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Pesiome

Opéa-MornabHUK (Aquila heliaca) — peakuii rHe3asimiics BuA KasaxcraHa. PaHee npeAnoAaraaoCh, YTO OAHA M3 KPYMHbIX
FHEe3A0BbIX MPYMMMPOBOK 3TOMO BMAQ, MPUUYEM CamMast Ioro-BOCTOYHas B apeae, cocpeaoToueHa B neckax MolbIHKyM v npuae-
raloLLIMX MOAYMYCTbIHHBIX palioHax Ha tore KasaxcraHa. 1o pesyabTatam nccaeaosanmii 2022-2023 1. Mbl TOATBEPAWMAM HaAK-
Yme KPyMHOM rHe3A0BOM IPYNMMPOBKM OPAA-MOMMABHMKA B MOMbIHKyMax (ObIAO BbISBAGHO 38 3aHSATbIX FTHE3A0BbIX yHaCTKOB)
1 cMOAeAMpOBaAKM ero pacrpocTpaHetie B Google Earth Engine mcrioab3ys meToa kaaccucpukaLmm nsobpasermii — Random
Forest (BeposiTHOCTb + perpeccust). MNAoLLIaAb THE3A0NPUIOAHBIX AASI OPAA-MOMMABHMKA GMOTOMOB B MOMbIHKYMax onpeaee-
Ha B 4971,09 km?, naoLLaab mectoobutanuii — 55073,86 km?. YMCAEHHOCTb OpAa-MOrMABHMKA Ha paccMaTpUBaeMol Teppu-
TOpuM oueHeHa B 79-275, B cpeaHem 150 nap. HecMoTps Ha 3aTshkHYIO0 AEMPECCHI0 YMCAEHHOCTU MPbI3YHOB, YMCAEHHOCTb
OPAOB OCTa&TCsi CTabUALHOM. Pazmep BbIBOAKOB AO BblA€Ta BapbMPOBaA OT T A0 3 NTEHLIOB, COCTaBMB B CpeaHem (1=>5) 2+0,71
nTeHuUa Ha ycrelHoe rHe3ao 1 (n1=9) 1,111,177 NTeHLOB Ha aKTMBHOE rHe3A0, MOCAe BbiAeTa — OT 1 A0 2 CAETKOB, COCTaBMB
B cpeaHem (n=4) 1,75+0,5 cA€TKOB Ha ycreluHoe rHe3ao 1 (n=9) 0,78+0,97 cA€TKOB Ha akTuBHOe rHe3a0. OOLLMIA ycnex
Pa3sMHOXEHMSI MO BCeM MPOBEPEHHbIM MHE3AaM COCTaBUA 44,44%, a SPCPEKTUBHOCTb Pa3mMHOKeHNS — 58,33%. OCHOBHbIMM
AHTPOMNOreHHbIMM YrpO3amMM MHE3A0BOM MPYMMMPOBKE OPAA-MOTMALHMKA B MOMbIHKYMax SBASIOTCSI KOHCEpBaLIMA CKBKMH,
BeAyLLast K AMKBMAALIMM cDepM M MpeKpaLLIEHMIO BbiNaca CKOTa, a Taloke A0DbIYa ypaHa.

Karouesbie cA0Ba: nepHaTble XMLLHUKM, XULLHbIE MTULLI, OPEA-MOTUALHUK, Aquila heliaca, MoaeAnpoBaHue pacnpo-
cTpaHeHus B1aoB, Random Forest, Google Earth Engine, MoiibiHkymbl, Ka3axcTaH.

IMocrynuaa B peaakunio: 10.05.2023 r. MpuHara k nydankaunn: 12.08.2023 r.

Abstract

The Imperial Eagle (Aquila heliaca) is a rare breeding species of Kazakhstan. Previously, it was assumed that one of the large
nesting groups of this species, and the most southeastern one in the range, is concentrated in the Moyinqum Sands and adja-
cent semi-desert areas in the south of Kazakhstan. Based on the results of research in 2022-2023, we confirmed the presence
of a large breeding group of the Imperial Eagle in Moyinqum (38 occupied nesting sites were identified) and modeled its dis-
tribution in Google Earth Engine using the image classification method — Random Forest (probability + regression). The area of
habitats suitable for nesting for the Imperial Eagle in Moyinqum was determined to be 4971.09 km?, and the area of habitats
is 55073.86 km?. The number of Imperial Eagle in the territory under consideration is estimated at 79-275, with an average
of 150 pairs. Despite the prolonged depression in the number of rodents, the number of eagles remains stable. The size of
the broods before departure varied from 1 to 3 nestlings, averaging (n=5) 2+0.71 nestlings per successful nest and (n=9)
1.11%1.17 nestlings per active nest, after fledged — from 1 to 2 fledglings, averaging (n=4) 1.75+0.5 fledglings per successful
nest and (n=9) 0.78=0.97 fledglings per active nest. The overall breeding success for all studied nests was 44.44%, and the
breeding efficiency was 58.33%. The main anthropogenic threats to the breeding group of the Imperial Eagle in Moyinqum
are the conservation of wells, leading to the liquidation of farms and cessation of grazing, and uranium mining.

Keywords: raptors, birds of prey, Eastern Imperial Eagle, Aquila heliaca, species distribution models, SDM, Random
Forest, Google Earth Engine, Moyinqum Sands, Kazakhstan.
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Beeaenue

Opén-morunbHuk (Aquila heliaca) — peaknii
rHe3asmica Bua KasaxcraHa, HaceAsiowmi
NPaKTUYeCKM BCIO TEPPUTOPUIO CTpaHbl, Ha
lore 1 10ro-BocTtoke KasaxcraHa HaxoAWT-
CS Ha I0r0-BOCTOYHOM PaHMLIE FHE3A0BOrO
apeana (Kapsikun, 2020). Kaaccudpuumpy-
etcs MCOIT kak «Ya3sumbli»y (Vulnerable)
(BirdLife International, 2019). B KasaxcraHe
3TOT BMA BHeC€H B KpacHyio Knury PecnyGam-
KM Kak «PeAKuit BUA, YMCAEHHOCTb KOTOPOTrO
cokpatuaetcsy (Il kateropus) (Mdpedpcpep,
2010).

Muposas nonyaaums opaa-mMornabH1Ka no
cocTtosiHmio Ha 2016 r. oueHunBanacs B 2,5-9,9
ThIC. B3pOCAbIX 0cobeli (BirdLife International,
2019), HO coBpeMeHHas OLeHKa YMCAEHHOCTH
MUPOBOM NONyAsiLnm cocTaBaseT 8099-9981
FHE3AALLMXCA Map, M3 KOTOpbIX B KasaxcraHe
rHe3antcs 3420-4260 nap wan 42,2-42,7%
OT MupoBoK nonyAsunm (Kapsakuu, 2020).

M.A. MeHn36up (1895) npoBOAMA FHE3AO-
BOM apeaA OpPAa-MOTMAbHMKA LUMPOKOM MOAO-
coi no npearopbam TaHb-LLlaHs, a otyacTy
M MO ropam, 3axBatbiBas uens Kapartay 1 cak-
cayAbHUKM CbipAapbMHCKON obAacTu. M.H.
Kopenos (1962) oTmeuan, 4TO BUA OOblYeH B
HM30BbAX Yy M B 00AACTM 3a4yMCKMX cakca-
YABHUKOB, B MYCTbIHE Y 3aMaAHOM OKOHEeYHO-
cT1 KapaTtay BCTpeYaACs B FTHE3A0BOM Neproa
«B AOBOALHO DOABLLOM KOAMHECTBEY, HO NpK
3TOM OTCYTCTBOBaA B MoMbiHKymMax. Aanee
Ha BOCTOK OPE&A-MOTMALHMK ObIA AOBOAbHO
MHOFOYUCAEH B AOAMHE P. AN, B €€ cpeaHem
TEYEHUM KaK MUHUMYM AO CepeAnHbl XX BeKa
(3apyaHbiii, Kopees, 1905; Lllectonepos.
1929; LLIHMTHKMKOB. 1949). B koHUe XX — Ha-
yane XXI BEKOB OPEA-MOTMAbHMK CeBepHee
Tanb-LLlaHa CcOXpaHMACA Ha TFHE3A0BaHWM
TOABKO MO MYCTbIHHO-CTEMHbIM  OKpanHam
HW3KOrOPHbIX y4acTkoB — Yy-Maniickoro u
Kaparayckoro (Koswapb, 2019). Caeaano
MPEAMNOAOXKEHNE,  YTO  OPAbI-MOFMAbHMUKM,
rHe3asiluMecs B neckax MoibIHKyM, cpopmu-
PYIOT Or0-BOCTOYHBIM Kpai bernakaaanH-
CKOM THE3A0BOW IpynnmMpoBku [lyCTbiHHOM
nonyasumm 3toro Buaa (Kapskun, 2020).
3AeCb OPEA-MOTMALHMK HAaMAEH Ha FHe3A0Ba-
HuKn B 80-90-x rr. XX CTOAETUSI B AOAMHAX PeK
Tanac, Yy n B cammx neckax Mo#biHkym (Kos-
wapsb, 1986; MNytatuH, 1986; Kosiapb 1 Ap.,
2004; Kapnos, lNaHos, 2008; Xpokos, 2011;
lyouH, 2018). OaHaKO BCE 3TO ObIAM CAyHaW-
HbIE HAXOAKM, a A€TaAM PaCNpPOCTPaHEHUs M
YMCAEHHOCTM OCTaBaAWUCh He M3BECTHbI. [1o-
aToMy B 2022 r. ObIAO NPUHATO peLleHne
3aKpbITb 3TOT NPOOEA M NPOBECTU LeAeBble
y4€Tbl 3TOFO BMAA Ha I0XKHOM KPOMKE NeckoB
M CMOAEAMPOBATH €ro pacnpocTpaHeHue, a

Opén-mormabHuk (Aquila heliaca).
®oto M. KapsikuHa.

Eastern Imperial Eagle (Aquila heliaca).
Photo by I. Karyakin.

Introduction

Eastern Imperial Eagle (EIE, Aquila heliaca) is
a rare breeding species in Kazakhstan, wide-
spread across most of the country. Its popula-
tion in the south and southeast of Kazakhstan
is located at the southeastern border of the
breeding range (Karyakin, 2020). It is classi-
fied by IUCN as “Vulnerable” (BirdLife Inter-
national, 2019). In Kazakhstan, this species is
included in the Red Data Book of the Repub-
lic of Kazakhstan as “Rare species declining in
number” (3% category) (Pfeffer, 2010).

Global EIE population was estimated at
2.5-9.9 adult individuals in 2016 (BirdLife In-
ternational, 2019), but most recent estimate
is 8099-9981 breeding pairs, of which 3420-
4260 pairs or 42.2-42.7% of the global popu-
lation breed in Kazakhstan (Karyakin, 2020).

M.A. Menzbier (1895) painted EIE breeding
range as a large stripe on the foothills of Tian
Shan and in part over the mountains, cover-
ing the Karatau ridge and saxaul forests of the
Syr Darya region. M.N. Korelov (1962) noted
that the species was common in the lower
reaches of Chu River and near Zachu saxaul
forests, in a desert near the western Karatau
was encountered “in a fairly high numbers”,
at the same time being absent in Moiynqum
desert. Further east EIE was rather numerous
in 1li River valley, in its middle reaches, until
the middle of the 20" century at the very least
(Zarudny, Koreev, 1905; Shestoperov, 1929;
Shnitnikov, 1949). In the end of the 20" cen-
tury — the beginning of the 21 century EIE
continued breeding to the north of Tian Shan
on desert-steppe edges of low mountainous
areas only — Chu-lli and Karatau (Kovshar,
2019). It was suggested that EIEs breeding
in Moiynqum desert form the southeastern
edge of the desert population of Betpak-Dala
breeding group (Karyakin, 2020). Here, EIE
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TaKke 0000WNTL BCIO OMYOAMKOBAHHYIO MH-
chopMaLIMIO MO OPAY-MOTMABHMKY Ha AQHHOM
Tepputopumn. PesyAbTatbl 3TOM paboThl Npea-
CTaBAEHbI HUXeE.

MpupoaHbie 0COOEHHOCTH UCCAGAYEMOM

TeppuTopuu
CoraacHo dpmzmKo-reorpadpuieckomy
palioHMPOBaHMIO  M3ydaemasi TeppUTOpuS

oTtHocuTca K [MprnbasxallcKoi NpoBUHLIMK,
MOA3OHE TUMUYHOM  (CpPeAHEeN) MyCTbIHK,
30H€ MYCTbIHb YMEPEHHOro nosca (MmMAbKOB,
1977, I'BO3aeuknit, Muxanaos, 1978).

B oro-3anaaHoi 4actu Tepputopus npea-
CTaBAseT COOOM NPEArOPHYI0  HAKAOHHYIO
AKKYMYASITUBHYIO PaBHMHY, MNPUMbIKAIOLLYIO
c ceBepo-3anasa k xpedbTy Kapatay. Peabedp
B MPEArOPHOM YacTW MPEACTABAEH “epeAo-
BaHMEM BO3BbILUEHHOCTEN U PEYHbIX AOAMH,
BLITAHYTbIX B CEBEPHOM M CEBEPO-BOCTOHHOM
HanpasAaeHuax. Heboablune peyku, crekato-
wme c rop Kapatay, TepsioTcst B pbIXAbIX OT-
AOXKEHMSX NPEeAropHON paBHuHbI. CeBepHee,
FA€ BAMSIHWUE PEYHOM CeTH NOYTH He CKa3blBa-
eTcsl, peAbedd NpeAcTaBAEH PaBHMHON C He-
3HAYMTEABHbBIM YKAOHOM.

K cesepy oT Kaparay Ha BoAopasaese pek
Yy n Tanac aexxat neckn MoibiHkym. XpebeT
KapaTay 3ambikaeT GacceliHbl 060MX pek C
loro-3anaaa. Pekun umeloT cmexxHble Baccen-
Hbl, TEKYT MPEUMYLLECTBEHHO B CEBEpO-3a-
MaAHOM HanpaBAEHUK U TePSIOTCS B HU3MEH-
HOCTK. Yy OKaHYMBaAETCH B pasAMBax BHYTpPU-
KOHTMHEHTAAbHOM A€AbTHI, a p. Taaac, sBAS-
loLIascs AeBOOepexKHbiM NPUTOKOM p. My,
B HaCcToslLee BPEMS He AOCTUraeT rAABHOM
pekn, Tak Kak pasbupaercs Ha opolueHue
(Ubiuenko, Cymapokosa, 1990). Ha tepputo-
pun KaszaxcraHckon yactu H6acceiiHa p. Taaac
00LLNI DOHA OCBOEHHbIX 3€EMEAb PErYASIPHO-
FO OPOLUEHUS COCTaBASET OKOAO 63 ThiC. ra,
AMMaHHoOro opoteHns — 13 Toic. ra (Mycra-
cpaes 1 ap., 2017). Ars n3yyaemoii TeppuTo-
PUM XapaKTepHO MHOroobpasue popm peu-
HOW CeTU: NOCTOSIHHbIE BOAOTOKM, Nepeckixa-
IOLLIMe PEKM-Camn, CyXMe PYCAa aAAIOBUAAbHDBIX
PaBHWUH, BOAHble OOLEKTbI MCKYCCTBEHHOrO
MPOMCXOXKAEHUS  (KaHaAbl), NpPUOBpEéTLLne
YepTbl eCTECTBEHHbIX BOAOTOKOB. Hyiickas u
Tanacckasi AOAMHbBI — OOLIMPHBIE PaBHUHHbIE
npocTpaHcTBa B npeaeaax Yy-Capbicyiickoin
Aeripeccin ccpopMUpOBaHHblE B MpoLecce
3PO3UOHHO-aKKYMYASTUBHON  ARSTEABHOCTU
pek. Ha mexxaypeube Hy—Tarac noOBepxXHOCTb
AAAIOBMAAbHOW PaBHMHbLI OCAOXKHEHA S0AOBbI-
Mu cpopmamu (B neckax MoiibIHKym). 3aech
peAbedd rpsiAOBbI M BYrpUCTO-rPsIAOBbINA.
Meckn OObIMHO 3aKPENAEHHbIE, Ha BbICOKMX
Teppacax Mectamu nepesesaemble (LlbiueH-

was found breeding in 1980s—1990s in Ta-
las and Chu River valleys and in Moiynqum
desert itself (Kovshar, 1986; Putyatin, 1986;
Kovshar et al., 2004; Karpov, Panov, 2008;
Khrokov, 2011; Gubin, 2018). However,
these were random findings, and distribution
details and population remained unknown.
This is why the decision was made in 2022 to
fill this gap by conveying targeted research of
this species on the southern edge of the desert
and modeling its distribution, as well as sum-
marizing all published data on the EIE in the
area. Results are presented below.

Natural features of the study area

According to the physicogeographical zon-
ing, the study area belongs to the Balkhash
province, a subzone of a typical (middle)
desert, a zone of temperate deserts (Milkov,
1977; Gvozdetsky, Mikhailov, 1978).

In its southwestern part there is a foothill
sloping accumulative plain adjacent to the
Karatau ridge from the northwest. Relief in the
foothill part is represented by an alternation of
hills and river valleys, elongated in the north-
ern and northeastern directions. Small rivers
flowing from the Karatau mountains are lost
in the loose sediments of the foothill plain. To
the north, where the influence of the river sys-
tem is close to negligent, relief is represented
by a slightly sloped plain.

Moiynqum desert lies to the north of the
Karatau, on the watershed of Chu and Ta-
las rivers. Basin of both rivers is closed by
the Karatau ridge from the southwest. Rivers
have adjacent basins, flow predominantly in
the northwestern direction and disappear in
lowland. The Chu River ends in the floods of
the inland delta, and the Talas River, which
is Chu’s left-bank tributary, currently does
not reach if, as it is fully used for irrigation
(Tsytsenko, Sumarokova, 1990). In the Talas
River basin are that is located in Kazakhstan,
the total fund of developed lands under regu-
lar irrigation in about 63 thousand hectares,
estuary irrigation — 13 thousand hectares
(Mustafaev et al., 2017). Study area contains
various forms of the river network: permanent
watercourses, drying up rivers, dry beds of al-
luvial plains, water bodies of artificial origin
(canals) that have acquired the features of
natural watercourses. Chu and Talas River val-
leys are vast flat areas within the Chu-Sarysu
depression, formed by erosion-accumulation
processes. In the Chu-Talas interfluve, the
surface of the alluvial plain is complicated by
eolian forms (in the Moiynqum desert). Here
the relief is ridged and hilly-ridged. Sands are
usually stable, with wind-blown sands occur-
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Ko, CymapokoBa, 1990). B npeaerax necua-
HOIO MacCMBa BOAOTOKM OTCYTCTBYIOT.

Tepputopus pacrnoAo)keHa B 30HE Pe3Ko
KOHTMHEHTAALHOrO  KAMMaTa. XapakTepHas
0COOEHHOCTb KAMMaTa — 0OMAME MHCOASILIMM 1
TEMAOBbIX PECYpPCOB. /AETO 3HOMHOE, MPOAOA-
KUTEABHOE M UCKAIOYUTEABHO Cyxoe. 3uma
KOPOTKasl, C 4aCTbIMW OTTEMNEASMM, CHEXKHBbIM
MOKPOB MaA M HeycTonuns. CpeaHsisi roao-
Bas Temrnepartypa BO3Ayxa M3MeHseTcs oT 8
A0 9°C, NOBLILLASCH NPU NMPOABMXKEHNM C Ce-
Bepa Ha lor. [0AOBOE KOAMYECTBO OCAAKOB B
PaBHUHHOW YaCTH 0OAACTM COCTaBASIET AMLLb
130-250 mm, B npearopbsix 400-700 mm 1
6oree. OAHAKO OCAAKM HEYCTOMYMBI, U B OT-
ABAbHbIE FOAbI KOAMHECTBO MX KoAeDAeTCs B
GoAblMx npeaesax. Hamboabluee koanye-
CTBO OCAAKOB BbiMaAaeT B MapTe u anpeae,
HanmeHbLuee (5—7%) — AeTOM. NepBas noao-
BMHA OCEHM CyXast. 3UMHe-BECEeHHUE OCaAKM
coctapastoT 70-80% oT roaosbix. [Mpeobaa-
AQIOT CEBEpHble, CEeBEPO-BOCTOUHbLIE BETPbI.
CpeaHune roaoBble CKOPOCTM MX KOAEOAIOTCS
B npeaeaax 1,9-3,9 m/c.

CoraacHo npuHsTomy B Kaszaxcrane 6oTa-
HUKO-reorpacpuyeckoMy  pPaioHUpPOBAHMIO,
TeppPUTOPUS palioHa MCCAEAOBAHMI PACMOAO-
xera B LlentpanbHo-CesepHoii TypaHckoi
noanposuHummn, CesepHoi TypaHCkoW npo-
BUHUMK, MpaHo-TypaHckoi noaobaactu, Ca-
xapo-l'obuiickoi nycTbiHHOM 0bAacTh (Pecny6-
amka KasaxcraH..., 2006; HaunMoHaAbHbIN
aTAac..., 2010). B neckax MoMlbIHKyM pacTyT
NoAbIHb (Artemisia sp.), Tepecker (Krasche-
ninnikovia sp.) n kyctapHuku (axy3sryu Calli-
gonum sp. u np.), Heabiii cakcaya (Haloxylon
persicum), 3AaKu, COAHKM (TBo3aeLkMi, Mu-
xaiaoB, 1978). B peuHbix AoAnHax BCTpeva-
I0TCS TYCTble TyraiiHble 3apOCAM, FA€ pacTyT
Kambilw (Scirpus sp.), TpocTHuk (Phragmites
sp.), unHrna (Halimodendron halodendron),
uBa (Salix sp.), nox (Elaeagnus sp.) v Tamapuck
(Tamarix sp.).

CoraacHo 6uoreorpadpuyeckomMy paioHu-
POBaHMIO, OCHOBAHHOMY Ha MO3BOHOYHbIX
JKMBOTHBIX, paccmaTpuBaemas Tepputopus
AEXUT B TypaHCKOW MyCTbIHHOM NPOBUHLIM
(Kyusepyk, 2006), a no 3ooreorpadpuuecko-
My paioHnpoBanmnio CebepHoli EBpasum no
cpayHe Ha3emHbIX MO3BOHOYHBIX — BXOAMT B
lMpurapabckyto NpoBuHLMIO [TyCTbIHHO-CTEN-
HOM noaobAacTu [yCTbIHHO-CTENHOMO permo-
Ha (PaBkuH v ap., 2014).

C 2017 no 2023 rr. B MolibiHKyMax, Kak u
Ha BCcéM tore KasaxacraHa, HabAloAanach 3a-
TSOKHAA AEMPECCMS YMCAEHHOCTM OOAbLLIOW
necyarnkun (Rhombomys opimus) u »xéatoro
cycanka (Spermophilus fulvus), uto Heratus-
HO OTPa3MAOCh Ha PasMHOXEHWUM XMLLHbIX

ring on high terraces (Tsytsenko, Sumarokova,
1990). There are no watercourses within the
sandy massif.

Study area is located in a sharply continen-
tal climate zone. A characteristic feature of
the climate is the abundance of insolation and
thermal resources. Summers are hot, long,
and extremely dry. Winters are short, with fre-
quent thaws, and the snow cover is low and
unstable. The average annual air temperature
varies from 8 to 9°C, increasing from north to
south. The annual precipitation in the flat part
of the area is only 130-250, reaches 400-700
or more in the foothills. However, precipi-
tation is unreliable, and in some years their
levels fluctuate widely. The greatest precipita-
tion falls in March and April, the least (5-7%)
— in summer. The first half of autumn is dry.
Winter-spring precipitation is 70-80% of an-
nual precipitation. Northern and northeast-
ern winds predominate with average annual
speeds ranging between 1.9-3.9 m/s.

According to the botanico-geographical
zoning adopted in Kazakhstan, the study area
is located in the Central-Northern Turanian
subprovince, Northern Turanian province,
Iran-Turanian subregion, Sahara-Gobi desert
region (Republic of Kazakhstan..., 2006; Na-
tional Atlas..., 2010). Wormwood (Artemisia
sp.), Krascheninnikovia (Krascheninnikovia
sp.) and shrubs (Calligonum sp., etc.), White
Saxaul (Haloxylon persicum), grasses, Salsola
grow in the Moiynqum desert (Gvozdetsky,
Mikhailov, 1978). Dense riparian forests with
Scirpus sp., common reed (Phragmites sp.),
common salt tree (Halimodendron haloden-
dron), willows (Sdlix sp.), silverberry (Elae-
agnus sp.) and tamarisk (Tdmarix sp.) grow in
river valleys.

Camka opAa-MOrMAbHMKa C NTEHUAaMU B FHE3Ae.
®oto M. KapsikuHa.

Female of the Eastern Imperial Eagle with nestlings
in the nest. Photo by I. Karyakin.
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YKMBOTHbIX (PEMTUAMMI, NTUL U MAEKOMUTAIO-
LLMX), BKAIOYast OpAa-MOrMAbHMKA. OaHaKo
necku, B oTAnume ot rop Kapartay u ramHu-
CTOM MNYCTbIHW, OKa3aAMCb B MEHbLUEN CTe-
MeHM 3aTPOHYTbI AEMNPECcCHMi 3a CHET coxpa-
HEHMA M3O0AMPOBAHHBLIX KOAOHMIU PbI3yHOB
BOKPYr doepM, pazbpocaHHbIX MO necHaHomy
mMaccusy. B 2022 r. umcaeHHOCTb 0OOMX BU-
AOB PbI3YHOB CTaAa BOCCTAHAaBAMBATLCSH, OA-
HaKo Aaxke K cepeanHe Aeta 2022 rn s 2023
. He AOCTUIA@ KaKMX-AMDO NMpuemaembix no-
KaszaTeAer — KOAOHMWU OCTaBaAMCb CAYYalHO
pacrnpeAeAeHHbIMM MO0 MaccuBy 0e3 Kakmx-
AMOO BMAMMBIX 3aKOHOMEPHOCTEN M Hacuu-
ThIBAAM HEe DOAEe HECKOAbKMX AECSTKOB M-
AbIX HOP.

Metoauka nccaeaoBanmi

MoAeBble MCCAEAOBAHMSA MPOBOAMAUCH 22
anpeas — 21 mas, 3-31 nioad, 15 ceHTa0ps
— 7 okT6psa 2022 r. n 8-12, 20-30 anpens
2023 r. B COOTBETCTBMM C METOAMYECKUMM
PEKOMEHAALUMAMM MO M3YYEHMIO COKOAOO-
OpasHbix 1 coBoobpasHbix (KapskuH, 2004)
1 ObIAV OPUEHTUPOBAHLI Ha BbIBAEHUE IHe3-
AOBbIX Y4aCTKOB OPAQ-MOMMAbHMKA U UX YUET
Ha MAOLLIAAKAX C AAAbHEMNLLIMM PacHETOM Hmc-
AEHHOCTM BMAA Ha MAOLLAAb FHE3AOMPUIOA-
HbIX OMOTOMOB 1 MECTOOOMTAHWIA.

Ang paboTbl no npoekty B 2022 r. OblAn
ChOpMMpPOBaHbI  ABE  MCCAEAOBATEAbCKME
rpynnbl, a B 2023 r — oaHa. pynnbl nepe-
ABMFaAMCb Ha aBTOMOOMASX MOBbILIEHHOM
npoxoanmoctu (YA3 [Matpuort, Toyota Prado
n Toyota FJ Cruiser). ObL1as npoTsXEHHOCTb
aBTOMapLIpyTOB cocTaBmAa 5810,8 kKM, B ToM
uncae 2344,64 kM — B anpeae-mae 2022 r.,
2219,16 kM — B nioae 2022 r., u 1247,0 km
— B anpeae 2023 r. (puc. 1). T'pynnel nepeasu-
FAAUCb BAOAb MPUIOAHBIX AASI FHE3AOBAHMSA

According to the biogeographical zoning
based on vertebrates, the study area lies in
the Turan Desert Province (Kucheruk, 2006).
According to the zoogeographical zoning of
Northern Eurasia based on the fauna of terres-
trial vertebrates, it is included in the Aral Sea
province of the Desert-steppe subregion of
the Desert-steppe region (Ravkin et al., 2014).

Since 2017, an ongoing depression in the
number of Great Gerbil (Rhombomys opimus)
and Yellow ground squirrel (Spermophilus ful-
vus) has been noted in Moiynqum desert, as
well as throughout the south of Kazakhstan.
It negatively impacted reproduction of preda-
tory animals (reptiles, birds, and mammals),
including the EIE. However, sandy deserts,
unlike the Karatau Mountains and clay desert,
were less affected by the depression, as iso-
lated colonies of rodents concentrated around
farms scattered across the sandy massif were
preserved. In 2022, populations of both spe-
cies have began to recover, but even by mid-
summer of 2022 and in 2023 they have not
reached reasonable levels, as colonies re-
mained randomly distributed throughout the
massif without particular pattern and num-
bered no more than a few dozen occupied
burrows.

Research methods

Field research had been conducted on April
22 — May 21, July 3-31, September 15 — Oc-
tober 7 in 2023, and April 8-12, 20-30 in
2023 in accordance with the methodological
recommendations for the study of falcons and
owls (Karyakin, 2004). It focused on identify-
ing EIE breeding territories and counting them
on plots with a subsequent calculation of the
species’ abundance per area of breeding bio-
topes and suitable habitats.

Two research groups were formed in 2022
to work on the project, and one — in 2023.
Groups traveled in off-road vehicles (UAZ Pa-
triot, Toyota Prado, and Toyota FJ Cruiser). The
total routes length was 5810.8 km, including
2344.64 km in April-May 2022, 2219.16 km
in July 2022, and 1247.0 km in April 2023
(Fig. 1). Groups traveled along artificial forests,

Puc. 1. MapuupyTsi (A) n nrowaaku (B) 8 2022-2023
rr. O6o3Ha4eHus MAOLLIAAOK COOTBETCTBYIOT TaKOBbIM
B TabA. 1.

Fig. 1. Field research routes (A) and surveyed plots (B)
in 2022-2023. Plots designations correspond to those in
Table. 1.
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OPAOB MCKYCCTBEHHBIX AECOHACAXKAEHWN, Bbl-
COKOBOAbTHbIX AJI'T 1 vepe3 yuacTku cakcay-
AOBbIX A€COB Ha OyrpucTbix neckax. Mccaeno-
BaTeAM OCMaTPUBAAK MECTHOCTb B OMHOKAM C
LIeAbIO OOHaPYXXEeHMS NTUL MAM MX THE3A. by-
FPUCTbIE MECKM TaKXKe OCMaTPUBAAMCH C HaM-
6oAee BbICOKMX DapxaHoB Mo 15-30 MUHYT.

KoopanHatbl MecT oOHapy»eHus nTul u
MX THE3A ornpeaeAsiach ¢ romotubio GPS/
FAOHAC-HaBMratopoB MAM B nporpamme
LocusMap*" Ha cmapTtdpoHax. MHpopmaums
O HalAEHHbIX NTMLAX M FHE3AAX 3aHOCUAACH B
BEAOMOCTM Y4€Ta M0 YCTaHOBAEHHO hopme
M AaAee nepeHocuAach B pasaea «llepHatble
xuwHukn Mupan# Be6-TMC «DayHucTUKa»
Poccuiickon cetn nsydenus n oxpabl nep-
HaTbIX XMLLIHMKOB, OTKYAA BbIBEAGH AaTaceT B
cpopmate Lueiin-cpaiina arst AaAbHeliLel 06-
pabotkmn B TMC.

[He3aoBasi TeppuTOpUS CHMTaAach 3aHs-
TOM OpAamM, €CAM HaOAIOAAAOCH MPUCYT-
CTBME Napbl NTULL C FTHE3A0BbIM MOBEAEHUEM
(KOMyAsiLMS B FHE3AOMPUIOAHOM OuoTone,
MPUHOCHI AODbBIYM MAM CTPOMTEALHOTO MaTe-
prasa B OAHO M TO >K€ MeCTo, 3alumTa Tep-
putopun). [HE3AQ CYMTAAMCH AKTUBHbBIMM,
€CAM B HMX HaADAIOAAAMCb HaCHXKMBalOLLMeE
NTUUbI, NTEHUbI, SMUA MAWM OCTaTKU SUYHOM
CKOPAYMbl MAM MTEHLOBOro Myxa. YCnewHbl-
MM CYMTAAUCh THE3AA, M3 KOTOPbLIX YCMeLHO
BblAeTeA XOTa Obl 1 nTeHeu. Ho Tak kak He
BCE MHE3Aa yAABAAOCh MPOBEPUTDL B KOHLIE Ce-
30Ha Pa3MHOXXEHMS, TO B PAAE aHAAM30B Mbl
onepupyem MoHATUEM yCNelHOoe FHe3A0 Ha
MOMEHT MPOBEPKM — 3TO FHE3A0, B KOTOPOM
Ha MOMEHT MPOBEPKM HAXOAMACSH XOTS Obl
OAMH >XMBOW NTeHew. [MOKMHYTON rHe3A0BOM
TeppUTOpUEN CYMTaAM Ty, Ha KOTOPOI OOHa-
PY>K€HO CTapoe rHe3a0 6e3 Npu3HakoB noce-
LLUEHWUS NTUUAMK U B BAMXKANLLIMX OKPECTHO-
CTAX CTaporo rHesaa NTULbl He BCTPEYEHbI.

[Mpu KaXKAOM MocelleHnn rHE3A C nTeHua-
MM Mbl MOACUYMUTBLIBAAM X YMCAO B BbIBOAKAX,
AASL OMPEABAEHMS TAKMX BaXKHbIX MOMYASLMN-
OHHBbIX MOKa3aTeAeii, KaK yCrneLuHoCTb 1 adp-
PEeKTMBHOCTb  Pa3MHOXEHMS. YCMeLwHOCTb
Pa3sMHOXEHMS  PacCUMTbIBAAACh KaK  AOAS
YCMELLHbIX FHE3A OT YMCAQ 3aHATLIX Yepes |
MeCsiLL MOCA€ BblAeTa MTeHLOoB. DpdpekTms-
HOCTb Pa3MHOXXEHMS PacCUMTbiBaAaCh Kak
AOASl BLIAETEBLUMX MTEHLOB OT YMCAQ OTAO-
HKEHHbIX ANLL.

Ha paccmaTpuBaemoint Tepputopun B 6ac-
ceitHe p. Tanac OblAM 3aA0XKeHbl 3 yY€THbIE
MAOLLIAAKM ODOLLei naowaabio 4153,1 km?
(1368,0, 1401,8 1 1383,3 km?) (puc. 1). BHy-

41
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http://www.locusmap.app
http://rrrcn.wildlifemonitoring.ru

high-voltage power lines, and areas of saxaul
forests on hilly sands, which are suitable for
EIE breeding. Researchers examined the area
with binoculars to locate birds or their nests.
Hilly sands were examined from the highest
dunes for 15-30 minutes.

Coordinates of locations where birds and
their nests were discovered were determined
using GPS/GLONASS navigators or the Locus-
Map*" smartphone application. Information
about birds and nests was added to the record
sheets using the established form and then
transferred to the “Raptors of the World"#?
section of the web GIS “Faunistics” of the Rus-
sian Raptor Research and Conservation Net-
work, which allowed to extract the dataset in
shapefile format for further processing in GIS.

Breeding territory was considered occupied
if the presence of EIE pair exhibiting breeding
behavior was recorded (copulation in a suit-
able habitat, bringing prey or building materi-
als to the same place, defending the territo-
ry). Nests were considered active if brooding
birds, nestlings, eggs, or eggshells and nestling
down were observed in them. Nests were
considered successful if at least one fledg-
ling left them. But since some nests were not
checked at the end of the breeding season, in
a number of analyzes we operate with a term
“nest that was successful upon the check”,
which is a nest with at least one alive nestling
at the time of the study. Breeding territory was
considered abandoned if an old nests without
signs of birds visiting it were found there, and
no birds were encountered.

We counted the number of nestlings in
broods upon each visit to active nests to de-
termine such important population indicators
as the breeding success and efficiency. Over-
all breeding success was calculated as the pro-
portion of successful nests one month after
nestlings fledged out of the number of occu-
pied nests. Breeding efficiency was calculated
as the proportion of nestlings fledged to the
number of eggs laid.

Three survey plots were established in the
study area in Talas River basin, with a total
area of 4153.1 km? (1368.0, 1401.8, and
1383.3 km?) (Fig. 1). Areas of breeding bio-
topes and suitable habitats were determined
within the plots using GIS modeling.

Modeling of habitat suitability for the species
was carried out similar to that for the Egyptian
Vulture (Neophron percnopterus) (Karyakin et
al., 2022a) and Saker Falcon (Falco cherrug)
(Karyakin et al., 2022b), using scripts of our
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lHe3a0BO# yyacTok
OpAa-MOMMAbHUKA CO
CTapbiM 1 aKTUBHbIM
rHé3aamu Ha 10ro-
BOCTOYHOM KPOMKE
neckos Mo#ibIHKym B
MEeCKOYKPenmTeAbHOM
Aecorocaske.

Doro E. LLHaiiaep.

Breeding territory of the
Eastern Imperial Eagle
with old and active nests
on the south-eastern
edge of the Moyinqum
Sands in the artificial
forest.

Photo by E. Schnayder.

TPY NAOLLAAOK OblAM OMpeAeAeHbl MAOLLAAK
FHE3AOMPUIOAHBIX OMOTOMNOB M MecToobuTa-
HUIA OpPAa-MOMMAbHMKA MYTEM MOAEAMPOBA-
Hua B TUC.

MoaeanpoBaHme  NPUrOAHOCTM  CpeAbl
0oOMTaHUa BMAQ MPOBOAMAOCH MO  aHAAO-
mu ¢ paboToit no crepBsaTHUKY (Neophron
percnopterus) (KapsakuH u ap., 2022a) wu
6arobaHy (Falco cherrug) (Kapsikun u ap.,
2022b) ¢ nomoLLbio CKPUNTOB COOCTBEHHOM
pa3paboTkK, pa3MeLLEHHbIX Ha nopTaAe Altai
Project®.

MbI cOo3AaAM 3KCTEHT, BHYTPM KOTOPOrO
OCYLLECTBASAOCh MOAGAMPOBAHME U AAS KO-
TOPOro CTPOMAACh KapTa FHE3AOMPUIrOAHbIX
6MOTONOB M MECTOOOMTaHWI OpPAA-MOTUAb-
HuKka. KpalHue KoopauHaTbl 3KCTeHTa: T —
N 45.3229 E 66.88665, 2 — N 4491413 E
73.34324, 3 - N 43.63234 E 74.14032, 4 -
N 42.93204 E 73.23944, 5 — N 42.98321 E
70.71037, 6 =N 44.90139 E 66.86307.

AAst KAaccUdpUKaLMK M300paxenuii ¢ Le-
AbIO BBIAGAEHUS THE3A0MPUrOAHBIX OMOTOMNOB
CHayaAa Mbl MCMOAb30BaAn 271 rHE3A0 op-
AOB-MOTFMABHMKOB, MHCPOPMALIMS O KOTOPbIX
Oblra cobpaHa A0 2022 T. BKAOHYMTEALHO.
OTn rHé3aa OblAM COCPEAOTOUEHbI MPEenMy-
LLIECTBEHHO MO I0XKHOW KPOMKe MOMbIHKYMOB
B OacceiHe p. Taaac u HanaeHbl B 2022 .
Takke Mbl MPUBAEKAM AaHHbIE M3 AaTaCeTOB
32 MPEeAblAYLUME [OAbl, MPEUMYLLECTBEHHO
AASI AOAMHBI p. Hy.

AAS OMMCaHMUS MPU3HAKOB THE3AOMPUIOA-
HbIX OMOTOMNOB ObIAM MCMOAL30BaHbl 69 00bL-
ACHAIOLWMX MepemMeHHbIX, 38 M3 KOTOpbIX
M3BAEUEHBI M3 7 HEKAACCMPULIMPOBAHHBIX
CMYTHUKOBBIX KaHaaoB, 30 — MOAyYeHbl M3
MPOAYKTOB AMCTaHUMOHHOIO 30HAMPOBaHMSA
3eman (A33): NASADEM (NASA JPL, 2020),
Geomorpho90m (Amatulli et al., 2020),
Global Habitat Heterogeneity (Tuanmu, Jetz,

#  http://lwww.gis.altaiproject.org

own development on the Altai Project** por-
tal. We created an extent within which mod-
eling was carried out and for which a map of
EIE breeding biotopes and suitable habitats
was developed. Extreme extent coordinates:
1 - N 45.3229 E 66.88665, 2 — N 44.91413
E 73.34324, 3 - N 43.63234 E 74.14032, 4
— N 42.93204 E 73.23944, 5 — N 42.98321
E 70.71037, 6 — N 44.90139 E 66.86307. To
classify images for further identification of suit-
able habitats, we first used 21 EIE nests identi-
fied in up to 2022. These nests were mainly
located along the southern edge of the Moiyn-
qum desert in Talas River basin in 2022. We
also incorporated data from datasets for previ-
ous years, mainly for the Chu River valley.

To describe the characteristics of suitable
habitats, 69 explanatory variables were used,
38 of which were extracted from seven un-
classified satellite channels, 30 were obtained
from Earth remote sensing products: NA-
SADEM (NASA JPL, 2020), Geomorpho90m
(Amatulli et al., 2020), Global Habitat Hetero-
geneity (Tuanmu, Jetz, 2015), ESA WorldCov-
er 10m v100 (Zanaga et al., 2021) (Appendix
1%%), and one variable was obtained by meas-
uring distances to the nearest farms.

Out of the unclassified satellite data, we
used the Landsat 8 atmosphere-corrected
surface reflectivity (SR) collection 2 and the
Advanced Land Observing Satellite (ALOS) L-
band synthetic aperture array (SAR) HH and
HV polarization datasets, adhering to pub-
lished recommendations (Crego et al., 2022).

We began by uploading and filtering Land-
sat 8 SR to only keep images from May — Au-
gust of 2018-2021 and obtain clear mosaic
for the entire study area. For each image
we masked the bad quality pixels by clouds
and their shadows and saturated pixels, and
rescaled pixel values with corresponding co-
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2015), ESA WorldCover 10m v100 (Zanaga et
al., 2021) (Mpuaoxenue 1%), u 1 nepemen-
Hasl MOAyYeHa NyTEM M3MEPEHUs AUCTaHLMII
AO BAMKAMLLINX pepM.

M3 HekAacCUPULIMPOBAHHBIX CMTYTHUKOBbIX
AAHHbIX Mbl MCMOAb30BaAKM KOAAEKLIMIO 2 OT-
paXKaTeAbHOM  CMOCOOHOCTM  MOBEPXHOCTM
(SR) Landsat 8 c nonpaskoi Ha atmocdpepy
M YCOBEPLUEHCTBOBAHHbIN CMYTHUK HabAoAe-
HUs 3a cyweii (ALOS) ¢ dpasmpoBaHHOM aH-
TEHHOW pelleTkon L-aManasoHa C cuHTe3M-
poBaHHOM anepTypoi (SAR) Habopbl AaHHbIX
noaspusaumn HH mn HV, B cootsetctsun ¢
onyOAMKOBaHHbIMK pexkomMeHaaumamu (Crego
etal., 2022).

CHauana Mbl 3arpysunAn U OTCOMABTPOBAAK
Landsat 8 SR, 4TO6bl COXpaHUTL TOABKO M30-
OpakeHna ¢ mMas no aeryct 3a 2018-2021
IT. 1M NOAY4MTb 6e300AaUHYI0 MO3anKy AAS
BCEM MCCAEAYEMOW TeppuTOpun. AAS Kax-
AOFO  M300paxkeHMs  Mbl  3aMaCKMpPOBaAU
MUKCEAM MAOXOro KayecTBa obAakamu, Te-
HAMM ODAGKOB M HACBILLEHHbIMU MUKCEASMU,
a Takxke nepemMaclTabMpoBaAl 3HaYeHMs
MUKCeAel C COOTBETCTBYIOLLMMM KOIPdoU-
LUMEeHTaMM  MacliTabMpoBaHMs, MCMOAb3YS
NpeAornpeAeAeHHYI0 PYHKLMIO MacKW, AO-
crynHyio B GEE (maskL8sr). Aas aHaAM3a
OblAM BbIOpaHbl CMHWI, KPacCHbIM, 3EAeHbIN,
OAVMKHMIA MHCPPaAKPACHbIA 1 KOPOTKOBOAHO-
Bblii MHCPpaKpacHbIiA AManasoHsl (MpocTpaH-
cTBeHHoe paspeuleHne 30 M). Aag Kaxkaoro
n3obpaxkeHMs Mbl Takoke paccumTaan NDVI,
ncroab3yst  pyHkumio, aoctynHyio B GEE
(normalizedDifference). Aaaee Mbl co3aaau
MO3auKy BCEW WCCAGAYEMOMN TeppuTopuu,
paccynMTaB MEeAMaHHOE 3HayYeHue Mo BCemy
BPEMEHHOMY PSIAY AASl KaXKAOFO MUKCEAS BO
BCEX AMarasoHax 13obpaxkeHuii Landsat 8.

3aTemM Mbl OObEAMHMAM BCE NepemeHHble-
NPEAUKTOPbI B OAHO MHOrOKaHaAbHOE W30-
OpakeHue.

[MpocTpaHCTBEHHOE pa3pelleHne AAS pe-
3YALTUPYIOLLIMX PACTPOB ObIAO 3aAaHO 50 M.

Bce usmepenns nposoanance B ArcView
GIS 3.3 ESRI B npoekumn Orthographic
(Datum: WGS 84, Spheroid: Sphere, Central
Meridian: 70, Reference Latitude: 45).

Ha navaabHOM 3Tane, 4TOObI MoAoOpaTh
NepemMeHHbIE AAS MOAGAMPOBAHMS, Mbl CpaB-
HUAM C MOMOLLbIO t-KPUTEPUS CpeAHUue 3Ha-
YEeHMS 3TUX NepemMeHHbIX aAs 21 rHesaa
OpAa-MOTMAbHMKA M 27T CAy4alHOW TOYKM.
Cucrema cayvaiiHbix Todek Obiaa cO3aaHa
C WCroAb3oBaHMeM paclumpennst Random
point generator (Jenness, 2005). lNepemeH-
Hble OblAM MPOBEPEHbl Ha CTaTUCTUYECKYIO

44 http://rrren.ru/wp-content/uploads/2023/05/ App1-Variables-AH xls

efficients using the predefined mask function
available in GEE (maskL8sr). Blue, red, green,
near-infrared and short-wave infrared ranges
(spatial resolution 30 m) were selected for the
analysis. We also calculated NDVI for each
image using the GEE function (normalized-
Difference). Next, we created a mosaic of the
entire study area by calculating the median
value across the entire time series for each
pixel across all Landsat 8 images.

We then combined all predictor variables
into one multi-channel image.

The spatial resolution for the resulting ras-
ters was set to 50 m.

All measurements were carried out in
ArcView GIS 3.3 ESRI in Orthographic pro-
jection (Datum: WGS 84, Spheroid: Sphere,
Central Meridian: 70, Reference Latitude:
45).

As a starting point, we selected variables
for modeling by comparing the means of
these variables for 21 EIE nests and 21 ran-
dom points using a t-test. The random point
system was created using the Random point
generator extension (Jenness, 2005). Variables
were tested for statistical normality using the
Lilliefors test.

Having examined the interlinkages between
variables using the Spearman correlation (1),
we discarded the least significant variables for
the base model, the correlation coefficient
(r) in pairs of which was >0.75, to get rid of
multicollinearity. As a result, we formed sets
for 16 models for analysis, differing in the rep-
resentation of correlated and important vari-
ables according to the t-test data.

To test the model’s predicted values against
the geographic distance between locations
and exclude spatial autocorrelation, we used
the Moran’s test (R-function “moran.test” in
the “spdep” package) (Griffith, Peres-Neto,
2006; Dormann et al., 2007). Moran'’s test re-
sults were visualized in accordance with the
recommendations of T.E. Samsonov (2021).

Random Forest, a method widely used for
modeling the species distribution lately, was
used for image classification (Zhang et al.,
2019). We used probability and regression
features.

In accordance with the recommendations
(Brotons et al., 2004), we prepared datasets
of the EIE absence, and together with the data
on its presence (nests locations) imported into
the Google Earth Engine (GEE) using a self-de-
veloped script on Altai Project® portal. A set of
Earth remote sensing data rasters was selected
and classified through GEE according to a pre-
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HOPMAaAbHOCTb C MCMOAb30BaHUEM KpUTEpUs
Auaanedpopca.

M3yunB B3aMMOCBA3M NEPEMEHHbIX C Mo-
MolLLbIO koadpdprLmMeHTa Koppeasimn Cninp-
MeHa (r), 4ToObl 136aBUTbCH OT MYAbTMKOA-
AMHEApHOCTM, Mbl OTOPOCMAM  HaumeHee
3Ha4YMMble NepemMeHHble A 0a30BOM MoAe-
AW, KOICPPULMEHT (r) KOppeAsiuMm B napax
KoTopbIx ObiA >0,75. B ntore ang aHaamsa
Mbl cpopmKpoBaAM Habopbl aast 16 mMoae-
A€M, OTAMHAIOLLIMXCS MPEACTaBAEHHOCTbIO B
HUX KOPPEAMPYIOLLMX M BaXKHbIX MO AQHHbLIM
t-KpUTEPUS NEPEMEHHbIX.

AAS MPOBEPKM NPEACKa3aHHbLIX 3HaYeHWK
MOAEAM OT reorpacpuueckoro pPacCTosiHUS
MEXKAY AOKALIMAMM M UCKAIOYEHMS NPOCTPaH-
CTBEHHOW aBTOKOPPeAsunn ObIA MCMOAL3O-
BaH TecT MopaHa (R-cpyHkuMst «<moran.test» B
nakete «spdep») (Criffith, Peres-Neto, 2006;
Dormann et al., 2007). Busyaansaums pe-
3yAbTaTOB TecTa MopaHa ocyllecTBAeHa B
COOTBETCTBMM C pekomeHAaunamm T.E. Cam-
coHoBa (2021).

AAst KAaccudpuKauMM  M306paxeHuin mc-
noab3oBaacsi Random Forest, koTopbiii B no-
CAEAHEE BPEMS SBASIETCS LLMPOKO MCMOAb3Y-
€Mblli METOAOM MOAEGAMPOBAaHMS pacnpesene-
HUs BUAOB (Zhang et al., 2019). Mbl npumeHs-
AW BapUaHTbl BEPOSTHOCTb U perpeccus.

B cooTBeTcTBMM C  peKOMEHAAUMAMM
(Brotons et al., 2004) GbIAM MOAFOTOBAEHbI
HabOPbl AQHHbLIX OTCYTCTBMS OPAA-MOTUALHM-
Ka M BMeCTe C AaHHbIMM 00 MX NPUCYTCTBUM
(ToukM rHE3n), mmnoptuposaHel B Google
Earth Engine (CEE), ¢ nomotus ckpunta cob-
CTBEHHOWM pa3paboTkM Ha nopTare Altai
Project®. Habop pacTpoB aAaHHbIX AUCTaHLIL-
OHHOrO 30HAMPOBaHUA 3emAM OblA NoAOOPaH
n kaaccucpuumposar yepes GEE coraacHo
paHee NPeAAO>KEHHOMY aAropuTMy paboyero
npouecca noabopa MoaeAeil pacnpocTpaHe-
Hus Buaos (Crego et al., 2022).

MbI pa3aeAnAn AaHHbIE O MECTOMOAOXKE-
HUKM THE3A OPAOB-MOMMABHMKOB Ha Habopbl

Opéa-morunbhnk Ha reesae. @oto E. LLHaviaep.

Eastern Imperial Eagle in the nest. Photo by E. Shnayder.

viously proposed species distribution model
fitting workflow algorithm (Crego et al., 2022).

We divided EIE nest locations data into
training (80%) and testing (20%) sets and im-
plemented a spatial block cross-validation
method to separate the model training and
testing data (Roberts et al., 2017; Valavi et al.,
2019; Crego et al., 2022). During the analy-
sis, 20 iterations were executed with random
blocks division. We then fit the Random Forest
model to each individual training dataset and:

1) averaged model outputs to calculate av-
erage EIE habitat suitability over 20 iterations;

2) selected the best cross-validation models
to determine the EIE habitat suitability.

For each variant we produced a final raster,
in some cases averaging the probability and
regression results.

Model accuracy was assessed by testing
each model selection iteration using AUC-
ROC (Fielding and Bell, 1997; Fawcett, 2006)
controlled by R? and Kappa (Brownlee, 2016;
Zhang et al., 2021). The best model was select-
ed based on AUC-ROC and Kappa indicators.

A map of biotopes suitable for EIE was created
in GEE and exported in Geotiff format as a ras-
ter with pixels ranked by presence probability.
The raster was converted to vector in ArcView
into shapefile format. Pixels with a probability of
the species presence of more than 50 and 75%
were considered as suitable habitats.

The map of EIE breeding biotopes and
suitable habitats created as described above
showed that our research efforts in 2022 lay
beyond the probable optimum for EIE breed-
ing in Moyinqum. The map of breeding bio-
topes and habitats of the EIE created in the
manner described above showed that our re-
search efforts in 2022 were held outside the
probable optimum of the EIE breeding habi-
tats in Moyinqum. To confirm the breeding
of the EIE in the areas identified during the
modeling process on the south-eastern edge
of the Moyinqum Sands, an expedition took
place in April 2023, during which another 34
nests of EIEs were found in 26 breeding ter-
ritories, which were included in the final spe-
cies distribution modeling of the EIE. Thus, to
classify images to ultimately identify breeding
biotopes of the EIE, we used 55 points of pres-
ence of the species (53 nests and 2 points of
registration of territorial birds) in 43 breeding
territories, repeating the entire modeling algo-
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AAst 0Oyyerus (80%) u TecTupoBaHus (20%)
M BHEAPUAM METOA NEPEKPECTHOM MPOBEPKM
NPOCTPAHCTBEHHBLIX DAOKOB AAS pa3A€AEHMS
AAHHbIX AAS OOY4€HMS M MPOBEPKM MoAe-
Am (Roberts et al., 2017; Valavi et al., 2019;
Crego et al., 2022). B xoae aHaau3a ObIAO
3anywieHo 20 uTepaumii CoO CAy4alHbIM pa3s-
AeAeHnem OAOKOB. 3aTem Mbl MOAOFHAAM MO-
aeAb Random Forest k kaKaOMy OTA€AbHOMY
obyuaioLuemMy Habopy AaHHbIX M:

1) yCpeAHWUAM BbIXOAHbLIE AAHHbIE MOAEAM,
4TOObI PacCUMUTaTb CPEAHIO MPUIOAHOCTbL
CpeAbl OOMTaHMS OpAa-MOTMAbHMKA AAs 20
uTepaumi;

2) BbIOpaAn AydliMe MO KPOCBaAMAALIMK
MOAEAM AAS OMPEABAEHUS MPUFOAHOCTH Cpe-
Abl OOMTaHKSA OPAQ-MOTMAbHMKA.

AAS AyULLMX BAPUAHTOB Mbl BbIBEAU UTOMO-
Bbl€ PaCTpbl.

TOYHOCTL MOAEAEI OLIEHMBAAACh HA OCHOBE
MPOBEPKM AAS KAXKAOM MTepaLmm noabopa mo-
aean nocpeacteom AUC-ROC (Fielding, Bell,
1997; Fawcett, 2006) c koHTpoAem Mo R? u
Kappa (Brownlee, 2016; Zhang et al., 2021). B
KayecTBe MTOroBoM OblAM BbIOpaHbI 2 AyuLLMe
moaean no nokasateasm AUC-ROC n Kappa,
pe3yAbTaTbl KOTOPbIX AAS BbIBOAA MTOFOBOIO
pacTpa OblAM YCPEAHEHbI.

B pesyabtate onepaumn B GEE Gbina no-
CTpOEHa KapTa FHE3AOMPUIOAHBIX AAS Op-
AA-MOTMAbHMKA OMOTOMOB, KOTOpas B BuAe
pacTpa C MUKCEASMM, PaHXMPOBAHHBIMM MO
BEPOSATHOCTM MPUCYTCTBUS, SKCMOPTMPOBaHa
B dpopmate Ceotiff. Pactp BekTOopn3zoBaH B
ArcView B dpopmat wetin-cpaiiaa. K ruesao-
MPUrOAHLIM OMOTOMNAM OTHECEHbI MUKCEAN C
BEPOATHOCTbIO NPUCYTCTBUSA Buaa Ooaee 50
n 75%.

Co3aaHHas  BbllEONMUCaHHBIM  OOpa3om
KapTa FHe3A0MPUIrOAHbIX OMOTOMOB 1 MECTO-
0OMTaHMI MOMMAbHMKA MOKa3aAa, 4To Hallu
MCCAEAOBATEABCKME YCUAMS 2022 T. AeXKaAM
3a npeaeAamm BEPOSTHOrO OMTUMyMa FHe3-
AOBaHMA MOrMAbHMKA B MoWbiHkymax. C
LeAbIO MOATBEPXKAEHUS FHE3A0BaHMS OpAa-
MOTMABHMKA B BBIAGAEHHBIX B MpoLecce Mo-
ABAMPOBAHMS ydacTKax Ha I0ro-BOCTOUYHOM
KpomKe rneckoB MolibiHkymMbl B anpene 2023
r. COCTOSIAACb IKCMEAULIMS, B XOAE KOTOPOM
ObIAO OOHapy»KeHO eLué 34 rHe3Aa OPAOB-MO-
FMABHMKOB Ha 26 MHE3AOBbIX y4acTKax, KOTO-
pble ObIAM BKAIOYEHbBI B UTOFOBOE MOAGAMPOBA-
HMEe pacnpoCcTpaHeHns Buaa. Takum oOpasom,
MS$ KAACCUCPUKALIMKM M30DPKEHNIA C LIEAbIO
MTOFOBOIO BbIAAEHMS THE3AOMPUIOAHBIX OKO-
TOMOB OPAA-MOMMAbHMKA Mbl MCMOAL30BaAM 55
TOYEeK NPUCYTCTBUA BMAA (53 rHE3Aa U 2 TOUKK
perucTpaumm TepPUTOPUAAbHBLIX MTULLY) Ha 43
FHE3AOBbIX Y4aCTKax, MOBTOPMB BECb aATOPUTM

rithm, starting with the selection of explana-
tory variables (Appendix 1#) and ending with
map construction in GEE.

Based on a map of biotopes suitable for the
breeding of EIE, we created a habitat map. To
do this, buffers with a radius equal to half the
average distance between nearest neighbors
were built around pixels with a probability of
species presence of more than 75%.

We extrapolated the number of EIE using
our scripts on the Altai Project*® portal using
two methods:

1 — Direct recalculation of the weighted av-
erage density index from plots to the area of
habitats (Karyakin, 2004) with the calculation
of an asymmetric confidence interval (Ravkin,
Chelintsev, 1990);

2 — Method for generating random points over
a given range of distances between nearest neigh-
bors based on a regular network (further RPG).

The idea of the RPG algorithm was as fol-
lows: random points were sequentially gener-
ated so that the distance from the new point
to all previous ones was within a given inter-
val. The distance interval was determined by
the distances between active (occupied) nests
of the EIE. To determine the distances be-
tween nearest neighbors, the Nearest Features
v. 3.8b (Jenness, 2004) extension was used.
To optimize the algorithm, points were select-
ed from a predetermined finite set of points
obtained by dividing our area of interest (a
layer of breeding biotopes built inside the
extent, the coordinates of which see above)
into squares, the length of the side in which is
equal to the minimum distance between oc-
cupied nests of the EIE.

To check how well such an algorithm es-
timates the abundance of a species, it was
tested as follows: the plots studied during the
observation stage were randomly divided into
two sets, training and testing. Using the train-
ing set, the distances between nests were cal-
culated, from which a set of random points
in the area of interest was constructed using
the algorithm described above. After this, the
number of random points that fell into the
sites from the test set was counted and com-
pared with the number of real nests in these
sites. This operation was performed 100 times
and the minimum, maximum, mean = stand-
ard deviation, mean error and confidence
interval were calculated from the results. To
complete the study, such a check was carried
out twice, with different principles for dividing
the plots into test and training sets: if in the
first case entire plots were used, then in the
second case they were divided into Thiessen
polygons (Thiessen, 1911) according to nest
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MOAEAMPOBaHMS, HauMHas C rnoabopa oObsc-
HsIoLWMX nepemeHHbIX (Mpuaoxkerue 1#) 1 3a-
KaHumBas noctpoeHunem kaptbl B GEE.

Ha ocHOBe KapTbl FHE3AOMPUIOAHbBIX AAS
OpPAA-MOTMAbHMKA OMOTOMOB  Mbl  CO3AAAM
KapTy MECTOOOUTaHMIA, AASt YErO BOKPYT MUK-
cenelt C BEPOSTHOCTLIO MPUCYTCTBUS BUAA
6onee 75% OblAn nocTpoeHbl Bydpepsl ¢ pa-
AMYCOM, PaBHbIM MOAOBMHE CPEAHEN AUCTaH-
LMK MEXKAY DAMIKANLLIMMM COCEAIMM.

DKCTPanoASLMIO  YMCAEHHOCTM  OpPAa-MO-
MMAbHMKA Mbl OCYLLECTBASIAM C MOMOLUbIO
CKpUNTOB COOCTBEHHOM pa3paboTkM Ha nop-
Tane Altai Project® aBymst meToaamu:

T — NpaMoi nepecHéT CpeAHeB3BeLIeHHO-
ro nokasaTeAsl MAOTHOCTM C MAOLLAAOK Ha
naoLlaab mectoobutaHmii (Kapskun, 2004) c
PacH€TOM HECUMMETPUUYHOIO AOBEPUTEABHO-
ro nHtepsana (PasknH, HYeannues, 1990);

2 — METOA TFeHepaunm CAyYalHbIX Touek
MO 3aAaHHOMY AMaNa3soHy AMCTaHLMIA MEXAY
OAMIKANLLIMMM COCEASIMM HA OCHOBE peryAsip-
HoM ceTu (aanee TCH).

Maea aaroputma 'CH 3akaiodanack B cae-
AYIOLLIEM: MOCACAOBATEALHO FeHEPUPOBAANCH
CAy4aliHble TOYKM TaK, 4TOObl paccTosiHue
OT HOBOM TOYKM AO BCEX MPEAbIAYLLIMX Ha-
XOAMAOCH B 3aAaHHOM MHTepBaAe. MHTepBaa
PACCTOSIHUIA  OMPEAGASACS MO AMCTaHLMAM
MEXAY aKTMBHbLIMM (3aHATbIMM) MHE3AaMMK Op-
AQ-MOTMABHUKA. AAS OMpEAGAEHM S AUCTAHLINIA
MeXAy OAMKANLLIMMKM  COCEASIMM  MCTOAB30-
BaHO pactumpeHue Nearest Features v. 3.8b
(Jenness, 2004). B ueasx ontummsaumm aAro-
PUTMa TOYKM BLIOMPAAKCH M3 3apaHee 3aAaH-
HOFO KOHEYHOro Habopa To4eK, MOAYHEHHOro
pa3buneHnem Hallei 06AacTi MHTepeca (CAOK
FHE3AOMPUIOAHBIX OMOTOMOB, MOCTPOEHHbIN
BHYTPM 3KCTEHTa, KOOPAMHATbI KOTOPOrO CM.
BbILLIE) Ha KBAAPaTbl, AAMHA CTOPOHbI B KOTO-
PbIX paBHa MWUHUMAAbHOW AMCTaHLIMU MEXAY
3aHATBIMM FHE3AAMM OPAA-MOMUABHMKA.

YT100bI NPOBEPUTH, HACKOALKO XOPOLLIO Ta-
KOM aArOpPUTM OLIeHMBAET YNCACHHOCTb BMAA,

Camka opAa-MOrMAbHUKA B FHE3A€ Ha KAaAKe.
Doro E. LLHaiiep.

Female of the Eastern Imperial Eagle in the nest with
clutch. Photo by E. Shnayder.

points. Thiessen polygons were created using
the EditTools*# extension according to pub-
lished instructions (Karyakin et al., 2009).

From the 100 sets of random points ob-
tained at the testing stage of the algorithm, the
best layer was selected, which was adjusted
by bringing the number of points that fell into
the surveyed plots closer to the actual number
of nests in these plots. The average and maxi-
mum numbers were determined by subtract-
ing the proportion of erroneous points from
the array of verified points. When verifying the
pattern of generated points, a potential breed-
ing territory was considered confirmed if the
detected nest or locations of birds encoun-
tered lay from the verified point at a distance
equal to half the average distance between
nearest neighbors determined for this terri-
tory. The adjusted point layer was considered
the final result of the abundance estimate.

To study feeding, all remains on and under
the nests were recorded, and, if possible, bird
pellets found under the nests were analyzed.
The number of victims was calculated using
fragments of the skull (beaks or jaws) and
paws (legs and wings of birds).

To understand the previous distribution of
the EIE in Moyinqum and adjacent territories,
we searched for articles containing the key-
words “mogilnik” (Russian name of the Impe-
rial Eagle) + Aquila heliaca + “Moyinqum”,
“Chu”, “Talas” in scientific article citation da-
tabases in Google Scholar and open electronic
libraries*”, such as the Electronic Biological
Library, the Fundamental Electronic Library
“Flora and Fauna” by A. Shipunov*, in the
“Publications” section on the website of the
Institute of Zoology of the Ministry of Educa-
tion and Science of the Republic of Kazakh-
stan*, as well as in the archive of publications
of the Russian Raptor Research and Conserva-
tion Network®.

We also downloaded the dataset from the
web GIS “Faunistics”*" and created a dataset
from the Kazakhstan Birdwatching Communi-
ty*? website in MS Excel® format and selected
from there all observations of the EIE in Moy-
inqum and the surrounding areas* (Amirekul
et al., 2022). These observations were used to
verify the pattern of points created by the RPG
method in order to estimate the abundance of
the EIE in the study area.
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ObIAO MPOBEAEHO €ro TEeCTMPOBAHUE CACAY-
IOLIMM 0DOpPa3oM: MCCAEAOBaHHbIE Ha aTane
HaOAIOAGHMSA  MAOLLAAKM  ObIAM  CAyYaliHbIM
obpasom pa3buTbl Ha ABa Habopa, oOyualo-
LWKMiA 1 TecToBbli. o obyyalowemy Habopy
MPOBOAMAOCH BbIYMCAEHUE PACCTOSHMI MeX-
Ay THE3AaMM, MO KOTOPbIM MO OMUCAHHOMY
BbILLE AAFOPUTMY CTPOMACS Habop CAy4aw-
HbIX TO4eK B 00AacTh mHTepeca. Nocae ato-
rO MOACUMTBLIBAAOCH KOAMYECTBO CAyYalHbIX
TOYEeK, NONaBLIMX B MAOLLAAKM M3 TECTOBOMO
Habopa M CpaBHMBAAOCh C KOAMHYECTBOM pe-
aAbHbIX FHE3A Ha 3TUX MAOLLAAKax. JTa one-
pauns Obira nposeaeHa 100 pas, u no pe-
3yAbTaTam OblAM paccHuTaHbl MUMHUMAALHOE,
MaKCMMaAbHOE, CpeAHee 3HaYeHue YmcAa =+
CTaHAApTHOE OTKAOHEHME, CpeAHee 3Have-
HME OWMOKM M AOBEPUTEALHbIA MHTEPBaA.
AAS MOAHOTbI MCCAEAOBAHMS Takasi MpoBepKa
OblAa NPOBEAEHA ABaXKAbI, C Pa3HbIMM MPUH-
uMnamun pasbmMeHns y4acTKoB Ha TECTOBLIN M
o0y4aioLmMii Habopbl: €CAM B NMEPBOM CAyYae
MCMOAL30BAAMCH MAOLLAAKM LEAMKOM, TO BO
BTOPOM CAy4ae OHM OblAM pa3buTbl Ha no-
AmroHbl Tuccena (Thiessen, 1911) no Toukam
rHE3A. [MoAnroHbl TucceHa ObiAM CO3aaHbI C
nomolubto pacunperns EditTools* # g coot-
BETCTBMM C OMYOAMKOBAHHLIMU MHCTPYKLMS-
mMu (KapsakuH u ap., 2009).

M3 100 NOAy4MBLUMXCA Ha 3Tane TecTmpo-
BaHWMS aAropuTMa HabOPOB CAyYaMHbLIX TOYeK
OblA BbIOpaH Ay4LLIMIA CAOW, KOTOPbINA ObIA OT-
KOPPeKTUpoBaH NyTéM MNPUOAMKEHNS KOAM-
yecTBa TOYEK, MOMaBLWMX B OOCAEAOBAHHLIE
MAOLLIAAKM, K PEAAbHOMY HYMCAY FHE3A B 3TUX
naowaskax. CpeaHss M MakCMMaAbHas ymc-
AEHHOCTb OMnpeAeAeHa NyTEM Bbl4MTaHUS AOAU
OLLUMBOYHBIX TOUEK M3 MaccHBa BepUcpULIMPO-
BaHHbIX Toyek. [pu BepucprKaumm naTrepHa
CreHepUPOBaHHbIX TOYEK Y4acTOK MOTEHLM-
AAbHOMO FHE3A0BAHUS CUMTAAM MOATBEPIKAEH-
HbIM B TOM CAyYae, €CAn OOHapY>KeHHOe rHe3-
AO WAV AOKAaLIMM BCTPEUYEHHBIX MTULL A€XKaAK
OT BepUPMLIMPYEMOi TOUKM Ha AMCTAHLMK,
PaBHOM MOAOBUHE CPEAHEN AUCTAHLIMN MEXKAY
OAVKAMLLIMMM COCEAIMM, OMPEACAEHHON AAS
AaHHOW Tepputopun. OTKOPPEKTUPOBAHHDIN
CAOM TOHEK CUYMTAACS UTOTOBbIM PE3YAbTATOM
OLIEHKM YNCAEHHOCTH.

AASt M3ydeHMS MUTaHMS CPUKCUPOBAAMCH
BCE OCTaTKM Ha FHE3AAX M MOA HMMM, a Tak-
e, Mo BO3MOXHOCTH, pa3dupasmcCh Noraaku
nTuu, obHapyXKeHHble noa rHésaamu. [loa-
CYET KOAMYECTBA KEPTB BEACS MO chparMeH-
Tam 4epena (KAIOBbl MAM HYEAIOCTM) M Aamnam
(Aanam m KpbIAbAM Y MTULL).
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http://www.ian-ko.com/et/EditTools/et_main.htm
http://rrren.rufarcview-gis-dlya-ekologov2/16

We also summarized data on the phenology
and breeding biology of the EIE in the territory
under consideration based on the literature
and our data.

The simplest mathematical processing of
data was carried out in MS Excel 2003 and
Statistica 10. For samples, the data range and
mean value =SD are given, unless otherwise
stated.

Distribution of the Eastern Imperial Eagle in
the study area according to published data

To the west of the study area, the EIE was re-
corded on non-breeding movements (Gubin,
2004) and breeding in the Kyzylkum Sands
on the left bank of the middle reaches of the
Syrdarya river (to the city of Kyzylorda) (Maly-
shevsky, 2005; Erokhov et al., 2006; Sklyaren-
ko, 2006a; Koblik, 2012; Gubin, Sklyarenko,
2014: Dzhusupov, 2017, Gubin, 2020).

In the 1960s The EIE was rare in Betpak-
dala (Sludsky, 1962), but in the 21st century,
it began to be seen here quite often (Gubin,
2018). In Western Betpakdala, this species
is currently quite common in breeding and
during migration (Belyalov, Levin, 1986;
Karyakin, Barabashin, 2006; Gubin 2018),
also nests in the Aryskum depression (Gubin,
Levin, 2008, 2017) and is found in an area
of the Telikol Lakes (Gubin et al., 2017). In
Eastern Betpakdala, mainly on the territory
of Andasai and Zhusandaly, the EIE was re-
peatedly encountered by different researchers
during the breeding period (Kovshar A., 1986,
2004, 2008; Kovshar V., 2002; 2006b; Kova-
lenko, 2005, 2008; Sklyarenko 2006b, 2007a
, 2007b, 2009; Kolbintsev, 2007; Sklyarenko,
Schmidt, 2008), breeding were also observed
here (Kovshar, 1986; Sklyarenko, 2005; Levin
et al., 2007; Gubin 2018).

V.N. Shnitnikov (1949) noted the abun-
dance of the EIE in the lli river delta. In the
southern Balkhash region in the lower reaches
of the lli river this species is still breeing (Kar-
pov, Bekbaev, 2005; Berezovikov, 2002;
Belyalov, Karpov, 2002; Kovshar et al., 2020)
and is regularly observed by researchers (Skl-
yarenko, 2002, 2004; Annenkova, Ashbi,
2002; Kovshar, 2006a), but it is no longer as
numerous as before (Karyakin, 2020).

For the northwestern tip of Karatau, bree-
ing of the EIE was observed in 1930, which is
reflected in the oological collection collected
by E.P. Spangenberg (Dzhusupov, 2017). But
since the 1960s the EIE does not breeding
here (Kovshar, 1966, 2017, 2019), but it is


http://www.ian-ko.com/et/EditTools/et_main.htm
http://rrrcn.ru/arcview-gis-dlya-ekologov2/16

58

[lepHatbie xuLHnkn 1 ux oxparda 2023, 46

M3yueHne nepHaTbIX XULLHUKOB

AAS MOHUMaHWS TpeXKHero pacrnpocTpa-
HEHWS OpAa-MOrMAbHMKa B MoWbIHKyMax M
Ha COMpPEeAGAbHbIX TEPPUTOPUAX Mbl MPOBEAM
MOMCK CTaTeld, coaep KaLLMX KAIOHYEBble CAOBa
«MOruAbHUK» + Aquila heliaca + «MoWiblH-
Kym», «4y», «Tanac», B 6a3ax AaHHbIX LMTU-
poBaHusi HayuHblx cTaTel, B Google Scholar
M B OTKPbITbIX DAEKTPOHHbIX OMbAMOTEKAX,
TakMx Kak JAeKTPOHHas GuoAaormyeckas oum-
6AnoTeka?’, MyHAaMEeHTaAbHas SAEKTPOHHas
6ubanoTeka «®ropa u payHa» A. LLInnyHo-
Ba*%, B pasaene «[lybankaummny Ha caite MH-
CTUTYTa 300A0TMKM MuHKCTepcTBa 0bpasoBa-
HUs 1 Haykun Pecnybankm Kasaxcran®, a Tak-
e B apxmse nybamkaumii Poccuiickon cetu
M3y4eHMs U OXPaHbl NepHaTbIX XULLHUKOB®.

Takxke Mbl ckavaam aataceT m3 Beb-TMC
«®ayHucTHKa»®’ M CO3AaAM AaTaceT C caid-
Ta Kazakhstan Birdwatching Community*? B
cpopmate MS Excel” u Bbibpaan oTTyaa Bce
HabAIOAEHMS  OPAa-MOTrMAbHMKA B MOWbIH-
KymMax M Ha npuAeraiowmx Tepputopusax®
(AMupekyA 1 ap., 2022). 3Tn HabAlOAEHMS
MCMOAL30BaHbl AAS BepUCPMKALIMM MaTTepHa
ToyeK, co3AaHHbIX MeToaoM CH, ¢ ueabto
OLIEHKM YMCAEHHOCTM OpPAa-MOMMAbHMKA Ha
MCCAeAyeMOl TepprUTopuK.

Mbl Takoke 06OBLLMAM AaHHbIE MO CPeHO-
AOTUW U THE3A0BOW OMOAOTMM OpPAA-MOMUAB-
HMKa Ha paccMmaTpuBaemol TeppuTopuM Mo
AUTEPATYPHBIM M HALLWUM AQHHbIM.

MpocTenwyio MaTemaTnyeckyilo obpaboT-
Ky AaHHbIX ocyLuecTBAsAM B MS Excel 2003
n Statistica 10. Arg BbIODOPOK MPUBOAATCS
AMana3oH AaHHbIX U CpeAHee 3HaveHne +SD,
€CAM He OroBapuBaeTCs MHOTO.

PacnpocrpaHeHue opAa-MOrMAbHUKA B paii-
OHe UCCA€AOBAHMN MO AMTEPaTYPHbIM AaH-
HbIM

3anaaHee MCCAEAYeMOW TeppuTOpUM Op-
Aa-MOTMAbLHUKA OTMEYaAM Ha murpaumsax (My-
OuH, 2004) 1 Ha rHe3poBaHuKM B neckax Kbi-
3bIAKYM B AeBODepexxbe CpeAHero TeyeHMs
p. Coipaapbm (a0 r. Kbisbiropaa) (Maabiles-
ckuii, 2005; EpoxoBs m ap., 2006; CkaspeHKo,
2006a; Kobamk, 2012; T'ydoun, CkagpeHko,
2014: Axycynos, 2017, Tyoun, 2020).

B 1960-x rr. OpéA-MOrMAbHMK ObIA PEAOK B
betnakaane (Cayackui, 1962), Ho B XXI Beke
OH CTaA BCTpEeYaTbCH 3A€Cb AOBOALHO 4acTo
(T'ybun 2018). B 3anaaHoi beTnakaaae atoT
BMA B HacCToslLLee BpemMs AOBOAbHO OOblUYeH
Ha rHe3A0BaHWMM U B NepuoA mMurpaumni (be-
AanoB, AeBuH, 1986; KapsakuH, bapabalumn,

recorded on migration (Kolbintsev, Chalikova,
2002; Chalikova, Kolbintsev, 2006). During
periods of seasonal migrations, EIEs were seen
on the Kyzylkol lake in the area of the Turlan
depression (Kovalenko et al., 2002b, Gavrilov,
Kolbintsev, 2004), on Shoshkakol lake (Kovs-
har et al., 2006). The migration of EIEs through
the Chokpak Pass is observed both in autumn
and spring, and in terms of numbers on migra-
tion, EIE was previously many times inferior to
the Steppe Eagle (Aquila nipalensis) (Gavrilov,
Gistsov, 1985; Savin, Gistsov, 1986; Kovalen-
ko et al., 2002a; Gavrilov et al., 2004; 2017;
Kolbintsev, 2004; Gavrilov, Gavrilov, 2006;
Kovshar, 2019), but according to modern
estimates, 8927-9802 EIEs migrated through
Karatau, which is only 3 times less than Steppe
Eagles, most of which pass through Chokpak
(Karyakin et al., 2021).

The Imperial Eagle does not nest in Talas
Alatau (Kovshar, 1966, 2019), but is observed
during migrations (Chalikova, 2004; 2009;
Kolbintsev, 2007; Karyakin et al., 2021).

The wintering of EIEs in the gorge Dzhabagly
and Aksu are mentioned by V.V. Shevchenko
(1948). But if earlier the wintering of the EIE
here was extremely rare (Kovshar, 2019), now
the species winters here regularly. In particu-
lar, on the Kazygurt pass on February 11,
2005, a pair of adult birds and one young bird
were observed, and on February 10, 2006,
one individual was noted (Kovalenko, 2006;
Kovalenko, Kravchenko, 2007). An adult EIE
was encountered near the town of Arys on
February 4, 2004 (Erokhov et al., 2006). An
eagle in transitional plumage was seen in the
area of Shymkent on December 20, 2001;
young and adult individuals were found be-
tween the city of Shymkent and the Tortkol
village February 11, 2005; a single adult was
observed on February 17, 2005, north of the
Shardara reservoir (Kovalenko, 2006). From
January 15 to 18, 6 EIEs were recorded be-
tween the city of Shymkent and the Shardara
reservoir (Kovalenko, Karpov, 2008). A track-
er-tagged EIE from Altai wintered not far from
Shymkent (Karyakin et al., 2021). The EIE was
observed on February 10, 2009 between the
Shayan village and Boraldai (Gubin, 2018).
One EIE was seen between the Bugun village
and Tortkul on January 10, 2017, another two
weeks later observed in Tabakbulak. Another
single individual was observed near the west-
ern side of the Koksarai reservoir on January
16, 2018, another adult was observed near
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TunuuHbie MeCTOOBUTaHMS OPAA-MOTMAbHMKA B MOMBIHKYMAX — Mecku C cakcayAbHUKamMu, MOMMEHHbIE M MCKYCCTBEH-
Hble Aeca cpean nactomu. Doto M. KapskuHa.

Typical habitats of the Eastern Imperial Eagle in Moyinqum Sands are saxaul forests, floodplains, and artificial forests
among pastures. Photos by . Karyakin.
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2006; IN'ybun 2018), Takke rHE3AMTCS B Apbl-
ckymckon BnaamHe (I'youn, AesuH, 2008,
2017) n BCTpevaeTca B panioHe TeAMKOAb-
ckmx 03€p (NyouH 1 ap., 2017). B BocTOUHOM
beTnakaane, npenmyLLECTBEHHO Ha TeppUTO-
prn AHaacaa u 2KycaHaaAbl, OPEA-MOTUABHUK
HEOAHOKPATHO BCTPEYaACs PasHbIMM MCCAE-
AOBATEASIMM B FHe3A0BOM nepuoa (KosLuapb
A., 1986, 2004, 2008; Koswapb B., 2002;
2006b; KosaaeHko, 2005, 2008; CkasipeH-
Ko 2006b, 2007a, 2007b, 2009; KoAGuHueB,
2007; CkagpeHko, LLImunat, 2008), 3aech Tak-
e ObIAM YCTaHOBAEHbI (PaKTbl FHE3A0BAHMS
(Kosuiapb, 1986; CkaapeHko, 2005; AeBMH 1
Ap., 2007; I'ybun 2018).

B.H. LLIHuTHMKOB (1949) oTME4aA MHOro-
YNCAEHHOCTb OPAA-MOMMAbHMKA B AEAbTE P.
Man. B 1OxHOM [Mpubanxalube B HMXKHEM
TeyeHun p. MIAM 3TOT BUA THE3AMTCS AO CHMX
nop (Kapnos, bekbaes, 2005; bepe3osnkos,
2002; beasiros, Kapnos, 2002; Kosapb
n ap., 2020) n peryaapHo HabAOAaeTCs MC-
caenoBatensmmn  (Ckasipenko, 2002, 2004;
AnHeHkoBa, Awbwn, 2002; Kosuaps, 2006a),
HO OH y>K€ He MHOrO4MCAeH, kak paHee (Ka-
pakuH, 2020).

Ang ceBepo-3anasHOM OKOHeYHoCTM Ka-
patay B 1930 r. HabAIOAAAOCH FHE3A0BaHME
MOTMABHMKA, YTO OTPAXKEHO B OOAOIMYECKOM
Koaaekumm, cobparnHoi E.TN. CnanrenbGep-
rom (Axkycynos, 2017). Ho ¢ 1960-x rT. 3aechb
OPEA-MOTMABHUK He rHe3anTCs (KoBLuapb,
1966, 2017, 2019), xOoTa OTMeYaeTcs Ha npo-
AéTe (KoabuHues, Yaamkosa, 2002; Yaanko-
Ba, KoAbuHues, 2006). B neproabl ce30HHbIX
MUIPaLMii  OPAOB-MOTMABLHUKOB  BCTPEeYaAm
Ha 03. KbI3bIAKOAL B paiioHe TypAaHCKoro no-
HUxkeHus (KoBaaeHko u ap., 2002b, laBpu-
AoB, KoabuHues, 2004), Ha o3. LLlouwkakoab
(KoBwapb 1 ap., 2006). Murpaumsa opAoB-
MOIMABHMKOB 4epe3 “YoKnakCkuii nepesaa
OTMEYaeTCs KakK OCEHbIO, TaK M BECHOM, 1 Nno
YNUCAEHHOCTM Ha NPOAETE paHee OH MHOro-
KpaTHO YCTynaa cTenHoMy oOpAy (Aquila
nipalensis) (TaBpuaos, Tucuos, 1985; CasuH,
lncuos, 1986; KosaaeHko 1 Ap., 2002a; l'as-
pUAOB 1 Ap., 2004; 2017; KoAbuHues, 2004;
laBpuros, MaBpuaos, 2006; Koswaps, 2019),
HO MO COBPEMEHHbIM OLIeHKam yepe3 Kapa-
Tay oceHbio AetuT 8927-9802 opAoB-mO-
MMAbHMKOB, YTO BCErO AMLLIbL B 3 pasa MeHb-
Le, YeM CTerHbIX OPAOB, DOAbLUAS YaCTb U3
KOTOPbIX MOXOAUT Yepe3 Hoknak (KapsakuH un
ap., 2021).

B Tanacckom AnaTay OpEA-MOTMMABHMK He
rHe3antcs (Koswapb, 1966, 2019), Ho oT-
mMeyvaeTcsa Ha murpaumsax (Haamkosa, 2004;
2009; Koabunues, 2007; KapskuH u ap.,
2021).

the Akakala village February 17, 2019 (Gubin,
2020). In the Kyrgyz Alatau, a winter meeting
of an adult EIE was also noted on December
10, 2001 (Kovalenko, 2006).

In the study area in the Moyinqum Sands Pu-
tyatin V.V. (1986) in 1982 discovered 5 nests
of the EIEs located on Saxaul trees and elec-
tric poles. In 1982, on the border of the sands
with the Chu floodplain on the route with Fur-
manovka (Moyinqum village) — Baital village
(75 km) researchers counted EIEs three times:
on July 25, 3 ind. and a pair were counted,
on July 27 — 3 ind., on August 1 — 4 ind.; on
the same route on June 29, 1984, 2 ind. were
observed; in 1983, on the Sukzak-Zhuantobe
highway, a nest of the EIE was found, it built
on a power line, where in June there were 2
nestlings (Kovshar, 1986). A pair of adult EIEs
was observed on April 26, 2005 on concrete
power poles near the Zhuantobe village (their
nest, located on one of the electric pole, was
apparently destroyed by electricians who were
actively working in the area) (Karyakin, Bara-
bashin, 2006), but later the eagles restored the
nest, since an adult bird near the nest on a
electric pole near the Zhuantobe village was
recorded on October 1, 2014 (Gubin, 2018).
In the Moiynqum sands, on the top of Saxaul,
an old nest was discovered, probably an EIE
(Karyakin, Barabashin, 2006). In March 2008,
20 km west of the Moiynqum village, in a river
floodplain with large Silverberry trees next to
the nest, a pair of EIEs was observed (Karpov,
Panov, 2009). Khrokov V.V. (2011) in Moyin-
qum met two EIEs on October 17, 2010 and
found 2 old nests on Saxauls. A pair of EIEs in
an area with an occupied nest on Saxaul was
observed by G.I. Pulikova in the Moyinqum
sands in May 2021, at the same time 2 old
nests were found on EIm trees in the locations
of mothballed wells (Karyakin et al., 2023).

In the valleys of the Talas and Assy rivers
on the 600 km routes from May 15 to May
27, 1983, the EIE was not seen, but on May
21, 1983, in the Talas river floodplain near
the Kenes village was found a residential nest,
built on the top of a single Silverberry (at a
height of 5 m from the ground); in the nest
there were 2 small nestlings and 1 unfertilized
egg (Kovshar, 1986).

V.N. Shnitnikov (1949) mentions that EIEs,
as a rare exception, winter in the Chu river
valley.

Research results

Field research 2022-2023

During the expeditions 2022-2023 39
breeding territories of the EIE were found.

In 2022, we found 13 EIE breeding territo-
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O 31MMOBKE MOMMABHMKOB B yL. Akabarabl
n Axkcy ynomuHaet B.B. LlleBuenko (1948).
Ho ecAanM paHee 3MMOBKM OpPAA-MOMMAbHMU-
Ka 3aecb ObliaM KpaiHe peaku (Kosluaps,
2019), TO B HacTosLLEE BPEMS BUA 3UMyeT
3A€Cb PEeryAsipHo. B wactHocTM, Ha nepesa-
Ae Kasbirypt 11 dpeBpans 2005 r. Habaloaamn
Mapy B3POCAbIX MTHL M OAHOFO MOAOAOTO, a
10 dpeBpanrs 2006 r. OTMETMAW OAHY OCODb
(KoBanenko, 2006; KoareHko, KpaBueH-
Ko, 2007). ¥ r. ApbiCb BCTpeYeH B3POCAbIM
OpEA-MormabHUK 4 dpespanst 2004 r. (EpoxoB
n ap., 2006). Opaa B NepexoAHOM BO3PacT-
HOM Hapsia€ BMAeAM B paioHe T. LLIbIMKeHT
20 aekabpsa 2001; MOAOAYIO M B3POCAYIO
ocobelt BCTPeTUAM MexXAy T. LLIbIMKeHT 1 C.
Toptkoab 11 chepans 2005 r.; B3pOCAYiO
OAMHOYKY Habaloaaam 17 cpespaasi 2005 r.
cesepHee LllapAapMHCKOro  BOAOXpaHWMAK-
wa (KoBaneHko, 2006). C 15 no 18 sHBaps 6
OPAOB-MOTMALHUKOB ObIAO OTMEYEHO MEXAY
r. LUbiMKkeHT # LLIapAaprHCKMM BOAOXpaHu-
Aamwiem (KosaneHko, Kapnos, 2008). Heaa-
AeKO OT LLIbIMKeHTa 3MMOBaA, NMOMEYEHHbIN
TPEKEPOM MOTMMABHUK M3 AATas (KapsikuH
n ap., 2021). Opaa-MOrnabHMKa HabAloAa-
A 10 dpespans 2009 r. mexay c. LLlasH u
c. bopaaaaii (Iyoun, 2018). OamH opéa-mo-
FMAbHMK ObIA BCTPEUYEH Mexay C. byryHb u c.
TopTkyab 10 anBapsa 2017 r., Apyroi vepes
ABE HeAeAM KpyKMA Haa TabakOyArakom. Eiié
OAHa OAMHOYHast 0COOb HabAIOAAAMCH Y 3a-
MaAHOM CTOpPOHbI KOKCapaickoro KoHTppery-
AaTopa 16 ansaps 2018 r., Apyras B3pocaasl
— okono noc. Akakaaa 17 cpespans 2019 r.
(lTy6uH, 2020). B Knprmusckom AaaTay Takxke
OblAa OTMEYEHa 3UMHSS BCTPeYa B3POCAOrO
opAa-mornabHmka 10 aekabpsa 2001 r. (Kosa-
AeHko, 2006).

Ha n3yuaemoli Tepputopun B neckax Moii-
bIHKYM [lyTaTH B.B. (1986) B 1982 r. o6Ha-
PY>KMA 5 THE3A OPAA-MOTMAbHMKA, YCTPOEH-
HbIX Ha cakcayAax i ornopax ADIT. B 1982 r.
Ha rpaHuue Neckos C normon Yy Ha mapLu-
pyte c. ®ypmaHoBka (c. MoWblHkymM) — C.
baiiTtan (75 KM) TPUXKABI MPOBEAN YHET OPAOB:
25 MIOAS yUTEHO 3 OAMHOYKM M Napa, 27 MIOAS
— 3 oanHoukK, T aBrycrta — 4 OAMHOYKK; Ha
3TOM e mapupyTte 29 mioHa 1984 r. otme-
yeHbl 2 oanHoukK; B 1983 Ha Tpacce Cyk3ak—
KyaHTobe HalAE€HO rHe3A0 OpPAA-MOTMAbHM-
Ka, yctpoeHHoe Ha ADIT, rae B nioHe ObIAO 2
onepéHHbix nTeHua (Kosapb, 1986). lNapa
B3POCAbIX OPAOB-MOIMAbHUKOB HabAIOAAAACh
26 anpeaa 2005 r. Ha GeTOHHbIX onopax
AT 6Am3 c. XKyaHTobe (Mx rHe3a0, pacrnoaa-
raBLUEecs Ha OAHOM M3 OMop, BUAMMO ObIAO
Pa3pyLIEHO SAEKTPUKaMM, KOTOPbIE aKTUBHO
paboTaan B AaHHOM paiioHe) (KapskuH, ba-

Opén-mormabHmk. @oto M. KapskuHa.

Eastern Imperial Eagle. Photo by I. Karyakin.

ries. Of these, 12 breeding territories were oc-
cupied, and nests were found in 10 of them,
including successful breeding in 6 nests we re-
corded during May. In one breeding territory,
only old nests were found, so we classified this
territory as abandoned. In 2022, a total of 15
EIE nests were observed in 11 breeding terri-
tories (10 occupied breeding territories and 1
abandoned): 12 nests in 9 breeding territories
—in the Talas River basin and 3 nests in 2 areas
- in the river Chu basin.

In 2023, on the territory, on wherein we
presumed the optimal breeding group of the
EIE based on modeling on the southeastern
edge of the Moyinqum sands, 26 breeding
territories of the EIE were found, on which
34 nests were observed, 9 of which were old
alternative nests in areas occupied by eagles;
In 21 breeding territories, active nests were
found and in 4 — occupied, but unsuccessful
(3) or fresh nest constructions (1) at the time of
the survey; all newly identified breeding ter-
ritories were located in artificial forests on the
edge of the Moyinqum Sands; one breeding
territory, where no nest was found, was iden-
tified in forest belts among farmland 2.5 km
south of the Moyinqum Sands (Table 1, Fig.
2). Also this year, 6 breeding territories were
visited, found in 2022, on which 7 nests were
examined, in 3 of which successful breeding
was noted and in 3 breeding territories occu-
pied but unsuccessful (empty) nests were ob-
served. A total of 40 EIE nests were inspected
in 2023.

A visit to the Andasai reserve showed that
the White-Tailed Eagle here completely re-
placed the imperial eagle in the Chu River
valley, displacing it outside the valley. White-
Tailed Eagle numbers continue to grow here.
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pabalumH, 2006), HO NO3>ke OPAbl BOCCTAHO-
BMAM FHE3A0, TaK KakK B3POCAAst MTULIA OKOAO
rHesaa Ha onope AJI okoao c. XKyaHTobe
BcTpedeHa 1 oktabps 2014 r. (IyouH, 2018).
B neckax MolibIHKyM Ha BepLuMHe cakcayAa
00OHapy>KeHO CTapoe FHe3A0, BEPOSATHO OpAa-
MorunabHuka (KapsikuH, bapabatunx, 2006). B
mapTe 2008 r. B 20 kM 3anaaHee C. MOMbIH-
KyM, B PEYHOM MOMME C KPYMHLIMU A€PEBbSI-
MM AOXa PSIAOM C FHE3A0M HabAlOAAAM Mapy
0OpAOB-MOrnAbLHUKOB (Kapnos, INanos, 2009).
Xpokos B.B. (2011) B MoMHKyMax BCTPETHA
ABYX OAMHOYHBIX OpAOB 17 okTabpsa 2010 r.
1 OOHapY>KMA 2 CTapbiX FHe3Aa Ha cakcayAax.
[Mapa OpAOB-MOrMALHMKOB Ha y4acTke C 3a-
HATLIM FHE3AOM Ha CakcayAe HabAlAaAaCh
M. Myankoson B neckax MonbIHKyM B Mae
2027 r., Toraa >ke OblAM HalAeHbI 2 CTapbIX
rHe3Aa Ha Bsi3ax B MeCTax PacroAOXKeHWs
3aKOHCEPBMPOBAHHBLIX CKBaXKMH (KapakuH u
Ap., 2023).

B aoannax pp. Tarac n Accbl Ha mapLupy-
Tax NPOTHKEHHOCTLIO 600 KM € 15 Mo 27 mas
1983 r. OpéA-MOIrMAbHMK He OblA BCTPeYeH, HO
21 masa 1983 r. B noime Tanaca 6amn3 c. Kenec
HaMAEHO >KMAOE MHE3A0, YCTPOEHHOE Ha Bep-
XYLLKE OAMHOYHOIO AOXa (Ha BbiCOTE 5 M OT
3eMAM) B rHe3Ae ObIAO 2 MyXOBbIX MTeHua U 1
HEOMAOAOTBOPeHHOE Lo (Kosluapb, 1986).

B.H. LLUHMTHMKOB (1949) ynoMMHaeT 0 TOM,
YTO OAMHOYHbIE OPAbI-MOTMABHUKKM B BUAE
PEAKOrO MCKAIOHEHUSA 3UMYIOT B AOAMHE Hy.

Pe3yAbTaTbl MCCACAOBAHMIA

IloAesbie nccaeaosanns 2022-2023 rr.

B xoae akcneanumii 2022-2023 rr. 6bin0
BbIABAEHO 39 rHE3A0BbIX Y4aCTKOB OPAOB-MO-
FMABHUKOB.

B 2022 r. mbl obHapyxman 13 rHesao-
BbIX Y4aCTKOB OpAa-MOrMAbHMKA. M3 Hmx 12
Y4aCTKOB OKa3aAMCb 3aHaTbiMu, Ha 10 u3
HUX ObiAM OOHapy>KeHbl MHE3AQ, B TOM YMC-
A€ B 6 rHé3aax ObIAO YCTAHOBAEHO YCMeLlHoe
pa3sMHOXeHWe B TedeHue Masd. Ha oaHOM
ydacTke oOHapy>KeHbl TOALKO CTapble rHE3Aa,
MO3TOMY Mbl 3TOT Y4aCTOK OTHECAM K MOKM-
HyTbiM. B 2022 r. B 06LLEN CAOXKHOCTH ObIAO
OCMOTpPEHO 15 rHé3A OpAa-MOTMAbHMKA Ha 11
rHe3A0BbIX ydacTkax (10 3aHATbIX y4aCTKOB K
T NOKMHYTLIN): 12 rHE3A Ha 9 ydacTKax — B
Gacceire p. Taaac 1 3 rHesaa Ha 2-X y4acT-
Kax — B Oacceiie p. Yy.

B 2023 r. B 30He npeanoAaraemMoro Ha oc-
HOBAHMM MOAEAMPOBAHUSA ONTUMYMa MHE3A0-
BOM rpynnUpPOBKKM OPAa-MOTMMALHMKA Ha t0ro-
BOCTOYHOWM KpOMKe NneckoB MoMbIHKYM BblISIB-
AEHO 26 IHE3AO0BLIX Y4aCTKOB OpPAA-MOMMAb-
HMKA Ha KOTOPbIX OCMOTPEHO 34 rHesaa, 9 u3
KOTOPbIX ObIAM CTapbiMM aAbTEPHATUBHbBIMM

In general, the floodplains of the Talas and
Chu rivers turned out to be less populated by
EIEs, despite the high proportion of tall trees
suitable for making eagle nests in the flood-
plains. Avoidance of floodplains is due to the
species’ attraction to colonies of the GCreat
Gerbil and Yellow Ground Squirrel, which are
concentrated mainly in the sand on the ter-
races, and, possibly, to the increased distur-
bance of eagles by vacationers and fishermen
in the floodplains.

The tree plantations most densely habitu-
ated by the EIE were the artificial forests along
the southern edge of the Moyinqum Sands.
At the same time, it was found that the eagle
does not inhabit forest belts along farmland
on the plain between the sands and Talas Ala-
tau mountins, more than 4 km away from the
sands.

In further analysis, we also included 3 nests
in 2 breeding territories found by G. Pulikova
in 2021 in the Chui part of the Moyinqum
Sands (Karyakin et al., 2023) and 2 breeding
territories found by I. Karyakin and T. Bara-
bashin (Karyakin, Barabashin, 2006; Karyakin
et al., 2023) on the terrace of the Chu river
near the Juantobe village in 2005.

The distances between active and old al-
ternative nests of the EIE within one breeding
territory varied from 0.05 to 2.32 km, aver-
age (n=12) 0.48+0.66 km. On two breeding
territories with successful breeding in both
years of research (in 2022 and 2023), eagles
changed nests, building completely new nests
0.28 and 1.17 km from the previous ones.
The maximum distances are typical for natural
Saxaul forests inside the massif of hilly sands;
the minimum distances are typical for artificial
forests on the periphery of the sand massif.
The distances between neighbors change in
the same proportion, being maximum inside
the sand massif and minimum along its pe-
riphery.

Distances between the closest neighbors of
the EIEs according to our data for 2022-2023
and data from datasets for previous years (Kar-
yakin et al., 2023) ranged from 1.41 to 89.12
km. In territories where we exclude the omis-
sion of nesting sites, the distances between
nearest neighbors varied from 1.41 to 20.6
km, average (n=27) 6.28=4.9 km (Fig. 3).

Distances from EIE nests to the nearest farms
or nearest buildings in settlements varied from
0.13 to 4.41 km, average (n=55) 1.52+0.91
km.

Of the 54 described nesting structures of the
EIE, only 6 nests (11.11%) were built on the
metal crossarms of concrete poles of 110 kV
power lines. The majority of nests (75.93%)
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TunudHsle rHésaa
OpAa-MOMMAbHUKA B
MCKYCCTBEHHbIX AeCax
I0r0-BOCTOYHOM KPOMKM
Mo/ibiHKYMOB.

®Doro E. LLIHariaep.

Typical nests of the
Eastern Imperial Eagle in
the artificial forests of the
south-eastern edge of the
Moyinqum Sands.
Photos by E. Schnayder.

FHE3AAMM HA 3aHATLIX OPAAMM y4aCTKax; Ha
271 yyacTke OOHapy>KeHbl XMAbIE THE3Aa U Ha
4-x — 3aHATble, HO Oe3ycneluHble (3) MAM CBe-
»Kune Habpockm (1) Ha MOMEHT 0OCAeAOBaHMS;
BCE BHOBb BbIIBAEHHbIE THE3A0BbIE Y4aCTKM
pacnoAaraAnCb B MCKYCCTBEHHbLIX MECKOy-
KPENMTEAbHbIX AECOHACAXKAEHMAX  KPOMKM
MOoVibIHKyMOB; OAMH THE3A0BOM Y4acCTOK, Ha
KOTOPOM He OOHapy>eHO rHe3A0, OblA Bbi-
SBAEH B AECOMOAOCAX CPEAM CEAbXO3YrOAMi
B 2,5 KM I0)KHEE KOMKM NecKoB MOWbIHKYM
(taba. 1, puc. 2). Takke B 3TOT roa nocetia-
AUCb 6 THE3AOBbLIX Y4aCTKOB, BbIIBAEHHbLIX B
2022 r., Ha KOTOPbIX OCMOTPEHO 7 THE3A, B
3-X M3 KOTOPbIX OTMEYEHO YCrellHoe pas-
MHOXEHME M Ha 3-X yyacTkax HabAIOAAAMCh
3aHdTble, HO Oe3ycreLlHble (MyCTble) rHé3Aa.
B obuueii croxxHoctn B 2023 1. BbIAO OCMO-
TpeHo 40 rHé3A OpAa-MOrMAbHMKA.
[Nocewenne  AHAAcalcKoro  3aKasHuka
MoKa3aAo, YTO OPEA-MOIMALHUK 3A€Chb MOA-
HOCTBLIO BbITECHEH M3 AOAMHBLI p. Yy opaa-
HOM-OEAOXBOCTOM, HYMCAEHHOCTb KOTOPOrO
MPOAOAXKAET pacTu. B ueaom noimbl Taraca
n Yy oKa3aAMCb MeHee HaCeAEHHbIMM OpAa-
MU-MOTUAbHMKAMM, HECMOTPA Ha BbICOKYIO
AOAIO BLICOKMX AEPEBLEB, MOAXOAALLIMX AAS
YCTPOWCTBA OPAMHBIX THE3A, UMEHHO B MOW-
Max. M3beraHue noim CB43aHO C TArOoTeHu-

were located on Chinese Elm (Ulmus parvi-
folia), 5.56% each on Desert Poplar (Populus
sp.) and Saxaul (Haloxylon sp.) and one nest
(1.85%) was built on Silverberry (Elaecagnus
sp.) (n=54, Fig. 4). Nests in trees were mostly
located in the forks of the trunk (57.78%), to
a lesser extent (20% each) — at the base of
branches or on branches away from the trunk.
One nest (2.22%, n=45) was made at the top
of a broken trunk. In 57.78% of cases (n=45),
the nests were located in the upper third of
the tree, in 40% — in the middle, and in 2.22%
—in the lower third (Fig. 5). The height of nests
in trees varied from 1.5 to 12 m, averaging
6.97+3.09 m (median 6.0 m) (n=47, Fig. 6).

In 2022, clutch size in April-May in in-
spected nests varied from 1 to 3 eggs, average
(n=6) 2+0.63 eggs per successful nest and
(n=9) 1.56x1.01 eggs onto the active nest
(Fig. 7). The size of the broods before nest-
lings fledged varied from 1 to 3 nestlings, av-
erage (n1=5) 2=0.71 nestlings per successful
nestand (n=9) 1.11+1.17 nestlings per active
nest (Fig. 7). In July we ringed 10 nestlings in
five nests. After fledge, the complete death of
one brood (2 nestlings) and the partial death
of another brood (1 nestling out of 3) was
noted. Thus, in the dependent post-breeding
period, the size of the broods varied from 1
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TabA. 1. [He3A0Bble y4acTKM OPAOB-MOrMAbHUKOB (Aquila heliaca), BbisiBAeHHbIE B 2022-2023 rT.

Table 1. Breeding territories of the Eastern Imperial Eagles (Aquila heliaca) found in 2022-2023.

Aong ot YcnewHbie  AoAd OT uncaa

obuiero uncAaa  ruésaa Ha 3aHATbIX 3aHsTble rHe3A0Bble

BbISIBAEHHbIX MOMEHT rHe3A0BbIX y4acTku, He

MokuHyTble  3aHdaTble THe3A0BbIX nepBoi y4acTkoB, % NMOATBEpXKAEHHbIE

rHe3A0Bble THE3AOBble  Y4aCTKOB, %  MpPOBEPKU Share of the HaXOAKOM FHé3A

THe3A0BblE yuyactku  yuactku  Share of the  Successful  total number  Occupied breeding

yuyactkn Abandoned Occupied total number nests at the of occupied territories not

MAowaaku Breeding breeding  breeding  of breeding time of first breeding confirmed by finding

Plots territories  territories territories territories, % observation territories, % nests

1 4 0 4 10.53 3 75.00 0

2 9 0 9 23.68 3 33.33 1

3 24 0 24 63.16 21 87.50 1

Bne naowaaok 2 1 1 2.63 0 0 0
Outside of plots

Bcero /Total 39 1 38 100 27 71.05 2

Aoas / Share, % 100 2.56 97.44 69.23 5.13

€M BMAA K KOAOHMAM OOABLLIOM NecYaHKu M
JKEATOIO CYCAMKA, KOTOpPble COCPEAOTOUEHbI
MPEMMYLLECTBEHHO B MeCKax Ha Teppacax, a,
BO3MOXXHO, W MOBbILLEHHbIM dpakTopom Bec-
MOKOMCTBA OPAOB OTAbIXAIOLLMMK U pbiDaKa-
MM B MOMMax pek.

Hanboaee NAOTHO HACEAEHHBLIMWU OPAOM-
MOFMABHUKOM APEBECHbIMM  HACAKAEHUAMM
OKa3aAMCb  MCKYCCTBEHHblE  MEeCKOyKpernu-
TEAbHbIE A€CA BAOAb I0XKHOM KPOMKM MECKoB
MoWibiHkyM. [Tpu 3TOM OBIAO BbISICHEHO, HTO
OpPEA He 3aceAsieT AeCOMOAOCHI BAOAb CE€Ab-
XO3YrOAMM Ha pPaBHMHE MEXAY MecKammu wu
Tanacckum AnaTay, yaar€HHble OT neckos 60-
A€e YeM Ha 4 KM.

B AaAbHEMLWIMI aHaAM3 Mbl TakXKe BKAIO-
YMAM 3 THE3Aa Ha 2-X THE3AO0BbIX ydacTKax,
BbiiBA€HHbIX . [yAankoson B 20271 r. B npu-
YYMCKOW 4acTu neckoB MolbiHKyM (KapsakuH

to 2 fledglings, average (n=4) 1.75+0.5 fledg-
lings per successful nest and (n=9) 0.78+0.97
fledglings per active nest. The overall breed-
ing success for all observed nests was (n=9)
44.44%, and the reproductive efficiency was
58.33% (7 fledglings relative to 12 eggs laid).

During a repeated visit to the breeding ter-
ritories, it was found that in a brood of 3 nest-
lings, the youngest fledgling, weakened due
to hunger, was caught by local residents, fed
for several weeks on a farm located next to
the nest, and after becoming stronger, was re-
leased and flew away.

Species Distribution Modeling

Analysis of mean values of environmental
variables for EIE presence points using a Stu-
dent’s t-test showed that they were significant-
ly different from those of random points. Con-
sidering that the EIE breeds on the plain, the
geomorphological characteristics of breeding
territories and random points turned out to
be almost the same, however, the nests of ea-
gles were confined to slightly higher elevation
(from 171 to 633, on average 483.18+141.47
m above sea level) with less rugged terrain (tri
0.05-2.34, average 0.62+0.57) than random
points (80-618, average 415, 98+118.68 m

Puc. 2. [He340Bble yuacTku opaa-mMoruAbHuKa (Aquila
heliaca), ocmoTperHble B neckax MoiibiHKym (KOXHbiki
KasaxcraH).

Fig. 2. Breeding territories of the Eastern Imperial Eagle
(Aquila heliaca) that were surveyed in the Moiynqum
Sands (South Kazakhstan).
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n ap., 2023) 1 2 rHe3A0BbIX y4acTKa, BblisiB-
AeHHbIX M. KapsakuHbim 1 T. bapabalunHbim
(KapsikuH, bapabawmn, 2006; KapskuH u ap.,
2023) Ha Teppace p. Yy 6An3 c. XKyaHTobe B
2005 .

and tri 0.11-3.24, on average 0.87%0.72;
Fig. 8). Fourteen of fifteen global habitat spa-
tial heterogeneity variables calculated from
the MODIS Enhanced Vegetation Index (EVI)
(Table 2) showed that EIEs nest at locations
with higher EVI scores than random sites,
with a high level of reliability of the differ-
ence in means (p<0.0003) and gravitate to-
wards ecotone plant communities of the de-
sert, be it artificial (EIm forest belts) or natural
(Saxaul) forests (Fig. 8). High summer NDVI
values determined the breeding distribution
of the EIE (0.11-0.49, average 0.30%0.09),
relative to random points (0.14-0.51, average
0.21x0.07; p <0.0003) (Fig. 8). More com-
plex was the connection between eagles and
farms, which determine the distribution of the
EIE over the territory, but, at the same time,
limit it. Most random points were located on
average 4.38+4.37 km from the farms, with a
huge range of distances from 0 to 20 km (Ta-
ble 2, Fig. 8). The eagles distanced themselves
from the farms further than 100 m, avoiding
disturbance, but at the same time tried to nest
at a distance of 1.5+0.91 km from them, but
no further than 4.5 km, in order to success-
fully develop the food resource concentrated
near the farms (rodents , pigeons, corvids, car-
rion).

Classification of Alos and Landsat images
into 21 points of EIE nests in 2022 showed a
wide range of distribution of tree and shrub
plantings in the southeastern part of Moyin-
qum Sands with a high probability of eagles
nesting here (Fig. 9). During modeling we cut
off part of the forests unsuitable for breeding
of the EIE on the left bank of the Talas river
and in the Kuragaty river valley. Modeling
showed the importance of sand-reinforcing
artificial forests on the southeastern edge of
the Moyinqum Sands, which was surveyed in
2023 (zone A in Fig. 9), and the data on it
significantly clarified the species distribution
model in Moyinqum, the results of which we
describe below.

Puc. 3. AuctaHumm (B km): MeKAY OAMIKaKLLIMMM CO-
CeAIMU OPAA-MOTMALHMKA 110 BCEMY KOMIMAEKCY MHE3A
— AT 1 TOAbKO 110 rHE3AaM B MCKYCCTBEHHbIX A€Cax
I0r0-BOCTOKA MCCAEAYEMOI TeppuTopumn — A2, a Takxe
AMCTaHLMM OT FHE3A OPAA-MOTMAbHMKA AO BAMKaMLLINX
chbepm — B.

Fig. 3. Distances (in km): between the nearest neighbors
of the Eastern Imperial Eagle across all known nests — A1
and only for nests in artificial forests in the southeast of
the study area — A2, from the Imperial Eagle nests to the
nearest farms — B.
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Puc. 5. XapakTep ycTpoiicTsa rHé3a opramMn-mMOruAbHUKaMu B neckax MoibIHKYM.

Fig. 5. Eastern Imperial Eagle nest locations in Moyinkum Sands.

ANCTaHUMKM MEXAY aKTMBHbIMW M CTapbl-
MM aAbTEPHATUBHBIMM THE3AAMM  OpPAA-MO-
FMABHMKA B MPEAeAaX OAHOMO FHE3A0BOro
ydacTka u3meHsaAncb ot 0,05 Ao 2,32 kM,
coctaBus B cpeaHem (n=12) 0,48=0,66 KMm.
Ha AByx rHE3A0BbIX y4acTKax C YCMEeLLHbIM
pa3sMHoOXXeHWMemM B 00a roaa MCCAeAOBaHMM
(8 2022 1 2023 rr.) OPABI CMEHWMAM THE3AO-
Bble MOCTPOMKK, MOCTPOMB COBEPLUEHHO HO-
Bble rHé3aa B 0,28 1 B 1,17 KM OT NpexxHMX.
MakcrmanbHble AMCTaHUMM XapakTepHbl AAS
€CTeCTBEHHbIX CaKCayAbHMKOB BHYTPM Mac-
c1Ba OYrpuCTbIX NECKOB, MUHUMAAbHbIE — AAS

Puc. 4. Mecra ycTpo#icTsa rié3a opAamMmu-mormabHmKa-
Mu B ieckax MOMbIHKYM.

Fig. 4. Places of the Eastern Imperial Eagle nest
constructions in Moyinqum Sands.

To classify images for the purpose of final
modeling of the distribution of the EIE using
the Random Forest (RF) method, we selected
variables for 6 models (Appendix 1#4):

— Model 1 (M1) includes Elevation (NASA-
DEM) + Landsat,

— Model 2 (M2) includes Elevation (NASA-
DEM) + Alos+ Landsat,

— Model 3 (M3) includes 8 variables from
3 remote sensing products (NASADEM, Geo-
morpho90m, and Clobal Habitat Heteroge-
neity), which are especially important accord-
ing to the Student’s t-test (p<0.0003) for sam-
pling points of presence and random points
without multicollinear variables in the sample,
ESA WorldCover 10m v100 and unclassified
Alos and Landsat images (NDVI calculation
and all channels for July 2018-2021),

— Model 4 (M4) includes 5 variables from
3 remote sensing products (NASADEM, Geo-
morpho90m, and Clobal Habitat Hetero-
geneity), which are especially important ac-
cording to Student’s t-criterion (p<0.0003)
for sampling points of presence and random
points without multicollinear variables in the
sample, and unclassified Landsat images (cal-
culation of NDVI, blue and NIR channels for
July 2018-2021),

— Model 5 (M5, basic model) includes 5
variables from 3 remote sensing products (NA-
SADEM, Geomorpho90m and Global Habitat
Heterogeneity), which are especially impor-
tant according to Student’s t-test (p<0.0003)
for sampling points of presence and random
points without multicollinear variables in the
sample, unclassified Alos and Landsat images
(NDVI calculation, blue and NIR channels for
July 2018-2021),

— Model 6 (M6) includes uncorrelated vari-
ables: 10 variables from 3 remote sensing
products (NASADEM, Geomorpho90m, and
Global Habitat Heterogeneity), ESA World-
Cover 10m v100, HH channel of the unclas-
sified Alos image, NDVI calculation, blue and
NIR channels of unclassified Landsat images
for July 2018-2021 and the red channel for
September 2018-2021.

Cross-validation showed the best result for
probabilistic models M4, M5, and M6 (Table 3).
The out-of-bag error (OOBE) for the 20 RF
trees was 0.19, 0.19, and 0.15, respectively
(Fig. 10). In M4, the coefficients of regres-
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MCKYCCTBEHHbIX AECOHACaXAEHWI nepudpe-
pUM MecYaHoro maccuBa. Buammo B Ton xe
MPOMOPLMN UBMEHSIOTCA AUCTAHLIMKM MEXKAY
COCeASIMM, SBAAACh MAKCUMAAbHbIMW BHYTPU
Mec4yaHoro MaccmMBa M MMHUMAAbHBIMM O
ero nepudpepmu.

AnctaHummn  Mexay OAMMKarLLIMMK - coce-
ASIMMU OPAA-MOMMABHMKA MO HALUMM AaHHbIM
2022-2023 rr. u AaHHbIM M3 AaTaceToB 3a
npeablayme roabl (Kapakmt u Ap., 2023) Ba-
pbmposaan ot 1,41 Ao 89,12 kM. Ha teppu-
TOpMSX, FAE MPOMYCK FTHE3A0BbIX YHaCTKOB Mbl
MCKAIOHAEM, AMCTaHLMKM MeXAY OAMKanLIn-
MK coceasimmn BapbupoBsaam oT 1,41 ao 20,6
KM, COCTaBMB B cpeaHem (n=27) 6,28*+4,9
KM (puc. 3).

AncTaHuMK OT THE3A OPAA-MOIMMABHUKA AO
HGAKANLLMX dpepM MAM BAMXKAMLLMX CTPO-
€HUIN HACEAEHHbIX MYHKTOB M3MEHSAMCH OT
0,13 a0 4,41 KM, CcOCTaBMB B CpeaHem (n=55)
1,520,971 km.

M3 54 onucaHHbIX FHE3AOBbLIX MOCTPOEK
OpAQ-MOrMAbHUKA TOABKO 6 THE3A (11,11%)
ObIAM YCTPOEHbI Ha METaAAMYECKMX TpaBep-
cax 6eToHHbIx onop A3l 110 kB. boAbLuMH-
CTBO He3A0BbIX MocTpoek (75,93%) pac-
MOAArAAMChb Ha BSI3aX MEAKOAMCTHbIX (Ulmus
parvifolia), no 5,56% — Ha Typanre (Populus
sp.) u cakcayae (Haloxylon sp.) u 0aHO rHe3a0
(1,85%) 6bIrO ycTpOeHO Ha Aoxe (Elaeagnus
sp.) (n=54, puc. 4). THé3aa Ha AepeBbsX
6onbLLel HacTbio (57,78%) OblAM pa3melle-
Hbl B Pa3BMAKax CTBOAA, B MEHbLLUEN cTene-
HU (N0 20%) — y OCHOBaHMS BETBEM MAM Ha
BETBSX B yAaAeHMM OT CTBOAA. OAHO rHE3A0
(2,22%, n=45) BbIAO YCTPOEHO Ha BepLUMHE
cAoMa cTBOAA. B 57,78% cayyaeB ruésaa pac-
noAaraAucb B BepxHei TpeTu aepesa, B 40%
— B cepeanHe, 1 B 2,22% (n=45) — B HWXHeN
Tpetu (puc. 5). BuicoTa pacnoAoeHus rHé3a

Puc. 6. Boicota ycTpoiicTBa rHé3a opAamMm-MOrMAbHUKa-
MU Ha AepeBbsiX B neckax MombIHKyM.

Fig. 6. The height of the Eastern Imperial Eagle nest
locations on the trees in Moyinkum Sands.

sion determination (R2) for the training and
test samples turned out to be the same — 0.78
with AUC-ROC=1. Despite the high AUC-
ROC scores, we did not notice any overtrain-
ing of the model or a significant decrease in
the modeling result on the test set.

EIE habitat suitability was determined by
6 (M5) to 9 (M6) variables in different RF
models. The largest contribution to M4 was

Puc. 7. Pazmepbl KAQAOK 1 BbIBOAKOB OPAOB-MOIMAbHM-
KOB B rieckax MovibiHKym 1o pe3yAbTaTam MCCA€AOBa-
Hui 2022 T

Fig. 7. The Eastern Imperial Eagle clutch and brood sizes
according to research results in Moyinqum Sands in 2022.
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BapuaHTs pacriono-
JKeHMs rHE3A OpAa-Mo-
MMAbHMKA Ha A€PEBbSX
B neckax MoubIHKyMm.
Doro E. LLHakirep n
U. KapsikuHa.

Variants of the nest
locations of the Eastern
Imperial Eagle in trees

in the Moyinqum Sands.

Photos by E. Schnayder
and I. Karyakin.

Ha AepeBbax BapbupoBasa OT 1,5 A0 12 M,
COCTaBAsifl B cpeaHem 6,97+ 3,09 M (MeanaHa
6,0 M) (n=47, puc. 6).

B 2022 r. pasmep KAaaoK B anpeae-mae B
OCMOTPEHHbIX MHE3AaX BapbupoBaA oT 1 A0 3
1L, COCTaBMB B cpeaHem (n=6) 2+0,63 aiua
Ha ycnewHoe rHes3ao u (n=9) 1,56x1,01
fila Ha aKTMBHOe rHe3Ao (puc. 7). Pasmep
BbIBOAKOB AO BbiA€Ta MTEHLOB BapbUMpPOBaA
oT T A0 3 NTEHUOB, COCTaBMB B CpPEAHEM
(n=5) 2x0,71 NTEHUOB Ha yCnewHoe rHe3-
A0 M (n=9) 1,11%x1,17 NTEHUOB Ha aKTUBHOE
rHe3A0 (puc. 7). B mioae Mbl okoabuesaan 10
NTEHLOB B NATW rHE3aax. [locae BbireTa OT-
MeyeHa MoAHas rmbeAb OAHOrO BbiBOAKA (2
nTeHua) M YacTnyHas rmbeAb Apyroro Bbl-
Boaka (1 nTeHeu u3 3-X). Takum obpasom, B
3aBMCHMMbII MOCAETHE3A0BOM MEPUOA pasmep
BbIBOAKOB BapbMpOBaA OT T A0 2 CAETKOB, CO-
cTaBuB B cpeaHem (n=4) 1,75x0,5 cA€TKoB
Ha ycnewHoe rHes3ao n (n=9) 0,78+0,97
CAETKOB Ha aKTMBHOE rHe3a0. O6Lmii ycnex
Pa3sMHOXEHMS MO BCEM MPOBEPEHHbIM FHE3-
Aam cocTaBuA (n=9) 44,44%, a acpdpexTyB-
HOCTb Pa3MHOXEHUA — 58,33% (7 caeTkoB
OTHOCUTEABHO 12 OTAOXKEHHbIX SuLL).

B xoae MOBTOPHOro noceLleHns rHe3A0BbIX
Y4acTKOB ObIAO BbISICHEHO, YTO B BbIBOAKE M3
3-X MTEHLOB MAAALLIMIA CAETOK, OCAAOEBLLIMMA
M3-32 TOAOAQ, ObIA MOMMaH MECTHbIMU >KWTe-
ASIMM, HECKOAbKO HEAeAb AOKaPMAMBAACH Ha
dpepMe, PacroAOXKEHHOW PSIAOM C FTHE3AOM, U
rocAe TOro Kak oKpert, ObIA BbIMYLLEH U YAETEA.

Moaeanposanne pacnpocrpaHeHus
AHaAM3 CpeAHMX 3HauyeHWid MnepemeHHbIX
OKpY>KaloLLIel CpeAbl AAS TOHEK MPUCYTCTBUS

made by Landsat channels and Normalized
dispersion of EVI (cov), in M5 — Normalized
dispersion of EVI (cov) along with Disorderli-
ness of EVI (entropy), NDVI calculated from
Landsat images for July 2018-2021, Landsat
NIR channel and Alos HV channel, in M6 —
Landsat and NDVI channels, Alos HH chan-
nel, Normalized dispersion of EVI and Linear
dependency of EVI on adjacent pixels (corr),
Compound topographic index (cti) and El-
evation, as well as classified grasslands in ESA
WorldCover. In all three models, Landsat and
Normalized dispersion of EVI variance made
important contributions to positive classifica-
tions (Fig. 11). This was expected and is in
good agreement with the non-randomness of
eagles’ choice of nesting habitats, which was
confirmed using the Student’s t-test.

We averaged the results from M4 and
M6 and produced a resulting raster based
on the probability of imperial eagle pres-
ence ranging from 75% to 100%; (Fig. 12).
The area of biotopes suitable for breeding
of the ElEs, according to this classified im-
age, was 5086.52 km? — 1634 clusters with
an area from 0.07 to 279.88 km?, on av-
erage 0.48+3.21 km?. The area of EIE habi-
tats was determined based on half the average
distance between nearest neighbors (3.14 km)
and amounted to 61053.3 km? (a single
large cluster with an area of 51205.97 km?,
the 2™ also quite large cluster with an area
of 2259.26 km? and 109 clusters with an
area from 25.8 to 655.21 km?, on average
69.62+82.75 km?).

A fairly large array of forest belts and ar-
tificial forests, located away from the sands
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OpPAa-MOIMAbHMKA MOCPEACTBOM t-KpUTepums
CTbloAeHTa, MOKa3aA, YTO OHM 3HAYMTEALHO
OTAMYAAUCH OT TaKOBbIX CAyYalHbIX TOYEK.
YunTbiBas TO, YTO BMA FHE3AMTCS Ha PaBHM-
He, reoMopdPOAOrMUEeCKME XapaKTepUCTH-
KM THE3AO0BbIX YYaCTKOB M CAyYaiHbIX TOHEK
OKa3aAMCb MPaKTUHECKM OAMHAKOBbIMMK, TeM
HE MeHee, MHEe3A0BbIe Y4YaCTKM OPAOB ObiAM
MPUYpPOYEHbl K HECKOABKO OOALLUMM BbICO-
Tam (BbiCOTa Haa ypoBHem Mopsi / elevation
oT 171 A0 633, B cpearHem 483,18x141,47 m
HaA YPOBHEM MOp$I) C MeHee nepece4&éHHOM
MECTHOCTbIO (MHAEKC NepecedeHHOCTU MeCT-
HocTm / tri 0,05-2,34, B cpeatem 0,62+0,57),
Yyem cAydaiHble Toukn (180-618, B cpeaHem
415,98=118,68 m 1 0,11-3,24, B cpeaHem
0,87%+0,72, cooTBeTCTBEHHO; puC. 8). Ye-
TbIpHaALATL M3 MATHAALATM  MEePeMEHHbIX
NPOCTPAHCTBEHHOW HEOAHOPOAHOCTU  TAO-
GaAbHOM Cpeabl OOMTaHMs, pacCHUTaHHbIX
Ha OCHOBE YCOBEPLUEHCTBOBAHHOIO BereTa-
UMoHHOro nHaekca (EVI), noayvernHoro c no-
Molbio cnekTpopaavomeTpa MODIS (taba.
2), NOKa3aAu, UYTO OPAbI-MOFMAbHUKM FHE3-
ASITCS B MecTax C OoAee BbICOKMMM NoKasa-
Teaammn EVI, uem cayyaliHble TOYKM, C BbICO-
KMM YPOBHEM HAAEKHOCTM Pa3HMLIbI CPEAHMX
(p<0,0003) n TAroTeIOT K 3KOTOHHbLIM pac-
TUTEAbHbIM COODLLECTBaM MYCTbiHM, OyAb TO
MCKYCCTBEHHbIE (BA3OBbLIE AECOMOAOCHI) MAM
€CTeCTBEeHHbIE (CaKCayAbHMKM) A€COHACaX-
AeHmns (puc. 8). Bbicokme AeTHMe mnokasaTte-
A NDVI 6biAn onpeaeAsiolmmMmn rHe3aosoe
pacnpocTtpaHeHue opaa-MoruabHmka (0,11-
0,49, B cpeaHem 0.30%=0.09), oTHOCUTEAL-
HO CAyvaiHbIx Tovek (0,14-0,51, B cpeaHem
0,21+0,07; p<0,0003) (puc. 8). boaee crox-
HOM OKa3anacb CBSA3b OPAOB C dpepmam,
KOTOPbIE OMPEAeAAIOT pacrpeAeAeHne op-
AQ-MOTMABHMKA MO TEPPUTOPUK, HO, B TOXE
BPEMS, M OFPaHUYMBAIOT ero. BOAbLIMHCTBO
CAYYaMHbIX TOYEK ObIAM YAAAEHbLI B CPEAHEM
Ha 4,38=4,37 KM OT cpepM NPU MMraHTCKOM
paszbpoce anctaHumii ot 0 A0 20 km (Taba. 2,
puc. 8). OpAbl AMCTAHLMPOBAAKUCE OT dpepm
aanee 100 m, usberas cpaktopa Hecrokoi-
CTBAa, HO MPU 3TOM CTapaAMCb FHE3AUTLCS
B YAaA€HMM OT HUX Ha 1,5+0,91 kM, HO He
aaree 4,5 KM, 4TOObI ycnewHo ocBauBaTb
KOPMOBOM pecypc, KOHUEHTPUPYIOLLMIACA Y
dpepm (rpbi3yHbl, rOAYOHM, BpaHOBbIE, MaAaAb).

Kraccndpukaums  msobpaxenuii  Alos  u
Landsat no 21 Touke rHé3A OPAOB-MOIMABHM-
KoB B 2022 r. nokasaa LUMPOKMI AMAMNa30H
pacnpeAeAeHmust  APEBECHO-KYCTapHUKOBbIX
HaCa>XAEHWIA B IOro-BOCTOYHOM YacTn Moii-
bIHKYMOB C BbICOKOW AOA€W BEPOSTHOCTM
rHe3A0BaHMS 3AeCb OPAOB (puc. 9). Moaean-
poBaHue, B XOAE KOTOPOrO Mbl OTCEKAM 4aCTb

on the left bank of the Talas river, has been
identified as biotopes suitable for nesting of
the EIE, and on the foothill plain at the foot
of the Kyrgyz ridge between the sands and
mountains on the left bank of the Chu river
in intensively developed for agricultural plac-
es (524 clusters from 0.12 to 1.46 km? with
a total area of 115.43 km?). Such biotopes
are actually suitable for nesting for eagles
in the Eastern Balkhash region, but in the
territory we are considering, eagles are
not so tolerant of disturbance and do not
breeding in forest belts surrounded by cul-
tivated fields. Therefore, we cut out these
areas from the main contour of breeding
biotopes and habitats of EIEs, classifying
them as potential areas into which eagles
can penetrate as their numbers increase.
We identified these territories instrumentally
based on the geometry of the cultivated fields.
Thus, the total area of biotopes suitable for
breeding of the EIE was 4971.09 km?, and
habitats — 55073.86 km? (Fig. 12).

Since we tested the model in the field and
found nests of the EIE throughout the entire
predicted zone of its potential nesting along
the southeastern edge of the sands in the terri-
tory surveyed in 2023, we considered valida-
tion of the resulting raster using external data
sets unnecessary.

Moran’s test weight matrix for M4 and M6
was calculated using the 5 nearest neighbors
for the EIE presence points used to build the
models. Moran | (M=SD) for M4 0.07+1.18,
expectation -0.02, variance 0.0054, p-value
= 0.12) and M6 0.089+1.47, expectation
-0.02, variance 0.0054, p-value = 0.07)
showed that the geographic distances be-
tween the points of presence of the EIE and

[TTeHLbl OpAa-MOTrMAbHUKA, MOMEHEHHbIE LUBETHbIMM
KOAbLIamm POCCHIACKOM CETH M3yHeHMs M OXpaHbl nep-
HaTbIX XMLUHUKOB MO cxeme A OxHoro Kasaxcrana.

@oto M. KapsikuHa.

Eastern Imperial Eagle nestlings, ringed with colored
rings of the Russian Raptor Research and Conservation
Network according to the scheme for Southern
Kazakhstan. Photo by I. Karyakin.
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Taba. 2. CpasHenune (M=SD, lim) mexxay 37 nepemeHHbimuM, ONPeAeASIOLUMMM Ka4yeCTBO CPeAbl AASt 55 TOUeK MPUCYTCTBUS OPAA-MOTrMAbHUKA M
55 caydaliHbix Todek. B Tabanue nokasaHo 3Havenme t-kputepusi CTbIOAGHTA AAS Pa3HULIbI MEKAY CPEAHUMU. BaskHble nepemenHble BbIACAEHb!
SKUPHBIM LIPUEPTOM. B 6a30BYyI0 MOAEAL BKAIOYEHBI NepemeHHble, K0aghchuumeHT koppesimm Crinpmena KoTopbix <0,75. KoAbl nepemeHHbIX
cMm. B [puroxenmm 14,

Table 2. Comparison (M=SD, lim) between 37 environment quality variables for 55 Eastern Imperial Eagle breeding points and 55 random points.
The table shows the value of the 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 1% for variable codes.

BxAouénHblie

OTAMYHBbIE B Ga3oByl0

oT  moaeAb (M5)

cayqaiHbix  Included in

lMepemeHHble Different  base model

Touku npucyTcTBus CayualiHble TOUKH

Variables from random (M5) Breeding points Random points
dist-farm 1 1.52+0.91 (0.13-4.41) 4.38+4.37 (0-20.14)
elevation 1 483.18+141.47 (171-633) 415.98+118.68 (180-618)
cti 0.78%+2.16 (-1.18-+9.00) 0.93+1.85 (-1.63—+5.84)
tri 1 0.62+0.57 (0.05-2.34) 0.87+0.72 (0.11-3.24)
slope 0.39%+0.41 (0.02-1.67) 0.50%+0.47 (0.04-1.81)
aspect 141.42+108.23 (0-334.92) 151.69+114.76 (0-344.59)

0.00001+0.00002 0.00009=0.0000003
vrm (0.0000001-0.000078) (0.0000003-0.00066)
roughness 1.99+1.85 (0.18-7.20) 2.71%+2.3 (0.30-9.59)
tpi 0.09+0.31 (-0.77-+1.46) 0.17x0.55 (-0.42-+3.03)
spi 0.12x0.55 (0.000072-3.19) 0.05+0.17 (0.0001-0.79)
geom 1 1.27+1.01 (1-6) 1.84*+1.72 (1-8)
cov 1 998.45+448.43 (104-2281) 659.98+421.17 (141-1852)

99821.84+84335.25

contrast 1 (1520-351418) 35321.11+40168.68 (802-187734)

corr

2715.16%+1662.68 (-687-+5456)

2318.87+1586.06 (-882-+5432)

dissimilarity 1 22055.96+10429.29 (1520-45471) 11548.64+7594.49 (802-32409)
entropy 1 25065.62+4973.95 (5790-29585) 19656.6+6632.19 (2576-28019)
homogeneity 1 4108.07+1600.71 (1935-9240) 6026.29+1817.31 (2896-9599)
maximum 1 1793.13+1384.56 (719-8303) 3190.76+2022.69 (972-9198)
mean 1 2582.64+658.01 (1304-4167) 1964.02+707.41 (1255-3763)
pielou 1 8886.65+1397.97 (0-9882) 8357.07+1327.66 (4411-9814)
range 1 897.00+435.95 (50-2188) 469.56+324.37 (62-1245)
shannon 1 17582.40+4709.06 (0-24803) 12772.36+5274.89 (3057-21332)
simpson 1 7702.44+1578.14 (0-9059) 6331.64+1957.20 (1683-8673)
sd 1 262.53+134.43 (14-661) 135.85+96.43 (18-413)
uniformity 1 1158.95+1181.51 (541-7057) 2222.60+1769.52 (652-8635)
variance 1 78148.05+79800.76 (842-374902) 26070.25+32229.86 (361-166797)
WorldCover class (WC) 29.82+10.80 (20-60) 31.09+ (20-60)
WC Shrubland 1 0.000009+0.000012 (0-0.000025) 0.000004£0.000009 (0-0.000025)
WC Grassland 0.000015+0.000012 (0-0.000025) 0.000018+0.000011 (0-0.000025)
WC Cropland 0.0000005+0.000003 (0-0.000025) 0.0000010.000005 (0-0.000025)
WC Bare 0.000003+0.000008 (0-0.000025) 0.0000020.000006 (0-0.000025)
NDVI_july-2018-2021 1 0.29+0.09 (0.11-0.50) 0.20+0.06 (0.13-0.52)
Landsat_blue_july-2018-2021 1 0.08+0.02 (0.05-0.14) 0.09+0.02 (0.05-0.12)
Landsat_green_july-2018-2021 1 0.13+0.03 (0.09-0.20) 0.14+0.02 (0.09-0.18)
Landsat_red_july-2018-2021 1 0.16+0.04 (0.09-0.25) 0.17+0.04 (0.09-0.24)
Landsat_NIR_july-2018-2021 1 0.28+0.03 (0.22-0.32) 0.26+0.03 (0.19-0.36)
Landsat_SWIRT1_july-2018-2021 1 0.32+0.04 (0.25-0.39) 0.33+0.03 (0.23-0.41)
HH_2018-2021 1 2337.28+889.1 (1121-4674) 1429.00+304.22 (852-2102)
HV_2018-2021 1 947.88+482.23 (234-2090) 468.24+139.77 (257-1059)

Mpumeyvanns / Notes:

* PaclundppoBka cokpaLLieHHit 1 onmncaHue nepeMeHHbIX AOCTYMHbI B Mpuaoxenun 14/ Breakdown of abbreviations and

description of variables is available in Appendix 14)
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AECOMOCAAOK, HEMPUIOAHBIX AASI THE3AOBa-
HUS OpPAa-MOMMAbHMKA B AeBOoDepexbe p. Ta-
AaC 1 B AOAMHe p. KyparaTbl, MOKa3aAo Bak-
HOCTb MECKOYKPENMUTEeAbHbIX AECOMOCAAOK Ha
IOr0-BOCTOYHOM KpOMKe NMeckoB MoMbIHKYM,

KoTopas Oblaa oOcAeaOBaHa B

2023 r. (3oHa A Ha puc. 9) u
AaHHbIE MO HeWl CyLeCTBEHHO
YTOUYHMAM  MOAEAb  pacrpeae-
AEHUSA BMAa B MoOMbIHKyMaX,

t-value pe3yAbTaTbl KOTOPOW Mbl OMK-
(dF=108) P coisaem Huxe.
-4.75447 0.0000 AAs Kaaccudpukaumm - m3so-
2.69883 0.0081  GpaceHMii C LEABIO UTOrOBOIO
-0.37998 0.7047 MOAEAMPOBaHMS  pacnpocTpa-
-1.99049 0.0491 HEHNS OpAA-MOIMAbHMKA Me-
-1.38624 0.1685  Toaom Random Forest (RF) mbi
-0.48280 0.6302 I‘IOAO6paAl/I nepemMeHHbIe AN 6
Moaeneid (Mpuaoxerune 14):
-1.86512 0.0649 — Moneas 1 (MT) Bkalo4a-
1.81052 0.0730 et Elevation (NASADEM) +
-1.01439 03127  landsat,
0.87316 0.3845 — Moaeab 2 (M2) BkAlodaeT
2.09763 0.0383 Elevation (NASADEM) + Alos+
4.08023 0.0001 Landsat,
— Moaeab 3 (M3) BkAlodaeT
5.12082 0.0000 8 nepemMeHHbIX M3 3-x npo-
127901 0.2036 ayktos A33 (NASADEM, Geo-
morpho90m u Global Habitat
6.03999 00000 Heterogeneity), 0cob60 BakHbIX
4.83880 00000 15 t-kputepuio  CrbioaeHTa
-5.87422 0.0000 (p<0,0003) arst BLIGOPKM TO-
-4.22863 0.0000  yek NPUCYTCTBUSA U CAYHaMHbIX
4.74863 0.0000 C Y4Y4ETOM MYAbTUKOAAMHEAP-
2.03712 0.0441 HOCTM (B BbIOOPKE OTCYTCTBYIOT
5.83370 0.0000 KOppeAupyioLumne Apyr C Apyrom
5.04482 0.0000  nepementbie), ESA WorldCover
404350 0.0001 10m v100 1 Heknaccudpmumpo-
5.67842 0.0000 BaHHble M300paxeHus Alos u
Landsat (pacuét NDVI 1 BCe ka-
-3.70739 0.0003 HaAbl 3a MioAb 2018-2021 rr.),
4.48761 0.0000 — Moaeab 4 (M4) BkAlodaeT
-0.66641 05066 5 nepemeHHbIX M3 3-x npo-
2.68826 0.0083 ayktoB A33 (NASADEM, Geo-
-1.43330 0.1547  morpho90m u Clobal Habitat
-0.58095 0.5625 Heterogeneity), 0co00 Bax<HbIX
0.65859 0.5116 no t-kputepuio CTbloaeHTa
5.78239 0.0000 (p<0,0003) ars BbLIGOPKM TO-
-2.04179 0.0436 €K MPUCYTCTBUS M CAyHanHbIX
210870 00373 C YUETOM MyAbTUKOAAMHEAD-
HOCTM (B BbIOOPKE OTCYTCTBYIOT
-2.55116 0.0121 KOPpEAMDYIOLLIME ADYT C ADY-
2.88213 0-0043 FOM MepemMeHHbIe) M HeKAacCH-
-1.99170 00489 hyumposaHHbie M306paxeHNs
7.16820 0.0000 Landsat (pacuét NDVI, cunuii
7.08492 0.0000 n NIR kaHaabl 3a nioab 2018-

2021 rr.),
— Moaeab 5 (M5, 6a3oBas
MOAEAb) BKAIOYAeT 5 nepemeH-

the predicted values of its distribution model
are not random in a positive direction (Fig.
13). At the same time, spatial autocorrelation
occurs due to the concentration of eagle nests
on the 3" plot, identified as a result of veri-
fied the first version of the model. In the final
models, it is significantly better for M6 than for
M4 but still requires attention when estimat-
ing abundance. Considering the concentra-
tion of EIE nests on the southeastern edge of
the Moyinqum Sands, we identified this zone
separately to estimate abundance (see expla-
nation below).

Population estimate

The EIE breeding biotopes (6.23%) and
habitat (4.49%) in Moyinqum Sands were
covered in the surveyed plots in 2022-2023.
The results of plot surveys are shown in Ta-
ble 4; the areas of breeding biotopes and
habitats of the EIE at the surveyed plots are
visualized in Fig. 14. Taking into account the
37 occupied breeding territories identified at
the surveyed plots, it can be assumed that
the number of EIEs breeding in Moyinqum
can be estimated ranging from 320 to 1104
pairs (average 594 pairs) when extrapolated
to the total area of suitable habitat (M+=SE
1.08+0.52 pairs/100 km?). However, in this
case, a direct recalculation from surveyed
plots to the entire area of suitable habitats is
not correct. Firstly, suitable habitats include
those with varying degrees of attractiveness for
eagles and the density of distribution in them
(from Saxaul forests in hilly sands and natural
forests along the periphery of floodplain forest
to multi-row Elm artificial forest belts). Sec-
ondly, eagles try to nest close to farms and this
determines determines the unevenness their
distribution in suitable habitats. Thirdly, plot
No. 3 with the maximum breeding density of
the species was identified during the first stage
of modeling and surveyed taking into account
knowledge about the expected distribution
of eagles on it, which violates the uniform-
ity of the survey of the territory suitable for
the EIE. Taking this into account, we made a
more rigorous calculation of the EIE popula-
tion: we separately identified a dense nesting
zone along the southeastern edge of the sands
(zone A), to which we extrapolated the cen-
sus data averaged over the 2nd and 3rd plots,
and the remaining habitats, in which the spe-
cies is more dispersed (zone B), to which the
census data averaged over plots 1 and 2 were
extrapolated.

The breeding density of the EIE on the south-
eastern edge of the Moyinqum Sands (zone A)
was 1.18+0.46 pairs/100 km?, including in



72 [lepHatbie xuLHnkn 1 ux oxparda 2023, 46

M3yueHne nepHaTbIX XULLHUKOB

Puc. 8. [cTorpammbl SKOAOMMHECKUX M AAHALLACHTHBIX MEPEMEHHBIX AAS TOUEK MPUCYTCTBUS OPAA-MOrMAbHMUKA (AH) 1 cayqaiibix Todek (Random).

Fig. 8. Histograms of environmental and landscape variables for Eastern Imperial Eagle presence points (AH) and random points (Random).

HbiX 13 3-x npoaykToB A33 (NASADEM, Geo-
morpho90m u Clobal Habitat Heterogeneity),
0co00 BaxkHbIX MO t-kpuTepuio CTbloAeHTa
(p<0,0003) arst BLIGOpPKM TOYeK MpPUCYT-
CTBMSI M CAYHaMHbIX C YH4ETOM MYAbTUKOAAU-
HeapHOCTH (B BbIODOpKe OTCYTCTBYIOT Koppe-

suitable habitats — 1.55%0.4 pairs/100 km?, in
the rest of the territory (zone B) — 0.47+0.37
pairs/100 km?, including in suitable habitats —
0.56%0.51 pairs/100 km?.

Extrapolation of the density of occupied
breeding territories of the EIE in suitable habi-
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AVIPYIOLLIME APYF C ADYTOM MEepeMeHHbIe), He-
KAaccpuLIMpoBaHHble 306paxeHus Alos u
Landsat (pacuét NDVI, cuHmnit n NIR kaHaAbl
3a uioAb 2018-2021 rr.),

— Moneab 6 (M6) BkAlOHaeT HekoppeAw-
pylowme nepemenHble: 10 nepemeHHbIX 13
3-x npoayktos A33 (NASADEM, Geomor-
pho90m u Global Habitat Heterogeneity),
ESA WorldCover 10m v100, kaHaa HH He-
KAaccMpULIMpoBaHHOrO M300paxkeHust Alos,
pac4ét NDVI, cuumnit 1 NIR kaHaAbl 3a MIOAb
2018-2021 rr. 1 KpacHbIM KaHaA 3a CeHTA0pb
2018-2021 rr. HeKAaCCUPULIMPOBAHHOIO
nzobpaxeHus Landsat.

MepexpécTHas npoBepka nokasasa Ayd-
LM pe3yAbTaT AAS BEPOSITHOCTHBIX MOAEAEN
M4, M5 u M6 (taba. 3). Owmbka 63rrmHra
(Out-of-bag Error, OOBE) aas 20 aepesbes RF
coctaBraa 0,19, 0,19 1 0,15 COOTBETCTBEHHO
(puc. 10). B M4 koadpcprLMeHTbI AeTepMHU-
Haumn perpeccumn (R?) no obyuaroLleit u Te-
CTOBOW BbIOOPKaM OKa3aAMCb OAMHAKOBbIMM
- 0,78 npn AUC-ROC=1. HecmoTps Ha Bbl-
cokme nokasarean AUC-ROC Mbl He 3ameTh-
AU iepeodyHeHNs MOAGAM U CYLLIECTBEHHOMO
CHMXKEHWUS pe3yAbTaTa MOAEAMPOBaHMS Ha
TecToBoOM BblOOpKe.

[MpuroaHocTb cpeabl 0OMTaHUs OpAa-MO-
FMABHUKA B pasHbiX MoaeAsx RF onpeaeadamn
oT 6 (M5) a0 9 (M6) nepemeHHbIX. HanboAb-
KA BKAAA B M4 BHecAM KaHaabl Landsat u
HOpMMpoBaHHasa ancnepcus EVI (cov), B M5 —
HOpMMpoBaHHaa ancnepcus EVI (cov) Hapsiay
C HeynopsaaodeHHocTbio EVI (entropy), NDVI,
PacCYMUTaHHBIN MO MIOALCKMM M300paXkeHN M
Landsat 3a 2018-2021 rr., NIR-kaHaA Landsat
n HV-kanaa Alos, B M6 — kaHaAbl Landsat n
NDVI, HH-kaHaa Alos, HopmrpoBaHHas auc-
nepcusa EVI n anHelinas 3asmcumocts EVI ot

tats on surveyed plots in the dispersed distribu-
tion zone (M=SE: 0.56+0.5T pairs/100 km?,
asymmetrical confidence interval from 0.31
to 0.89 pairs/100 km?) to the area of similar
habitats in Moyinqum (zone B - 52146.78 km?)
suggests breeding from 160 to 464 pairs, with
an average of 294 pairs. In the habitats of
the southeastern edge of the sands (zone A —
2927.08 km?), where the species is distributed
with high density (1.55=0.4 pairs/100 km?,
asymmetrical confidence interval from 0.93 to
2.13 pairs/100 km?) the abundance is estimat-
ed at 27-62, on average 45 pairs. But 33 pairs
(73.33%) have already been found and infor-
mation about the nesting of another 4 pairs is
available from data from other ornithologists
(Nukusbekov M., Gubin B., pers. com.). Thus,
in the entire territory designated as the habitat
of the EIE in Moyinqum Sands, according to a
separate recalculation of plot survey data, 187
to 526 pairs of eagles can nest, with an aver-
age of 339 pairs (Table 5).

Calculation of abundance by the method of
generating random points for a given range of
distances between nearest neighbors based on
a regular network (RPC) with validation using
surveyed plots makes it possible to fit into the
contour of breeding biotopes of the EIE from
91 to 301 points (on average 130): for zone
A —58-98, on average 73=7.57, for zone B —
33-203, on average 57=30.25 (Table 6). The
best validation in zone A was shown by a layer
with a set of 85 points (tPS=24, tEP=0.042,
vEP=0) with a minimum and average distance
between nearest neighbors of 2.51 and 5.08
km, respectively, in zone B — from 86 points
(tPS=8, tEP=-0.375, VEP=0) with the mini-
mum and average distances between nearest
neighbors being 15.82 and 20.63 km, respec-
tively. A total of 171 possible breeding terri-
tories of the EIE were generated for the study
area with the best validation using surveyed
plots (Fig. 15).

Puc. 9. PesynbTatsi knaccucbukatmm Alos m Landsat Ha
MPEAMET BbIACACHMS APEBECHO-KYCTapHMKOBbIX HaCaX-
A€HMI (eCTECTBEHHbIX M UCKYCCTBEHHbIX), B KOTOPbIX BO3-
MOXXHO MHEe3A0BaH1e OPAa-MOTMAbHUKA, Ha Ha4aAbHOM
Tarne MOAEAMPOBaHUS pacrpocTpaHeHms Buaa B 2022 r.
(MMKCeAn paH>KMpoBaHbl 1o BEPOSTHOCTM OTHECEHMS
TEPPUTOPMM K MOKPLITOM AEPEBLAMU U KYCTapPHUKaMM
60onee yem Ha 20% Ge3 rpasaLmm o Bo3pacTy pac-
TUTEAbHOCTH). 30Ha A — TeppuTopmsi, 0bCAeAOBaHHas! B
2023 r.

Fig. 9. Alos and Landsat classification results for
identifying tree and shrub plantings (natural and artificial)
in which possible breeding the Eastern Imperial Eagles

— the initial stage of the species distribution modeling in
2022 (pixels are ranked according to the probability of
classifying the territory as covered with trees and shrubs
more than 20% without gradation by vegetation age).
Zone A - territory surveyed in 2023.
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TabA. 3. Pe3yAbTaTbl KPOCC-BaAMAALIMM MOAEAEI. JKUPHBIM LLIPUCDTOM BbIAGAEHbI AyHLLIME MOAEAM.

Table 3. Results of models cross-validation. Bold indicates the best models.

Koacppnument Koacppuument

AeTepMUHaLMK AeTepmuHaumn  Owmbka 63rruHra
Koa moaean perpeccun no  perpeccum rno TecToBou AAsi 20 AepeBbeB Max Max
Code of obyuaioLueit Bbibopke Bbibopke RF Out-of-bag Error Max Kappa Max ccr
model AUC Training regression R2  Validation regression R2  for 20 trees of RF Kappa cutoff ccr cutoff
M1 PROB 0.91 0.78 0.47 0.17 0.72 5833 0.85 8750
M1 REGR 0.88 0.81 0.48 0.34 0.72 50.00 0.85 83.33
M2 PROB 0.93 0.73 0.50 0.21 0.72 66.67 0.88 66.67
M2 REGR 0.95 0.79 0.59 0.38 0.84 50.00 0.92 50.00
M3 PROB 0.94 0.76 0.56 0.18 0.78 58.33 0.89 58.33
M3 REGR 0.97 0.83 0.61 0.34 0.78 58.33 0.89 58.33
M4 PROB 1.00 0.78 0.78 0.19 092 66.67 0.97 66.67
M4 REGR 0.96 0.80 0.61 0.36 0.86 45.83 0.94 45.83
M5 PROB 1.00 0.79 0.73 0.19 093 58.33 0.97 58.33
M5 REGR 1.00 0.80 0.70 0.39 093 5000 0.97 50.00
M6 PROB 0.99 0.82 0.72 0.15 091 5833 0.96 58.33
M6 REGR 0.97 0.82 0.63 0.34 0.83 45.83 0.92 45.83

PaciimncppoBka cokpatwuenuii / Abbreviations:
PROB - BepositHocTs / Probability, REGR — Perpeccus / Regression, RF — Random Forest.

Puc. 10. I'pachrkm perpeccum no oby4aioLLeii u TeCTOBO#H BbIGOPKaM 1 OLIEHKM TOYHOCTH mMoaean nocpeacTBoM AUC-ROC arst BEPOSITHOCTHbIX
moaenei M4(cresa), M5 (8 ueHTpe) n M6 (cnipasa) B Random Forest.

Fig. 10. Graphs of regression on training and test samples and estimates of model accuracy by AUC-ROC for probability M4-M6 of Random Forest.
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Puc. 11. OueHka Bax-
HOCTU MepemeHHbIX B
Random Forest ars mose-
Aest M4-M6. TémHori 3a-
AMBKO#M BbIAEAEHbI 0CODO
BakHble repemeHHble
(6oree 50% BkAasa B
MOAEAb).

Fig. 11. Estimating the
importance of variables
in Random Forest

for models M4-M6.
Particularly important
variables (more than
50% contribution to the
model) are highlighted
with dark color.

COCEAHMX MNuKceAen (corr), COCTaBHOM ToO-
norpaobmqecmﬁ uHAekc (cti) u BbicOTa Haa
ypoBHem Mops (elevation), a Takke kaaccu-
dprumpoBaHHble TpaBsiHble coobllecTBa B
ESA WorldCover. Bo Bcex Tpéx MoAeAsiX Bax-
HbIli BKAQA B MOAOXMWTEAbHbIE KAAcCMdPMKa-
UMK BHecAM Landsat u HopmuMpoBaHHas Amc-
nepcus EVI (puc. 11). 310 6GbIAO OXKMaaeMO K
XOPOLLIO COrAACyeTCsl C HECAYHaHOCTbIO Bbl-
6opa OpAaMM FHE3A0BbLIX HUOTOMOB, YTO MOA-
TBEP)KAEHO Bblllle C MOMOLLbIO t-KpUTepus
CTbloAeHTa.

Mol ycpeannan pesyabtatel M4 u M6 u
BbIBEAW PE3YAbTUPYIOLLMIA pacTp Mo Bepo-
STHOCTU  MPUCYTCTBUS  OPAA-MOMMAbHMKA
B AManasoHe oT 75% ao 100%; (puc. 12).
[MAOLWaAb THE3AOMPUIOAHBIX AASI OPAA-MO-
rMAbHMKA OMOTOMOB, COFAACHO 3TOMY KAac-
cndpULMPOBAHHOMY M306pa’keHnIo, cocTa-
Buaa 5086,52 km? — 1634 kaactepa nao-
waablo ot 0,07 a0 279,88 km?, B cpeaHeMm
0,48+3,21 km?2. TAOLIAAb MECTOODUTAHMIA
OpPAa-MOTMAbHMKA OMpeAeAeHa Ha OCHOBa-

For the most accurate validation of a net-
work of points for 43 locations of real EIE
breeding territories, Thiessen  polygons
were constructed. The total area occupied
by Thyssen polygons was 5631.28 km?.
The area of territory per 1 breeding terri-
tory of eagles (Thyssen polygon) varied from
11.39 to 468.10 km? averaging (n=43)
130.96%+124.61 km? (median = 76.37 km?),
including for zone A — 11.39-384.46, on av-
erage (n1=33) 84.32+78.76 km?2 (median =
55.97 km?) and for zone B — 99.60-635.21,
on average (n=11) 316.73+160.17 km? (me-
dian = 318.56 km?).

The RPG method with validation using
Thiessen polygons makes it possible to fit
into the contour of biotopes suitable for the
breeding of the EIE from 79 to 296 points (on
average 116): for zone A — 51-100, on av-
erage 67+10.61, for zone B — 28-196, aver-
age 49+28.11 (Table 6). The best validation
with the maximum level of coincidence with
Thiessen polygons built around real EIE breed-
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HUKU MOAOBMHbI CPEAHEN AMCTaHLMKU MeEXAY
OAmkanwmMmm coceasmun (3,14 kM) M co-
ctaBnaa 61053,3 KM? — €AUHbIN KpYMHbIN
KAacTep naowaabio 51205,97 km?, 2-#
TaK>Xe AOBOAbHO OOABLLOM KAacCTep MAO-
waabto 2259,26 km? n 109 kAacTepoB MnAo-
waablo ot 25,8 a0 655,21 KM?, B cpeaHem
69,62+82,75 kM.

B KauecTBe MPUroAHbIX AASI FHE3A0BaHMSA
OPAQ-MOFMABHMKA OGMOTOMOB BLIAGAMACS AO-
CTaTOYHO KPYMHbIM MAacCMB AECOMOAOC W
MCKYCCTBEHHBIX AECOHACKAEHWI, PaCroAO-
JKEHHBIN B YAAAEHMM OT NMECKOB B AeBoDepe-
Kbe p. Tanac M Ha MOAFOPHOW PaBHMHE B MOA-
HOXWK Knuprusckoro xpebta Mexxay neckamu
M ropamu B AeBoDepexxbe p. Yy Ha Teppu-
TOPMU, MHTEHCMBHO OCBAaMBAEMOW AAS HYXKA
ceAbckoro xossncrtea (524 kaactepa ot 0,12
A0 1,46 KM? oOLLen naotlaabio 115,43 km?).
Takne OGMOTOMbI peaAbHO SBASIIOTCS MHE3AO-
MPUIrOAHBIMM AAS OPAOB B BocTouHom [pu-

Puc. 12. Kapra rHe3AonpuroaHbsix 6M0TOMOB 1 MECTo-
0b6uTaHMi OpAa-MOrAbHUKA B MOMbIHKyMax: BBEPXY

— FHE3A0MPUIrOAHbIE GMOTOMbI, PaHXXMPOBAHHbIE M0
BEPOSTHOCTH MPUCYTCTBUS B HUX OPAOB, BHU3Y — MHE3A0-
npuroaHsie 6uotonsl (BB) n mecroobutanms (BH) opaos-
MOIMMAbHUKOB, pa3buTbie Ha 2 kaacca (R — peaAbHbie u P
— MOTEeHUMAaAbHbIE) AAS LIeAek pacyéTa YUCAEHHOCTH.

Fig. 12. Map of suitable breeding biotopes and habitats
of Eastern Imperial Eagle (IE) in Moyinqum Sands: upper
— suitable breeding biotopes, ranked by probability of
species presence, bottom — suitable breeding biotopes
(BB) and habitats (BH) of the IE, divided into 2 classes

(R — real and P — potential) to calculate population
numbers.

ing territories in zone A was shown by a layer
with a set of 70 points (tPS=27, tEP=0.037,
vEP=0) with a minimum and average distance
between nearest neighbors of 3.07 and 5.42
km, respectively, in zone B — from 92 points
(tPS=10, tEP=-0.3, VEP=0) with a minimum
and average distance between nearest neigh-
bors of 12.37 and 16.66 km, respectively. In
total, for the study area with the best valida-
tion using Thiessen polygons, 162 points of
supposed breeding territories of the EIE were
generated (Fig. 15).

The distribution of distances between near-
est neighbors in the resulting sets of points for
the best (in terms of matching with real breed-
ing territories) model with validation using
Thiessen polygons and using surveyed plots is
shown in Fig. 16.

Thus, the abundance estimate of the EIE for
the best model with validation using Thiessen
polygons varied from 79 to 296 breeding pairs
(confidence interval based on 100 RPG runs),
average 162 pairs in the pair of best iterations
for zones A and B.

The distribution map of points for estimat-
ing the abundance of the EIE in Moyinqum
Sands based on the best model with validation
using Thiessen polygons is shown in Fig. 15(3),
the distribution density map of these points,
built with a search radius of 25 km, is shown
in Fig. 17.

We improved the result of estimating the
abundance of the EIE by making adjustments
to the distribution of points simulating breed-
ing territories of this species by the method-
ology. To do this, we verified a combined
layer of 162 points generated for zones A
and B by the models that showed the best
validation result using Thiessen polygons. Of
the 55 points (33.95% of the total number
generated) that fell into places visited by us
or other researchers, for 49 (89.09%, n=55)
the presence of the EIE was confirmed by the
discovery of nests or sightings of birds — see
Fig. 15(4). When verifying the pattern of gen-
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Gaaxallbe, HO Ha paccmaTpuMBaemMol Hamm
TEPPUTOPUMU OPAbl HEe CTOAb TOAEPaHTHbI K
dpakTopy GecrnokoicTBa M He rHe3AsTCs B
AECOMOAOCAX, OKPY>KEHHbIX BO3AEAbIBAEMbI-
MW MOASMM. [1O3TOMY 3TM Y4acTKM Mbl Bbl-
pe3aAn M3 OCHOBHOrO KOHTypa rHe3Aonpw-
FOAHBIX AASl OPAOB-MOIMAbHWMKOB OMOTOMOB
M MecTooOWTaHui, KaaccudpuuMpoBaB KX
KaK noTeHLUMaAbHble, B KOTOpble OPAbl MOTYT
MPOHMKHYTb MPW HapalUMBaHMKU YUCAEHHO-
CTW. BbIAGAMAM MBI 3TW TEPPUTOPUM UHCTPY-
MEHTaAbHO MO FeOMETPUM BO3AEAblBAEMbIX
noaei. Takmm obGpasom, MTOroBas MAOLLAAL
FHE3AOMPUIOAHBIX  AAS OPAQ-MOTMAbHMKA
6uoTtonos cocTtaBmAa 4971,09 km?, MecToo-
6uTtaHmii — 55073,86 km? (puc. 12).

Tak KaK Mbl MPOBeAM MPOBEPKY MOAEAU B
MOAEBbIX YCAOBMSX WM HaLLAM FHE3Aa OpAA-MO-
FMAbHMKA BO BCEM MNPEACKa3aHHOW 30He ero
NMOTEHLIMAAbHOIO THE3AOBAHWMS BAOAb OrO-
BOCTOYHOW KPOMKM MecKoB Ha oOcAeAoBaH-
Hou B 2023 T. TeppUTOpPMM, TO MOCHUTAAM
BaAMAQLIMIO Pe3yAbTMPYIOLLIEro pacTpa Mo
BHELLUHMM Habopam AQHHbIX U3AULLIHEN.

Matpuua Becos Tecta MopaHa asa M4
n M6 OblAa paccumTaHa NMo 5 OAMXKANLLIMM
COCEAIM AASl TOYEK MPUCYTCTBUA OpAA-MO-
TMABHMKA, MO KOTOPbIM CTPOMAUCH MOAEAM.
Muaekc MopaHa (M=SD) ara M4 (Moran
I 0,07%1,18, expectation -0,02, variance
0,0054, p-value = 0,12) u M6 (Moran |
0,089+ 1,47, expectation -0,02, variance

erated points, a potential breeding territory
was considered confirmed if the nest found
on it or observed eagles were located from the
verified point no further than half the average
distance between nearest neighbors defined
for this territory. That is, points lying in zone
A were verified according to the distance be-
tween the nearest neighbors in zone A, and
points lying in zone B were verified according
to the distance between the nearest neighbors
in zone B. Six points (10.91%, n=55) turned
out to be erroneous, which were generated in
the surveyed plots and fell between the identi-
fied breeding territories, where the presence
of the EIE was not detected either on the first
or on the second visit. At the same time, only
2 real breeding territories turned out to be
not covered by generated points in the fully
surveyed territories known to us (1 breeding
territory on plot No. 3 and 1 breeding territory
outside the plots on a electric pole near the
Chu river, which, due to its landscape char-
acteristics, did not even fall into the contour
suitable for EIE habitats). We subtracted the
share of erroneous points from the average
and maximum values of the layers of points
for zones A (-10.53%) and B (-5.88%). Thus,
according to the verified model with better
validation based on the Thiessen polygons,
the number of EIEs in the Moyinqum Sands
can be estimated in the range from 79 to 275
pairs, average 150 pairs.

Puc. 13. Anarpammbl nepecTaHoBOYHOro TecTa Mopara (caesa) 1 paccesHusi MopaHa AAst TOYeK rpUCyTCTBIMS OPAA-MOTMAbHUKA M MPEACKa3aHHbIX

3HayeHui Moaean (cripasa) ans M4 (Bsepxy) u M6 (BHU3Y).

Fig. 13. Permutation plots of Moran’s test (left) and Moran’s scatterplots for Eastern Imperial Eagle presence points and model predicted values

(right) for M4 (upper) and M6 (bottom).
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0,0054, p-value = 0,07) nokasaa, 4To reo-
rpacpuyeckme paccTOsiHUS MeXay TOouKamu
MPUCYTCTBUA OPAa-MOTMABHMKA M MpeAcKa-
3aHHBIMM 3HAYEHUSIMU MOAEAM €ro pacrpo-
CTpaHeHus He CAyYaliHbl B MOAOXKMTEALHYIO
CTOpOHY (puc. 13). B To e Bpems npocTpax-
CTBEHHAs aBTOKOPpPeAsiuMsl UMEeT MeCTo 3a
CYET KOHLEHTPALMM FHE3A OPAOB Ha 3-M MAO-
LLIAAKE, BbIIBAEHHbIX B PE3yAbTaTe MPOBEpPKM
NnepBoi Bepcumn MoaeAn. B uTorosbix mMoae-
ASIX OHa CYLLECTBEHHO Aydlle arg M6, yem
ars M4, Ho BCé e TpeDyeT BHUMaHMS npu
OLIEHKE YMCAEHHOCTU. YUUTbIBAS KOHUEHTpPa-
LMIO FTHE3A OPAOB-MOIMMABHUKOB Ha KOro-BOC-
TOUYHON KPOMKE MOMbBIHKYMOB, Mbl BbIAGAMAK
3Ty 30HY OTAEAbHO AAS LIeAer pacyéTra ymc-
AEHHOCTHU (MOSACHEHUE CM. HMXKeE).

Pacuér uncaeHHoCcTH

YUéTHbIMK NAoLWaakamMun B 2022-2023 rr.
ObIAO  MOKPLITO 6,23% MecToobUTaHWI U
4,49% rHe3AOMpPUroAHbIX OMOTOMOB OpAa-
MOIMAbHMKA B  MolbiHKyMax. Pe3yAbTaTbl
MAOLLAAOYHbIX Y4ETOB OTpaXkeHbl B TabAmue
4, NAOLLAAM THE3AOMPUIOAHLIX OMOTOMOB U
MeCTOOOMTaHMI OpAa-MOMMABHMKA Ha MAO-
LLAAKaX BM3YaAM3MpOBaHbl Ha pucyHke 14.
YuuTbiBas 37 3aHATLIX FHE3A0BbLIX Y4aCTKOB,
BbIABAEHHbIX Ha YY4ETHbIX MAOLLAAKAX, MOX-
HO MPEeANoAaraTh, YTO CPEAHSAA YNCAEHHOCTb
OPAA-MOTMAbHMKA Ha FTHE3A0BaHMK B MOMbIH-
KyMax MOXKeT ObITb OLIeHEHa B AManasoHe oT
320 ao 1104 nap (B cpeaHem 594 napbl) npm
3KCTPANoOALMM Ha OOLLYIO MAOLLAAL Mpu-
FOAHbIX MecTooOuTaHuit (M=SE 1,08+0,52
nap/100 km?). OaHako, B AAHHOM CAy4ae
NPAMON NepPecHET C YUYETHLIX MAOLLAAOK Ha
BCIO MAOLLAAb MPUFOAHBIX MECTOOOMTaHMI He

Having calculated nest mortality from the
array of generated points according to 2022
data (44.44%), we obtained a population es-
timate of 35-122, average 67 successful pairs
by the time the broods collapse.

From the population estimates obtained by
two different methods, it is clear that given the
fragmentation and heterogeneity of breeding
biotopes and habitats of the EIE that we have
in Moyinqum, the RPG method gives smaller
errors in population estimate.

Thus, we accept the estimate of the EIE pop-
ulation in Moyinqum Sands as 79-275, aver-
age 150 breeding pairs, and 35-122, average
67 successful pairs, as the final one based on
the results of our study.

Review of the ecology of the Eastern Impe-
rial Eagle according to our and other pub-
lished data

Seasonality of observations according to
published sources

In the Moyinqum Sands and adjacent ter-
ritories, 154 observations of imperial eagles of
different statuses are currently known: 83 ob-
servations were collected from literary sources
and our data, and 71 observations were taken
from birds.kz (Kolbintsev, Chalikova, 2002;
Chalikova, Kolbintsev, 2006; Dzhusupov
2017; Kovalenko et al., 2002a; 2002b; Erok-
hov et al., 2006; Kovalenko, 2006; Gavrilov
et al., 2004; Karyakin, Barabashin, 2006;
Gavrilov, Gavrilov, 2006; Kolbintsev, 2007;
Kovalenko, Kravchenko, 2007; Kovalenko,
Karpov, 2008; Chalikova, 2009; Karpov,
Panov, 2009; Putyatin, 1986; Kovshar, 1986;
Khrokov, 2011; Gavrilov, Kolbintsev, 2004;
Gavrilov et al., 2017; Gavrilov, Gistsov, 1985;

Taba. 4. Pe3yAbTaTbl yuéTa rHE3ASALUMXCS OPAOB-MOTrMABHUKOB Ha nAollaakax B 2022-2023 rr. Koa naollasku, COOTBETCTBYET TakOBOMY Ha

puc. 1.

Table 4. Results of breeding Eastern Imperial Eagles surveying on plots in 2022-2023. Code of plot, corresponds to that in fig. 1.

MAowaab, km?

3ausToie  MAaoTHOCTL, Map/100 km?

Ycnewnsbie rués3aa MaoTHoOCTb, nap/100 km?

Area, km? rHe3aoBble  Density, pairs/100 km?>  Ha momeHT nepsoii  Density, pairs/100 km?

yuacrku nposepku

Occupied Successful nests

Koa naowaaku breeding at the time of first
Code of plot Pl BH BB territories Pl BH BB observation Pl BH BB
1 (3oHa B) 1368.0 1295.1 90.28 4 0.29 0.31 4.43 3 0.22 0.23 3.32
2 (30Ha A) 1401.8 1011.3 64.56 9 0.64 0.89 13.94 3 0.21  0.30 4.65
3 (30Ha A) 1383.3 1124.2 68.19 24 1.73 2.13  35.20 21 1.52 1.87 30.80
2~ man M=SE no 30He A 1.18 1.55 24.86 086 1.12 18.08
% or M=SE for A zone 2785.1 2135.5 132.8 33 *046 *040 =043 24 *0.76 *=0.70 *0.72
Bcero uam M=SE 0.89 1.08 16.59 0.65 0.79 12.11
Total or M+SE 4153.1 3430.6 223.02 37 %049 =*0.52 =*0.57 27 *0.67 *0.68 *0.71

PacuimncppoBka cokpatuenuii / Abbreviations:
Pl - Maowwaaku / Surveyed plots, BH — MHe3aonpuroaxsle Mectoobutanus / Suitable breeding habitats, BB — lHe3aonpuroansie
6uoTonsl / Suitable breeding biotopes.
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KoppekTeH. Bo-nepsbix, B MPUroAHble MecTo-
00MTaHNsa OObeAMHEHbl TaKoBble C pPa3HOM
CTeNeHbI0 MPUBAEKATEABHOCTM AAS OPAOB U
MAOTHOCTbIO PacnpeAeAeHUs B HMX (OT cak-
CayAbHMKOB B OYyrpuCTbIX Neckax M ecTe-
CTBEHHBIX AOXOBHMKOB MO nepudpepumn noi-
MEHHbBIX AECOHACAXXAEHUIA AO MHOFOPSAAHbIX
BA3OBbIX MECKOYKPEMUTEABHbIX AECOMOAOC),
BO-BTOpbIX, TArOTEHWE OPAOB K cpepmam
onpeaeAsieT HepaBHOMEPHOCTb WX pacnpo-
CTPaHEHMS MO NPUrOAHbIM MECTOODUTAHNAM,
B-TPETbUX, NAowaska Ne 3 ¢ MakCMMaAbHOM
MAOTHOCTbIO FHE3A0BaHMS BMAA OblAa BblAe-
A€Ha B XOA€ MEepBOro 3Tana MOAEAMPOBaHMS
1 06CAEAOBAAACH C YYETOM 3HAHMI O MpeAno-
AaraeMoM pacnpoCTPAHEHWUM Ha HEel OPAOB,
YTO HapyLlaeT PaBHOMEPHOCTb 0OCAeAOBa-
HUS NPUTOAHOM AAS OOMTaHMS BMAA Teppw-
TOPUM. YumnTbiBas 3TO, Mbl CaeAaAn Oonee
CTPOrMi pacy€T YMCAEHHOCTU OPAA-MOMMAb-
HMKA: BbIAEAMAM OTAEAbHO 30HY MAOTHOIO
FHE3A0BaHMS BAOAb IOrO-BOCTOYHOM KPOMKM
neckoB (30Ha A), Ha KOTOPYIO IKCTPaNoAMpPO-
BaAM YUETHbIE AAHHbIE, YCPEAHEHHbIE MO 2-1
M 3-i NAOLLAAKAM, M OCTaAbHblE MeCTOOOM-
TaHMs, B KOTOPbIX BMA pacnpocTpaHéH bonee
AMCMEpPCHO (30Ha B), Ha kOTOpkIE 3KCTpano-
AMPOBAAM YUYETHbIE AAHHbIE, YCPEAHEHHbIE MO
T- 1 2-1 nAOLLIAAKaM.

[TAOTHOCTb FHE3A0BAHMS OPAA-MOTUAbHM-
Ka Ha I0ro-BOCTOYHOW KPOMKe MOMbIHKYyMOB
(3oHa A) coctaBuaa 1,18+0,46 napbl/100 Km?,
B TOM YMCAE B MPUrOAHBIX MECTOOOUTaHMAX —
1,55+0,4 napbl/100 KM?, Ha OCTaAbHON Tep-
putopuu (3oHa B) — 0,47=0,37 napbl/100 km?,
B TOM Y4MCAE B MPUIOAHBIX MECTOOOUTAHUSAX
-0,56=0,51 napb/100 km?.

IKCTPanoAAUMs NMAOTHOCTU 3aHATLIX MHE3-
AOBbIX YYaCTKOB OpAa-MOIMAbHMKA B Mpu-
FOAHbIX MECTOOOMTaHMSAX Ha MAOLLLAAKAX B
30HE AMCNEPCHOrO pacnpeseseHns (M=SE:
0,56*0,51 nap/100 KM?, HECUMMETPHUUHbIN

Puc. 14. [He3aonpuroAHbie 61MOTOMbI M MECTOOOMTa-
HMS OPAA-MOIMMAbHMKA Ha NAOLLAAKaX B MObibIHKymaXx.
YcrosHbie o6o3Havenns: RRRCN — ruesaosbie yHacTkm
OpAA-MOIMAbHUKA, BbISIBA€HHbIE B 2022-223 IT B pamKax
nporpammbl POCCUICKON ceTu n3ydenmns u oxpaHbl nep-
HaTbIX XMULLHMKOB (HymepaLms MAOLLAAOK COOTBETCTBYeT
TakoBo# Ha puc. 1 m B 1abA. 1 n 4), BB — rHesaonpuroa-
HbIE AAS OPAA-MOTMAbHMKA 61oTOMbI, BH — npuroavbie
AASl OPAA-MOTMAbHMKA MECTOOOMTaHMS.

Fig. 14. Imperial Eagle breeding biotopes and habitats
on plots in Moyinqum Sands. Legend: RRRCN - Eastern
Imperial Eagle breeding territories identified in 2022
and 2023 within the framework of the Russian Raptor
Research and Conservation Network (the numbering of
plots corresponds to those in Fig. 1 and Tables 1 and
4), BB — Eastern Imperial Eagle breeding biotopes, BH —
Eastern Imperial Eagle habitats.

Shevchenko, 1948; Kovshar, 1966, 2019; Gu-
bin 2018; 2020; Karyakin et al., 2021; Amirekul
etal., 2022; Karyakin et al., 2023). Of these, 19
observations contain information about nests or
clutches, 139 — information about observations
of eagles. The largest number of observations
occurs in March, the smallest in July (n=150,
Fig. 18). Approximately the same number of
observations of imperial eagles was made by
bird observers in all seasons (n=152): 21.05%
— in the winter season (December-February);
22.37% — in spring migration (March); 28.95%
— during the nesting period (April-August);
27.63% — during autumn migration (Septem-
ber—November).

Excluding nestlings in nests, observers en-
countered 195 EIEs of various ages, for 98 in-
dividuals the age was determined: 4 juveniles
in the first year, 34 immatures, and 60 adults.
In the winter season (December—February),
60% of the observed birds were adults, and
40% were immature (n=25). During spring
migration (March), 70.97% of observed ea-
gles were adults, and 29.03% were immature
(n=31). During the nesting period (April-Au-
gust), 68.18% of observed eagles were adults,
and 31.82% were immature (n=22). During
the autumn migration (September-Novem-
ber), 40% of the eagles observed were adults,
40% were immature, and 20% were first-year
juveniles (n=20).

The dip in the occurrence of eagles in the
summer months suggests that bird lovers, who
made most of the observations, did not visit
the nesting sites of the EIE during the hottest
months of the year. But at this time in the
study area, the occurrence of non-breeding
birds is probably also low.

From the above, we conclude that in the
territory under consideration the EIE is found
all year round and the nature of its stay is not
limited to breeding, post-breeding move-
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TabA. 5. Pe3yAbTaTbl OLEHKM YUCACHHOCTHM OpAa-MOrubHUKa B MOJbIHKyMax no AaHHbIM MAOLLAAOYHBIX y4ETOB.

Table 5. Results of the Eastern Imperial Eagle abundance estimation for the Moyinqum Sands based on counting plots data.

lMAoTHOCTL B MecTooOMTaHusX, Nap/100 km?

Density in habitats, pairs/100 km?

MAowaab MecTooOUTaHUHI, KM?

YnucAeHHOCTD

Area of habitats, km? Population number

3oHa A/ Zone A
3oHa B/ Zone B

Bcero / Total

1.55%+0.40 (0.93-2.13)*
0.56+0,51 (0.31-0.89)**
1.08+0.52 (0.58-2.00)

2927.08 45 (27-62)
52146.78 294 (160-464)
55073.86 339 (187-526)

Mpumeyanns / Notes:

* — CpeAHsist TAOTHOCTb B MECTOODMTaHMSIX nocumuTaHa no naowaakam NeNe 2 1 3 / The average density in habitats was calculated

on plots No. 2 and 3,

** — CpeAHsisi IAOTHOCTb B MECTOOOMTaHMsIX MocyMTaHa no naotuaskam NeNe 1 u 2 / The average density in habitats was
calculated on plots No. 1 and 2.

AOBepUTeAbHbIN MHTepBaa oT 0,31 ao 0,89
nap/100 KM?) Ha MAOLLAAb AHAAOMMUHBIX
MecTooOMTaHuit B MolibiHkyMax (30Ha B —
52146,78 Kkm?) npeanoaaraeT rHesaoBaHue
ot 160 a0 464 nap, B cpeaHem 294 napbl.
B MecToobuTaHUAX 10ro-BOCTOUHOM KPOMKM
neckos (3oHa A — 2927,08 km?), rae BMA pac-
NPeAEAEH C BbICOKOW NAOTHOCTbIO (1,55+0,4
napbl/100 Km?, HECMMMETPUYHbIA AOBEPH-
TeAbHbI MHTepBaA oT 0,93 ao 2,13 nap/100
KM2) UMCAEHHOCTb OLeHeHa B 27-62, B cpea-
Hem 45 nap, Ho npu aTom 33 napbl (73,33%)
y>Ke HaiaeHbl M MH(POPMALLMS O FTHE3A0BaHMM
ewé 4-x nap UMeeTcs no ONPOCHbIM AAHHbIM
(Hyxkycbexkos M., TyOuH b., AnuH. coobul.).
Takum obpa3om, Ha Bceill TeppuTOpuM, Bbi-
AEAEHHOM B KauyeCTBe MeCTOOOUTaHMI opAa-
MOTrMAbHMKA B MOMbBIHKYMaX, MO AQHHbIM pa3-
AEAbHOTO Mepecyéra AaHHbLIX MAOLLAAOYHbIX
YUETOB MOXET rHe3AnTLCs OT 187 A0 526 nap
OpAOB, B cpeaHem 339 nap (Tada. 5).

Pacu4éT 4MCAEHHOCTM METOAOM reHepaumm
CAYHalHbBIX TOYEK MO 3aAaHHOMY AManasoHy
AMCTaHUMI MeXAY OAMXKANLLIMMU COCEAIMM
Ha ocHoBe peryasipHoi cetn (TCH) c Baawn-
AauMen Mo MAOLLAAKaM MO3BOASIET BNucaTb
B KOHTYP THE3AONPUIroAHbIX OMOTOMOB Op-
Aa-MOTMAbHMKA OT 91 Ao 301 TouKM (B Cpea-
Hem 130): aag 30HbI A — 58-98, B cpeaHem
73%7,57, aAq 30HbI B — 33-203, B cpeaHem
57+30,25 (TabA. 6). Ayuluylo BaAMAQLMIO MO
30He A MoKasaA CAoW € Habopom u3 85 To-
yek (tPS=24, tEP=0,042, vVEP=0) npu MnHu-
MaAbHOM M CPeAHEeN AUCTaHUMSAX MEXAY DAM-
>Karwmmu coceaamun 2,51 u 5,08 kM cooT-
BETCTBEHHO, No 30He B — u3 86 Touek (tPS=38,
tEP=-0,375, VEP=0) npu MMHUMaAbHOW M
CPeAHel AMCTaHUMAX MEeXAY OAMKanLLIMMK
coceaamn 15,82 n 20,63 KM COOTBETCTBEH-
HO. Bcero aas uccaeayemon Tepputopun
C AydLIEN BaAMAALMEN MO MAOLLAAKAM Cre-
HepupoBaHa 171 Toyka npeanoAaraemoro
FHE3A0BaHUS OpAA-MOTrMAbHMKA (pUuc. 15).

ments, and migration, but includes wintering,
and, most likely, wintering of birds from more
northern populations.

Based on tracking data using ARGOS/GPS
transmitters and GPS/GSM trackers, the tim-
ing of the migration of EIEs (from the Altai-
Sayan region of Russia) through Karatau was
determined (Karyakin et al., 2021). The spring
migration of first-year eagles, regardless of the
distance of wintering grounds from Karatau,
occurred in a fairly narrow period from April
5 to April 12. The EIE, which chose a landfill
on the outskirts of Shymkent for wintering, in
the second and subsequent years migrated
through Karatau from February 23 to March 6,
apparently determining the beginning of the
migration of sub-adult and adult birds return-
ing from cold wintering grounds. The autumn
migration of EIEs took place from October 17
to November 28, with first-year birds passing
through Karatau until November 4, and in
subsequent years migrating at a later date —
from November 2 to November 28 (Karyakin
etal., 2021).

M.N. Korelov (1962) writes that the EIE ap-
pears in the south in the spring in the second
half of March, and autumn movement to the
south begins in September, in October it is al-
ready clearly visible, and ends only at the end
of November.

A.F. Kovshar (2019) writes that the spring
migration of EIEs in the western Tien Shan
occurs in March and April, and the autumn
migration — in September-October. In the
Aksu-Dzhabagly State Nature Reserve, V.V.
Shevchenko (1948) captured the first eagle on
the spring migration on March 10, 1945. On
Chokpak, the earliest sighting was recorded
on April 6, 2002 (Kovalenko et al., 2002a).
B.M. Gubin (2018) points to the earliest meet-
ing of the EIE on February 10, 2009 (between
the villages of Shayan and Boraldai) and notes
the migration of adult and young birds in Bet-
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AAst HanboAee TOUHOM BaAMAALIMKM CETU TO-
4yek Mo 43 AOKaUMSAM PEAAbHbIX HE3A0BbIX
Y4aCTKOB OpAa-MOTrMAbHMKA ObIAM MOCTPO-
€Hbl MOAMIOHblI TucceHa. O6WIas NAOLLAAb,
3aHSATas MOAMIOHaMM TucceHa cocTaBMAQ
5631,28 kM’ TlAoLlaab TeppuTOpUM, MPU-
xoaduenca Ha 1 rHe3A0BOM y4acTOK OpPAOB
(noanron TwucceHa), BapbupoBasa ot 11,39
A0 468,10 km?, cocTaBuB B cpeaHem (n=43)
130,96+124,61 km? (MeanaHa = 76,37 kM?),
B TOM UMCAE AASl 30HbI A — 11,39-384,46, B
cpeaHeMm (n=33) 84,32+78,76 km? (MeanaHa
= 55,97 KM?) 1 aAg 30HbI B — 99,60-635,21,
B cpeaHem (n=11) 316,73+160,17 km? (me-
AvaHa = 318,56 km?).

MeTtoa TCH c BaAMaaumelt Mo MOAMIOHaM
TucceHa no3BoAseT BNMcaTb B KOHTYpP rHes-
AOTMPUIOAHBIX AASl  OpPAA-MOTMMAbHMKA OMO-
TOMOB OT 79 A0 296 Touek (B cpeaHem 116):
AAS 30HBI A — 51-100, B cpeaHem 67£10,61,
AASl 30HbI B — 28-196, B cpeaHem 49+28,11
(TabA. 6). Ayyllyi0 BaAMAALIMIO C MaKCMMaAb-

pakdala on March 19, 2009. For the middle
reaches of the Syrdarya, he describes the earli-
est meetings of the EIE on the spring migration
on February 22, 2017.

In the foothills of the Kyrgyz Alatau, an in-
tensive flight of imperial eagles took place
on October 26 (Korelov, 1962). In the Aksu-
Dzhabagly Nature Reserve at the Chokpak
Gate, the latest autumn migration of eagles,
incl. burial grounds, was observed on Novem-
ber 2, 1961 (Kovshar, 1966). In the middle
reaches of the Syrdarya in 2003, the first EIE
on the autumn migration was recorded on
September 19, and the last on November 21
(Gubin, 2020).

M.N. Korelov (1962) writes that the EIE in
the south of Kazakhstan begins breeding in
early April, but the timing of breeding var-
ies depending on the conditions of the year.
E.P. Spangenberg collected 2 clutches of 2
unhatched eggs in the northwestern spurs of
Karatau ridge on April 3, 1930 (Dzhusupov,

Taba. 6. Pe3ybTaTbl OLEHKM YUCACHHOCTH OPAA-MOTMAbHMKA B MOJbIHKyMax METOAOM reHepaLmmu CAydaHbIX TOHEK 0 3aAaHHOMY AuanasoHy
AUCTaHUMI MEXAY OAMXKAMLLIMMM COCEAIMM Ha OCHOBE PEryAspHOM CeTH.

Table 6. Results of the Eastern Imperial Eagle abundance estimation for the Moyinqum Sands by the method of generating random points over a
given range of distances between the nearest neighbors based on a regular network.

BaanaaumnoHHble

AoBepuTeAbHbIN MHTEPBAA YMCAQ
CreHepupOBaHHBIX TOUEK

The confidence interval of the
number of generated points

Pe3yAbTaTbl NpOBEPKHM NaTTepHa TOUYEK No
TPEHNMPOBOYHbIM M BAAMAALIMOHHBIM MAOLLIAAKAM

Results of checking the pattern of points on training

and validation plots

Tepputopus MAOLLIAAKM

Territory Validation plots Min  Max M=SD BVC avD avVAD aTD aTAD

Soma A PT 51 100  67=10.61 70 -0.114 0.328 -0.088 0.169
Pl 58 98 73x7.57 85 0.043 0.255 0.118 0.175

3oma B PT 28 196 49=x28.11 92 -0.716 0.750 -0.795 0.795
Pl 33 203 57+£30.25 86 -0.710 0.721 -0.792 0.792

Uror PT 79 29 116 162

Total Pl 91 301 130 171

PacumdppoBka cokpatuennii / Abbreviations:
PT — Moanrowsl TucceHa / Thiessen polygons; Pl — MNaowaaku ueankom /Entire plots;
M=SD — Cpearee + CtaHaapTHOe oTkAOHeHMe / Mean (Average) + Standard Deviation; BVC — Ayuiumii pe3yabTaT BaAmaaumm /

Best Validation Score;

aVD «averageValidationDeviation» — cpeaHee no Bcem utepaumsm 3HaqeHme «validatingErrorPercent» / average over all iterations

“validatingErrorPercent”;

aVAD «averageValidationAbsDeviation» — cpeaee no MoayAio Mo Bcem UTepaumsim 3Hauerne VEP «validatingErrorPercenty,
KoTopoe paccunTbiBaeTcs no popmyae VEP=(iVA-vPS)/VPS, rae iVA «inValidationArea» — KOAMUECTBO TOYEK, MONABLUMX

B BAaAAMAALIMOHHbIE MAoLLaaku, VPS «validationPointsSize» — KOAMHECTBO peaAbHbIX TOYEK MPUCYTCTBUS B BAAMAALIMOHHDBIX
naowaakax / module average over all iterations “validatingErrorPercent”, which is calculated by the formula VEP=(iVA-vPS)/vPS,
wherein iVA “inValidationArea” — number of points that fell into validation areas, vPS “validationPointsSize” — number of real

presence points at validation sites;

aTD «averageTrainingDeviation» — cpeanee no Bcem utepaunsam 3Hadenue tEP «trainingErrorPercenty, koTopoe paccumTbiBaeTcs
no dpopmyae tEP=(tPS- iTA)/ iTA, rae tPS «trainingPointsSize» — KOAMYECTBO pearbHbIX TOUEK MPUCYTCTBUSI B TPEHUPOBOUHbBIX
BaAMAALIMOHHBIX MAOLLIAAKax, iTA «inTrainingArea» — KOAMYECTBO TOYEK, MOMaBLUMX B TPEHUPOBOUHbIE BAAMAALIMOHHbIE MAOLLAAKM
/ average over all iterations tEP “trainingErrorPercent”, which is calculated by the formula tEP=(tPS- iTA)/ iTA, wherein tPS
“trainingPointsSize” — number of real presence points in training validation sites, iTA “inTrainingArea” — number of points falling in
training validation areas;

aTAD - «averageTrainingAbsDeviation» — cpeaHee Mo MOAYAIO MO BCeM MTepaLMsim 3HadeHue «trainingErrorPercenty / module
average over all iterations “trainingErrorPercent”.
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HbIM YPOBHEM COBMAAEHUS C MOAUIOHAMM
TucceHa, NMOCTPOEHHbIMKU BOKPYF peaAbHbIX
rHEe3A0BbIX Y4aCTKOB, MO 30He A MoKa3aA CAOM
¢ Habopom m3 70 Touek (tPS=27, tEP=0,037,
VEP=0) npu MMHUMAALHON W CpeAHen Auc-
TaHUMAX MeXAYy OAVOKaMLWMMM - COCeAIMM
3,07 1 5,42 KM COOTBETCTBEHHO, MO 30He B —
13 92 Touek (tPS=10, tEP=-0,3, VEP=0) npu
MUHUMAALHOM M CPEAHEN AUCTAHLIMSAX MEXKAY
OAv>Karwmnmmu coceasmm 12,37 n 16,66 kM
COOTBETCTBEHHO. Bcero aaga wmccaeayemon
TEPPUTOPUM C AyHLEN BaAMAALMEN MO MO

2017). B.M. Gubin (2018) on March 31,
2015, inspected one nest with a full clutch in
Betpakdala, and on April 1, 2015, inspected
three more nests with a similar condition of
the clutches.

Nests

Literary sources, websites and databases
provide 19 observations that contain informa-
tion about nests or clutches within the study
area: 10 living nests (Dzhusupov, 2017; Pu-
tyatin, 1986; Gubin, 2018; Kovshar, 1986;

Puc. 15. PesyabTaTbl OLIEHKM YUCARHHOCTM OPAA-MOTMAbHMKA B MOJbIHKYMax METOAOM FreHepaLmmn CAyHasHbIX TOYEK M0 3aAaHHOMY AManasoHy
AMCTaHLIMI MEKAY OAVKANLLIMMM COCEAIMM Ha OCHOBE PErYASIPHOM CEeTH: MOAUIOHbI TUCCEHa, MOCTPOEHHBIE 110 PEaAbHBIM MHE3A0BbIM y4acTKam
opAa-mMoruAbHuKa B MovibiHKymax (1), cxembl CreHepMpOoBaHHbIX TOHEK U3 AYHLLIMX MOABAEH C BaAMAALIMEN 0 NMAoLLAaAKam (2) u noanroHam TucceHa
(3), cxema creHepupoBaHHbIX TOHEK M3 AydLLei MOAGAK C BaAuAaLMel 1o noAuroHam TUcceHa, paHKMpoBaHHast 1o CTaTyCy o pe3yAbTaTam Bepuchu-

Kaumm (4).

Ha Bcex kapTax noka3aHbl MECTOOOUTaHUS 1 THE3AOMPUIOAHbIE BMOTOMbI OPAA-MOTHMAbHMKA B MOFbIHKYMaXx, No KOTOPbIM reHepupoBaAack ceTb
CAYHaiHbIX TOYEK, UMUTUPYIOLLIMX PACTTIPEAEAEHUE NOTEHUMAAbHBIX THE3A0BbIX y4acTKOB. YCAOBHbIE 0603HadeHnsa: RRRCN — peanbHbie rHe3aoBbie
YHaCTKM OPAA-MOMMAbHUKA, BRKAIOYEHHbIE B TPDEHUPOBOYHBIN HABOP AAS MOAeAMPOBaHus, Birds.KZ — Touku AeTHMX BCTped OPAOB-MOIMMABLHUKOB M3
Habopa AaHHbIX C Ka3axcTaHCKOro caita nlobuteAesi ntuu, RP — cAydaliHbie TOUKM, UMMTUPYIOLLIMX pacripeAeAeHme NOTeHUMAaAbHbBIX THE3A0BbIX y4acT-
KOB opAa-morvnabHuka, PT — noanroner TucceHa, BB — rie3aonpuroansie 6motonsl, BH — mectoobutanms.

Fig. 15. Results of the Eastern Imperial Eagle (EIE) abundance estimation for the Moyinqum Sands by the method of generating random points

over a given range of distances between the nearest neighbors based on a regular network: Thiessen polygons constructed from real EIE breeding
territories in Moyinqum Sands (1), Schemes of generated points from the best models with validation by plots (2) and Thiessen polygons (3), Scheme
of generated points from the best model with validation by Thiessen polygons, ranked by status according to the results of verification (4).

All maps show of EIE habitats and breeding biotopes in Moyinqum Sands is given, from which a network of points was generated that simulated

the distribution of potential IE breeding territories. Legend: RRRCN — real EIE breeding territories included in the training set for simulation, Birds.
KZ — points from the dataset from the Kazakhstan birdwatchers” website, RP — generated points simulating the distribution of IE potential breeding
territories, BT PT— Thiessen polygons built from real EIE breeding territories, BB — EIE breeding biotopes, BH — EIE habitats.
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Puc. 16. AuctaHumm meskay GAMKaMLLIMMM COCEASIMM B PE3YABTUPYIOLLIMX Habopax CreHepHpoBaHHbIX TOUEK, MMUTUPYIOLLMX PacripeAeAeH1e rHe3A0-
BbIX y4aCTKOB OPAA-MOTMAbHUKA AASI AYHLLIMX MOAEAEH MO BaAUAALIMM AASI TOAMIOHOB TucceHa (CAeBa) m NAOLLAAOK (CripaBa).

Fig. 16. Distances between nearest neighbors in resulting sets of generated points simulating the distribution of Eastern Imperial Eagle breeding
territories for best validation models on Thiessen polygons (left) and plots (right).

noanroHam Tuccena crenepuposaHo 162
TOYKM MPEANOAAraeMOro rHe3A0BaHUs OpAa-
MOTMAbHMKA (pHc. 15).

PacnpeaeaeHne anctaHumii mexxay OAM-
JKAMLMMM  COCEAIMU B PE3YAbTUPYIOLLIMX
Habopax ToYeK AASl Aydyllel (C TOYKM 3pe-

Amirekul et al., 2022) 3 occupied nests (Gu-
bin, 2018; Amirekul et al., 2022; Karyakin et
al., 2023), 5 old nests (Karyakin, Barabashin,
2006; Khrokov, 2011; Karyakin et al., 2023)
and 1 destroyed nest (Karyakin, Barabashin,
2006). In six cases, there were adult birds
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HWUS COBMAAEHUA C PEAAbHbIMU FHE3AOBLIMM
y4aCTKamm) MOAEAM C BaAMAaLMein Mo MOAM-
roHam TucceHa u MO NAOLLAAKAM MOKas3aHo
Ha pucyHke 16.

TakmMm 0O6pa3oM, OLEHKa YNCAEHHOCTH AAS
Ay4LLEeN MOAEAU C BaAMAALIMEN MO MOAUIOHAM
Tuccena BapbupoBasa oT 79 a0 296 rues-
ASLUMXCS Nap (AOBEPUTEAbHbINA MHTEPBAA MO
100 nporonam I'CH), coctasus B nape Ayu-
LIMX MTepaunii Aad 304 A n B 162 napsl.

KapTa pacnpeaeseHus TOUYEK AAS OLIEHKM
YUCAEHHOCTU OPAA-MOTUAbHMKA B MOMbIHKY-
Max Ha Da3e Aydllei MOAeAM C BaAMAaLMen
Mo NoAMroHam TucceHa nokasaHa Ha pUCyH-
ke 15(3), kapTa NAOTHOCTM pacrpeAereHUs
3TUX TOYeK, NMOCTPOEHHas C PAAMYCOM MOUC-
Ka 25 kM, nokasaHa Ha pucyHke 17.

Mbl yAydInAM pesyAbTaT OLEeHKM YMCAEH-
HOCTM OpPAA-MOTUMABbHMKA, BHECH KOPPEeKTU-
Bbl B pacrnpeseAeHre ToYeK, UMUTUPYIOLLIMX
FHE3A0BbIE y4YaCTKM 3TOr0 BMAA B COOTBET-
CTBUM C METOAMKOM. AASI 3TOrO Mbl BEPUCIU-

Puc. 17. Cxema creHepupoBaHHbIX TOYEK M3 Ay4dLuei
MOAEAM C BaAMAaUMeN no noAMroHam TucceHa, paHxm-
PPOBaHHbIX 10 CTaTyCy MO pe3yAbTaTam BepuchukaLmm
(BBEPXY) M KapTa MAOTHOCTM C paanycom nomcka 25

KM (BHM3Y), MOCTPOEHHAs 10 3TUM TOYKaM. YCAOBHbIE
obo3HadeHns: RP — creHeprpoBaHHble TOYKU, MMUTHN-
PpyfoLLIME pacripeAeAeHMe rHe3A0BbIX y4acTKOB OpAa-
MOIMAbHMKA, ocae koppekumm, Verified — rHezaoanme
MAM PEryAsipHOe MPUCYTCTBUE NTHLL B THE3A0BOM NeproA
AOKa3aHO (AAs1 MAOLLIAAOK BEPUCOULIMPOBAHHbIE TOUKM
MPUTAHYTbI K M3BECTHbIM FHE3AaM MAM AOKaLIMSM HE3-
asiumxcst nap), Unknown — Touka He Bepuchuiimposata,
False — Touka owmbo4Ha, Tak Kak MonasaeT B rHE3A0-
BOJA y4acTok BMecTe ¢ BepuchuiimposarHoii, RRRCN

— FHE3A0BbIE YHaCTKM OPAA-MOTMAbHMKA, HE 3aKPbITbie
creHepupoBaHHbiMu Todkamu, D PBT — Busyaansaums
MAOTHOCTU PaCrpeAeAeHUsl TOHEK, UMUTUPYIOLLMX MOTeH-
LMaAbHbIE FHE3A0BbIE y4acTku, BB — rHesaonpuroaHsie
6uotonsl, BH — npuroaHsie mectoobutanms.

Fig. 17. Scheme of generated points from the best
model with validation on Thiessen polygons, ranked by
status according to the results of verification (upper) and
density map with a search radius of 25 km (bottom),
built on these points. Legend: RP — generated points
imitating the distribution of Imperial Eagle breeding
territories after correction, Verified — nesting or regular
bird presence during the breeding period is proven

(on surveyed plots, verified points were pulled toward
locations of known nests or breeding pairs), Unknown —
the point is not verified, False — the point is erroneous,
as it falls into the breeding territory together with the
verified one (for one breeding territory, the point closest
to the nest is considered to be verified), RRRCN —
breeding territories of the Eastern Imperial Eagle, not
covered by generated points, D PBT — visualization of
the density of points distribution simulating potential
breeding territories, BB — breeding biotopes, BH —
habitats.

nearby or on the nest, a total of 9 individuals
(3 times in pairs, and 3 times in single indi-
viduals). From this sample, 4 nests were lo-
cated on Saxauls (Karyakin, Barabashin, 2006;
Khrokov, 2011; Gubin, 2018; Karyakin et al.,
2023); 3 nests were located on electric poles
(Karyakin, Barabashin, 2006; Gubin, 2018;
Amirekul et al., 2022); 2 nests were on a Chi-
nese Elms (Karyakin et al., 2023), 1 on Silver-
berry trees (Kovshar, 1986) and 1 on a dry tree
(Amirekul et al., 2022). V.V. Putyatin (1986)
also writes about 5 nests on Saxaul and elec-
tric poles, without specifying the location of
each of them.

Clutches and broods

M.N. Korelov (1962) noted that a complete
clutch of an EIE consists of 1-3 eggs, usually
two. B.M. Gubin (2018) also observed clutch-
es of 1to 3 eggs in Betpakdala and Moyinqum,
with an average of 1.9 eggs (n=18). Based
on published sources for the study area, we
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LIMPOBaAK OObEAMHEHHbIN CAOM 13 162 Touek,
CreHepupoBaHHbIX AAd 30H A 1 B B cooTseT-
CTBMM C MOAEASIMM, MOKa3aBLUMMM AyHLLMI
pe3yAbTaT BaAMAALMM MO MOAMIOHam Twucce-
Ha. M3 55 Touek (33,95% OT 0bLIero uncaa
CreHepUpOBaHHbIX) MOMABLUMX Ha TeppUTO-
pUK, NOCELLABLUMECS HAMW MAM APYTUMM UC-
caeroBaTersiMu, AAst 49 (89,09%, n=>55) GbIAO
MOATBEPXKAEHO OOMTaHMe OpAa-MOrMAbHMKA
HaXOAKOW THE3A MAM BCTpeYer MTULL — CM.
puc. 15(4). MNpu Bepudpmkaumm naTrepHa
CreHepPUPOBaHHbLIX TOYEK Y4acTOK MOTEHLIM-
AAbHOIO MHE3A0BAHMS CHMUTAAMN MOATBEPIKAEH-
HbIM, €CAM OOHaPY>KEHHOE Ha HEM FHE3A0 MAM
AOKaLMK HaOAIOAQBLUMXCS OPAOB pacroaara-
AVCb OT BepUPULIMPYEMON TOUKM He Aaree,
YeM TMOAOBMHA CPEAHEN AMCTaHLIMK MEXAY
OAVOKAMLLMMM COCEASIMM, OMPEACAEHHOM AAS
AaHHOW TeppuTopun. To €CTb TOHKM, AeXKa-
LLMe B 30He A, BEPUPULIMPOBAAMCH COFAACHO
AMCTaHLIMM MEXKAY OAMKANLLMMK COCEASIMM B
30He A, a TOUKM, AeXalLline B 30He B, Bepndpu-
LIMPOBAAMNCH COFAACHO AUCTaHLIMKM MEXAY DAM-
»KahLMMK coceasimMm B 30He B. OuinboyHbIMK
oKaszaAuch 6 Touek (10,91%, n=55), KoTopble
OblAM  CreHepupoBaHbl Ha OOCAEAOBAHHbIX
TEPPUTOPUSX 1 MOMAAU MEXKAY BbISBACHHLIMU
FHE3A0BLIMM Y4ACTKaMM, FAE Kak MPK NEPBOM,
Tak M NpU MOBTOPHOM MOCELLEeHUN, NPUCYT-
CTBME BMAA HE OOHapy»eHo. [1pu 3Tom AnLb
2 peaAbHbIX FTHE3A0BbIX YHaCTKa OKa3aAMChb He
3aKPbITHIMW CrEHEPUPOBAHHBIMM TOYKaMM Ha
M3BECTHbIX HaM MOAHOCTbIO ODCAEAOBAHHbIX
Tepputopmsx (1 y4acTok Ha naotuaske Ne 3 n
1 yyacTok BHe naotaaku Ha onope ADI 6An3
p. Yy, KOTOPbIiA MO CBOMM AQHALLACPTHBIM Xa-
PaKTEPUCTMKaM He MOoMaA AaXKe B KOHTYp npwm-
FOAHBIX AAS OPAA-MOTMAbHMKA MeCcTooOuTa-
HMI). Mbl BbIYAM AOAIO OLLUMOOUHbBIX TOYEK M3
CPEAHMX M MaKCMMaAbHbIX MOKasaTeAel pas-
AEAbHO M3 NaTTEPHOB AAS 30HbI A (-1 0,53%) 1
B (-5,88%). Taknm 0bBpa3oM, COrAacHO Bepu-
PULIMPOBAHHOW MOAEAM C AyYLLIEN BaAMAaLIM-
el Nno NnoAMroHam TucceHa YMCAEHHOCTb Op-
AQ-MOTMAbHMKA B neckax MOWMbIHKYM MOXeT
ObITb OLIEHEHa B AManasoHe oT 79 Ao 275 nap,
B cpearem 150 nap.

PaccumtaB M3 MaccuBa CreHepupoBaH-
HbIX TOYEK OTXOA IHE3A MO AaHHbIM 2022 T.
(44,44%), Mbl MOAYUYUAN OLIEHKY YUCAEHHO-
CcTn B 35-122, B CpeAHeM 67 yCrneLlHbIX nap
K MOMEHTY pacraaa BbIBOAKOB.

M3 OLEHOK YNCAEHHOCTH, MOAYHEHHbIX ABY-
M$ Pa3HbIMM METOAAMM, BUAHO, YTO MPU TOM
dpparMeHTaUMM U HEOAHOPOAHOCTM THe3-
AOMPUTOAHBIX OMOTOMOB M MECTOOOUTaHMIA
BMAA, KOTOpble Mbl MMeeM B MOMbIHKyMaX,
MeHbLUME MOrPeLHOCTU OUEeHKM YUCAEHHO-
CTh pa€T metoa I'CH.

identified 10 observations from which we can
confirm the presence of clutches, of which 7
observations contain information about the
number of eggs in the clutch. As a result, we
can calculate the clutch size from the litera-
ture, which ranged from 1 to 3 eggs, with an
average of 1.86%=0.69 eggs per successful nest
(n=7).

In total for the period from 1982 to 2008 for
the study area, 8 nestlings were noted in five
nests (1 case — 2 nestlings and 1 unfertilized
egg; 2 cases — 2 nestlings; 2 cases — 1 nestling)
(Putyatin, 1986; Kovshar, 1986; Amirekul et
al., 2022). The presence of nestlings is in-
dicated for three more cases, but without a
number per brood (Putyatin, 1986). Thus, the
figures range from 1 to 2 nestlings, with an
average of 1.6+0.55 nestlings per successful
nest (n=5). Nestlings in nests were observed
from April 14 to July 29.

V.V. Putyatin (1986) indicates the pres-
ence of nestlings in nests that he observed in
the period from April 14 to July 1, 1982, in
the Moyinqum Sands. A.F. Kovshar (1986)
on May 21, 1983, found a nest with 2 small
nestlings and 1 unfertilized egg in the Talas
River’s floodplain, near the Kenes village. One
nestling aged 11-20 days in the Moyinqum
Sands was observed by M.V. Pestov on April
22, 2008 (Amirekul et al., 2022). A.F. Kovshar
(1986) On July 13 and 29, 1983, he observed
2 nestlings in the Moyinqum Sands along the
Sukzak-Zhuantobe highway.

Diet

The EIE is a polyphagous bird with a wide
variety of prey species. Trophic plasticity al-
lows it to catch a wide variety of abundant
and accessible animals of medium size and to
compensate for the diet with other types of
prey when environmental conditions or the
amount of basic food changes.

According to M.N. Korelov (1962), the EIE
feeds on medium-sized animals, but at the
same time willingly feeds on carrion. The
composition of his food is very diverse.

Information in the literature on the diet of
the EIE in the study area is very scarce. A.F.
Kovshar (1986) mentions the corpse of a
Ground Squirrel (Spermophilus sp.) on a nest.
V.G. Kolbintsev (2007) observed three young
EIEs near the carcass of a dog (Canis familiar-
is). Also in one of the photographs from the
website of the Kazakhstan Birdwatching Com-
munity, one can see the remains of a passer-
ine bird brought to the nest by an adult eagle
(Amirekul et al., 2022).

Analysis of published data on adjacent ter-
ritories provides more diverse information
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Puc. 18. Koanuectso
HabAIOAeHUI OPAOB-
MOIMMABHUKOB B pa3Hble
MECSILIbI.

Fig. 18. Number of
observations of the
Eastern Imperial Eagles in
different months.

Taknm 0Bpa3oM, OLEHKY YUCAEHHOCTM Op-
Aa-MOIMAbHMKA B MoWibiHkyMax B 79-275, B
cpeaHem 150 rHesasawmxca nap, u 35-122,
B CpeAHem 67 ycrewHbix nap Ha 2022 r., Mbl
NMPUHMMAEM KaK MTOrOBYIO MO pe3yAbTaTam
HaLLero MCCAEAOBAHUS.

O0630p 3KOAOTMM BUAQA MO HALLMM U AUTEpa-
TYPHbIM AQHHbIM

Ce30HHOCTb BCTpeYaemocTH Mo AuTepa-
TYPHBIM UCTOYHHKaM

B neckax MoOWbIHKYM M Ha COMpeAeAbHbIX
TEPPUTOPUAX K HACTOSILLEMY BPEMEHWU WU3-
BeCTHO 154 HabAOAEHMS OPAOB-MOTMALHM-
KOB pasHoro cratyca: 83 HabaloaeHus co-
OpaHbl N0 AMTEPaTyPHbIM MCTOYHMKaM K COD-
CTBEHHbIM AaHHbIM, 71 HabAlOAEHUWE B3STO M3
birds.kz (KoabuHues, Yaankosa, 2002; Yaau-
KoBa, Koabunues, 2006; Axycynos, 2017;
KosaaeHko u ap., 2002a; 2002b; Epoxos u
Ap., 2006; KosaaeHko, 2006; laBprAoB 1 ap.,
2004; KapsikuH, bapabawimH, 2006; laspu-
AoB, laBpuaos, 2006; Koaburues, 2007; Ko-
BaaeHKo, Kpasuerko, 2007; KosaaeHko, Kap-
nos, 2008; Yaankosa, 2009; Kapnos, [NaHoB,
2009; ytatnH, 1986; Kosaps, 1986; Xpo-
koB, 2011; Faspuaos, KorbuHues, 2004; as-
pnAoB u Ap., 2017; TaBpuaos, Tncuos, 1985;
Lllesuernko, 1948; Koswapb, 1966, 2019;
l'youn 2018; 2020; Kapsikun u ap., 2021;
Ammnpekya u ap., 2022; Kapsakux n ap., 2023).
M3 Hux 19 HabAOAEHMIA CoaepIKaT CBEACHMS
O THé3Aax MAM KAaakax, 139 — cBeaeHus o
BCTpeyax OpAOB. Hanboabluee KoAnyecTso
HabAIOAEHMI MPUXOAUTCH Ha MapT, HAUMEHb-
wee — Ha oAb (=150, puc. 18). lNpumepHo
OAMHAKOBOE KOAMYECTBO HaDAIOAEHWIA Op-
AOB-MOIMABLHUKOB CAEAQHO HabAlOAATEASIMU
NTULL BO BCe Ce30Hbl (n=152): 21,05% — B
3UMHUIA Ce30H (aekabpb—dpespanb); 22,37%
— B BECEHHIOI0 MUrpaumio (MapT); 28,95% — B

about the diet of the EIE. The Aryskum Sands
and lower reaches of the Sarysu River contain
references to feeding on the Yellow Ground
Squirrel, Ruddy Shelduck (Tadorna ferruginea),
Hedgehog (Erinaceidae sp.), and Steppe Aga-
ma (Trapelus sanguinolentus) (Gubin and Lev-
in, 2017). In Betpakdal, the food was mainly
ground squirrels, less often gerbils (Gerbillinae
sp.); researchers also noted the remains of the
Tolai Hare (Lepus tolai), Fox (Vulpes vulpes),
Hedgehog, Duck (Anas sp.), Coot (Fulica atra),
MacQueen’s Bustard (Chlamydotis macquee-
nii), Carrion Crow (Corvus corone), Halys Viper
(Gloydius halis), Sand Boa (Eryx sp.), Horsfield’s
Tortoise (Testudo horsfieldii) (Belyalov, Levin,
1986; Gubin, 2018). S.L. Sklyarenko (2005) in
Zhusandala found the remains of a Hedgehog,
a Tolai Hare, a Common Kestrel (Falco tin-
nunculus), and a Great Jerboa (Allactaga ma-
jor). He also found Creat Cerbils in a nest in
the Andasai Reserve (Sklyarenko, 2009). Near
the Karoy, remains of a Great Jerboa, a Tolai
Hare, a Sandgrouse (Pterocles sp.), and Hors-
field’s Tortoise were discovered (Kovshar et
al., 2020). For the Kurty river has information
about feeding of the EIE on the Yellow Ground
Squirrel (Karpov, Bekbaev, 2005).

According to our observations in 2022-
2023, Hedgehogs, Tolai Hares, Rooks, and
Horsfield’s Tortoises played an important role
in the EIE’s diet. In general, the diet was domi-
nated by birds, whose role increased signifi-
cantly against the background of a protracted
depression in the number of rodents, which
almost completely dropped out of the diet of
the EIE.

Data on the diet of the EIE based on liter-
ature data and our data for 2022-2023 are
given in Table 7.

It is interesting to note that the maximum
diversity of diet was noted on the nests of
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rHe3A0BOW nepuoa (anpeAb—asrycr); 27,63%
— B OCEHHIOI MUIpaLmio (CEHTAOPb—HOAOPD).

MckAlovas NTeHUOB Ha rHé3aax, HabAlo-
AaTeAn BCTPeTMAM 195 OpPAOB-MOMMABHMKOB
pa3sHoro Bo3pacTa, aad 98 ocobeli Bo3pacT
OblA OnpeseAéH: 4 MOAOAbIE OCOOM NepBOro
roaa, 34 HermoAoBo3peAbIx 1 60 B3pOCAbIX. B
3UMHMIA ce30H (aekabpb—dpeBpanb) 60% Ha-
OAIOAABLLMXCS MTULL — 3TO B3POCAbIE 0COOMH,
40% — HenoaoBo3peable (n=25). B BeceH-
HIOl0 Murpaumio (MapT) 70,97% HabAoaaB-
LLIMXCS OPAOB — 3TO B3pOcAble 0cobu, 29,03%
— HenoaoBo3peable (n=31). B rHe3aoson
nepuoa (anpeab—aBryct) 68,18% HabAoaaB-
LLIMXCS OPAOB — 3TO B3pocAble 0cobu, 31,82%
— HenoAoBo3peablie (n=22). B oceHHiol0 Mu-
rpaumio (ceHTsI6pb—HO6pbL) 40% HabAAaB-
LUMXCS OPAOB — 3TO B3pOCAble 0cobu, 40%
— HeroAoBo3penble U 20% — MOAOAblE OCOOM
nepsoro roaa (n=20).

[MpoBaA BO BCTPEUAEMOCTH OPAOB B AETHME
MeCsiLIbl FOBOPUT O TOM, YTO AIODUTEAM MTMLL,
KOTOPbIMM CAeAaHa DOAbLLAS YacTb HabAloAe-
HMI, He MocellaAn MecTa FHe3A0BaHMS op-
AQ-MOFMABHMKA B HamboAee >Kapkmne Mecsbl
roAa, HO B TOXKE Bpems, BEPOSTHO, 1 BCTpeya-
€MOCTb Hepa3MHOXKAIOLLMXCS NTULL Ha Teppu-
TOPUM UCCAAOBAHMS B 3TOT NEPUOA HU3KAS.

M3 BbILLEOMMUCAHHOIO Mbl AGAGEM BbIBOA,
YTO Ha pacCMaTPMBAEMON TEPPUTOPUM OPEA-
MOTMABHWMK BCTPEYAeTCS KPYrAbIM FOA M Xa-
pakTep ero npebblBaHUA He OrpaHUUYUBAETCS
rHE3A0BaHMEM, MOCAErHE3A0BLIMKU KOYEBKa-
MM M MUIPaUMEN, a BKAIOHAET 3MMOBKY, Npu-
uéM, CKopee BCero, 3uMOBKY NTUL u3 Goree
CEeBEPHbIX MOMYASLIMIA.

Ha OCHOBaHMM AaHHBIX MPOCAEKMBAHMNS
c nomouubio  ARGOS/GPS-TpaHcMuTTEpOB
n GPS/GSM-TpekepoB onpeaeaeHbl CPOKM
MHUIpaLMK  OPAOB-MOTMABHUKOB (M3 AATae-
Casanckoro permoHa Poccun) yepes Kapatay
(Kapsiknn 1 ap., 2021). BeceHHsaa Murpaums
NepPBOrOAOK, BHE 3aBUCMMOCTU OT YAAAEHHO-
CTM 3MMOBOK OT Kapartay npoucxoamaa B AO-
CTaTOYHO Y3KMI neproa ¢ 5 no 12 anpeas.
OPpEA-MOrMAbHMK, BbIOPABLUMIA AAS 3UMOBKM
CBaAKy Ha okpauHe LllbiMkeHTa, BO BTOpOM
M MOCAEAYIOLLME [OAbI MMIPUMPOBAA Yepes
Kapatay ¢ 23 dpepans no 6 mMapTa, BUAUMO
OMpPeAeAsisi Ha4aA0 MUIPaLMM MOAYB3POCAbIX
M B3POCABIX MTUL, BO3BPALLAIOLLMXCSH C XO-
AOAHBIX 3MMOBOK. OCEHHSS MUIpaLns OPAOB-
MOTMABHMKOB MpPoxXoAnAa € 17 okTabps no
28 HOAOPS, NPUYEM NEPBOrOAKM NMPOXOAMAM
Kaparay A0 4 HOA0pPS, B MOCAGAYIOLLME FOAbI
Murpupys B 6oaee nosaHne Cpokn — co 2 no
28 Hos0ps (KapskuH 1 ap., 2021).

M.H. Kopenos (1962) nuiueT, 4To opéa-mo-
FMAbHMK BECHOW Ha lore NosiBASETCS BO BTO-

Opén-moruabHuk. @oto M. KapskuHa.

Eastern Imperial Eagle. Photo by I. Karyakin.

eagles, which were located in areas with low
breeding density, mainly along the Talas River
(plot No. 1), in the territory with a minimum
number of Ground Squirrel colonies, and in
the territory with the maximum breeding den-
sity (plot No. 3), the diet of eagles was less
varied — Hedgehog, Tolai Hare, corvids. It was
in plot No. 3 that large colonies of the Yellow
Ground Squirrel and Great Gerbil were previ-
ously concentrated, providing the eagles with
a constant and abundant food resource.

Threats

In the region under study, the question of
the safety of power lines for birds of prey is still
not resolved. On 80% of the known breed-
ing territories of EIEs, there are bird-hazardous
power lines (on concrete poles with metal
traverses, pin insulators, and not insulated
wire) 10 and 35 kV. However, we did not
find power lines equipped with special poly-
mer bird-protective devices. At the same time,
having examined 3 sections of bird-hazardous
power lines with a total length of 6.48 km
in July-September 2022 (one section with a
length of 1.32 km opposite the successful nest
of the EIE), we found only the old remains of
2 young White-Tailed Eagles (0.31 ind./km),
Little Owl (Athene noctua; 0.15 ind./km),
Crow (Corvus corone; 0.15 ind./km) and 2
small passerines (0.31 ind./km), but we were
unable to find the remains of ElEs. There is
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POV MOAOBMHE MapTa, a OCEHbIO CMeLLEeHMe K
lOry HauMHaeTca B ceHTAOpe, B OKTA0pe yxe
ObIBaET XOPOLLO 3aMETHbIM, a 3aKaHYMBAETCS
AL K KOHLLY HOS6pS.

A.® Kosapb (2019) nuweT, 4To BeceH-
HUIM NPOAET OPAOB-MOMMABHMKOB B 3aMaAHOM
Tanb-LLlane nA€T B MapTe M anpeae, a oce-
HblO — B CeHTabpe-okTa0pe. B 3anoseanuke
Akcy-Axabarabl B.B. LLleBuyenko (1948) ao-
OblA MEPBOro OpAA Ha BECEHHEeW MMrpaumm
10 mapra 1945 r. Ha Hoknake camas paHHas
BCTpeya oTmedeHa 6 anpeas 2002 r. (Ko-
BaAeHKO M Ap., 2002a). b.M. Tybun (2018)
yKa3sblBaeT Ha Camylo PaHHIOI BCTPeYy OpAa-
MoruabHMKa 10 cpespanst 2009 r. (mexay c.
LLasaH m c. bopaaaai) n otmedaet 19 map-
Ta 2009 r. MMrpaumio B3pOCAOK U MOAOAOW
nTuu B beTnakaase. AAs cpeaHero TedeHus
Cbipaapbu OH onucbiBaeT Hanboaee paHHMe
BCTPEUM OpPAA-MOIMAbHMKA Ha BECEHHEM
npoaéte 22 cpespans 2017 r.

B npearopbsx Kuprusckoro Aaatay nHTeH-
CMBHbIM MPOAET OPAOB-MOTMABHUKOB MPOXO-
AMA 26 okTa6ps (Kopenos, 1962). B 3anosea-
HUKe AkCy-Axabarabl B HOKNakCKmnx BOpoTax
HanboAee MO3AHMIA OCEHHMI MPOAET OPAOB,
B T.4. MOIMABHMKOB, HabAIOAAACH 2 HOAOPS
1961 r. (Koswapb, 1966). B cpeaHem Teuve-
Hun Cobipaapbu B 2003 1. nepBbii Opéa-mMo-
FMABHMK Ha OCEHHeM MpoAéTe oTmeueH 19
ceHTa0ps, a nocaeaHnin 21 Hoabps (Myouw,
2020).

M.H. Kopenros (1962) nuieT, 4To OpPEA-
MOTMABHMK Ha tore KasaxcraHa npucrynaet
K Pa3MHOXXEHMIO B Ha4aAe anpeAs, HoO CPOKM
Pa3MHOXXEHUS MEHSAIOTCS B 3aBUCMMOCTM OT
ycaoBuit roaa. E.IN. CnanreHbeprom B ce-
Bepo-3anaaHblx oTporax Kapartay 3 anpeas
1930 r. OblAM coOpaHbl 2 KAQAKM MO 2 He Ha-
CVOKEHHbIX aiua (Axycynos, 2017). b.M. Ty-
6uH (2018) 31 mapta 2015 r. ocMOTpeA 0AHO
FHE3A0 C MOAHOW KAaakon B betnakaase u 1
anpeast 2015 r. oCMOTpeA eLLé Tpu rHesaa C
aHAAOTMYHbBIM COCTOSHMEM KAAAOK.

I'nésaa

B AMTepaTypHbIX MCTOYHMKAX, Ha CalTax M
B 6a3ax AaHHbIX MPUBOAATCS 19 HabAOAEHMI,
KOTOPbIE COAEP>KAT CBEAEHUS O FHE3AaX MAM
KAAAKaxX B MpeAeAax MCCAEAYEMOW TeppuTo-
prn: 10 >KuAbIX rHE3A (Axycynos, 2017; Ty-
TaTHH, 1986; I'youn, 2018; Koswapb, 1986;
AMUPEKYA 1 Ap., 2022) 3 3aHaTbIX rHe3aa (I'y-
OuH, 2018; AMmmnpekya u ap., 2022; Kapakun
nap., 2023), 5 ctapbix rHésa (KapsakuH, bapa-
GaLlumH, 2006; Xpokos, 2011; KapskuH v ap.,
2023) n 1 pa3spywenHoe (KapskuH, bapaba-
wnH, 2006). B wectn caydaax paaoM MAK Ha
rHe3Ae ObIAM B3POCAbIE MTHLbLI OOLLMM KOAM-

not enough data on the level of bird mortal-
ity on power lines in Moyinqum Sands, but
there is a possibility that adult EIEs nesting in
the study area have learned to avoid electric
shock, practically not using electric poles of
10 and 35 kV lines as perches. Despite the
abundance of such power lines on the breed-
ing territories of EIEs, out of 118 registrations
of adult birds on perches on 30 nesting sites,
only 2 were associated with 10 kV power line
supports. If our assumption that adult eagles
avoid using bird-dangerous power line poles
as perches is correct, then mainly young birds
in their first year of life may suffer from electric
shock.

In the territory under consideration, the EIE
nests on relatively safe electric poles of 110
kV high-voltage power lines. Electrocution on
such lines is an extremely rare phenomenon
and is mainly associated with a short circuit
during heavy rain in a fairly narrow season
(spring, autumn), or due to a stream of drop-
pings on heavily contaminated insulator hang-
ers. Nevertheless, the work carried out by
employees of electric grid companies to clean
electric poles leads to the direct destruction
of nests, clutches, and nestlings of eagles.
The facts of the negative impact and conse-
quences of measures to clear electric poles
from nests have been repeatedly mentioned
by researchers (Karyakin, Barabashin 2006;
Gubin 2018). Cases of constant destruction of
nests by employees of electric grid companies
in Betpakdala were described by S.V. Doma-
shevsky (pers. com.): according to this infor-
mation, in 2015, dozens of eagles’ nests were
thrown from power lines and many broods
died. In 2016, ElIEs built 4 new nests, 2 of
which had nestlings. In April 2017, 5 active
nests were noted on electric poles; On June
9, the nests were dropped, and three nest-
lings (broods from two nests) were found by
researchers at the pumping station, where en-
ergy workers brought them; On June 12, orni-
thologists built a nesting platform, where they
transferred the discarded nest and the found
nestlings; Feeding of the nestlings continued
until June 24, when it was noted that a pair
of EIEs was feeding all the nestlings, including
the adopted one. Thanks to the efforts of or-
nithologists, three eaglets were saved in 2017.
It is unknown how many EIEs die each year
due to the activities of power grid companies
cleaning electric poles from bird nests.

The development of uranium mining in the
Moyinqum sands also negatively affects the
EIE. There is direct destruction of natural habi-
tats and displacement of breeding territories
due to disturbance. In addition, uranium min-
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yectBoM 9 ocobeit (3 pa3a no nape, 1 3 pasa
no 1 ocobu). M3 310l BbLIOOPKM Ha cakcay-
Aax OblAM pacrnoroxeHbl 4 rHe3aa (KapskuH,
bapabawumH, 2006; Xpokos, 2011; TybuH,
2018; KapskuH u ap., 2023); 3 rHe3aa pas-
mectuanch Ha ADIT (KapsikuH, bapabatumH,
2006; 'youH, 2018; AMupekya u ap., 2022);
2 rHe3Aa HaXOAMAMCH Ha BSi3e MEAKOAMCTHOM
(KapsiknH 1 ap., 2023), 1 — Ha Aoxe cepebpu-
ctom (Kosapb, 1986) n 1 — Ha cyxom aepese
(AMupekya 1 ap., 2022). B.B. IyTtatun (1986)
Takke nuweT o 5 rHé3aax Ha cakcayae u
ADI, He KOHKpeTM3Mpys MeCTOpacnoAOXKe-
HME KaXKAOMO U3 HUX.

Kaaakm m BbIBOAKHM

M.H. Kopenos (1962) oTMeuan, 4TO NOAHas
KAQAKQ OpAQ-MOMMAbHMKA COCTOMUT M3 1-3
auu, dawe AByx. b.M. Tybun (2018) B bet-
nakaare M MonbiHKyMax Takke HabAloAan
KAaakn OT 1 a0 3 auu, B cpeaHem 1,9 giiua
(n=18). Mo AMTepaTypHbIM UCTOUYHMKAM AAS
NCCAEAYEMOWN TepPPUTOPUM Mbl BblaeAnan 10
HaOAIOAEHMIA, MO KOTOPbIM MOXHO YTBEPXK-
AaTb O paKTe HaAMUMS KAAAKM, U3 HUX B 7 Ha-
OAIOAEHMSAX MPUCYTCTBYIOT KOAMYECTBEHHbIE
XapakTepUCTUKU. B pesyAabTaTe Mbl MOXXEM
paccunTaTh pasMep KAaAOK MO AMTeparyp-
HbIM MCTOYHMKAM, KOTOPbIM COCTaBMA OT 1 A0
3 auu, B cpeaHem 1,86£0,69 giiua Ha ycnew-
HOe rHe3ao (n=7).

B cymme 3a nepuroa ¢ 1982 no 2008 rr. aag
MCCACAYEMOW TEPPUTOPMM OTMEUEHO 8 NTeH-
uoB B NsATM rHé3aax (1 pa3 — 2 nreHua u 1
MU0 OOATYH; 2 pa3a no 2 nTeHua; 2 pasa no
1 ntenuy) (MytatnH, 1986; Kosapb, 1986;
AMUPeEKYA 1 ap., 2022). Elué ars Tpéx cayya-
€B yKa3blBaeTCs Ha HaAnYMe NTeHLOB, Ho Oe3
KOHKpeTHOro koamdectsa ([lytatuH, 1986).
Takmum 0Opa3oM, nokasaTeAn COCTaBASIIOT OT
1 a0 2 nTeHuoB, B cpeaHem 1,6%0,55 nTeH-
LUOB Ha ycnewHoe rHe3ao (n=5). [TeHub
B rHé3aax Habaloaaanch ¢ 14 anpeas no 29
MIOAS.

[apa MOAOAbIX OPAOB-MOTMALHUKOB CTPOMT FHE3AO.
®Doro E. LLHariaep.

Pair of the young Eastern Imperial Eagles builds the nest.
Photo by E. Schnayder.

ing by underground leaching, which is now a
priority method, contributes to the develop-
ment of a dense network of bird-hazardous
power lines in the habitats of EIEs.

Since the EIE often chooses places for nest-
ing near farms (in forest belts, in floodplains),
there is a threat of nestlings being removed
from nests by local people to sell them to hunt-
ers with birds of prey or for stuffed animals. At
least one such case was identified in 2022 —
farmers left a summer livestock camp, taking
with them EIE nestlings from a nest closest to
the farm. Also, nesting of eagles near farms is
fraught with predation by herding dogs, which
can kill fledglings that have left the nests, but
are still poor fliers — one such case was also
noted in 2022.

A potential threat to EIEs nesting in Moy-
inqum Sands is created by wind farms built
and planned for construction in Karatau and
the Chu-Ili mountains around the sands. The
wind farm in Karatau is especially danger-
ous for the Moyinqum breeding group of ea-
gles since eagles nesting in the sand migrate
through these mountains to wintering grounds
and back. However, the issue of the impact of
already-built wind farms in Karatau on eagles
remains unstudied.

Discussion

Ecology of the species

In 2022, we determined the clutch size to
be from 1 to 3 eggs, average 2+0.63 eggs per
successful nest, and the size of broods before
nestlings fledged varied from 1 to 3 nestlings,
average 2+0.71 nestlings per successful nest,
which is slightly higher than the information
indicated in the literature for the study area
(from 1 to 3 eggs, on average 1.86+0.69 eggs
per successful nest (n=7) according to Putyat-
in, 1986; Kovshar, 1986; Dzhusupov, 2017;
Amirekul et al., 2022, on average 1.9 eggs
per tested nest with clutch (n=18) according
to Gubin, 2018). However, these indicators
are within the normal range for the species. In
particular, according to published sources, the
size of clutches of EIEs in Kazakhstan generally
varied from 1 to 3 eggs (Korelov, 1962), al-
though in publications before the 1960s, there
was information about clutches of only 1-2,
average (n=27) 1.56x0.51 eggs, litter size
was 1-2, average (n=12) 1.5x0.52 nestlings
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B.B. Mytatun (1986) ykasbiBaeT Ha HaAM-
Yyme NTeHUOB B MHE3AAX, OOHAPYXXEHHbIX UM
B nepuoa ¢ 14 anpeas no 1 uioas 1982 r. B
neckax MownbiHkym. A.D. Kosiapb (1986) 21
Mas 1983 r. oGHapy>KMA FHE3A0 C 2 NMyXOBbl-
MM nTeHuamn 1 SMUOM-OOATYHOM B Mmokme
p. Tanac, 6an3 c. KeHec. M.B. lMectoB 22
anpeas 2008 r. B neckax MowbIHKyM HabAlO-
Aan T nyxoBoro nTeHua B Bospacte 11-20
AHeNn (AMrpekyA u ap., 2022). A.®. KosLuapb
(1986) 13 1 29 uioaa 1983 r. HaOAoAaA 2
OMEPEHHbIX NTEHLOB B neckax MolblHKyM Ha
Tpacce Cyk3ak->KyaHToOe.

I'utanue

OpEA-MOTMABHUK ~ BASIETCS  NOAMCPArom
c 60oAbWIMM pasHooOpasnMem BMAOB AODbI-
un. Tpodpuyeckas MAACTUHHOCTb MO3BOASIET
eMy A0DbIBaTb CambiX Pa3HbIX MACCOBbIX M
AOCTYMHbBIX XMBOTHbIX CPEAHEN BEAMYMHDBI U
KOMMEHCMPOBaTb PaLMOH APYTMMU BUAAMM
AOObIYM NPU U3MEHEHNUM IKOAOIMYECKMX YC-
AOBMI MAM YNCACHHOCTH Ba30BbIX KOPMOB.

Mo aanHbIM M.H. Kopenosa (1962) opéa-
MOTUABHUK MUTAETCSH CPEAHEN BEAMUMHbI KM-
BOTHbIMM, BMECTE C Te€M OXOTHO KOPMMTCS
nasaabio. CocTaB ero nuLIM OYeHb pasHoo-
OpaseH.

CseaeHus B AMTEpaType No NUTaHMIO Op-
AQ-MOTUABHMKA Ha MCCAGAYEMOW TEPPUTOPUK
o4eHb CKyaHbl. A.®. Koswapb (1986) yno-
MuHaeT o Tpyne cycamka (Spermophilus sp.)
Ha rHe3ae. B.I. KoabuHues (2007) HabAloAaA
TPEX MOAOABLIX OPAOB-MOTMABHUKOB  BO3AE
pa3bpocaHHOro XuHMKaMK Tpyna cobaku
(Canis familiaris). Takxe Ha 0aHOM U3 dpoTO-
rpacpuii c caifta KasaxcraHckoro coobliie-
CTBa HabAlOAaTeAEl NTUL MOXXHO YBMAETb
OCTaHKM BOPOOLMHOM MTWLbI, NMPUHECEHHOM
B3POCAbIM OPAOM Ha FHE3A0 (AMMPEKYA 1 Ap.,
2022).

AHaAM3 AUTEpATYPHbIX AGHHBIX MO conpe-
ABAbHbIM TEPPUTOPUAM, AaET Boaee pa3HOO-

CAETOK OpAa-MOrMAbHMKA HEAABHO MOKMHYBLLMIA rHe3-
40. Doto M. KapskuHa.

Eastern Imperial Eagle fledgling the other day fledged the
nest. Photo by I. Karyakin.

(Zarudny, Koreev, 1906; Shestoperov, 1929;
Spangenberg, Feigin, 1936; Volchanetsky,
1937; Voloshin, 1949; Shnitnikov, 1949; Var-
shavsky, 1959; Korelov, 1962); in the Naur-
zum State Nature Reserve in 1978-1996, out
of 307 nesting cases, 263 were successful, the
average clutch size for all years was 2.1 eggs,
the average productivity was 1.5 fledglings per
pair (Bragin, 1998); in the Altai Republic (Rus-
sia) in 2009, clutches consisted of 1-3, aver-
age (n=12) 2.08=0.67 eggs, broods — 1-3,
average (n=89) 1.6%0.58 nestlings (Karyakin
et al., 2009).

Research in 2022 showed satisfactory
breeding success of the EIE in the study area
— 44.44% of successful nests by the end of the
breeding season with a productivity of 1.75
fledglings per successful nest and 0.78 fledg-
lings per active nest (breeding pair). Despite
the depression in the number of rodents,
EIEs quite effectively switched to feeding on
other species, in particular birds, and made
excellent use of other food resources (hares,
hedgehogs, etc.). It can be assumed that pro-
ductivity could be higher if there were a suf-
ficient number of rodents, as is observed, for
example, in Hungary or the Kustanai region of
Kazakhstan. In Hungary in 2001-2009 broods

OPpér-MornabHUK C A0BbITOM XOXOTyHbe# (Larus
cachinnans). ®@oto M. KapsikuHa.

Eastern Imperial Eagle with preyed Caspian Gull (Larus
cachinnans). Photo by I. Karyakin.
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Taba. 7. lNutanmne opaa-MOrmAbHUKA MO AaHHbIM COOPOB U3 MOA rHE3A B 2022-2023 rr. v 0 AUTEPaTyPHbBIM AQHHBIM.

Table 7. Eastern Imperial Eagle diet according to data collected from nests in 2022-2023 and according to publications data.

AuteparypHbie AaHHbIE* Bcero

Publications* 2022-2023 Total

Bua / Species n % n % n %
Mocaea aomawuneit oBubl (Ovis aries) 1 1.10 0 1 0.63
3asu-ToAait (Lepus tolai) 13 14.29 9 1343 22 13.92
3adau sp. (Lepus sp.) 2 2.20 0 2 1.27
Cobaka (Canis familiaris) 1 1.10 0 1 0.63
Avcuua (Vulpes vulpes) 2 2.20 0 2 1.27
XKeénatbiii cycank (Spermophilus fulvus) 3 3.30 4 5.97 7 4.43
Cycauk sp. / Ground Squirrel (Spermophilus sp.) 21 23.08 0 21 13.29
BoabLuas necuarka (Rhombomys opimus) 2 2.20 0 2 1.27
Mecuanka sp. (Gerbillinae sp.) 17 18.68 0 17 10.76
BoabLuoi TyLkaHumk (Allactaga major) 2 2.20 0 2 1.27
Ex ywiacTblit (Hemiechinus auritus) 2 2.20 12 17.91 14 8.86
Ex sp. (Erinaceidae sp.) 3 3.30 0.00 3 1.90
Maekonutarowmne | Mammalia 69 75.82 25 3731 94  59.49
Lanas sp. (Ardea sp.) 0 1 1.49 1 0.63
Oraps (Tadorna ferruginea) 1 1.10 1 1.49 2 1.27
YTKa sp. (Anas sp.) 1 1.10 0 1 0.63
Kypranuuk (Buteo rufinus) 0 2 2.99 2 1.27
Mycreabra (Falco tinnunculus) 3 3.30 4 5.97 7 4.43
Ma3aH (Phasianus colchicus) 0 1 1.49 1 0.63
Cepas kyponatka (Perdix perdix) 0 1 1.49 1 0.63
Kpacaska (Grus virgo) 0 1 1.49 1 0.63
Abicyxa (Fulica atra) 1 1.10 0 1 0.63
Apodpa-kpacoTka (Chlamydotis undulata) 5 5.49 0 5 3.16
Crpenert (Tetrax tetrax) 0 2 2.99 2 1.27
Yaiika sp. (Larus sp.) 0 1 1.49 1 0.63
YepHobploxuit psdok (Pterocles orientalis) 0 1 1.49 1 0.63
PsGok sp. (Pterocles sp.) 1 1.10 0 1 0.63
Foay6b (Columba sp.) 0 2 2.99 2 1.27
AomoBblii cbiv (Athene noctua) 0 1 1.49 1 0.63
Cwuzoopotka (Coracias garrulus) 0 3 4.48 3 1.90
Maiina (Acridotheres tristis) 0 1 1.49 1 0.63
Copoka (Pica pica) 0 3 4.48 3 1.90
Ipau (Corvus frugilegus) 0 8 11.94 8 5.06
YepHas BopoHa (Corvus corone) 1 1.10 1 1.49 2 1.27
BpaHoseie sp. (Corvidae sp.) 0 3 4.48 3 1.90
Meakue BopobbiHble nTHLbl / Small passerine birds 1 1.10 0 1 0.63
TTnusi / Aves 14 15.38 37 5522 51  32.28
LLIntomopanuk (Gloydius halis) 1 1.10 0 1 0.63
YaaBumk (Eryx sp.) 3 3.30 0 3 1.90
Crennas arama (Trapelus sanguinolentus) 1 1.10 0 1 0.63
CpeaHeasuaTtckas yepenaxa (Testudo horsfieldii) 3 3.30 5 7.46 8 5.06
Pentuann | Reptilia 8 8.79 5 7.46 13 8.23
Bcero /Total 91 100 67 100 158 100

lMpumeuanus / Notes:

* AMupekyA u ap., 2022; beaanros, AeuH, 1986; I'ybun, 2018; T'youH, AesuH, 2017; Kapnos, bekbaes, 2005; KosLiapb, 1986;
KosLuapb 1 ap.,2020; Koaburues, 2007; Ckasiperko, 2005, 2009 / Amirekul et al., 2022; Belyalov, Levin, 1986; Gubin, 2018;
Gubin, Levin, 2017; Karpov, Bekbaev, 2005; Kovshar, 1986; Kovshar et al., 2020; Kolbintsev, 2007; Sklyarenko, 2005, 2009.
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OpasHble CBEAGHWS O MUTaHNM OPAA-MOMUAb-
HMKa. AAS NECKOB ApbICKYM M HM30BbeB p. Ca-
PbICY MMEIOTCH YNOMUHAHMS O MUTAHUMN XKEA-
TbIM CyCAMKOM, orapem (Tadorna ferruginea),
exxom (Erinaceidae sp.) w cTenHoii aramoit
(Trapelus sanguinolentus) (T'y6uH, AeBuH,
2017). B beTnakaae nuuiein B OCHOBHOM CAY-
XMAM CycAnku, pexke necuarku (Gerbillinae
SP.), TaK XK€ MCCAEAOBATEAM OTMEYAAM OCTaH-
Ku 3aiila-Tonas (Lepus tolai), avcuust (Vulpes
vulpes), exa, yTku (Anas sp.), Abicyxu (Fulica
atra), apodpbl-kpacotkn (Chlamydotis mac-
queenii), 4épHoi BopoHbl (Corvus corone),
wmtomopanuka (Gloydius  halis), yaaumn-
ka (Eryx sp.), yepenaxu (Testudo horsfieldii)
(beasnos, AeBuH, 1986; lNyouH, 2018). C.A.
Ckasapenko (2005) B XKycaHaare oBHapy>KmMA
OCTaTKM €eXa, 3akua-ToAasi, 0ObIKHOBEHHOM
nycteabrut  (Falco  tinnunculus), 6oAbLUO-
ro TywkaHumka (Allactaga major). OH xe B
AHAQCalCKOM 3aKa3HMKe HaléA Ha rHesae
6oAblIMx necdaHok (Ckagpenko, 2009). B
parioHe Kapos 6blAM 0BGHapy>KeHbl OCTaHKM
BOABLLOTO TylIKaHYMKa, 3aiua-Tonas, pso-
ka (Pterocles sp.) n uepenax (KosLuapb u ap.,
2020). Aas pycaa p. KypTbl meloTcs ceae-
HMA O MUTAHMMU XKEATbIM CycAMkom (Kapnos,
bekbaes, 2005).

Mo Hawwmm HabAAeHUsaM B 2022-2023 T,
BaXKHYIO POAb B MUTaHMKM OPAA-MOMMAbHMKA
UIPaAn eXKu, 3aiiLibl, rpa4n u Hyepenaxu. B ue-
AOM B PaLMOHE AOMMHMPOBAAM MTULIbI, POAL
KOTOPbIX 3HAYUTEALHO BO3POCAA Ha POHE 3a-
TSOKHOM AENPECCUM YMCAEHHOCTU FPbI3YHOB,
KOTOPbIE MPaKTUHYECKM MOAHOCTBIO BbIMaAM
13 paLMoHa OPAA-MOTMABHMKA.

AaHHble MO paLMOHy OpPAa-MOMMAbHMKA MO
AUTEPATYPHBLIM CBEACHMAM M HALLMM AaHHbIM
2022-2023 rr. npuseaeHbl B TabAmue 7.

MHTEpEeCcHO OTMETUTb, YTO MakKCMMaAbHOE
pa3HoobOpasue paunoHa ObIAO  OTMEYEHO
Ha rHé3AaX OPAOB, KOTOpPbIE PACMOAAraAuCh
B Y4acTKax C HM3KOW MAOTHOCTbLIO THE3AO-
BaHWA, MPEUMYLLECTBEHHO BAOAb P. Taaac
(nrowaaka Ne 1), Ha TeppuTOpUM C MMHMU-
MaAbHbIM Y4MCAOM KOAOHMI CYCAMKOB, a Ha
TEPPUTOPUM C MaKCMMAAbHOW MAOTHOCTbIO
rHe3aoBaHus (naowaaka Ne 3) nutaHue op-
AOB ObIAO MeHee pa3HOODpa3sHbIM — €, 3asll,
BpaHoBble. MIMeHHO Ha naowlaake Ne 3 pa-
Hee ObIAM COCPEAOTOUEHbI KPYMHbIE KOAOHWM
JKEATOrO CycAMKa M BOAbLLON necyaHku, obe-
CNeYMBaBLUMX OPAOB MOCTOSAHHLIM M OOMAb-
HbIM KOPMOBbIM PECYPCOM.

Yrpossi

B nccaeayemom permoHe ocTaércs oTKpbi-
TbiM BONPOC 6e30MaCHOCTN AMHUIA DAEKTPO-
nepeaaun (AJl1) arg xuwHbix NTMU. Ha 80%

consisted of 1.54-1.93 chicks per successful
pair per year, and the total annual production
of eagles was 0.91-1.30 nestlings per breed-
ing pair (Horvéth et al., 2011). In the island
forests of the moderately dry and dry steppe
subzones of the Kustanai region, with an av-
erage proportion of annual breeding pairs
of EIEs of 77.5%, productivity averaged 1.3
nestlings per pair (Bragin et al., 2012). Specifi-
cally in the Naurzum forest in 1978-1996, the
number of fledgling of the number of eggs laid
was 71.7%, but depending on nesting condi-
tions it varied from 48.9% (island forests on
the slopes of the plateau) to 76.5% (Naurzum
and Tersek pine-forests) (Bragin, 1998). Thus,
in Moyinqum Sands, the productivity of the
EIE breeding group, which we identified in
2022, was not as high as it could have been,
but it can be considered good given the cur-
rent feeding situation. This assumes its stabil-
ity in the future, regardless of the dynamics of
the numbers of individual prey species, even
basic ones.

The diet of the EIE in Moyinqum turned
out to be similar to that throughout the south-
east of Kazakhstan. Despite the depression
in the number of rodents, eagles mastered
other food resources quite well, in most areas
without interrupting reproduction or even re-
ducing productivity. The loss of offspring was
observed mainly for reasons related to farm-
ers (disturbance, dog predation, removal of
nestlings), and not due to the disappearance
of colonies of Ground Squirrels and Gerbils
on breeding territories. It should be noted that
the trophic plasticity of EIEs has been proven
in recent years for many areas of its breeding
range and is an important component of the
survival and growth abundance of the species.
For example, in Hungary from 1982 to 2017
the previously abundant Hamster (Cricetus cri-
cetus) became marginal (7.42%), and Ground
Squirrels (Spermophilus citellus) virtually dis-
appeared (0.03%) from the diet of EIEs; paral-
lel to the disappearance of traditional types of
food, corvids (13.10%), pigeons (8.90%), wa-
terfowl (6.83%), other rodents (6.71%), Roe
Deer (Capreolus capreolus) (5.59% ), birds
of prey and owls (4.88%) became regularly
detected prey species; eagles used the most
common food sources and were not solely
dependent on the status of any one particu-
lar species (Horvéth et al., 2018). In Bulgaria,
eagles fed mainly on Hedgehogs (29.88%),
Ground Squirrels (16.85%), and Storks (Cico-
nia sp., 7.74%), successfully adapting to a new
food source, which is abundant in a particu-
lar area of its range — the species is also here
showed dietary flexibility and the ability to
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M3BECTHbIX THE3AOBbIX Y4YaCTKOB OPAOB-MO-
FMABLHMKOB MPOXOAAT nTuueonacHbie AJI
(Ha OETOHHBIX Onopax C MeTaAAMYECKUMM
TpaBepcamu,  LITLIPEBLIMU  M30ASTOPaMU
1 roabiM nposoaoM) 10 1 35 kB, HO Mbl He
BCTPETUAM AMHMM, OCHALLEHHbIE Creumnanb-
HbIMA  MOAMMEPHBIMM  NTULIE3ALUTHBIMM
ycTpoicTBamu. B 1o e Bpems, obcaerosaB
B MioAre—ceHTa0pe 2022 r. 3 y4acTka nTuueo-
nacHbix ADIT obLen NpoTSXEHHOCTbIO 6,48
KM (OAMH Y4aCTOK MPOTSHKEHHOCTbIO 1,32 KM
HanpPOTMB XKMAOIO FHEe3Aa OPAA-MOTMAbHMKA),
Mbl OOHaAPY>XMAM AWLLb CTapble OCTaHKW 2-X
MOAOABIX OpAaHoB-6enroxsocTos (0, 31 oc./
KM), AOMOBOro cbluda (Athene noctua; 0,15
oc./km), BopoHbl (Corvus corone; 0,15 oc./
KM) M 2-X MeAkMX BOpoObMHbIX nTuu (0,31
0C./KM), @ OCTaHKOB OPAOB-MOTMABHIUKOB Ham
HalTK He YAaAOChb. OnpeaeA€HHO, AaHHbIX 00
yposHe rnbean ntuu Ha ADI B MoMbIHKymax
HEAOCTaTOYHO, HO €CTb BEPOSTHOCTb, YTO
B3POCABIE OPAbI-MOFMABHUKM, FHE3AALLMECS
Ha MCCAGAYEMOW TEPPUTOPUK, HAYHNAUCH M3-
GeraTb MOPaXKEHMS IAEKTPOTOKOM, MPaKTK-
YECKM HEe WCMOAb3YS IAEKTPUHECKME OMopbl
AMHmin 10 n 35 kB B kauectse npucaa. He-
CMOTPS Ha oOmane Takmx ADIT Ha rHE3A0BbIX
y4acTKax OPAOB-MOIMAbHMKOB, 13 118 peru-
CTpaumi B3POCAbIX MTULL Ha Npucasax Ha 30
FHE3AOBbIX Y4aCTKax, AULb 2 OblAM CBA3aHbI
c onopamu ADI'T 10 kB. Ecan Hawe npeano-
AOXKeHue 00 n3beraHnumn B3POCAbIMU OpAaMK
MCNOAL30BaHMs onop ntuueonacHbix ADIT B
KayecTBe Npucaa BEPHO, TO OT MOPaXKeHus
3AEKTPOTOKOM MOTYT CTpasaTb B OCHOBHOM
MOAOABIE MTULIbI IEPBOTO FOAA XKMU3HM.
OPpEA-MOrMALHMK ~ Ha  paccMaTpuBaemon
TEPPUTOPUM FHE3AUTCS Ha YCAOBHO Gesonac-
HbIX OMopax BbICOKOBOALTHbIX AT 110 kB.
MopakeHne SAEKTPOTOKOM Ha TakKMX AMHMAX
SBASIETCS KpaiiHe PEeAKMM SBAEHME U CBS3aHO
B OCHOBHOM C NPO0OEM B AMBHEBOM AOXAb B
AOCTATOYHO Y3KWIA MEePUOA BPeMeHu (BecHa,
OCEHb), MAM MO CTpye NOMETa Ha CUALHO 3a-
FPA3HEHHDIX MOABECKaX M30AATOpPOB. Ho, Tem
HE MeHee, NPOBOAMMbIE PabOTHMKAMM BAEK-
TPOCETEBbIX KOMMaHWI paboTbl MO OYMCTKE
onop ADI'T NpUBOAAT K MPAMOMY YHUUTOXKe-
HMIO THE3A, KAQAOK M MTEHLIOB OpAOB. DaKTb
HEraTMBHOrO BO3AEMCTBMA W MOCAEACTBMI
MEpOMNPUATUIA MO OUUCTKE AUHUIA OT THE3A He
pa3 ynoMMHaAUCb MccAeroBaTeAammn (Kaps-
KuH, bapabaiumn 2006; T'youH 2018). Cayyamn
BapBapCKOro M MOCTOSHHOTO YHUYTOXKEHUS
rHE3A PabOTHUKAMM DAEKTPOCETEBbLIX KOMMa-
Huit B betnakaase onuceiaa C.B. Aomaiues-
CKMIM (AMYH. COODLLL.): MO 3TUM CBEAEHMAM B
2015 r. AECATKM FHE3A OPAOB ObiAM COPOLLIEH
¢ ADI1 n mHorne BbiIBOAKM nornban. B 2016

OAHO 13 AByX HabBAIOAEHMIT B3POCAOTO OPAA-MOTMAbHM-
Ka, cuasilero Ha nTmueonacHoi onope A3l B MovibiH-
kymax. @oto M. KapskuHa.

One of two records of an adult Eastern Imperial
Eagle perched on the bird-dangerous electric pole in
Moyinqum Sands. Photo by I. Karyakin.

switch to alternative prey, if available, when
the main prey decreases (Demerdzhiev et al.,
2022). For the closely related Spanish Impe-
rial Eagle (Aquila adalberti), it has also been
noted that when the primary prey (Wild Rab-
bit Oryctolagus cuniculus) is scarce, feeding is
based on alternative prey such as pigeons or
carrion, and the eagles survive long periods of
depression in the abundance of the primary
prey quite well (Sanchez et al., 2009).

Species distribution modeling

As in any work of distribution modeling of a
rare species, we were faced with the problem
of selecting a balanced set of data on the pres-
ence and absence of the species. The number
of points of absence was twice as large as the
number of points of presence of the species,
especially in some biotopes with similar char-
acteristics in which the EIE is bred and is ab-
sent, for example, Saxaul forests in the sands,
old (breeding) and young (absent), single-row
forest belts on undisturbed pastures (breeding)
and among fields (absent). An increase in the
set of points where a species is absent led, on
the one hand, to cutting off most of the for-
est places in which the species does not nest,
but on the other hand, it worsened the pre-
dictive qualities of the model due to the false
negative identification of several suboptimal
biotopes for the species, but in which the ea-
gle still breeds - single trees along the edge of
sand, floodplain forests, single-row forest belts
among pastures, etc. Since we set an ambi-
tious task — creating a model of EIE breeding
biotopes with a resolution of 50 meters, even
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. OPAbI-MOTMAbHMKKM TMOCTPOMAM 4 HOBbIX
rHe3Aa, M3 HKMX 2 OblAM € NTeHuamu. B anpe-
Ae 2017 . ObIAO OTMEYEHO 5 XKMAbIX THE3A Ha
ADMT; 9 mioHs rHésaa OblAn cOpoLLEHbI, TPEX
NTEHLOB (BbIBOAKM C ABYX HE3A) MCCACAOBATE-
AM OOHapY>XMAM Ha HACOCHOM CTaHLMM, KyAa
MX MPUHECAM BHEPreTUKK; 12 MIoHA OpHUTO-
AOTM MOCTPOUAM FHE3AOBYIO MAATCPOPMY, KyAd
nepeHecAn COPOLLEHHOE MHE3A0 M HAMACHHBIX
NTEHLOB; MOAKOPMKY MTEHLOB MPOAOAXAAK
AO 24 vioHS, KOrAA OTMETWAM, YTO napa op-
AOB-MOTMAbHMKOB  KOPMMUT  BCEX MTEHLIOB,
BKAIOYAsl NMPMEMHOrO. baaroaaps crapaHmsam
OpHUTOAOTOB B 2017 I. yAaAOCb CMacTh TPéx
opAaT. CKOABKO OPAOB-MOMMABHWUKOB Nornda-
€T eXXeroaHo, 6AaroAaps AEATeAbHOCTM JAEK-
TPOCETEBbIX KOMMaHMI No ouncTke onop AJIT
OT FHE3A NTML, HEM3BECTHO.

Pa3suTie aA00bIuM ypaHa B neckax MowbiH-
KyM TaK>Ke HeraTMBHO CKa3blBa€TCs Ha OpAe-
MOIrMAbHMKE. [1POUCXOAMT Npamoe paspylue-
HUE eCTeCTBEHHbIX MeCTOOOMTaHMI U cme-
LLIeHWe MHEe3A0BbIX YHaCTKOB M3-3a cpakTopa
GecnokoiicTsa. MomMmnMo 3Toro, Aobbiva ypa-
Ha METOAOM TMOA3EMHOIO BblLLIEAQYMBAHMS,
KOTOPbIM Celyac SBASeTCH MPUOPUTETHbLIM
METOAOM, CMOCOOCTBYET Pa3BUTUIO MAOTHOM
ceTn nTmueonacHbix AJIN B MecToobuTaHnax
OPAOB-MOTMABHMKOB.

Tak KaK OpéA MOrMAbHUK AASI CBOETO IHe3-
AOBaHWS 3a4acTylo BbIOMPaeT MecTa B Heno-
cpeacTBeHHOM 6AM30CTM OT chepm (B Aeco-
noAocax, B NorMax pek), CyLLeCTByeT yrpo3a
M3bATUSA NTEHLOB U3 FHE3A MECTHBLIMU XKUTE-
ASIMM C LI@ABIO MPOAQKM MX OXOTHUKAM C AOB-
UMMM NTULAMM MAK Ha dydeAa. [1o kpaiHen
Mepe, OAMH TakOW CAyyalt OblA BbISIBACH B
2022 r. — cpepMepbl MOKMHYAM AETHUI Aa-
repb ckoTa, 3abpas C coOOM onepsLLMXCS
NTEHLOB OPAA-MOTMAbHMKA M3 OAMXKaMLIEro
K dpepme rHesaa. Takoke rHe3A0BaHUE OPAOB
6AM3 hbepm YpeBaTO XWLLUHMYECTBOM MNacTy-

Napa 0pAOB-MOMMALHUKOB BO3AE rHe3Aa, yCTPO@HHOro
Ha MeTaramnydeckoi Tpasepce 6eToHHo onopsl ADI
110 kB. ®oto M. KapskuHa.

Pair of the Eastern Imperial Eagles near the nest on the
metal cross-arm of the concrete pole of power line
110 kV. Photos by I. Karyakin.

a small set of points of the absence of a spe-
cies in biotopes similar in their characteristics
to breeding biotopes worsened the model pa-
rameters. Therefore, at the final stage of mod-
eling, we reduced the set of species absence
points, bringing it closer to a balanced one, to
the detriment of the quality of identifying real
breeding biotopes for several types of forests.
In the final model, several different tree stands
in which the EIE is not nesting were found to
be in the group with a predictive probability
of the presence of the species ranging from
50 to 75%. In the same group, less than 45%
of the points of presence of the EIE for which
the modeling was carried out turned out to
be, while 96.4% of all 55 points participat-
ing in the modeling fell into the 100-meter
buffer zone of pixels, for which the probabil-
ity of the presence of eagles is determined to
be 75%. That is why, when creating the final
map of breeding biotopes, we classified only
pixels with a probability of species presence
of more than 75% as such. By doing this, we
got rid of the excess area of forests classified
as suitable for breeding, but also reduced the
area of probable breeding for eagles in sub-
optimal conditions. For population assess-
ment, this is more important, since the excess
area of habitats suitable for breeding distorts
the estimate upward much more significantly
than the lack of area of suboptimal habitats
for breeding underestimates it. Only 3.64% of
EIE nests remained outside the 100 m buffer
zone around pixels of breeding biotopes with
a probability of species presence of more than
75% and 1.82% — outside the contour of suit-
able habitats (i.e. outside the 3.14 km buffer
zone around pixels of breeding biotopes) — all
these nests (2) were made by eagles on elec-
tric poles.

As can be seen from the above, the main
contribution to the deterioration of the pre-
dictive indicators of the EIE distribution model
was made by nests built on electric poles, as
well as on single trees near wells in the sand,
which were 1.5-3.3 km away from breed-
ing biotopes type of dense forest plantations.
Based on the characteristics of spatial and en-
vironmental variables, these areas were iden-
tified as unsuitable for nesting of the species.
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Wbhx cobak, KOTopble MOryT yOmBaTb CAET-
KOB, MOKMHYBLUMX FHE3A, HO €LUE MAOXO AeTa-
IOLLMX — OAMH TaKOM CAy4ai TakxKe OTMeYeH
B2022r.

[MoTeHUMaAbHYIO Yrpo3y OpAaM-MOFMABbHM-
KaM, THe3AAMMCS B MoWbIHKYMax, CO3AaioT
MOCTPOEHHbIE U MAAHMPYIOLUMECH K CTPOM-
TeabcTBy BOC B Kapartay u Yy-Maniickmx ro-
pax BOKpyr neckoB. OCODEHHO OMacHbI AAS
MOWbIHKYMCKOW FHE3A0BOM IPYMMMPOBKX Op-
noB BOC B Kapartay, Tak kak yepes 3TH ropbl
OpPAbI, FHE3AALLMECS B NECKaX, MUIPUPYIOT Ha
3MMOBKM M 0bpaTHO. OAHAKO BOMPOC BAM-
SHMg yke noctpoeHHblx BOC B Kapartay Ha
OPAOB OCTa€TCS HEM3YHUEHHbIM.

Ob6cyxaenue

JKororus Buaa

B 2022 r. Mbl onpeaeAnAn pasmep KAaAOK
oT T a0 3 auu, B cpeaHem 2+0,63 aiiua Ha
yCrelwHoe rHe3A0, a pasMep BbIBOAKOB AO
BblA€TA NTEHLOB BapbnpoBaA oT 1 A0 3 nTeH-
OB, COCTaBMB B cpeaHem 2+0,71 nTeHuUoB
Ha YCMeLHOe FHe3A0, YTO HECKOAbKO Bbllle
CBEAEHMI, YKa3aHHbIX B AUTEpATYpe AAS U3-
y4aemoi Tepputopmm (0T T A0 3 aunL, B Cpea-
Hem 1,86+0,69 siua Ha ycnewHoe rHe3Ao
(n=7) no: MNytatun, 1986; Koswapb, 1986;
Axycynos, 2017; AmupekyAa un ap., 2022, B
cpeaHem 1,9 qiiua Ha NPOBEPEHHOE THE3A0
¢ Knaako (n=18) no: NyéuH, 2018). OaHako
3TV MOKA3aTeAU A€XKAT B MPEAEAAX HOPMbI AASI
BMAQA. B 4aCTHOCTK, NO AMTEPATYPHBLIM UCTOY-
HMKaM pa3smep KAAAOK OPAOB-MOIMMALHUKOB B
KasaxcraHe B ueAom BapbupoBaa oT T a0 3
aunu (Kopeaos, 1962, xoTa B nybAMKauMax A0
1960-X . MMeAach MHAPOPMALIMS O KAAAKaX
TOAbKO 13 1-2, B cpeanem (n=27) 1,56%0,51
UL, pasmep BbIBOAKOB COCTaBASA 1-2, B
cpeanem (n=12) 1,5%+0,52 nteHua (3apya-
Hbii, Kopees, 1906; Lllectonepos, 1929;
Cnanrenbepr, ®eiirnH, 1936; BoauaHeu-

We also encountered the problem of a small
sample, in which even one or two atypical
points of presence make a noticeable contri-
bution to the deterioration of the result. But
despite these problems that arose when iden-
tifying biotopes and suitable habitats suitable
for breeding for the EIE, we consider the result
of our modeling of the distribution of the spe-
cies in Moyinqum Sands to be good.

Population estimate

Until recently, the low attendance of Moy-
inqum Sands by ornithologists and bird lov-
ers did not allow us to assess the true scale of
the number of EIEs breeding in these sands.
The dip in the occurrence of this species in
July in public databases (see Fig. 17) and the
low number of published records of breeding
birds (a total of 19 records of nests and clutch-
es over the vast study period) hinted that there
were few eagles here, although the territory
was suitable according to its characteristics
to concentrate a large breeding group of the
EIE. Only targeted study in 2022-2023. made
it possible to estimate the number of eagles
breeding in Moyinqum.

We found a significant difference in the
density of breeding pairs of EIEs in the arti-
ficial forests of the southeastern edge of the
sands and the rest of the sands along the Ta-
las and Chu rivers, dividing them into zones
A and B respectively to extrapolate account-
ing data. However, for zone B, the population
estimate interval turned out to be quite large
due to the uneven distribution of eagles in
this area. Moreover, a large interval was pro-
vided by both extrapolations of census data
from the surveyed plots and the RPG based
on the distances between nearest neighbors,
which is due to the lack of census data in the
northwestern, central, and northeastern parts
of the sand massif, where there is a large area
of habitats suitable for the EIE.

It is obvious that the method of extrapola-
tion of “raw” census data from surveyed plots,
even when dividing the territory to estimate
abundance into 2 zones, underestimated the
estimate of abundance in zone A, and, con-
versely, greatly overestimated it in zone B.
Since in most of zone A the density of distri-
bution of nesting pairs of eagles tends to be
the maximum indicator determined for site
No. 3 of 2.13 pairs/100 km?, then the upper

Krasaka opaa-mornabumka. @oto M. KapskuHa.

Clutch of the Eastern Imperial Eagle. Photo by I. Karyakin.
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kmi, 1937; BoaowmH, 1949; LLIHWMTHMKOB,
1949; Bapuwasckui, 1959; Kopenos, 1962);
B Haypsymckom 3anoseaHuke B 1978-1996
rr. u3 307 cAyvaes rHe3soBaHus 263 OblAn
YCMELLHbIMM, CPEAHSS BEAMYMHA KAAAOK 3a
BCe roabl coctaBmaa 2,1 qiiua, cpeaHss npo-
AYKTMBHOCTb cocTaBuAa 1,5 CAETKa Ha napy
(bparun, 1998); B Pecnybanke Aataii (Poc-
cus) B 2009 r. KAaAkM cocTosiaM 13 1-3, B
cpeaHem (n=12) 2,08+0,67 suu, BbIBOAKM
—1-3, B cpeanem (n=89) 1,6+0,58 nTeHLOB
(Kapsikun n ap., 2009).

MccaeaoBaHma 2022 . MOKasaAn yAOBAET-
BOPUTEABHYIO  YCMELIHOCTb  Pa3MHOXKEHMs
OpPAA-MOTMAbHMKA Ha WMCCAEAYEMOM TeppUTO-
pum — 44,44% ycnellHbIX FHE3A K KOHLLY Ce30-
Ha Pa3MHOXEHMS MpK MPOAYKTMBHOCTM 1,75
CAETKOB Ha ycnewHoe rHe3ao u 0,78 cAEtkos
Ha aKTMBHOE HE3AO0 (3arHe3AMBLLIYIOCS MNapy).
HecmoTpa Ha Aenpeccuio YMCAEHHOCTU Tpbl-
3YHOB, OPAbI-MOMMABHUKM AOCTaTO4HO dchdpek-
TUBHO NEPEeCTPanBaAMCh Ha MUTaHWe APYrMMM
BMAAMM, B HaCTHOCTM MTMLAMM, 1 MPEKPACHO
MCMOAb30BAAM OCTaAbHbIE KOPMOBbIE PECYPChl
(3aiiubl, €XM M T.A). MOXKHO MPEANOAOXKMTD,
YTO MPOAYKTMBHOCTbL MOrAa Obl  OKa3aTbCs
BbILLIE MPU HAAUYMM AOCTATOHHOTO KOAUYECTBA
MPbI3yHOB, KaK 3TO HabAIOAQETCS, Hanpumep, B
Benrpun nan B Kycranaiickoi obaactm Kasax-
craHa. B Benrpum B 2001-2009 rr. BbIBOAKM
coctosiav 13 1,54-1,93 NTeHUOB Ha yCneLuHyio
napy B roa, a o0LLas roAOBas NPOM3BOAUTEAb-
HOCTb OpAOB cocTaBAsAa 0,91-1,30 nTeHua Ha
3arHesauBLUylocst napy (Horvath et al., 2011).
B OCTpOBHLIX A€Cax MOA30H YMEPEHHO CyXMX
n cyxmx creneit KyctaHaiickol obaacTtu, npu
CPeAHEN AOAE €XKErOAHO Pa3MHOXKAIOLLMXCS
nap OPAOB-MOTMAbHWKOB B 77,5%, NpPOAYK-
TUBHOCTb COCTaBAsiAA B cpeaHem 1,3 onepwus-
LumMxca nreHua Ha napy (bparmn u ap., 2012).
KonkpeTHo B Hayp3aymckom 6opy B 1978-1996
IT. YUCAO CAETKOB OT KOAMHECTBA OTAOXKEHHbIX
ML COCTaBMAO 71,7%, HO B 3aBUCMMOCTH OT YC-
AOBMI FHE3A0BAHMS OHO M3MEHSAOCH OT 48,9%
(pa3spo3HeHHbIE KOAKM Ha CKAOHAX MAAaTo) AO
76,5% (Hayp3aymckuii u Tepcekckuii 60pbl)
(bparuH, 1998). Takum obpa3om, B MOWMbIHKY-
Max MPOAYKTUBHOCTb FHE3A0BOU MPYMMMPOBKM
OPAa-MOIMABHUKA, BbiIBA@HHAsA Hamu B 2022
r., He OblAQ BbICOKOM, KaKoii MOrAa Obl ObITb, HO
€€ MOXXHO CHMTaTb XOPOLLIEN NMPU CAOXKMBLLEN-
€St KOPMOBOM CUTyaLIMK. ITO NpearnoAaraeT eé
YCTOMUMBOCTb B AAAbHENLLIEM BHE 3aBMCMMO-
CTU OT AMHAMMUKM YMCAEHHOCTM OTAEALHBIX BM-
AOB AODbIUM, NMYCTb 1 Oa30BbIX.

[MnTaHne opaa-MormAbHUKa B MOMbIHKyMax
OKa3aA0Cb CXOXKMM C TaKOBbIM Ha BCel Tep-
pUTOpMM 10ro-BocToka KasaxcraHa. Hecmotps
Ha AEMpeccuio YMCAEHHOCTM TPbI3yHOB, OPAbI

CAETOK OpAa-MOrMAbHMKa OKOAO FHe3Aa.
®oto M. KapsikuHa.

Fledgling of the Eastern Imperial Eagle near the nest.
Photo by I. Karyakin.

limit of the population estimate for zone A in
the range from 45 to 62 pairs should be con-
sidered more objective. But it also method
gives lower results than RPG, which is based
on distances between nearest neighbors. In
zone B, we have only two massifs of Saxaul
forests most suitable for the breeding of ea-
gles, where eagles can nest with an average
density for a given territory — in the west and
the northeast of the sands. In the rest of the
territory, the distance between nearest neigh-
bors can tend to a maximum, which creates
large errors in predicting the distribution of
potential breeding territories. In addition, in
this zone, greater uncertainty in the distribu-
tion of the EIE is created by the distribution of
living farms, as well as larger predators, such
as the Golden Eagle and the White-Tailed Ea-
gle, which begin breeding earlier than the EIE,
and therefore occupy nesting sites earlier, the
more thereby limiting the distribution of EIEs
in the most attractive habitats from the point
of view of nesting substrates. The Golden Ea-
gle provides serious competition to the EIE
inside the sand massif, and the White-Tailed
Eagle — in the valley of the Chu River. There-
fore, the lower range of abundance estimates
obtained as a result of recalculation of “raw”
census data from surveyed plots should be
considered more realistic for zone B — from
160 to 294 pairs. However, also looks over-
estimated, taking into because the large dis-
tances between nearest neighbors as on plot
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AOCTaTOYHO XOpPOLLO OCBauBaAM MpoyMe Kop-
MOBbIE Pecypchl, Ha OOAbLLEN HaCTH y4acTKOB
He npepbIBasi Pa3MHOXKEHMS U AXKE He CHUXKas
npoayktneHocT. OTX0A MOTOMCTBa HabAlo-
AAACS B OCHOBHOM MO MpPUYMHAM, CBS3aHHbIM
c dhepmepamm (6eCNOKOICTBO, XMULLHUYECTBO
cobak, U3bsITUE MTEHLIOB), a He MO NMPUUMHE UC-
4e3HOBEHMSI KOAOHMIA CYCAMKOB M NECHAHOK Ha
rHe3A0BbIX ydyacTkax. CAeayeT 3amMeTWTb, YTO
Tpodpuyeckasi MAACTUHHOCTb  OPAOB-MOTUAb-
HUKOB MOCAEAHME FOAbl AOKa3aHa AASI MHOMMX
TEpPPUTOPUIA €ro NTHE3A0BOIO apeaa U SIBASIET-
CSl BOKHOM COCTaBASIIOLLIEN BbDKMBAHMS U PO-
CTa YMCAEHHOCTH BMaa. Hanpumep, B Benrpum
¢ 1982 no 2017 rr. paHee MHOrOYMCAEHHBbIM
xomsik (Cricetus cricetus) CTaA MapriHaAbHbIM
(7,42%), a cycamku (Spermophilus  citellus)
npakThueckn ncuesan (0,03%) 13 paurona op-
AOB-MOTMMABHUKOB; MapaAieAbHO C UCHE3HOBeE-
HMEM TPAAULIMOHHbIX BUAOB KOPMOB BPaHOBbIE
(13,10%), roayom (8,90%), BOaOMNAaBaioLLIME
nT1ubl (6,83%), Apyrve rpbisyHbl (6,71%), ko-
cym (Capreolus capreolus) (5,59%), XuLuHble
NTUUbl 1 COBbI (4,88%) CTaAn peryasipHo ob-
Hapy>kK1BaeMbIMU BUAAMM AODbIUM; OPAbI MC-
MOAb30BaAM Hanboaee pacnpocTpaHéHHble Kc-
TOYHUKM MULLIM U HE 3aBUCEAU UCKAIOUYUTEABHO
OT CTaTyca Kakoro-Anbo OAHOrO KOHKPETHOrO
Buaa (Horvath et al., 2018). B boArapum opabl
MUTAAMCb MPEUMYLLECTBEHHO eXkamm (29,88 %),
cycankamm (16,85 %) u amctamu (Ciconia sp.,
7,74 %), yCreLHo aAanTupysicb K HOBOMY MC-
TOYHMKY TMULLKM, KOTOPOrO MHOIO B KOHKpET-
HOM paioHe apeaa — B1A M 3AeCb MoKasan rmb-
KOCTb paLlMOHa M CrIOCOBHOCTb MEPEKAIOUATbCS
Ha aAbTEpHATMBHYIO AODbIMY, €CAM TakoBas
MMeeTCSl, MPU YMEHbLLIEHUM OCHOBHOM AODbIUM
(Demerdzhiev et al., 2022). Ars 6AM3KOrO MC-
MaHCKOro opAa-MoruAbHuKa (Aquila adalberti)
TaK)Ke OTMEUYEHO, YTO KOrAQ OCHOBHOM AODbIUM
(amkoro kpoamnka Oryctolagus cuniculus) mano,
nuTaHne Ga3upyeTcs Ha aAbTEPHATUBHOM AO-
Oblue, TaKOM Kak rOAYOM MAM MaAaAb, U OPAbI
AOCTaTOYHO XOPOLLIO MEPEXMBAIOT MPOAOAKM-
TeAbHblE MEePUOAbI AENPECCUM YMCAEHHOCTH Ba-
30BOro 00bekTa A00bIHM (Sdnchez et al., 2009).

MoaeanpoBaHne pacnpocTpaHeHmns

Kak v B A0b0M paboTe No MOAEAMPOBaHMIO
pacnpoCTpaHeHUs PEAKOrO BMAA Mbl CTOA-
KHYAMCb C npobAaemoit noabopa cOaraHcH-
POBaHHOro Habopa AaHHbLIX MPUCYTCTBUSA M
OTCYTCTBMS BMAA. KOAMYECTBO TOYeK OTCyT-
CTBMS B ABa pa3a MPEBbLILLIAAO KOAMYECTBO
TOYEK MPUCYTCTBUSA BUAQ, OCODEHHO B HacTu
BGAM3KMX MO CBOMM XapakTepucTukam O1oTo-
MOB, B KOTOPbIX OPEA-MOIMAbHMK FHE3AUTCS
M OTCYTCTBYET, Hanpumep CakCayAbHWUKW B
neckax crapble (FHe3AMTCS) U MOAOAble (OT-

No. 1, and in the Chuya part of the sands.

The estimate of the EIE population could
be improved by analyzing the distribution of
farms, since in the area under consideration
this eagle does not nest further than 4.5 km
from them. However, identifying farms in the
sand is a separate labor-intensive task. For
now, we can correct the results of extrapo-
lation of the EIE abundance relative to farms
only for the surveyed territories for which
there are GIS layers of farms.

The population estimate of the EIE we re-
ceived for the Moyinqum Sands at 79-275,
average 150 breeding pairs, is a kind of start-
ing point, and in the future, it will need to be
clarified by increasing the volume of census
data. But it is already obvious that the number
of EIE breeding in the Dzhambyl region should
be increased at least 3 times. Previously, 36
pairs were known to nest here (Gubin, 2018;
Karyakin, 2018), and the population was esti-
mated at 50-80 pairs (Karyakin, 2020). Cur-
rently, 72 pairs of imperial eagles are known
to nest in the region, and the population is
estimated at 150-320 pairs. Moreover, only
in Moyinqum Sands, which occupies no more
than a third of the territory of the Dzhambyl
region, less than 10% of habitats suitable for
the EIE were visited by ornithologists, and only
6.23% were covered by surveys.

Conclusion

Moyinqum is the southeastern edge of the
EIE’ breeding range. Previously, it was as-
sumed that EIEs breeding in the Moyinqum
Sands form the southeastern edge of the Bet-
pakdala breeding group of the Desert popula-
tion of this species (Karyakin, 2020), however,
new data obtained suggest that an independ-
ent breeding group of EIEs is concentrated

CAéTok opra-mMormAabHuKa B rHesae. @oto M. KapsikuHa.

Eastern Imperial Eagle fledgling in the nest.
Photo by I. Karyakin.
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CYTCTBYET), OAHOPSIAHbIE AECOMOAOCHI Ha He-
HapyLleHHbIX nacToumwax (FrHe3anuTCs) u cpe-
AM MOAEN (OTCYTCTBYET). YBeAnueHune Habopa
TOYEK OTCYTCTBMSA BMAA MPUBOAMAO C OAHOM
CTOPOHbI K TOMY, YTO OTCeKaAacb OOAbLUAs
4aCTb A€CHbIX COOOLLECTB, B KOTOPbIX BUA HE
FHE3AUTCS, HO C APYrOM CTOPOHbI YXYALLAAO
MPOrHOCTUYECKME KA4eCcTBa MOAEAM 3a CHET
AOXXHOOTPULIATEABHOIO  OMPEAEAEHUS  psAa
CyOONTUMAaAbHBIX AAS BMAA OMOTOMOB, HO B
KOTOPbIX OPEA BCE XKe MHE3AUTCSH — OAMHOM-
Hble AEPEBbS MO KPOMKE MECKOB, MOMMEHHbIE
AECOHACAXKAEHMNS, OAHOPSAHbLIE AECOMOAOCHI
cpean nactoumwt u T.n. Tak kak Hamu Obina
nocTaBAeHa amMOMUMO3Has 3asada — CMO-
AEAMPOBATb FHE3AOMPUIOAHbIE OMOTOMLI B
NPOCTPAHCTBEHHOM pa3spelueHnn 50 M, TO
Aake HeOOAbLLIOW Habop To4YeK OTCyTCTBUS
BMAa B OnoTonax OAM3KMX MO CBOMM Xapak-
TEPUCTMKAM K FHE3A0BbIM, YXYALLIAA Mapame-
Tpbl MoAeAW. [1O3TOMY Ha 3aKAIOUYUTEALHOM
3Tane MOAEAMPOBAHMS Mbl COKPaTUAM Ha-
6op ToueK OTCYTCTBMSA BMAA, NPUOAM3NB €ro
K cOaraHCHpOBaHHOMY, B yllepO KadecTBy
BLIAGAEHMS PEAAbHbIX FHE3AOBbIX OMOTOMOB
AASl HECKOABKMX TWUMOB A€COHacakaeHui. B
MTOrOBOM MOAEAM PSA PA3AMYHLIX ApeBec-
HbIX HaCa>KAEHMI, B KOTOPbLIX OPEA-MOTrMAL-
HUK OTCYTCTBYET Ha FHe3A0BaHMM, OKa3aACs
B rpynmne C NPOrHOCTUHECKON BEPOSTHOCTbIO
npucyTcTBus BMAa oT 50 a0 75%. B aToii xe
rpynne okas3aAnocb MeHee 45% Touek npu-
CYyTCTBUS  OPAA-MOTMABHMKA, MO  KOTOPbIM
OCYLLIECTBASAOCh MOAGAMPOBAHME, MPKU 3TOM
96,4% OT BCEX y4acCTBOBABLUMX B MOAEAM-
poBaHun 55 Touek nonaan B 100-meTpoByio
HydpepHyI0 30HY NUKCeAei, C BEPOSITHOCTbIO
npucyTcTBus BUAA Goree 75%. MMeHHO no-
3TOMY NpK POPMUPOBAHMM UTOTOBOM KapTbl
FHE3AOMPUIOAHBIX OMOTOMOB Mbl OTHECAM K
TaKOBbIM TOABKO MUKCEAM C BEPOSATHOCTBIO
npucyTcTBust Buaa Goaee 75%. DTUM Mbl
130aBMAMCL OT M3OLITOYHONM MAOLLAAM AECO-
HaCaXKAEHMI, OTHECEHHbIX K FHe3A0MPUroA-
HbIM, HO M COKPaTWUAM MAOLLAAL BEPOSTHO-
rO rHEe3A0BaHMS OPAOB B CyOOMTUMAAbHbBIX
YCAOBUAX. AAS LIeAEH OLEHKM YMCAEHHOCTU
3T0 6oAee BaXkKHO, Tak Kak M30bITO4Has MAO-
LAaAb FHE3AOMPUIOAHBIX OMOTOMNOB MCKaxa-
€T OUEHKYy B CTOPOHY YBEAMYEHMS FOopasAo
CylWlecTBeHHee, YeM HEeAOCTaTOK MAOLLAAM
CyOONTUMAAbHBIX AASI THE3AOBaHMSA OMOTO-
nos eé 3aHmxaeT. Aulb 3,64% rHésa opaa-
MOTMABHMKA OCTaAMChb 3a npeaeramn 100 m
HydpepHOI 30HbI BOKPYr MUKCEAEH THe3Ao-
MPUrOAHBIX OMOTOMOB C BEPOSTHOCTBLIO MPU-
cyTcTBUSA BMAa Bonee 75% 1 1,82% — 3a npe-
AEAAMM KOHTYpa NMPUIrOAHbLIX MECTOOOUTaHMM
(T.e. 3a npeaerammn 3,14-kuaomeTposon Oy-

Opéa-morurbHuk. @oto M. Kapskuna.

Eastern Imperial Eagle. Photo by I. Karyakin.

here, the core of which is localized in the
southeastern part of the sands. Understand-
ing this is extremely important when plan-
ning territorial protection of the species in
Southern and South-Eastern Kazakhstan. The
preservation of a large breeding group of the
EIE in Moyinqum Sands may contribute to the
restoration of the species in the southeast of
Kazakhstan, where this eagle has practically
disappeared from breeding.
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OAHO 13 CambIX I0XKHbIX
M3BECTHBbIX MHE3A OpAa-
MOTMAbHMKA Ha I0ro-BOC-
TOKe MO#bIHKYMOB.
®oto M. KapsikuHa.

One of the southernmost
known nests of the
Eastern Imperial Eagle

in the southeast of
Moyinqum Sands.

Photo by I. Karyakin.

cpepHOI 30HbI BOKPYT MUKCEAel rHe3aonpu-
rOAHbIX OMOTOMNOB) — BCE 3TU MHE3AQ (2) ObIAM
yCTpoeHbl opAamm Ha onopax AJIT.

Kak BMAHO M3 HaMMCaHHOrO Bbille, OCHOB-
HOM BKAAA B YXYALLUEHME MPOrHOCTUHECKMX
nokasaTeAeil MOAEAM PacrpoCTpaHeHUs op-
AQ-MOTMABHMKA BHECAM THE3AQ, YCTPOEHHbIe
Ha onopax AJ[1, a TakKe Ha OAMHOYHbIX Ae-
peBbsax OAM3 KOAOALEB B Meckax, KOTopble
OblAM yaaAeHbl Ha 1,5-3,3 KM OT rHesaonpu-
FOAHBIX AAS BMAA MAOTHbIX A€COHACAKAEHMI
M MO XapaKTepUCTMKam MPOCTPaHCTBEHHbIX
M DKOAOFMYECKMX MEPEMEHHbIX 3TU y4aCTKM
MAEHTUCPULIMPOBAAMCH KaK HEMPUTOAHbIE AASI
FHE3A0BaHMS BMAA. TakKe Mbl CTOAKHYAMChb
C npobAemMor MaAoi BbIOOPKM, B KOTOPOM
AQXKE OAHA-ABE HETUMMUYHbLIX TOUYKM MPUCYT-
CTBMS BHOCST 3aMETHbIA BKAAA B YXYALLEHME
pesyAbTaTa. HO HECMOTpPS Ha 3T NPOBAEMBI,
BO3HMKLUME MPU BbIAEAEHUM THE3AOMPUIOA-
HbIX AAS OPAA-MOTMABHKMKA OMOTOMNOB U Npw-
FOAHbBIX MECTOOOMTaHWI, Mbl CYMTAEM XO-
POLLMM Pe3yAbTaT Hallero MOAEAMPOBAHMS
pacnpocTpaHeHms Buaa B MOMbIHKYMaX.

OueHka YNCA@HHOCTH

Chabas  nocewaemMocTb  MolbIHKyMOB
OPHUTOAOTAMK U AIOOUTEASIMM MTULL AO MO-
CAEAHErO BPEMEHM He TMO3BOASIAA OLIEHUTb
MCTUHHbIIA MacLLTab YMCAEHHOCTM OPAOB-MO-
TMABHMKOB Ha FHE3A0BAHWMM B 3TUX MeCcKax.
[MpoBaa BO BCTPE4AEMOCTM 3TOrO BMAA B
MioAe B OTKPbITbIX 6a3zax AaHHbIX (CM. puc. 17)
M MaAO€ YMCAO OMyOAMKOBAHHbLIX BCTpeY C
FHe3ASLMMCS NTuuamm (Bcero 19 peruncrpa-
LUMA THE3A M KAQAOK 33 OFPOMHBINA MEpPUoA
MCCAEAOBAHMI) HaMeKaAM Ha TO, YTO OPAOB
3A€Cb MAAO, XOTSi TEPPUTOPUSI MOAXOAMAQ MO
CBOMM XapakTepuUCTMKaM AAsi COCPeAOTO4e-
HUSl KPYMHOW FHE3A0BOM IPYMMUMPOBKM BUAA.
ToabKO LeAeBoe nccaeaoBaHune B 2022-2023

IT. NO3BOAMAO OLUEHNTb YUCAEHHOCTb MHEe3As-
LLUMXCSl B MOMbIHKYMaXx OPAOB.

Mbl 0OHaAPY>KMAM CYLLECTBEHHYIO pasHuMLLy
B MAOTHOCTM FHE3AALUMXCA Nap OPAOB-MO-
MMABHMKOB B MECKOYKPENUTEAbHbLIX A€COMo-
CaAKax l0ro-BOCTO4HOM KPOMKM MECKOB M Ha
OCTaAbHOW TEPPUTOPMM NECKOB BAOAb P. Ta-
AacC M BAOAb p. Yy, pasbuB MX COOTBETCTBEH-
HO Ha 30HbI A 1 B AAS LieAelt aKCTpanoAsaumm
Y4ETHbIX AAHHbIX. TeM He MeHee, AAS 30HbI B
MHTEPBAA OLEHKM YNCAEHHOCTM OKa3aACs AO-
CTaTO4HO OOAbLUMM M3-33 HEPABHOMEPHOIO
PacnpoCcTpaHeHnst OPAOB Ha AaHHOW Teppw-
Topum. Tpnuém GOALLLON MHTEPBAA AaBaAM
KaK 3KCTPanoAauns yYETHbIX AaHHbIX C MAO-
waaok, Tak u FCH no aucTaHuMam mexay
OAMIKANLLMMM COCEASIMM, YTO CBA3AHO C He-
AOCTaTKOM YYETHBIX AAHHbIX B CEBEPO-3arnaa-
HOM, LEHTPAAbHOW M CeBEPO-BOCTOYHOM Ya-
CTX MaCCMBa MECKOB, FAe MMmeeTcs DOoAbLIas
MAOLLAAL FHE3AOMPUIOAHbIX AASI BUAA MECTO-
obuTaHmi.

O4eBMAHO, YTO METOA IKCTPAMOAALIMK «Chi-
PbIX» YYETHBIX AQHHbIX C MAOLLAAOK AaXKe Mpu
pa3AeAeHUU TEPPUTOPUM AAS OLEHKM YUCACH-
HOCTM Ha 2 30Hbl 3aHM3MA OLEHKY YUCAEHHO-
CTW B 30He A, 1 HAOOOPOT, CUABHO 3aBbICHA
B 30He B. Tak kaKk Ha OOAbLLeN YacTu 30HbI A
MAOTHOCTb PacrpeAeAeHNs FHE3AALLMXCA Nap
OPAOB CTPEMMUTCS K MaKCMMaAbHOMY MoKasa-
TEAIO, OMPEAEAEHHOMY AAS MAOLLIAAKM Ne 3 B
2,13 nap/100 km?, To Goree OOBLEKTUBHBIM
CAEAYET CHMTaTb BEPXHWUI MepeAeA OLEHKM
YMCAEHHOCTU AASl 30HbI A B AManasoHe oOT
45 A0 62 nap. Ho u oH aaéT bonee HU3KMe
nokasatean, dem [CH, Gasupyowmiica Ha
AMCTaHUMAX MEXAY OAMXKAMLLMMMK  COCeAS-
mMu. B 30He B Mbl uMeem AMLIb ABa MaccuBa
MaKCMMaAbHO TMPUIOAHBIX AASI THE3A0BaHMS
BMAAQ CaKCAyAbHWKOB, FA€ OPAbl MOFYT THe3-
AUTBCS CO CPEAHEN MAOTHOCTbIO AASl AAHHOWM
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TEPPUTOPUM, — Ha 3aMaAe U Ha CeBepo-BOC-
TOKe neckoB. Ha ocTaAbHOM TeppuTopmK AMC-
TaHUMS MEXKAY OAVIKAMLLIMMM COCEAAMM MOXKET
CTPEMUTBLCS K MaKCMMaAbHOM, YTO CO3Aa€T
GOAbLLME MOFPELLHOCTM B MPOrHO3MPOBaHNM
PacnpeAeAeHMst  MOTEHUMAAbHBIX  MHE3AOBbIX
ydacTkoB. K TOMy >ke B 3TOM 30He OOAbLLYIO
HEOMNPEAGAEHHOCTb B PacnpoCTPaHeHUM OpAa-
MOTMABLHMKA CO3AAET PACNPEABACHME HKMABIX
dhepm, a Takke Goree KPYTHbIX XMLLIHMKOB, Ta-
KMX KaK OepKkyT 1 opaaH-O0eA0XBOCT, KOTopble
paHbLUEe OPAOB-MOIMALHWMKOB MPUCTYNaloT K
Pa3MHOXEHMIO, a CAGAOBATEAbHO, PaHbLLUe 3a-
HUMAIOT FHE3A0BbIE Y4aCTKM, TEM CaMbIM Orpa-
HUYMBAS PACMPEACACHUE OPAOB-MOMMABHUKOB
B HanboAee NPUBAEKATEALHBIX C TOUKM 3peHMs
rHE3A0BbIX CyOCTPaTOB MeCcToobuTaHumsX. bep-
KYT OKa3blBaeT CepPbE3HYI0 KOHKYPEHLIMIO OPAY-
MOIMABHMKY BHYTPM MaccuBa MeCKOB, OpAaH
— B AOAMHE p. Yy. [oaToMy Bonee peanbHbiM
AASl 30HBI B caeayeT cumTaTh HUKHMIA AMana-
30H OUEHKM YUCAEHHOCTM, MOAYYEHHBIN B pe-
3yAbTaTe NnepecyéTa «Chipbix» YHETHBLIX AAHHbIX
C nAoWasok — ot 160 a0 294 nap, KOTOPbIN,
BMPOYEM, TAKXKE BbIMASAUT 3aBbILLIEHHbIM, YUM-
ThiBask OOAbLUME AMCTAHLMM MeXAy OAMKai-
UMMM COCEASIMM KaK Ha naouaake Ne 1, Tak 1
B NPUYYICKOM YaCTH NECKOB.

OueHKy YMCAEHHOCTM  OpAa-MOMMAbHMKA
MO>KHO ObIAO Obl YAYULLIMTb, NMYTEM aHaAM3a
pacrnpeaereHust pepM, Tak Kak Ha paccma-
TPMBAEMOW TEPPUTOPUM ITOT OPEA He rHes-
amTCs ranee 4,5 kM OoT HuX. Ho BbISiBAEHME
chepm B Meckax 3TO OTAEAbHasi TPyAOEMKas
paboTa. M noka pesyAbTaTbl 3KCTPANOASLMM
YNCAEHHOCTM OPAA-MOTMABHMKA OTHOCUTEAb-
HO dpepM Mbl MOXKEM KOPPEKTUPOBATb TOAb-
KO Mo OOCAEAOBAHHBLIM TEPPUTOPUSAM, AAS
KOTOPbIX MMEIOTCS CAOU CPEPM.

[MoAy4eHHas HamMM OLIEHKA YMCAEHHOCTM
AAS MOMbIHKYMOB B 79-275, B cpeaHem 150
FHE3AALLMXCS Nap, ABASETCS HEKOM CTapTo-
BOM, M B AaAbHeliluemM eé Haao OyaeT yTou-
HATb, HapawMBas OObEMbI YUYETHBIX AAHHbIX.
HO y>e O4YEBMAHO, 4TO UYMCAEHHOCTb OpAa-
MOTMABHMKA Ha FHE3A0BaHMM B AXKaMOblAb-
CKOM 00AACTM AOAXKHA ObITb yBeAMHEHa Kak
MMHUMYM B 3 pasa. Panee 3aecb ObIAO M3-
BECTHO rHe3aoBaHue 36 nap (Nyoun, 2018;
KapsakuH, 2018), a YNCAEHHOCTb OLIEHMBAAACD
B 50-80 nap (KapsakuH, 2020). B HacTosLLee
Bpems B 00AaCTM M3BECTHO rHe3A0BaHue 72
nap OPAOB-MOIMABHMKOB, a YMCAEHHOCTb
ouenunsaerca B 150-320 nap. Tlpu sTom
TOAbKO B MOWbIHKYMaX, KOTOPbIE 3aHMMaIOT

He GoAee TpeTH OT TeppuTopun AKamObIAb-
CKOW 0DAacTi, OPHMTOAOraMM MOCELLAAOCh
meHee 10% MPUrOAHBIX AASI BUAQ MECTOOOM-
TaHWH, a y4éTamm oxBaveHo Bcero 6,23%.

3akalouenue

MOWbIHKYMbI  SIBASIOTCS  1OrO-BOCTOHHbBIM
Kpaem FHe3A0BOro apeaa Bmaa. PaHee npea-
MOAAraAOCh, YTO OPAbI-MOTMABHWMKM, FHE3AS-
lmecst B neckax MolibiHKym, dhopmupyioT
I0r0-BOCTO4HbIN Kpai beTnakaaAMHCKON rHes-
AOBOW TpynnupoBKK yCTLIHHOM NOMyAALMM
atoro Buaa (Kapskun, 2020), oaHaKo MOAy-
YEHHbIE HOBbIE AAHHbIE MO3BOASIOT FOBOPUTHL
O TOM, 4TO 3A€Cb COCPEAOTOYEHA CaMOCTOS-
TeAbHas FHE3A0Basi rPynnuMpoBKa OPAOB-MO-
MMABHUKOB, SIAPO KOTOPOM AOKaAM30BaHO B
IOr0-BOCTOYHOM 4acTu neckos. [MoHnmaHue
3TOr0 KpalHe BaXHO MNpW MAAHUPOBaHMK
TePPUTOPUAALHOM OXpaHbl BuAa B KOXHOM 1
IOro-soctouHom KasaxcraHe. CoxpaHeHue
B MOMbIHKyMax KpPYyMHOW HE3A0BOW rpynnu-
POBKM OPAA-MOIMAbHMKA MOXET CMOCOOCTBO-
BaTb BOCCTAHOBAEHMIO YMCAEHHOCTM BMAA Ha
loro-soctoke KasaxcraHa, rae 3ToT opéa npak-
TUYECKM MCHE3 Ha THE3A0BAHMMN.

baaroaapHocTu

[MoAeBble pabotbl B 2022-2023 rr. BbI-
MOAHEHbI Npu noasepxkke MDoHaa coxpaHe-
Hus BMAOB Tpesopa [Moitsepa (Trevor Poyser
Species Conservation Fund) uepe3 OpHuTo-
Aormyeckoe obuwectso bamxkHero Boctoka
(OSME)**, oHaa TT® (Clobal Greengrants
Fund)®®, ®oHaa coTpyaHMuecTBa AASl COXpa-
HEHWUS DKOCUCTEM, HAXOAALUMXCS B KPUTU-
veckom coctosHun / The Critical Ecosystem
Partnership Fund (CEPF)*’, a Takxe opraHu-
3aumu-napTtHépa MpoekT «AaTtaity / The Altai
Project (CLLIA)*® B pamkax npoekTa «CoxpaHe-
HME YrpOXKAaeMbIX BUAOB MEPHATbIX XMLLHMKOB
Ha WMHAO-TTareapKTM4ECKOM MWUIPALMOHHOM
nyt» (“Endangered Raptors Conservation on
the Indo-Palearctic Migration Flyway”).

ABTOpbI  OAarosapat  ampektopa OOule-
CTBEHHOrO cpoHAa «LleHTp u3yueHns u coxpa-
HeHus 6uopasHoobpasmsy (BRCC)*® Hypaana
OnrrapbaeBa 3a oOpraHM3auMio 3KCMNEAMLIMM
M BCECTOPOHHIOID MOPAALHYIO MOAAEPIKKY,
Y4aCTHMKOB MOAeBbIX paboT: Kopamana bap-
Towyka M ArekcaHapa Muaexuka, a Takke
BoAMTeAs baybipykana YTebaeBa 3a BoxaeHMe
B CAOXKHbBIX ycAOBUAX. OTaeAbHas OAaroaap-
HOCTb AkeHHKdpep KacTHep 3a peaakLmio aH-
FAMICKOrO NepeBoAa TeKCTa CTaTbu.
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Eastern Imperial Eagle fledglings that have recently fledged the nest. Photo by I. Karyakin.
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