHBIX MEPEMEHHbIX
(n=35) oka3aAacb B LEAOM HE CTOAb BbICOKOM
(25,8%19,1%, 0,35-54,24%), KaKk 3TO MOXHO

Species distribution modeling

Analysis of mean values of environmental vari-
ables for 97 GE breeding territories in Karatau
relative to 58 breeding territories in the Chu-lli
Mountains using Student’s t-test showed that they
differ in vegetation and climate variables, as well
as in some geomorphological variables (Table 2),
despite more or less the similar elevations, CEs
in Karatau nested in more rugged terrain (higher
tri, slope, vrm, roughness), with denser vegeta-
tion (range of EVI, NDVI) and in a higher summer
temperature range than in the Chu-Ili Mountains.

Of the important variables, the difference
in mean values was critically high for the vec-
tor measure of roughness (vrm), the measure of
how complex the terrain (the proportion of area
with slopes greater than 30 degrees RIX), the ex-
ponentially weighted difference in EVI between
adjacent pixels (contrast), and the spread of EVI
combinations between neighbouring pixels (var-
iance), which identify deep gorges with woody
vegetation. In other cases, the mean difference
for the important variables (1=35) was generally
not as high (25.8+19.1%, 0.35-54.24%) as ex-
pected. Therefore, we decided not to separate
the species distribution modelling into two dif-
ferent fragments but to conduct the analysis to
a single extent, including both the Karatau and
Chu-Ili Mountains.

lMrenus 6epkyTa B rHe3ae. AOMMHaHTOM NUTaHUs SIBASI-
eTcsi cpeaHeasmatckas yepenaxa (Testudo [Agrionemys]
horsfieldii). Yy-Mansickue ropei, 26.05.2024.

®oto M. KapsikuHa.

Golden Eagle nestlings in the nest. The dominant food
item is the Central Asian Tortoise (Testudo [Agrionemys]
horsfieldii). Chu-Ili Mountains, 26/05/2024.

Photo by I. Karyakin.
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Taba. 2. CpasHerne (M=SD, lim) 49 nepemeHHbIX, OpeAeASIIOLLIMX Ka4eCTBO CPeAbl AASI TOUEK MPUCYTCTBUS GepKyTa Ha rHe3aoBaHum B Hy-
Manvicknx ropax (n=58) n Kapatay (n=97). B TabAnue nokaszaHo 3Hauenune t-kputepmsi CTbIOAEHTa AASI Pa3HMLIbI MEXKAY CPEeAHUMM. BakHbie
nepemeHHbIe BbIAeAEHbI XUPHbIM LLIPUCHTOM.

Table 2. Comparison (M=SD, lim) between 49 environment quality variables for 58 Golden Eagle breeding points in Chu-Ili mountains and 97 — in
Karatau. The table shows the value of Student’s t-test for the difference between the means. Important variables are in bold.

MepemeHHble* Yy-Haniickune ropsi / Chu-Ili mountains Kaparay / Karatau t-value

Variables* n=58 n=97 (df=153) p
elevation 625.93+228.03 (387-1196) 652.27+219.19 (245-1404) -0.7131 0.476895
cti -0.48+2.69 (-3.44-+6.50) -0.69+3.32 (-4.75-+6.98) 0.4098 0.682537
tri 11.72+6.70 (1.85-33.06) 24.20+14.58 (2.73-112.40) -6.1345 0.000000
slope 7.18+4.18 (0.96-20.96) 14.85%8.55 (2.06-54.16) -6.3863 0.000000
vrm 0.003923+0.01 (0.000033-0.05) 0.012882+0.01 (0.00015-0.099) -4.8693 0.000003
roughness 35.46+20.33 (6.20-100.26) 75.19+45.79 (10.94-346.15) -6.2446 0.000000
tpi 1.12+5.90 (-19.15-+14.10) -1.44+11.35 (-37.61-+31.38) 1.5897 0.113962
spi 0.98+3.91 (0.00046-27.86) 4.99+18.55 (0.00054-113.01) -1.6264 0.105914
aspect 180.54+107.93 (0-352.84) 192.83+97.87 (2.79-351.23) -0.7280 0.467734
cov 652.62+283.04 (158-1499) 1096.19+484.56 (292-2475) -6.3488 0.000000
contrast 33558.2+66341.7 (767-480584) 124598.4+137332.7 (3255-644474) -4.7253 0.000005
corr 1719.36%1372.24 (-1179-+4666) 2120.67+1493.00 (-1530-+5622) -1.6683 0.097292
dissimilarity 11601.07+8312.09 (767-55538) 23995.72+13001.06 (3175-65322) -6.5045 0.000000
entropy 20735.1+5152.05 (3028-29797) 25662.6+3816.95 (10233-29854) -6.8053 0.000000
homogeneity 5761.24%+1524.94 (1650-9617) 3886.63+1485.32 (1365-8421) 7.5283 0.000000
maximum 2633.14%+1520.38 (775-9233) 1562.55+942.92 (601-6171) 5.4145 0.000000
mean 1802.10£655.95 (1022-3631) 2323.82+640.72 (1262-4317) -4.8624 0.000003
pielou 8663.67+930.54 (3680-9723) 9123.45+678.48 (4495-9780) -3.5425 0.000526
range 425.34+294.65 (100-1735) 915.90£511.81 (144-2752) -6.6636 0.000000
shannon 13031.8+4172.9 (2551-24298) 18082.09+4080.36 (4938-25213) -7.3939 0.000000
simpson 6642.66+1378.20 (1323-9017) 7926.91+1065.17 (2498-9114) -6.4940 0.000000
sd 122.19+87.79 (29-533) 267.02+159.71 (37-910) -6.3510 0.000000
uniformity 1766.59+1296.74 (521-8583) 975.02+649.60 (517-4579) 5.0516 0.000001
variance 21987.0+40308.01 (364-273779) 90053.5+114047.20 (1813-745452) -4.3798 0.000022
air_density_100 1.15+0.03 (1.08-1.17) 1.14+0.03 (1.05-1.19) 1.6641 0.098133
wind_speed_100 8.15x1.78 (2.71-10.20) 7.79%1.17 (4.13-10.31) 1.4931 0.137477
power_density_100 750.21+370.99 (36.71-1493.19) 768.56+319.32 (228.44-1986.73) -0.3257 0.745124
RIX 0.01+0.04 (0-0.27) 0.06+0.07 (0-0.35) -5.2282 0.000001
bio01 84.78+8.13 (64-97) 92.11+10.44 (64-112) -4.5858 0.000009
bio02 116.59+1.55 (113-118) 128.98+2.10 (122-133) -39.0263 0.000000
bio03 26.43+0.62 (26-28) 28.77+1.02 (27-30) -15.8520 0.000000
bio04 11123.00%+372.78 (10261-11619) 11083.84+527.82 (10182-12090) 0.4957 0.620815
bio05 305.69%13.06 (274-321) 328.14%+12.36 (284-350) -10.7151 0.000000
bio06 -126.71£5.72 (-139--116) -113.32+12.46 (-140- -87) -7.7036 0.000000
bio07 432.40+9.73 (412-445) 441.46%13.13 (413-465) -4.5617 0.000010
bio08 93.90+12.94 (67-143) 98.97+14.54 (33-115) -2.1876 0.030215
bio09 202.59£38.15 (-73—-+221) 213.25+11.34 (177-235) -2.5734 0.011021
bio10 223.00%12.09 (192-237) 231.65+12.06 (193-256) -4.3167 0.000028
bio11 -63.38+5.53 (-73--52) -54.40+12.55 (-82- -28) -5.1527 0.000001
bio12 248.05+63.00 (191-391) 268.88+81.10 (159-529) -1.6757 0.095842
bio13 35.16+11.51 (25-62) 44.00+13.58 (23-84) -4.1470 0.000056
bio14 6.74+3.80 (4-17) 3.15+£1.13 (2-9) 8.6912 0.000000
bio15 42.41+1.82 (39-47) 56.32+3.12 (49-62) -30.8936 0.000000
bio16 93.60+29.70 (68-163) 110.82+34.84 (60-222) -3.1422 0.002014
bio17 25.03+11.96 (16-57) 13.47+5.22 (8-40) 8.3042 0.000000
bio18 39.09+15.55 (27-81) 19.16+6.57 (12-55) 11.0874 0.000000
bio19 57.78+6.26 (49-72) 85.34+22.18 (54-150) -9.2377 0.000000
NDVI_04-2000-2003 0.28+0.08 (0.13-0.49) 0.31+0.08 (0.17-0.56) -2.4874 0.013942
NDVI_09-2000-2003 0.16%0.05 (0.08-0.31) 0.18+0.03 (0.12-0.26) -3.0336 0.002840

Ipumeyanns | Notes:
* PaclumcppoBka cokpatLeHuii 1 onucaHue nepeMeHHbIX AOCTYMHbI B [puaosxennn 27 / Breakdown of abbreviations and

description of variables is available in Appendix 2
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Tab6a. 3. CpasHerne (M=SD, lim) 57 nepemeHHbIX, OpeAeAsiioLLMX Ka4eCTBO CPeAbl AAs 155 Toqek npucyTcTeust GepkyTa Ha rHe3A0BaHuM B
Kaparay n Yy-Maniickux ropax m ara 155 cayuaiiHbix Touek. B Tabanue nokasaHo 3HaqeHme t-kputepns CTbIOAEHTa AAS Pa3HULIbI MEXKAY CPEAHM-
Mu. BaxkHble nepemeHHble BbIAGAEHbI XKMPHBIM LLPUGPTOM. B 6a30Byi0 MOAEAL BKAIOYEHBI epemeHHble, KoahhuLmeHT koppeAsummn Crimpmena
KoTopbix <0,75. Koabl nepemeHHbix cM. B [1punoskermm 279,

Table 3. Comparison (M=SD, lim) between 57 environment quality variables for 155 Golden Eagle breeding points in Karatau and Chu-Ili
mountains and 155 random points. The table shows the value of Student’s t-test for the difference between the means. Important variables are in

bold. The base model includes variables with a Spearman correlation coefficient <0.75. See Appendix 2" for variable codes.

OTAnYHbIE
oT BkAlouéHHble
CAy4aliHbIX B Ba3oBylO Touku npucyTcTeus GepkyTa Ha
Different MoAeAb rHe3A0BaHUK
MepemeHHble* from  Included in Presence points of the Golden CAyuaifiHble TOYKH t-value
Variables* random  base model Eagle during breeding n=155 Random points n=155 (df=308) p
1 2 3 4 5 6 7

elevation 1 642.41+222.17 (245-1404) 695.72+284.06 (148-1629) 1.8404 0.066666
cti -0.61x3.09 (-4.75-+6.98) -0.32+1.93 (-3.87-+7.52) 0.9830 0.326383
tri 1 19.53+13.64 (1.85-112.4) 5.55+6.86 (0.19-39.7) -11.3989 0.000000
slope 1 1 11.98+8.12 (0.96-54.16) 3.70+4.57 (0.06-27.04) -11.0677 0.000000
vrm 1 1 0.0095%0.012 (0.000033-0.099) 0.0014%0.004 (0.000001-0.04)  -8.0900 0.000000
roughness 1 60.33+42.80 (6.2-346.15) 17.78+21.48 (0.53-131.42) -11.0611 0.000000
tpi 1 -0.48+9.74 (-37.61-+31.38) 0.11%3.10 (-10.66-+20.12) 0.7204 0.471814
spi 1 1 3.49+14.96 (0.0005-113.01) 0.03+0.14 (0.00009-1.18) -2.8794 0.004264
aspect 1 1 188.23+101.58 (0-352.84) 151.33+109.90 (0-336.9) -3.0699 0.002332
geom 1 1 6.03+2.08 (2-10) 4.48+2.57 (1-10) -5.7973  0.000000
cov 1 930.21+471.59 (158-2475) 804.46+546.88 (117-3279) -2.1680 0.030926
contrast 90531.8+£123853.1 (767-644474)  70940.1x£105609.8 (522-815692) -1.4985 0.135015
corr 1 1970.50%1457.56 (-1530-+5622) 2081.36x1680.72 (-2324-8464) 0.6204 0.535463
dissimilarity 1 19357.72+12928.63 (767-65322) 16477.00+11508.67 (522-67241) -2.0720 0.039094
entropy 1 23818.77+4962.81 (3028-29854) 22191.32+6020.93 (1861-29578) -2.5968 0.009862
homogeneity 1 4588.10£1750.50 (1365-9617) 5151.42x1909.09 (1401-9739) 2.7077 0.007154
maximum 1 1963.15+1296.14 (601-9233) 2508.65+1722.99 (838-9422) 3.1499 0.001794
mean 2128.60+692.33 (1022-4317) 2285.86+748.25 (1149-4721) 1.9206 0.055709
pielou 1 8951.41+810.73 (3680-9780) 8705.12x1152.50 (2407-10000) -2.1760 0.030313
range 732.34%502.14 (100-2752) 651.59+444.24 (64-2309) -1.4994  0.134806
shannon 1 16192.30+4778.64 (2551-25213)  14972.43+5056.19 (1668-24135)  -2.1830 0.029789
simpson 1 7446.35+1341.28 (1323-9114) 7051.28+1657.15 (1154-9051) -2.3071  0.021715
sd 212.83+153.94 (29-910) 188.61=139.55 (18-827) -1.4508 0.147846
uniformity 1 1 1271.22+1016.43 (517-8583) 1659.32+1457.76 (539-9027) 2.7189 0.006922
variance 64583.4+£99002.3 (364-745452)  51741.1+82688.97 (277-680890) -1.2395 0.216104
air_density_50 1.15x0.03 (1.06-1.2) 1.14=0.03 (1.04-1.21) -1.7684 0.077983
air_density_100 1.14%+0.03 (1.05-1.19) 1.14x0.03 (1.04-1.21) -1.7678 0.078080
air_density_10 1.15%+0.03 (1.06-1.2) 1.15+0.03 (1.05-1.21) -1.7689  0.077905
wind_speed_50 1 6.87+1.40 (1.94-9.59) 6.22+1.22 (2.41-10.95) -4.3695 0.000017
wind_speed_100 1 1 7.92+1.43 (2.71-10.31) 7.29+1.29 (2.9-11.26) -4.0889 0.000055
wind_speed_10 1 5.16%1.43 (0.94-9.49) 4.48+1.14 (1.66-10.57) -4.6677 0.000005
power_density_50 1 594.17+309.08 (17. 7-1833.9) 422.4+273.4 (54.15-2098.31) -5.1832  0.000000
power_density_100 1 761.7+338.5 (36.71-1986.73) 566.5+305.8 (68.58-1918.65) -5.3267 0.000000
power_density_10 1 1 341.50+286.83 (4.31-2163.46) 207.7+268.6 (26.01-2417.97) -4.2409 0.000029
RIX 1 0.04+0.06 (0-0.35) 0.02+0.05 (0-0.29) -3.5034 0.000527
bio01 89.37+£10.25 (64-112) 87.14+13.34 37-111) -1.6521  0.099526
bio02 124.34%+6.31 (113-133) 123.75%+6.90 (113-133) -0.7816  0.435043
bio03 27.90+1.44 (26-30) 27.86+1.25 (26-30) -0.2529  0.800513
bio04 1 11098.5+474.8 (10182-12090) 11025.1+475.5 (10173-12096) -1.3602  0.174764
bio05 319.74%16.65 (274-350) 316.07%21.19 (270-354) -1.6960 0.090898
bio06 -118.33+£12.29 (-140--87) -119.65+13.31 (-165—--90) -0.9087 0.364208
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3 4

bio07

bio08

bio09

bio10

bio11

bio12

bio13

bio14

bio15

bio16

bio17

bio18

bio19

world_cover
NDVI_04-2000-2003
NDVI 09-2000-2003

438.07+12.72 (412-465)
97.07+14.14 (33-143)
209.26+25.41 (-73—+235)
228.41x12.74 (192-256)

1 -57.76x11.33 (-82—-28)
261.08%75.31 (159-529)
40.69+13.51 (23-84)

1 4.50+3.03 (2-17)
1 51.12%7.27 (39-62)

1 104.38+33.96 (60-222)
1 1 17.80£10.07 (8-57)
1 26.62+14.49 (12-81)
75.03£22.36 (49-150)

1 1 34.58+10.94 (20-60)
0.30+0.08 (0.13-0.56)

1 0.17+0.04 (0.08-0.31)

5 6 7
435.72+14.36 (412-465) -1.5239 0.128556
90.19+18.65 (35-117) -3.6615 0.000295
208.28+15.06 (159-238) -0.4133  0.679651
225.26%16.64 (176-259) -1.8704  0.062382
-58.90%12.43 (-106—--31) -0.8452  0.398681
278.49+82.02 (156-550) 1.9462 0.052543
43.68+13.67 (23-87) 1.9393 0.053378
5.50£3.67 (2-15) 2.6162 0.009330
51.15+7.07 (40-62) 0.0475 0.962131
112.26+35.59 (60-231) 1.9936 0.047077
20.77+12.22 (6-52) 2.3385 0.020002
30.59+17.55 (11-73) 21738 0.030480
76.63+21.83 (51-143) 0.6373 0.524383
30.97+£4.67 (20-60) -3.7803 0.000188
0.30£0.09 (0.12-0.53) 0.1164 0.907436
0.17+0.04 (0.09-0.29) -0.7452  0.456726

ObIAO 0XKMAATL. [103TOMY Mbl PeLLIMAK He pas3-
AEAITb  MOAEAMPOBaHME  pPacnpoCTpaHeHue
BMAA Ha ABa pa3HbIX PParmMeHTa, a MpPOBOAUTH
aHaAM3 AAS €AMHOrO DKCTEHTA, BKAKHAIOLLIEro
n Kaparay 1 Yy-Maniickune ropei.

AHaAM3  CPEAHMX 3HAYEHWIH NepemeHHbIX
OKpPY>KaIOLLeN CPeAbl AASl TOHEK MPUCYTCTBUSA
OepkyTa Ha rHesaoaHmm B Kapatay n Yy-
MAMIACKMX  ropax MOCPEACTBOM  I-KpuUTepus
CTbloAeHTa MOKa3aA, YTO OHM 3HAYUTEALHO OT-
AMHYAAUCh OT TaKOBbIX CAyYaiHbIX Todek. [Hes-
AOBbIE y4acTkn OepkyTa OblAM MPUypOHeHbl K
HoAree KpyTbiM CKAOHaM (slope), B Boaee nepe-
Ce4eHHOM MecTHOCTH (tri, vrm, roughness), kak
MPaBUAO, K AOAMHAM C MOLLIHLIM CTOKOM (Spi), 1
BO3BbILLEHHOCTSIM C HECKOABKO OOAbLLIEN CKO-
POCTbIO M MOLLHOCTbIO BETPa, YEM CAy4aiiHble
ToukM (TabA. 3). YTo kacaeTcs CTPyKTypbl pac-
TUTE@ALHOCTM, TO anpeAbCKMe M CeHTAbpbCKMe
rokasaTteAn BereTaumoHHOro nHaekca (NDVI)
ObIAM CXOXKM B TOUKAX NPUCYTCTBMS BepkyTa 1 B
CAyYaMHbIX TOYKaX, HO PSiA NMOKa3aTeAei, OCHO-
BaHHbIX Ha PACLUMPEHHOM MHAEKCE PaCTUTeAb-
HOoCcTM (EVI) AASl MHE3AOBbLIX Y4aCTKOB OpPAOB,
OTAMHAACH OT CAyYaiHbIX Touek (cm. TabA. 3).
M3 KAMMaTUYECKMX MEePeMEHHbIX HeOOAbLLIYIO
pasHuLy (<20%) CpeAHWX 3HAYEeHWI Mexay
TOHKamMM NPUCYTCTBMS BepkyTa 1 CAyHaiHbIMK
TOHYKamM MOKa3aAM CpeAHsis Temneparypa ca-
MOT'0 BAQKHOTO KBapTaAa (bio8), ocaakm camo-
ro 3acCyLLAMBOIO Mecsilia (bio14), ocaakm camo-
ro BA)KHOIO KBapTaAa (bio16), ocaakm camoro
3acyLuAnBoOro keapTaaa (bio17), ocaaku camoro
Tenaoro keapTaa (bio18) (taba. 3).

AAs KAaccudpukaummn  M3obpaxkeHuit  C
LEeAbI0 MOAEAMPOBAHMUA  PACMPOCTPAHEHUS
H6epkyta metoaom Random Forest (RF) mbl
noAoOpaAn nepemeHHble AAS 4-X MOoAeAer
(Taba. 4, MMpuaoxkenue 2'9):

Analysis of the mean values of environmental
variables for the GE presence sites in the Kara-
tau and Chu-lli Mountains using Student’s t-
test showed that they differed significantly from
those of random points. Golden Eagle breeding
sites were confined to steeper slopes (slope), in
more rugged terrain (tri, vrm, roughness), usu-
ally to valleys with more stream power index
(spi), and to elevations with slightly higher wind
speed and power than random sites (Table 3).
As for the vegetation structure, the April and
September values of the Normalized Differ-

lNTeneu 6epkyTa B rHe3ae B PeHHOM AOAMHE C Bbi-
cokmmu nokasateasmu NDVI. Hy-KHaniickmne ropei,
26.05.2024. ®oto M. KapsikuHa.

Golden Eagle nestling in the nest in the river valley with
high NDVI values. Chu-Ili Mountains, 26/05/2024.
Photo by I. Karyakin.
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Taba. 4. Cnmcok nepemeHHbIX, BKAIOYEHHbIX B YeTbipe Habopa AAs MOAeAMPOBaHUS pacrnpocTpaHeHns bepkyta B Kapatay n Yy-Maniickmx ropax.
NepemerHble, BaxkHble COraacHo t-kputepusi CTbIOAEHTA, BbIAEAEHbI XUPHBIM LLIPUCHTOM.

Table 4. List of variables included in four sets for modeling the Golden Eagle distribution of the Karatau and Chu-Ili mountains. Important variables
according Student’s t-test are in bold.

Habop AA33
Earth Remote Sensing

MepemenHble* B moaean / Variables* in model

Dataset | ]| 1 \Y
NASADEM elevation elevation elevation elevation
Geomorpho90m cti, tri, slope, aspect,

Global Habitat
Heterogeneity

Global Wind Atlas

World Clim

ESA WorldCover 10m
v100

MODIS Terra
Vegetation Indices

vrm, roughness, tpi, spi,
geom

cov, contrast, corr,
dissimilarity, entropy,
homogeneity, maximum,
mean, pielou, range,
shannon, simpson, sd,
uniformity, variance

air_density_10, 50, 100,
wind_speed_10, 50, 100,
power_density_10, 50,
100, RIX

bio01, bio02, bio03,
bio04, bio05, bio06,
bio07, bio08, bio09,
bio10, bio11, bio12,
bio13, bio14, bio15,
bio16, bio17, bio18,
bio19

WC_class

NDVI_04-2020-23,
NDVI_09-2020-23

slope, aspect, vrm, tpi,

spi, geom

cov, corr, uniformity

wind_speed_100,
power_density_10

bio08, bio11, bio15,
bio17

WC_class

NDVI_09-2020-23

slope, aspect, vrm, tpi,
spi, geom

cov, corr, uniformity

wind_speed_100,
power_density_10

bio08, bio11, bio15,
bio17

WC_class

NDVI_04-2020-23,
NDVI_09-2020-23

cti, tri, slope, vrm,
roughness, tpi, spi, geom

cov, dissimilarity,
homogeneity, pielou,
range, simpson,
uniformity

air_density_10, wind_
speed_100, power_
density_10

bio04, bio05, bio07,
bio08, bio09, bio11,
bio12, bio13, bio16,
bio17

NDVI_04-2020-23

INpumeuannus / Notes:

* PaclumcppoBKa COKpaLLeHMid U OnucaHue nepemeHHbIX AOCTYrMHbI B Mpuaoskennn 27 / Breakdown of abbreviations and
description of variables is available in Appendix 2%%)

TabA. 5. Pe3yAbTaTbl KpOCC-BaAMAALIMM MOACAEH. JKUPHBIM LLIPUCDTOM BbIACAEHDBI AYHLLIME MOAEAN.

Table 5. Results of models cross-validation. Bold indicates the best models.

Pe3)’/\bTaTbI Kpocc-BaAAaLIMKU

Koa moaeaun / Code of model

Results of models cross-validation M1 Ml M M1V
Owmbka 6arrunra / outOfBagErrorEstimate 0.076 0.084 0.076 0.070
AUC 0.991 0.982 0.988 0.984
KoabcpuumeHT aeTepmmHaLmmn perpeccumn no obyuaioLLeii BbIGopke 0.89 0.87 0.88 0.88
Training regression R2

KoadhbcpurLMeHT aeTepMMHALIMM perpeccum No TECTOBOM BbIGOpKe 0.79 0.75 0.76 0.80
Validation regression R2

Max Kappa 0.896 0.880 0.938 0.938
Max Kappa Cutoff 54.17 50.0 41.67 41.67
Max ccr 0.953 0.944 0.972 0.972
Max ccr cutoff 54.17 54.17 41.67 41.67
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—Moaenb 1 (M 1) BkAlouaeT 58 nepemeHHbIX 13
7 npoaykToB A33™ 6e3 yuéTta MyAbTUKOAMHEAp-
HOCTM M BOXXHOCTM MO t-kpuTepmio CTbioaeHTa,

— Moaeab 2 (6a3oBasi MoaeAb, M ) Bkaoua-
eT 18 nepemeHHbIX™: 12 BaXKHbIX NepemeHHbIX
no t-kputepmio CTbioAeHTa AAS BLIDOPKM TOUEK
MPUCYTCTBUS U CAYHaiHbIX (MyABTUKOAAMHEPA-
Hble MepemeHHble OTCYTCTBYIOT) + 6 HeBaxK-
HbIX, HO HE KOPPEAMPYIOLLIMX C BaXKHbIMM,

—Moaenb 3 (M IIl) BkatouaeT 19 nepemeHHbIx™:
BCe nepemerHble 13 moaean Il + NDVI 04,

— Moaenb 4 (M IV) BkalovaeT 29 nepemen-
HbIX'?: 14 BaXKHbIX NepemMeHHbIX Mo t-KpUTepuio
CTbloAeHTa AASI BbIDOPKM TOYEK MPUCYTCTBUS
M CAyHaiHbIX + 15 HeBaXkKHbIX (MPUCYTCTBYIOT
MYAbTUKOAMMHEPaHbIE NepeMeHHbIe).

MepekpécTHas npoBepka Mokasara Ayd-
LM pe3yAbTaT aag M IV (Taba. 5). Owmnbka
6arrunra (Out-of-bag Error, OOBE) ars 20
AepesbeB RF BepoaTHocTn coctasmaa 0,07.

lMpakTuyeckn BO BCeX BapuaHTax MoAeAei
BXKHbIMU MepPeMEHHbIMM SBASIAUCh MPU3EM-
Has MOLLHOCTb BETPa MAM MAOTHOCTb BO3AY-

Puc. 6. Ouerka BaxxHocT nepemeHHbix B Random Forest
AAs Moaean M IV

Fig. 6. Estimating the importance of variables in Random
Forest for model M IV.

ence Vegetation Index (NDVI) were similar at
the GE presence sites and random sites, but
several values based on the Enhanced Veg-
etation Index (EVI) for eagle nesting sites dif-
fered from random sites (see Table 3). Of the
climatic variables, a slight difference (<20%)
in the mean values between the points of GE
presence and random points was shown by
the Mean temperature of the wettest quarter
(bio8), Precipitation of driest month (bio14),
Precipitation of wettest quarter (bio16), Pre-
cipitation of driest quarter (bio17), Precipita-
tion of warmest quarter (bio18) (Table 3).

To classify images to model the distribution
of the GE using the Random Forest method
(RF), we selected variables for four models
(Table 4, Appendix 2'9):

—Model 1 (M I) includes 58 variables’ from
7 remote sensing products without taking into
account multicollinearity and importance ac-
cording to Student'’s t-test,

— Model 2 (base model, M 1) includes 18
variables™: 12 important variables according
to Student’s t-test for the sample of presence
points and random (multicollinear variables
are absent) + 6 unimportant, but not correlat-
ing with important ones,

— Model 3 (M ) includes 19 variables: all
variables from Model Il + NDVI 04,

— Model 4 (M IV) includes 29 variables:
14 important variables according to Student’s
t-test for the sample of presence points and
random + 15 unimportant (multicolliner vari-
ables are present).

Cross-validation showed the best result for
M 1V (Table 5). The bagging error (OOBE) for
20 trees RF probability was 0.07.

In almost all model variants, the important
variables were surface wind power or air den-
sity, wind speed at a height of 100 m and top-
ographic characteristics of terrain roughness.
In the best model M IV, wind speed at the
height of 700 m was not among the important
variables, and surface Roughness (roughness),
Terrain ruggedness index (tri), surface Air den-
sity (air_density_10), Normalized Difference
Vegetation Index in April (NDVI_mean_04),
difference of the EVI between adjacent pix-
els (dissimilarity), Stream power index (spi),
Compound topographic index (cti), Mean
temperature of wettest quarter (bio08), Tem-
perature seasonality (bio04) and Vector rug-
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Xa, CKOpPOCTb BeTpa Ha BbicoTe 100 M 1 Tono-
rpadpuyeckme XapakTepUCTUKM HEPOBHOCTM
peabecpa. B Ayuiueit moaean M IV ckopocTb
BeTpa Ha BbicoTe 100 M BbIMaAa M3 BaXKHbIX
NEepPeMEeHHbIX, @ HEePOBHOCTb MOBEPXHOCTK
(roughness), MHAEKC Nepecevy€HHOCTM MeCT-
HoCTM (tri), npu3emMHas MAOTHOCTb BO3AyXa
(air_density_10), HOpMaAmM30BaHHbI  pas-
HOCTHBbIA MHAEKC PacTUTEALHOCTW B arpeae
(NDVI_mean_04), pasHuua pacLumpeHHo-
ro MHAEKCA pacTuTeAbHOCTM EVI mexay co-
ceaHnmmM ninkceasmu  (dissimilarity), nHaexc
MOLLHOCTM CTOKa (Spi), COCTaBHOM Tonorpa-
cpruecknit MHAekc (cti), cpeaHsisi Temnepa-
Typa camMoro BAaxHoro ksapTtasa (bio08),
Ce30HHOCTb Temnepatypsl (bio04) u BekTop-
Has mepa HEePOBHOCTM MOBEPXHOCTK (vrm)
OKa3aAuChb MePEeMEHHbLIMU, OMPEAEASIOLLIMMM
pacnpeaeaeHne OepkyTa B Kaparay u “y-
MAnickux ropax (puc. 6).

MpumeuateabHo, uTo RF 8 M IV onpeaeana
B Ka4ecTBe BaKHOW MepemMeHHOM AAs TOYeK

gedness measure (vrm) turned out to be vari-
ables determining the distribution of the GE
in the Karatau and Chu-Ili Mountains (Fig. 6).
It is noteworthy that RF in M IV identified
the vegetation index as an important variable
for the GE presence points, which showed no
difference between the presence points and
random points according to Student’s t-test,
but turned out to have a significant difference
in means relative to the GE absence points.
The RF regression graphs for the training
and training samples of M IV are shown in Fig-
ure 7, and the accuracy estimates for all four
models using AUC-ROC are shown in Fig. 8.
We created the resulting raster for M IV based
on the probability of GE presence in the range
from 50% to 100% (Fig. 9, Appendix 3%). The
area of biotopes suitable for breeding for
GE, according to this classified image, was
18209.9 km?, including 14587.5 km? in Kara-
tau and 3622.4 km? in the Chu-Ili Mountains
(Fig. 9). To construct habitats, we used differ-
ent buffer parameters based on the average
distances between the nearest neighbours in
Karatau (6.49/2 = 3.25 km) and the Chu-lli
Mountains (9.31/2 = 4.66 km). Thus, the area
of GE habitats in Karatau was 41826.44 km?,
in the Chu-Ili Mountains — 25775.99 km?, and
the total area of habitats in the territory under
consideration was 67602.43 km? (Fig. 9).

Population assessment

Of the 120 breeding territories (bt) of the GE
identified in Karatau (80 bt) and the Chu-Ili
Mountains (40 bt), 111 were found on survey
plots, and nine beyond them, mainly on tran-
sit routes, all in Karatau. In the Chu-lli Moun-
tains, all known breeding territories of the GE
are localised only on plots (Fig. 10).

The density of CEs breeding on the plots
(excluding overlapping of their territories in dif-
ferent years) was 0-4.74, on average (n=36,
M=SE) 0.92+0.21 pairs/100 km?, in habitats
on the plots — 0-4.75, on average 1.17+0.17
pairs/100 km?, in breeding biotopes on the
plots — 0-51.28, on average 3.82%+0.09
pairs/100 km? (Table 6). Without taking into ac-
count plots with zero values, i.e. those where
the GE was not encountered, the average den-
sity values for the total survey area, habitats
and breeding biotopes were as follows (n=32,
M=SE): 0.99%0.22 pairs/100 km? (0.27-4.74

Puc. 7. [pachuku perpeccum no obyHaioLLesi u TpeHupo-
BOYHOM BbIGOPKam arst M IV B Random Forest.

Fig. 7. Graphs of regression on learning and training
samples for M IV in Random Forest.
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Puc. 8. I'pachuku oueHkm
TOYHOCTH BCEX MOAEAEM
nocpeacrsom AUC-ROC
g Random Forest.

Fig. 8. Graphs estimates
of all models accuracy by
AUC-ROC for Random
Forest.

npuCyTCTBMS OepkyTa BereTauMOHHbIA MWH-
ABKC, KOTOPbIM He MOKa3aA PasHMULIbI MEXAY
TOYKaMM NPUCYTCTBUSA U CAyHaliHbIMK TOYKa-
Mu no t-kputepuio CTbioAGHTa, HO OKa3aAcs
CO 3HAYMMOM pa3HMLEN CPEAHUX OTHOCK-
TeAbHO TOYeK OTCYTCTBMA DepkyTa.

Ipachukm perpeccn RF no obyuaioLeit u
TPeHMpoBO4HOM BbibopKam M IV nokasaHbl Ha
pUCyHKe 7, OLIEHKM TOYHOCTU BCEX 4-X MOoAe-
Aen nocpeactsom AUC-ROC — Ha pucyHke 8.

Mol BbiBEAK pe3yALTUPYIOLLIMIA pacTp ars M
IV no BeposiTHOCTM npucyTcTBua OepkyTa B
ananasoxe ot 50 ao 100%; (puc. 9, MNpuno-
*eHue 3%). TNaoLlaAb FHE3AOMPUrOAHBIX AAS
GepkyTa OMOTOMOB, COrAACHO 3TOMY KAACCH-
PULMPOBAHHOMY M306paXKEHMIO, COCTaBMAQ
18209,9 km?, B ToM umcae 14587,5 kvm? — B
Kapatay 1 3622,4 km? — B Yy-Maniickmx ropax
(puc. 9). AAst NOCTPOEHUS MECTOOOMTAHMIA Mbl
MCMOAb30BaAM pasHble napameTpbl Bydpepa,
MCXOASl M3 CPEAHMX AMCTAHLIMIA MexAy OAM-
xaiiLummm coceasmu B Kaparay (6,49/2=3,25

2 http://rrren.ru/wp-content/uploads/2024/12/App3-mapsAC.zip

pairs/100 km?), 1.20%+0.18 pairs/100 km?
(0.4-4.75 pairs/100 km? and 3.87%0.09
pairs/100 km? (1.47-51.28 pairs/100 km?),
respectively. For population estimation, we
separated the calculation of density indices for
Karatau and the Chu-Ili Mountains since the
samples of average density values in Karatau
(n=29, M=SE 1.40=0.17 pairs/100 km?) and
the Chu-Ili Mountains (n=7, M+SE 0.5+0.11
pairs/100 km?) showed a reliable difference
(t=2.57, df=34, p=0.015).

To avoid overestimating the density of
breeding GEs by re-counting their nesting sites
in duplicate fragments of the survey areas in
different years, we geometrically combined
the sites, thus eliminating the overlap of their
territories. Next, we calculated the density of
actual breeding territories in the summarised
survey area, habitats, and breeding biotopes.
The data are shown in Table 7.

Thus, in the combined sites in Karatau
(n=17), the average density of breeding GEs


http://rrrcn.ru/wp-content/uploads/2024/12/App3-mapsAC.zip
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Km) 1 Yy-Manicknx ropax (9,31/2=4,66 KkMm).
Takum 0OpasoM, MAOLLAAb MECTOOOUTaHMI
H6epkyTa B Kaparay coctaBuaa 41826,44 km?,
B Yy-Maniickmx ropax — 25775,99 km?, a 06-
LLas NAOLLIAAb MECTOOOUTaHUIA Ha paccMaTpu-
Baemoii Tepputopun — 67602,43 km? (puc. 9).

OueHka 4ncAeHHOCTH

M3 120 rHe3A0BbIX y4aCTKOB OepkyTa, Bbl-
aBAeHHbIX B Kapatay (80 ywactkos) n Yy-
Maniicknx ropax (40 yuactkos), 111 Oblan
OOHapy>KeHbl Ha YY4E€THbIX NAOLLAAKax, a 9 3a
MX MpeAeAamu, NMPEeMMyLLIECTBEHHO Ha TpaH-
3UTHBLIX MapLupyTax, npu4ém Bce B Kaparay;
B Yy-MAniickmnx ropax Bce M3BECTHbIE He3-
AOBbI€ YUYaCTKM GepKyTa AOKaAM30BaHbl TOAb-
KO Ha naowaakax (puc. 10).

MAOTHOCTL OepKyTa Ha FHE3A0BAHWUM Ha MAO-
Laakax (6e3 yuéra nepekpbITus X TeppUTOpPHii
B pasHble roabl) coctaBuaa 04,74, B cpeaHem
(n=36, M=SE) 0,92+0,21 nap/100 km?, B Mme-
CTOOOMTaHMAX Ha naowaakax — 0-4,75, B

Puc. 9. [He3aonpuroaHbie as 6epkyta 6uoTonbi B
Kaparay, Hy-Manricknx ropax v Ha npuaeraioLmx
TePPUTOPUSIX, BLIACAEHHBIE M0 pe3yAbTaTam aHaAM3a
moaern M IV B Random Forest. YcroBHble 0603HadeHuMsI:
A — rpanmubl cTpaH; BB — rHe3aonpuroaHsie 61oTorbI,
PpaHXX1pOBaHHbIE 110 BEPOSTHOCTH MPUCYTCTBUS BUAQ
(BBEpPXY) M He paHXXupoBaHHbie (BHu3y); BH — mecroobu-
TaHms; To4kn npucytcrems bepkyra: RRRCN — rres-
AOBbI€ 3anMCK aBTOPOB, 110 KOTOPbIM OCYLLIECTBASIAOCH
MOAEAMPOBaHME PacrpoCTpaHeHms Buaa, n3 6asbl
AaHHbIX POCCHIACKOM CeTv M3yHeHns U OXpaHbl NepHaTbiX
xuLuHnkoB, GBIF — AaHHble, n3BAedeHHble M3 [A0babHOM
MHGPOPMALIMOHHO cucTembl 110 GropasHoobpasmio (Bce
ce30Hsbl), kz.birding.day — AaHHble, n3BAeUEHHBIE C caiiTa
KazaxcraHckoro coobuuectBa HabAloAaTeAes nTull (Bce
CEe30Hbl).

Fig. 9. Breeding biotopes of the Golden Eagle in Karatau,
Chu-Ili mountains and adjacent areas identified from
model M IV in Random Forest analysis. Legend: A —
country borders, BB — breeding biotopes, ranked by
probability of species presence (at the upper) and not
ranked (at the bottom); BH — habitats; points of Golden
Eagle presence: RRRCN — breeding records (from the
RRRCN Data Base) by authors on which Golden Eagle
distribution was modeled, GBIF — data from the Global
Biodiversity Information Facility (all seasons), kz.birding.
day — birdwatchers’ data on Golden Eagle records from
the Kazakhstan birdwatching community website (all
seasons).

for the total count areawas M =SE)1.13+0.21
pairs/100 km? (range 0-3.3, confidence inter-
val 0.84-1.53 pairs/100 km?), for the habitat
area—1.37=0.17 pairs/100 km? (range 0-3.3,
confidence interval 1.08-1.74 pairs/100 km?),
for the area of suitable breeding biotopes —
3.27%0.12 pairs/100 km? (range 0-12.84,
confidence interval 2.75-3.88 pairs/100 km?).
In the Chu-lli Mountains (n=6), these indica-
tors were as follows: for the total count area
(M=SE) — 0.48+0.09 pairs/100 km? (range
0.27-0.67, confidence interval 0.42-0.55
pairs/100 km?), for the area of habitats —
0.65+0.09 pairs/100 km? (range 0.4-1.01,
confidence interval 0.57-0.75 pairs/100 km?),
for the area of suitable breeding biotopes —
3.82%0.25 pairs/100 km? (range 1.5-10.1,
confidence interval 2.71-5.38 pairs/100 km?),
respectively (Table 7).

Direct extrapolation of the average density
(and asymmetric confidence interval) of the
GE bt in the habitats on the plots (Karatau —
4813.65 km?, Chu-Ili Mountains — 5527.62
km?) to the total area of habitats in Karatau
(41826.44 km?) and the Chu-Ili Mountains
(25775.99 km?) suggests an estimate of the
number of GE breeding in Karatau at 573
pairs (from 451 to 729 pairs), in the Chu-lli
Mountains — at 168 pairs (from 146 to 193
pairs). Extrapolation of similar indicators of GE
density in suitable breeding biotopes on the
plots (Karatau — 2021.12 km?, Chu-Ili Moun-
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cpeaHem 1,1720,17 nap/100 km?, B rHe3a0MpH-
roAHbIX 6MOTOMAx Ha naowaakax — 0-51,28, B
cpeatem 3,82%+0.09 nap/100 km* (Taba. 6).
be3 yuéTta NAOLLIAAOK C HYAEBBIMM 3HAUEHMSIMM,
T.€. TeX, Ha KOTOPbIX OEPKYT He BCTPeYeH, cpea-
HMe MOKa3aTeAn MAOTHOCTU AAS ODLLIEN YUYETHOM
MAOLLIAAM, MECTOOOMTaHMI 1 FHE3AOMPUIOA-
HbIX OMOTOMOB MOAYYEHbI CAeAyioLme (N=32,
M=SE): 0,99%0,22 nap/100 km?* (0,27-4,74
nap/100 km?), 1,20=+0,18 nap/100 km? (0,4-4,75
nap/100 km?) u 3,87+0,09 nap/100 km? (1,47—
51,28 nap/100 kM?) COOTBETCTBEHHO.

AASI LeAel OLEHKM YMCAEHHOCTM Mbl pas-
AEAMAM pacH€T MnokasaTeAei MAOTHOCTU AAS
Kaparay n Yy-Maniickmnx rop, Tak kak Bbioop-
KM CPeAHMX 3Ha4eHMM NAOTHOCTM B Kapatay
(n=29, , M=SE 1,40=0,17 nap/100 km?) 1 B
Yy-Maniickmnx ropax (n=7, , M=SE 0,5+0,11
nap/100 KM?) noKasaAm HaAéXHyIo pasHuLy (t
=2,57,df=34, p=0.015).

Ytobbl He 3aBbillaTbh MOKa3aTeAM MAOTHO-
CTW FHE3AALNXCA OEepPKyTOB, 3a CYET NOBTOP-

Puc. 10. Pacripeaerenme rHe3A0BbIX y4aCTKOB M BCTpeY
bepkyTa Ha y4ETHbIX NAoLLaskax B Kapatay (BBepxy) u
Yy-Unniickmnx ropax (BHu3y). YcAoBHble 0603Ha4eHMs:
A — rpaHuubl cTpaH; BB — rHe3aonpuroaxsie 6uotonbi;
BH — mectoobutanusi; To4ku npucyTcTamns bepkyTa:
RRRCN BT — rHe3aoBble y4dacTku (rHé3aa v napbl) u
RRRCN ind. — BcTpedu 0AMHOUHBIX OPAOB (HaBAIOAEHUS
aBTOpPOB M3 6a3bl AaHHbIX POCCHICKOM ceTn u3ydeHms

1 oxpaHbl nepHatbix xuiHnkos), GBIF — AaHHble, 13-
BAeUeHHble 13 [A0BaAbHOM MHCPOPMALIMOHHOM CUCTeMbI
no 6uopasHoobpasmio (Bce ce30Hbl), kz.birding.day —
AaHHble, n3BAeYéHHbIe C caiTa KazaxcraHckoro coobiue-
cTBa HabAtoAaTeAel nTuu (Bce ce30Hbl). Hymepavums
MAOLLAAOK COOTBETCTBYET HymepaLmm B TabA. 6-7.

Fig. 10. Distribution of breeding territories and
individuals of the Golden Eagle at survey plots in Karatau
(at the upper) and the Chu-Ili Mountains (at the bottom).
Legend: A — country borders, BB — breeding biotopes;
BH — habitats; points of Golden Eagle presence:

RRRCN BT — breeding territories (nests and pairs) and
RRRCN ind. — individual records (from the RRRCN

Data Base by authors), GBIF — data from the Global
Biodiversity Information Facility (all seasons), kz.birding.
day — birdwatchers’ data on Golden Eagle records from
the Kazakhstan birdwatching community website (all
seasons). Plots numbering corresponds to that in tables
6-7.

tains — 941.95 km?) to the total area of suitable
breeding biotopes (Karatau — 14587.5 km?,
Chu-lli Mountains — 3622.4 km?) gives an es-
timate of the number in Karatau and the Chu-
lli Mountains of 476 pairs (from 401 to 566
pairs) and 138 pairs (from 98 to 195 pairs),
respectively (Table 8).

Summarising the estimates obtained based
on density indicators with a minor error
(density in breeding biotopes for Karatau is
3.27%0.12 pairs/100 km? and density in habi-
tats for the Chu-Ili Mountains is 0.65+0.09
pairs/100 km?) allows us to estimate the num-
ber of GEs in the territory under consideration
at 547-759, with an average of 644 pairs.

Construction of a diagram of potential nest-
ing sites of the GE (a network of points based
on the range of distances between the near-
est neighbours) with validation by sites allows
us to fit 767 points in the contour of breed-
ing biotopes suitable for this species in the
study area in the best model (684-1277 for
100 runs of the algorithm). The population es-
timate for the model with average indicators
is 833=279.9 (577-1499) points. The details
of this calculation for the averaged model are
given in Table 9. The minimum and average
distances between the points of GE presence
in the validation set were 1.7 and 6.6 km in
the resulting layer of generated points for the
best model — 2.5 and 8.7 km, respectively. In
this case, we do not consider the areas aban-
doned by eagles, taking the maximum indica-
tors and calculating the number of the spe-
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Taba. 6. PeyabTatsl yuéta ruesasmxcs 6epKyToB Ha naoluaskax B Kapatay u Yy-Manrickmnx ropax 8 2005-2024 rr. Hymepauus naotuaaok co-
OTBeTCTBYeT TakoBoi Ha puc. 1 u 10. [puHsTbie cokpalenus: Pl — yuéTHbie naotuaaku, BH — mectoobutanms, BB — rHe3aonpuroaHbie 610TorbI,
OBT — 3aHATblE rHE3A0Bble y4aCTKM, MAOTHOCTb — MAOTHOCTb 3aHSATbIX THE3A0BbIX y4aCTKOB.

Table 6. Results of breeding Golden Eagles surveying on plots in Karatau and Chu-Ili Mountains in 2005-2024. Plots numbering corresponds to
that in figures 1 and 10. Accepted abbreviations: Pl — surveyed plots, BH — breeding habitats, BB — breeding biotopes, OBT — occupied breeding
territories, density — the density of occupied breeding territories.

MaoTHOCTb (Nap/100 kw?)

KOA NAOILIAAKH loa Maowaab (km?) / Area (km?) Density (pairs/100 km?)
Code of plot Year Pl BH BB OBT Pl BH BB
Al 2005 491.96 420.58 170.85 9 1.83 2.14 5.27
B1 2010 121.20 121.24 92.06 4 3.30 3.30 4.34
B2 2010 306.19 306.34 158.16 5 1.63 1.63 3.16
B3 2010 44.28 44.30 2417 1 2.26 2.26 4.14
B4 2010 80.82 71.01 71.94 2 2.47 2.82 2.78
B5 2010 117.97 117.91 70.59 2 1.70 1.70 2.83
B6 2010 99.13 97.13 90.58 3 3.03 3.09 3.31
B7 2010 55.23 52.81 51.30 2 3.62 3.79 3.90
B8 2010 121.06 121.15 66.95 2 1.65 1.65 2.99
B9 2010 40.21 40.25 3.16 0 0 0 0
B10 2010 155.00 155.01 131.75 5 3.23 3.23 3.80
B11 2010 126.47 126.42 63.11 6 4.74 4.75 9.51
P1 2022 218.05 216.74 59.72 4 1.83 1.85 6.70
P2 2022 184.61 177 76.78 2 1.08 1.13 2.60
P3 2022 192.41 162.04 59.92 3 1.56 1.85 5.01
P4 2022 84.18 81.92 61.61 3 3.56 3.66 4.87
P5 2022 359.67 357.07 236.30 10 2.78 2.80 4.23
P6 2022 488.84 405.34 45.55 4 0.82 0.99 8.78
p7 2022 654.85 636.1 207.93 4 0.61 0.63 1.92
P8 2022 321.39 318.68 136.08 2 0.62 0.63 1.47
P9 2022 110.46 106.33 89.09 2 1.81 1.88 2.24
P10 2022 68.97 69.01 33.01 2 2.90 2.90 6.06
P11 2022 9.22 9.23 6.17 0 0 0 0
P12 2022 317.40 228.92 39.28 0 0 0 0
P13 2022 41.06 41.08 7.79 1 2.44 2.43 12.84
P14 2022 71.31 71.34 23.42 1 1.40 1.40 4.27
P15 2022 357.25 345.13 106.75 4 112 1.76 3.75
P16 2022 711.88 38.23 0.18 0 0 0 0
U3 2024 748.73 742.84 327.06 11 1.47 1.48 3.36
Kaparay / Karatau 2005-2024 6699.79 5681.15 2511.26 94 1.40x0.17 1.65*+0.13 3.74+0.09
S1 2009 952.01 601.63 155.77 3 0.32 0.50 1.93
S2 2009 621.61 526.32 123.99 4 0.64 0.76 3.23
S3 2009 562.55 563.04 200.04 3 0.53 0.53 1.50
S4 2009 13413 109.29 3.90 2 1.49 1.83 51.28
T1 2023 3959.20 2894.31 377.10 18 0.45 0.62 4.77
U1 2024 1043.56 695.31 69.30 7 0.67 1.01 10.10
U2 2024 376.06 247.01 15.75 1 0.27 0.40 6.35
Yy-Uan | Chu-lli 2009-2024 7649.12  5636.91 945.85 38 0.50+0.11 0.67+0.10 4.02+0.24
Bcero / CpeaHee

Total / Average 2005-2024 14348.90 11318.06 3457.11 132 0.92+0.21 1.17+0.17 3.82+0.09
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TabA. 7. PesyabTaTbl yuéTa rHe3A[LLMXCS 6EPKYTOB Ha 00beAMHEHHBIX y4ETHBIX NAoLaskax B Kapatay u Hy-Mauiickux ropax 8 2005-2024 rr.
Hymepatmsi naoLasok cooTBeTcTByeT TakoBo# Ha puc. 1 u 10. [TpunsTeie cokpaiuenms: Pl — yuétHble naotasku, BH — mectoobutanms, BB —
rHe3aonpuroamsie 6motonsi, OBT — 3aHATbI€ THE3A0BbIE y4acTKM, MAOTHOCTb — MAOTHOCTb 3aHATbIX FTHE3A0BbIX Y4aCTKOB.

Table 7. Results of breeding Golden Eagles surveying on the united plots in Karatau and Chu-Ili Mountains in 2005-2024. Plots numbering
corresponds to that in figures 1T and 10. Accepted abbreviations: Pl — surveyed plots, BH — breeding habitats, BB — breeding biotopes, OBT —
occupied breeding territories, density — the density of occupied breeding territories.

Maowaab (km?) / Area (km?)

MAoTHOCTL (nap/1 00 km?)

Koa naowaaku  Toa Density (pairs/100 km?)
Code of plot Year Pl BH BB OBT Pl BH BB
Al 2005 491.96 420.58 170.85 9 1.83 2.14 5.27
B1 2010 121.24 121.24 92.06 4 3.30 3.30 4.35
B2, P2, P3 2010, 2022 596.72 558.54 240.64 5 0.84 0.90 2.08
B3, B4, P4 2010, 2023 152.39 143.07 110.40 3 1.97 2.10 2.72
B5 2010 118.01 117.91 70.59 2 1.69 1.70 2.83
B6, B10, B11, 2010, 2023 488.06 483.69 334.93 13 2.66 2.69 3.88
P5

B7, P9 2010, 2023 113.49 109.30 90.99 2 1.76 1.83 2.20
B8, P10 2010, 2023 141.74 141.74 66.73 2 1.41 1.41 3.00
B9, P12 2010, 2023 333.11 244.39 40.02 0 0 0 0
P1 2022 218.19 216.74 59.72 4 1.83 1.85 6.70
P6 2022 488.98 405.34 45.55 4 0.82 0.99 8.78
P7 2022 655.17 636.10 207.93 4 0.61 0.63 1.92
P8 2022 321.61 318.68 136.08 2 0.62 0.63 1.47
P11 2022 9.23 9.23 6.17 0 0 0 0
P13 2022 41.08 41.08 7.79 1 2.43 2.43 12.84
P14, P15, U3 2022, 2024 820.07 807.79 340.50 11 1.34 1.36 3.23
P16 2022 711.98 38.23 0.18 0 0 0 0
Kaparay 2005-2024 5823.03 4813.65 2021.12 66 1.13*+0.21 1.37*0.17 3.27+0.12
S1 2009 952.01 601.63 155.77 0.32 0.50 1.93
S2 2009 621.61 526.32 123.99 0.64 0.76 3.23
S3 2009 562.55 563.04 200.04 0.53 0.53 1.50
S4, U1 2009, 2024 1043.56 695.31 69.30 0.67 1.01 10.10
T1 2023 3959.20 2894.31 377.10 18 0.45 0.62 4.77
U2 2024 376.06 247.01 15.75 0.27 0.40 6.35
Yy-Han 2009-2024 7514.98 5527.62 941.95 36 0.48+0.09 0.65+0.09 3.82+0.25
Utoro 2005-20224 13338.01 10341.27 2963.07 102.00 0.76*+0.21 0.99+0.17 3.44+0.11

HOMO y4Y€Ta X FHE3A0BbIX Y4aCTKOB Ha AyOAM-
pyloLLMXCA hparMeHTax YYETHbIX MAOLLAAEH
B Pa3Hble rOAbl, Mbl FEOMETPUHECKHU OObEAU-
HWUAM MAOLLAAKM, M30aBMBLLMCL, TaKuM 0Opa-
30M, OT MEpPEeKpLITUS UX TEPPUTOPUA. Aaree
Mbl PAaCCYMTaAM MAOTHOCTb MCTMHHbIX FHE3-
AOBbIX Y4aCTKOB Ha CyMMMWPOBAHHOW y4ETHOM
MAOLLAAM, B MECTOOOMTaHUAX U FHE3A0MPHU-
rOAHbIX OMoTOMNax. AaHHble OTOOpaXKeHbl B
TabAuue 7.

Taknm 00pa3oM, Ha OObEAMHEHHBIX MAO-
waakax B Kaparay (n=17) cpeaHss NAOTHOCTb
OepkyTa Ha rHe3A0BaHUMKM AAS OOLLEr yuéT-
HOW nNAoLLaan coctaBmaa (M=SE) 1,13+0,21
nap/100 km? (pa3bpoc 0-3,3, aoBepuTEAb-
Hbli uHTepBaa 0,84-1,53 nap/100 km?),
AASI TIAOLLIAAM MecTooOuTaHui — 1,37+0,17

cies as of the end of 2010. By applying the
thinning of the point pattern corresponding to
the identified reduction in the number of oc-
cupied nesting sites by 7.5%, we obtain indi-
cators comparable with the modern results of
the population estimate by survey plots — 709
points in the best model (633-1181 for 100
runs of the algorithm).

To better validate the scheme of poten-
tial GE breeding territories, we constructed
a network of Thyssen polygons around 120
GE breeding points on and off-site (Appen-
dix 4%). Based on the results of the 2005-
2024 surveys, the total area occupied by
Thyssen polygons was 13,125.25 km?2. The
area of the territory per GE breeding territo-
ries (Thyssen polygon) varied from 15.2 to



48 [TepHatbie xuLHuku m ux oxpara 2024, 48 U3yderHne nepHatbix XULLHUKOB

Taba. 8. Pe3yabTatsl oLeHKM YncAeHHOCTH 6anobana B Kapatay u Yy-Maniickmnx ropax pa3Hbimu metosamu. [puHaTeie cokpatuenms: TA — obLas
nAotaab Tepputopum (km?), BH — naotuasb mectoobutanmii (km?), BB — naotuab rHe3A0npuroaHbix 61Motonos (km?), BP — rHesasiumecs napei,

SP — ycnetuHbie napbi, AB — B3pocable ocobu, y4acTsyiouume B pa3mHoxeHun, SP — ycneluHbie napel, JB — cAéTku Tekyuuero roaa, SB — HepasmHo-
KAIOLUMECS, MPEMMYILLIECTBEHHO MOAOAbIE MTULIbI MPOLLALIX AeT, All — Bce nTuLibl pa3HbiX BO3PACTHbIX rpyr, PI-TA — akcTpanoAsiLms nAoTHOCTH
FHE3AO0BbIX y4aCTKOB Ha MAOLLIAAKax Ha 00LLyio naowaAb, PL-BH — 3kcTpanoAsums NAOTHOCTM FHE3A0BbIX y4aCTKOB B MECTOOOUTaHMAX Ha MAOLLAA-
Kax Ha 00LLyi0 nAoLLaAb MecTo0OuTaHni, PL-BB — 5KCTpanoAsums NAOTHOCTH THE3A0BbIX YHaCTKOB B FHE3AONPUIrOAHbIX BMOTONax Ha NAOLLAAKAX

Ha 00LLIyIO NAOLLAaAb THE3AOMPUIOAHbIX GroTonos, RPG-valid. Th.aver. — reHepaums cAyqaiiHbix TOHeK C BaAMAaLMedi O MOAMroOHam TucceHa B
MoAeAM 0 cpeaHum nokasateasm, RPG-valid.Th.best — reHepatins cayualiHbix Touek ¢ BaAuAaLmesi no noAuroHam TucceHa B Ay4Liieii MoAeAu.

Table 8. Results of Saker Falcon abundance estimation for Karatau and Chu-Ili Mountains by different methods. Accepted abbreviations: TA — Total
area of the territory (km?), BH — Habitat area (km?), BB — Area of breeding biotopes (km?), BP — Breeding pairs, SP — Successful pairs, AB — Adults
participating in breeding, SP — Successful pairs, JB — Juveniles of the current year, SB — Non-breeding, mainly immature birds of previous years, All
— All birds of different age groups, PI-TA — Extrapolation of breeding pairs (bp) density on plots to the total area, PL-BH — Extrapolation of breeding
pairs (bp) density in habitats on plots to all habitat areas, PL-BB — Extrapolation of breeding pairs (bp) density in breeding biotopes on plots to all
areas of breeding biotopes, RPG-valid. Th.aver. — Random point generation with Thiessen polygon validation in the model by average indicators,
RPG-valid.Th.best — Random point generation with Thiessen polygons validation in the best model.

MeTtoa ouenku uncaenHoctu / Population estimation method

RPG-valid.

Pernon / Region  I'pynna/ Group PI-TA PL-BH PL-BB Th.aver. RPG-valid.Th.best
Kaparay 590 (436-797) 573 (451-729) 476 (401-566) 613 (472-874) 585 (453-787)
Karatau 213 (157-287) 207 (163-263) 172 (145-204) 221 (170-315) 211 (164
(TA 52012.92 km?,
BH 41826.44 km?. AB=BPx2 1180 (872-1594) 1146 (902-1458) 952 (802-1132) 1227 (944-1748) 1169 (907-1574)
BB 14587.5 km?)  JB=SPx0.89 189 (139-236) 183 (144-233) 152 (128-181) 196 (151-279) 187 (145-252)

SB=BPx0.24 139 (102-187) 135 (106-171) 112 (94-133) 144 (111-205) 138 (106-185)

All=AB+JB+SB

1508 (1113-2017) 1464 (1152-1862) 1216 (1024-1446) 1567 (1205-2233) 1494 (1158-2011)

Yy-Uan

Chu-1li

(TA 38244.41 km?,
BH 25775.99 km?,
BB 3622.4 km?)

AB=BPXx2

All=AB+JB+SB

183 (159-211) 168 (146-193)

66 (57-76) 61 (53-70)

366 (318-422) 336 (292-386)

JB=SPx0.89 58 (50-67) 54 (47-62)
SB=BPx0.31 57 (50-66) 53 (46-60)

481 (418-555) 443 (385-508)

138 (98-195) 181 (135-277) 179 (132-252)

50 (35-70) 66 (49-100) 65 (48-91)
276 (196-390) 363 (270-553) 357 (265-503)
44 (31-62) 58 (43-89) 57 (43-80)
43 (31-61) 56 (43-87) 56 (42-79)

363 (258-513) 477 (356-729) 470 (349-662)

Y (Karatau+ Chu-Ili) BP
X (Karatau+ Chu-lIli) All inds

773 (595-1008) 741 (597-922)

614 (499-761) 859 (656-1244) 795 (607-1151)

1989 (1531-2572) 1907 (1537-2370) 1579 (1282-1959) 2210 (1688-3202) 2044 (1561-2962)

Oba pernona
Both regions

(TA 90257.33 km?,
BH 67602.43 km?,
BB 18209.9 km?)

AB=BPx2

All=AB+JB+SB

690 (515-924) 667 (520-855) 627 (529-743) 746 (594-1005) 705 (607-955)

249 (186-333) 240 (187-308) 226 (191-266) 269 (214-363) 254 (218-344)

1380 (1030-1848) 1334 (1040-1710) 1254 (1058-1486) 1493 (1188-2011) 1410 (1214-1909)

JB=SPx0.89 220 (165-295) 212 (165-273) 200 (169-235) 239 (189-321) 225 (193-304)
SB=BPx0.27 189 (141-253) 183 (143-234) 172 (145-204) 204 (163-276) 193 (167-262)

1789 (1336-2396) 1729 (1348-2217) 1626 (1372-1925) 1936 (1539-2608) 1828 (1573-2475)

nap/100 km? (pa3bpoc 0-3,3, AoBepUTEAb-
Hblid MHTepBaa 1,08-1,74 nap/100 KM?), ars
MAOLLIAAM T[HE3AOMPUIrOAHbIX OMOTOMOB —
3,27+0,12 nap/100 km? (pa3bpoc 0-12,84,
AOBEPUTEAbHbIN uHtepsan  2,75-3,88
nap/100 km?). B Yy-Maniickmux ropax (n=6)
9TW NoKa3aTeAn ObIAM CAEAYIOLLMMM: AAS OO-
e y4€THon naowaam (M=SE) —0,48+0,09
nap/100 km? (pasdpoc 0,27-0,67, aoBepu-
TeAbHbIM nHTepBaa 0,42-0,55 nap/100 km?),
AASI TIAOLLIAAM MecTooOMTaHui — 0,65+0,09
nap/100 km? (pasbpoc 0,4-1,01, aoBepu-
TeAbHbIM nHTepBaa 0,57-0,75 nap/100 km?),
AAS MAOLLAAM THE3AOMPUrOAHbIX OMOTOMNOB
- 3,82+0,25 nap/100 km? (pasbpoc 1,5-
10,1, roBepuTeAbHbIM MHTepBaA 2,71-5,38
nap/1 00 KM?) COOTBETCTBEHHO (TabA. 7).
MMpamas 3KCTPanoAAuUMs CPeAHen MAOT-
HOCTM (M HECMMMETPUYHOIO AOBEPUTEAb-

805.26 km?, averaging 109.38+121.84 km?
(median = 67.03 km?). The Thyssen poly-
gons constructed around the GE breeding
points in Karatau (70.75+46.31 km?, n=80,
lim 15.2-289.7 km?, median = 61.27 km?)
were significantly smaller (t=5.478, df=118,
p<0.00000) than those in the Chu-Ili Moun-
tains (186.63+178.24 km?, n=80, lim 23.05—
805.26 km?, median = 130.35 km?). Howev-
er, the distribution of the breeding GE in the
study area is determined by the distribution
and area of suitable breeding biotopes, which
in the Thyssen polygons totalled 3499.49 km?
(26.66% of the total area of the polygons).
The area of suitable breeding biotopes for GEs
per one Thiessen polygon varied from 0.33
to 126.14 km?, averaging 29.16%+23.14 km?
(median = 23.36 km?). Moreover, no reliable
difference was found in the average areas of
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HOTO MHTEPBaAa) FHe3A0BbLIX Y4aCcTKOB Oep-
KyTa B MecToobuTaHmax Ha naotaakax (Ka-
patay — 4813,65 km?, Yy-Maniickne ropeoi
— 5527,62 km?) Ha obLylo nAollasb Mme-
ctoobutaHuii B Kaparay (41826,44 km?) u
Yy-Maniickmx ropax (25775,99 km?), npea-
noAaraeT OUEHKY YMCAEHHOCTM 3TOr0 BMAA
Ha rHe3aoBaHmm B Kapatay B 573 napbl (0T
451 ao 729 nap), B Hy-Maniickux ropax — B
168 nap (o1 146 a0 193 nap). DKCTpanoas-
LMA aHAAOTMUHBIX NMOKa3aTeAeld MAOTHOCTM
GepkyTa B FHE3A0MPUIrOAHbIX OMoTONax Ha
naowaakax (Kaparay — 2021,12 km?, Yy-
Maniickne ropel — 941,95 km?) Ha obuyio
MAOLLAaAb FHE3A0MPUIroAHbIX GroTonos (Ka-
patay — 14587,5 km?, Yy-Maniickne ropel

suitable nesting biotopes in the Thiessen poly-
gons on Karatau (31.88+23.53 km?, median
= 25.95 km? and in the Chu-Ili Mountains
(23.73+21.60 km?, median = 16.30 km?)
(t=-1.838, df=118, p=0.07). This, in theory,
allows the generating points of the potential
GE breeding territories for biotope contour
throughout the entire territory without divid-
ing them into mountain ranges.

Validation of the point network using Thies-
sen polygons constructed around the points of
real GE breeding territories in the study area
allowed us to fit 762 points into the contour
of breeding biotopes suitable for this species
in the study area in the best model (from 656
to 1032 per 100 algorithm runs). Thinning out

TabA. 9. Pe3yabTaTbl oLeHKM YncreHHOCTH bepkyTa B Kapatay u Hy-Maniickx ropax METOAOM reHepaLmm CAyHaiHbIX TO4YeK 10 3aAaHHOMY AMa-
Ma3o0Hy AUCTaHUMI MEKAY DAMXKAMLLIMMM COCEASIMU Ha OCHOBE PEryAsIPHOM CeTU (CpeAHme nokasatean).

Table 9. Results of the Golden Eagle abundance estimation for the Karatau and Chu-Ili Mountains by the Random point generation method over a
given range of distances between the nearest neighbors based on a regular network (average indicators).

MuHumanbHoe MakcumaAabHOe
UYUCAO CreHe- UYUCAO CreHe-
PYPOBaHHbIX PUPOBaHHbIX

AoBepHTeAbHbIV
MHTepBaA

Pe3yAbTaTbl MPOBEPKM NATTEPHA TOUEK

M0 TPEHUPOBOUHBIM U BAAMAALIMOHHBIM
nAoLIaAKam

Results of checking the pattern of points on
training and validation plots

Touek Touek Confidence In- Average Average
Minimum num- Maximum terval (1xaver- Average Validation Average Training
ber of gener- number of gen- age Validation Validation AbsDevia- Training AbsDe-
ated points  erated points M=SD  AbsDeviation*) Deviation tion Deviation viation
Becb pernon / All region

Moauronbl Tuccena
Thiessen polygons 656 1032 807.2+70.97 641.9-1087.2 0.19 0.26 0.14 0.14
Maowaaku / Plots 684 1277  833.0+79.9 576.8-1498.8 0.29 0.44 0.22 0.22

F'opbl Kaparay ¢ npuaeraiowummu Tepputopusmu / Karatau Mountains with adjacent territories

Moauronsr Tuccena

Thiessen polygons 490 851 662.6+76.56 510.2-945.0 0.19 0.30 0.14 0.17
Yy-Uawniickue ropsi / Chu-lli Mountains

Moauronbl Tuccena

Thiessen polygons 143 272 195.8+27.05 145.7-298.5 0.13 0.34 0.13 0.17

Ipumeuanns | Notes:

* AOBEPUTEABbHbII MHTEPBAA YUCAEHHOCTM OMPEAEASIETCS MO 3HaueHMsIM «My 1 «averageValidationAbsDeviation»

caeaytolmm obpasom: averageTotal (1 + averageValidationAbsDeviation) <= peaabHoe koanuecTBo <= averageTotal (1

— averageValidationAbsDeviation); Hanpumep, ecan «averageValidationAbsDeviation = 0,2, To 3T0 MHTEpNpeTHpyeTCs Kak

TO, YTO AATOPUTM MPU OLIEHKE YMCAEHHOCTM OLLnBaeTcst Ha 20% B Ty MAM MHYIO CTOPOHY, @ 3HAUMT, MOXKHO CHUTATb, UTO
peanbHasi YUCAEHHOCTb = oLleHKa aaroputma =20%. / The abundance confidence interval using the values of “averageTotal”

and “averageValidationAbsDeviation” determined as follows: averageTotal (1 + averageValidationAbsDeviation) <= an actual
amount <= averageTotal (1 -averageValidationAbsDeviation); for example, if “averageValidationAbsDeviation” = 0.2, then this is
interpreted as the fact that the algorithm, when estimating abundance, is wrong by 20% in one direction or another, which means

that we can assume that actual abundance = the algorithm'’s estimate = 20%.

CokpatueHus / Abbreviations:
«averageValidationDeviation» — cpeaHee no Bcem uTepauwsam 3HaueHne «validatingErrorPercenty / average over all iterations
“validatingErrorPercent”,
«averageValidationAbsDeviation» — cpeaHee Mo mMoayAlo No Bcem uTepaumsiM 3HadeHue «validatingErrorPercent» / module
average over all iterations “validatingErrorPercent”,
«averageTrainingDeviation» — cpeaHee M0 Bcem UTepaLmsm 3HadeHue «trainingErrorPercent» / average over all iterations
“trainingErrorPercent”,
«averageTrainingAbsDeviation» — cpeaHee Mo MOAYAIO MO BCeM MTepaLMsaM 3HadeHue «trainingErrorPercent» / average over all
iterations “trainingErrorPercent”.
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—3622,4 KM?) AQ€T OLIeHKY YUCAEHHOCTU B
Kapatay n Yy-Maniicknx ropax B 476 nap
(o1 401 Ao 566 nap) n 138 nap (ot 98 ao
195 nap) cooTBeTcTBEHHO (TabA. 8).

CymmupoBaHMe OLIeHOK, MOAYYeHHbIX Ha
OCHOBAHWK MokKasaTeAen MAOTHOCTU C MEHb-
e oWnOKoM (MAOTHOCTb B FHE3AOMPUIOA-
HbIX Ouotonax aaa Kaparay — 3,27+0,12
nap/100 kM? M MAOTHOCTb B MecTooOuTa-
Huax aasa Yy-Maniickux rop — 0,65+0,09
nap/1 00 KM?) TMO3BOASIET OLIEHUTb UMCAEH-
HOCTb OepKyTa Ha paccmaTpuBaemon Teppw-
Topumn B 547-759, B cpeaHem 644 napsl.

[MocTpoeHne cxembl MOTEHUMAAbHbBIX MHE3-
AOBBIX Y4aCTKOB OepkyTa (ceTh Tovek Ha oc-
HOBaHMM AManasoHa AMCTAHLUMI Mexay OAn-
>KaWLLIMMM COCEASIMM) C BaAMAALIMEN MO MNAO-
LLIAAKAM, MO3BOASET BMNMUCaTb B KOHTYP rHe3-
AOMPUIOAHbBIX AAS 3TOFO BMAa BMOTOMOB Ha
MCCAEAYEMOW TEPPUTOPUM 767 TOHUEK B AyY-
wen moaean (684-1277 ars 100 nporoHos
aAropnT™Ma). OueHKa YMCAEHHOCTH MO Moae-
AM CO CPEAHMMM MOKa3aTeAIMM COCTaBASeT
833+79,9 (577-1499) Touek. AeTaAn 3TOro
pacyéTa AAA YCPEAHEHHOW MOAEAU MpuBe-
AeHbl B Tabamue 9. MuHMMaAbHas 1 cpeaHss
AMCTaHLMM MeXKAY TOYKaMK NpUCyTCTBUS Oep-
KyTa B BaAMAQLIMOHHOM Habope cocTasuan 1,7
16,6 KM, B PE3YALTUPYIOLLIEM CAOE CreHepHUpo-
BaHHbIX TOYEK AAS AyHLLIE MOAeAN — 2,5 1 8,7
KM COOTBETCTBEHHO. B AGHHOM CAyyae Mbl He
YUUTbHIBAEM MOKMHYTHIE OPAAMM YHACTKK, B34B
MaKCMMaAbHbIE MOKa3aTeAn, 1, Mo CyTu, pac-
CUYMTBIBAEM YMUCAEHHOCTb BMAA MO COCTOSIHUIO
Ha koHeu 2010 r. INpumeHns npopexknusaHue
naTrepHa TO4€eK, COOTBETCTBYIOLLEE BbISBACH-
HOMY COKpPALLEHMIO YMCAA 3aHATLIX THE3AOBbIX
y4acTKoB B 7,5%, Mbl MOAyHaem MokasaTeAu,
CpaBHUMbIE C pe3yAbTaTamMu OLEHKM YMCAEH-
HOCTM MO Y4ETHBIM MAOLLIAAKaM — 709 Touek B
AyHLuen moaean (633-1181 ara 100 nporoHos
AAroOpUTMA).

AASI AydLLIe BaAMAALIMM CXeMbl MOTeHUM-
aAbHbIX FHE3A0BbIX Y4aCTKOB OepKyTa Mbl
MOCTPOMAM CETb NMOAMIOHOB TucceHa BoO-
Kpyr 120 rHe3a0BbIX y4acTKoB OepkyTa Ha
MAOLLIAAKAX M 3a mx npeaeramu (Mpuaosxe-
Hue 42%). O6Luas NAoLLAaAb, 3aHATast MOAMIO-
HamMu TucceHa, Mo pesyAbTaTaM MCCAEAOBA-
HUiA 2005-2024 rr. coctaBmaa 13125,25 km?.
MAoLlaAb  TeppuTOpUM, MPUXOASILLENCS  Ha
OAMH THE3AOBOM ydacTOK OepKyTa (MOAMIOH
TucceHa), BapbupoBasa oT 15,2 A0 805,26 km?,
cocTasus B cpeaHem 109,38+121,84 km? (me-
AvaHa = 67,03 km?). [MoanroHsl TucceHa, no-
CTPOEHHblE BOKPYI MHE3AO0BbIX y4acTKOB Oep-
kyTa B Kaparay (70,75+46,31 km?, n=80, lim

2 http://rrren.ru/wp-content/uploads/2024/12/App4-layersAC.zip

THe3a0 GepkyTa B KPYNHOM CKaAbHOM MaccuBe
Hy-Unniickmnx rop. @oto M. KapskuHa.

A Golden Eagle nest in a big rock massif of the
Chu-Ili Mountains. Photo by I. Karyakin.

the point pattern corresponding to the identi-
fied reduction in occupied breeding territories
by 7.5% yields 705 points (607-955 for 100
algorithm runs). The population size estimate
using the model with average indicators was
807+71.0 (642-1087) points (Table 9) or 746
(594-1005), taking into account the scale of
its reduction (Table 8). The minimum and av-
erage distances between GE presence points
in the validation set were 1.8 and 6.9 km in
the resulting layer of generated points for the
best model — 3.4 and 8.0 km, respectively.
We also made a separate recalculation for
Karatau (with adjacent territories) and the
Chu-Ili Mountains. Detailed calculation details
without pattern thinning are given in Table 9.
For Karatau, the best model taking into ac-
count the scale of population decline has 585
(453-787) points, for the Chu-Ili Mountains
- 179 (132-252), and in total, both moun-
tain regions give 795 (607-1151) points. The
minimum and average distances between the
points of GE presence in the validation set for
Karatau were 1.8 and 5.9 km, in the resulting
layer of generated points for the best model
— 3.3 and 7.0 km, for the Chu-lli Mountains
2.3 and 8.0 km, 3.3 and 8.3 km, respectively.
Thus, with the maximum level of coinci-
dence with the Thiessen polygons, the RPG
method allows us to obtain, on average, from


http://rrrcn.ru/wp-content/uploads/2024/12/App4-layersAC.zip
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15,2-289,7 km?, MeanaHa = 61,27 km?) OblAn
AOCTOBEPHO MeHblue (t=5,478, df=118,
p<0,00000), yem Takosble B “y-Manickmnx
ropax (186,63 +178,24 km?, n=80, lim 23,05—
805,26 km?, meanaHa = 130,35 km?). OaHako
pacrnpocTpaHeHune OepKyTa Ha THe3A0BaHWMM
Mo WMCCAEAYeMOW TeppUTOpUM OrpeAeAseTcs
pacrnpeAeAeHUEM U MAOLLIAALIO THE3AOMPUIOA-
HbIX OMOTOMOB, KOTOpPbIE B MOAMIOHax Tucce-
Ha B Cymme coctaBuan 3499,49 km?* (26,66%
OT oOLUei MNAOLLAAM MOAMIOHOB). [1AoLLAAb
FHEe3AOMPUIOAHbIX AAS OepkyTa OMOTOMOB,
MPUXOASLLAACS Ha OAMH MOAWUIOH TucceHa,
BapbupoBasa ot 0,33 ao 126,14 km?, cocra-
BMB B cpeaHeM 29,16%23,14 km? (MeanaHa
= 23,36 km?). Mpnuém AOCTOBEPHON pasHu-
Ubl B CPEAHMX MAOLLAASX THE3AOTMPUIOAHBIX
6MOTOMNOB B MOAMIroHax TucceHa Ha Kapatay
(31,88+23,53 km?, MeanaHa = 25,95 kM%) n B
Yy-Manickmx ropax (23,73+21,60 km?, Mean-
aHa = 16,30 km?) He obOHapyxeHo (t=-1,838,
df=118, p=0.07), 4To No naee NO3BOASIET
reHepMpoBaTb TOYKM AASl KOHTYpa GMOTOMOB
Ha BCel TEpPUTOPUM, HEe pasAeAss Ha FOpHble
MacCCHBbI.

BaAmaaums cetm TOYeK MO MOAMIOHaM
TucceHa, MOCTPOEHHbIM BOKPYr ToYeKk pe-
aAbHbIX FHE3A0BbIX Y4acTKOB OepKyTa Ha Mc-
CAEAYEMOW TEPPUTOPUK, MO3BOAMAQ BMMCATb
B KOHTYP FHE3AOMPUIrOAHBIX AAS 3TOMO BMAA
61OTONOB Ha paccMaTpMBaeMOl TeppUTOPHM
762 TOUKM B Ay4Llen MoAeAn (0T 656 Ao 1032
Ha 100 nporoHos aaroput™ma). [Mpopexwu-
BaHMe MaTTepHa ToveK, COOTBETCTBylOLLee
BbIIBAEHHOMY COKpaLLEHMIO YMCAQ 3aHATBIX
FHE3AOBbIX YHaCTKOB B 7,5%, AaéT 705 Touek
(607-955 ars 100 NpPOroHOB aAArOpUTMa).
OueHKa YMCAEHHOCTM MO MOAEAM CO CpeA-
HMMM noka3saTeAassMM cocTaBuaa 807*71,0
(642-1087) Touek (Taba. 9) mam 746 (594—
1005) ¢ yuétom MacwTabos e€ cokpalleHus
(TabA. 8). MMHMMaAbHAs 1 CPEeAHSS AMCTAHLIMM
Me>KAy TOYKaMK NpUCyTCTBKS BepkyTa B BaAK-
AaLUMOHHOM Habope coctasnan 1,8 1 6,9 KM,
B PE3YAbTUPYIOLLEM CAOe CreHepMpOBaHHbIX
TOYEK AAS AydLLIEN MoAaeAn — 3,4 1 8,0 KM co-
OTBETCTBEHHO.

Mol Takke caeAaAM pasAeAbHbIA NepecyéT
ans Kapatay (c npuaeraiolimmm Tepputopms-
Mu) n Yy-Manickmnx rop. MNMoapobHbie aeTaam
pacyéta 6e3 npopexxuBaHWa naTrepHa npu-
BeaeHbl B TabAnue 9. Aag KapaTay Ayquas
MOAEAb C YY4ETOM MacluTaboB COKpalleHMs
YMCAEHHOCTU MMeeT 585 (453-787) Touek,
ansg Yy-Manricknx rop — 179 (132-252), a B
cymme 00a ropHbix paioHa aaiot 795 (607-
1151) Touek. MMHUMAAbHASA M CPeAHSAS AMC-
TaHUMKM MeXAy TouYKamu NpucyTcTBus Oep-
KyTa B BaAMAaLMOHHOM Habope ars Kapatay

705 to 795 points, depending on whether a
single pattern of points is generated for the en-
tire study area or two separate patterns for the
Karatau and Chu-Ili Mountains (see Table 8).
For further work, we took a layer of 705
points generated according to the best mod-
el for the entire study area, assuming that it
better eliminates false positive presences of
the species in the Karatau Mountains in large
clusters of biotopes suitable for breeding for
the GE and does not significantly overesti-
mate the possible abundance of GEs in the
Chu-lli Mountains, due to the generation of
points in isolated clusters of small-area breed-
ing biotopes (see Discussion). We verified this
layer using the known breeding territories and
GE records from the available databases (see
Methods). As a result, we received 516 points
(73.19% of the total number of generated
points), the status of which is not confirmed
since the territories for which they were gen-
erated remain unsurveyed but are suitable for
nesting according to the results of our model-
ling, and 1671 points (22.84%) are verified as
a confirmed or probable breeding territory of
the GE. The confirmed sites included six sites
currently abandoned by Colden Eagles, 3 of
which are in the influence zone of the Zha-
natas wind farm and the Shokpar wind farm.
Still, they can hardly be considered erroneous
since the landscapes in these areas remain
slightly disturbed. We included 28 points

Crapoe rHe3a0 6epKyTa Ha MOAKe CKaAbl, yCeSHHOE
OrPOMHbIM KOAMHECTBOM CTapbiX PACKOAOTBbIX NaHUMpPei
uepenax. Yy-Maniickmne ropei, 04.05.2023.

®oro U. KapsikuHa.

An old golden eagle nest on a rock shelf, with a
large number of old remains turtle carapaces, Chu-Ili
Mountains, 04/05/2023. Photo by I. Karyakin.
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coctaBuan 1,8 1 5,9 KM, B pe3yAbTHpyIOLLIEM
CAOE CreHEepPUPOBAHHLIX TOYEK AAS Ay4lUel
moaean — 3,3 n 7,0 KM, aaa Hy-Maniicknx rop
2,3 18,0 kM, 3,3 1 8,3 KM, COOTBETCTBEHHO.

Taknm 00pa3om, C MakCMMaAbHbLIM YPOB-
HEM COBMaAEHMS C MOAUTOHamMK TucceHa me-
ToA [CH no3BOASIET MOAYHYMTHL B CPEAHEM OT
705 A0 795 TOYeK B 3aBUCUMMOCTU OT TOrO, re-
HEPUPYETCA LEeAbHbIN NaTTePH TOYeK Ha BCIO
MCCAEAYEMOIO TEPPUTOPUIO, MAM ABA OTAEAb-
HbiXx naTTepHa Ha Kapatay n Yy-Maniickne
ropbl (cM. TabA. 8).

AAg AaAbHENLIEeNn paboTbl Mbl B3SIAM CAOK
n3 705 To4eK, CreHepupoBaHHbIA B COOT-
BETCTBMM C AYYLLEN MOAEALIO AASI BCEW MC-
CAEAYEMOW TEPPUTOPUM, MPEAMNOAOXKMB, YTO
OH AyYll€ HMBEAMPYET AOXKHOMOAOXKUTEAb-
Hble MPUCYTCTBMA BuAa B ropax Kapatay B
KPYMHbIX KAQCTepax FHEe3AOMPUIOAHbBIX AAS
GepkyTa GMOTOMOB M HE CMABHO 3aBbllLaeT
BO3MOXHYIO UYMCAEHHOCTb OepkyTta B Yy-
MAMIACKMX ropax, 3a CYET reHepaumm Touek
B M30AMPOBAHHBIX KAACTEpPax He3A0MPUrOA-
HbIX OMOTOMOB MAAOM MAOLLIAAM (CM. 00 3TOM
O6cyxaenne). Mol BepucpnumnpoBasm 3ToT
CAOM MO M3BECTHbIM Ham FHE3AOBbLIM Yy4acT-
Kam M BCTpeYam NTUL M3 AOCTYMHbIX 6a3 AaH-
HbIX (CM. pa3aeA MeToabl). B ntore mbl noay-
unam 516 Touek (73,19% ot obLiero umncaa
CreHEepUPOBaHHBLIX TOYeK), CTaTyC KOTOpPbIX
HE MOATBEPXKAEH, TaK KaK TeppuUTOpMM, AAS
KOTOPbIX OHW ObIAM CreHepupoBaHbl, OCTa-
I0TCS  HEODCAEAOBAHHLIMM, HO  ABASIOTCS
FHE3AOMPUIOAHBIMM ~ COFAACHO  pe3yAbTa-
Tam Hallero MoaeAampoBaHus, U 161 Touka
(22,84%) BepudprLMpOBaHa KaK MOATBEPX-
AEHHbIA MAM BEPOSITHLIA FHE3A0BOM yHaCTOK
6epkyTa. B 4MCAO NMOATBEPXKAEHHbIX MOMNAAO
6 y4aCTKOB, KOTOpbl€ B HAaCTOALLUMA MOMEHT
NOKMHYTbI OepKyTamu, 3 M3 KOTOPbIX Haxo-
AATCS B 30He BAMAHMS JKaHaTacckoin BIC m
B3C Lloknap, 0AHako MX BPSA-AM CAEAyeT
CuMTaTh OLUMOOYHBIMK, TakK Kak AaHALladp-
Tbl Ha AQHHbLIX TEPPUTOPUAX OCTAIOTCH CAa-
60 HapyLUeHHbIMK. B UnMCAO OLUMOOUHBIX Mbl
3a4nCAMAM 28 Touek (4,11%), nonaBLiMxX B
Te XK€ MOAMIOHbI TUcceHa, B KOTOPbIX Yxke
MMEAWCb MOATBEPXKAEHHbIE B KayecTse pe-
aAbHbIX FHE3AOBbIX Y4aCTKOB TOYKM, Ooaee
MOAOBMHbI M3 KOTOPbIX (57,14% wu3 28) co-
CpeAOTOU€eHbl Ha NAoLLaskax B Hy-Maniickmnx
ropax. Takum obpasom, M3 BCero natrepHa
Touek B Yy-MAnicknx ropax, A0Ag oLmbou-
HbIX cocTaBuAa 6,8%, B KapaTtay — TOAbKO
2,6%. MNpu aToM B KapaTay 6bIA0 NponyLLeHo
8 peaAbHbIX MHe3A0BbIX Y4aCTKOB OepKyTOB,
HE 3aKpbITbIX CreHepuUpOoBaHHbIMM TOYKa-
MM, OAMH M3 KOTOPbIX BbISBAEH 3a MpeaeAa-
MM MOKPbITUS THE3A0MPUIOAHBIX OMOTOMOB,

(4.11%) in the number of erroneous sites that
fell into the identical Thiessen polygons in
which there were already points confirmed
as real breeding territories, more than half of
which (57.14% of 28) are concentrated on sites
in the Chu-lli Mountains. Thus, from the en-
tire pattern of points in the Chu-Ili Mountains,
the share of erroneous ones was 6.8%, and in
Karatau, it was only 2.6%. In Karatau, eight
real breeding territories of GE were missed that
were not covered by the generated points, one
of which was identified outside the coverage
of breeding biotopes; the rest were inside the
coverage but in the area where GE bred at min-
imal distances between the nearest neighbours.
In the Chu-lli Mountains, there were three such
sites, 2 of which were outside the coverage of
breeding biotopes, and one was at a minimal
distance from the nearest real neighbour. Thus,
for the entire study area, we can talk about 716
points simulating potential breeding territories
of CE, 28 (3.9%) of which are false positives,
11 (1.54%) false negatives, 161 (22.5%) con-
firmed, of which birds currently abandon 6,
and 516 (72.1%) require further confirmation.
Considering the low error rate (the sum of false
positive and false negative generations) of only
5.4%, the layer of generated points can be re-
garded as highly successful, reflecting the real
distribution of the Colden Eagle in the study
area, despite the high proportion of areas not
surveyed for GE nesting.

Camka 6epkyTa MOAHOBASIET rHe3Ao0, Kapartay,
04.05.2022. Hepes 2 roaa HanpoTus ruesaa byaet no-
ctpoeHa BOC «lLloknap» 1 rHe3A0B0# y4aCcTOK OPAOB
npekpatuT cyluectBoBaHune. oto M. KapskunHa.

A female Golden Eagle renovates a nest in Karatau on
04/05/2022. In two years, the Shokpar wind farm will be
built opposite the nest, and the eagles” nesting area will
cease to exist. Photo by I. Karyakin.
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OCTaAbHbIe AEXKaAM BHYTPU MOKPbITMS, HO
Ha MWMHMMAAbHBIX AMCTAHLUMSX MexXay OAn-
Xanwmnmmn coceaamm. B Hy-Manicknx ropax
TakMX y4aCTKOB OKa3aAOCb 3, 2 M3 KOTOPbIX
AEYKaAM 3a MPeAeAaMM MOKPbITUS THE3A0MPU-
FOAHbIX OMOTOMOB, & OAMH HAXOAMACS HA MU-
HUMAaABHOM AMCTaHUMKM C DAMKAMLLMM coce-
AOM. TakMm 0Opa3oM, AAS BCEN MCCACAYEMOM
TEPPUTOPUN MOXKHO FOBOPUTL O 716 TouKax,
UMWUTUPYIOLLMX MOTEHLIMAABHBIE THE3A0Bble
ydactku 6epkyToB, 28 (3,9%) 13 KOTOpPbIX sIB-
ASIOTCSA AOXKHOMOAOXKUTEAbHBIMK, 11 (1,54%)
AOXHOOTpULATeAbHbIMK, 161 (22,5%) noa-
TBEPXKAEH, M3 KOTOPBIX 6 B HACTOsILLEE Bpems
MOKWMHYTbI NTHLaMK, u 516 (72,1%) TpebyioT
AAAbHEMLLIErOo  MOATBEPXKAEHMS. YuuTbiBas
HW3KMI yPOBEHb OLLMOKM (CYMMY AOXHOMO-
AOXXUTEABHBIX M AOYKHOOTPULIATEABHbIX FeHe-
pauwuii) Bcero B 5,4%, MOXHO CUMTaTb CAOM
CreHepUpOBaHHbIX TOYEK KPAMHE YAQUHbIM,
OTpaXKalLUMM  peaAbHOe  pacrpeaeAeHue

Puc. 11. Pe3yrbTaTbl OLIEHKM YUCAEHHOCTH DepKyTa B
Kaparay n Hy-Maniickmx ropax MeToaom reHepaimm
CAyHaiHbIX TOHYEK 110 3aAaHHOMY AMara3soHy AMCTaHLMI
MEXKAY BAVOKAMLLIMMM COCEASIMU Ha OCHOBE PeryAspHOi
CeTu C BaAmaaLmeli ro noAmMroHam Tuccena, u sepu-
chuKaLmesi ToYeK o UCTUHHBIM MTHE3AOBbIM yHacTKam
bepkyTa (BBepxy) 1 KapTa NAOTHOCTHM C PaAnyCoM roumcka
20 KM, NOCTPOEHHasl 10 ITM TOHYKam (BHM3Y) (cm. [1pu-
AoXKeHue 4%). YcAoBHble 0603HaueHUsi: A — rpaHuLbl
ctpaH, PBT — crenepupoBaHHbie TOYKM, MMUTUPYIOLLME
pacripeaeneHme rHe3aoBbIX y4actkos 6epkyta (Conf. —
MOATBEPXKAEHHbIE B COOTBETCTBUM C PEaAbHBIMU MHE3A0-
BbIMU y4acTKamu 1 BCTpedamu ntudl, Err. — olumboyHsie,
Unk. — He BepuchuLmpoBaHHbie, Miss. — nponyLueHHble
FHe3A0Bble y4acTku OepKyToB, He 3aKpbITble CreHepupo-
BaHHbIMKU To4Kamu), D PBT — Bu3yaansaums nAOTHOCTH
pacripeaeAeHns To4eK MoTeHUMaAbHBIX THE3A0BbIX y4acT-
KoB, BB — rHe3aAonpuroaHsie 6uotonsi, BH — mectoobu-
TaHusl.

Fig. 11. Results of the Golden Eagle abundance
estimation for the Karatau and Chu-Ili Mountains by the
method of generating random points over a given range
of distances between the nearest neighbors based on a
regular network with validation by Thiessen polygons,
and verification of points according to the true breeding
territories of the Golden Eagle (at upper) and density
map with a search radius of 20 km, built from these
points (See Appendix 4%°). Legends: A — country borders,
PBT — generated points simulating the distribution

of breeding territories of the Golden Eagle (Conf. —
confirmed points according to real breeding territories
and bird records, Err. — erroneous points, Unk. — not
verified points, Miss. — missed Golden Eagle breeding
territories not covered by generated points), D PBT

— density visualization of points of potential breeding
territories, BB — breeding biotopes, BH — habitats.

The distribution map of points for estimat-
ing the GE population in Karatau and adjacent
territories and in the Chu-Ili Mountains from
the best model with validation by Thiessen
polygons after verification by true breeding
territories, as well as the distribution density
map of these points, constructed with a search
radius of 20 km, is shown in Fig. 11. The den-
sity map is available in Appendix 4%.

Thus, we consider the correct estimate of the
Golden Eagle population in the study area to
be 688 (597-937) breeding pairs, 466 (434—
645) of which nest in Karatau and adjacent
territories, and 222 (163-292) in the Chu-lli
Mountains. Including within the administrative
boundaries of Kazakhstan, the number of GEs
breeding, according to this estimate, maybe
458-719, with an average of 574 pairs.

Considering that the average share of success-
ful nests from the number of occupied nests in
Karatau and the Chu-lli Mountains during the
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0epKyTa Ha WMCCAEAYEMOM TEeppUTOpUM, He-
CMOTPS$ Ha BLICOKYIO AOAIO HEOOCAEAOBAHHbIX
Y4acCTKOB Ha NpeAmeT rHe3AoBaHus GepkyTa.

KapTa pacnpeaeseHus TOUEK AAS OLIEHKM
yncAeHHOCTH OepkyTa B KapaTtay u Ha npu-
Aeralolmx Tepputopusx u B Yy-Maninckux
ropax M3 AyYllen MOAEAM C BaAMaauMen no
MoAMroHam TucceHa nocAae BepudpMKaLMm
MO UCTUHHbBIM THE3A0BbIM Y4aCTKaM, a TakxKe
KapTa MAOTHOCTM pacrpeAeAeHus 3TUX To-
yek, NOCTPOEHHas C paAnyCcom nomcka 20 Km,
nokasaHbl Ha pucyHke 11. KapTta nAoTHOCTH
aocTtynHa B [Npuaoxernn 4%

Taknum oOpa3oMm, Mbl cumTaem Hamboaee
KOPPEKTHOM OLEHKY Y4MCAEHHOCTM OepkyTa
Ha MCCAeAyeMol TeppuTopum B 688 (597-
937) rHesaswmxca nap, 466 (434-645) u3
KOTOpbIX rHe3asTca B Kapatay u Ha npuae-
ralowmx Tepputopusax, a 222 (163-292) — s
Hy-Maniickmnx ropax. B Tom uncae, B aamu-
HMUCTPaATMBHbLIX TpaHuuax KasaxcraHa uuc-
AEHHOCTb OepKyTa Ha FHe3A0BaHWM B COOT-
BETCTBMM C AAHHOW OLEHKOW MOXET ObITb
458-719, B cpeaHem 574 napbl.

YunTbIBasg TO, YTO CPEAHAS AOAS yCnell-
HbIX THE3A OT 4MCAA 3aHATLIX B Kapartay u
Hy-MAnicKmnx ropax 3a nepuoa HabAIAEHMI
BapbMPYET B OYEHb HE3HAYMTEALHbIX Mpeae-
Aax (o1 36,0 20 36,11%), Mbl B35IAM CPEAHMIA
nokasaTeAb Mo pernoHy (36,04%, cm. TabA.
1), He AeAast pasAeAbHbIM PAcyET, 1 npeano-
Aaraem, YTO YMCAEHHOCTb YCreLlHbIX nap B
pernoHe B HacTosLlee BPems NMpu TeKyLlen
CUTyauMu C KOpMamM, KoTopasi onucaHa
BbllLE, M3MeHseTca oT 215 ao 338 nap, co-
CTaBAAs B CpeAHem 248 nap.

Mpu npoayktmeHocTM 0,89 cAéTka Ha
YCMEeLIHOe MHEe3A0, MOXXHO OLEHWUTb MPUMAOA
Bcen nonyaaumn B Kapatay m Yy-Maninckux
ropax B 219 (190-299) ocobe#.

HepasmHoykaioumecs nTuubl (B BO3pacTe A0
4-x AeT) 6e3 NapTHEPOB Ha MCCAGAYEMON Tep-
PUTOPMKU OTMEYAAUCL B KOAMHECTBE 56 0OCO-
OeM, T.e. 0,47 ocobeit Ha 3aHATHIN FHE3A0BOM
y4acTok. [pnuém nx BCTpeHaemMoCTb COKpaTH-
Aach B Kaparay B 2022-2024 rr. B 2 pa3a oT-
HocuUTeAbHO nepuoaa 2005-2010 rr. (a0 0,24
0Cco0ei Ha 3aHsATbIM FHE3A0BOM y4acTokK), M
Bcero Avwb B 1,5 pasa B Yy-Maniickmnx ropax
B 2023-2024 rr., oTHocuTeAabHO 2009 r. (a0
0,31 ocobel Ha 3aHATbIN FTHE3A0BOM YYaCTOK).
CaeaoBaTeAbHO, MCXOAS U3 CPEAHMX NMOKa3aTe-
Aei BcTpedaemocTtu (0,27 ocobei Ha 3aHATbIN
FHE3A0BOM Y4aCTOK), MOXHO MpeAnoAarath,
4TO Ha PacCMaTpPUBAEMON TEPPUTOPMM B Ha-
cTosILLee BPEMS MOMUMO FHE3AALLIMXCS MTULL
B MEPUOA PA3MHOXEHMS U MOCAETHE3AOBbIX
Kouésok npucytcrayet 189 (164-257) He Tep-
PUTOPHaAbHBIX OEpPKYTOB.

Monoaoii 6epkyt Kapatay, 15.07.2022.
®Dorto M. KapsikuHa.

Subadult Golden Eagle. Karatau, 15/07/2022.
Photo by I. Karyakin.

observation period varies within minimal lim-
its (from 36.0 to 36.11%), we took the average
indicator for the region (36.04%, see Table 1),
without making a separate calculation, and as-
sume that the number of successful pairs in the
area at present, given the current situation with
food, which is described above, varies from
215 to 338 pairs, averaging 248 pairs.

With a productivity of 0.89 fledglings per
successful nest, we can estimate the offspring of
the entire population in Karatau and the Chu-lli
Mountains at 219 (190-299) individuals.

Non-breeding birds (up to 4 years old) with-
out partners in the study area were recorded
as 56 individuals, i.e. 0.47 individuals per oc-
cupied breeding territory. Moreover, their oc-
currence decreased in Karatau in 2022-2024
by 2 times compared to the period 2005-2010
(up to 0.24 individuals per occupied breeding
territory) and only by 1.5 times in the Chu-Ili
Mountains in 2023-2024, compared to 2009
(up to 0.31 individuals per occupied breed-
ing territory). Therefore, based on the average
occurrence rates (0.27 individuals per occu-
pied breeding territory), it can be assumed
that in the study area, in addition to nesting
birds, there are currently 189 (164-257) non-
territorial GEs during the breeding season and
post-nesting migrations.



Raptor Research

Raptors Conservation 2024, 48 55

Puc. 12. AuHammka
murpatmm 6epKyTos B
ropax Kaparay oceHbio
2024 r. (n=97).

Fig. 12. Dynamics of
Golden Eagle migration
in the Karatau Mountains
in autumn 2024 (n=97).

HTOorosas uncaeHHOCTb GepkyTa Ha rHe3-
AOBaHMM HAa MCCACAYEMON TeppUTOpPUM B
2024 r. oueHmnBaercss Hamu B 688 (597-937)
rHe3aguwmxcsa nap, 248 (215-338) ycnewu-
HbIX nap man 1784 (1548-2430) ocoberi ¢
y4éTOM NOTOMCTBa TEKYLLIEero roaa 1 Hetep-
PHMTOPHAAbHBIX NTHL, KOYYIOLLMX 110 TEPPH-
TOpuu B rHe3A0Bo#H nepmoa (B Kaparay n Ha
npuAeraowmx tepputopuax — 1126-1674,
B cpeaHem 1209 ocober, B Yy-Manricknx
ropax —422-757, B cpeAHem 575 ocobe).

Yepes Yy-Maniickmne ropsl n Kapartay npo-
MCXOAUT MUrpaums OepkyTos n3 boaee cesep-
HbIX MOMyAALUMIA. [TpUUEM OCEeHHSS MUrpaums
ropasao 6oAee BbipaXkeHa, Yem BeceHHss. Ha-
OAIOACHMS 33 MUIPUPYIOLLMMM NTULaMK B Ka-
patay B ceHTs0pe — okTa0pe 2024 r. nokasaau,
YTO MUIPaLMsa HadmnHaeTca nocae 20 ceHTsops
M HambOAEEe MHTEHCMBHO MPOMCXOAMT C 5 Mo
27 OKTAOPS, 1 yKe B Ha4aAe HOAOPS HauMHaeT
3aTyxaTtb. [loapobHas cratucTmka no HabAlo-
AGHMSIM OPAOB AaHa HMXKE. 3AeCh Mbl aHaAW-
3upyem 97 HabaoaeHui 127 ntuu. YTo0bl He
3aBbILLIATb YMCAO MUIPAHTOB, Mbl OTOpaCchIBaeM
perucrTpaumm 2-i u 3-i NTULb B HADAIOAEHMSIX,
TaK Kak OHM, KaK MPaBMAO, OTHOCMAMCb K MeCT-
HbIM MTULIAM, AEMOHCTPUPOBABLLMM TEPPUTO-
p1aAbHOE MOBEACHME WMAM COMPOBOXKAABLLMX
MUIPaHTOB Yepe3 4acTb FHEe3A0BOM TeppuTO-
p1M 1 BO3BpPALLABLUMXCA OOPATHO Ha y4acToOK.
B nepuoa c 20 ceHTa0psa no 31 okTabps ve-
pe3 6 HabAIDAATEALHBIX MYHKTOB Ha MEePeAOBbIX
CKAaAKax ceBepHoro cpaca Kapatay npoLuao B
5,7 pa3 60AbLLIE BEPKYTOB, YeM HabAIOAAAOCh B
rHE3A0BOW Ce30H (puc. 12). MoxHO npeanoao-
XMTb, YTO Yepes Becb Kapatay Ha oceHHelt Mu-
rpaumnm ¢ 20 ceHTa6ps no 20 HosOpa 2024 r.
NPOAETEAO OT 7276 A0 11423 (B cpearem 8386)
GepKyTOB B AOMOAHEHMM K MECTHbIM MTULIAM.

o BEKTOpaM ABMXKEHMS MTULL Ha TOYKax
HabAIOAGHUIA 1 COBOKYMHOCTM PEermcTpaumii
GepKyTOB B MUIPALMOHHbINA NEPUOA Mbl MO-

The total number of Golden Eagles breed-
ing in the study area in 2024 is estimated by
us at 688 (597-937) nesting pairs, 248 (215-
338) successful pairs, or 1784 (1548-2430)
individuals, taking into account the offspring
of the current year and non-territorial birds
during the breeding period (in Karatau and
adjacent areas — 1126-1674, an average of
1209 individuals, in the Chu-Ili Mountains —
422-757, an average of 575 individuals).

Golden Eagles migrate from more northern
populations through the Chu-Ili and Karatau
Mountains. Moreover, autumn migration is
much more pronounced than spring migra-
tion. Observations of migrating birds in Kara-
tau in September — October 2024 showed
that migration begins after September 20, is
most intense from October 5 to 27, and be-
gins to fade away in early November. Detailed
statistics on eagle observations are given be-
low. Here, we analyse 97 observations of 127
birds. To avoid overestimating the number of
migrants, we discard registrations of the 2nd
and 3rd birds in observations since they, as
a rule, belonged to local birds demonstrating
territorial behaviour or accompanying mi-
grants through part of the breeding territory
and returning to the site. During the period
from September 20 to October 31, 5.7 times
more GEs passed through 6 vantage points on
the forward folds of the northern face of Kara-
tau than were observed during the breeding
season (Fig. 12). It can be assumed that from
7,276 to 11,423 (on average 8,386) GEs flew
through the entire Karatau during the autumn
migration from September 20 to November
20, 2024, in addition to local birds.

Based on the bird movement vectors at
vantage points and the total number of GE
records during the migration period, we con-
structed a density map of migrating eagles,
combining spring and autumn migrations. The



56

[TepHatbie xuLHuku m ux oxpara 2024, 48

M3yueHne nepHaTbIX XULLHUKOB

CTPOMAM KapTy MAOTHOCTM MMUIPUPYIOLLMX
OpPAOB, ODOBLEAMHMB BECEHHIOI W OCEHHIOI
Murpaumnu. Kapta nAOTHOCTM pacripeseAeHms
MUFPUPYIOLLMX OPAOB, NMOCTPOEHHAs C PaAM-
ycom nowmcka 20 KM, nokasaHa Ha pucyHke 13
1 AOCTyMHa B [praoKeHun 4%,

Taioke opAbl M3 BoAee CeBEepHbIX MOMyAs-
LM, B OCODEHHOCTM MOAOAbIE MTULbI, 3U-
MytoT B Hy-MAniickmnx ropax m Kapatay. Ho
YBEAMHYEHNS UUCAEHHOCTM OEepKyTOB 3Aech
3a CYET MpUTOKa CEBEPHbIX MTUL B 3UMHMUIA
nepuoa, BepPoSTHO, He MPOMCXOAWT, TakK Kak
OHO HMBEAMPYETCH OTTOKOM MECTHbIX MTULL
(B MepByio O4YepeAb MOAOABIX M MOAYB3POC-
AbIX) B OOAee I0)KHble PaiOHbl. Y4uuTbIBaA
OTCYTCTBME TMOAHOLICHHbIX Y4Y€TOB OepKy-
TOB B 3UMHMI MEPUOA Ha PacCcMaTpPUBaEMOM
TEePPUTOPUM, Mbl AMLLL MPEAroAaraem, YTo
BOAbLLAA YaCTb B3POCALIX OPAOB OCTAETCs Ha
TeppuTOpUM, NO3TOMY OLIEHMBAEM 3MMHIOIO
UMCAEHHOCTb GepkyTa 3aecb 0koAao 70% OT
YMCAQ B3POCABIX MTUL B Pa3MHOXKAIOLLIMXCS
napax (T.e. B ananasoHe ot 1084 ao 1701, B
cpeaHem 1249 ocoben).

Puc. 13. Kapta nroTHoCTH pacripeaesenmns 6epKyTos
Ha murpaumsx ¢ paanycom roucka 20 km (em. INpu-
AoxeHue 4%). YcAoBHblIe 0603HaYeHNs: A — rpaHuLbl
cTpaH, DM — Bu3yaansaums nAOTHOCTU pacripeAeneHms
MUFPUPYIOLLINX OPAOB.

Fig. 13. Density map of the Golden Eagle distribution
on migration with a search radius of 20 km

(See Appendix 4%). Legends: A — country borders,
DM — density visualization of the Golden Eagle
distribution on migration.

density map of migrating eagles, constructed
with a search radius of 20 km, is shown in Fig.
13 and is available in Appendix 4%.

Also, GEs from more northern populations,
especially young birds, winter in the Chu-lli
Mountains and Karatau. However, the in-
crease in the GE population here due to the
influx of northern birds in the winter period
probably does not occur since it is levelled by
the outflow of local birds (primarily juveniles
and immatures) to more southern areas. Giv-
en the lack of GE censuses in the winter pe-
riod in the territory under consideration, we
only assume that most adult eagles remain in
the territory, so we estimate the winter golden
eagle population here to be about 70% of the
number of adult birds in breeding pairs (i.e. in
the range from 1084 to 1701, an average of
1249 individuals).

Daily activity, direction, speed and alti-
tude of eagles’ flight

In September 2022 and from March to No-
vember 2024, 500 observations for the move-
ments of 6 adults (292) and two juveniles (208)
were made during 546 hours of observations
at 6 (3 in each observation year) breeding ter-
ritories of Golden Eagles in Karatau. The ob-
servation points are shown in Figure 14. After
leaving the nest, the juveniles were observed

Puc. 14. [TyHKTbI HabAIOAEHMS 3a NepemeLLeHUSIMN
XMLUHBIX NTUL B ropax Kapatay B 2022-2024 rr. YcAoB-
Hble 0003HaqeHns: A — 3aHsaTble B 2024 r. rHe3a0Bble
ydacTku 6epkyToB, N —rHe3A0Bbie y4aCTKu O6epKyToB,
nokuHyTble opaamu K 2024 r., VPT — nyHKTbI HabAoAe-
HUS1 Ha rHe3A0BbIX ydacTkax 6epkyta, VP2 — nyHKTbI Ha-
OAIOACHMS 3a PeAeAamMM MHE3A0BbIX y4acTKoB OepKyTa.

Fig. 14. Vantage Points (VP) for the observation of
movements of birds of prey in the Karatau Mountains

in 2022-2024. Legend: A — Golden Eagle breeding
territories occupied in 2024, N — Golden Eagle breeding
territories abandoned by eagles to 2024, VP1 — vantage
points within Golden Eagle breeding territories,

VP2 — vantage points outside Golden Eagle breeding
territories.
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CyrouHas aKTMBHOCTb, HalpaBAeHMeE,
CKOpPOCTb M BbICOTa NOAETa OPAOB

B centabpe 2022 r. n ¢ mapta no HoA6pb
2024 r. 3a 546 4acoB HabAOAEHMI Ha 6 (No 3
B Ka)KAbI FOA HAOAIOAEHMI) FTHE3A0BbIX Y4aCT-
Kax O6epkyToB B Kapartay caeaaHo 500 HabAlo-
AEHMI 32 NepemeLleHnsaMmn 6 B3POCAbIX (292)
1 2 Moaoabix NTuu (208). ToukM HabAAEHMS
nokasaHbl Ha pucyHke 14. locae BbireTa U3
FHE3Aa, MOAOAblE B TedeHue 2-X Mecsiles
(MIOAb — aBIyCT) HADAKOAAAMCh B MOAETE TOABKO
B 2-X KMAOMETPOBOM CEKTOPE BOKPYI FHE3Aa,
He BbiA€Tasl 3a ero npeaeAsl. B ceHtabpe — ok-
Ta0pe 30Ha NnepemeLleHnii CAETKOB BbIPOCAA
AO 4 KM, HO AaAee 4-X KM OT rHe3aa B 3TOT
MepuoA OHM He YAaAAAUCh. 1o KpaliHeit mepe,
3TO HE MOATBEPXKAEHO BM3YyaAbHbIMM HaOAIO-
AeHMAMU. OAMH CAETOK MOKMHYA THE3AOBYIO
TePPUTOPUIO (BEPOSTHO, YLLEA B MUIPALMIO) B
nepuoa ¢ 20 no 25 oxtabps 2024 r., BTOpon —
¢ 30 okTa0ps no 5 Hos0ps 2024 r. HecmoTps
Ha GAM3KMI BO3PACT CAETKOB (He Doaee 3 AHel
pa3HMLUbI B BO3PACTe), pa3HuLIA B OKOHYAHKM
3aBMCMMOTO TMOCAErHE3AOBOMO MepuoAa Co-
CTaBmAa He meHee 10 AHei.

M3 3TUX CBEAEHMI HaM BaXKHbI ABa MoKasa-
TeAas. Paanyc nepemelueHmii CAETKOB BOKPYT
FHE3Aa B MIOAE — aBIyCTE — AO 2 KM, B CEHTSI-
Ope — okTabpe — a0 4 kM. B HOaOpe cAéTkm
nepecraioT PerucTpMpoBaThCs Ha FHE3A0BbIX

in flight for 2 months (July — August) only in
a 2 km sector around the nest, without fly-
ing beyond it. In September — October, the
fledglings’ movement zone increased to 4
km, but they did not move further than 4 km
from the nest during this period. At least, this
is not confirmed by visual observations. One
juvenile left the breeding territory (prob-
ably migrated) between October 20 and 25,
2024, and the second — between October 30
and November 5, 2024. Despite the close
age of the fledglings (no more than 3 days
difference in age), the difference at the end
of the dependent post-nesting period was at
least 10 days.

Of this information, two indicators are vi-
tal to us. The radius of fledgling movements
around the nest in July — August is up to 2 km,
and in September — October — up to 4 km. In
November, fledglings stop being registered in
nesting areas and begin broad nomadic move-
ments or migrations.

At 10 bird vantage points in the Karatau
Mountains (3 points at the Zhanatas Wind
Farm) from September 21 to 29, 2022 (Fig. 14),
49 observations of 60 GEs were made in 144
hours; at 2 points on April 1314, 2023, 15
GEs were counted in 12 hours (14 observa-
tions); at 6 points (3 points at the Zhanatas
Wind Farm) in 2024 (Fig. 14) from March 24

Puc. 15. Aors HabAIOAEHMI AETSALLMX MOAOABIX M B3POC-
AbIX DEpPKyTOB B OnpeAeAéHHbIe BpeMeHHbIe MHTepBaAbl
B TeYEeHMe CBETAOIO BPEMEeHU AHS (AETHas akTMBHOCTb)
110 HabAIOA@HMSIM Ha MHE3A0BbIX yyacTKax (BBepxy,

500 HabaoaeHnit, B ToM dncae 208 — MOAOAbIE MTHLIbI,
292 — B3pOCAble NTULbI) M Ha MyHKTax HabAlOAeHMS 3a
rpeAeAamm rHe3A0BbIX yHaCTKOB (BHM3Y, 226 HabAo-
AEHMI, B TOM YUCAE BECHON — 56, AeTOM — 24, OCeHbIo
— 146). Ha HinxHei Anarpamme HaBAIOAEHNS MOAOABIX
M B3POCABIX MTHL OObEAMHEHbI B CBS3U C HU3KOM AOAEH
(MeHee 5%) MOAOAbIX B BbIGOPKE, HO BCS BbIOOPKa
paH>K1MpoBaHa rno ce30Ham (BecHa, AeTo, OCeHb; 3UMO
HabAIOAEHNS He POBOAMAMCH).

Fig. 15. The proportion of records of flying juvenile and
adult Golden Eagles at specific time intervals during
daylight hours (flight activity) based on observations at
breeding territories (at the upper, 500 observations,
including 208 juveniles, 292 adults) and at vantage
points outside the breeding territories (at the bottom,
226 observations, including 56 in spring, 24 in summer,
146 in autumn). In the bottom diagram, observations

of juveniles and adults are combined due to the low
proportion of juveniles (less than 5%) in the sample; the
entire sample is ranked by seasons (spring, summer, and
autumn; in winter observations were not implemented).
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y4acTkax M HAYMHAIOT LUMPOKME KOYEBKM MAK
Murpaumm.

Ha 10 Toukax y4éta ntuu B ropax Kaparay
(3 Toukn Ha >Kanatacckor BIC) ¢ 21 no 29
ceHT0ps 2022 r. (puc. 14) 3a 144 yaca ObIrO
caenaHo 49 HabaloaeHnii 60 6epkyToB; Ha 2
Toukax 13-14 anpeas 2023 r. 3a 12 uacos
yuteHo 15 Oepkytos (14 HabAoAeHMI); Ha
6 Toukax (3 Toukm Ha JKaHaTtacckor BIOC) B
2024 r. (puc. 14) ¢ 24 mapta no 10 mas 3a 189
4acoB ObIAO caeAaHO 42 HabaloaeHus 43 Oep-
KyTOB, C 8 nioHs no 15 asrycra 3a 120 vacos —
24 HabaoaeHMs 28 BepKyToB 1 €O 2 ceHTAbpS
no 30 okTa0ps 3a 342 yaca — 97 HabAOAEHMI
127 6epkyToB. Takmm obpasom, 3a 807 vacos
Mbl HabAloAaAK 273 BepkyTa 226 pas.

Mo cymme Bcex HAOAIOAEHMIA Ha FHE3A0BbIX
ydacTkax OepkyToB M 3a Mx npeaeramn (281
GepkyT B 726 HabAoAeHMsx 3a 1353 yaca) Mbl
MOCTPOMAM rpachuKi AETHOM aKTUBHOCTU Op-
AOB, KOTOpble MokasaHbl Ha pucyHke 15. Ha
FHE3AOBbIX y4acCTKax B TeYeHMe Ce30Ha pas-
MHOXeHMS (C npouecca HaCMXMBaHWUS KAa-
AOK M AO pacriaAa BbIBOAKOB) MUK aKTMBHOCTM
B3POCAbIX MTULL NMPUXOAMACS Ha 15:00-16:00
yacos. [Mpuuém B cepeanHe AeTa OH OblA He-
3HAUYMTEAEH, HO HauMHas C CeHTAOPS aKTuB-
HOCTb B3POCAbIX MTWLL CTAHOBMAACh MaK-
CMMaAbHOM, HECMOTPS Ha pasHbIM  CTaTyC
Tepputopuii (B 2024 r. oaHa M3 HMX Obira
HEYCMELIHOM, a Ha ABYX APYIMX MTEHLbI BbIAe-
TeAn 1 OAAronOAYHHO 3aBEPLUMAM 3aBUCHUMBINA
MOCAErHE3A0BOM Nepuroa). B 310 Bpems nap-
THEPbI YaCTO AETaAM Mapamu, NP1 3TOM Camell
AOCTaTOYHO 4aCTO TOKOBaA (COBEpLUaA TUp-
ASIHAOBBIN MOAET), 0COBEHHO B OKTAOpE, 4acTo
B MPMUCYTCTBMM HEMOAOBO3PEALIX OEPKYTOB M
OPAOB APYTMX BMAOB, MPOAETABLUMX MMUMO. Y
MOAOABIX MTUL AETHAst aKTUBHOCTb OblAa CO-
CpeAoTO4eHa PaBHOMEPHO B CEPEAMHE AHS, C
He3HauMTeAbHbIM MMKoM ¢ 12:00 ao 13:00. B
TO XKe Bpems, 3a MPEAeAaMM THE3A0BbIX y4acT-
KOB B Te4yeHMe AeTa MaKCMMaAbHas AETHas
aKTMBHOCTb B3POCAbIX MTWL HabAloAaAach C
17:00 a0 18:00 1 GblAa cBA3aHa B OCHOBHOM
C BO3BpALUEHMEM Ha FHE3AO0Bble Y4acTKM M3
OXOTHMYLMX YrOoAMi. MeHee 3HauMMble MUKK
aKTMBHOCTK OblAM 3amedeHbl B 11:00-12:00
n 15:00-16:00. BecHoi 1 oceHbio 0CHOBHas
aKTMBHOCTb HabAaanack ¢ 15:00 ao 16:00
YacoB, Tak ke, Kak Ha FHe3A0BbIX y4acTKax.

Bpems, nposoanmoe GepkyTamm B NMOAéTe,
CMABHO 3aBMCEAO OT CTaTyca nTuu. Bapoc-
Able MTULbI C YCNELHbIM Pa3MHOXEHUEM C
KOHLA MapTa Mo KOHew CeHTA0ps B MoAéTe
NpoBOAMAK He 6oaee 30% CBETAOIO BPEMEHH
(B cpeaHem 26,12% OT CBETAOrO BPEMEHM Cy-
TOK), B OCHOBHOM 3aHMMasChb CKpaAbiBaHWUEM
AOObI4M C NpUCaA B yLLeAbsX. Bpems B noaéte

to May 10, 42 observations of 43 GEs were
made in 189 hours, from June 8 to August 15
in 120 hours — 24 observations of 28 GEs and
from September 2 to October 30 in 342 hours
— 97 observations of 127 GEs. Thus, in 807
hours, we observed 273 GEs 226 times.

Based on the sum of all observations in the
breeding territories of GEs and beyond them
(281 GEs in 726 observations for 1353 hours),
we constructed graphs of the eagles’ flight ac-
tivity, which are shown in Figure 15. In the
breeding territories during the breeding season
(from the incubation of clutches until the end
dependent post-fledgling period), the peak of
adult bird activity occurred at 15:00-16:00.
Moreover, in mid-summer it was insignificant.
Still, starting in September, adults” activity be-
came maximal despite the different statuses of
the territories (in 2024, one was unsuccessful,
and in the other two, the nestlings flew out and
completed the dependent post-nesting pe-
riod). During this time, partners often flew in
pairs, with the male quite frequently displaying
(making a garland flight), especially in October,
often in the presence of immature GEs and
eagles of other species flying past. In juveniles,
flight activity was concentrated evenly in the
middle of the day, with an insignificant peak
from 12:00 to 13:00. At the same time, outside
the breeding territories during the summer, the
maximum flight activity of adult birds was ob-
served from 17:00 to 18:00 and was associated
mainly with returning to the nesting areas from
hunting grounds. Less significant activity peaks
were noted at 11:00-12:00 and 15:00-16:00.
In spring and autumn, the main activity was ob-
served from 15:00 to 16:00, the same as in the
nesting areas.

The time spent by Golden Eagles in flight
depended greatly on the status of the birds.
Adults with successful breeding from the end
of March to the end of September spent no
more than 30% of daylight hours in flight
(on average 26.12%), mainly stalking prey
from perches in gorges. The time in flight for
such birds during the observation period was
maximum in March and October (28.92 and
29.46% of daylight hours, respectively). Eag-
les that lost their clutches at the early stage of
breeding spent up to 40% of daylight hours
in the air; males from unsuccessful pairs per-
formed garland flights much more often than
males from successful pairs (especially in Sep-
tember — October). After leaving the nest in
June, fledglings gradually increased their flight
activity: 5 hours (1.09% of daylight hours) in
July, 34 hours (8.11%) in August, and 109
hours (29.04%) in September. In October, ju-
veniles spent slightly less time flying than in
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y Takux NTUU 3a Nepuoa HabAOAEHWIA ObIAO
MaKCMMaAbHbIM B MapTe 1 okTabpe (28,92 un
29,46% OT CBETAOIO BPEMEHM CYTOK COOTBET-
CTBEHHO). B TO >k& Bpems, OpAbl, AULLMBLLN-
€Csl KAAAOK Ha paHHeM 3Tare pasmMHOXKeHMs,
MPOBOAMAM B BO3Ayxe A0 40% CBETAOrO Bpe-
MEHM, CaMlbl 13 HeyCrewHbIX Map HaMHOro
yalle COBEPLUAAM MMPASIHAOBbIE MOAETbI, YemM
CaMLibl M3 yCreLHbIX (0COOeHHO B ceHTa0pe —
OKT510pe). MoAoAble MTULILI MOCAE BbIAETA M3
FHE3A B MIOHE MOCTEMNEeHHO HapalLMBaAK AET-
HYIO aKTMBHOCTb: 5 yacos (1 ,09% OT cBeTAO-
ro BpeMeHu CyTOK) B uiore, 34 yaca (8,11%)
B asrycre, 109 yacos (29,04%) B ceHTs6pe. B
OKT0pE MOAOAbIE MPOBOAMAM B MOAETE He-
CKOABLKO MEHbLLIE BPEMEHM, YeM B CeHTa0pe
— B cpeaHem 71 4ac 35 MuHYT uan 25,87%
OT CBETAOIO BPeMeHM CyTOK. Bapocabie opAbi
M MOAPOCLIME CAETKK (Yepe3 2 Mecsua no-
CA€ BblAETA M3 IHE3Aa) COBCEM He A€TaAU B
cpeaHeM 4,4 AHA B TedeHme Mecaua, OTCUXKM-
BasACb Ha CKAAaX TOAbKO B O4€Hb MAOXYIO MO-
FOAY C OCAaAKaMM, CUAbHbIM BETPOM M CAabOM
BMAMMOCTbIO. Taknm 06pasom, AETHas aKTMB-
HOCTb B3POCALIX MTULL C MapTa Mo OKTAOPb
BKAIOYUTEABHO, M MOAOABIX B CEHTAOpE — OK-
Ta0pe (6e3 y4éTa ux nepemeLLeHnii B nioAe—
aBrycTe) cOCTaBMAQ B CpeaHem 27,88+1,55%
OT CBETAOIO BPEMEHM CYTOK.

B3pocable opAbl 1 noapocLime CAETKM Ha
FHE3AO0BbIX YYaCTKaX B T€ AHM, KOrAa A€TaAM,
3aTpa4nBaAl Ha MOAET (n=183) B cpeaHem
03:35+02:01 uaca B cytkn (ot 1 a0 07:43
YacoB B CYTKM).

TpaH3UTHbIE NTULILI HAXOAMAMCb B CEKTO-
pe HabAIAEHMS, PaAMyCOM 2 KM, OT 2 Mu-
HYT A0 T 4aca 45 MUHYT, B cpeaHem (n=103)
11:48+13:48 MUHYT.

CkopocTb  nepemelleHns OpAoB  (npe-
MUMYLLECTBEHHO B3POCAbIX), paccyMTaHHas
KaK MporAEHHOE PACCTOsSIHUE MEXAY OTMe-
YEHHbIMM Ha KapTe AOKauMsMM, BapbUpoOBa-
A2 oT 1 a0 101 KM/4, COCTaBMB B CpeAHem
(n=330) 26,21%+23,05 km/4 (0,28-28,17, B
cpeaHem 7,28+6,4 m/c). Tpu 9TOM Ha rHes-
AOBbIX y4acTKax OepKyTbl (B OCHOBHOM MOAO-
Able MTHLbI) NePeMeLaAncb CO 3HAYUTEALHO
MEHBLLMMM CKOPOCTSMU — OT 1 A0 28 km/4, B
cpeaHem (n1=221) 3,22+4,45 km/u (0,28-7,8,
B cpeaHem 0,9+1,24 m/c). Takas pasHuua B
CKOPOCTSX NPU TPaH3UTHbLIX NPOA&Tax 1 0AM3
FHE3A CBsI3aHa B OCHOBHOM C XapakTepom Mno-
AéTa. ['pu TPaH3UTHOM NepemeLLIEHUM OPAbI,
KaK MpaBMAO, AOCTAaTOYHO MPAMOAMHENHO
CKOAb3MAM C MOMYTHLIM BETPOM MAK Mpu 60-
KOBOM M MOMYTHO-OOKOBOM BETpe, MPOXOAS
BUAMMBIIA CEKTOP HabAIOAEHMS 3a CUMTaHHbIE
MMHYTbI. Y rHe3Aa, B OOAbLUMHCTBE CAyYaes,
GepKyTbl MOAOATY MapuAM, MAK Bappakupo-

bepkyt. ®oto M. KapsakuHa.
Golden Eagle. Photo by I. Karyakin.

September — an average of 71 hours 35 min-
utes or 25.87% of daylight hours. Adults and
juveniles (2 months after leaving the nest) did
not fly for an average of 4.4 days during the
month (sitting on rocks only in terrible weath-
er with precipitation, strong wind and poor
visibility). Thus, the flight activity of adults
from March to October inclusive and juve-
niles from September — October (excluding
their movements from July—August) averaged
27.88+1.55% of daylight hours.

Adults and juveniles in breeding territories
spent an average of 03:35+02:01 hours per
day (from 1 to 07:43 hours) flying on the days
they flew (n=183).

Transit eagles were in the observation sec-
tor, with a radius of 2 km, from 2 minutes
to 1 hour 45 minutes, on average (n=103)
11:48+13:48 minutes.

The speed of eagles (mainly adults), calcu-
lated as the distance travelled between loca-
tions marked on the map, varied from 1 to
101 km/h, averaging (n=330) 26.21+23.05
km/h (0.28-28.17, averaging 7.28=6.4 m/s).
At the same time, CEs (mainly juveniles)
moved at significantly lower speeds in breed-
ing territories — from 1 to 28 km/h, averaging
(n=221) 3.22*4.45 km/h (0.28-7.8, aver-
aging 0.9+1.24 m/s). Such a difference in
speeds during transit flights and near nests is
mainly due to the nature of the flight. Dur-
ing transit movement, eagles, as a rule, glided
quite straight with a tailwind or cross-tailwind,
passing the visible observation sector in a mat-
ter of minutes. Near the nest, in most cases,
GEs soared for a long time or patrolled in oro-
graphic lifts along the cliffs, moving an insig-
nificant distance over a long period.
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BaAM B OpOrpacpuyeckmx MoAbEMax BAOAb
CKaA Ha MMHWMMAaAbHbIX AMCTAHLMSIX, CMeLla-
ICb Ha HE3HAYMTEAbHOE pacCTOsHWe 3a Mpo-
AOAKMUTEABHOE BpeMms.

M3 3TUX CBEAEHMW HaM BaXkHbl ABa MOKa-
3aTeAsl: CpeAaHee Bpemsl, MPOBeAEHHOe B Mo-
AéTe — 27,88% OT CBETAOIO BPEMEHM CYTOK U
CKOpOCTb — 7,28 M/cC.

HanpasaeHns ABM>keHWs OepKyToB, M3me-
PeHHbIe Ha To4Kax HabAIOAEHWS 3a NpeAeAamMm
MX THE3AOBbLIX y4acTkoB (puc. 16), nokasaam,
YTO BECHOW OPAbI NMepemMeLLaAUCh NpenmyLLe-
CTBEHHO C tora Ha cesep (360°), B TO Bpems
Kak OCeHbl0 AOMMHMpYIOLLee HarnpaBAeHKe
ObIAO C CeBepO-BOCTOKA Ha toro-3anaa (225°).
AeToM, HeCMOTPSl Ha HECUCTEMHble MOAETbI
OPAOB B pa3HbIX HarpaBAEHMSX, BbIACASETCS
HanpaBAeHWe C ceBepo-3arnaaa Ha loro-BOoCToK
M, 0TYaCTH, 0BPaTHO, YTO CBA3aHO C Hanbonee
YacTbiM MepemeLLeHnemM NTULL BAOAb OCEBOM
yactn xpebTa Kaparay (puc. 16).

BbicOTbl Haa 3eMAEM, Ha KOTOPbIX HabAOAa-
AMCb OPAbl Ha FHE3A0BbIX y4YacTKax B MOAETe,
BapbMPYIOT OT 5 M A0 1,6 KM, COCTaBASISl B CpeA-
Hem (n=1125) 143,82+185,85 M (MeanaHa
= 73 M). MoAOAbIE MTULIbI NEPEMELLIAAMCh Ha
MeHbLLUMX BblcoTax (119,47+139,25 M, MeAna-
Ha = 65 M, n=447, lim 5-980 m), yem B3poc-
Able (159,87+209,57 M, MearaHa = 79,5 M,
n=678, lim 8-1600 M) C HaA&XHOW pa3Hu-
uei (t=-3,587, df=1123, p=0,00035). MNpu
3TOM Ha BbicoTax 3AP (29-151 M) MoAOAblE U
B3POCAble DepKyTbl UMEAM MPaKTUHECKM OAN-
HaKOBYIO AOAID HabAIOAEHMIA: 68,46% — MOAO-
Able (306 HabAAeHMI) 1 69,47 % — B3POCAbIE
(471 Habaloaenne) (puc. 17, 18, Ipuaoxe-
Hue 5%). Ha Toukax HabaloAeHMs B ropax
KapaTay 3a npeaeAamm rHe3A0BbIX Y4aCTKOB
GepkyTbl MpoAeTaAsn Ha OOAbLUMX BblCOTax
(170,9%£224,55 M, MeanaHa = 90 M, n=616,
lim 8-1600 M), YeM Ha rHE3AOBbIX y4acTKax,
C HaAéXHOM pasHuuen cpeaHmx (t=2,696,
df=1739, p=0,00709). CooTBeTCTBEHHO B
3AP 3aecb AeXMT 57,95% HabAloA€HMH, He-
CKOAbKO MEHbLLE, YeM Ha FHEe3AOBbIX y4acT-
Kax, HO pa3HuLa He NPUHLUMNUAAbHAS.

Mol BbISIBUAM pa3HMLLY B BBICOTE MOAETA HaA
3eMAEIM AAA pasHbIX ce30HOB (puc. 17, 19).
EcAn AeTOM Ha TOYKax 3a npeaeAamm rHe3Ao-
BbIX Y4aCTKOB GepKyTbl OTMEYAAMChb Ha BbICO-
Te B cpeaHem (n1=96) 101,25+£90,09 m (oT 10
A0 400 M, MeanaHa = 60 M), TO OCEHbIO Bbl-
COoTa NOAETa OpPAOB OblAa B cpeaHem (n=425)
139,46+=165,38 M (0T 3 M A0 T KM, MeaMa-
Ha = 80 M), 4TO BblLLE, YeM AeTOM (t=-2,19,
df=519, p=0,03). BecHoli MOAETLI OPAOB pe-
FMCTPMPOBAAMCH Ha BbICOTE B CpeaHeM (n=95)

30 http://rrren.ru/wp-content/uploads/2024/12/App5-Altitude-Time xls

From this information, two indicators are vi-
tal: the average time spent in flight — 27.88%
of daylight hours and the average speed —
7.28 m/s.

The directions of movement of GEs meas-
ured at vantage points outside their nesting
areas (Fig. 16) showed that in spring, the ea-
gles moved mainly from south to north (360°),
while in autumn, the dominant direction was
from northeast to southwest (225°). In sum-
mer, despite the unsystematic flights of ea-
gles in different directions, the direction from
northwest to southeast and, partly, back stand
out, which is associated with the most fre-
quent movement of birds along the axial part
of the Karatau ridge (Fig. 16).

The heights above the ground at which
eagles were observed in flight in breeding
territories vary from 5 m to 1.6 km, aver-
aging (n=1125) 143.82+x185.85 m (me-
dian = 73 m). Juveniles moved at lower
altitudes (119.47+139.25 m, median =
65 m, n = 447, lim 5-980 m) than adults
(159.87%x209.57 m, median = 79.5 m,
n=678, lim 8-1600 m) with a reliable dif-
ference (t=-3.587, df=1123, p=0.00035).
At the same time, at the altitudes of the RSZ
(29-151 m), juvenile and adult Golden Eag-
les had almost the same proportion of ob-
servations: 68.46% — juveniles (306 obser-
vations) and 69.47% — adults (471 observa-

Puc. 16. Azumyt nepemetuerms 6epKyTOB Ha TOUKax
HabAIOAEHMS 3a peAeAamm MHE3A0BbIX y4aCTKOB OPAOB
B Kaparay.

Fig. 16. The direction of movement of the Golden
Eagles on the vantage points outside the eagle’s breeding
territories in the Karatau Mountains.
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Puc. 17. Boicota nonéta
6epkyToB B ropax Kapa-
Tay 8 2022-2024 rr.:
BBEPXY — MOAOAbIE U
B3POCAbI€ MTHLIbI Ha
He3A0BbIX y4acTKax,
BHU3Y — NepemeLLeHns
OpPAOB Ha TOYKax Ha-
OAI0AEHNS 3a peseAamm
HE3A0BbIX y4aCTKax Bec-
HOM, A€TOM U OCEHbIO.

Fig. 17. Flight altitude

of Golden Eagles in the
Karatau Mountains in
2022-2024: at the upper
— juveniles and adults in
breeding territories, at
the bottom — movements
of eagles through vantage
points outside breeding
territories in spring,
summer and autumn.

381,92+379,32 M Haa 3eMAEM (0T TOM A0 2 KM,
mMeanaHa = 250 M), 4TO AOCTOBEPHO BblLLIE,
dem AeTom (t=7,052, df=189, p<0.00000)
n oceHblo (t=9,701, df=518, p<0.00000).
Aoast HabAoaeHuit B 3AP cocrtaBuaa: Bec-
HOW — 29,47%, AeTOM — 58,33% 1 oceHblo —
64,24% (puc. 17, 19).

Ha rHe3a0BbIX YyyacTkax OepkyTbl nepe-
MELLLAAMCb B AMaMna3oHe BbICOT MECTHOCTU OT
330 a0 850 M HaA ypoBHEM MOpsl, BO Bpems
OXOTbl, MOAHMMASACH Ha BbICOTbI A0 950 M Haa
YypoBHEM Mops. B To >xe Bpems TpaH3uUTHbIe
NTMUbI Yalle HabBAIOAAAMCh B AMarnasoHe Bbl-
cot oT 750 a0 1600 M Haa ypoBHEM MOpS.
JT0, BO3MO>KHO, CBUAETEABCTBYET O TOM, YTO
HAaA MEHbLLUMMM BbICOTAMM OHM AETEAM Ha
BOAbLLIEN BbICOTE M MOMNPOCTY HEe permcTpupo-
BaAuCh HabAoaaTeramu. o kpaliHen mepe, K
nepeAoBbIM CkAaakam Kapartay Haa paBHUHOM
C MEHbLUMMM BbICOTAMM HaA YPOBHEM MOPH,
OpAbl MOAAETaAM Ha 3HAYMTEABHO OOABLLIMX
BbICOTAX HaA 3eMAEM, YemM MNepemeLLasnch
B ropax. HabaoaeHns 3a nepemeLleHUAMM
GepKyTOB Ha MHE3AOBbIX y4YaCTKaxX MOKasaAw,

tions) (Figs. 17, 18, Appendix 5%). At vantage
points in the Karatau Mountains outside the
breeding territories, GEs flew at higher alti-
tudes (170.9+224.55 m, median = 90 m,
n=616, lim 8-1600 m) than in the nesting
areas, with a reliable difference in means
(t=2.696, df=1739, p=0.00709). Accord-
ingly, 57.95% of observations are in the RSZ,
slightly less than in the breeding territories,
but the difference is not fundamental.

We found differences in the flight altitude
above the ground for different seasons (Fig.
17, 19). If in summer, at points outside the
breeding territories, GEs were noted at an
average altitude (n1=96) of 101.25+90.09 m
(from 10 to 400 m, median = 60 m), then
in autumn, the eagles’ flight altitude was on
average (n=425) 139.46+165.38 m (from 3
m to 1 km, median = 80 m), which is higher
than in summer (t=-2.19, df=519, p=0.03).
In spring, eagle flights were recorded at an av-
erage altitude (n=95) of 381.92+379.32 m
above the ground (from 10 m to 2 km, median
= 250 m), which is significantly higher than in
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Puc. 18. luctorpammbl BbICOTbI oAéTa (B M Haa 3emAél) bepkyTa B KapaTay: MOAOAbIE M B3POCAbIe NTULIbI (BBEPXY), THE3A0BbIE YHACTKM M TOYKM
HabAIOAEeHMS 3a nx ripeaeramu (BHM3Y); AMarpammbl pamaxa BbICOTbI MoAéTa 6epkyTa B KapaTtay: MOAOAbIE U B3POCAbIE MTULLI (B LEHTP cAeBa),

FHE3A0BbIE y4acTKM M TOYKU HADAIOAEHMS 3a MX MpeAeAamy (B LIeHTpe Cripasa).

Fig. 18. Histograms of flight altitude (in m above ground) of the Golden Eagles in Karatau: juveniles and adults (at the upper), breeding territories
and vantage points outside them (at the bottom); box-and-whiskers plots of the flight altitude range of the Golden Eagle in Karatau: juveniles and
adults (centre at the left), breeding territories and vantage points outside them (centre at the right).

YTO YeM BbILLIe FOPbl, TEM HMXE OPAbl B HUX
AeTaloT. B amanazone BbicoT oT 330 ao 550
M HaA ypOBHEM MOP$ BbiCOTa MOAETA MOAO-
AblX DepKyTOB cocTaBMAa B cpeaHemM (n=9)
350,44+286,15 M Haa 3eMAéln (43-978 m),

summer (t=7.052, df=189, p<0.00000) and
autumn (t=9.701, df=518, p<0.00000). The
proportion of observations in the RSZ was: in
spring — 29.47%, in summer — 58.33% and in
autumn — 64.24% (Fig. 17, 19).
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Puc. 19. luctorpammsbi 1 amarpamma pasmaxa BbiCOTbl oAéTa (B M Haa 3emAéi) GepkyTa B KapaTay: BecHa, AeTO M OCeHb Ha TOYKax HabAIOAEHMS
3a npeaeAamm rHe3A0BbIX y4acTKOB OPAOB.

Fig. 19. Histograms and box-and-whiskers plot of the flight altitude (in m above ground) of the Golden Eagles in Karatau: spring, summer and
autumn at vantage points outside the eagles’ breeding territories.

B3pOCAbIX — (n=81) 258,74x297,11 (23-1600
M). Ha Bbicotax 750-1600 M Haa ypoBHem
MOp$si 3TW MoKaszaTeAn OblAM Huxke B 0benx
BO3PACTHbIX MPyMnnax OPAOB: Y MOAOAbIX MTULL
—(n=180) 84,79x77,6 m (5-338 M), y B3poOC-
AbIX — (1=208) 112,35%+154,25 m (8-984 m)
(puc. 20). 3a npeaeAaMm FHE3A0BbIX Y4aCTKOB
B AE€THUIA Nepunoa GepkyTbl Boodule nsberam
MOAETbI HAA MECTHOCTbIO, AeXaLller Bbite 950
M Haa ypoBHeM Mopst (puc. 21). B BbicOTHOM
AManasoHe MecTtHocTi oT 651 Ao 850 M Haa
ypoBHeMm Mops B 3AP oTmeueHo 69,08% npo-
AETOB MOAOABIX MTUL U 73,48% — B3POCABIX.
B OCTaAbHbIX BLICOTHBIX AMana3oHax MeCTHO-
CTU AOAS TPOAETOB Hepe3 3AP kak B3pOCAbIX,
TaK M MOAOABIX MTULL BapbupoBasa oT 51,67
A0 57,75% (TabA. 10). BHe rHe3A0BbIX yyacr-
KOB OepKyTbl HabDAIOAQAMCb HaA BbICOTaMM B
AManasoHe ot 760 Ao 1535 M Haa ypoBHem
Mop9, B cpeaHem (n=528) 956,54£127,72 m.
MurpanTbl 0ObIMHO Nepecekasn ropbl Ha AO-
CTaTOYHO OOAbLUMX BbICOTaX, MPOAETas Haa
FHE3AOBbLIMM Y4aCTKaMM MECTHbIX OepKyToB

In breeding territories, GEs moved in the el-
evation range from 330 to 850 m above sea
level while hunting, rising to 950 m above sea
level. At the same time, transient birds were
more often observed in elevations ranging
from 750 to 1600 m above sea level. This may
indicate that they flew at a higher elevation
over lower altitudes and were not recorded
by observers. At least, the eagles flew to the
advanced folds of the Karatau over the plain
with lower elevations above sea level and sig-
nificantly higher altitudes above the ground
than they moved in the mountains. Observa-
tions of the movements of GEs in breeding
territories showed that the higher the moun-
tains, the lower the eagles fly in them. In the
elevation range from 330 to 550 m above
sea level, the flight altitude of juveniles av-
eraged (n=9) 350.44+286.15 m above the
ground (43-978 m), and of adults (n=81)
258.74x297.11 (23-1600 m). At elevation of
750-1600 m above sea level, these indicators
were lower in both age groups of eagles: in
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Ha BblCOTe HaA 3emMAéli B 1,5 pasa OoabLLel,
Yem Ta, Ha KOTOPOW B HOPME MepemMeLLaAnChb
MEeCTHble NTUUbl. HaumeHbluas BbicoTa Mno-
AETa HaA 3eMAEM TPaH3UTHBLIX OPAOB, KakK Ha
BECEHHEM, TaK M Ha OCEHHEeN MMUrpaums,
HabAlOAAAACh B AManasoHe BbiCOT OT 950 Ao
1000 M Haa ypoBHem mops. Haa Taknmu Bbl-

Puc. 20. Bricota noréra 6epKyTOB Ha rHE3A0BbIX y4acT-
Kax B 3aBUCMMOCTU OT BbICOTbI MECTHOCTH.

Fig. 20. The Golden Eagles’ flight altitude in breeding
territories on different terrain elevations.

young birds — (n=180) 84.79+77.6 m (5-338
m), and in adults — (n=208) 112.35+154.25
m (8-984 m) (Fig. 20). Outside the breeding
territories, GEs generally avoided flying over
terrain located above 950 m above sea level
in the summer (Fig. 21). In the elevation range
of terrain from 651 to 850 m above sea level,
69.08% of flights of young birds and 73.48%
of flights of adults were recorded in the RSZ. In
the remaining elevation ranges of terrain, the
proportion of adults and juveniles who flew
through the RSZ varied from 51.67 to 57.75%
(Table 10). Outside the breeding territories,
GEs were observed at elevations ranging from
760 to 1535 m above sea level, with an aver-
age (n=528) of 956.54=127.72 m. Migrants
usually crossed the mountains at pretty high
altitudes, flying over the breeding territories of
local Golden Eagles at an altitude above the
ground 1.5 times greater than that at which
local birds typically moved. During spring
and autumn migrations, the lowest flight al-
titude above the ground of migration eagles
was observed in the elevation range from
950 to 1000 m above sea level. Above such
elevation, eagles moved on average (n=129)
122.47+137.70 m (lim 3-900 m) above the
ground in autumn and (n=15) 206.0+246.8
m (lim 40-1000 m) in spring. During autumn
migration, 63.51-68.57% of GEs flew through
the RSZ over areas with elevation from 650 to
1600 m above sea level, while during spring
migration in the same elevation range, the
proportion of eagle flights through the RSZ
varied from 0 (651-850 m above sea level) to
55.56% (851-1050 m above sea level). Inter-
estingly, in the elevation range of the terrain
above 1000 m above sea level, only 38.46%
of GEs flew through the RSZ, covering only the
upper range of this zone (Table 10). We in-
cluded these parameters of eagle movements
in the risk calculation model.

We selected linear fragments between lo-
cations where a rapid lift was observed at
short distances (more than 100 m per minute,
n=177) and compared them with the orog-
raphy of the terrain. Most of the observations
(62.71%) were in the orographic lift zone,
mainly above the gorges of the advanced folds
of the Karatau; the remaining 37.29% were in
the thermal lift zone. The analysis of the alti-
tude of the flight showed that of the 111 ob-
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COTaMM MECTHOCTM OpAbl MepemeLaAuCh B
cpeaHem (n=129) Ha 122,47+137,70 M (lim
3-900 M) Haa 3eMAEén oceHblo, 1 (n=15) Ha
206,0+246,8 m (lim 401000 m) — BecHo. Ha
oceHHeil murpaumn 63,51-68,57% HepkyToB
npoAeTaro Yepes 3AP Haa MECTHOCTbIO C Bbl-
cotoi oT 650 a0 1600 M Haa ypoBHE MOpsl, B
TO BPEM$ KaK Ha BECEHHEN MUIrpaummn B 3TOM
XKe BbICOTHOM AMana3oHe AOAS MPOAETOB Op-
AoB yepes 3AP Bapbuposasa ot 0 (651-850

Puc. 21. Boicota noréta 6epKyTOB 3a rnpeAeaamm rHes-
AOBbIX y4aCTKOB B 3aBUCMMOCTH OT BbICOTbl MECTHOCTH.

Fig. 21. The Golden Eagles’ flight altitude outside
breeding territories on different terrain elevations.

servations in the orographic lift zone, 91.89%
(102 observations) were in the RSZ. Of the 66
observations of lift in thermals, only 33.33%
(22 observations) were in the RSZ.

Damage to the Golden Eagle population
caused by the Zhanatas and Shokpar wind
farms

Monitoring of GE breeding territories with-
in a 45 km radius around the Zhanatas and
Shokpar wind farms showed that from 2022 to
2024, GEs abandoned only three nesting sites
located within a 4-km zone from the nearest
turbines (Fig. 22). After the launch of the first
line of the Zhanatas wind farm in 2021, the
following year GEs stopped breeding in the
breeding territory located in the gorge through
which the wind farm was built (with a 5 km

TabA. 10. 3aBUCHMMOCTb BLICOTbI MOAETa GEPKYTOB HaA 3eMAEH OT BbICOTbI MECTHOCTU HAA yPOBHEM MOPS M AOASI HABAIOA@HMI MTHULL B MOAETe Ha

BbICOTax 30Hbl ABMXKeHMs1 potopa (29-151 m).

Table 10. Dependence of the flight altitude of the Golden Eagles above the ground on the elevation of the terrain above sea level and the
proportion of observations of birds in flight at altitudes of the rotor movement zone (29-151 m).

BbICOTbI MOAETA HAA 3eMAEN (M) AAS
BO3PacTHOI rPpymnMbl MAM C€30HA
Flight altitudes above ground (m) for age group

MHTepBaAbl BbICOTbI MECTHOCTH (M HaA ypOBHEM MOPSI)
Elevation intervals (m above sea level)

Or season 330-650 651-850 851-1050 1051-1600
Monoable Ha rHe3a0BbiIx yyacTkax Juveniles on 193.38+218.23 107.59=116.04 HEeT HabAIOAEHUM
breeding territories (n=71) 20980  (n=359) 5-783 no obs.
Aonsi norétos B 3AP / Share of flights in RSZ 57.75 69.08 -

B3pocable Ha rHE3A0BbIX y4acTKax
HabAloAaTEAbHbIX MyHKTax AeTom Adults on
breeding territories and vantage points in summer

Aoas norétos 8 3AP [ Share of flights in RSZ

263.86+289.71
(n=180) 10-1600

51.67

120.34+141.76
(n=509) 8-984

73.48

133.45+135.53
(n=56) 10-500

55.36

HeT HabAAEHUM
no obs.

Bce Bo3pacTHble rpynmnbl Ha rHE3A0BbIX
ydacTkax M HabAlOAQTEABHBIX NYHKTaX A€TOM
All age groups on breeding territories and
vantage points in summer

Aoas noaéros B 3AP / Share of flights in RSZ

MwurpaHTbl Ha oceHHem npoaéTe
Migrants on autumn migration

Aonsi norétos B 3AP / Share of flights in RSZ

244.53+273.22
(n=250) 10-1600

52.8

HeT HabAIAEH U
no obs.

115.07£138.29
(n=868) 5-984

71.43

144.43+146.99
(n=35) 5-600

68.57

133.45£135.53
(n=56) 10-500

55.36

122.76x143.96
(n=268) 3-900

6791

HeT HaOAloAeHUI
no obs.

154.32+175.81
(n=74) 15-900

63.51

MurpaHTbl Ha BeceHHem npoAéTe Migrants on
spring migration
Aonst noaétos B 3AP / Share of flights in RSZ

HeT HabAIAEHUI
no obs.

460.0+328.63
(n=5) 200-1000

0

208.89+200.35
(n=27) 40-1000

55.56

358.56x421.73
(n=13) 100-1600

38.46

MurpaHTbl Ha BeCeHHeM M OCEHHeM NpoAéTe
Migrants on spring and autumn migration

Aoas noaétos B 3AP / Share of flights in RSZ

HeT HaOAloAeHUI
no obs.

178.33+202.25
(n=39) 5-1000

61.54

131.55+152.17
(n=296) 3-1000

66.55

184.84+237.53
(n=87) 15-1600

59.77
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M Haa ypoBHe Mops) 40 55,56% (851-1050 m
HaA ypoBHE MOpsl). MIHTepecHo, 4TO B BbICOT-
HOM AManasoHe MeCcTHOCTH Bbie 1000 M Haa
YPOBHeM Mopsi, AvLLb 38.46% GepkyToB npo-
AeTano Hepes 3AP, 3axBaTbiBast AULLb BEPXHWH
AMana3soH 3ToM 30Hbl (TabA. 10). 3T1 napame-
TPbl NePeMELLEHNI1 OPAOB Mbl BKAIOYUAM B MO-
ABAb pacyéTa PUCKOB.

Mbi BbIGpaAK AMHENHbIE (DparMeHTbl MeX-
Ay AOKAUMAMM, Ha KOTOPbLIX MPU KOPOTKMX
AMCTaHUMAX HabAlOAAACS ObICTPLIN  Habop
BblcOTbl (6oree 100 M B MuHYTY, n=177) 1
CpaBHUAM KX C oporpadpueil MecTHOCTH.
boablias yactb HabAoaeHWt (62,71%) oka-
3aAacb B 30HE OpPOrpadomMyecKoro MnoAbéma,
MPEUMYLLECTBEHHO HaA YLUEAbAMMU MepeAo-
BbIX CKAaaoK Kapatay, octaabHble 37,29% — B
30HE TEPMMYECKOro NOAbEMA. AHAAM3 BbICOT
nokasaa, 4uto m3 111 HabAAeHUI B 30He
oporpadpuyeckoro noaéma 91,89% (102
HabAloAeHUs1) Aexkaan B 3AP, a U3 66 HabAto-
AEHMI noAbéMa B Tepmukax Ha 3AP npuxo-
AMAOCH AULLL 33,33% (22 HabAlOAEHUS).

Ywepb nonyaaumm GepkyToB, HaHeCéH-
HbI¥i XKanaracckoi BOC n BOC «Llloknapy

MOHUTOPUHI FHE3A0BbLIX Y4acTKOB Oepky-
TOB B paanyce 45 KM BOKpyr >KaHaTacCKoM
BOC n BOC «LLloknap», nokasaa, 4to c 2022
no 2024 rr. 6epkyTamu ObIAY MOKMHYTbI TOAb-
KO 3 IHE3AO0BbIX y4acTKa, PacrOAOXKEHHbIE B
4-X KMAOMETPOBOW 30He OT DAM>KAMLLIMX Typ-
6uH (puc. 22). MNocae 3anycka NepBor AMHWUM
Kanartacckort BOC B 2021 r., GepkyTbl Ha
CAEAYIOLLMI TOA MPEeKpPaTMAM pasMHOXKEHMe
Ha FHE3A0BOM YYaCTKe, A€XKaLLem B YLLEAbE,
yepe3 KoTopoe Obirna noctpoeHa BOC (c pas-
PbIBOM B 5 KM MexXAy TypOuHamu B paroHe
YLLUEAbS), FA€ PACCTOsiHME OT rHe3Aa A0 OAM-
XKarLmnX TypOMH B 10r0-3anaAHOM M 0r0-BOC-
TOYHOM HaMpPaBAEHUAX COCTaBMAO 3,79 K
4,15 KM cooTBeTCTBEHHO. B 2022 r. Ha y4acT-
Ke eé AepXkaAaCb OAHA MTMLA, HO MOCAe
CTOAKHOBEHMS C AOMacTbio TypbuHbl BOC, oHa
nponasa, 1 y4acToK nepeLuéa B paspsa nycry-
owmnx. MHunaeHT npousowén 20 ceHTabps
2022 r.: BepKyT BO Bpemsl OXOTHWYbero o0-
AETa TEPPUTOPMM B NapsiLLEM MOAETE BOLLIEA B
3AP 1 BbIA COUT AONACTbIO, YNaA Ha 3eMAIO, HO
ocTancs >uB. [Tnua B Tedenne 3 4acos nepe-
MELLIAAACh MO 3EMAE, CUABAA Ha KaMHSIX, MOTOM
CKpbIAaCh B yLueAbe. [pu ocMoTpe 3Tol Typ-
OMHbI MOA Helt OblAM HalAEHbI CTapble OCTaHKM
crenHoro opaa (Aquila nipalensis), Ho ocTaHku
GepkyTa He OblAM OOHapPY>KeHbI. AULLb B CEHTS-
Ope 2024 r. Mbl HaWAM OCTaHKu OepkyTa noa
TYpOMHOM, NOCTPOEHHOM B 6,36 KM OT rHesaa
3TOM Mapbl, HO TakXke n B 4,39 KM OT rHesaa
COCeAHel Napbl, y4acTOK KOTOPOW Takxe npe-

Puc. 22. AktusHbie (A) n nokuHyTbie ntuuamu (N)
rHe3A0Bble y4acTku 6epKyTa B 45-KMAOMETPOBOH 30He
(cunmii kpyr) ot XKawnatacckor BOC u B3C «lLloknapy
(W). Hymepaums rHe3AoBbIX y4acTKOB COOTBETCTByeT
TakoBo# B Tekcte. CUHUMM 3HaYKaMu 0OO3HaueHbl Typ-
61HbI, NOA KOTOPbIMU OOHaPy>KeHbl OCTaHKM GepKyTOB,
PO30BbIMU — APYTMX KPYIHBIX XULLIHbBIX MTTHLI.

Fig. 22. Active (A) and abandoned (N) breeding
territories of the Golden Eagle in the 45-kilometer zone
(blue circle) from the Zhanatas and Shokpar wind farms
(W). The numbering of breeding territories corresponds
to that in the text. Blue icons indicate turbines under
which remains of the Golden Eagles were found, pink
icons indicate remains of other large birds of prey.

gap between the turbines in the gorge area),
where the distance from the nest to the nearest
turbines in the southwestern and southeastern
directions was 3.79 and 4.15 km, respective-
ly. In 2022, there was still one bird in the area,
but after a collision with a wind turbine blade,
it disappeared, and the area became vacant.
The incident occurred on September 20,
2022: a GE, during a hunting flight around the
area, entered the RSZ in a hovering flight and
was hit by a blade, fell to the ground, but sur-
vived. The bird moved along the ground for 3
hours, sat on stones, and disappeared into the
gorge. During an inspection of this turbine,
old remains of a Steppe Eagle (Aquila nipalen-
sis) were found under it, but the remains of
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KpaTHA CyLLECTBOBaHME, HO nosye — B 2024 1.
BO3MOXKHO, 4TO OCTaHKM MpUHAAAEXKAAM NTU-
L€ CO BTOPOrO FHE3A0BOMO y4acTKa, TakxKe rno-
nasLUero B 30Hy BAMaHKs KaHatacckor BOC.
Ha 3ToM y4acTke pasmMHOXKeHMe OPAOB HabAlo-
AaAoCh eLwé B 2023 1., Ho yxke B 2024 . nTuLbI
3A€Ch He OblAn BCTpedeHbl. [Tpuuém ocTaHkm
ewwé oAHoro GepkyTa (CyAs MO COXPaHHOCTM
nepbes, nornbiero oceHbto 2023 r.) OblAn
0OHapy>KeHbl Ha 3TOM y4acTKe NOA TypOUHOW,
YCTaHOBAEHHOM Bcero B 1 KM OT rHe3aa Oep-
KYTOB, Ha BepLUMHE BO3BbILLEHHOCTU MPSAMO
HanpOTMB rHe3Aa Yepes yuleAbe. [1oa 3tor xe
TypOuHOI OblAM OOHapy>KeHbl CTapble KOCTU
CTenHoro opaa, nornbwero ssHo B 2022 .
n ocTaHku rpudpa (Aegypius monachus), no-
rmbwero secrHor 2024 r. TpeTuit rHe3A0BOM
y4acToK OepKyTOB, MpeKpaTuMBLLMIA CBOE Cy-
LLIECTBOBAHME Ha pacCMaTpMBaEMON TeppuTO-
pun, ObiA ocTaBaeH nTuuamn B 2024 r. nocae
3anycka BOC «LLloknap». banxalilume Typou-
Hbl ObIAM MOCTPOEHbI B 2,21 KM OT rHe3aa op-
AOB, Ha KOTOPOM pa3MHOXKeHMe ObIA0 OTMeYe-
HO B 2022 r. Ha npeameT rubeAn NTuu Ham He
YAaAOCb OCMOTPETL BCE TYpOMHbI, AeXKallue
Ha AMCTaHUMM AO 4 KM OT 3TOro rHesaa Oep-
KYTOB, HO MOA ABYMSi OAVMDKAMLLMMM K FHE3AY
TypbuHamm (2,21 1 2,40 Km) ObiAn 0BHapysKe-
Hbl OCTaHKM opAaHa-GeaoxBocta (Haliaeetus
albicilla)  crentHoro opaa, noruéLLMX, Bepo-
STHO, BecHoM 2024 r. OcTtaHkoB 6epkyTa Haii-
AEHO He ObIAO, HO 3TO He MCKAIOYAET TOro, YTO
NTULbLI NOMMOAM MOA 3TUMM MAK MOA COCEAHM-
M TypOmHamu. Tak kak MOMCK OCTaHKOB NTULL
HamMK BEACS B paanyce Bcero Amiib 100 M oT
TypOMH, TO BbICOKA BEPOSATHOCTb MpPOMycka
OCTaHKOB, KOTOPbl€ MPU CMALHOM BETpe Mo-
CA€ CTOAKHOBEHMS MOTAM ObiTb OTHECEHbI Ha
GoAbLLIEE PACCTOSHME, MAM BOOOLLE YTUAMU3M-
pOBaHbl Y€TBEPOHOMMMM XMLLHUKAMM MAM Na-
CTYLLUbUMM cODaKamMm.

Takum 00pa3om, Mbl MOXEM KOHCTaTu-
poBaTb paKT MpeKpaLLeHUs FHEe3A0BaHMS
GepKyTOB Ha BCEX MHE3AOBbIX y4dacTKax, Ha
KOTOpbIX TypOuHbl BOC OblAM yCTaHOBAEHDI
Ha AMCTaHuMsX oT 1 A0 4,4 KM OT aKTMBHbIX
rHE3A. BeposaTHO, UTO BCe OHM MpeKpaTHAM
CywlecTBOBaHMe MO MNpuunHe rnbean nTuu
Ha TypbuHax BOC B pesyAbTaTe CTOAKHOBe-
HMs C Aonactamu. [pamble AOKa3aTeAbCTBa
3TOMY MOAyYeHbl TOALKO AAS 2-X TypOuH,
HO, TaK KaK Ha Apyrmux TypOuHax Toxe oTme-
Ha rMOeAb pasHbIX BMAOB KPYMHLIX NTHUL, TO
MOXXHO CHMTaTb, YTO UMEHHO CMEPTHOCTbL MO
MPUUMHE CTOAKHOBEHMS A@XKMT B OCHOBE Nnpe-
KpalLeHWs rHe3A0BaHMs OepKyToB Ha y4acT-
Kax, nonasLimx B 4,5 kM 30Hy BAMsaHKUa BOC.
lHe3aoBble y4acTKM OepKyTa, pacrnoAOXeH-
Hble Aaree 4,5 kM oT Typbun BOC, ocraioT-

the GE were not found. Only in September
2024, we found the remains of a GE under a
turbine built 6.36 km from the nest of this pair
and 4.39 km from the nest of a neighbouring
pair, whose site also ceased to exist later — in
2024. It is possible that the remains belonged
to a bird from the second breeding territory,
which also fell into the influence zone of the
Zhanatas wind farm. In this breeding territory,
eagles were observed breeding back in 2023,
butin 2024, birds were not encountered here.
Moreover, the remains of another GE (judging
by the preservation of feathers, it died in the
fall of 2023) were found in this breeding ter-
ritory under a turbine installed just 1 km from
the GE nest, on the top of a hill directly op-
posite the nest across the gorge. Under the
same turbine, the old bones of a Steppe Eag-
le were discovered, which died in 2022, and
the remains of a Cinereous Vulture (Aegypius
monachus) passed in the spring of 2024. The
third breeding territory of GE, which ceased
to exist in the territory under consideration,
was abandoned by the birds in 2024 after the
launch of the Shokpar wind farm. The near-
est turbines were built 2.21 km from the eagle
nest. Breeding was noted in this nest in 2022.
We could not inspect all the turbines within
4 km of this GE nest for bird deaths. Still, the
remains of a White-Tailed Eagle (Haliaeetus
albicilla) and a Steppe Eagle were found un-
der the two turbines closest to the nest (2.21
and 2.40 km), which probably died in the
spring of 2024. No golden eagle remains were
found, but this does not exclude the possibil-
ity that the birds were killed under these or
neighbouring turbines. Since we searched for
bird remains within a radius of only 100 m
from the turbines, there is a high probability of
missing the remains, which, in a strong wind
after a collision, could have been carried a
greater distance or even disposed of by four-
legged predators or shepherd dogs.

Thus, we can state the fact of the cessa-
tion of nesting of Golden Eagles in all breed-
ing territories where wind farm turbines were
installed at distances from 1 to 4.4 km from
active nests. All of them likely ceased to ex-
ist due to the death of birds on wind farm
turbines due to collisions with blades. Direct
evidence of this was obtained only for two tur-
bines. Still, since the death of various species of
large birds of prey was also cancelled on other
turbines, it can be assumed that mortality is due
to collisions that underlie the cessation of nest-
ing of GEs in areas within the 4.5 km zone of
influence of the wind farm. Breeding territories
of the GE located further than 4.5 km from the
wind farm turbines remain active, including
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CSl aKTUBHbBIMM, B TOM UYMCAE U DAMMKAMLLIMMA,
AeXalmi K toro-soctoky ot B3C. Ha atom
FHE3A0BOM yuyacTke 6epkyToB mexay BOC u
FHE3AOM PACMOAOXKEH Kapbep NpeAnpuaTus
«EBPOXMMY, KOTOPbI1, BEPOSTHO, OTNyrMBaeT
NTUL, M OHM HE MepemMeLLaloTCs B CTOPOHY
B3C, 4TO NOATBEPXKAEHO PEryASPHLIMMU BU-
3yaAbHbIMM HAOAIOAEHMAMM Ha STOM yYacTKe.

OueHka pucka CTOAKHOBEHMs OepKyToB
c TypbuHamu JKanatacckori BOC n BOC
«llloknap»

BbicoTa MECTHOCTM Ha TO4YKax YCTaHOBKM
TypbuH KanaTtacckoin BOC n BOC «LLloknap»
BapbMpoBasa OT 659 A0 871 M Haa ypoBHeM
MOps$, COCTaBMB B CpeaHem (amsa 58 TypOumH)
789,21+54,21 M Haa ypoBHEM Mops. ITO
COOTBETCTBYET AMArNasoHy BbICOT, B KOTOPOM
Ha FHe3A0BbIX y4yacTkax OepkyTbl B 73,48%

the nearest one, located to the southeast of
the wind farm. In this breeding territory of GE,
between the wind farm and the nest, there is
a quarry of the EuroChem enterprise, which
probably scares the birds away, and they do
not move towards the wind farm, which is
confirmed by regular visual observations in
this area.

Assessing the risk of Golden Eagles col-
liding with the turbines of the Zhanatas and
the Shokpar Wind Farms

The elevation of the terrain at the installa-
tion sites of the wind turbines of the Zhana-
tas and the Shokpar WPPs varied from 659
to 871 m above sea level, averaging (for 58
turbines) 789.21+54.21 m above sea level.
This corresponds to the elevation range in
which GEs were recorded at the breed-

Taba. 11. Pacqét alpha n p (cToAkHOBeHMS) Kak ¢hyHKLMM PaAnyca AASI OLEHKM PUCKa CTOAKHOBeHMs G6epKyToB ¢ TypbuHamu >KaHatacckoii BOC
1 BOC «lLloknapy B moaean CRM «Bandy arst caeayioLLMX MapamMeTpoB: YMCAO AONacTeii — 3, MakcumaAbHasi xopaa 4,21 m, war 15°, AauHa nTuus
- 0,85 M, pa3max KpbiAbeB — 2,15 M, T MOAETa — CKOAbXKeHue (+1), A0As MOAETOB npoTu BeTpa — 50%, CKOPOCTb NTULbI — 7,28 M/c, paAnyc
potopa — 60,5 M, CKopocTb BpaLLeHus Aonacteii —5 06./M1H, neproa BpatueHumsi — 12 cek., COOTHOLLeHue CTOPOH nTuubl: f=0,40, MHTepBaA

mHTerpaummn — 0,05.

Table 11. Calculation of a and p (collision) as a f unction of radius to assess the risk of collision of the Golden Eagles with Zhanatas and Shokpar
WPPs turbines in the model CRM “Band” for the following parameters: number of blades — 3, max chord —4.21 m, pitch — 15°, bird length — 0.85
m, wingspan — 2.15 m, flight type — gliding (+1), proportion of flights upwind — 50%, bird speed — 7.28 m/s, rotor radius — 60.5 m, rotation speed —

5 rpm, rotation period — 12.00 sec, bird aspect ratio: f=0.40, integration interval — 0.05.

Mpotus Betpa / Upwind:

Mo Betpy / Downwind:

Radius (r/R) chord (c/C) alpha (a) length p (collision) length p (collision)
0 1 1
0.05 0.73 4.6 20.73 0.712 19.14 0.66
0.1 0.79 2.3 11.39 0.391 9.67 0.33
0.15 0.88 1.53 8.54 0.293 6.62 0.23
0.2 0.96 1.15 71 0.244 5.01 0.17
0.25 1 0.92 6.09 0.209 3.91 0.13
0.3 0.98 0.77 5.17 0.178 3.03 0.10
0.35 0.92 0.66 4.36 0.15 2.35 0.08
0.4 0.85 0.57 3.7 0.127 1.85 0.06
0.45 0.8 0.51 3.23 0.111 1.49 0.05
0.5 0.75 0.46 2.85 0.098 1.21 0.04
0.55 0.7 0.42 2.52 0.087 1.00 0.03
0.6 0.64 0.38 2.54 0.087 1.15 0.04
0.65 0.58 0.35 2.32 0.08 1.05 0.04
0.7 0.52 0.33 2.11 0.072 0.98 0.03
0.75 0.47 0.31 1.95 0.067 0.92 0.03
0.8 0.41 0.29 1.78 0.061 0.88 0.03
0.85 0.37 0.27 1.66 0.057 0.85 0.03
0.9 0.3 0.26 1.49 0.051 0.87 0.03
0.95 0.24 0.24 1.35 0.046 0.88 0.03
1 0 0.23 0.85 0.029 0.85 0.03
Puck cronknosenus / Collision risk 9.3% 5.3%
CpeaHee / Average 7.3%
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TabA. 12. OueHka pucka CTOAKHOBEHMI GepKYTOB C BETPOBbIMM TypOuHamm XKaHatacckosi BOC u BOC «LLloknap» ¢ y4éTom KoagbchmumenTa
YKAOHEHMS OT CTOAKHOBEHMSI.

Table 12. Risk assessment of collisions of Golden Eagles with wind turbines of Zhanatas WPP, taking into account the collision avoidance factor.
Mecsiu / Month 33 roa
flup  ®ep Maptr Anp Maii Mionb Mioab  Asr Cent Okt Hos  Aek Per
Jan __Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov_ Dec annum
BapuaHT 1 — ba30Basi MOA€Ab: pUCK CTOAKHOBEHMUSI MPU MPOXOXKAEHMM OAHOrO poTopa (7,5%)
Option 1 — Basic model: Collision risk for single rotor transit (7.5%)
[NoTeHuUMaAbHOe YMCAO NTHLL,
MPOAETAIOLLIMX Hepe3 poTopb!
Potential bird transits through rotors 448 582 651 665 703 712 825 765 831 832 645 462 8118
YMCAO CTOAKHOBEHMI AAS BCEM
BOC (oc./mecau)*
Collisions for entire windfarm (birds
per month)* 24 34 39 37 36 35 41 39 48 51 38 26 448
BapuaHT 2 — ba3oBasi MOAeAb C MCMIOAb30BaHMEM MPOMNOPLIMU M3 PacripeAeAeHus BbICOT MoAéTa
Option 2 — Basic model using proportion from flight distribution
lMoTeHUMaAbHOE YMCAO NTHL,
MPOAETaIOLLIMX Yepe3 poTopbI
Potential bird transits through rotors 27 38 44 41 40 39 46 44 54 57 42 30 502
BapuaHT 3 — PaciumpeHHasi MOAAb C MCTIOAb30BaHMEM PacripeAeAeHms! BbICOTbI MOAETa (poropums Ha BbicoTe potopa 80,02%, uHTerpan
notoka 0,7341, unterpa croakHoseHmii 0,05013, cpeAHmii pucK CTOAKHOBEHMSI MPH MPOXOXKAEHUM OAHOO poTopa 6,8%)
Option 3 — Advanced model using flight height distribution (proportion at rotor height 80.02%, flux integral 0.7341, collision integral 0.05013,
average collision risk for single rotor transit 6.8%)
MoTeHUMaAbHOE YMCAO NTHL,
NpoAeTaloLLMX Yepe3 poTopbl
Potential bird transits through rotors 460 598 669 683 722 731 847 786 854 855 662 475 8343
“1CAO CTOAKHOBEHMIA AAS BCEM
B3C (oc./mecsi)*
Collisions for entire windfarm (birds
per month)* 23 33 38 36 34 33 40 38 47 49 36 25 431
Mrorosas oueHka prcka CTOAKHOBeHUI as Bei BOC ¢ yaéTom yknoHenus
Final assessment of the risk of collisions for entire windfarm with avoidance
Y1CAO CTOAKHOBEHMIA (OC./MecsiL)
MpU YPOBHE YKAOHEHMS 96%
Collisions (birds per month)
assuming avoidance rate 96% 0936 1.308 1.507 1.425 1.370 1.328 1.594 1.504 1.861 1.946 1.449 1.016 17
YUCAO CTOAKHOBEHMI (OC./MecsiLL)
MpU ypOBHE YKAOHeHMst 98%
Collisions (birds per month)
assuming avoidance rate 98% 0.468 0.654 0.753 0.713 0.685 0.664 0.797 0.752 0.930 0.973 0.725 0.508 9
YMCAO CTOAKHOBEHMI (OC./MecaLl)
MNPy ypoBHE YKAOHeRMs 99%
Collisions (birds per month)
assuming avoidance rate 99% 0.234 0.327 0.377 0.356_0.343 0.332 0.399 0.376 0.465 0.487 0.362 0.254 4

Ipumeuanns [ Notes:

* — yunTbiBasi Bpemst NpocTost 24,2% B roa, MU YCAOBMM OTCYTCTBMS M30eraHns NTMLamm CToakHoBeHuid / allowing for non-op

time 24.2% per year, assuming no avoidance.

CAy4aeB perncTpMpoBasnch Ha BbicoTax 3AP
(cM. Taba. 10). INAaoTHOCTL BEepKyTOB B AHEB-
HOE Bpemsl B Pa3Hble MECSLbl B 30HE BAUSHMNS
obenx BIC Bapbuposana ot 1,4 0 2,2 oco-
6eii/100 km? 1 Bblra MAKCHMaALHOM B OKTSIOPE,
KOrAa K MECTHbIM MTHLIaM AODABMANCb MUMPAHTBI.

Pacuét a u p (CTOAKHOBEHMS) Kak cpyHKLMM
paaMyca AASt OLEHKM PUCKa CTOAKHOBEHMS
6epkyToB C TypObuHammn JKaHatacckon BOC
n BOC «LLloknap» B 6asoBoit Moaean CRM

ing territories at the altitudes of the RSZ in
73.48% of cases (see Table 10). The density
of Golden Eagles during the daytime in dif-
ferent months in the influence zone of both
WPPs varied from 1.4 to 2.2 individuals/100
km? and was highest in October, when mi-
grants joined the local birds.

The calculation of a and p (collision) as a
function of the radius for assessing the risk of
collision of Golden Eagles with the turbines
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Puc. 23. pachuk ouerkm
pUCKa CTOAKHOBEHMA
b6epKyToB C AonacTamm
TypOuH B MOAEAM, UC-
MOAb3yIOLLIEN MoKa3aTe-
AM BbICOTbI MOAETa NTULL.
lMapameTpbl: cKoppek-
TUPOBaHHAs AOAS MTHLI,
AETALLMX Ha BbICOTe
potopa — 80,02%, nHte-
rpaa notoka — 0,7341,
MHTerpaA CTOAKHOBEHMIA:
npotus BeTpa — 0,0642,
no setpy — 0,0361,
cpeaHmii — 0,0501.

Fig. 23. Graph of the risk
assessment of collisions
of Golden Eagles with
turbine blades in model
using bird flight altitudes.
Parameters: adjusted
percentage of birds flying
at rotor height — 80.02%,
flux integral — 0.7341,
collision integral: upwind
—-0.0642, downwind —
0.0361, mean — 0.0501.

«Band» npuseaéH B Taba. 11. Cpeannii puck
CTOAKHOBEHMs DepKyToB C TypOMHamm npu
npoxoxkaeHnun ntuu B 3AP coctaBua B cpea-
HeMm 7,3% Ha TypOuHy B roa, 5,3% — no setpy,
9,3% — npotus BeTpa (npu npoctosx B3C B
cpeaHem 24,2% B roa, ot 17,5 a0 33,5% B
mecsau) (puc. 23).

B cooTtBeTcTBMM C 6A30BOI MOAEALIO C KOP-
peKuMen no BuicoTe NoAéta Ha JKaHaTtacckon
BOC n BOC «lloknap» BO3MOXHbI OT 460
A0 855 NpoA€ToB OepkyTOB Yepes poTopbl B
mecs, B cpeaHem 695,17 +134,58 npoaéTtos
B mecsau u 8343 npoaéta B roa. lpu pucke
CTOAKHOBEHMUS Ha TypbuHy B roa 7,3% B Oa-
30BOM MoAeAM M 6,8% B CKOPPEKTMPOBaH-
HOM Mo BbicoTe noaéta nmu (Flux integral =
0,7341, Collision integral = 0,05013), uncao
CTOAKHOBEHMI OPAOB C TypOMHaMM Ha Bcel
TeppuTopun obenx BOC Ge3 yuéta ykno-
HEHUS MOTAO Obl OLIEHMBATLCA B CPEAHEM B
37,33%+7,66 (24-51) n 36,0+7,54 (23-49)
oco0el B Mecsll, COOTBETCTBEHHO. [oaoBOe
YUCAO CTOAKHOBEHMIA MOF Obl AOCTUraTh 448
1 437 opAOB, COOTBETCTBEHHO. HO yunThiBas
AOCTaTOYHO BbICOKMI YPOBEHb YKAOHEHMS
OpPAOB AXKe Mpu NPoAéTe uyepe3 TypOuHbI,
PEaAbHbIM PUCK CTOAKHOBEHMSA Huke. [lpu
MPOrHO3€ YPOBHS YKAOHEHMS OT CTOAKHOBE-
HUIK 96%, 98% 1 99%, exxemecsauHas rmdbeAb
MOXET COCTaBASITb B cpeaHem 1,44+0,29
(0,936-1,946), 0,72+0,15 (0,468-0,973) n
0,36+0,07 (0,234-0,487) ocobeli, coOTBET-
cTBeHHO. Takum 00pa3om, B roa Ha BCém
komnaekce TypouH XKanatacckoi BIC u
B3C «lloknap» moxer rubHytb 17 op-
AOB TpH ypOBHE YKAOHeHUst 96%, 9 — npu
YpPOBHe yKAOHeHuS 98% u 4 — npu ypoBHe
YKAOHeHUs 99% (Taba. 12). Tak kak Mbl Ha-

YHepena opAroB, NOrubLIMX noa 0AHOM n3 TypbuH XKaHa-
Tacckoi BOC. 23.09.2024. Doto M. KapskuHa.

Skulls of eagles that died under one of the turbines of the
Zhanatas wind farm. 23/09/2024. Photo by I. Karyakin.

of the Zhanatas WPP and the Shokpar WPP
in the basic CRM model “Band” is given in
Table 11. The average risk of GEs collid-
ing with turbines when birds pass through
the RSZ was, on average, 7.3% per turbine
per year, 5.3% downwind, 9.3% against the
wind (during wind farm downtime, on aver-
age, 24.2% per year, from 17.5 to 33.5% per
month) (Fig. 23).

According to the base model with flight
altitude correction at Zhanatas and Shokpar
WPPs, from 460 to 855 GE flights through
rotors are possible per month, on average
695.17+134.58 flights per month and 8343
flights per year. With the risk of collision per
turbine per year of 7.3% in the base model
and 6.8% in the model adjusted for bird flight
altitude (Flux integral = 0.7341, Collision in-
tegral = 0.05013), the number of eagle col-
lisions with turbines throughout the territory
of both WPPs without taking into account
avoidance could be estimated at an aver-
age of 37.33=£7.66 (24-51) and 36.0+7.54
(23-49) individuals per month, respectively.
The annual number of collisions could reach
448 and 431 eagles, respectively. However,
given the relatively high level of eagle avoid-
ance, even when flying through the turbines,
the actual risk of collision is lower. With a pre-
dicted collision avoidance rate of 96%, 98%,
and 99%, the monthly mortality rate could av-
erage 1.44+0.29 (0.936-1.946), 0.72+0.15
(0.468-0.973), and 0.36+0.07 (0.234-0.487)
individuals, respectively. Thus, 17 eagles
could die per year at the entire complex of
turbines of the Zhanatas WPP and the Shok-
par WPP with an avoidance rate of 96%, 9
with an avoidance rate of 98%, and 4 with
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GA0AaEM OCTaBAEHME BepKyTamm 3-X FHe3A0-
BbIX Y4aCTKOB B 30He BAMAHMA BDOC, MOXHO
npeanoaaraTb rmbeab BCex 6 B3POCAbIX MTULL,
a BO3MOXKHO M 4acTh MOAOABIX. Taknm obpa-
30M, MPOrHO3MPYEMbI YPOBEHb YKAOHEHMS
GepKyTamn OT CTOAKHOBEHMI C TypOMHamm
Ha HabAloaaembix BOC moxeT Aexatsb B ana-
nasoHe ot 96 A0 98%, HO HMKaK He BbilUe.

TabAnubl € pacuétammn pucka rnbean dep-
KyToB Ha »KanaTtacckoi BOC n BIC «LLlok-
nap» AOCTYrMHbl B popmate Microsoft Excel B
BMUAE AOMOAHWUTEABHbIX MaTepUaAOB K CTaTbe
(Mpuaoxenune 637).

OueHka pucka CTOAKHOBEeHMS OepKyToB
¢ runotetndeckumu BIC B Kaparay n Yy-
Uanvicknx ropax

Anq Bceit 30HbI Kapatay n Yy-Maniickunx
rop, BKAIOYas MpuAeraiowme 4actu Taaac-
ckoro AaaTay, Kasrypta, nycTbiHM Kbi3bIAKymM

31

http://rrrcn.ru/wp-content/uploads/2024/12/App6-AC.xIsm

an avoidance rate of 99% (Table 12). Since
GEs abandoned three breeding territories in
the wind farm’s influence zone, we can as-
sume the death of all six adult birds, possibly
some juveniles and immature ones. Thus, the
predicted level of GE avoidance of collisions
with turbines at the observed wind farms may
lie in the 96 to 98% range, but not higher.
Tables with calculations of the risk of golden
eagle death at the Zhanatas and Shokpar wind
farms are available in Microsoft Excel as ad-
ditional materials to the article (Appendix 6*").

Assessing the risk of Golden Eagles collid-
ing with hypothetical wind farms in Karatau
and Chu-lli Mountains

For the entire Karatau and Chu-Ili Moun-
tains area, including adjacent parts of the
Talas Alatau, Kazgurt, Kyzylkum Desert and
Moyynkum Sands, we constructed a 5x5 km
grid (12,200 cells) to predict potential risks to
Golden Eagles from hypothetical wind farms
that could be built in any cell in the area un-
der consideration. We considered standard
wind turbine layout parameters (22 turbines
in each cell; see Methods).

Maps of the risk of collision of GEs with wind
farm turbines in the form of a regular network
for nesting and migrating birds in the consid-
ered territory (Fig. 24) in shapefile format are
available in Appendix 732. The attribute tables
present the number of possible eagle flights
over a hypothetical wind farm, the number
of potential collisions without avoidance,
and the number of possible collisions with an
avoidance level of 90%, 95% and 99%.

Puc. 24. KapTbl pucka CTOAKHOBeHMi 6epKyToB ¢
TypbuHamu BOC, BbIMOAHEHHbIE B BUAE PEryASpPHOM
CeTH C pasmMepom AHEHKn 5X5 KM: AAS THE3AALLMXCS
OPAOB — BBEPXY, AASI MUTPUPYIOLLMX — BHU3Y (CM. [pu-
AoxeHue 732). Ars Aydiueli BU3yaAu3aumm AaH ypoBeHb
yknoHeHnst 90%. AAsi obaerdeHns KapTbl, sueliku C
yposHem pucka meree 0,1 0cobu B roa arsl rHe3As -
mxcsi m mernee 0,007 0cobu B roA AAS MUIPaHTOB
yAQA€HbI.

Fig. 24. Grid maps of the collision risk of Golden Eagles
with wind farm turbines, with a cell size of 5x5 km: for
breeding eagles — at the upper, for migratory ones — at
the bottom (See Appendix 7%2). For better visualization,
the avoidance level is shown as 90%. To simplify the
map, cells with a risk level of less than 0. individuals per
year for breeding eagles and less than 0.001 individuals
per year for migrants have been removed.


http://rrrcn.ru/wp-content/uploads/2024/12/App6-AС.xlsm
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M NecKoB MOMbIHKYM, Mbl MOCTPOMAU CETKY
Cc a4erikor 5X5 kM (12200 sueek), 4TOOBI
CMPOrHO3MPOBaTb BO3MOXHBIE PUCKM  AAS
GepkyToB OT rmnotetTndecknx BOC, kotopebie
MOryT ObITb MOCTPOEHbI B AODON auelike Ha
paccmaTtpuBaemMoi Tepputopun. Mel paccma-
TPMBaAKM CTaHAAPTHbIE MapameTpbl PacroAo-
»KeHus TypbuH (22 TypOUH B KaXkaoM suelike,
cM. MeToabl).

KapTbl pucka CTOAKHOBeHMs OepKyTOB C
TypbuHamn BOC B Buae peryaspHoin cetu
AASI THE3ASALLMXCS M MUTPUPYIOLLMX MTULL Ha
paccmaTtpuBaemMoin TeppuTtopum (puc. 24) B
cpopmarte Lweiin-cpaidroB AOCTYMHbI B [pu-
AOXKeHun 732 B aTpubyTuBHbIX TabAuuax
MPeACTaBACHbI: YMCAO BO3MOXHBIX MPOAETOB
OpAOB Yepe3 runoteTnyeckyto BOC, umcao
BO3MOXHbIX CTOAKHOBEHWI 0€3 yKAOHEeHMS,
a TakXKe YMCAO BO3MOXKHBIX CTOAKHOBEHMI C
ypoBHeM YkAOHeHUst 90%, 95% n 99%.

Ans Tpéx aueek B Hy-Manickmx ropax Hamm
paccUMTaH MakCMMaAbHbIM YPOBEHb pUCKa
CTOAKHOBeHWMI oT 1,69 (Npu ypoBHE yKAOHe-
HUS 99%) a0 16,9 (Mpu ypOBHE YKAOHEHMUs!
90%) ocobeli B roa npu 3061 BO3MOXKHOM
npoaéte uepe3 3AP. Aas 1135 sueek (9,3%
OT BCeX f4eeKk ceTH, 27634,15 KMm?) paccum-
TaH ypOBeHb p1CKa CTOAKHOBEeHMI Bbite 0,5
ocobeli B rOA AASl YPOBHS YKAOHeHUst 99%
(puc. 24).

32

http://rrren.ru/wp-content/uploads/2024/12/App7-CRMap.zip

Puc. 25. Kaptbl cpeaHes CKOpOCTH BETpa Ha BbICOTE
100 m (BBEpXY) M MOLLHOCTH BeTpa Ha BbicoTe 100 M
(BHM3Y) C HAAOXKEHHbIM MaTTePHOM TOHYEK peaAbHbIX U
MOTEHLMAaAbHbIX FTHe3A0BbIX y4acTkoB 6epkyta (AC) n
30HaMM MOBbILLIEHHOIO PUCKA CTOAKHOBEeHMs 6epKyToB
¢ TypburHamm BOC (6oree 0,5 ocobeli B roA Ha sHekiKy
npu yposHe ykaoHenust 99%, Z).

Fig. 25. Maps of average wind speed at 100 m (at the
upper) and wind power density at 100 m (at the bottom)
with a superimposed pattern of points of actual and
potential Golden Eagle breeding territories (AC) and
zones of high collision risk of Golden Eagles with wind
farm turbines (more than 0.5 individuals per year per cell
at 99% avoidance level, Z).

For three cells in the Chu-Ili Mountains,
we calculated the maximum eagle collision
risk level from 1.69 (at a 99% avoidance
rate) to 16.9 (at a 90% avoidance rate) in-
dividuals per year with 3061 possible flights
through the ZDR. For 1135 cells (9.3% of all
network cells, 27634.15 km?2), the collision
risk level was calculated to be higher than
0.5 individuals per year for a 99% avoid-
ance rate (Fig. 24).

Risk maps show the main mortality bur-
den falls on local (nesting) birds, which are in
the wind farm influence zone almost all year
round and have the maximum share of pre-
dicted flights through the RSZ, which means

Monoaoii 6epkyT, npoaeTaroLLmii MUMO TypbmHbI KaHa-
Tacckor BOC. @oto C. CatumeToBa.

Young Golden Eagle flying past the turbine of the
Zhanatas wind farm. Photo by S. Satimetov.


http://rrrcn.ru/wp-content/uploads/2024/12/App7-CRMap.zip
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Kak BMAHO M3 KapT pucka, OCHOBHas Ha-
rpy3ka CMEPTHOCTM MPUXOAUTCS Ha MecCT-
HbIX (FHE3ASLUMXCS) NTUL, KOTOpble Haxo-
AATCS B 30He BAMsHMS BDOC npakTuyecku
KPYFAOFOAMMHO U UMEIOT MaKCUMaAbHYIO
AOAIO MPOrHO3UPYeMbIX MPOAETOB yepes
3AP, a 3HauuT, paHO MAM NO3AHO, B Teue-
HUME Ce30Ha CTaAKMBAIOTCS C AOMACTAMM
reHepaTopoB. MUIpaHTbI >ke MMEIOT Ha Mo-
psiaku 6OAbLLE LLAHCOB M30eXaTb CTOAKHO-

Puc. 26. Kaptbl TeppuTOpuii, NepCrnekTMBHbIX AAS
pasBuTMS BETPOSHEPreTUKU, C MOLLHOCTbIO BETpa Ha
seicote 100 m Beite 500 BT/m? 1 cpeaHeli ckopocTbio
60onee 7 m/c: BBEpXy — TePPUTOPUM PaHXKMPOBAHBI M0
MOLLIHOCTH BETPa C HAAOKEHHOM 30HOM MOBbILLIEHHOIO
pUCKa CTOAKHOBEeHMi GepKyTOB C BEeTporeHepaTopam,
B LIeHTpe — (hparMeHT ITOJ KapTbl B 30HE BAMSIHUS
JKanatacckori BOC n BOC «lLloknapy, BHu3y — Teppu-
TOPMU PaHXKMPOBaHHbIE 1O PUCKY CTOAKHOBEHMI bep-
KyTOB C BeTporeHepatopamu (cm. [1puroxeHne 8%3).

Fig. 26. Maps of territories promising for wind energy
development, with wind power density at the height of
100 m above 500 Wt/m? and an average speed of more
than 7 m/s: at the upper — territories ranked by wind
power density with overlaid zones of high collision risk
of Golden Eagles with wind turbines, in the center — a
fragment of this map in the zone of influence of the
Zhanatas and the Shokpar wind farm, at the bottom —
territories ranked by the collisions risk of Golden Eagles
with wind turbines (See Appendix 8%).

that sooner or later, during the season, they
collide with generator blades. Migrants have
a greater chance of avoiding a collision since
they are in the risk zone for only a few min-
utes during the season.

Prospects for minimizing damage to
Golden Eagles during further development
of wind energy in the region in terms of site
selection

To understand to what extent the zones of
increased risk of Golden Eagle collisions with
wind turbines coincide with the territories
promising for wind energy generation, we
made their intersection with the wind map,
calculating the wind speed at an altitude of
100 m and the wind power density (Fig. 25).
The analysis showed that in the zone of wind
power density above 500 W/m? and an av-
erage wind speed above 7 m/s, which is of
maximum interest for the development of a
wind farm network, 312 actual and potential
breeding territories of GE are localised, which
is 54.65% of the entire population in the study
area, including 58.58% (273 breeding territo-
ries) in the Karatau cluster and adjacent re-
gions and 46.4% (103 breeding territories) in
the Chu-Ili Mountains cluster (Fig. 26).

The high-risk zone for eagle collisions with
wind power plant turbines (more than 0.5 in-
dividuals per year per cell with an avoidance
rate of 99%) covers 25.87% of the area of
maximum interest for wind power develop-
ment (12,621.5 km?2). Moreover, sites promis-
ing for wind power generation occupy 43.5%
of the total area of high-risk zones for eagle
collisions with wind power plant turbines or
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BEHWNA, TaK KaK B C€30H HAXOAATCA CHYUTAH-
Hbl€ MUHYTbI B 30HE pUCKa.

INepcnektuebl munumusaumm yiiepba bep-
KyTam 1npM AaAbHeHLLIeM Pa3BUTHH BETPODHEP-
reTMKH B perMoHe B YacTu BbIOOPA MAOLLIAAOK

AAS TOro, 4TOObI MOHSATb, HACKOALKO 30Hb!
MOBLILLUEHHOIO  PUCKA CTOAKHOBEHMS  Oep-
KyTOB C BeTporeHepatopamm COBMaAaloT C
TEPPUTOPUAMM, MEPCMNEKTUBHBIMU  AASl Bbl-
paboTKuM BETPOBOM 3HEPIMM, Mbl CAGAAAWN WX
nepeceyeHme C BETPOBOM KapTOW, paccumTas
CKOpPOCTb BeTpa Ha BbicoTe 100 M M MOLLHOCTb
BETPOBOM 3Heprum (puc. 25). AHaAM3 MokKasan,
YTO B 30HE MOLUHOCTM BETPOBOW 3HEPrum
Bbille 500 BT/M2 1 cpeaHeit ckopocTblo BeTpa
BblLE 7 M/C, KOTOpasi SBASIETCS MaKCMMAAbHO
MHTEPECHOM AASl PA3BUTUS CETU BETPOMAPKOB,
AOKaAM30BaHO 3712 peaAbHbIX M MOTEHLMAAb-
HbIX FHE3AOBbIX Y4acTKOB OEpKyTOB, YTO CO-
craBasieT 54,65% OT BCei MONyAsLMM Ha Wc-
CAeAYEMOM TEPPUTOPUH, B TOM HncAe 58,58%
(273 yuactka) B kaacTepe Kaparay 1 Ha npuae-
raloLUmx Tepputopmsix n 46,4% (103 yyacTka)
B KAacTepe Yy-Maniickmx rop (puc. 26).

B 30He MOBbILLEHHOIO pUCKa CTOAKHOBEHMM
opAoB ¢ TypbuHamm BOC (Gonaee 0,5 ocobeii B
roA Ha si4eliky Npu ypoBHe YKAOHeHMst 99%) Ha-
XOAUTCS 25,87 % NMAOLLIRAM TEPPUTOPUIM, MAKCH-
MaAbHO MHTEPECHOM AASI PA3BUTUS BETPOIHEP-
retmkmn (12621,5 km?). Tpruém Tepputopum,
NepCrneKTUBHbIE A BbIPAaDOTKM  BETPOBOM
3HEPrMK, 3aHUMAIOT 43,5% OT OOLLIEN MAOLLIAAK
30H MOBbILLIEHHOrO PUCKa CTOAKHOBEHMIA OPAOB
¢ TypbuHammn BIC nam 12019,6 km? (puc. 26),
a 56,5% 30H MOBbILLEHHOMO PUCKA CTOAKHOBE-
HUIA opAoB € TypbuHamn BOC (15614,5 km?)
AEXUT 3a NMpeAeAaMmn STUX TEPPUTOPUNA.

M3 nepcnekTMBHLIX AASl Pa3BUTUA  Be-
TPOSHEPreTUKM  TEPPUTOPMIA,  AEXKALLMX
3a MpeAeAamMu 30Hbl MOBLILUEHHOrO pucKa
(36172,4 km2), 28,59% (10340,8 kM2) nme-
0T YMEpEeHHbI PUCK CTOAKHOBEHMI Oepky-
ToB € Typburnamun BIC (ot 0,2 ro 0,5 oco-
6el B roa Ha f4eliKy Npu ypoBHE YKAOHEHMS
99%), 29,11% (10529,6 KM?) — HU3KMIA pUCK
(>0-0,2) v ars 42,3% (15302,0 kM2) — pucK
HE YCTaHOBAEH B XOA€ MOAEAMPOBAHKA, YTO
COOTBETCTBYET EAMHUYHbBIM MPOXOAAM OPAOB
B 3AP 1AM MX OTCYTCTBMIO Ha TEPPUTOPUMN.

KapTbl 30H MOBLILLEHHOrO PUCKa CTOAKHO-
BeHuit OepkyToB C TypbuHammn BIOC u 30H,
MepPCneKTUBHbLIX AASI Pa3BUTUS BETPO3HEpre-
TUKM, PaHXMPOBaHHbLIX MO pUCKam AAst Oep-
KYTOB, AOCTYMHbI B hopmaTe Lueiin-cpaiinos
B [Npuroxxennn 8%.

12,019.6 km?2 (Fig. 26), and 56.5% of the
high-risk zones for eagle collisions with wind
power plant turbines (15,614.5 km?) lie out-
side these areas.

Of the sites promising for wind energy devel-
opment outside the high-risk zone (36,172.4
km2), 28.59% (10,340.8 km2) have a moder-
ate risk of GE collisions with wind farm tur-
bines (from 0.2 to 0.5 individuals per year per
cell at an avoidance level of 99%), 29.11%
(10,529.6 km2) have a low risk (>0-0.2) and
for 42.3% (15,302.0 km2) the risk was not es-
tablished during the modelling, which corre-
sponds to single passages of eagles in the RSZ
or their absence in the site.

Maps of high-risk zones of Golden Eagle col-
lisions with wind farm turbines and sites prom-
ising for wind energy development, ranked by
risks for GEs, are available in shapefile format
in Appendix 8%.

Discussion

We have developed a predictive model for
the distribution and abundance of nesting
and migrating Golden Eagles in Karatau, the
Chu-lli Mountains, and adjacent areas. This
is critical for GE conservation in southern Ka-
zakhstan. This study fills the information gap
for this species in this area.
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bepkyT, npoaeTaioLLmii MumMo TypOuHbI JKaHaTacckoi
BOC. ®oto C. CatnumerTosa.

Golden Eagle flying past the turbine of the Zhanatas
wind farm. Photo by S. Satimetov.
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Ob6cyxaenue

Mol pazpaboTaAn NporHOCTUYECKYID MO-
A€Ab PACMPEAEAEHUSA U YMCAEHHOCTU MHE3AS-
LLMXCS M MUrpupyioLnx 6epkyTtos B Kapartay,
Hy-MAMIACKMX ropax 1 Ha NpUAEraiowmx Tep-
pUTOpUAX, KOTOpas MMeeT pellaiollee 3Ha-
YeHME AAF COXPaHEHMs 3TOro BMAA Ha lore
KaszaxcraHa. DTO uCCAeAOBaHME 3amOAHSET
MHCPOPMALIMOHHbIN NpobeA, UMeIoLLIMIACS Mo
3TOMY BMAY Ha AAHHOW TEPPUTOPUN.

PelueHne o MOAGAMPOBaHMM pacrnpocTpaHe-
HMS BMAQ B €AMHOM JKCTEHTE, BKAIOYAIOLLEM
n Kapatay n Yy-Maniickme ropsl 6e3 pasae-
AEHUSI Ha 2 dPparMeHTa, COOTBETCTBYIOLLIMX
ABYX FTOPHbIM CUCTEMAM, CKa3aAOCh Ha MOAHO-
Te BbIAEAEHMS FHE3AOMPUIOAHbIX AAS DepKyTa
6uotonos B Yy-MAniicknx ropax, T.K. B KaTe-
FOPUIO C HU3KOM BEPOSATHOCTBIO THE3A0BAHMS
GepkyTa OblAM OTHECEHbI YYaCTKM, MMeloLLme
MEHbLLYIO Nepece4€HHOCTb MECTHOCTM, HO
B ycAoBMaX Yy-MAMICKMX rop 3aceAéHHble
GepkyTamn. HO AOASt Taknx AOXKHOOTpULMA-
TEAbHbIX MAEHTUPMKALIMI OKa3aAaCb HU3KOM
— BCero 3 rHe3AoBbIX ydactka m3 40 BbinaAu
M3 KOHTypa rHEe3A0MPUIrOAHBLIX OMOTOMNOB C Be-
POSITHOCTBIO MHe3A0BaHMs 6epkyT Bbille 50%.
YunTbIBag 3TO, Mbl CYMTAEM PE3YALTAT MO MO-
AEAMPOBAHMIO AOCTATOYHO XOPOLLIMM, AAS MO-
CTaBAEHHOM 33Aa4M — OLEHUTb PUCK PA3BUTHS
BOC ms ruesaswienca nonyasumm GepkyTa.
EcTecTBeHHO, NpOBEAst pa3A€AbHbIN aHAAM3 MO
Kaparay n Yy-Manitcknm ropam, MO>KHO ObIAO
Obl AOOUTBCS AYYLLMX PE3YALTATOB B HacTu
BLIAGAEHMM THE3AOMPUIOAHLIX AAS OepkyTa
6uotonos B Yy-Maniickmx ropax, Ho 370 Obl
YBEAMYMAO BPEMEHHbIE 3aTPaThbl HA MOAFOTOB-
KY AaHHbIX, MTPOBEAEHME aHaAM3a M 00paboTKy
PEe3yAbTaTOB, KAYECTBEHHO YAYULLMB MX Ha He-
CKOABKO MPOLIEHTOB.

Hawe moaeanposaHue nokasaro, 4to 15
NnepemMeHHbIX BHeCAU 73,44% BKAaaa B mno-
CTpOEHME WTOrOBOM MOAEAM pacnpocTpa-
HeHns OepkyTa Ha rHe3aoBaHun B Kapatay
n Yy-Manickmx ropax, 7 m3 KOTOPbIX 3TO
Tonorpacpuyeckme MHAEKChbl MEeCTHOCTU (B
0COOEHHOCTU HEPOBHOCTbL MOBEPXHOCTH), 4 —
OMOKAMMATUYECKME MHAEKCHI, 2 — BETPOBbIE
XapaKTePUCTUKM MECTHOCTU U 2 — BereTaum-
OHHbIE MHAEKCbl. YuMTbiBas TO, 4TO OepkyT
Ha paccMaTpuMBaemoW TeppUTOpUKM TaroTe-
€T Ha MHe3A0BaHUM K KPYTOCKAOHaM rop co
CKaAbHbIMM OOHXKEHWUSAMM, BaXKHOCTb TOMO-
rpacpryeckmx nepemeHHbIX ObiAd M3HAYAAb-
HO oOu4eBMAHA. Tornorpacpuyeckne MHAEKChI
TaKXKe BHOCWMAM AO 94,2% BKAAAQ B MOAEAM
pacnpocrpareruns Gepkyta B CLLUA (cae-
AaHHble B MaxEnt), a CKaAbl M KpyTble CKAO-
Hbl, ObIAM BaXKHLIMM MPEAMKTOPaMM BO BCEX
PErMOHAABHbBIX MOAEASIX; AOMOAHWUTEALHbBIMM

The decision to model the distribution of
the species to a single extent, including both
Karatau and the Chu-lli Mountains, without
dividing it into two fragments corresponding
to the two mountain systems, affected the
completeness of the selection of habitats suit-
able for nesting golden eagles in the Chu-lli
Mountains since the category with a low prob-
ability of nesting GEs included areas with less
rugged terrain, but inhabited by eagles in the
conditions of the Chu-Ili Mountains. Howev-
er, the share of such false negative identifica-
tions was low — only three nesting sites out of
40 fell out of the contour of breeding biotopes
with a probability of GE nesting above 50%.
Considering this, we believe the modelling
result to be quite good for the task at hand —
to assess the risk of wind farm development
for the breeding GE population. Naturally, by
conducting a separate analysis for Karatau and
the Chu-lli Mountains, it would be possible to
achieve better results in terms of identifying
breeding biotopes for GE in the Chu-Ili Moun-
tains, but this would increase the time spent
on data preparation, analysis and processing
of results, improving their quality by several
percents.

Our modelling showed that 15 variables
contributed 73.44% to the final model of
GE breeding distribution in the Karatau and
Chu-lli Mountains, 7 of which were topo-
graphic indices of the terrain (especially sur-
face roughness), 4 were bioclimatic indices, 2
were wind characteristics of the terrain, and
2 were vegetation indices. Considering that
the CE in the area gravitates toward steep
mountain slopes with rocky outcrops for nest-
ing, the importance of topographic variables
was initially apparent. Topographic indices
also contributed up to 94.2% to the models
of golden eagle distribution in the USA (made
in MaxEnt), and cliffs and steep slopes were
essential predictors in all regional models. Ad-
ditional variables included land cover, climate
indices, wind indices, orographic lift indices,
and the density of human settlement (Dunk
et al., 2019). Although the terrain parameters
were not identical across regional models in
the USA, the functional forms of the terrain
parameters were generally quite similar in
each region, with relative nest site density in-
creasing with slope steepness; vegetation vari-
ables were included as essential variables in
the models for foothills, forested mountains,
intermontane basins, and valleys in several re-
gions (Dunk et al., 2019). In Canada, habitat
selection by GEs was determined more by the
ruggedness index and relative elevation than
by land cover and vegetation (Maynard et al.,
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NepemMeHHbIMU 3AeCh OblAM MOYBEHHO-PACTH-
TEAbHbI MOKPOB, KAUMAaTMYECKME WMHAEKCHI,
MHAEKCbI BETpa M Oporpachnyeckoro noab-
éMa, a TaKxke CTereHb OCBOEHHOCTM paii-
oHoB 4yeaoBekoM (Dunk et al., 2019). Xota
napameTpbl peabedpa He ObIAM MAEHTUYUHBI
BO BCEX pernoHanbHbix Moaeasax B CLLIA,
chyHKLMOHaAbHbIE cpOpMbI MapameTpoB pe-
Abedpa B KaXKAOM pervoHe B LIEAOM OblAK AO-
BOABHO CXOXMW — OTHOCWMTEAbHAsl MAOTHOCTb
MEeCT IHEe3A0BaHMS YBEAMUMBAAACH C YBEAU-
UeHMeM KPYTW3Hbl CKAOHOB; MepemMeHHble
PaCTUTEABHOCTM B KayecTBe BAXKHBIX ObAMW
BKAIOYEHBI B MOAEAW AASI MPEAFOpPUI, AeCH-
CTbIX FOP, MEXrOopHbIXx 6acCeiitHoB M AOAMH
psiaa pervoHos (Dunk et al., 2019). B Kanase
BbIOOp OepkyTamu MectoobuTaHuii onpeae-
ASIACS DOAbLLE WMHAEKCOM MepeceqeHHOCTH
MECTHOCTM M OTHOCMTEABHOM BBICOTbI, YeM
MOYBEHHBIM MOKPOBOM M PAaCTUTEABHOCTBIO
(Maynard et al., 2024). B PymblHWM BaXKHbIMM
XapaKTepUCTUKaMK cpeabl 0buTaHus Gepky-
Ta Mo pesyAbTaTam MoAeAnpoBaHmus B MaxEnt
CTaAM YKAOH, BbICOTA, IKCMO3MLIMS, CEAbCKOE
XO3SMCTBO M TemrepaTypa — BUA MPEANoYm-
TaeT BbICOKOrOPHbIE paiioHbl C GoAaee Kpy-
ThIMM CKAOHamK, ocobeHHo B Kapnatax; na-
XOTHbIE 3€MAM UM TemrnepaTypbl MIOHS-MIOAS
M Aekabpsi-sHBaps TakXke MrpaloT BaxKHYIO
POAb B MPOrHO3MPOBAaHMM PACTPOCTPAHEHMUS
HepkyTa (Stefanescu, Balescu, 2019). To xe
CamMoe MOXHO OTMETUTb AASI APYFUX FOPHBbIX
TEPPUTOPUIA, AASI KOTOPbIX MOAEAMPOBAAOChH
pacnpocTtpaHeHune H6epkyTa. B yacTHocTM Ha
[MMpeHenckoM MOAYOCTPOBE AYHLUMMU Tpe-
AVMKTOpPaMM MPUIrOAHOCTU CPEeAbl AASI Pa3MHO-
XKeHus BepKyTa SIBASIOTCS Tornorpadpuyueckme
nepemeHHble, yKasbiBalOLLIME HA MNepeceyéH-
HbIli peabedp (Tapia et al., 2007), B boarapuu
HepKkyT Takxke TSAroTeeT K pasAMYHbIM CKaAM-
CTbIM MECTOODUTaHMSIM B HEMOCPEACTBEHHOM
6AM30CTH OT OTKPbITbIX TeppuTopuii (Djorgova
etal., 2021), B [peunn 6epKyTbl MOKasaAn Bbl-
pakeHHOe NpeAnoYTeHne K 00AaCcTaM, OAM3-
KMM K xpebTam, c Horee KPyTbIMM CKAOHAMM
(>10°) u Bbicotammn 300-1000 m (Sidiropou-
los et al., 2024), B LLloTAaHAMM HanbBoAee
BaXKHbIMM TNepPEMEHHBIMM, OTNPEAEASIOLLIMMM
rHe3a0BaHMe GepKyTOB, SIBASIOTCS CTaHAApT-
HOE OTKAOHEHWE BbICOTbl, M3MEHUYMBOCTb
YKAOHA M MakcMMaAbHbIi ykaoH (Fielding, Ha-
worth, 2014). BaxxHocTb psiaa Tororpadpuye-
CKMX MHAEKCOB, a Tak)Xe MapamMeTpoB BETPa 1
oporpagpmyeckoro noabéma, Kak rnpeamkro-
POB MCMOAb30BaHMS NMPOCTPaHCTBa BepkyTa-
MW B MpeAeAax MecTOOOUTaHWI MOATBEpPX-
AAETCS MHOTMMM HccaesoBaHmsamu (Carrete
et al., 2000; McLeod et al., 2002a; 2002b;
Lopez-Loépez et al., 2004; 2007; Mclntyre

2024). In Romania, slope, elevation, aspect,
agriculture, and temperature were identified
as essential habitat characteristics by the GE in
MaxEnt simulations, with the species prefer-
ring high mountain areas with steeper slopes,
especially in the Carpathians; Arable land and
June-July and December-January tempera-
tures also play an important role in predicting
the distribution of the GE (Stefanescu, Bales-
cu, 2019). The same can be noted for other
mountainous areas for which the distribution
of the GE was modelled. In particular, on the
Iberian Peninsula, the best predictors of habi-
tat suitability for GE breeding are topographic
variables indicating rugged terrain (Tapia et al.,
2007); in Bulgaria, GEs also gravitate towards
various rocky habitats near open areas (Djor-
gova et al., 2021), in Greece, GEs showed a
strong preference for areas close to ridges,
with steeper slopes (>10°) and altitudes of
300-1000 m (Sidiropoulos et al., 2024), in
Scotland, the most important variables deter-
mining GE nesting are the standard deviation
of elevation, slope variability and maximum
slope (Fielding, Haworth, 2014). The impor-
tance of several topographic indices, as well
as wind and orographic lift parameters, as
predictors of GE space use within habitats,
has been confirmed by many studies (Carrete
et al., 2000; MclLeod et al., 2002a; 2002b;
Lopez-Lopez et al., 2004; 2007; Mclintyre et

lHe3a0 bepkyTa € KAaAKo# Ha ckane. Yy-Maniickne
ropei, 03.05.2023. ®oto M. KapskuHa.

Golden Eagle nest with a clutch on a cliff. Chu-Ili
Mountains, 03/05/2023. Photo by I. Karyakin.
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et al., 2006; Sergio et al., 2006; Katzner et
al., 2012b; Di Vittorio, Lopez-Lépez, 2014;
Watson et al., 2014; Crandall et al., 2015;
LeBeau et al., 2015; Tack, Fedy, 2015;
Tikkanen et al., 2016; Wallace et al., 2019;
Fielding et al., 2020; Di Vittorio et al., 2020;
Solanou et al., 2022).

Moka3aTeAn BeTpa, Kak MPOW3BOAHbIE KAM-
MaTUUeCKMX MHAEKCOB M TOMorpacpmm, MMeioT
BaXXHOE BAMSIHME HA MOAEAMpOBaHWE pac-
npocTpaHeHns GepkyTa, 0COBGEHHO B FOPHBIX
AaHALLadpTax. Bo-nepBbix, 3TOT OpéA siBAsiET-
Csl BUAOM AaHALIAdpTHOrO ypoBHs (Kochert et
al., 2002; Katzner et al., 2012a; Stefanescu,
Balescu, 2019), BO-BTOpbIX, BeTep SBASIET-
€S BaXKHEWLLIMM PakTOpPOM B €ro 3KOAOrMU
(Katzner et al., 2012a). MoCKOAbKY CTpOeHwHe
KpblAa GepkyTa MpUCrocoOAEHO K MapeHmio
(Watson, 2011), emy MOryT ObITb NPEANOYTH-
TeAbHbl OCODEHHOCTM AaHALLaddTa, KOTOpble
CrMocoOCTBYIOT MapsiLLleMy MAM CKOAb3SILLEMY
MOAETY B BOCXOASILLIMX MOTOKax AloGOro mpo-
MXOXKAEHWSI AAS CHUOXKEHWSI DHEPreTUHECKMX
3aTpaT BO BPeMs MoucKa MWLM U NaTPyAMpO-
BaHus TeppuTopumn (Harmata, 1982; Collopy,
Edwards, 1989; McGrady et al., 2002; McLeod
etal., 2002a; Bohreretal., 2012, Katzner et al.,
2012a; Singh et al., 2016; Duerr et al., 2019;
Fielding et al., 2020). OTctoaa 1 BaXKHOCTb Ta-
KMX MokasaTerel B MOAEAMPOBAHWMM pacrpo-
cTpaHeHus GepkyTa, kak oporpadpuyeckmii
NOAbEM, CKOPOCTb M MAOTHOCTb BETpa, YTO
MoKasaHoO KaK B HallleM, Tak M B BbllLienepe-
UMCAEHHbIX MCCAEAOBAHMSX.

Moaean pacnpocrpanenns 6epkyTta B CLLIA
TalkOKe BKAIOYAAM MEPEMEHHbIE MOYBEHHOIO
MOKPOBA, KOTOPble, KaK CHMTAETCS, B 4acTy
€CTECTBEHHOW TPaBSIHUCTOW PaCTUTEAbHOCTU
M NpUOpPEXKHbIX MECTOOOUTAHMIA BAMSIOT MO-
AOXKMTEABHO Ha AOCTYMHOCTb AODbIUM, UAW Ha-
000pOT, OTPULIATEABHO, ECAM 3TO FOAbIE M Ma-
xOTHble 3emAn (Marzluff et al., 1997; Watson
et al., 2014; LeBeau et al., 2015; Tack, Fedy,
2015; Dunk et al., 2019). B Haluem uccaeaoBa-
HMK BoAbLLas pasHuua B EVI mexxay coceann-
MW MUKCEASIMU U BbICOKME Moka3zaTean NDVI
3a anpeAb OMpPeAeAsiAM HaAnume GoraToi pac-
TUTEALHOCTM MO YLLIEAbSIM, MACCHBBI CaKCayAb-
HUKOB MAM BbICOKOE Ka4eCTBO TPaBSHOMO MO-
KpOBa Ha MacTouLLax, YTO TakXKe OrnpeseAseT
AOCTYMHOCTb AODbI4M (Yepenaxa, 3asu-ToAaK,
KEKAMK), OCODEHHO B YCAOBMSIX AEMpPeCcUm
YMCAEHHOCTH FPbI3YHOB.

B pasAMuHbIX MCCAeAOBaHMSX MOKas3aHo,
4TO Ha GepKyTa MOTYT BAUSTb KAUMATHUYECKHE
dpakTopsl (Beecham, Kochert, 1975; Watson et
al., 2003; Lépez-Lopez et al., 2007; Moreno-
Rueda et al., 2009; Mclntyre, Schmidt, 2012;
Di Vittorio, Lépez-Lopez, 2014; Stefanescu,

al., 2006; Sergio et al., 2006; Katzner et al.,
2012b; Di Vittorio, Lépez-Lépez, 2014; Wat-
son et al., 2014; Crandall et al., 2015; LeBeau
et al., 2015; Tack, Fedy, 2015; Tikkanen et
al., 2016; Wallace et al., 2019; Fielding et
al., 2020; Di Vittorio et al., 2020; Solanou et
al., 2022).

As derivatives of climate indices and topog-
raphy, wind parameters have an essential im-
pact on modelling the distribution of the GE,
especially in mountainous landscapes. Firstly,
this eagle is a landscape-level species (Kochert
etal., 2002; Katzner et al., 2012a; Stefanescu,
Balescu, 2019), and secondly, the wind is the
most critical factor in its ecology (Katzner et
al., 2012a). Since the wing structure of the GE
is adapted for soaring (Watson, 2011), it may
prefer landscape features that promote soar-
ing or gliding flight in updrafts of any origin
to reduce energetic costs during foraging and
territorial patrolling (Harmata, 1982; Collopy,
Edwards, 1989; McCrady et al., 2002; McLe-
od et al., 2002a; Bohrer et al., 2012, Katzner
et al., 2012a; Singh et al., 2016; Duerr et al.,
2019; Fielding et al., 2020). Hence, it is es-
sential to use indicators such as orographic lift,
wind speed, and density in modelling the GE’s
distribution, as shown in our studies and the
ones mentioned above.

Models of GE distribution in the United
States also included land cover variables,
which are thought to positively influence prey
availability in natural herbaceous vegetation
and riparian habitats or negatively in bare and
cropland habitats (Marzluff et al., 1997; Wat-
son et al., 2014; LeBeau et al., 2015; Tack,
Fedy, 2015; Dunk et al., 2019). In our study,
significant differences in EVI between neigh-
bouring pixels and high NDVI values in April
determined the presence of rich vegetation
in ravines, saxaul stands, or high-quality grass
cover in pastures, which also determines prey
availability (Tortoise, Tolai Hare, and Chukar),
especially under conditions of rodent depres-
sion.

Various studies have shown that the GE
can be influenced by climatic factors (Bee-
cham, Kochert, 1975; Watson et al., 2003;
Lopez-Lopez et al., 2007; Moreno-Rueda et
al., 2009; Mclintyre, Schmidt, 2012; Di Vitto-
rio, Lopez-Lépez, 2014; Stefanescu, Balescu,
2019) and it has been proven that the ecologi-
cal characteristics of habitat selection in GEs
vary across bioclimatic zones (Maynard et al.,
2024). However, the classification of breed-
ing bird species of Ukraine by vulnerability to
climate change based on data on ecological
traits and life cycle characteristics showed a
relatively high index of climate change re-
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Balescu, 2019) 1 aokasaHO, UTO 3KOAOTMUe-
CKMe XapaKTepUCTMKM BblIOOpa MeCcTooOM-
TaHui y OGepkyTa pasAMyaloTcs no OMOKAM-
matuyecknm 3oHam (Maynard et al., 2024).
OnHako, KAaCcCMCPMKALMS THE3ASILLIMXCS BU-
AOB MTUL YKpPauHbl MO yA3BUMOCTM K KAMMA-
TUYECKUM M3MEHEHUAM Ha OCHOBE AAHHLIX MO
3KOAOMMYECKMM MPU3HAKaM M XapaKTepucTu-
Kam >KM3HEHHbIX LIMKAOB MOKa3aAa AOBOAbHO
BLICOKMI AASt DepKyTa MHAEKC YCTOMHYMBOCTM
K KAMMaTM4eCKUM n3MeHeHnsm (0,45) cpean
apyrux opaos (banuk, Atemacos, 2010), uto
onpeaeaseTcs OOAbLLOM LUMPOTON KAMMATK-
YEeCKOW HMLUM 3TOro Buaa. B Hawem nccaeno-
BaHMM OMOKAMMATUHYECKME MHAEKCHI (CPeAHAs
Temnepatypa CamOrO BA@KHOIO KBapTaAa,
CE30HHOCTbL TeMMepaTyphbl, CPEAHSS Temnepa-
Typa CamOoro 3acyLUAMBOrO KBapTaAa M FOAO-
BOW AMana3oH Temneparypbl), XOTb 1 OKa3aAM
BaXKHOE BAMSIHME HA MOAEAb, HO HE SABASIAMCh
NPEAMKTOPaMM, OMPEAEASIOLLIMMU AOKAALHOE
pacrnpeAeAeHue, no CyTu, OMpPEAeAss AWLLb
FPaHmMLbl KAMMAaTUMYECKON HULLIM BUAA, BHYTPU
KOTOpPOM pacnpocTpaHeHne OepkyTa ornpe-
AEASIAOCb Tororpacpueid. ITo XOpPOLLO COrAa-
cyeTcs € paboTtamn No GMOKAMMATMUECKOMY
MOAEAMPOBAHMIO PacnpoCTpaHeHus OepkyTa
B psiae APYrux cTpaH. Hanpumep, B PyMbiHuy,
CpeaHss TemnepaTypa 3a Aekabpb — AHBapb U
CpeaHss Temnepartypa 3a MIOHb — MIOAb ObIAM
BaXKHbIMKU MEPEMEHHBIMU B MOAEAMPOBAHMM
B MaxEnt, Ho Tonorpadpus siBAsiaack onpeae-
AstioLuiert (Stefanescu, Balescu, 2019). Takoke
OMOKAMMATUYECKOE MOAEAMPOBAHME MOKa3a-
AO ABa ODLLIMX OCHOBHbIX acrnekTa Temnepary-
pbl (CpeAHeroaoBas Temneparypa M CpeAHss
Temnepartypa Camoro TEMAOro KsapTasa), Ko-
TOPbIE 3HAYMTEABHO MOBAMSIAM Ha pacrpeae-
AeHune OepkyTa kak B LLIseunn, Tak n B Hopse-
rm (Tchamba, 2018), Ho Bo Bcex cTpaHax Mo-
ABAM 3aKPbIBAAM LLIMPOKMIA AMana3oH TeppPUTO-
PUIA, KAMMATMHYECKM NPUIOAHBIX A DepKyTa,
HO B KOTOPbIX OH OTCYTCTBYET (CM., Hanpumep
Hjernquist, 2011), Tak KaKk B MOAGAMPOBaHMM
He MCrOAb30BaAMCh Tororpacpuyeckie rnepe-
MeHHble. [Tpu 3ToM aHaAn3 BbIOOpa MecTo-
obutanuii Gepkytamm B LLIBeumm HarasaHo
MOKasaA, YTO OPAbl OTAABaAM MpeAnoYTeHue
OKpanHam OTKPbITbIX MPOCTPAHCTB U KPYTbIM
CKAOHaM, B 4aCTHOCTM, OOpaLLEHHbIM Ha ior
(Sandgren et al., 2014).

Tonorpadpuueckmne,  KAUMaTMYeCKMe U
pacTUTeAbHble MepemeHHble  hOPMUPYIOT
CAOXKHYIO CUCTEMY B3aMMHOTO BAMSIHUS APYT
Ha Apyra M Ha OMOAOIMIO BMAQ, OMpeseAss
FPaHuLbl PACNpPOCTPaHEHUS Ha FAODaALHOM
1 AOKaAbHOM YPOBHS$IX, 4TO MOKa3biBaloT OMo-
KAMMAT M TOMorpachms B HaLLleM M APYrux uc-
CAEAOBAHMSIX.

sistance for the GE (0.45) among other eagle
species (Banik, Atemasov, 2010), which is
determined by the enormous breadth of the
climatic niche of this species. In our study,
bioclimatic indices (average temperature of
the wettest quarter, temperature seasonality,
average temperature of the driest quarter and
annual temperature range), although they had
an important impact on the model, were not
predictors determining local distribution, es-
sentially determining only the boundaries of
the climatic niche of the species, within which
the distribution of the GE was determined by
topography. This is in good agreement with
the work on bioclimatic modelling of the
distribution of GE in several other countries.
For example, in Romania, the mean Decem-
ber — January temperature and mean June —
July temperature were important variables in
the MaxEnt simulations, but topography was
dominant (Stefanescu, Balescu, 2019). Also,
bioclimatic modelling showed two common
main temperature aspects (mean annual tem-
perature and mean temperature of the warm-
est quarter) that significantly affected the dis-
tribution of GEs in both Sweden and Norway
(Tchamba, 2018). Still, in all countries, the
models covered a wide range of areas climati-
cally suitable for GEs, but where they were
absent (see, e.g., Hjernquist, 2011), since
topographic variables were not used in the
modelling. However, an analysis of the habitat
choice of GEs in Sweden showed that eagles
preferred the edges of open areas and steep
slopes, particularly south-facing ones (Sand-
gren et al., 2014).

Topographic, climatic and vegetation vari-
ables form a complex system of mutual influ-
ence on each other and the species’ biology,
determining the distribution boundaries at
the global and local levels, as shown by the
bioclimate and topography in our and other
studies.

In most studies, researchers limited them-
selves to modelling the golden eagle distri-
bution without estimating the species’” abun-
dance in the modelled habitats. An interesting
study was done in the United States, in which
the authors interpreted the results of the model
based on the output of MaxEnt, transforming
them into a biologically significant state vari-
able — the relative density of eagle breeding
territories, which has a clear biological inter-
pretation (Dunk et al., 2019). However, this
is still far from determining the absolute abun-
dance of the species in the modelled habitats.
Taking the modelled distribution area of the
GE as a basis, we calculated the number of
nesting pairs for it using two methods based
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B GoAbwmHCTBE paboT  MCCAeAOBATEAM
OrpaHMYMBAAMCh MOAGAMPOBAHMEM pacnpo-
CTpaHeHns OepKyTa, He OLEHMBAas YMCAEH-
HOCTb BMAQ B CMOAEAMPOBAHHLIX MECTOOOM-
Tannax. B CLLIA Oblaa caeraHa MHTepecHast
paboTa, B KOTOPOM aBTOPbI MHTEPNPETUpPO-
BAAM PE3YAbTaTbl MOAAKM HAa OCHOBE BbIXOA-
HbIX AaHHbIX MaxEnt, npeobpa3oBas ux B
OGMOAOTMHECKM 3HAYMMYIO MEPEMEHHYI0 CO-
CTOSIHUS — OTHOCMTEALHYIO MAOTHOCTb MECT
FHE3A0BaHMS OPAOB, KOTOpas MMEET YETKYIO
Hronornueckylo MHTepnpetaumio (Dunk et
al., 2019). OaHako, 3TO BCE paBHO AAAEKO OT
ONpeAeAeHNs peaAbHOW YMCAEHHOCTH BMAA B
CMOAEAMPOBAHHBIX MECTOOOUTaHUAX. Mbl >ke
MOLLAM AAAbLLE, M, B3B 3a OCHOBY CMOAEAM-
poBaHHYl0 0DAacTb pacnpocTpaHeHus Oep-
KyTa, PacCUMTaAm AAS HEE YNCAEHHOCTb MHe3-
ASILLIMXCS Map ABYMSi METOAAMM, OCHOBaHHbI-
MM Ha MAOLLAAOYHbIX y4€Tax rHésa GepkyTa
Ha unccaeayemon Tepputopun. Metoa 'CY,
MCMOAL3YIOLLMIA  AASL  BAAMAALIM - MOAMUIOHbI
TucceHa, NOCTPOEHHbIE BOKPYT FHE3A OPAOB,
y>x€ OnpoOOBaHHbINA Ha HECKOAbKMX BMAAX C
pasHbIMM NaTTepHaMM MNPOCTPAHCTBEHHOrO
pacnpeaeAeHns (cM. KapskmuH u ap., 2022a;
2022 b; 2023; Karyakin et al., 2023), Tpaau-
LIMOHHO AaA AyYlUME PE3yAbTaTbl C MEHbLLIK-
MW AOBEPUTEALHBIMU MHTEPBAAAMU.

CTouT OTMETUTB, YTO OLIeHKa rpaHuL 0OAa-
CT1 0OMTaHMa bepkyTa Nno NoAnroHam Tucce-
Ha Mpy HaAMYMKM COCEeAeN M MaKCMMaAbHOMY
PacCTOSHMIO, MOAYYEHHOMY M3 MapamMeTpos,
YYBCTBUTEAbHBIX K AOKAAbHOM MAOTHOCTH, pe-
aAM30BaHa B MOAEAM pacrnpocTpaHeHus Oep-
kyta B LLloTAaHamn (McGrady et al., 2002;
McLeod et al., 2002a; 2002b) u noayumaa
AaAbHelillee pasBuTME B MOAEASX BbliOopa
MecTooOMTaHuit aast Cuumanm (Sergio et al.,
2006). Aormctmyeckas MOAeAb, OCHOBaHHas
Ha AManasoHe TucceHa, paboTasa B CULIMAMIA-
CKOM MCCAEAOBAHMKM CTabMAbHO AyYlle, Yem
Apyrue mMoaeAn, npeanoaaras: (1) 4To oHa
MOTAQ BbISIBUTE (paKTOPbl OKpY>KatoLLel cpe-
Abl, MPEACTaBASIOLLNE DOABLLIMIA MHTEPEC AAS
OpAOB, M (2) 4TO AMana3oH TucceHa MoXeT
6biTb 6OACE PEAANCTUUHON OLIEHKOM dpakTH-
4eCKOro AManasoHa, Yem NpocToit Kpyr dpuk-
cuMpoBaHHoro paawnyca (Sergio et al., 2006).
[Mo3TOMy, NpU  MOAEAMPOBaHMKM  PaCMpo-
CTpaHeHMs1, BbIODOpa MecToObUTaHMI 1 Ync-
AEHHOCTM, a TakxKe B AIODObIX aHaAM3ax npo-
CTPAHCTBEHHOrO PaCrpeAeAeHNUs FHE3A0BbIX
Y4acTKOB OPAOB, M APYrMX TeppuUTOpUaAb-
HbIX BUAOB, Mbl PEKOMEHAYEM MCMOAL30BaTb
MMEHHO MOAMIOHbI TucceHa, koTopble Hoaee
peaAbHO OTpaXkaloT NPOCTPAHCTBEHHbIN naT-
TepH OMOAOIrMUYECKMX OOLEKTOB B €CTECTBEH-
HOM cpeae.

bepkyt. ®oto M. KapskuHa.
Golden Eagle. Photo by I. Karyakin.

on site counts of GE nests in the study area.
The RPG method using Thiessen polygons
constructed around eagle nests for validation,
which has already been tested on several spe-
cies with different spatial distribution patterns
(see Karyakin et al., 2022a; 2022b; 2023rus;
2023en), has traditionally shown better results
with smaller confidence intervals.

It is worth noting that estimating the range
boundaries of the Golden Eagle using Thies-
sen polygons in the presence of neighbours
and the maximum distance derived from local
density-sensitive parameters has been imple-
mented in a model of the GE distribution in
Scotland (McGrady et al., 2002; McLeod et
al., 2002a; 2002b) and has been further de-
veloped in habitat selection models for Sicily
(Sergio et al., 2006). The logistic model based
on Thiessen polygons performed consistently
better than the other models in the Sicilian
study, suggesting (1) that it could identify en-
vironmental factors of greater interest to the
eagles and (2) that Thiessen polygons may be
a more realistic estimate of the actual range
than a simple circle of fixed radius (Sergio et
al., 2006). Therefore, when modelling the dis-
tribution, choice of habitats and numbers, as
well as in any analysis of the spatial distribu-
tion of nesting areas of eagles and other ter-
ritorial species, we recommend using Thies-
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[MpoBea€HHble Hamu HabAlOAEHMSA 3a Mo-
AETHBIM MOBEAEHMEM OPAOB B Pa3HbIX AaHA-
wadptax B MpeAeAax rHe3AO0BbIX Y4acTKOB
M MMIPALMOHHbLIX KOPMAOPOB, AWMLLHWIA pa3
MOATBEPAMAM MHOIME 3aKOHOMEPHOCTHU, AO-
Ka3aHHbIE Pa3sAMYHBIMU MCCAGAOBATEASIMM, B
obwmpHoM apeane OepkyTa. Ho B psiae cay-
YaeB Mbl MOAYYMAM MHbIE MOKa3aTeAM, YHM-
KaAbHble AAst KapaTay.

GPS-TpekunHr 6epkyToB B OUHASHAMK MO-
Ka3aA O4eHb KOPOTKOE BPEMS MOAETOB B A€Hb
—1,7-2,8 yaca B AeHb 3a roa (B cpeaHem 2,2
4), NpM4ém camLibl OblAM DoAee akTUBHBI (2,4
yaca B AeHb), YeM camMKku (1,7 4aca B A€Hb)
1 okono 30% 3TOro BpPeMEHM OPAbl AETaAM
Ha BbICOTAX PUCKa CTOAKHOBEHWS B BETPO-
resepatopamu (50-200 M) (Tikkanen et al.,
2016). OAHaKO CTOAb KOPOTKOE Bpems B Mo-
AETE COOTBETCTBOBAAO pe3yAbTaTam Ooaee
PaHHEro MccAeAoBaHMs OloaxkeTa BpemeHu
rHesaqawmnxca 6epkytos B CLLUA (wrat Alisa-
x0). AMepU1KaHCKMe OPHUTOAOIM OBHapy>Ku-
AW, 4TO Camubl 6EPKYTOB B NEPMOA pa3MHO-
XKEHUs TPaTUAM Ha noAeT 22%, a camku 15%
CBETOBOIO AHSI, YTO O3HAYaET, YTO CaMLibl Ae-
TaAM OKOAO 3, @ CaMKM OKOAO 2 YaCOB B A€Hb,
a BHE Ce30Ha Pa3sMHOXKEHMS, MO-BUAUMOMY,
meree 1 yaca B aeHb (Collopy, Edwards Jr.,
1989). B HaluemM MCCAEAOBaHUM OPAbl AETaAK
B cpeaHem 3,5 yaca B AeHb (27,88% cBeTro-
ro BpemeHu) 1 HaxoAnAnch B 3AP (19-121 m
HaA 3eMAEI) oT 57,95% (TpaH3UTHbIE 0COOM)
A0 68,46%—69,47% (MECTHble MOAOAblE M
B3POCAbIE MTULIbI) BpeMeHW B MoAéTe. Bos-
MOXHO, OoAee BbICOKasi AETHast aKTMBHOCTb
OpPAOB B Hallem MWCCAEAOBaHMKM CBfi3aHa C
HU3KOW YMCAEHHOCTbIO KOPMOB, AAS AODbIUM
KOTOPbIX B3POCALIM NTMLIAM NPUXOAMAOCH 3a-
TpaunBaTb OoAbLUe YcuAMIA. [1o npuunHe He-
AOCTaTKa KOPMOB CAETKM TakxKe MPOSBASAK
MHTEHCUBHYIO AETHYIO aKTUBHOCTb, MOCTOSIH-
HO FOHASCH C KPUKAMM 3a B3POCAbIMM MTHLA-
MM, KOFAQ T€ MPUCYTCTBOBAAM Ha FHE3A0BOM
yyactke. Ho moxkeT ObiTb OoAbLUag AETHas
aKTMBHOCTb XapakTepHa AASl Ka3axCTaHCKMX
FOPHO-CTENHBLIX MONYAALMIK OEepKyTOB, 4TO
MOXeT ObITb YCTAaHOBAEHO AaAbHEMLIMM Te-
ABMETPUYECKMMM UCCAeAOBaHUAMM. OHa Mo-
XKET ONpPeAeAsiTbCA Kak AETHbIMM YCAOBUAMM
(Tonorpacpusi, BETpOBble XapaKTepUCTHKa-
MM), TaK 1 NapameTpamu AOObIYM U CBSA3AH-
HOW C HUMM MHTEHCMBHOCTbLIO KOPMOAODBIUM
1 KOPMAEHUS MOAOABIX.

B LLiBeunn cpeaHsis BbicoTa noaérta Gep-
KyToB cocTaBasiaa 170 m (Hedfors, 2015), B
DuHasHAMM — 197 m (Tikkanen et al., 2016),
YTO, B LIEAOM, CPaBHMMO C MOKa3aTeAsMM
BbICOTbI MOAETa 0pAOB (1771 M) B Hallem wmc-
CAEAOBAHMM Ha HAOAIOAATEALHbIX MyHKTax

bepkyt. ®oto M. KapskuHa.
Golden Eagle. Photo by |. Karyakin.

sen polygons, which more realistically reflect
the spatial pattern of biological objects in the
natural environment.

Our observations of the flight behaviour
of eagles in different landscapes within nest-
ing areas and migration corridors once again
confirmed many patterns proven by various
researchers in the vast range of the GE. How-
ever, in several cases, we received other indi-
cators unique to Karatau.

GPS tracking of GEs in Finland showed very
short daily flight times of 1.7-2.8 h per day
per year (average 2.2 h), with males being
more active (2.4 h per day) than females (1.7
h per day) and about 30% of this time spent
at wind turbine collision altitudes (50-200 m)
(Tikkanen et al., 2016). However, such short
flight times were consistent with an earlier
study of the time budget of breeding GEs in
the United States (Idaho). American ornithol-
ogists have found that male GEs spent 22% of
daylight hours flying during the breeding sea-
son, and females 15% of daylight hours, which
means that males flew about 3 hours a day
and females about 2 hours a day, and outside
the breeding season, apparently less than 1
hour a day (Collopy, Edwards Jr., 1989). In
our study, eagles flew an average of 3.5 hours
a day (27.88% of daylight hours) and were in
the RSZ (19-121 m above the ground) from
57.95% (transients) to 68.46%—69.47% (resi-
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B ropax B MecTax MOTEHUMaAbHOro CTpOw-
TeAabcTBa BOC, HO HECKOABKO BblilLie TaKOBOM
Ha FHe3A0BbIX yyacTkax (B cpeaHem 144 m),
KOTOpble PacrnoAaraAMCb B Y3KMX YLLEAbSIX
NepeAoBbIX CKAAAOK XpebToB. 3aech NTu-
Ubl MepemMeLlaAnCb MpPenMMyLLecTBEHHO Ha
oporpacuyeckmnx noToKax, no3ToMy A€TaAu
HMXKe, YTO XOPOLLO coraacyeTcs ¢ HabAloae-
Husamun B CLLIA (Katzner et al., 2012a).

PasHmua B BbiCOTE MOAETa HaA pasHbIMM
cybcTpaTamu M Ha pas3HblX BbICOTAX MECTHO-
CTM MoOKa3aHa B psiae MCCAEAOBaHMI. Aoka-
3aHo, 4TO Tonorpadpuyeckme 0CoBEHHOCTH
SBASIOTCS OCHOBHbIMM ApaiiBepamm BOCXOAS-
LLIMX MNOTOKOB BO3AyXa M BbICOTbI MOAETa Oep-
kyToB (Duerr et al., 2019). CkaAbl U KpyTble
CKAOHbI CMIOCOBCTBYIOT CO3AaHMIO Oporpadu-
YECKOU NMOAbEMHOM CUAbI — HU3KOBBICOTHOIO
aHepreTuyeckoro pecypca (Kerlinger, 1989).
[Mo3TOMY OpAbI A€TaloT Ha HoAee HM3KMX Bbl-
COTax HaA CKaAbHbIMM ODHaXKEHMAMU U KpY-
TOCKAOHaMM, Yem Haa AObIM APYIMM TUMOM
peabedpa (Katzner et al., 2012a; Sur et al.,
2021). INpmn 3TOM BbICOTA 3aBUCUT OT CTaTyCa
MTUL, MECTHbIE OHU MAM MUIpaHTbl (Katzner
et al., 2012a) U, KOHEYHO >Ke, OT MOroAbl
(ckopoCTHM BeTpa, BAAXXHOCTM M TemnepaTypbl
okpyxaioLleit cpeabl) (Linder et al., 2022).
boaee naockme 0BAaCTM He CNOCOBHbI co3Aa-
BaTb OPOrpacpuyecKkyio MOALEMHYIO CHAY, HO
MOryT cOo3AaBaTb TEPMMKK, KOTOpble pacrnpo-
CTpaHAoTC Ha OOAbLLUKE BbICOTbI, 4acTo 6o-
Aee 1000 M, MO3TOMY OPAbl YaCTO AETAIOT Ha
OOAbLLIMX BbICOTaX HaA TaKOM MECTHOCTbIO,
YTO COOTBETCTBYET WCMOAb30BAHMIO MOAE-
Ta, MPUBOAMMOIO B ABMXKEHME KOHBEKTUBHO
HarpeTbiM Bo3ayxom (Katzner et al., 2012a;
Sur et al., 2021). PazHuua B BbiCOTE MOAETa
MECTHBIX MNTULL U MUIPAHTOB, OTMEYeHHas B
CLLIA (Katzner et al., 2012a), noaTBepxaeHa
M B HallleM MCCAeAOBaHMK. B ameprkaHckom
MCCAEAOBAHMM B MPEAeAaX KaXKAOro Tuna pe-
Abedpa BbICOTA MOAETA MUIPUPYIOLLIMX OPAOB
Bceraa Oblna OOAbLLIE, HEM Yy MECTHbIX NTHL;
MPU AOKaAbHbIX NepeMeLLeHNsAX CPeAHSS Bbl-
coTa noAéta DepKyToB cocTaBAsAa 63—-83 M,
B TO BpPems Kak MMIPaHTbl AETeAM Ha BbICO-
Te 135-341 M; GepKyTbl nepeMeLlasnch Ha
HM3KOM BbICOTE HAA KPYTbIMU CKAOHaMM M
BepLUMHaMM XpeOTOB M Ha OOAbLLON BbiCcOTe
HaA paBHMHAMM M XOAMaMM (XOTS MeCTHble
NTULLI HA OOKOBbLIX CKAOHAX AETEAMU BbILLIE,
yemM 0)KMAAAOCb Ha OCHOBe MoaeAmn) (Katzner
etal., 2012a).

PasHuua B BbicOTax NoAéTa OPAOB MO Ce30-
Ham B KapaTtay oObsiCHSIeTCS TeM, H4TO BECHOM
M OCeHblo HabAIDAAAMCb B OCHOBHOM MWIpaH-
Tbl, TPAH3UTOM A€TSLLME Yepe3 ropHbIi Oa-
pbep Ha MPOAETHOM MyTH, a AETOM BCTpeym

dent juveniles and adults) of the time in flight.
Perhaps the higher flight activity of the eagles
in our study is due to the low abundance of
food, which required more effort for adults to
obtain. Due to the lack of food, fledglings also
showed intense flight activity, constantly chas-
ing adults with cries when they were present
in the nesting area. However, it may be that
high flight activity is characteristic of Kazakh-
stan’s mountain-steppe populations of GCE,
which further telemetry studies can establish.
It can be determined by flight conditions (to-
pography, wind characteristics), prey param-
eters, and the intensity of adult hunting and
feeding fledglings.

In Sweden, the average flight altitude of
Golden Eagles was 170 m (Hedfors, 2015),
and Finland — 197 m (Tikkanen et al., 2016).
There is generally comparable with the flight
altitudes of eagles (171 m) in our study at van-
tage points in the mountains in the areas of
potential wind farm construction, but slightly
higher than those at breeding territories (on
average 144 m), which were located in nar-
row gorges of the frontal folds of the ridges.
Here, the birds moved mainly on orographic
lifts. Therefore, they flew lower, which agrees
with observations in the USA (Katzner et al.,
2012a).

Differences in flight altitudes over different
substrates and at different terrain altitudes
have been demonstrated in several studies.
Topographic features are the main drivers of
updrafts and flight altitudes in golden eagles
(Duerr et al., 2019). Rocks and steep slopes
create orographic lift, a low-altitude energy
resource (Kerlinger, 1989). Therefore, eagles
fly at lower altitudes over rocky outcrops and
steep slopes than over any other type of ter-
rain (Katzner et al., 2012a; Sur et al., 2021).
Moreover, the altitude depends on the status
of the birds, whether they are local or migrants
(Katzner et al., 2012a) and, of course, on the
weather (wind speed, humidity and ambi-
ent temperature) (Linder et al., 2022). Flatter
areas are unable to generate orographic lift.
Still, they can create thermals that propagate
to high altitudes, often over 1000 m, so eagles
usually fly at high altitudes over such terrain,
consistent with the use of convectively heated
air-powered flight (Katzner et al., 2012a; Sur
et al., 2021). The difference in flight altitudes
between resident and migrant birds noted in
the United States (Katzner et al., 2012a) is
confirmed in our study. In the American sur-
vey, migratory eagles always flew higher than
local eagles within each landform; during lo-
cal movements, GEs averaged 63-83 m flight
altitude, while migrants flew at 135-341 m;
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MPOMCXOAMAM C MECTHLIMM NTULIAMM, OXOTMB-
LUMMMCS HEAAAEKO OT CBOMX MHE3A0BbIX Y4aCT-
KOB. ECAM B MepBOM CAy4ae MTMLIbI CTapaAnCh
AOBUTL DAArONPUATHbBIE BETPOBLIE YCAOBMS Ha
BOALLUMX BbICOTaX, TO BO BTOPOM BbiCMaTpK-
BaAM AODbIYY Ha 3emAe. PazHuua mexay ocen-
Hel U BECEHHEM MMrpaunent OrnpeAeAsirach
napameTpamu BeTpa B TOYKax HabAOAEHMS.
EcAn BecHOM NTULbI CTapaAnCh NepemeLlars-
Csl MeXAy TepMmuKamu, (POPMMUPYIOLLIMMMCS
HaA XOPOLLO MPOrpeTbIMM COAHLIEM MAOCKM-
MM BOAOPA3AEAaMM, MPEUMYLLIECTBEHHO MpK
BCTPEYHO-OOKOBOM M OOKOBOM MPU3EMHOM
BETPE, TO OCEHbIO OHM 3aXOAMAM Ha TOYKM Ha-
OAIOAEHMS MPEUMYLLECTBEHHO NMPU MOMYyTHOM
MAM MOMYTHO-OOKOBOM BETPE, CKOAb3Sl M Ha-
61past BbICOTY B OpOrpacouyecknx noabémax,
B KOTOPbIX MOAbEMHAS CMAA CyLLUECTBEHHO
orpaHuyeHa BbICOTOM, B OTAMYME OT TepPMM-
KOB. bAM3kMe pesyAbTaTbl OblAM MOAyHeHb B
CLUA. BbicokoTouHbli GPS-TpekuHr Murpu-
pytoLLmx 6€pPKYTOB MOKa3aA, 4TO OHK MPOBEAM
41,9% (18-56%) BpeMeHu CBOel MMrpaLmm
Ha CeBep, UCMOAL3Ys TePMMYECKOe MapeHue,
45,2% (12-65%) BpPeMEeHM, NAAHUPYS MEXAY
TepMUYeCKUMM noTokamu, u 12,9% (1-55%)
BPEMEHM, MCMOAb3Ys Oporpadpuyeckie BOC-
XOASILUME MOTOKM; OpAbI  pearMpoBasu Ha
ObICTPO MEHSIOLLMECSH AOKAAbHbIE METEOpPO-
AOTMHECKME ABACHUS, C KOTOPbIMM OHM CTaA-
KMBAAMCb, MEpeKAloHYas MoBeAeHWEe MOAETa,
YTOObI  BOCMOAB30BATLCA  MPEUMYLLECTBAMM
HECKOABbKMX PEXMMOB; oporpacpuieckoe na-
PEHME HaLle MPOUCXOAMAO YTPOM U BEYEPOM,
B Ha4YaAe Ce30Ha MMrpaumnm 1 Koraa GoKoBble
1 MOMYTHbIE BETPbI ObIAM CaMbIMU CUAbHBIMM
(Katzner et al., 2015). MHTepecHo, uto peak-
UMM HA METEOPOAOTMYECKYIO M3MEHUYMBOCTb
OblAM cTepeoTunHbiMM Yy 10 GepkyToB, Mo-
MeueHHbIX Tpekepamu B CLLIA, opabl pearn-
POBaAM Ha yBeAMYEeHMEe CKOPOCTM BeTpa, MC-
MoAb3yst GoAbLLIE OporpacpuyecKme MoAbLEMBI
M MEHbLUE TePMMKM; MO Mepe yMeHbLUEeHMS
MCMOAb30BaHMS TEPMMKOB, TakKe yMeHblla-
AUCb KOAEDAHMSA CKOPOCTM M BbICOTbI MOAETa
opaos (Lanzone et al., 2012). B apyrom wc-
CAEAOBAHMM TaKXKe MOKA3aHO, YTO XWLLHbIe
NTULbLI A€TaAM Ha OOAEE HM3KMX BbICOTaX C
yBeAMYEHMEM CKOPOCTM BeTpa; HabAoAarach
MOAOXKMTEAbHAA KOPPEASLIMS MEXKAY BbICOTOM
NOAETa 1 0BAA4HOCTBLIO U MEXKAY BLICOTOM MO-
AéTa M TemnepaTypoi, HO oHa Oblaa crabee,
4eM Co CckopocTbio BeTpa (Linder et al., 2022).

Onmpasch Ha COOCTBEHHbIE MCCACAOBAHUS U
BbiLLIEMEPEYMCOEHHBIE, Mbl YTBEPXKAAEM, YTO
30HbI POPMMPOBAHMS OPOrPACPUUECKMX MOAb-
€MOB, 0COOEHHO B MECTax rHe3A0BaHNs OepKy-
Ta, MOTyT CYMTaTLCA 30HaMM HaMOOABLLLIETO pH-
CKa Npu pasBUTUM BETPOSHEPIETUKM M AOAXKHI

Golden eagles moved at low altitude over
steep slopes and ridge tops and at high alti-
tude over plains and hills (although local ea-
gles on side slopes flew higher than expected
based on the model) (Katzner et al., 2012a).

The difference in the altitudes of eagles’
flights by season in Karatau is explained by
the fact that in spring and autumn, mainly mi-
grants were observed flying in transit through
the mountain barrier on the flyway, and in
summer, encounters occurred with local
birds hunting near their breeding territories.
If, in the first case, the birds tried to catch
favourable wind conditions at high altitudes,
then in the second case, they looked out for
prey on the ground. The wind parameters
at the vantage points determined the differ-
ence between autumn and spring migration.
If in spring, the birds tried to move between
thermals formed over flat watersheds well
warmed by the sun, mainly with a head-side
and side surface wind, then in autumn, they
entered the observation points mostly with a
tail or tail-side wind, gliding and gaining al-
titude in orographic lifts, in which the lifting
force is significantly limited by altitude, unlike
thermals. Similar results were obtained in the
USA. High-precision GPS tracking of migrating
golden eagles revealed that they spent 41.9%
(18-56%) of their northward migration time
using thermal soaring, 45.2% (12-65%) of the
time gliding between thermals, and 12.9% (1-
55%) of the time using orographic lift; eagles
responded to the rapidly changing local me-
teorological phenomena they encountered by
switching flight behaviour to take advantage of
multiple modes; orographic soaring occurred
more frequently in the morning and evening,
early in the migration season, and when cross-
winds and tailwinds were strongest (Katzner et
al., 2015). Interestingly, responses to meteor-
ological variability were stereotypical among
10 GEs tagged in the United States, with ea-
gles responding to increasing wind speeds by
using more orographic lift and fewer thermals.
As the use of thermals decreased, the oscil-
lations in eagle flight speed and altitude also
decreased (Lanzone et al., 2012). Another
study also showed that raptors flew at lower
altitudes as wind speed increased; there was
a positive correlation between flight altitude
and cloud cover and between flight altitude
and temperature, but it was weaker than wind
speed (Linder et al., 2022).

Based on our research and the above, we
argue that areas where orographic rises form,
especially in GE breeding territories, can be
considered the highest risk areas for wind ener-
gy development and should be excluded from
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MCKAIOHATLCS U3 NMPOEKTOB OCBOEHUS TePPUTO-
pUiA, €CAM 6AM3 HUX AOKA3aHO MHE3A0BaHME UAM
MHTEHCMBHAs MUIPaLIMs OPAOB.

Mcnoab3oBaHue rHesaa OepkyTamm 4acTo
OCTa€TC HEM3MEHHbIM Ha MPOTSHKEHUM Ae-
CSITMAETHIA, AaKe TOrAa, Koraa napa paccpop-
MUPOBLIBAETCH B pe3yAbTaTe rmbeAn OAHO-
ro u3 NapTHEPOB M MOCAE BOCCTAHOBAEHMS
MOBTOPHO MCMOAL3YET OAHO M TO XK€ FHE3A0
MAM THE3AQ, PACMOAOXKEHHbIE B HEnocpea-
CTBEHHOM 6AM30CTH ApYr OT apyra (McGahan,
1968; Kochert, Steenhof, 2012; KepaaHos,
Hukonaes, 2019; Hawm aaHHble). Hanpumep,
UCTOPUS OTAEALHbIX HE3A0BMI B TBEpPCKOM
00AaCTH HacunTbiBaeT GoAee Beka, B YaCTHO-
CTW B COCHOBOM rpsaae y p. [NoHukiimn B XKap-
KoBckoM Mxe (PKapkosckuii parioH) u B Ou-
POBCKOM paioHe (D0AOTO 3aka3HMK), rHé3aa
CYLLECTBYIOT C «AOBOEHHbLIX» AeT (KepaaHoB
1990; KepaaHos, Hwukonaes, 2019), rHesao
Ha Kpaio OpLUMHCKOrO Mxa ynomuHaetcs
1940-x roaos XX Beka (KepaaHos, Hukonaes,
2019). OpAbl, rHe3AALLMECS HA CKaAax B Ka-
HboHe p. CHelik B Araaxo (CLLIA), nokasaam
BbICOKYIO BEPHOCTb MHE3AY B TeYeHue 45-AeT-
Hero nepuoaa, rae 88% rHésa GbIAM 3aHATbI
HECKOABKO A€T, @ 90% aAbTEPHATMBHBIX MHE3A
Ha FHE3A0BOW TEPPUTOPUM ObIAM MOCTPOEHI
Ha paccrosHun meHee 500 M OT paHee 3a-
HMMABLUMXCS MHEe3A0BbIX noctpoek (Kochert,
Steenhof, 2012). Takum 06pa3om, rHe3aosble
MOCTPOMKM BEPKYTOB CAY>KAaT HEKMMM MapKe-
pamu, NpUTArMBaloLMMKM K cebe CBOOOAHbIX
0ocobei B MOMyAsUMM, a 3HAYUT, MOFYT CAY-
XXWTb Mapkepamu npu pa3paboTke NpupoAo-
OXPaHHbIX MEPOMPUATUIA AAF BUAA M COCTaBAE-
HMS MAAHOB OCBOEHMS TEPPUTOPUIA C YUETOM
HEOOXOAMMOCTH COXpaHeHNs BepKyTOB.

PacctoaHne Ao rHesaa gasagetcs Hanbo-
Aee BaXKHbIM (PaKTOPOM, BAMSIIOLLMM Ha pac-
npeaeAeHue Aokaumii OepKyToB B MOAETe
(McCrady et al., 2002; Haworth et al., 2010;
Watson et al., 2014; LeBeau et al., 2015;
Tikkanen et al., 2016). D10 03HauaeT, 4TO Be-
POSATHOCTb CTOAKHOBEHWUS OPAOB yMEHbLLUA-
€TCA C YBEAMYEHMEM PaCCTOSHMUSA OT rHesAa
A0 BeTpoHeHepaTopoB. Ocrtaércs BONpoc:
Kakoro pasmepa AOAKHO ObiTb paccTosiHue
OT rHesaa GepKyTa A0 Kpas 30Hbl, MCKAIOHae-
MOM 13 MAQHOB OCBOEHMS, YTOObI MMHUMM3K-
poBaTh Bpea opAam? B 3Tom Bonpoce MoxeT
MOMOYb OMNAThL XKe UCCAGAOBAHME, CAGAAHHOE
B CLLIA (cMm. Watson et al., 2014).

Bbicokasi KpyraoroamyHasi MHTEHCMBHOCTb
MOAETa OPAOB M UCMOAb30BaHWUS UMM MPUCAA
B npeaeAax 50% KOHTYpOB (B CpeaHeMm 3,2 KM
OT FHé3A) M3-3a LEHTPUYHOCTM FHE3A MOXKET
3HAYMTEALHO YBEAMUYUTH BEPOSTHOCTb KOH-
hAMKTA OPAOB C BETPSIHBIMM TypOUHAMM, O

MHoroneTHee rHe3ao 6epkyTa Ha ckase B Hy-Maniickmx
ropax. ®oto M. KapsikuHa.

A Golden Eagle nest on a dliff in the Chu-Ili Mountains
was used for many years. Photo by I. Karyakin.

development projects if the nesting or intensive
migration of eagles is proven near them.

The use of a nest by GEs often remains un-
changed for decades, even when a pair dis-
bands as a result of the death of one of the
partners and, after restoration, reuses the
same nest or nests located near each other
(McGahan, 1968; Kochert, Steenhof, 2012;
Kerdanov, Nikolaev, 2019; our data). For ex-
ample, the history of individual nesting sites
in the Tver region goes back more than a
century; in Zharkovsky and Firovsky Districts,
nests have existed since the “pre-war” years
(Kerdanov 1990; Kerdanov, Nikolaev, 2019),
a nest on the edge of Orshinsky Moh has
been mentioned since the 1940s (Kerdanov,
Nikolaev, 2019). Eagles nesting on cliffs in the
Snake River Canyon in Idaho (USA) showed
high nest fidelity over a 45-year period, where
88% of nests were occupied for several years,
and 90% of alternative nests in the nesting ter-
ritory were built less than 500 m from previ-
ously occupied nest buildings (Kochert, Steen-
hof, 2012). Thus, nesting structures of GEs
serve as markers that attract free individuals
in the population and, therefore, can serve as
markers in the development of conservation
measures for the species and the prepara-
tion of plans for the development of territo-
ries, taking into account the need to preserve
Golden Eagles.

The distance to the nest is the most impor-
tant factor influencing the distribution of GE
locations in flight (McGrady et al., 2002; Ha-
worth et al., 2010; Watson et al., 2014; LeB-
eau et al., 2015; Tikkanen et al., 2016). This
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YEM CBMAETEALCTBYIOT CTOAKHOBEHMSI OPAOB
C TypOMHamu, KOTopble OblAM 3aA0KYMEHTH-
poBaHbl nccaeroBaHmammn B CLLIA (Watson
et al., 2014). B pe3syAbTaTe 3TUX MCCAEAOBA-
HUIA, AAS HM3KOPACMOAOXKEHHbBIX TFOPHbIX M
KYCTapHMKOBO-CTEMHbIX/MACTOULLIHBIX IKOCH-
CTEM MPEAAOXKEHO, YTO CTpaTernn ynpasAe-
HUS AQHALLACDTaMM AASI COXPaHeHNs BepkyTa
AOAXKHBI MCMOAB30BaTb OycpepHble 30HbI LK-
PUHOM 12,8 KM BOKPYT THE3A, a B OydpepHbIx
30Hax LUMPUMHOM 9,6 KM CTpaTernm AOAXKHbI
00513aTeAbHO BKAIOYATb MAEHTMCPMKALIMIO M
ynpaBA€HME BEPXHMMM HaCTAMM  CKAOHOB,
BepLIMHamMK XpebToB M 00AACTAMM C pa3HOO-
HpasHbIM peAbedpoM, OnpeaeréHHbIMU C Mo-
MOLLIbIO MPOrHOCTMYECKMX MoaeAen (Watson
et al., 2014). DT napameTpbl XOPOLLO COrAa-
CYIOTCSl C MOAyYeHHbIMKM B DUHAAHAWK, TAE
PaAMyC AOMaLLHWX TeppuTopui OepKyToB
cocTaBuA B cpeaHem 11,6 kM (a0 14 kM) Bo-
KPYr FHE3A, pacnpeAeAsisiCb HepaBHOMEPHO;
B TO BpeM$ KaK CPEAHMIA paAMyC OCHOBHOM
06AacTh obutaHus 6epkyToB (50% MCP) Ebia
3,7 KM: OKOAO 80% AETHBIX AOKaLIMIA OblAM
PaCMOAOXKEHbI Ha PacCTosHMKM Boaee 2 KM K
60% — Ha paccTosiHnmn Boaee 4 KM OT rHe3aa,
(Tikkanen et al., 2016). Hawun HabAoAeHMs
MOKa3bIBAIOT KPUTUUECKYIO BaXXHOCTb 30HbI,
paaMycom 4-4,5 KM OT rHe3aa, B KOTOPOM
MPOMCXOAUT OCHOBHas Macca nepemMeLleHmi
GepKyTOB Ha MHE3A0BbIX Y4aCTKax, 4TO XOpO-
LLIO COrAACYeTCsl C AAHHbIMM, MOAYYEHHbIMA B
CLLA. Ho Tak Kak Mbl He pacroAaraem AaH-
HbIMM TEAEMETPUU OPAOB AAS pacCcMmaTpuBae-
MOM TEPPUTOPUM, TO HE MOXKEM OMNPEACAUTH
rPaHMLbI FHE3AOBbLIX TEPPUTOPUNA, B pamKax
KOTOpPbIX KOH(PAKKT GepkyToB ¢ BOC mMoxeT
ObITb AOCTATOYHO BbLICOKMM. [103TOMY Ml
npesraraem 3eMAErOAb30BaTeASM M MpPO-
€KTUPOBLLMKAM, PEAAU3YIOLLMM TMPOEKThbI B
MecTax rHe3AoBaHMs OepKyTa OpUEHTMPO-
BaTbCsl Ha TPEX-ypoBHeBble OydpepHbie 30HbI
BOKPYI FHE3A OPAOB Ha paccMaTpuBaemoMn
TeppuTopuu:

1-i1 ypoBeHb, B COOTBETCTBMM C HaLLMMM
A2HHBIMM, — 4,5 KM, B KOTOPOM AOAXKHaA ObITb
MCKAIOYEHa ADast AESTEAbHOCTb, HarpPaBAEH-
Has Ha U3MEHEHNEe MeCTOOOUTaHNI, BKAIOHas
YCTaHOBKY BETPOTYPOMH AaXKe OCHALUEHHbIX
CPEACTBaMM 3aLUMTbI OT CTOAKHOBEHMM;

2- ypoBE€Hb, B COOTBETCTBMM C pPeKo-
meHaaumamu mn3 CLLIA, — ot 4,5 A0 9,6 KM,
B KOTOPOM AOAXHbI ObiTb YETKO NPOAYMaHbI
MEpOoNpUATMS MO CMAMYEHNIO U UCKAIOHYEHa
AEATEAbHOCTb, KOTOpas MOXET MpUBECTU K
rMbeAn OpAOB; B HaCTHOCTM, CTPOUTEALCTBO
TYPOMH AOAKHO AOMYCKATbCS 3A€Ch B MCKAIO-
YMTEABbHBIX CAyYasX 3a npeaeAammn oporpa-
chrHecKmnX U TEPMUUECKMX MOABEMOB B yAa-

bepKyT, CKoAb35ILLMIA B OPOrpachn4eckom nosbéme.
Kapatay. @oto M. KapskunHa.

Golden Eagle gliding in orographic uplift.

Karatau. Photo by I. Karyakin.

means the probability of eagle collision de-
creases with increasing distance from the nest
to wind generators. The question remains:
what should be the distance from the GE nest
to the edge of the zone excluded from de-
velopment plans to minimise harm to eagles?
Again, a study conducted in the USA can help
with this question (see Watson et al., 2014).
High year-round eagles flight and perch use
within 50% of contours (average 3.2 km from
nests) due to nest centricity may significantly
increase the likelihood of eagles conflict with
wind turbines, as evidenced by eagle-turbine
collisions documented in studies in the United
States (Watson et al., 2014). As a result of these
studies, landscape management strategies
for GE conservation for low-elevation mon-
tane and shrub-steppe/grassland ecosystems
should use 12.8 km-wide buffer zones around
nests. Within 9.6 km-wide buffer zones, strat-
egies should include identifying and managing
upper slopes, ridge tops, and areas of variable
topography as identified by predictive mod-
els (Watson et al., 2014). These parameters
agree with those obtained in Finland, where
the average radius of GE home ranges was
11.6 km (up to 14 km) around nests, unevenly
distributed. In comparison, the average radius
of the GE core area (50% MCP) was 3.7 km:
about 80% of flight sites were located more
than 2 km and 60% more than 4 km from the
nest (Tikkanen et al., 2016). Our observations
show the critical importance of the zone with
a radius of 4-4.5 km from the nest, where
most GE movements occur on nesting sites,
which agrees with the data obtained in the
USA. However, since we do not have eagle
telemetry data for the considered territory,
we cannot determine the boundaries of the
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A€HUM Ha 2,5 KM OT NEPEAOBbIX CKAAAOK FOp
1 GOPTOB YLLIEAWH, a TaK>Ke OT OCEBbIX YacTel
XpebTOB, TOAbKO MPU HaAUHMU CUCTEM MTH-
Lle3aLlUMTbl, C AOKa3aHHbIM MOAOXKUTEAbHbIM
adpchekToM Arst GepKyTOB;

3-i ypoBeHb, B COOTBETCTBMU C PEKOMEH-
aaumsmm 3 CLUA, — ot 9,6 a0 12,8 kM, B
KOTOPOM AOAXKHbI ObITb YETKO MPOAYMaHbI
MepOonpUATUS MO CMAMYeHMIO, KOMMeHcaLnu,
M orpaHuyeHa, AMOO YETKO perAameHTUpo-
BaHa, AEATEeAbHOCTb, KOTOpas MOXeT Mpu-
BECTU K rMOeAn OpPAOB; B HaCTHOCTM, CTPOM-
TeAbCTBO TypOMH AOMyCKaeTCsl BO BCeX TUMax
AaHALLIACPTa, HO MPWU HAAMUMM CUCTEM MTK-
Lle3aLlUmnTbl, C AOKa3aHHbIM MOAOXKUTEAbHbIM
adpcpekToM AAst BEPKYTOB.

MTorom Hawei paboTbl CTara MOArOTOB-
Ka KapTbl PMCKOB CTOAKHOBEHWS GepKyToB C
NOTEHLMAAbHLIMM ~ BETPOreHepaTopamMu  Ha
MCCAEAYEMOW TeppuUTOpMU. Mbl paccumTasm
p1CKM Noa napameTpbl rnnoTeThyecknx BIC,
CTaHAAPTM3MPOBaB MX AAS BCEX AueeK 5X5 KM
PEeryAsipHOi CeTH, MOKpbIBAIOLLEN TeppuTO-
pMIO HalLero UCCAeAOBaHMs. 3a OCHOBY pac-
uéTa PUCKOB B3ATbl KapTa FHE3A0MPUrOAHBIX
6MOTOMOB, MNOCTPOEHHAS B XOAE MOAGAUPOBA-
HMS pacrnpocTpaHeHns 6epKyTa, 1 CreHepupo-
BaHHbI AAS HE€ MaTTepH ToYeK MOTeHLMaAb-
HbIX MHE3AOBBIX Y4aCTKOB OepKyTOB, a Takke
KapTa MUrpaumni OpAOB, OCHOBaHHasl Ha BM-
3yaAbHbIX HabAlOAEHMAX. Mbl Moka He pacno-
Aaraem AaHHbiMn GPS/GSM-npocaexuaHms
6epKyTOB Ha paccMaTpUBaeMoii TEPPUTOPUM,
MO3TOMY HE MOXEeM OLEeHWTb MapameTps
nepemeLLeHns OPAOB 3a Npeaerammn HabAloAa-
TEAbHbIX MYHKTOB, M HE MOXXeM OLEHWUTb WH-
AVBMAYaAbHbIE TEPPUTOPUM NTULL Ha KOYEBKaxX
1 3umMoBKe. Ho Koraa 3TW aaHHble MOSIBATCH,
Mbl CMOXXEM AerkO CKOPPeKTMpOBaTb KapTbl
PUCKOB, BKAIOUYMB UX B PACHET MOACAM.

KoHeuHo, ocTaéTca MHOro BOMPOCOB K
YPOBHIO YKAOHEeHMsi DepKyTOB Ha paccma-
TpuBaemMol Tepputopun n nsberaHna BIC.
BOALLIMHCTBO MCCABAOBATEAEH MOATBEPIKAA-
10T, YTO XMLUHbIE MTULLI CNOCOOHBLI OOHapY-
XKMBaTb MPUCYTCTBUE BETPSHOW TYpOWHbI U
cTapatoTcs u3beraTb €, He3aBMCMMO OT TUMa
nan pasmepa (Garvin et al., 2011; Hull, Muir,
2013; Johnston et al., 2014b; Villegas-Patraca
et al., 2014; Cabrera-Cruz, Villegas-Patraca,
2016; Linder et al., 2022). meloTca cBeae-
HMS1 O TOM, YTO HEKOTOPbIE BUAbI He n3bera-
0T BOC 1 nposBASIOT HM3KYIO aKTUBHOCTb B
YKAOHSIHMM OT CTOAKHOBeHMIi (Bevanger et al.,
2010; Garvin et al., 2011; Dahl et al., 2013),
HO 3TO He OTHocuTCa K GepkyTam. Onpeae-
AEHWe peaAbHOro ypoBHs usberaHuns 6es no-
CTOSIHHOTO BUMAEOKOHTPOAS 3@ MPOAETaIOLLM-
MU MUMO TYpOMH MTULAMK SBASIETCS AOCTa-

breeding territories, within which the conflict
of GEs with wind farms may be sufficiently
high. Therefore, we propose that land users
and designers implementing projects in GE
nesting areas focus on three-level buffer zones
around eagle nests in the area under consid-
eration:

Level 1, according to our data, is 4.5 km, in
which any activity aimed at changing habitats
should be excluded, including the installation
of wind turbines, even those equipped with
collision protection;

Level 2, according to recommendations
from the USA, is from 4.5 to 9.6 km, in which
mitigation measures should be thought out,
and activities that could lead to the death of
eagles should be excluded; in particular, the
construction of turbines should be allowed
here in exceptional cases outside of oro-
graphic and thermal lifts at a distance of 2.5
km from the frontal folds of mountains and
the sides of gorges, as well as from the axial
parts of ridges, only in the presence of bird
protection systems with a proven positive ef-
fect for GEs;

Level 3, by recommendations from the
USA, is from 9.6 to 12.8 km, in which miti-
gation and compensation measures must be
thought out, and activities that could lead to
the death of eagles must be limited or strictly
regulated; in particular, the construction of
turbines is allowed in all types of landscapes,
but with the presence of bird protection sys-
tems with a proven positive effect on GEs.

Our work resulted in preparing a risk map
of Golden Eagle collisions with potential wind
turbines in the study area. We calculated the
risks for the parameters of hypothetical wind
farms, standardising them for all 5x5 km cells
of the regular grid covering the territory of our
study. The risk calculation is based on a map
of suitable breeding biotopes constructed dur-
ing the GE distribution modelling, a pattern of
potential GE breeding territories generated for
it, and a migration map of eagles based on
visual observations. We do not yet have GPS/
GSM tracking data for Colden Eagles in the
study area, so we cannot estimate the param-
eters of eagle movement outside observation
points, and we cannot estimate the individual
territories of birds during migration and win-
tering. However, when this data appears, we
can easily adjust the risk maps by including
them in the model calculation.

Of course, many questions remain about
the level of GE evasion in the study area and
avoidance of wind farms. Most studies con-
firm that birds of prey can detect the presence
of a wind turbine and try to avoid it, regard-
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TOYHO CAOXHbIM Npoueccom. [1o3Tomy oueH-
KM pUCKa CTOAKHOBEHMIA, Y4UTbIBAIOLLME YPO-
BEHb YKAOHEHMS NTULL, AO CMX MOpP CTPaAaloT
HETOYHOCTBLIO M3-3a OTCYTCTBMS KOPPEKTHO
M3MEPEHHbIX MoKasaTeAel. BHeapeHune cu-
CTeM BMAEOMOHMTOPUHIa Ha BIC AoAXKHO
CNocoOCTBOBATbL PELUEHUIO 3TOM NPODAEMBI.
Hamu B34Tbl AOBOABHO LLUMPOKKME MPEACALI OT
90 40 99%, HO peaAbHbIi YpOBEHb YKAOHEHMS!
HEOOXOAMMO OMPEAeAsTb B XOAE AETaAbHbIX
HaOAIOAEHMI Ha yXKe 3KCMAYaTUPYIOLLMXCA M
yousaiomx opaos YKanatacckoin BOC n BOC
«oknap». lloka >k€, MOXHO OpPUEHTUPO-
BaTbCA Ha MOKa3aTeAM YKAOHEHWS B Amana-
30He 96-98%, TaK Kak OHM COOTBETCTBYIOT
HabAIOAAEMOMY  MCYE3HOBEHMIO THE3AO0BbIX
y4acTkoB 6epkyTa B 30He BAMsAHUA BIC.
be3zaymHoe pasmelieHme BETPOIAEKTPOCTaH-
LM, 6€3 OFASIAKM Ha BO3MOXKHbIE Yrpo3bl O1O-
pa3HoOOpasmio, KOTopoe ceryac MpPOMCXOAUT
B KazaxcraHe, MOXeT NPMUBECTM K HEraTUBHbIM
CLEHapUAM B MOMyASLIMAX OPAOB, HE TOALKO
B Kaparay un Hy-MAnckux ropax, HO 1 Ha Apy-
rux Tepputopmsx. Mccaeaosanmamm B CLLIA
NOKa3aHo, YTO BETPOMApKM, MOCTPOEHHbIE Ha
MUIPaLMOHHBIX MapLLPyTax OPAOB, MOMYT Mpu-
BECTU K YHUUTOXKEHMIO MTMLL, FHE3AALLMXCA Ha
AOCTaTO4HO 00LIMpHON TeppuTopumn (Katzner
et al., 2012a). 310 yrpoxaeT CyLLECTBOBaHMIO
OTAGABHbIX MaAbIX MOMYASILIMIA, MMEIOLLMX OT-
puLaTeAbHble AeMorpachuyeckme MokasaTeAn
M3-32 YBEAMYEHMS M3DLITOYHON CMEPTHOCTM
(Ledec et al., 2011; Dahl et al., 2012; Katzner
et al., 2012a; Bellebaum et al., 2013). Ao cux
MOp He CyLLeCTBET KOHCEHCyCa Ha Temy Toro,
Kakue MomyAsiMM CTpasaloT OOAbLLE BCEro B
30HE Pa3BUTUS BETPOIHEPreTUHecKMX Mnpo-
€KTOB, MECTHble 1AM MUrpupytolme (Schuster
et al., 2015; Estellés-Domingo, Lopez-Lopez,
2024). Becbma BEpOSTHO, YTO yLLepO MECTHbIM
MONyAALMSM MOXKET ObiTb GoAee CyLIeCTBeH-
HbIM, TaK KaK MTWLbI M3 HWUX OOAbLLEe Bpems
MPOBOASIT B 30HE BAMSIHUS BETPOreHepaToOpOB
M UMEIOT DOAbLLME BEPOSTHOCTM CTOAKHOBE-
HWI, YTO MOKAa3aHO HaLLMM MOAEAMPOBaHMEM
PUCKOB CTOAKHOBEHMM. Y4aCTKM, OCBOOOAMB-
LLMeCs OT OpAOB, YomsLUMXCca Ha BOC, Ho pac-
MOAOXKEHHBIE B FHE3AOMPUIOAHBLIX OMoTOMNax
BLICOKOIO KauyeCTBa, MOIyT CTaTb 3KOAOTrMHe-
CKMMM AOBYLLIKAMM, aKKYMYAMPYS CMEPTHOCTb
HEMOAOBO3PEALIX MTUL, KOTOpble OyAyT npwu-
TAMMBATLCA K 3TUM TEPPUTOPUSM M MbITaTbCA
Ha HMX hopMMpOBaTb Mapbl. Tem He MeHee,
MHOIME UCCACAOBAHMS Pa3HbIX BMAOB NepHa-
ThIX XMLLHWMKOB YKa3blBAIOT Ha 3HAYMTEAbHbIN
prck BOC MMEHHO AAS MUIPaHTOB, MAM e
AAS MECTHBIX MTULL B NEPUOA MUIrPaLMOHHOM
aKTUBHOCTM (Hanpumep, Barrios, Rodriguez,
2004; Smallwood et al., 2007; Kikuchi, 2008).

less of type or size (Garvin et al., 2011; Hull,
Muir, 2013; Johnston et al., 2014b; Villegas-
Patraca et al., 2014; Cabrera-Cruz, Villegas-
Patraca, 2016; Linder et al., 2022). Evidence
shows that some species do not avoid wind
farms and show low avoidance activity (Bev-
anger et al., 2010; Garvin et al., 2011; Dahl
et al., 2013), but this does not apply to GEs.
Determining the actual level of avoidance
without constant video monitoring of birds
flying past turbines is a rather tricky process.
Therefore, collision risk assessments that con-
sider the level of bird avoidance still suffer
from inaccuracy due to the lack of correctly
measured indicators. Introducing video moni-
toring systems at wind farms should help solve
this problem. We have taken broad avoidance
limits from 90 to 99%. Still, the actual level
of avoidance should be determined during
detailed observations at the already operating
and killing eagles Zhanatas and Shokpar wind
farms. We can focus on avoidance indicators
in the 96-98% range since they correspond to
the observed disappearance of GE breeding
territories in the wind farm’s influence zone.
Thoughtless placement of wind farms, with-
out regard for possible threats to biodiversity,
which is currently happening in Kazakhstan,
can lead to unfavourable scenarios in eagle
populations, not only in the Karatau and Chu-
[li Mountains but also in other areas. Research
in the USA has shown that wind farms built
on eagle migration routes can lead to the re-
moval of birds nesting in a reasonably large
area (Katzner et al., 2012a). This poses risks
to individual small populations with negative
demographic indicators due to increased ex-
cess mortality (Ledec et al., 2011; Dahl et al.,
2012; Katzner et al., 2012a; Bellebaum et al.,
2013). There is still no consensus on which
populations suffer the most in the wind energy
development area, local or migratory (Schus-
ter et al., 2015; Estellés-Domingo, Lépez-
Lopez, 2024). Damage to local populations
may likely be more significant since birds from
them spend more time in the wind turbine
impact zone and have higher collision prob-
abilities, as shown by our collision risk mod-
elling. Sites vacated by eagles killed at wind
farms but located in high-quality nesting bio-
topes may become ecological traps, accumu-
lating mortality of immature birds that will be
attracted to these areas and try to form pairs
there. However, many studies of species of
raptors indicate a significant risk of wind farms
for migrants or local birds during migration
activity (e.g. Barrios, Rodriguez, 2004; Small-
wood et al., 2007; Kikuchi, 2008). This is es-
pecially true if these wind farms are built on
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OcobeHHo ecan 3T BOC cTposiTca Ha ropHbIX
xpebTax, BAOAb KOTOPbIX MAET MUIPaLIMA XMLLI-
HbIX MTULL U POPMMPYIOTCS MOLLIHbIE OpOrpa-
dprueckne noabémbl (Takme BOC cumtaiotcs
HanboAee OoMacHbIMU A MITULL, CM., HanpuMep
Barrios, Rodriguez, 2004; Katzner et al., 2012a;
Miller et al., 2014; Schuster et al., 2015; Singh
et al., 2016; Peron et al., 2017; Poessel et al.,
2018). Bcé aT0 ewwé ycyryGAseTcs M NAOXOM
MOrOAOM (CMALHBIN BETEP U MAOXas BUAMMOCTD)
(Johnston et al., 2014). Onupasicb Ha 3Tu cBeae-
HUS MOXKHO MPEAMOAOXKMTb, YTO AASI MUTPaH-
TOB, nepecekaiowmx Hy-Manrickme ropsl, BOC,
NOCTPOEeHHas B MX OCEBOM YaCTU, MOXKET ObITb
AaXe oracHee, Yyem aHanormyHas B Kaparay.
Ho noka Ham He xBaTaeT OObEKTMBHBIX AdH-
HbIX, YTODbI CpaBHWBaTL YPOBEHb PUCKOB AAS
MUIPUPYIOLLIMX OPAOB B 3TMX FOPHbIX palioHax
MO MPUYMHE OTCYTCTBUSI BLICOKOTOUHBIX AaH-
Hbix GPS-npocaeknBaHms.

YT00bI PUCKM AAS BepKyTa He BO3pacTaAu
C pa3sBUTHUEM BETPOIHEPreTUKM, HY)KEH TLLa-
TeAbHbI/ MOAXOA K BbIOOPY MECT pacroAo-
JKEHWUs BETPOMapKoB, M B 3TOM Halla KapTa
PUCKOB MOKET MOMOYb. B LieAoM, co3aaHue
TaKMX KapT 3TO XopoLuas npakTuka (Bright et
al., 2008a; 2008b; 2009; Miller et al., 2014;
McGuinness et al., 2015; Melcher et al.,
2017; Serratosa, Allinson, 2022) 1 oHW aKTUB-
HO MCMOAb3YIOTCS MEHeAXepaMM MpPOeKTOB
M MHBECTOPaMK AAS BbIOOpa TeppUTOPUIA,
Ha KOTOPbIX NOCTPOeHHble BOC OyayT HecTm
MUHUMAABHbIE PUCKM LIEAEBBIM BUAAM.

B HacTosLLee Bpemsi Hoaee NMOAOBMHbI MPoO-
ektoB BOC B KazaxcraHe peaAn3ytoTcs MAM NAa-
HMPYETCS B MepeceyéHHOM AaHALadpTe rop-
HbIX paroHoB TaHb-Lllanga (Bkaouas Kapatay
n Yy-Maniickne ropbl), AkyHrapckoro Anatay,
KasaxcraHckoro MeakocornouHmuka 1 KokyeTas-
CKOM BO3BbILLIEHHOCTM, B MeCTax C BbICOKUM
p1CKOM A5 nonyAsiLmid 6epkyTos (ERM Japan
Ltd., 2014 co ccbiakoit Ha Af-Mercados EMI,
2013; QazaqGreen, 2023; Juru, 2024; KEGOC,
2024). B TO ke Bpems, MeAkomacluTabHoe
OCBOEHME TePPUTOPUI, KOTOpPOE PaAUKaAbHO
He MeHsieT cpeay 0OWUTaHMS OPAOB M He yCTa-
HaBAMBaeT Oapbepbl Ha BOCXOASLLMX MOTOKAX
BO3AyXa, OCOOEHHO €CAM OHO OCYLLECTBASIETCS
B 6OAee MAOCKOM, HM3KOBBLICOTHOW MECTHOCTH,
CYLLECTBEHHO He BAMSIET Ha MoBeseHue nepe-
ABMXKeHMst opaos (Sur et al., 2021). MoaTomy
peaAu3saLns NPOEKTOB BO30OHOBASIEMO SHep-
MM Ha TLIATEAbHO BbIOPaHHbLIX MAOLLAAKaX,
0COBEHHO B MAOCKMX HM3KOBBICOTHBIX YHacTKax
(cm., Hanpumep Arnette, Zobel, 2011), noten-
LIMaAbHO COBMECTMMA C CYLLECTBYIOLLMMM MO-
nyasiunsmm 6epkyTos (Sur et al., 2021). MoxHo
CYLLECTBEHHO CHM3UTb PUCK HEraTUBHOrO B3a-
MMOAEHCTBUS BETPOSHEPreTUKM U AUKOM Mpu-

bepkyT, npoAeTaroLLmii MUMO TypOUHbI
Kanartacckon BOC. ®oto M. KapsknHa.

Golden Eagle ying past the turbine of the
Zhanatas wind farm. Photo by I. Karyakin.

mountain ridges along which raptors migrate
and powerful orographic uplifts are formed
(such wind farms are considered the most
dangerous for birds, see, e.g. Barrios, Rodri-
guez, 2004; Katzner et al., 2012a; Miller et
al., 2014; Schuster et al., 2015; Singh et al.,
2016; Peron et al., 2017; Poessel et al., 2018).
All this is further aggravated by bad weather
(strong winds and poor visibility) (Johnston et
al., 2014). Based on this information, it can be
assumed that for migrants crossing the Chu-lli
Mountains, the wind farm built in their axial
part may be even more dangerous than a simi-
lar one in Karatau. However, we still lack ob-
jective data to compare the risks for migrating
eagles in these mountainous areas due to the
lack of high-precision GPS tracking data.

To ensure that the risks to the Golden Eag-
le do not increase with wind energy develop-
ment, a careful approach to selecting wind
farm locations is needed, and our risk map
can help with this. In general, creating such
maps is good practice (Bright et al., 2008a;
2008b; 2009; Miller et al., 2014; McGuin-
ness et al., 2015; Melcher et al., 2017; Ser-
ratosa, Allinson, 2022) and project managers
and investors actively use them to select areas
where the built wind farms will pose minimal
risks to target species. Currently, more than
half of the wind farm projects in Kazakhstan
are being implemented or planned in the
mountainous landscapes of the Tien Shan (in-
cluding the Karatau and Chu-Ili Mountains),
Dzungarian Alatau, Kazakhstan Uplands and
Kokchetav Upland, areas with high risk to GE
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poAbl, n3beras pa3BuUTUS Tam, rae cpeaa obuTa-
HMS XOPOLLIErO Ka4ecTBa At OPAOB U XOpOLLME
pecypcbl AASt BETPOBLIX TypOMH NepecekaioTcs
(Miller et al., 2014). Y>ke A€iCTBYIOT MHOMVe
aecaTkmn BOC, Ha KOTOpbIX peaAr30oBaHbl Mepo-
MPMSATHS MO 3aLUMTE NTULL OT CTOAKHOBEHMS], B
BMAE AOKA3aBLUMX CBOIO 2CPCPEKTUBHOCTL Me-
TOAOB OCTaHOBKM TYpPOWH MpK MpUBAMKEHMM
ntuu (Estellés-Domingo, Lopez-Lépez, 2024)
Ha OCHOBE MaLLIMHHOrO 3peHus (Smallwood et
al., 2009; de Lucas et al., 2012; Murai et al.,
2015; McClure et al., 2018; 2021; Ferrer et
al., 2022; Linder et al., 2022). 310 no3soAseT
CHU3WUTb CMEPTHOCTb Cpean Hanbonee ys3Bu-
MbIX XMLLHMKOB MPU MUHUMAABHOM CHUXKEHMM
MPOM3BOACTBA DHEPIMM (CHMXKEHME BCEro Ha
0,07%) (Estellés-Domingo, Lopez-Lépez, 2024).
370 AAéT Haaexay Ha To, 4To U B KasaxcraHe
PaHO MAM MO3AHO Pa3BUTHME BETPOIHEPreTUKM
MOXET MOUTH C MMHUMAABHBIMM PUCKAMM AAS
nonyAsim 6epKyToB.

BbiBOAbI

1. TlAowaab FHE3AOMPUIOAHBLIX AAS Gep-
KyTa 6uotonos B Kapatay n Yy-Manickmnx
ropax onpeaereHa B 18209,9 km?, nAoLUaAb
MecToobuTaHui — 67602,43 kM.

2. YucaeHHOCTb OepKyTa Ha rHe3A0BaHWM
Ha MCCAEAYEMOW TEPPUTOPKUM MO COCTOSHMIO
Ha 2024 r. oueHeHa B 688 (597-937) rHesaq-
Lumxca nap, 248 (215-338) ycnewuHbix nap MAun
1784 (1548-2430) ocobeli C y4€TOM MOTOM-
CTBA TEKYLUEro roAa WM HETepPUTOPUAAbHbIX
MTHL, KOYYIOLLIMX MO TEPPUTOPUM B THE3AOBOM
nepuoA: B Kapatay M Ha npuaAeraioLmx tep-
putopusix — 434-645, B cpeaHem 466 rHesaq-
LumMxca nap (M3secTHo 80 rHE3A0BbIX YHaCTKOB)
n 1126-1674, B cpearem 1209 ocobeit ¢ yué-
TOM CAETKOB TEKYLLIEr0 FOAa M HEMoAOBO3pe-
AbIX MTul, B Hy-Maniickmux ropax — 163-292, B
cpeaHem 222 rHe3asaiumeca napbl (M38ectHo 40
FHE3AO0BbIX Y4aCTKOB), 1 422-757, B CcpeaHem
575 ocobel). B aAMMHUCTPATMBHBIX FpaHMLIaxX
KasaxcraHa 4mMCAEHHOCTb OepkyTa Ha rHes-
AOBaHWM B COOTBETCTBMM C AAHHOM OLIEHKOW
MOXeT ObiTb 458-719, B cpeanem 574 napsl.
H1CAEHHOCTL MUrpUpYloLMX Yepes Kaparay
GepkyToB oueHeHa B 7276-11423, B cpeaHem
8386 ocobeli, He meHee 40% OT 3TOro YMcAa
nTMU NpoAeTaeT Yepe3 Hy-Maniickue ropsi.

3. Ha Bcém komnaekce TypouH >Kanatac-
ckort BOC n BOC «LLloknap» B COOTBETCTBMM C
moaeampoBaHuem B CRM «Band» MoxxeT rn6-
HYTb 17 OPAOB Mpu YPOBHE YKAOHEeHUs 96%, 9
— MpM ypoBHe YKAOHeHUs 98% v 4 — npu ypoB-
He YKAOHeHWst 99%. YunTbiBasi TO, 4TO 3 rHes-
AOBbIX y4acTka OepkyToB B paanyce 4,5 KM OT
Typoun BOC nepecrano cyuwiectsosath 3a 3
roaa akcnayataumn BOC, Hanboree BAM3KMM

populations (ERM Japan Ltd., 2014 citing Af-
Mercados EMI, 2013; QazaqGreen, 2023;
Juru, 2024; KEGOC, 2024). At the same time,
small-scale development that does not radi-
cally alter eagle habitat or establish barriers
to updrafts, primarily if implemented in flat-
ter, low-altitude terrain, does not significantly
affect eagle movement behaviour (Sur et al.,
2021). Therefore, implementing renewable
energy projects on carefully selected sites, es-
pecially in flat low-elevation areas (see, e.g.
Arnette, Zobel, 2011), is potentially compat-
ible with existing GE populations (Sur et al.,
2021). The risk of negative interactions be-
tween wind energy and wildlife can be sig-
nificantly reduced by avoiding development
where suitable habitats for eagles and good
resources for wind turbines overlap (Miller et
al., 2014). There are already dozens of wind
farms in operation that have implemented
measures to protect birds from collisions in
the form of proven methods of stopping tur-
bines when birds approach (Estellés-Domin-
go, Lopez-Lépez, 2024) based on machine
vision (Smallwood et al., 2009; de Lucas et
al., 2012; Murai et al., 2015; McClure et al.,
2018; 2021; Ferrer et al., 2022; Linder et
al., 2022). This reduces mortality among the
most vulnerable predators with minimal en-
ergy production (a reduction of only 0.07%)
(Estellés-Domingo, Lopez-Lépez, 2024). This
gives hope that, sooner or later, wind energy
development in Kazakhstan can proceed with
minimal risks to the GE population.

Summary results

1. The area of breeding biotopes for Golden
Eagles in Karatau and the Chu-Ili Mountains is
determined to be 18,209.9 km?, and the area
of habitats is 67,602.43 km?.

2. The number of Golden Eagles nesting in
the study area as of 2024 is estimated at 688
(597-937) breeding pairs (bp), 248 (215-338)
successful bp, or 1784 (1548-2430) ind., tak-
ing into account the current year’s offspring
and non-territorial birds: in Karatau and ad-
jacent territories — 434-645, on average 466
bp (80 breeding territories, are known) and
1126-1674, on average 1209 ind., taking into
account the current year’s fledglings and im-
mature birds, in the Chu-Ili Mountains — 163—
292, on average 222 bp (40 breeding terri-
tories are known), and 422-757, on average
575 ind.). Within the administrative borders
of Kazakhstan, the number of GEs breeding
according to this estimate maybe 458-719, an
average of 574 bp. The number of GEs mi-
grating through Karatau is estimated at 7276—
11423, an average of 8386 ind. at least 40%
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K peaAbHOCTU SIBASETCS ypoBeHb rmbean B 4-9
0co0ei oA Mpu COOTBETCTBYIOLLEM YPOBHE
YKAOHEHHS 0T 96 A0 98%.

4. B 30H€e MOBLILLEHHOTO PUCKa CTOAKHOBE-
HMI opAoB C TypbrHamn BIC (Goree 0,5 oco-
6eli B roA Ha S4elnKy Mpu ypOBHE YKAOHEHMS
99%) Haxoantcs 25,87% nAoLLaan TeppuTo-
PUM, MaKCUMAAbHO MHTEPECHOM AASI Pa3BUTHUS
BeTposHepreTkn (12621,5 KM2 C MOLLHOCTM
BETPOBOIi 3Heprin BbiLle 500 BT/M? 1 cpeaneii
CKOPOCTbIO BETpa Bbile 7 M/c). Mpuuém Tep-
PUTOPMK, NEPCNEKTUBHBIE AAS BbIPAOOTKM Be-
TPOBO¥ 3HEpruK, 3aHMMaIOT 43,5% oT obLuelt
MAOLLIAAM 30H MOBBILLEHHOMO PUCKA CTOAKHOBE-
HMI 0pAOB C TypOuHamm BOC nan 12019,6 km?,
a 56,5% 30H MOBbILLEHHOO PUCKA CTOAKHOBE-
HMI opAoB C TypbuHammn BOC (15614,5 km?)
AGXKWT 3a NPeAeAaMM STUX TEPPUTOPUIA.

5. M3 nepcnekTMBHBIX AAS Pa3BUTUS BETPO-
SHEPreTUKM TePPUTOPUIA, AeXKaLUMX 3a npe-
A€AAMM 30HbI MOBbILLEHHOrO pucka (36172,4
Kkm2), 28,59% (10340,8 KM2) UMEIOT yMepeH-
HbI PUCK CTOAKHOBEHMI GepKyToB C TypOu-
Hamn BOC (ot 0,2 a0 0,5 ocobel B roa Ha
4eiiKy Npu ypoBHe YKAOHEHUS 99%), 29,11%
(10529,6 KM?) — HM3KMIA pucK (>0-0,2) 1 ars
42,3% (15302,0 KM?2) — pUCK HE YCTAHOBAEH.

6. AA MMHUMM3ALMKM PUCKOB CTOAKHOBE-
HMs opAoB € TypbuHamm BOC 1 coxpaHeHus
FHE3AALLENCS MOMyASLMM OPAOB, 30Ha PaAM-
ycom 4,5 KM BOKPYr rHE3a DepkyTa AOAXKHA
MOAHOCTBIO MCKAIOYATb HaxXoXAeHue TypOuH
B3C, a B 30He paanycom 12,8 KM — AOAXKHO
ObITb MPEAYCMOTPEHO yNpaBAEHWE pa3melLe-
HMeMm 1 3KcnAyataumen Typoun BOC, nckaio-
yailolee Bpea GepkyTam.

3akaloueHnue

A AOCTMXKEHMS FAODAAbHBLIX  LieAel Mo
CMSIFHEHMIO M3MEHEHWI KAMMATa KpaiHe Bak-
HO COAEMCTBOBATbL YCTOMUYMBOMY Pa3BUTUIO Be-
TpoaHepreTMkn. Ho BaxkKHO npu3HasaTh, 4TO
BETPOIHEPreThKa, Kak M Alobas OTpacAb 3Hep-
reTUKM, MOXKET 3aTPOHYTb PEAKME M OXpaHsie-
Mble BUAbI. [103TOMY, YUTOObI HE YCMAMBATH KOH-
PAMKT YerOBeKa C OKpyXKaloLLei cpeaoid, Bce
BO3MOXKHbIE HEraTUBHbIE MOCAEACTBUS Pa3Bu-
TUS BETPO3HEPreTUKM HEODXOAUMO BbISIBASTH
Ha paHHeMm JTarle, oLeHMBaTb 1 3dpPeKTUBHO
NpeAOTBPALLIATH, MAM, KaK MUHUMYM, CMSArYaTh.

bepkyT siBAsieTcst dhAaroBbiM BraoM KasaxcTa-
Ha 1 BXOAUT B MPYNIMy pUCKa CO CTOPOHbI BETPO-
3HEPreTUKM, NO3TOMY Npu passuTmn cetn BIC
€ro OXpaHe AOAKHO YAGASTLCH 0CODOE BHMMA-
Hre. OCOOEHHO B paioHax COCPEAOTOHEHMS €ro
KPYMHBIX THE3A0BbIX MPYNMMPOBOK, KaK, Hanpu-
mep, B Kapatay 1 Yy-Maniickux ropax.

Pe3yAbTaTbl AAHHOFO MCCAEAOBAHMSA MPU-
MEHUMbI AAS MAQHMPOBAHWUSA MEpPONPULTUIA

of this number of birds fly through the Chu-Ili
Mountains.

3. At the entire complex of turbines of the
Zhanatas wind farm and the Shokpar wind
farm, according to modelling in the CRM
“Band”, 17 eagles per year may die with an
avoidance level of 96%, nine eagles per year
with an avoidance level of 98% and 4 eagles
per year with an avoidance level of 99%. Con-
sidering that three breeding territories of GE
within a radius of 4.5 km from the wind farm
turbines ceased to exist in 3 years of wind farm
operation, the closest to reality is the mortality
rate of 4-9 ind. per year with a corresponding
avoidance level of 96 to 98%.

4. In the zone of increased risk of eagle col-
lisions with wind farm turbines (more than 0.5
ind. per year per cell with an avoidance level of
99%), there is 25.87% of the area of the terri-
tory of most significant interest for the develop-
ment of wind energy (12621.5 km? with a wind
power density above 500 W/m? and an average
wind speed above 7 m/s). Moreover, territories
with potential for wind energy generation oc-
cupy 43.5% of the total area of high-risk zones
for eagle collisions with wind farm turbines, or
12,019.6 km?, while 56.5% of high-risk zones
for eagle collisions with wind farm turbines
(15,614.5 km?) lie outside these territories.

5. Of the territories promising for wind
energy development located outside the
high-risk zone (36,172.4 km?), 28.59%
(10,340.8 km?) have a moderate risk of GE col-
lisions with wind power plant turbines (from 0.2
to 0.5 ind. per year per cell at an avoidance
level of 99%), 29.11% (10,529.6 km?) have a
low risk (>0-0.2), and for 42.3% (15,302.0 km?)
the risk is not established.

6. To minimise the risk of eagle collisions
with wind power plant turbines and preserve
the GE breeding population, a zone with a ra-
dius of 4.5 km around GE nests should com-
pletely exclude the presence of wind power
plant turbines, and in a zone with a radius
of 12.8 km, management of the placement
and operation of wind power plant turbines
should be provided that excludes harm to
Golden Eagles.

Conclusion

To achieve global climate change mitiga-
tion goals, it is essential to promote sustain-
able wind energy development. However, it is
important to recognise that wind energy, like
any energy sector, can affect rare and pro-
tected species. Therefore, to avoid increasing
the conflict between humans and the envi-
ronment, all possible negative consequences
of wind energy development must be identi-
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No CcoxpaHeHuio OepkyTa, aHaAM3a PUCKOB
Pa3BUTMS HE TOALKO BETPOIHEPreTUKM, HO
M APYIrMX BMAOB 3E€MAEMOAb30BaHMS, BKAIO-
yasg AOObIYY MOAE3HBIX MCKOMAEMbIX U AdXKe
pekpeaumio, a TakkKe AAS pean3aumnm Kom-
NEHCALUMOHHbBIX Mep MOCAE BMELIaTeAbCTBA
yeAoBeKa B cpeay oOuTaHua GepkyTa.

MbI npeararaem MHBECTOpam M MeHeaxe-
pam npu npoektnposaHun BOC B Kapatay u
Hy-MAMNCKMX ropax CBEPATLCS C KapTon pu-
CKOB CTOAKHOBEHMS BepKyTOB C BETPOTYpOM-
HamMM M YyYUTBIBATb MpeAraraemble Hamu 3-X
ypoBHeBble HydpepHble 30HbI (4,5, 9,6 1 12,8
KM) BOKPYT FHE3A OPAOB.

bAaroaapHocTu

Moresble paboTtbl B 2022-2024 rr. BbIMNOA-
HeHbl MpK noasepykke MoHAa CoXpaHeHUs BU-
aos Tpesopa [lorsepa (Trevor Poyser Species
Conservation Fund) yepe3 OpHuTorormyeckoe
o6wectBo bamkHero Boctoka (OSME)*#, Mon-
aa [T® (Global Greengrants Fund)®*, ®oHaa
COTPYAHMYECTBA AAS COXPAHEHMS IKOCUCTEM,
HaXOASILLMXCS! B KPUTUHECKOM COCTOsIHMM / The
Critical Ecosystem Partnership Fund (CEPF)*, a
Takke OpraHu3auMm-napTHépa «Aukas npu-
poaa 1 Hapoabl EBpasumy/ Eurasian Wildlife and
Peoples (CLLIA)*” B pamkax npoekta «CoxpaHe-
HME YrpOXKaeMblX BMAOB MEpPHaTbIX XMLUHUKOB
Ha MHao-TTareapKTU4eCKOM  MMUIPaLMOHHOM
nytu» (“Endangered Raptors Conservation on
the Indo-Palearctic Migration Flyway”).

ABTOpbI 6AarosapsiT Tumodpes bapabatumHa,
Pomana AanwimHa, AHatoAns AesrHa n AHapes
KoBaAeHKO, y4aCTBOBABLUMX B MOAEBbIX pabo-
Tax 2005-2010 r., aupektopa OOLuecTBeH-
HOro dpoHAa «LleHTp M3yueHnst 1 coxpaHeHus
6ropasHoobpasus (BRCC)*® Hypaarna OHrap-
GaeBa 3a opraHu3aumio skcneaMunii B Kasax-
CTaHe M BCECTOPOHHIOID MOPAABHYIO MOAAEPIK-
KY, Y4aCTHMKOB NoAeBbIX paboT 2022-2024 rr.:
Hypyma Caraanesa, Aay Aaa boxpa, Kopamara
baprowyka, Amutpua XKykosa, IOAmio Koae-
BaTOBY, AAeKCaHApa Muaexkunka, AaekcaHapa
Mapdpérosa, Onera LLlnpsiea n baybipkaHa
YTebaeBa, a Takke CTyaeHTOB KaparaHAMHCKO-
rO yHMBEPCUTETa, MPOXOAMBLUMX CTa>KMPOBKY
Ha ToYKax HabAloAeHMS MTUL B ropax Kapatay
B 2024 r.: ArekcaHapa Asekceesa, HOAmio Ky-
AMKOBY, AHreanHy TypAbibekoBy u BukTopuio
XumoreH. OTaeAbHas OAaroaapHOCTb AXeH-
Hudpep KacTHep 3a peaakumio aHrAMIACKOro
BapMaHTa CTaTbM.
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fied early, assessed and effectively prevented
or mitigated.

The Golden Eagle is the flagship species of
Kazakhstan and is at risk from wind energy;
therefore, when developing the wind power
plant network, special attention should be paid
to its protection, especially in areas where its
large breeding groups are concentrated, such
as in Karatau and the Chu-Ili Mountains.

The results of this study are applicable for
conservation planning efforts the Golden Eag-
le, analyzing the risks of developing not only
wind energy, but also other land uses, includ-
ing mining and even recreation, and imple-
menting compensatory measures for human
intervention in the GE’s habitat.

We suggest that investors and managers
when designing wind farms in Karatau and
the Chu-Ili Mountains, check the map of risks
of collisions between golden eagles and wind
turbines and take into account the three-level
buffer zones (4.5, 9.6 and 12.8 km) around
eagle nests that we propose.
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