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Pesiome

CrepsatHuk (Neophron percnopterus) sBasieTCsl yrpo)kaembiM BUAOM B A0GaAbHOM MacluTabe 1 HaxoauTcs B Kaszax-
CTaHe Ha Camoii CeBepHOIi rpaHuLie CBOEro rHe3A0BOro apeasa, (PparMeHTUPOBAHHOrO Ha TPU KPYMHbLIX aHKAaBa.
OaAHMM 13 Takmx aHKAABOB aBAseTcs xpebeT Kapatay. PaHee npeanoaaranoch, 4To B KapaTay rHe3amntcs HeboAbLLIOe
KOAMYECTBO CTEPBSATHUKOB, OAHAKO MccAeaoBaHMs 2010 r. nokasaAn OLWMOOHHOCTb 3TUX NpeacTaBAeHuid. B 2022 r.
KapaTay 6biA 06cAea0BaH GOAee AETAAbHO Ha MPEAMET BbISIBAEHMS CTePBATHUKOB. 10 pe3yAbTaTam McCAeAOBaHMIA
2010 r. 1 2022 I. Mbl CMOAEAMPOBAAK pacrpoCTpaHeHue cTepssiTHiKa B Google Earth Engine Mcrnoab3ys MeToa kaac-
cuchuraumm nsobpaxkeHunii Random Forest (BeposiTHOCTbL + perpeccus) U pacCHUTaAu ero BO3MOXKHYIO YMCAEHHOCTb
B Kapatay HeckoAbKkMMM MeToaamK, BKatodas Distance Sampling. MAoLLI@Ab FrHE3A0MPUIrOAHBIX BUOTOMOB CTEPBATHMKA
onpeaeneHa B 10 378,85 km?, naollaab mectoobutanuii — 34 576,8 km?. YncaeHHOCTb cTepBsTHKMKa B KapaTay no
CocTosiHMio Ha 2022 1. oueHeHa B 171-298, B cpeaHem 278 rHesaawumxca nap, u 43—74, B cpeaHem 69 ycrnewHbix nap
(m3BecTeH 91 rHe3a0BOM y4acTok). Ha oCHOBaHMM NOAYHEHHbIX AaHHbIX M aHaAM3a NMyOAMKaLMIA Mbl PEANOAaraem cTa-
OMABHOCTb KapaTayCKOW MOMyASLIMM CTEPBSATHMKA, HECMOTPS Ha yXyALLIEHME Ka4yecTBa MeCTOOOMTaHMiA M CoKpaLLeHue
ycnexa pasMHOXXeHMS 3TOrO BMAA B MOCAGAHME FOAbI.

Karouesble croBa: nepHaTble XMLLHUKK, XULLHbIE NTULLI, CTepBSATHIUK, Neophron percnopterus, MmoaeAupoBaHue pac-
npoctpaHeHus Buaos, Random Forest, Google Earth Engine, Distance Sampling, Kapatay, KazaxcTaH.

IMocrynuaa B peaakunio: 25.11.2022 r. MpuHara k nydankaunn: 01.12.2022 r.

Abstract

Egyptian Vulture (Neophron percnopterus) is a globally threatened species. The northernmost limit of its breeding range
is located in Kazakhstan and is fragmented into three large enclaves. The Karatau range is one such enclave. It was previ-
ously assumed that a small number of Egyptian Vultures nested here; however, research showed the fallacy of such ideas
in 2010. In 2022, Karatau was surveyed in more detail to detect Egyptian Vultures. Based on the results of studies in
2010 and 2022, we modeled Egyptian Vulture distribution in Google Earth Engine using the image classification method
— Random Forest (probability + regression) and calculated its possible abundance in Karatau utilizing several methods,
including Distance Sampling. The area of breeing biotopes of the Egyptian Vulture is determined at 10,378.85 km?, the
area of habitats — 34,576.8 km?. The Egyptian Vulture population in Karatau for 2022 is estimated at 171-298 breeding
pairs (average of 278 breeding pairs), and 43-74 successful pairs (average of 69 successful pairs) (91 breeding territories
are known). Based on the obtained data and publications analysis, we assume that the Karatau Egyptian Vulture popula-
tion is stable despite deterioration in habitat quality and reduction in breeding success of the species in recent years.
Keywords: raptors, birds of prey, Egyptian Vulture, Neophron percnopterus, species distribution models, SDM, Random
Forest, Google Earth Engine, Distance Sampling, Karatau, Kazakhstan.
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Beeaenue

Crepesathuk (Neophron percnopterus) sis-
ASIETCS THE3AALLUMMCS Ha TeppuTopun Kasax-
CTaHa BUAOM, OTHOCUTCS K AQAbHUM MMUIpaH-
Tam (Botha et al., 2017). Ero 4mMcAeHHOCTb
COKpaLlaeTcs NpakTUYeckn Nno BCemy apea-
AY, 32 UCKAIOHEHMEM HECKOAbKMX OCTPOBHbIX
nonyAsumni Ha bamxnem Boctoke, nostomy
cTepBaTHUK kaaccucpuumpyetcs MCOIT kak
BMA, HAXOASLLMICS MOA YrpO30i 1CHE3HOBE-
HUs B rAoDaabHOM mactutabe (Endangered),
a ero mMupoBasi MonyAsiLMs OLEHMBAETCS B
12,4-36,0 TbiC. B3pocAbIx ocobei nan 18,6—
54,0 Tbic. ocobel, BKAIOYAIOLIMX MOAOAbIX
NTUL PasHbIX AET, B TOM Y4MCAE CErOAETKOB
(BirdLife International, 2021). B KasaxcraHe c
1978 r. 10T BMA BHecéH B KpacHyio Knury
PecnybAnkn Kak «peAkuid, BCTpevaloLumics
B HeboabwomM koamnyectse» (lll kaTeropms)
(Mdpedpcpep, 2010).

Kapartay BKAOYaACS B TFHE3A0BOM apeaa
cTepBaTHMKa B Ka3zaxcraHe C camMoro Hadaaa
OPHUTOAOTMHECKMX UCCAAOBAHMIA (AemeH-
ToeB, 1951; AoarywwmH, 1951). Ero rués-
Aa ObiAM HalaeHbl Aae cesepHee Kapatay
Ha 4mHKax AKkoAs u Awimkoas (Kalikapos
1928), rae BMA NMPOAOAXKAA THE3AUTLCH M B
80-90-x rr. XX croneTus (KoabuHues, 1989;
2004b). M.H. Kopenos (1962; 2012) yka3bl-
BaeT Ha rHe3A0BaHue CTepBaTHMKa B KapaTay
B 50-60-x rr. XX CTOA€TMS OT CaMmbIX 3anaa-
HbIX OTpOroB — AkTay M Kbi3blaaKapa — AO
bopoaaag, a Takxke Ha Kasrypre. [Npn a1OM
CTEPBATHUK AOATOE BPEMS CUMTAACH PEAKMM
B Kapatay (LLanownukos, 1931; Kopeaos,
1962; MNdpedpcpep, 2010; Faspuros, 1999;
Gavrilov, Gavrilov, 2005; Koswapb, 2019).
Anwib arg Xp. KapykanTay (KOxxHo-Kasaxcran-
CKass 00AacTb 0AM3 rpaHuubl C Y30ekucra-
HOM) MMEAOCH YKa3aHWe Ha MHOrOYMCAEH-
HOCTb 3TOro nasasslumka (KanmutoHos, 1969).

B 3anaaHoi wactn Tanacckoro Anaatay
rHe3A0BaHMe CTePBATHMKA YCTAaHOBAEHO B
paiioHe Akcy-Axabarabl. A.D. Koswapb
(1966) NULIeT, YTO A0 CO3AAHMS 3aMOBEAHM-
Ka Akcy-AxabarAbl CTEPBATHMK ObiA 3A€Ch
MHOFOYMUCAEH M LUMPOKO PacnpoCTpaHéH Ha
FHE3A0BaHMM KaK B ropax, Tak M B KaHbOHax
NPEeAropHOM CTenu; oH ObiA TakxXe 3aeck 6o-
A€E€ MHOTFOYMCAEH M LIMpe PacrnpoCTpaHéH,
yem B 60-x rr. XX CTOAETMSI, U MOCAE CO3-
AaHMS 3anoBeaHuka — B 30-x rr., B nepuoa
pabotbl A.M. LLlyabnuHa. Ho Ham Tak 1 He
YAQAOCh HAMTK HUKAKMX CBUAETEALCTB ObIAOWM
0ObIYHOCTM CTEPBATHMKA Ha AQHHOW Teppu-
Topumn (cM. LLlesuenko, 1948; LllyAbnuH,
1953; 1956; 1961; 1965). A.M. LLyAbnun
YNOMMHAET O EAUHCTBEHHOM FHe3A€ CTepBAT-
HMKa B yLLeAbe Pydbs, Brasaiowlero B Akaba-

Introduction

Egyptian Vulture (Neophron percnopterus)
(further EV) is a breeding species in Kazakh-
stan, and it is a distance migrant (Botha et
al., 2017). lts abundance is declining almost
throughout its range, with the exception of a
few population islands in the Middle East. Be-
cause of this, EV is classified as Endangered
by the IUCN, and its world population is esti-
mated at 12,400-36,000 adult individuals or
18,600-54,000 individual birds of different
ages including yearling birds (BirdLife Interna-
tional, 2021). In Kazakhstan, the species has
been included in the national Red Data Book
since 1978 as “rare, found in small numbers”
(Il category) (Pfeffer, 2010).

Karatau was included in the EV’s breeding
range in Kazakhstan from the very beginning
of ornithological research (Dementiev, 1951;
Dolgushin, 1951). Its nests were even found to
the north of Karatau on Akkol and Ashchikol
chinks (Kashkarov, 1928) where the species
continued to nest in the 1980s — 1990s (Kol-
bintsev, 1989; 2004b). M.N. Korelov (1962;
2012) wrote of EVs nesting in Karatau in
1950s-1960s, from the westernmost spurs,
Aktau and Kyzylzhar, to Boroldai, as well as
on Kazgurt. At the same time, the Vulture was
considered rare in Karatau for a long time
(Shaposhnikov, 1931; Korelov, 1962; Pfef-
fer, 2010; Gavrilov, 1999; Gavrilov. Gavriloy,
2005; Kovshar, 2019). The only indication of
EV abundance was noted on Karzhantau ridge
(South Kazakhstan, near the border with Uz-
bekistan) (Kapitonov, 1969).

In the western part of Talas Alatau, EV
nesting has been documented near Aksu-
Zhabagly. A.F. Kovshar (1966) writes that
before the creation of Aksu-Zhabagly Nature
Reserve, EV were abundant here and widely
nested both in mountains and in canyons of
the foothill steppe. It was more numerous
and widespread here in the 1930s (when
Shulpin was active) than it was in the 1960s
and after the creation of the nature reserve.
Yet we were unable to find any evidence of
the EV’s former abundance in this area (see
Shevchenko, 1948; Shulpin, 1953; 1956;
1961; 1965). L.M. Shulpin mentioned a sole
EV nest in the gorge of a steam draining into
Zhabagly River below Kishi-Kainda. Howev-
er, A.F. Kovshar (1966) did not find breed-
ing EV here and reports that in the 1960s
EV nesting was only found in the Aksu River
canyon in the State Reserve (two pairs). In
the late 1970s and early 1980s, EV breeding
was documented at several locations on the
reserve’s northern and western peripheries,
mainly in Aksu canyon (lvaschenko, 1991;
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rAbl HuKe Kuwwm-KanHabl, Ho A.®. Kosuapb
(1966) 3aecb CTepBATHMKA Ha THE3AOBaHMM
He HalléA M coobLuaeT o ToM, 4YTo B 60-X IT.
B 3aMOBEAHMKE CTEPBATHMK OblA HalAeH Ha
FHE3A0BaHMM TOALKO B KaHbOHE p. AKCy B
KoAMdecTBe 2-x nap. B koHue 70-x — Havane
80-x rr. XX CTOAeTMS rHe3A0BaHME CTEPBAT-
HMKAQ B HECKOAbKMX TO4Kax ObIAO yCTaHOB-
AEHO Ha CeBepHOI M 3anaaHoi nepudpepmm
3aMnoBeAHMKa, NMPEUMYLLIECTBEHHO B KaHbOHE
Akcy (MBaweHko, 1991; KoaGuHues, 2001).
[Mpnuém no aaHHbIM B.T. KoAbGuHuesa (2001)
B 1990 r. B 3anoBeAHMKe MHE3AMAMCh 2 Napbl,
a B 2000 r. — 3 napsl.

B 80-x rr. XX ctoaeTusa B KasaxcraHe npea-
MOAAraAOCh HE3A0BaHME OT  HECKOAbKMX
AECATKOB AO HECKOAbKMX COTEH Map crep-
BsiTHMKOB (Mdpedpbcpep, 2010 co ccblAkoi Ha
mMHerne A.D. Koslaps). C.A. CKASPEHKO AAS
KoHua 90-x XX CTOAeTUS AaBaA OLIEHKY “MC-
AEHHOCTU cTepBaTHMKa B Kasaxcrane B 100
nap (Sklyarenko, 2002). Mo3xe B.I'. KoAGuH-
ues (2004b) onybamkosan mHpopmaumio o
rHe3A0BaHMK 16 nap CTepBATHMKOB B MaAOM
KapaTay 1 Ha npuaeraioLimx Tepputopusx,
A.C. AeBuH c coaBTopamu (2011) 03By4MAn
CBeAeHMs O HaxoAke 15 rHé3A 3TOro BMAa
B Kaparay n bopaasae B 2010 r., koTOpble
AULLbL HYaCTUMYHO COBMAaAaAM C HaWAEHHbIMK
B.I'. KoabuHuesbiM. D.Ak. LLlykypos ¢ co-
aBTopamu (2005) cunMTaAm CTepBATHUKA AO-
CTaTO4HO OObI4HLIM MO BCEMY 3anasHOMy
Tanb-LLlaHIO B HMXKHEM M 4valle CpesHem
nosice rop. ABTOPbl NPUBOAAT KapTy FHE3A0-
BOro apeana CTepssiTHMKa B Kapatay, noka-
3blBasi pa3opBaHHbIii apeaa, OAUH oparmMeHT
KOTOPOro OXBaTbIBAET BCIO CEBEPO-3aMaAHyIo
OKOHe4HOCTb boablioro Kaparay, apyron —
bopoaaaii, 3anoseaHnk Akcy-Axabarabl, Can-
pam-YramcKmMi HaunapKk M AOCTaTOYHO OOAb-
LUYIO TEPPUTOPUIO B MPUAETAIOMX FOPHbIX
paioHax Knprusum n YsbekncraHa (LLlykypos
n ap., 2005), HO nocAeaHee HABASETCSH SBHO
OWMOKOW, TaK Kak CTepPBATHMK OTCYTCTByeT
Ha MHE3A0BaHMM B BbICOKOrOpbaX (KosLuapb,
2019: Hawm AaHHble). [1pu 3ToM b.M. TyOuH
n ®.O. Kapnos (2000), n3y4as opHuTodpayHy
Manoro Kaparay B 1991-1993 rr., crepssaT-
HMKa He BCTpeTuAn Hu pasy. C. CKAspeHKo K
T. Katunep (2012) HanmcaAm nNpo CTepBATHM-
Ka CO CCbiAKOM Ha B.T. KoAGuHuesa (2004b),
UTO 3TOT BMA «KakK M 50 AeT Ha3aa, Hanboaee
OObl4eH B HM3KOrOpbaX 3anaAHoro TsHb-
LLlaHs, ocobeHHo B KapaTay», 1 OLleHMAM ero
YMCAEHHOCTb A Bcero Kaparay B 12-15 nap
nAM 15% oT obLueid uncaeHHoCTH Braa B Ka-
3axcTaHe (B 2 pasa MeHblue, Yem Ha YCTiop-
Te). Takum oOpa3oM, HEOAHO3HAYHOCTb OLle-
HOK YMCAEHHOCTM CTepBATHMKaA B Ka3axcTaHe

CrepssitHuk (Neophron percnopterus).
®oto M. KapskuHa.

Egyptian Vulture (Neophron percnopterus).
Photo by I. Karyakin.

Kolbintsev, 2001). Moreover, according to
V.G. Kolbintsev (2001), two pairs nested
in the Reserve in 1990 and three pairs — in
2000.

In the 1980s, several dozen to several hun-
dred EV pairs were assumed to be nesting in
Kazakhstan (Pfeffer, 2010 with reference to
the opinion of A.F. Kovshar). S.L. Sklyarenko
estimated the EV population in Kazakhstan
at 100 pairs in the late 1990s (Sklyarenko,
2002). Later, V.C. Kolbintsev (2004b) pub-
lished information on 16 pairs of EVs breed-
ing in Maliy Karatau (further Lesser Karatau)
and adjacent areas. In 2010, A.S. Levin et
al. (2011) announced the discovery of 15 EV
nests in Karatau and Boraldai, which only
partially coincided with whose found by
V.G. Kolbintsev. E.J. Shukurov et.al. (2005)
considered the EV quite common through-
out Western Tien Shan in the lower and,
more often, the middle mountain belt. Cit-
ed authors provided an EV breeding range
map for Karatau indicating fragmented hab-
itat, one fragment of which covers the entire
northwestern tip of Bolshoy Karatau (further
Greater Karatau), the other — Boraldai, the
Aksu-Zhabagly State Nature Reserve, the
Sairam-Ugam National Park, and a fairly
large area in adjacent mountainous regions
of Kyrgyzstan and Uzbekistan (Shukurov et
al., 2005). However, the latter is clearly a
mistake since EV does not nest in highlands
(Kovshar et al., 2019; our data). At the same
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n poan Kapartay B rHe3A0BOM apease 3TOro
BMAA COXPAHAAMCb Ha MPOTSAXKEHUM KaK M-
HUMYM MOAYBeKa.

K 2021 r. B MoHorpadpmsx, cOHOpHMKax
cTaTel, B 3AEKTPOHHbLIX 0asax AaHHbLIX M Ha
dpoTocaiiTax HakonuMAaacb MHApOpMaUmMsi o
6oree yem 100 perncrpaumnsax CTepBsTHMKA
B Kaparay 1 Ha npuAeraioLmx TeppuTopmsx.

Ha ioro-3anaaHomM ckaoHe Kapatay B Ao-
AMHE p. AKYMMK CTEepBSTHMK ObIA BCTpeyeH
2-3 mas 2014 r. (AactyxuH, 2015). C cesep-
HOW CTOPOHbI boAbworo (CbipaapbMHCKOrO)
KapaTay CTepBATHMK BCTPEUAACSH PEryAspHO
B Mae — uioHe B 2007-2015 rr., yalle Bcero
BAOAb Tpachl LLlorakkypraH — Cy3ak, — NTuLb
BbIAETAAM U3 yLLeAMd KapaTay KOpMMTLCA Ha
aBTOTpaccax COMUTbIMM >XMBOTHbIMK (TYOUH,
2018a). [Hé3aa CTEPBATHMKOB ObIAM HaAEHbI
Ha BbIXOAE M3 YLUeAbs KeHcail Ha 3amaAHOM
CKAOHe xpebTa M B CKaAbHOM maccuBe KeH-
yekTay — Ha BOCTOYHOM (KoAGMHLEB, 2004b).
B yw. Kypcaii (3a KeHTay), psiaomM € KOAOHMEN
Henroronosbix cunos (Gyps fulvus), crepBsaTHU-
Kn rHe3ananch ¢ 1993 no 2013 rr. (N'youH, be-
asanoB, 2017). C 1983 r. a0 2003 r. oTMe4YeHo
peryAsapHoe rHesaoBaHme B ropax Maaoro Ka-
partay B KaHbOHe Kapacai K cesepy OT nepe-
BaAa Kytok (KoaGuHues, 2004a), rae ntmu pe-
ryasipHo cpotorpacpmposasn E.M. beaoycos u
M.C. Hykycbekos (IyouH, beasaos, 2017).

boabLue Bcero HabAAeHNIA 0nyOAMKOBAHO
AAS 3anoBeaHMKa Akcy-AkabarAbl, B npea-
ropbsx Taaacckoro Aaatay. Tak, A.A. Msa-
weHko (1991) coobwaet o HabAlAEHMAX
3a rHe3asom B 1980-1982 rr. B 10-12 kM K
ceBepy OT KaHbOHa p. AKcy. [1oBTOpHO OHa
HabAoAaAa Tam ke nTuu 19 anpeas 2008 r.
(MBaweHko, 2008). Kaxkabli roa B rHe3ao-
Bow nepuoa 2002-2008 rr. NT1U BCTpevaAm
B KaHbOHE AKCY, a TakXe B yLleAbe TaAAbl-
Oyaak n y c. Xabarbiabl (Haankosa, 2002;
2004; 2005a; 2006; 2007; 2008; 2009;
CkasipeHko, LLiImmnaTt, 2008). B 2002 r. nTuu
Takke OTMeYaAn no AoamHe p. CruabOuAn,
B 2003 r. — B BepxoBbsx Mpcy, a 15 nioHs
2004 r. — B yweAbe Kapa-Aama (Haankosa,
2002; 2004; 2005a). B 2005 r. nTuubl ObiAK
OTMeueHbl Haa xp. AxabarabiTay, a Takxe B
yweAbsx Mawat, Aapba3za n bopanumacy.
OaHako B 2005 r. camoe BOAbLLIOE KOAMHECTBO
CTEpPBSITHUKOB ObIAO 3aCPMKCMPOBAHO B CeBep-
HOW 4acTn bopoaaaiitay — 6 nuu (p. byryHs, y
c. LLykblpmk, y c. Aktac, B yp. Kapabacray)
— TyT y C. LLIyKbIpLUKMK M3BECTHO MECTO pery-
ASIPHOFO FHE3A0BaHMS CTEPBATHMKOB Ha CKa-
Aax npasobepexxba p. Kalkaparta (Haankosa,
2006). 3aecb e NTuLbl OblIAM BCTPeYeHbI U B
HayaAe oceHu (MaamkoBa, KonbuHues, 2005).
B 2006 r. GbiAM NOBTOPHbIE HAOAIOACHUS — Ha

time, B.M. Gubin and EF. Karpov (2000),
while studying the avifauna of Lesser Kara-
tau in 1991-1993, never encountered EV.
S. Sklyarenko and T. Katzner (2012) wrote
about EV with reference to V.G. Kolbint-
sev (2004b), saying that the species is “as
it was 50 years ago, most common in the
low mountains of the Western Tien Shan,
especially in Karatau”, and estimated the
population for all of Karatau at 12-15 pairs
or 15% of the total species population in Ka-
zakhstan (2 times less than in Ustyurt). Thus,
the ambiguity in EV population estimates in
Kazakhstan and the role of Karatau in the
breeding range of this species has persisted
for at least half a century.

By 2021, monographs, article collections,
electronic databases, and photo websites ac-
cumulated more than 100 registrations of EV
in Karatau and adjacent territories.

EV was encountered on the southwestern
slope of Karatau in the Akuyik River valley
May 2-3, 2014 (Lastukhin, 2015). EV was ob-
served regularly May—June in 2007-2015 on
the northern side of Greater Karatau (around
Syr Darya), most often along the Sholakkur-
gan-Suzak highway — birds flew out of Karatau
gorges to feed on roadkill along the highways
(Gubin, 2018a). EV nests were found at the
exit of Kensai gorge on the ridge’s western
slope and in the Kenchektau rock massif on
the eastern slope (Kolbintsev, 2004b). EVs
bred in Kursai gorge (beyond Kentau), next to
the Criffon Vulture (Gyps fulvus) colony from
1993 to 2013 (Gubin, Belyalov, 2017). Regular
breeding has been recorded in Lesser Karatau
in the Karasai canyon north of the Kuyuk pass
(Kolbintsev, 2004a) between 1983 and 2003,
where birds were regularly photographed by
E.M. Belousov and M.S. Nukusbekov (Gubin,
Belyalov, 2017).

The greatest number of observations
were published for Aksu-Zhabagly State
Nature Reserve in the foothills of Talas Ala-
tau. A.A. Ivaschenko (1991) shares obser-
vations of nests in 1980-1982, 10-12 km
north of the Aksu River canyon. She ob-
served birds there again on April 19, 2008
(A.A. Ivaschenko, 2008). In 2002-2008
birds were encountered every year in Aksu
canyon, as well as in the Taldybulak gorge
and Zhabagly village during the nesting pe-
riod (Chalikova, 2002; 2004; 2005a; 2006;
2007; 2008; 2009; Sklyarenko, Schmidt,
2008). In 2002, birds were also noted along
the Silbili River valley; in 2003, in the upper
reaches of the Irsu river; on 15 June 2004,
in the Kara-Alma gorge (Chalikova, 2002;
2004; 2005a). In 2005, birds were noted
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p. Kawkapara y c. Aktac (bopoaaaittay) n B
yuwl. bypanuwmacy (Haaunkosa, 2007).

B parione Calpam-Yramckoro HaulMOHaAb-
Horo napka B 2003 r. B KapykaHTay napbl ntmu
OblAM BCTPEUEHbI B Mae Y C. AKnapar 1 B yLle-
Abe Kapabaycai, Mo OAHOM NTULE — Ha BbIPOB-
HEHHOM NAATO MeXAy C. ADai 1 C. Yram u Haa
3arMaAHbIM CKAOHOM YLLieAbst basam, a Takxke Ha
KbizbikypTe — B yp. Akbactay (Haankosa, 2004).
TakKe CTepBATHWMK HEOAHOKPATHO OTMEYaA-
cs ¢ 2002 r. no 2008 r. Ha Mpcy-Matuatckom
ydacTke, rae ObIAO M3BECTHO FHE3A0BaHWe B
yul. bopanun ¢ 1980 r. (MBawenko, 1982) no
1989 r., a Take B BepxOBbax p. Mawuart, rae
B 2003 r. OblAO HaMaeHO rHe3ao, a B 2005 r.
OTMEYaAUCh B3POCABIE NMTULILL. Y C. PaeBka 0aAmn-
HOUHbIE MTULIbI OTMEYAAUChH B THE3A0BOM Nepu-
oA 1984, 2005 v 2007 rr., B yp. ApLiasbl — B
2008 r. (MaamkoBa, 2008).

Ha xp. KasbirypT crepBaTHMK ObIA BCTpe-
YeH AMLLb OAHaXKAbI B Mae 2005 r. B pailoHe
kapbepa Akbacray (Yaamkosa, 2005b), a B
ymHkax Aapbasa ABe rHe3AdLImMecs napbl Ha-
6Aoaaamch B 2017-2019 rr. (Tyowun, 2020).
b.M. Tybun (201 8b) YNOMMHAET TaKXe O
CTepBsITHMKE Ha Xp. beabTay, rae 8 2018 r.y
ABYX Nap ObIAM HANAEHbI XKMABbIE FTHE3AQ.

B paiioHe MypyHkopaka (reBoDepexbe
Cbipaapby) CTEPBATHUKM THE3AUAMCh €XKETOA-
HO HaumHas ¢ 2012 r. (Ny6uH, 2020), BO3MOX-
Ho, 1 B 2010 r., Koraa B Mae TyT HabAlOAaAaCh
ntmua (HYaamkosa, 2010). Takoke B3pocAas
nTmua OblAa BCTpedeHa B uioHe 1987 r. B yp.
barimaxaH (I'youH, Ckasgperko, 2014).

Takoe obuame BcTpeu TpeboBano nepe-
OLIeHKM BaXKHOCTU KapaTay AA CTepBATHMKA
B KaszaxcraHe.

YT00bI NOCTaBUTbL TOHKY B BOMPOCE O BaXK-
HOCTM KapaTay B Ka3aXCTaHCKOM 4acTu MHe3A0-
BOIO apeana CTepPBATHMKA, aBTOPbl HACTOALLIEN
craTbn nocetnan Kapartay B 2022 r., nposeAn
MOHUTOPMHI paHee 0OHaPY>KEHHbIX MECT FHe3-
AOBaHMS 3TOTO BMUAA M OOCACAOBAAM AOMOAHM-
TeAbHble Tepputopun Manoro, boastuoro Ka-
paTay 1 bopoAaas C LEAbIO BbISBAEHUS HOBbIX
FHE3AO0BbIX y4acTKOB. [0 pe3yAbTaTam 3TUX MC-
CAEAOBAHMI MOAFOTOBAEHA AAHHAsA CTaTbs.

MNMpupoaHbie 0cobeHHOCTH
MCCAeAYeMOl TeppUTOpUM

CoraacHo chuamnko-reorpadpuueckomy paio-
HUPOBaHMIO, paccMaTpuMBaeMas TeppUTOpuS
Aexut B Kapatayckom paitoHe Kapatay-Ta-
Aacckoro okpyra, CeBepo-TsHbLUaHCKONM Npo-
BUHUMK, TaHb-LLlaHckol obaactn, Cpeane-
a3uaTcKoi ropHom crpaHbl (Muabkos, 1977;
['Bo3aeukuii, Muxaiaos, 1978).

B reomopchoAOrMyeckom OTHOLLIEHWUM Xpe-
Oet Kaparay cAaraeTcs CUCTEMON MapareAb-

above Zhabaglytau ridge, as well as in the
gorges of Mashat, Darbaza, and Boranchi-
asu. However, in 2005, the largest number
of EVs was recorded in the northern part of
Boroldaitau — six birds (Bugun River, near
the village of Shukyrshik, near the village of
Aktas, on Karabastau road). Here, there is a
well-known regular EV nesting place on the
rocks of the right bank of Kashkarat River
near the village of Shukyrshik (Chalikova,
2006). Birds were also encountered here in
early autumn (Chalikova, Kolbintsev, 2005).
In 2006, there were repeated observations
on Kashkarat River near the village of Aktas
(Boroldaitau) and in Buranshias gorge (Cha-
likova, 2007).

In the area of Sairam-Ugam National Park
in Karzhantau, EV pairs were encountered in
May 2003 near the village of Akparat and in
Karabausai gorge, one bird each — on a level
plateau between the villages of the Abai and
Ugam and over the western slope of Badam
gorge, as well as on Kyzykurt at Akbastau
(Chalikova, 2004). Also, EV was repeatedly
documented in the Irsu-Mashat area from
2002 to 2008, where nesting was known
in Boranchi gorge from 1980 (Ivaschenko,
1982) to 1989, as well as in the upper reach-
es of the Mashat River, where a nest was
found in 2003 and adult birds were observed
in 2005. Near the village of Raevka, solitary
birds were noted during nesting periods
1984, 2005, and 2007, and near Arshaly in
2008 (Chalikova, 2008).

On Kazygurt ridge, EV was only encoun-
tered once in May 2005 near Akbastau
quarry (Chalikova, 2005b), and two breed-
ing pairs were observed in chinks on Dar-
baza in 2017-2019 (Gubin, 2020). B.M.
Gubin (2018b) also cites EV on Beltau ridge,
where two pairs were found to have active
nests in 2018.

Near Murunkorak (left bank of the Syr Dar-
ya) EVs breeded annually since 2012 (Gu-
bin, 2020), and possibly earlier, when a bird
was observed here in May 2010 (Chalikova,
2010). Also, an adult bird was encountered
in June 1987 at Baimahan (Gubin, Sklyaren-
ko, 2014).

To put an end to the question of Karatau’s
importance for the EV’s breeding range in
Kazakhstan, the authors visited Karatau in
2022, monitored previously discovered
breeding territories of the species, and sur-
veyed additional areas of Lesser Karatau,
Greater Karatau, and Boroldai in order to
identify new breeding territories. This article
was prepared based on the results of con-
ducted studies.
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TunuHble MecToobuTaH1s CTEPBATHMKA Ha NAOLLAAKaX: BBEPXY M B LIEHTPe — CKaAbHbIe MaccuBbl rop Kapatay, HUXKHWUI PSIA — YUHKU NPEAropui
Kaparay. @oto M. KapsikuHa u I [TyankoBoii.

Typical habitats of the Egyptian Vulture on the surveyed plots: upper and at the center — rocks of the Karatau mountains, bottom — cliff-faces (chinks)
of the Karatau foothills. Photos by I. Karyakin and G. Pulikova.

HbIX FPSAA, OPUEHTUPOBAHHbIX C IOrO-BOCTOKA
Ha CeBepo-3anas M MMEET MAOLLAAHbLIE pa3-
mepbl 400 kv Ha 150-200 kM (OKemuy>kHK-
koB, Epraames, 2010). HausbiCllias Touka
xpebTa — ropa MelHXnAKK (BepxoBbs beccas,
2176 M). 3aeCb XKe pacrnoAOXKeHbI ropbl by-
ryHb (1810 m) n Cumpma (1848 m). Ha roro-
BOCTOKE CAOXHAasl CMCTeMa IpsA U MEAKMX
NAaToO HOCUT HasBaHne Maabii Kaparay. Ce-

Natural features of the study area
According to physical-geographical zoning,
the area in question lies in the Karatau region
of Karatau-Talas district, North Tien Shan
province, Tien Shan region, of a mountainous
Central Asian country (Milkov, 1977; Gvoz-
detsky, Mikhailov, 1978).
Geomorphologically, the Karatau Range is
composed of a system of parallel ridges ori-
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BEPO-3aMaAHbIe IPSAbI U COMKM OOLEANHAIOT-
cs B xpebeT Cycbikkapa.

Arst BoAbLLIEN HaCTH xpebTa aBCOAIOTHbIE Bbl-
COTbI B cpeaHem coctaBAsaioT 1000 M 1 MeHee, €
OTHOCUTEALHBIMM MPEBLILLIEHUAMM HAA AOAMHA-
mMn B 50-250 m. HOro-3anaaHbiii ckaoH xpebTa
Kapartay LUMPOKMIA M CPaBHUTEALHO MOAOIMMA.
CeBepo-BOCTOUHbIA M CEBEPHbIN CKAOHBI OT-
AMYRIOTCS 3HAYMTEAbHOM KPYTM3HOW. Xpebet
pacceyéH CMCTEMOM MapPaAAEAbHBLIX AOAMH C
FOPHbLIMM PeKamM, OPUEHTUPOBAHHBIMK C 10TO-
3arnasa Ha CeBepO-BOCTOK, MeprneHAUKYASPHO
K MPOCTUPaHMIO XpebTa 1 rAaBHbIX FeoAornye-
CKMX CTPYKTYp. Pexn 1 BOAOTOKM MMEIOT NOYTH
BCIOAY CE€30HHbIM MOBEPXHOCTHbINA CTOK.

OceBas uacte Kapatay — 3To ropcr-
AHTUKAMHOPUIA, KOTOPbIM CAOXKEH AMCAOLIMPO-
BaHHbLIMM MOPOAAMM AOKEMOPMS 1 Nare0304, a
€ro npearopbst 00pasoBaHbl Me30-KaiHO30M-
CKMMM OTAOXKEHMAMM. [TPOTEPO30I M HUXKHMIA
NaAeo30i MPEACTaBACHbI MEeCHaHUKOBO-CAAH-
LLeBO-2cPCPY3MBHOI TOALLIEH C MPOCAOSIMU MPa-
MOPM3MPOBAHHLIX M3BECTHAKOB M AOAOMMTOB,
CPeAHMI — MaAeo30MKapOOHATHLIMM MOPOAa-
Mu. Bbicokne yuacTkn xpebTa Kapatay npea-
CTaBASIOT CODOM AEHYAALIMOHHYIO BOAHUCTYIO
PaBHMHY CO CAEAAMM MOPCKOM TPaHCIPeCCHn B
MeAOBOe M 30LeHOBOoe Bpems. CKAaaa4aTo-CBO-
aoBasi Aechopmaumsi obpasoBasa 3aTem 3TOT
HU3KOrOpHBbIN XpebeT. AAbMUIACKMIA TUM PeAb-
edpa COXPAHMACS TOABKO Ha CambX BbICOKMX
ydacTkax M MpeAcTaBAseT COOOM OCTaTOUHbIN
FOPHbII MacCHB ApEBHErO peAbedpa.

BocTouHble okpaunHbl xpebTa Kapatay ne-
pexoasaT B xpebeT Taracckuit AnaTay.

B npearopbax xpebTa Kapatay umeiotcs
KpyrHeiiLlume MecTopoxkaeHusi dpocdpopuT-
HbIx pya (Kanatac, LLlorakTay, Akcaiickoe u
Ap.) Ha 6a3e Kapatayckux dpocdpoprTos pas-
BMTa XMMMYECKas MPOMBILLAEHHOCTb. Pa3BnTo
NOAMBHOE 1 DorapHoe 3emaeaeane. B caasn ¢
3TUM 3HAYUTEAbHBIE MAOLLAAW KOXKHBIX MpeA-
ropuii  MpeACTaBAEHbl  arpoAaHALLACPTAMM.
BOKpyr NpPOMBILIAEHHbLIX LEHTPOB  Pa3BUTO
OBOLLE-MOAOYHOE MPUIrOPOAHOE  XO3SMCTBO,
MSACO-MYHOE  MTUUEBOACTBO. Kpome  3TO-
rO, MHTEHCMBHO Pa3BMBAIOTCH OBLEBOACTBO,
KOHEBOACTBO, MYEAOBOACTBO, PbIOOAOBCTBO
(AxaHaneeBa, 2018).

Kapatay HaxoAMTCS B 30HE KOHTMHEHTaAb-
HOIO 3aCyLUAMBOrO KAMMAaTa. 31Ma MeHee Xo-
AOAHas, a AeTo xapkoe. CpeaHss Temnepary-
pa sHBaps oT -6,9° a0 -8,7° C, nions +24,5°,
+25,5° C (Makcumym +44°, +45° C, MUHUMYM
-41°, -43° C 1, COOTBETCTBEHHO, aMMAWUTYAQ
80-90° C). poAOAKMTEALHOCT 6E3MOopOo3-
Horo nepuoaa ot 150 ao 170 aHeld. Iocaea-
HWUI BECEHHMI 3aMOPO30K OTmevaeTcs ¢ 15
no 30 anpeas. TENAbIM Mepuoa, Koraa Tep-

ented from southeast to northwest and has an
area of 400 km by 150-200 km (Zhemchu-
zhnikov, Ergaliev, 2010). The highest point of
the ridge is Mount Mynzhilki (upper Bessaz,
2176 m). The Bugun (1810 m) and Siirma
(1848 m) mountains are also located here. In
the southeast, a complex system of ridges and
small plateaus is called Lesser (Maliy) Karatau.
The northwestern ridges and peaks are com-
bined in Susykkara ridge.

For most of the ridges, the absolute heights
average 1000 m or less, with relative eleva-
tions above the valleys of 50-250 m. The
southwestern slope of Karatau ridge is wide
and relatively flat. The northeastern and
northern slopes are markedly steep. The
ridge is cut by a system of parallel valleys with
mountain rivers oriented from southwest to
northeast, perpendicular to the strike of the
ridge and the main geological structures. Riv-
ers and streams have seasonal surface runoff
almost throughout.

The axial part of Karatau is a horst-anti-
clinorium, composed of dislocated Precam-
brian and Paleozoic rocks, and its foothills
are formed by Meso-Cenozoic deposits. The
Proterozoic and Lower Paleozoic are repre-
sented by sandstone-shale-effusive strata with
interlayers of marmorized limestones and do-
lomites, and middle by Paleozoic carbonate
rocks. The high sections of Karatau ridge are a
denuded undulating plain with traces of ma-
rine transgression of the Cretaceous and Eoce-
ne periods. Folded-arch deformation then
formed this low-mountain range. The alpine
type of relief is preserved only in the highest
areas and is a residual mountain range of the
ancient relief.

The eastern outskirts of Karatau ridge pass
into Talas Alatau ridge.

There are the largest deposits of phospho-
rite ores (Zhanatas, Sholaktau, Aksai, etc.) in
the Karatau foothills. The chemical industry
exploits these Karatau phosphorites. Irrigat-
ed and rainfed agriculture is developed. In
this regard, large areas of the southern foot-
hills are represented by agro-landscapes.
Vege-table and dairy suburban farming,
meat and egg poultry farming are developed
around industrial centers. In addition, sheep
breeding, horse breeding, beekeeping, and
fishing are intensively developing (Dzhana-
leeva, 2018).

Karatau is in the continental arid climate
zone. Winters are less cold, and summers are
hot. The average temperature in January ranges
from -6.9° to -8.7° C, in July +24.5°, +25.5°
C (maximum +44°, +45° C, minimum -41°,
-43° C and, accordingly, amplitude 80-90° C).
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MOMETp NoAHMMaeTcs Bbite +5° C, aanTcs
220 aHel. KoabdpuLMEHT yBAQKHEHMS CO-
craBageT 0,3-0,5. o xapakrepy yBA@KHEHKS
PErMoH He OAHOPOAEH, FOAOBas CyMMa OCaA-
k0B oT 150 MM (r. baiikaaam) ao 230-240 mm/
roa. MakcMmym OCaAKOB BbINasaeT B mapTe —
anpeAe M B OCHOBHOM B I0XKHbIX MPEAFOPHbIX
M I0r0-BOCTOYHBIX paioHax. B 3umHee Bpems
YCTOMUMBBIM CHEXHBIM MOKPOB MMEET BbICO-
Ty 15-30 cm. CHer AOXKMUTCS B NEPBON AeKaae
Aexabps.

CoraacHo npunaTomy B KazaxcraHe 60TaHu-
KO-reorpachmyeckoMy paioHMpoBaHuio, Tep-
pUTOPMS palioHa MCCAEAOBAHMIA PACNOAOXKEHa
B Kaparayckoii noanposuHumnm CpeaHeasmat-
CKOM ropHONU npoBuHUmKM, MpaHo-TypaHckoi
cy6 obaactn, Caxapo-Tobuickon nycTbIHHOM
obactu (Pecnybanka Kasaxcra. .., 2006; Ha-
LIMOHaAbHBIM aTAac..., 2010).

CoraacHo 6roreorpadpuueckomy paioHnpo-
BaHMIO, OCHOBAHHOMY Ha MO3BOHOYHbIX XKMBOT-
HbIX, paccMaTpuBaemas TEePPUTOPUS AEXKMT B
CpeaHeasnaTCKol BbICOKOFOPHOW MPOBUHLIMM
(Kyuepyk, 2006), a no 3o0reorpadpryeckomy
paiioHuposaHuio CesepHoii EBpasuu no cpay-
HE Ha3eMHbIX MO3BOHOYHbLIX — B [OpHO-aHKAaB-
HOW CpeAHeasMaTCKOM MNpoBMHLMK  [TyCTbiH-
HO-CTEMHOM NoA0OAACTM [1yCTbIHHO-CTENHOro
pervoHa (PaBkmH 1 ap., 2014).

OO6AMK AaHALIAPTOB BAM3OK K MYCTbIHHOMY
M MOAYMYCTbIHHOMY C  CepPOMOAbIHHO-PA3HO-
TPaBHOM PaCTUTEABHOCTbIO, CCHOPMMPOBAHHOM
Ha ceposemax. lOxHble oTporn xpebTta Kapa-
Tay pacyA€HEHb 1 UMEIOT BMA NMAATOODPa3HbIX
HU3KOFOPUIA 1 CPEAHETOPUI C KOBLIALHO-TUM-
Y4aKOBOM M KyCTapHWMKOBO-Pa3HOTPABHOM pac-
TUTEALHOCTbIO Ha FOPHBIX KALUTAHOBBIX MOYBAX.
MocAeaHMEe OTHOCATCH K BbICOTHOMY MOSICY
FOPHbIX CTenen. 3AaKoBble CTeNnW XapaKTepHb
AAS CPEAHErOPUI I0XKHBIX OKpanH. Ha 105KHOM
CKAOHE LUMPOKOE PacrpoCTpaHeHne MoAyYMAn
SHAEMMYHBIE BMAbI PACTEHMIA, NMPEACTaBUTEAN
CPEAM3EMHOMOPCKOM  CyXO-CyOTpOnMUecKoi
cpAOpbI: PUCTALLIKM, pasAMUHblE SCpeMepouabl,
HaropHble KCepodouTI.

C 2017 no 2022 rr. Ha Kaparay HabAloAa-
€TCH 3aTHKHAA ACNPECCUA YNCAEHHOCTH MPbl-
3YHOB, KOCHYBLLIASIC BCEX BUAOB OT DOAbLLIOM
necyarnkun (Rhombomys opimus) u »xéatoro
cycanka (Spermophilus fulvus) ao noaésok
(Microtus socialis n Alticola argentatus), 4to
HEraTMBHO OTPa3MAOCh Ha Pa3MHOXEHWM
BCEX FPYMNM XMLUHBLIX XMBOTHBIX — PENTUANNA,
NTULL U MAEKOMUTAIOLLINX.

MeToauka uccaeroBaHmii

AaHHbIE O FHE3A0BbIX TEPPUTOPUAX U FHE3-
AOBbIX y4acTKax CTepBATHMKa B ropax Kapa-
Tay OblAn cobpaHbl Hamu B 2003, 2005, 2010

Tunn4Has rHe3aoBas ckara CTePBATHUKOB
B ropax Kaparay. ®oto M. KapsakuHa.

Typical nesting cliff of Egyptian Vultures
in the Karatau mountains. Photo by I. Karyakin.

The duration of the frost-free period ranges
from 150 to 170 days. The last spring frost is
observed 15-30 April. The warm period, when
the temperature exceeds +5° C, lasts 220
days. The moisture coefficient is 0.3-0.5. The
region is not homogeneous in terms of mois-
ture content, annual precipitation varies from
150 mm (Baykadam) to 230-240 mm/year.
Maximum precipitation falls in March — April,
mainly in the southern foothills and southeast-
ern regions. In winter, a stable snow cover has
a height of 15-30 cm. Snow falls in the first
part of December.

According to botanical and geographical
zoning used in Kazakhstan, the study area
is located in Karatau, a sub-province of the
Central Asian mountainous province, the
Iran-Turan sub-region, the Sahara-Gobi desert
region (Republic of Kazakhstan ..., 2006; Na-
tional Atlas ..., 2010).

According to biogeographic zoning based
on vertebrates, the study area lies in the Cen-
tral Asian high-mountain province (Kucheruk,
2006), while the zoogeographic zoning is
Northern Eurasia, and in terms of the fauna
of terrestrial vertebrates, it lies in the Cen-
tral Asian mountain-enclave province of the
Desert-steppe subregion of the Desert-steppe
region (Ravkin et al., 2014).

Landscape appearance is near desert and
semi-desert with sagebrush-forb vegetation
formed on serozem soils. The southern spurs
of Karatau ridge are dissected and resemble
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n 2022 rr. AoKaumn M3BECTHBLIX THE3AOBbLIX
y4acTKOB cTepBsaTHMKa 3a 2003-2010 rr. B39-
Tbl U3 pa3aena «[lepHaTble XMLLHMKKM Mupa»*
BeO-TMC «®DayHuctuka» Poccuiickon cetn
M3y4YEeHMS M OXPaHbl MEePHATLIX XMLLHMKOB, 3a
2022 r. — BbIIBAEHbI B XOA€ MOAEBbIX MCCAE-
AOBaHMM.

AAS MOHMMaHMS MPEXXHero pacnpocrpa-
HEHWs CTepBsaTHMKA B KapaTay Mbl NpoBeAu
MOUCK CTaTei, COAEPIKALLIMX KAIOYEBbIE CAO-
Ba «cTepBsiTHUK» + Neophron percnopterus
+ «Kaparay», B 6a3ax AaHHbIX LIMTMPOBAHMS
HayuHbIx cTateit, B Google Scholar v B oTkpbI-
TbIX DAEKTPOHHbIX OMOAMOTEKAX, TaKMX Kak
DAeKTpoHHas Bronornyeckas 6ubanoteka®,
DyHAameHTaAbHas JAEKTPOHHas 6ubAnoTeka
«®nopa u dpayHa» A. LLInnyHosa*, B pasae-
Ae «[Tybamkaumm» Ha cante MHCTuTyTa 300-
Ao MunncTepcTBa 0Opa3oBaHua M HayKu
Pecnybankn Kasaxcran*”, a Takxe B apxuse
nybAMKaumii POCCMICKON CeTU U3ydeHus K
OXpaHbl NepHaTbIX XMLUHWMKOB*.

Takxke Mbl CKa4aAM AOCTYMHble AaTace-
Tbl M3 O3AEKTPOHHbIX CMCTEM perncrpaumu
ntuu, Takux kak GBIF#, iNaturalist®, eBird”’
n Be6-NTMC «®ayHucTunkan®?, a Takke Hanu-
CaAM CKPUMT, C MOMOLLLIO KOTOPOro CO3Aa-
An aatacet ¢ caita Kazakhstan Birdwatching
Community” B cpopmate MS Excel** u BbI-
OpaAn OTTyAa BCe HaDAIOAEHMS CTEPBATHMKA
Ha Kaparay 1 npuaeraiomx Tepputopmsx.

[MoAeBble MCCAEAOBAHMS MPOBOAMAUCH B
COOTBETCTBMM C METOAMYECKUMM PEKOMEH-
AALIMSMU TIO M3YYEHUIO COKOAOODPA3HBIX M
coBooOpasHbix (KapskuH, 2004).

Aast paboTbl Mo NpoekTy ObiAn cchopmu-
POBaHbl ABE MCCAEAOBATEALCKME [PYNMbl,
KOTOpbIE MEepeABUraAnCb Ha aBTOMOOMASX
NOBbILIEHHOW npoxoanmocTu (YA3 TlaTpwm-
oT u Toyota Prado). Ha aBTomapLupyTe co-
BEPLUAAMCb OCTaHOBKM AASl OCMOTPa MECT,
MPUFOAHBIX AASL TIPUCAA M YCTPOWCTBA FHE3A
CTEPBATHMKOB. PaccTtosHune mexay Toukamm
OCTaHOBOK OMPEAEASIAOCH CTPYKTYPOM AaHA-
wadpTa, Ho He npeBbilaro 500 M B AOXKOU-
HaX MEXAY BbICOKUMM COMKaMKM M OAHOIO
KMAOMETPa Ha POBHbIX CTEMHbIX y4YacTKax.
OO6bI4HO OCTAaHOBKM OCYLLECTBASAUCH Hepe3
100-200 M, 4YTO MO3BOASIAO PacCMaTPUBaTb
CKaAbl MAM y3KME pacrnasku C pasHbIX paKyp-
COB, YTO CYLLUECTBEHHO YMEHbLLIAAO BO3MOXK-
HOCTb MPOMyCKa MTUL, MX MNPUCAA U THE3A.
Bpema ocmoTpa Ha TO4Kax OKpyKaloLlen

plateau-like low and middle mountains with
feather-grass-fescue and shrub-forb vegeta-
tion on mountain chestnut soils. The latter
belong to the altitudinal belt of mountain
steppes. Grass steppes are characteristic of
average mountainous southern areas. On
the southern slope, endemic plant species
became widespread, representatives of the
Mediterranean dry subtropical flora: pista-
chios, various ephemeroids, upland xero-
phytes.

A prolonged depression in the number of
rodents has been observed on Karatau be-
tween 2017 and 2022, affecting all species
from the Great Gerbil (Rhombomys opimus)
and Yellow Ground Squirrel (Spermophi-
lus fulvus) to Voles (Microtus socialis and
Alticola argentatus), a situation which has
overall negatively affected reproduction of
predatory animals groups (reptiles, birds,
and mammals).

Methods

Data on EV breeding areas and territories
in the Karatau mountains were collected by
the authors in 2003, 2005, 2010, and 2022.
Known EV breeding territories locations for
2003-2010 taken from the “Raptors of the
World"# section of Web-GIS “Faunistics” of
the Russian Raptor Research and Conserva-
tion Network were identified during 2022
field research.

To understand past EV distribution in Kara-
tau, we searched for articles containing the
word “stervyatnik” (in Cyrillic) + Neophron
percnopterus + Karatau (in Cyrillic) in scien-
tific article citation databases, Google Scholar,
and open electronic libraries such as Electron-
ic Biological Library*, Fundamental Electronic
Library “Flora and Fauna” by A. Shipunov*,
in the “Publications” section of the Institute of
Zoology website of the Ministry of Education
and Science of the Republic of Kazakhstan®’,
as well as in the publication archive of Russian
Raptor Research and Conservation Network?.

We also downloaded available datasets
from electronic bird registration systems, such
as GBIF#, iNaturalist®, eBird®?, and the Web-
GIS “Faunistics”*2, and wrote a script which al-
lowed us to create a dataset from the Kazakh-
stan Birdwatching Community® website in
MS Excel** format and selected all EV sightings
in Karatau and adjacent territories from there.
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MECTHOCTM OMPEAEASIAOCH CAOXHOCTBLIO pe-
Abedpa M MHOrOODpasnemM rHEe3AOMPUIOAHBIX
MECT B 30He HabAIOAEHMS 1 BapbUPOBAAO OT
3 A0 30 MUHYT Ha Ka>KAOW TOUKeE.

OO6wasa npoTAHKEHHOCTb aBTOMapLUPYTOB
B 30He paboTbl loXkHee p. Yy B 2022 r. co-
cTaBMAa 9655 kM, B TOM umcae 3393 kM — B
anpeae — Mae 1 6262 kM — B Mioae (2772 km
1 3490 kM — npober Ka>xaoro aBTOMOOWAS)
(puc. 1).

OCMOTP MECT, NPUIrOAHbBIX AAS THE3AOBa-
HUS CTEPBATHMKA, OblA OPMEHTMPOBaH B nep-
BYIO O4epeAb Ha MAEHTUPUKALIMIO aKTUBHBIX
rHésa. [Mpu obHapyXeHun nycTylowmnx no-
CTpoek 6e3 CAeAOB NMPUCYTCTBUS MTUL, NPK-
CaA C MyXOM M MEPbAMM, MAM MPU BCTpeYe
NTULL MECTHOCTb BOKPYI AE€TaAbHO OCMaTpM-
BAAACh C TOHYKM OCTAHOBKM Ha NMPEAMET BblsiB-
AEHUS aKTUBHbIX HE3A. EcAM akTMBHOE rHes-
AO He ObIA0 OBHapyXKeHO Cpasy Xe C TOUYKK
OCTaHOBKM, ODCAEAOBAAMCb BO3MOXKHBIE Me-
CTa ero yCTPOMCTBa, CKpbITbie OT HabAloae-
HMUS C TOYKM OCTAHOBKM Ha OCM MapLupyTa.
AAS 3TOFO C TOUKM OCTAHOBKM BU3YaAbHO MAK
Mo KapTe OMpeAeAsAMcCh DAMKalilume mecrta
BO3MOXXHOIO YCTPOWCTBA THE3A (MCXOAS U3
CTEPEOTUINOB MHE3A0BaHMSA MECTHOM FPynmnu-
POBKM CTEPBATHWUKOB) M AEAAAMCb MOMbITKM
KaK MOXHO OAMXKE K HMM MnpoexaTb Ha aB-
ToMOOMAe. TaMm, rae BO3MOXHOCTL Mpoesaa
Ha aBTOMOOMAE 3aKaH4MBaAACh, TEPPUTOPUS
06CcAeAOBAAACH MELLKOM.

KoopanHatbl MecT oOHapy»eHns NTuL
MX THE3A onpeaeAsianch C nomotubio GPS/
FAOHAC-HaBMratopoB MAM B nporpamme
LocusMap® Ha cmaptdpoHax. Mudpopmaums
O HaMAEHHbIX MTULAX M FHE3AAX 3aHOCKMAACh
B BEAOMOCTM Y4éTa Mo yCTaHOBAEHHOI chop-

% http://www.locusmap.app

Puc. 1. MapuupyT sxkcneanum 2022 r. AereHaa:
T — uioAb, 2 — anpeb — Mai.

Fig. 1. Field research route 2022.

Field studies were conducted in accord-
ance with Methodological Recommenda-
tions for the Study of Birds of Prey and Owls
(Karyakin, 2004).

Two research groups were formed to work
on the project and traveled using off-road
vehicles (UAZ Patriot and Toyota Prado).
Stops were made along the route to inspect
places suitable for perches and nests for EV.
The distance between stopping points was
determined by the structure of the land-
scape, but did not exceed 500 m in hollows
between high hills and one kilometer on flat
steppe areas. Usually, stops were made every
100-200 m, making it possible to view rocks
or narrow ravines from different angles, thus
significantly reducing the possibility of miss-
ing birds, their perches, and nests. The sur-
rounding area inspection time at stops was
determined by the complexity of the relief
and the variety of places suitable for nesting
in the observation zone and varied from 3 to
30 minutes on each point.

The total auto route length in the survey
area south of the Chu River in 2022 was
9,655 km, including 3,393 km in April — May,
and 6,262 kmin July (2,772 km and 3,490 km
for each vehicle, respectively) (Fig. 1).

We inspected places suitable for EV nesting
with a focus on identifying active nests. Upon
finding empty nests without signs of bird pres-
ence, perches with down and feathers, or
when birds were encountered, the surround-
ing area was examined in detail starting at the
waypoint in order to identify active nests. If
an active nest was not detected immediately
at a waypoint, possible locations hidden from
observation were examined. To do this, the
nearest possible breeding territories were ex-
amined (based on nesting stereotypes of the
local EV breeding groups), and we attempted
to drive as close as possible to them by car.
Where it was no longer possible to drive by
car, the area was surveyed on foot.

Coordinates of bird detection and their
nests were determined using GPS/GLONAS
navigators or using the LocusMap® appli-
cation on smartphones. Information about
detected birds and nests was entered into a
tracking sheet following established form.
Perch sites, as well as active nests, were iden-
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Me. MecTta npucaa, Kak 1 akTMBHbIE FHE3A],
MAEHTUCPULIMPOBAAMCE MO MYXY M AMHHBIM
nepbam NTuu, a npu BAM3KOM OCMOTpE — Mo
HaAMYMIO MOrAAOK M OCTaTKOB XKepTB.

OO6caeaoBaHME HE MPOBOAMAOCH MAM Mpe-
KpaLllaAocb BO Bpems Aoxas. K ruésaam c
KAAAKaMM U MyXOBbIMM MTEHLAMMW CTapaAmCh
He NpubAMXKaTLCS, OCMaTpUBas UX B ONTHUYe-
ckue TpyObl, YTOObI HE HABPEAUTb NTULAM.

[He3a0Bas TeppuUTOpUS CHMTAAACh 3aHATOM
NTMLAMKM, €CAM  HaDAIOAAAOCh MPUCYTCTBUE
napbl MTUL C THE3A0BbLIM MOBEAEHNUEM (KOMYAS-
LMK B FTHE3AOMPUIOAHOM BMOTONE, MOAETLI CO
CTPOUTEAbHLIM MATEPUAAOM AAS FHE3AQ, MPK-
HOCbI MWLM B OAHO M TO K€ MEeCTO, 3aluuTa
Tepputopun). HE3Aa CUMTAAMCL aKTUBHBIMM,
€CAM OHM ObIAM MOAHOBAEHbBI B HAUaAE TeKyLLe-
FO CE30Ha Pa3MHOXKEHMS, B HUX HADAIOAAAMCD
HaCKXKMBAIOLLIME MTULbI, MHE3AA COACPIKAAM
NTEHLOB, LA AWM OCTATKM AMYHON CKOPAYTbI
MAM NTEHLOBOrO Myxa. YCreLHbIMW CHUTAAUCh
rHE3AQ, M3 KOTOPbIX YCMELLHO BbIAGTEA XOTS Obl
1 nTeHeu. HoO Tak Kak 4acTb FHE3A He YAAAOCH
NPOBEPUTL B KOHLIE CE30HA Pa3MHOXKEHMS, TO
B pSiA€ aHaAM30B Mbl OMepupyem MOHATUEM
YCMeLHOEe rHEe3A0 Ha MOMEHT MPOBEPKM — 3TO
FHE3A0, B KOTOPOM Ha MOMEHT MPOBEPKM Ha-
XOAMACS XOTS Obl OAMH XXMBOW NTeHel. [oku-
HYTOM FHE3A0BOM TEPPUTOPMEN CUMTaAM yda-
CTOK, Ha KOTOPOM OOHapY>KEHO CTapoe MHe3A0
6e3 MpuM3HAKOB MOCELUEHWS MTULAMM M Ha
y4acTKe MTULbI He BCTPEeYEHbI.

AAS K@KAOM BCTPEYEHHOM Ha MapLupyTe
NTUUbI MAM OOHapYXKEHHOro rHe3aa 3anu-
CbIBAAWUCb a3MMYT M AMCTaHUMS OT HabAloAa-
Teas, AMOO OMPEAEASIAUCH ABE AOKaLMK — Ta,
C KOTOPOM OCYLLECTBASAOCH HabAlOAeHUE, U
AOKaLMs PErMcTpaumnm, 4Tobbl B AaAbHENLLEM
paccymTaTh NAOTHOCTb PACMPEACACHUS FTHE3A
M BCTPEY MTUL, OTHECEHHbLIX K FHE3A0BbIM,
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tified by down and molted feathers, and upon
close inspection — by the presence of pellets
and remains of prey.

Survey was not conducted during rain or
halted during rain. We tried to avoid ap-
proaching nests with clutches and downy
chicks, examining them through scopes so as
not to disturb the birds.

A breeding territory was considered occu-
pied if a pair of birds with nesting behavior
was observed (copulation in a nesting habi-
tat, flights with nest-building material, bring-
ing food to the same place, territory protec-
tion). Nests were considered active if they
were refurbished at the beginning of the cur-
rent breeding season, brooding birds were
observed, and nests that contained nestlings,
eggs, or remnants of eggshells or chick down.
Nests from which at least one nestling suc-
cessfully fledged were considered successful.
Because some nests could not be checked at
the end of the breeding season, in a number
of analyses we operated with the concept that
“successful nest at the time of verification”
is a nest in which there was at least one live
nestling at the time of the check. Breeding ter-
ritory was considered abandoned at old nest-
ing sites lacking evidence of bird visits and no
birds present.

For each bird encountered on the route or
located nest, the azimuth and distance from
the observer were recorded, or two locations
were determined: the one from which ob-
servation was carried out and the location of
registration, in order to further calculate the
distribution density of nests and bird encoun-
ters, classified as nesting, by different methods
(see below). During office processing in CIS,
this data was checked by track and meeting
locations and corrected if necessary. Perpen-
dicular distances from the route axis to the EV
and nest encounter points were calculated
from radial distances and azimuth.

Field team routes were divided into frag-
ments, ranked into three classes according to
efforts aimed at counting EVs: 1 — transit routes,
2 — counting routes without long stops, and 3
— detailed counting routes with long stops and
careful area survey. The total length of non-
duplicate routes of second and third classes for
2020-2022 was 2,018.95 km (Fig. 2; Table 1).

Puc. 2. YuétHbie MapLupyTsl. Hymepaums mapLupyTos
COOTBETCTBYET Hymepaumu B Taba. 1.

Fig. 2. Accounting routes. Route numbering corresponds
to that in Table 1.
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Taba. 1. [MapameTpbl y4ETHBIX MapLLPyTOB. HymepaLms mapLupyToB COOTBETCTBYET

HymepaLmm Ha puc. 2.

Table 1. Accounting routes parameters. Route numbering corresponds to that in Fig. 2.

AanHa, KM AccoummnpoBaHHas y4éTHas naoiuaaka (ID)

1D Length, km Associated surveyed area (ID)
Track1 135.00 P12
Track2 42.60 P13
Track3 13.66 P16
Track4 175.69 P6
Track5 34.47

Track6 189.40 P5
Track? 337.53 P1, P2, P3, P4
Track8 70.94 P16
Track9 212.24 P14, P15
Track10 725.15 P7, P8, P9
Track11 82.27 P10, P11
Bcero / Total 2018.945

pa3HbIMM MeToAaMM (CM. Huxke). Bo Bpems
KamepaAbHoi 06paboTkm B TMC 3T AaHHble
NPOBEPAAMCH MO TPEKY M AOKaLIMAM BCTPeY M
np1 HEOOXOAMMOCTHM KOPPEeKTMPOBaAKCh. 1o
PaAMaAbHbIM AUCTaHLMAM M a3UMYTYy paccym-
TbIBAAMCh MEPMNEHAUKYASPHbIE AUCTAHLMK OT
OCM MapLIpyTa AO TOYEK BCTPeY CTePBATHM-
KOB MAM UX THE3A.

MapuupyTbl noaeBbix rpynn ObiAv pa3ouTbl
Ha pparMeHTbl, paH>KMPOBaHHbIE Ha 3 KAacca
Mo YCMAMSAM, HanpaBAEHHbIM Ha y4€T cTep-
BATHWMKOB: 1 — TpaH3WUTHbIE MapLIpyThbl, 2 —
YUYETHbIE MapLIPYTbl 6€3 AAMTEAbHbIX OCTa-
HOBOK M 3 — A€TaAbHble y4ETHbIC MapLUPYTh
C AAUTEAbHBIMM OCTAHOBKaMM M TLUATEeAb-
HbIM OCMOTPOM MecTHoCTH. ObLuaa npoTs-
XKEHHOCTb He AYDAMPYIOLLMXCA MapLUpyTOB
2-3 Kaacca 3a 2010-2022 rr. cocrtaBuAa
2018,95 kM (puc. 2; Taba. 1).

Bokpyr mMapuipyToB 3 Kkaacca, MpOXOAWB-
wmx B Marom n boabwiom KapaTtay u Ha
YMHKax cepepHee rop, OblAM NOCTpoeHbI By-
dpepHble 30HbI B COOTBETCTBUM C peabecpoM
MECTHOCTM U MAOLLIAAbIO TEPPUTOPUK, OCMa-
TPMBAEMOW MO XOAY ABMXKEHMS M Ha TOYKax
ocTaHOBOK. Haunboaee noAHO 0OCAeAOBaH-
Hble Y4aCTKM C 3TMMM pparMeHTammn mapLu-
pyTOB ObiAM Npeobpa3oBaHbl B YYETHbIE MAO-
waaku. B 2022 r. 6bIA0 BbiAeAEHO 16 YHETHBIX
NnAOLLAAOK oOLLer naollaabio 4191,54 km?
(puc. 3, TabA. 2), 4acTb M3 KOTOPbIX YaCTUUYHO
nepekpbiBaach ¢ naowaakamun 2010 r. [ro-
LLIaAb NepeKkpbITUs cocTaBuAaa 521,72 Km?.

Ha yuéTHbIX NAOLLIAAKAaX Mbl CTapPaAUCh M-
HUMM3MPOBaTb NPOMYCKM MTULL M BbISABUTD
BCe rHé3Aa CTepBATHMKA, KOTOPbIe pacrnoAa-
raAMCb B npeaeAax naotuasok. Ha 70% nao-
LLAAOK MapLUpPyThl MOBTOPSAAMCH TPUXKABI 3a

Buffer zones were built around the third class
of routes, covering Lesser and Greater Karatau
and on chinks to the north of the mountains,
in accordance with the terrain and the area of
territory examined along the way and at stop-
ping points. The most fully surveyed sections
of these routes were transformed into survey
sites. In 2022, 16 survey plots were identified
including a total area of 4,191.54 km? (Fig. 3,
Table 2), some of which partially overlapped
with the plots from 2010. The overlap area
was 521.72 km?.

We tried to minimize bird omissions and
identify all EV nests located at the survey plots.
70% of the total routes were visited three
times over the season between April and late
July in order to avoid missing nesting birds.
Therefore, when calculating, we consider the
EV population on the plots as absolute, de-
spite a certain probability of missing nesting
pairs.

Within the plots, areas of EV habitats were
determined. EV densities obtained from routes
and plots were extrapolated from them. A
map simulating the possible distribution of EV
was constructed (methods for abundance ex-
trapolation are described below).

The area and distribution of EV breeding
biotopes was determined by modeling species
distribution in a GIS environment (Aratjo et
al., 2019) by associating a set of environmen-
tal variables with distribution information (Ev-
ans et al., 2011; Guisan, Zimmermann, 2000)
according to recently recommended data
preparation and selection algorithm for both
species distribution modeling (SDM) (Valavi
et al., 2022) and ecological niche modeling
(ENM) (Sillero et al., 2021).

In order to determine preferences in the
choice of breeding biotopes by EVs and to
model them, we determined spatial variables
at the scale of the microenvironment (within
a radius of 100 m around the nest) and the
macroenvironment (within a radius of 2 km
around the nest).

To classify breeding biotopes, we not
only used regularly occupied active nests
in breeding territories, but also alternative
nests, in which breeding was observed in
the past. We assessed the possibility of pa-
rameters pseudo-replication and decided to
ignore it because the sample was small, and
alternative nests were noted only in 16.67%
of EV breeding territories (n=66), the dis-
tance between active and alternative nests
(with the exception of one, which was not in-
cluded in sample) exceeded 100 m, thereby
excluding pseudo-replication parameters at
the microenvironment scale altogether, so it
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CEe30H C CepeAMHbl anpeAst Mo KOHELL MIOAS,
YTOObl MCKAIOUYMTb MPOMYCK THE3ASLLMXCS
nTuu. MNoaTomy npu pacuérax Mbl CUMTaEM
YUCAEHHOCTb CTEPBSITHMKA Ha MAOLLAAKAX
abCOAIOTHOM, HECMOTPSI Ha OMpeAeAéHHYIo,
HO HEe3HAYMTEeAbHYIO BEPOSITHOCTb Mpornycka
FHE3ASILLIMXCS Map.

BHyTpu naoLLasok 6blAM onpeaeAeHsl MAo-
LLIaAM MEeCTOOOUTaHMI cTepBaTHMKA. 1o HUM
3KCTPANoOAMPOBaAM MOKa3aTeAn MAOTHOCTU
CTEPBSITHMKA, MOAYYEHHblE HA MAOLLAAKAX.
Takoke AAS MAOLLIAAM THE3AOMPUIOAHbBIX BUO-
TOMOB CTPOMAAChb CETb CAYYAMHBIX TOYeK,
MMUTUPYIOLLIAA BO3MOXHOE pacnpocTpaHe-
HUE CTepBATHMKA (METOAbI JKCTPanoASLMM
YUCAEHHOCTM OMUCaHbl HUXKE).

lMAOLLAAb M pacripeAeAeHMe FTHe3A0MPUToA-
HbIX AASI CTEPBSTHMKA OMOTOMOB OMPEAEASIAK
NyTéM MOAEAMPOBAHMUSI  PaCNpPOCTPaHeHUs!
Buaa B cpeae TMC (Aratjo et al., 2019) no-
CPeACTBOM OrpeAeAeHns CBs3u Habopa ne-
PEMEHHBIX OKPY>KalOLLEel CpeAbl C MHGpOpMa-
umeii o pacnpoctpaHenun (Evans et al., 2011;
Guisan, Zimmermann, 2000) B COOTBETCTBUM
C PEeKOMEHAYEMbIM B MOCAEAHEe Bpems aA-
FOPUTMOM MOAFOTOBKM M OTOOpa AaHHbIX
AASl MOAEAMPOBAHMS KaK PacrnpoCTpaHeHMs
(SDM) (Valavi et al., 2022), Tak 1 3koAOMMYe-
ckmx Huw (ENM) (Sillero et al., 2021).

AAsi onpeAeAeHust MpeAnoyTeHni B BbIbope
FHE3AOMPUIOAHBIX OMOTOMOB  CTEPBSATHMKA-
MU U AASI X MOAEAMPOBAHMS Mbl OTPEAEAMAM
MPOCTPaHCTBEHHbIE NepemMeHHble B MacLLTabe
MUKpocpeabl — B paanyce 100 M BOKpYr rHes-
A3, U MakpoCpeAbl — B paAnyce 2 KM BOKPYr
rHe3Aa.

AAst KAacCUdPMKALMKM  FHE3AOMPUIOAHBIX
OMOTOMNOB Mbl UCMOAb30BAAW HE TOAbKO pe-
FYASPHO 3aHMMaeMmble aKTMBHble HE3Aa Ha
FHE3A0BbIX TEPPUTOPUSAX Map, HO U UX aAbTep-

Puc. 3. YuéTHble naowaskn. Hymepaumns naotasok co-
OTBETCTByeT HymepaLmnu B TabA. 2.

Fig. 3. Accounting plots. Plot numbering corresponds to
that in Table 2.

could not have a noticeable effect on mod-
eling preferences in the choice of breeding
biotopes by EVs. Thus, 77 EV nests on 66
different breeding territories were included
in our analysis.

Biotope characteristics for EV nests were
compared with a similar number of random
points created within the boundaries of the ex-
tent bounded by coordinates: 1 — N 44.96832
E 66.34158, 2 — N 45.00587 E 72.18636,
3 -N41.04311 E 72.04952, 4 — N 41.00781
E 66.57031. A map of breeding biotopes and
breeding habitats was constructed for the same
extent.

To describe the features of breeding bio-
topes at the level of micro- and macroenviron-
ments, 90 explanatory variables were used, 87
of which were obtained from remote sensing
(RS) products: NASADEM (NASA JPL, 2020),
MOD13A1.061 Terra Vegetation Indices 16-
Day Clobal 500m (Didan, 2021), Geomor-
pho90m (Amatulli et al., 2020), Clobal Habitat
Heterogeneity (Tuanmu, Jetz, 2015), Clobal
Wind Atlas (Badger et al., 2021), World Clim
(Fick, Hijmans, 2017), ESA WorldCover 10m
v100 (Zanaga et al., 2021) (Appendix 1°%), and
3 variables obtained by measuring the distances
between the nearest neighbors, to Golden Eagle
(Aquila chrysaetos) nests, and the nearest farms.

We also used Dynamic World V1 (Brown
et al., 2022) and ERA5-Land Monthly Aggre-
gated — ECMWF Climate Reanalysis (Mufioz
Sabater, 2019) to track changes in landscape
and climate at EV breeding territories in 2010
and 2020 to understand how landscape and
weather conditions have changed and wheth-
er these changes affected EVs.

All  measurements were carried out in
ArcView GIS 3.3 in the Orthographic pro-
jection (Datum: WGCS 84, Spheroid: Sphere,
Central Meridian: 70, Reference Latitude:
45), where the area values for the study area
are less (—2.35 km? per 1000 km?) relative
to Albers Equal-Area Conic projections for
Kazakhstan (Datum: WGS 84, Spheroid: Kra-
sovsky, Central Meridian: 70, Reference Lati-
tude: 0, Standard Parallel 1-2: 40-56, False
Easting: 8500000, False Northing: 0).

Random point generator and Nearest Fea-
tures v. 3.8b were used (Jenness, 2004; 2005)
to create a system of random points and de-
termine distances between nearest neighbors.
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HaTUBHbIE MHE3AQ, B KOTOPbIX Pa3MHOXEHKe
HabAIOAAAOCh B MPOLWAOM. bbir0 oueneHo,
YTO BKAAA MCEBAOPENAMKALMM HE3HAYUTEAEH
M HE MOXET OKa3aTb 3aMETHOIo BAUSHWS Ha
MOAEAMPOBAHME TMPEANOYTEHUIA CTEPBATHU-
Ka B BbIOOpE FHE3AOMPUrOAHBIX OMOTOMOB.
Bo-nepBbix, 13-3a HEOOABLLLOM BbIGOPKM aAb-
TEPHATUBHbLIX THE3A — OHWM OTMEYEHbI AULLb
Ha 16,67% rHe3A0BbIX y4acTKax CTEPBATHMKA
(n=66). BO-BTOPbLIX, AUCTAHLMMN MEXKAY aAb-
TEpPHATMBLIMU M aKTMBHbIMKU THE3AAMK (32
MCKAIOYEHWMEM OAHOFO, KOTOpOoe He OblAo
BKAIOYEHO B BbliOOpKY) npesbitasn 100 M,
YTO MOAHOCTbIO MCKAIOHAET MCEeBAOPENAMKa-
LMIO NapamMeTpoB B MacluTabe MUKPOCPEeAb.
Taknm 0Opa3om, Mbl BKAIOYMAM B aHaAU3 77
FHE3A CTEPBATHMKA HA 66 PA3AUYHBLIX IHe3-
AOBbIX TEPPUTOPUAX.

XapakTepuctuku OMOTOMOB  AASt  TOYEK
FHE3A CTEPBSATHMKA CPaBHMBAAMCL C aHAAO-
TUYHBIM YMCAOM CAyYalHbIX TOYEK, CO3AaH-
HbIX B IpaHMUAxX 3KCTEHTA, OrpaHUYeHHOro
KoopamHatamu: 1 —N 44.96832 E 66.34158,
2 -N45.00587 £ 72.18636, 3 — N 41.04311
£72.04952,4-N41.00781 E 66.57031. Arg
3TOro e 3KCTeHTa CTPOMAACh KapTa rHes-

Variables sampling and the statistical pro-
cessing of material were carried out in accord-
ance with generally accepted recommenda-
tions (United States Environmental Protection
Agency, 2002).

The variables were tested for statistical nor-
mality using the Lilliefors test. Mean values for
EV presence points and random points were
compared using a t-test.

After examining the relations between vari-
ables using the Spearman correlation coeffi-
cient (n)*” and calculating the dispersion infla-
tion factor (VIF) to eliminate multicollinearity,
we discarded the least significant variables for
the base model, the correlation coefficient (r)
in pairs of which was >0.75 and VIF >7.5. As
a result, we made four sets of models for anal-
ysis, differing in the representation of variables
that are correlated and important according to
the t-test data within them (for the number of
variables in the models, see the “Research Re-
sults” section).

To check whether the model’s predicted
values depend on the geographical distance
between locations and to eliminate spatial au-
tocorrelation, the Moran test (the R-function

TabA. 2. [MapameTpbl y4ETHBIX NAOLLAAOK. HyMepaLims NAOLLIaAOK COOTBETCTBYET HymepaLmu Ha puc. 3.

Table 2. Accounting plots parameters. Plot numbering corresponds to that in Fig. 3.

lNAowaab y'-léTHle NMAOLLIAAOK

lNAowaab y‘-léTHle NMAOLLIAAOK

B 2010 r., km? B 2022 1., kM* [epekpbiTne, KM?
1D2010 Area of the surveyed plots in 2010, km? 1D2022 Area of the surveyed plots in 2022, km? Overlap, km?
1 120.2

P1 218.0
9 307.7 P2 184.6 48.2
P3 192.4 38.6
3 48.3 33.3
4 78.0 P 542 23.7
5 1177
6 99.4 24.0
10 159.5 P5 359.7 133.8
11 126.1 94.7
P6 488.8
P7 654.9
P8 321.4
58.3 P9 110.5 52.3
8 119.9 P10 69.0 48.4
P11 9.2
9 38.3 P12 317.4 24.8
P13 41.1
P14 71.3
P15 357.3
P16 711.9
Bcero / Total 1273.2 4191.5 521.7
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AOTIPUTOAHBIX BMOTOMOB M MECTOOBUTaHMIA
CTepBSATHMKA.

AASi OnMcaHKs MPU3HAKOB FHE3AOTPUIOAHbIX
6MOTOMOB Ha YPOBHE MMKPO- M MaKpOCPeAbl
MCnoAb3oBaHbl 90 OOBACHAIOWIMX  MepemeH-
HbIX, 87 M3 KOTOPbIX MOAYYEHbI M3 MPOAYKTOB
AMCTAHLUMOHHOIO 30HAMPOBaHMS 3emAn (A33):
NASADEM (NASA JPL, 2020), MOD13A1.061
Terra Vegetation Indices 16-Day Global 500m
(Didan, 2021), Geomorpho90m (Amatulli et al.,
2020), Global Habitat Heterogeneity (Tuanmu,
Jetz, 2015), Global Wind Atlas (Badger et al.,
2021), World Clim (Fick, Hijmans, 2017), ESA
WorldCover 10m v100 (Zanaga et al., 2021)
(MpuroxeHue 1%), 1 3 nepemMeHHbIX — NMYTEM
M3MEPEHUS AUCTAHLIMIA MEXAY OAMMNKaNLIMMM
COCeAsiMM, A0 THE3A BepkyTa (Aquila chrysaetos)
1 BAVKANLLIMX ChepM.

Mbl Takxe mcrnoabzoBaar Dynamic World
V1 (Brown et al., 2022) u ERA5-Land Monthly
Aggregated — ECMWF Climate Reanalysis (Mu-
fioz Sabater, 2019) AAS OTCA@XKMBAHUS U3Me-
HEeHMIA B AQHALLIACDTE M KAMMATE Ha FHE3A0BbIX
yyacTkax crepsatHmkos B 2010 n 2022 rr.,
4TOObI MOHSATb, HACKOABKO M3MEHMACS AQHA-
LIACPT M MOrOAHblE YCAOBMSI, M CKA3aAUCh AW
3T M3MEHEHMSI Ha CTEPBATHMKAX.

Bce nsmepennsa nposoanancs B ArcView GIS
3.3 ESRI B npoekunn Orthographic (Datum:
WGS 84, Spheroid: Sphere, Central Meridian:
70, Reference Latitude: 45), rae 3HaueHus
MAOLLIAAEl AAS pacCMaTpuBaeMoi TeppuTo-
pun Menblue (-2,35 km? Ha 1000 km?) oTHO-
cuteabHo npoekumn Albers Equal-Area Conic
anst Kasaxcrana (Datum: WGS 84, Spheroid:
Krasovsky, Central Meridian: 70, Reference
Latitude: 0, Standard Parallel 1-2: 40-56,
Falce Easting: 8500000, Falce Northing: 0).

AASI CO3AAHMSI CUCTEMBI CAYHalHBIX TOueK
M OMPEABAEHMS AUCTaHUMI Mexay OAmKan-
UMMM COCEASIMM UCTIOAB30BaHbl PaCLLMPEHMUS
Random point generator u Nearest Features v.
3.8b (Jenness, 2004; 2005). DopmmposaHune
BbIOOPKM NepeMeHHbIX M cTaTobpaboTka Ma-
Tepuana OCYLLECTBASIAUCb B COOTBETCTBMM C
obLLenpuHATbIMU  pekomeHaaumsimm  (United
States Environmental Protection Agency, 2002).

MepemeHHble GblAM NpOBEpeHbl Ha CTaTK-
CTUYECKYI0 HOPMAAbHOCTb C WMCMOAb30BaHM-
em kputepusi Anaanecpopca. CpeaHue 3Ha-
UEHMS AAS TOYEK MPUCYTCTBMS CTEPBSATHMKA
M CAy4aiHbIX TOYEK CPaBHUBAAWMCH C UCTMOAb-
30BaHMEM t-KpuTepus.

M3yunB B3aMMOCBSI3M MEPEMEHHBIX C To-
MolLLbIO koadpdprLMeHTa Koppeasimn Cninp-
MeHa (1)*7 n paccunTas KOIPPULMEHT WH-

% http://rrren.ru/wp-content/uploads/2022/12/App1-Variables.xls
7 http://rrren.ru/wp-content/uploads/2022/12/collinearityNP.jpg

“moran.test” in the “spdep” package) was
used (Griffith, Peres-Neto, 2006; Dormann
et al., 2007). Visualization of test results took
place in accordance with the recommenda-
tions of T.E. Samsonov (2021).

We used Random Forest for image classi-
fication, a widely used species distribution
modeling technique in recent studies (Zhang
et al., 2019). It is easy to use, flexible, and
has a low computing cost. The decision tree
structure provides an interpretive competition
to classical regression methods. Random For-
est is insensitive to data outliers, resistant to
feature multicollinearity, successfully ranks the
importance of variables even on data obtained
directly from a logistic regression model, han-
dles non-linear relationships, effect modifiers,
and imbalanced results, thereby eliminating
the complexities that hinder forecasting ac-
curacy and increase computing costs in re-
gression methods. It is not retrained with an
increase in the number of trees (Radchenko,
2017; Lingjun et al., 2018). We used prob-
ability and regression variants.

According to previously published recom-
mendations (Brotons et al., 2004), datasets
of EV absence were prepared and, together
with their presence data (nesting points), im-
ported into the Google Earth Engine (GEE).
The Earth remote sensing raster datasets
were fitted and classified through GEE ac-
cording to the previously proposed species
distribution model fitting workflow algorithm
(Crego et al., 2022), but without pseudo-ab-
sence or background points, as we used real
absence points for EVs, which are a higher
priority in species distribution modeling (Bro-
tons et al., 2004). In addition, a number of
species distribution modeling studies dem-
onstrated poor predictive performance of RF
compared to other methods using presence
and background data (Johnson et al., 2012;
Shabani et al., 2016) which was explained
by a large number of background samples
(Barbet-Massin et al., 2012; Liu et al., 2013;
Robinson et al., 2018). It is believed that a
balanced dataset works better with machine
learning methods (Barbet-Massin et al., 2012;
Elith et al., 2008; Evans et al., 2011; Sillero
et al., 2021), and it is highly recommended
for RF, as a number of studies have shown its
poor performance when modeling presence-
absence data containing a large number of
absences (Evans, Cushman, 2009; Freeman et
al., 2012; Robinson et al., 2018). Despite the
recommendations to use the same number
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dpasumu amcnepeun (VIF), 4tobbl n36aBUTLCS
OT MYAbTUKOAAMHEAPHOCTH, Mbl OTOPOCHAM
HaMMeHee 3HauYMMble NepemMeHHble A 6aso-
BOW MOAEAM, KOICPCPULIMEHT (1) KOppPeAsiLUM
B Mapax KoTopbix ObiA >0,75, a VIF>7,5. B
UTOre AASl aHaAM3a Mbl CCDOPMMPOBAAM Ha-
Gopbl AAS 4 MOAEAEN, OTAMHAIOLLIMXCS MPeA-
CTABAEHHOCTbIO B HWUX KOPPEAMPYIOLLMX M
BKHBIX MO AAHHbIM [-KpUTEPUS NEePEMEHHbIX
(KOAMYECTBO MEPEMEHHbIX B MOAEASX CM. B
pasaene «Pe3yAbTaTbl MCCAEAOBAHMIY).

YT00bI NPOBEPUTDL, HE 3aBUCSAT AM OT reo-
rpacpmMyecKoro pacCTOSIHUS MEXAY AOKa-
LUMSMM  MPEACKA3aHHbIE 3HAYEHUS MOAEAM
M UCKAIOHYMUTb MPOCTPAHCTBEHHYIO aBTOKOP-
peAsumio, OblA MCNOAb30BaH TecT MopaHa
(R-cpyHKumMs «moran.testy B nakeTe «spdepy)
(Griffith, Peres-Neto, 2006; Dormann et al.,
2007). Busyaansaumsa pe3yAbTaToB TecTa
OCYLLECTBAEHA B COOTBETCTBMM C PEKOMEHAA-
umamu T.E. CamcoHoBa (2021).

AAst KAaccUdpUKaLMK  M300paxeHuid  uc-
noAb3oBaAcsi Random Forest, koTopbliii B Mo-
CAEAHEE BPEMS SBASETCS LLUMPOKO MCMOAb3Y-
€MblIii METOAOM MOAGAMPOBAHMS pacnpeseAe-
Hus BMAOB (Zhang et al., 2019). OH npocT B
npuMeHeHnn, rmbok n He TpebyeT BOAbLLIMX
BbIYMCAMTEALHbIX 3aTpaT, a CTPYKTypa aepe-
Ba peLueHuit obecneunBaeT MHTepNpeTupy-
€MYI0 KOHKYPEHLMIO KAACCMYECKUM METOAaM
perpeccun. Random Forest He uyBCTBUTEAEH
K BbIOPOCaM B AAHHbIX, YCTOMUMB K MYAbTU-
KOAAMHEAPHOCTM MPU3HAKOB, YCMELHO paH-
KMUPYET Ba)KHOCTb MEPEMEHHbIX AaXe Ha
AAHHBbIX, MOAYHYEHHbIX HEMOCPEACTBEHHO M3
MOAEAM AOFUCTUHECKOW perpeccun, obpaba-
TbIBA€T HEAMHEliHble OTHOLLEHMs, MoAMU-
KaTopbl 3pdpekToB M HecbaraHCMpPOBaHHbIE
pe3yAbTaTbl, TEM CaMbIM MCKAIOHAs CAOXKHO-
CTU, KOTOPbIE 3aTPYAHAIOT TOYHOCTMU NMPOrHO-
3UPOBAHMS U YBEAUUMBAIOT BbIYMCAUTEAbHBIE
3aTpaThl B METOAAX PErPeCcCUi, C yBEAMYEHU-
€M KOAMYECTBa AepeBbeB He nepeody4aeTcs
(PaaueHko, 2017; Lingjun et al., 2018). Ml
NMPUMEHAAM BapuaHTbl BEPOATHOCTb U pe-
rpeccus.

B cootBeTcTBMM C paHee onyOAMKOBaHHbI-
MK pekomeHaaunsamu (Brotons et al., 2004)
ObIAM MOAFOTOBAEHbI HAOOPbI AAHHBIX OTCYT-
CTBMS CTEPBATHUKOB, M BMECTE C AaHHbIMM
06 X NPUCYTCTBUM (TOHUKM FHE3A) UMMNOPTH-
posaHbl B Google Earth Engine (GEE). Habop
PacTpoOB AQHHbLIX AUCTaAHUMOHHOIO 30HAMPO-
BaHMst 3eMAM ObIA NMOAOOPaH M KAaccudpu-
umposaH yepe3 GEE coraacHo paHee npea-
AOXKEHHOMY aAroputMy pabouero npouecca
noabopa MOAeAe pacnpoCTpaHeHUs BMAOB
(Crego et al., 2022), Ho 6e3 Touek NCeBAOOT-
CYTCTBMIA MAM CPOHa, TaK KaK Mbl MCTIOAb30BA-

Crepssithnk. @oto M. KapsikuHa.

Egyptian Vulture. Photo by I. Karyakin.

of absence points as the number of presence
points in the analysis, we neglected them in
the final analysis, as we saw in model training
runs of the model that the balanced set per-
formed worse with presence points of vultures
and the selected variables, increasing false
positive predictions in higher altitude range
and in sands. However, we took into account
a number of recommendations aimed at im-
proving the performance of RF with presence-
absence datasets (Valavi et al., 2021).

We split the EV location data into training
(80%) and testing (20%) sets and implement-
ed a spatial block cross-validation method to
split the data for training and model valida-
tion (Roberts et al., 2017; Valavi et al., 2019;
Crego et al., 2022). During the analysis, 25 it-
erations were run with random block division.

Model accuracy was assessed based on vali-
dation for each iteration of model selection
by means of AUC-ROC (Fielding, Bell, 1997;
Fawcett, 2006) controlled by R?* and Kappa
(Brownlee, 2016; Zhang et al., 2021).

Validation of EV distribution models ob-
tained from different sets of variables was
carried out using the presence points of the
species exported from the birds.kz website
(Amirekul et al., 2022) and the GBIF dataset
(Ukolov et al., 2019; Karyakin et al., 2020;
Auer et al., 2022; iNaturalist, 2022; de Vries,
Lemmens, 2022). Presence points, chaotically
entered by photographers and bird watchers,
were automatically drawn to the nearest rock
outcrops visible in the images.
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AU TOUKM PEaAbHOrO OTCYTCTBUSI CTEPBSITHU-
KOB, KOTOpble sIBASIOTCS GoAee npuopuTeT-
HbIMU B MOAEAMPOBAHMM PACNpPOCTPaHeHUs!
BuaoB (Brotons et al., 2004). K TOMY Xe, B
psSiA€  MCCAEAOBAHMIM MOAEAMPOBaHMS  pac-
MPOCTpaHeHUs BMAOB OblAa MPOAEMOHCTPHU-
poBaHa MnAoxasi MporHocTuueckas adpdpek-
TMBHOCTb RF no cpaBHeHUIO C Apyrumu Me-
TOAAMM MPU UCMOAB30BAHMM AAHHbIX MPUCYT-
ctus 1 cpoHa (Johnson et al., 2012; Shabani
etal., 2016), KoTopas 06bsICHSIAACL BOABLLIMM
KOAMYeCcTBOM poHOBbIX NPob (Barbet-Massin
et al., 2012; Liu et al., 2013; Robinson et al.,
2018). Cuutaercss, uto cHaAaHCHPOBAHHbIN
Habop AaHHBIX Aydlle paboTaeT C MeToAaMM
MalumMHHoro obyyenus (Barbet-Massin et al.,
2012; Elith et al., 2008; Evans et al., 2011;
Sillero et al., 2021), a arst RF oH ocobo pe-
KOMEHAYeTCSl, TaK KaK B psiAe MCCAEAOBaHMI
nokasaHa HM3Kasi MPOU3BOAMTEAbHOCTb RF
MpU MOAEAMPOBAHWUMU AQHHBIX O MPUCYTCTBUM-
OTCYTCTBMM, COAEP>KALLMX OOAbLLOE KOAM-
dectBo oTtcyTcTBMiA (Evans, Cushman, 2009;
Freeman et al., 2012; Robinson et al., 2018).
HecMoTps Ha pekoMeHAaLIMK UCTOAb30BaTb B
aHaAM3e YMCAO TOUeK OTCYTCTBMS BMAA TakKoe
e, KaK YMCAO TOYeK MPUCYTCTBUS, Mbl UMM
npeHeGperAM B UTOFOBOM aHaAM3e, TaK Kak
Ha TPEHMPOBOUHBIX MPOrOHaX MOAEAW YBUAE-
AM, 4TO cOanaHCMpPOBaHHbIM Habop paboTaa
Xy>Ke C TOUYKaMu NMPUCYTCTBUS CTEPBATHUKOB
1 BbIOpaHHbIMK NMepeMeHHbIMM, YBEAUYMBAST
AOXKHOMOAOXKMTEAbHbIE MpeAckasaHus B 6o-
A€e BbICOKOM BbICOTHOM AMarasoHe W B re-
ckax. TeM He MeHee, Mbl YUAU PSIA PEKOMEH-
AaLMI, HaMpaBAEHHbIX Ha YAy4lLEHWe Mpo-
n3BoanTeabHoct RF ¢ Habopamm AaHHbIX
npucyTcTBusi-oTcyTcTBus (Valavi et al., 2021).

Mbl pasaeAmMAn AaHHble O MECTOMOAO-
XKEHUKM CTEPBATHMKOB Ha Habopbl AAs 0O-
yuyenus (80%) u TectuposaHus (20%) u
BHEAPUAM METOA TMepeKpecTHON npoBep-
KM NMPOCTPAHCTBEHHbIX DAOKOB AAS pasae-
AEHUSI AQHHbBIX AAS OOYYeHWst U MpPOBEPKU
moaean (Roberts et al., 2017; Valavi et al.,
2019; Crego et al., 2022). B xoae aHaAu3a
ObIAO 3amylleHo 25 uTepaumnii Co CAydan-
HbIM pa3aeAeHnemM GAOKOB.

TOYHOCTb MOAEAEN OLIeHMBAAACh Ha OCHO-
BE NPOBEPKM AASH KXKAOW MTepaumm noabopa
moaean nocpeactsom AUC-ROC (Fielding,
Bell, 1997; Fawcett, 2006) c KOHTpOAeM MO
R* u Kappa (Brownlee, 2016; Zhang et al.,
2021). Araa AUC-ROC Mbl nocTpomam rpa-
cprkm 1 BbiBean CSV-chaiiabl, coaepiatume
CAEAYIOLLLYIO MHCpOpMALIMIO:

1 — «TP — true positive» — KOAMYECTBO TO-
4eK, BEPHO KAACCMCPULIMPOBAHHbIX KaK Mpu-
CyTCTBMeE,

As a result of operation in the GEE, a map of
EV breeding biotopes was built and exported
in Geotiff format as a raster with pixels ranked
by the probability of presence. The raster was
vectorized in ArcView in shapefile format. Pix-
els with a probability of the species presence
of more than 50% are classified as breeding
biotopes.

To create a map of total habitat area around
pixels with a probability of species presence
of more than 50%, buffers were built with a
radius equal to half the average distance be-
tween nearest neighbors.

We extrapolated the EV population using
three methods:

1 — Direct conversion of density indicators
from routes using the linear transect method
— Distance Sampling (Thomas et al., 2010;
Buckland et al., 2015) to R Distance (Miller
etal., 2019);

2 — Direct recalculation of the weighted
average density index from plots (taking into
account sites where EV was not found) to the
area of habitats (Karyakin, 2004) with the cal-
culation of an asymmetric confidence interval
(Ravkin, Chelintsev, 1990);

3 — Method for generating random points
over a given range of distances between near-
est neighbors based on a regular network (fur-
ther RPQG).

The RPC is implemented to better calcu-
late the extrapolation of abundance to the
coverage of breeding biotopes, represented
by many small clusters separated from each

THe3AonNpUroaHsle AAsi CTEPBATHUKA MECTOODUTaHMS
B Kapartay. ®oto I. [TyankoBoii.

Egyptian Vulture breeding habitats
in Karatau. Photo by G. Pulikova.
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2 — «FP - false positive» — koandecTso To-
yeK, OLMBOUHO KAACCMCPULMPOBAHHbIX Kak
MpUCyTCTBME,

3 — «TN — true negative» — KOAMYECTBO TO-
ueK, BEPHO KAACCUPULIMPOBAHHBIX Kak OT-
CyTCTBMeE,

4 — «FN — false negative» — KoAnuecTBo To-
yeK, OLMBOUHO KAACCMCPULIMPOBAHHbIX Kak
OTCYTCTBME,

5 — «TPR» — oTHOWeHKe TP K KoAnMyecTBy
TOueK NPUCYTCTBUS B TECTOBOM Habope,

6 — «FPR» — oTHOWeHKe FP K KoAnyecTy
TOueK OTCYTCTBMSI B TECTOBOM Habope.

7 — «TNR» — oTHOoLieHne TN k KoAnyecTsy
TOueK OTCYTCTBMSI B TECTOBOM Habope,

8 — «ccr — Correct classification rate» — npo-
LIEHT BEPHO KAACCUCPULIMPOBAHHbIX TOYEK,

9 — «kappa — Cohen"s kappa» — koadpdpu-
uneHT Kanna KoaHa, 3To CTaTUCTMKA, KOTO-
pasi M3MepsieT MeXpernoHaAbHoe coraacue
AASI KQUEeCTBEHHbIX (KaTeropuanbHbX) npea-
METOB,

10 — «SUMSS» — TPR4+TNR,

11 — «Precision» — TP/(TP+FP) — TouHOCTb
— AOASI PEAAbHBIX TOYEK MPUCYTCTBUS Cpeau
KAQCCMPULIMPOBAHHBIX KaK MPUCYTCTBHE.

BaAmaaumsi Moaeaeii  pacripocTpaHeHus
CTEPBSITHMKA, MOAYYEHHbIX MO pPasHbiM Ha-
Hopam NepemeHHbIX, OCYLLECTBASIAAC C MO-
MOLLIbIO TOYeK MPUCYTCTBMSI BMAA, DKCMOpP-
TMpOBaHHbIX ¢ caiTta birds.kz (Amupekya u
Ap., 2022) n aartaceta GBIF (Ukolov et al.,
2019; Karyakin et al., 2020; Auer et al., 2022;
iNaturalist, 2022; de Vries, Lemmens, 2022).
TOYKM NPUCYTCTBUS, XaOTUHHO PACCTABAEH-
Hble dpoTorpachamu 1 HabAloAATEASIMM MTULL,
ObIAM MPUTSHYTHI B aBTOMATUUECKOM PEXM-
Me K OAMXKANMLLIMM CKaAbHbIM OOHaXXEHMUSIM,
BMAMMBIM Ha CHUMKaX.

B pesyabtate onepaumn B GEE Obina no-
CTPO€EHa KapTa FHe3A0MPUroAHbIX HUOTOMOB
AASI CTEPBSITHMKA, KOTOpasi B BMAE pacTpa ¢
MUKCEASIMM, PaHXKMPOBAHHBIMM MO BEPOSIT-
HOCTM NMPUCYTCTBMS, IKCNOPTUPOBaHa B chop-
marte Geotiff. PacTp BexTopu3osaH B ArcView
B cpopmat weiin-goaiiaa. K rHesaonpuroa-
HbIM BMOTOMaM OTHECEHbI MUKCEAU C BEPOSIT-
HOCTbIO NPUCYTCTBUS BMaa Goree 50%.

AAst co3AaHMS KapTbl OBLLEN MAOLLAAM Me-
CTOOBMTAHMIA BOKPYT MUKCEAEH C BEPOSTHO-
CTbIO MPUCYTCTBUS BMAA Goree 50% nocTpo-
eHbl 6ydpepbl C PaAMyCOM, PaBHbIM MOAOBKHE
CpeAHeli AUCTaHLMKU MeXKAy OAMKaiLLMMM
COCEASIMM.

DKCTPanoASILMIO YUCAEHHOCTU CTEPBSITHU-
Ka Mbl OCYLLIECTBASIAM TPEMSI METOAAMM:

T — nNpsamor nepecyéT nokasareAen MAoT-
HOCTM C MapLLUPYTOB MO METOAY AMHENHbIX
TpaHcekT — Distance Sampling (Thomas et

Crepsarauk. @oto I [TyankoBoi.

Egyptian Vulture. Photo by G. Pulikova.

other by a distance exceeding the average
distance between the nearest neighbors.
With direct methods of extrapolation, the
average number of permeable intervals of
the cover area is not taken into account. The
spatial extrapolation method based on point
generation makes it possible to estimate dis-
tances between coverage fragments and, if
they exceed the average distance between
nearest neighbors, distribute points over
these fragments.

Since there are no separate publications on
the RPG, let us dwell on it more.

To begin with, we calculated the average
(averageNearest) and minimum (minNearest)
distances between the nearest neighbors from
the training points set. After that, we built a
regular network of squares with a step equal
to the minimum distance between the near-
est neighbors for the contour of breeding bio-
topes. Then, inside each square, a random
point with a uniform distribution was gener-
ated. Next, we randomly chose the search ra-
dius from the interval from minNearest to 2 X
averageNearest — minNearest and launched
a loop for selecting points into the system. If
there was not a single “selected point” within
the current search radius from the point, then
this point was marked as “selected into the
system”, and a new search radius was set. If
there was already a “selected point” in the
search radius, the next point was taken and
checked with the same radius. A system of
“selected points” arose as a result of the pro-
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al., 2010; Buckland et al., 2015) B R Distance
(Miller et al., 2019);

2 — NpSMON MNepPecyET CpPeAHEeB3BeLleH-
HOMO MoKa3aTeAst MAOTHOCTM C MAOLLIAAOK (C
Y4ETOM MAOLLAAOK, Ha KOTOPbIX CTEPBATHUK
HE BCTPEYeH) Ha MAOLLAAb MEeCTOOOMTaHWI
(Kapskunn, 2004) ¢ pac4éTom HECMMMETPUY-
HOFO AOBEPUTEALHOTrO MHTepBana (PaBkuH,
YeaunHues, 1990);

3 — METOA reHepaunm CAydalHbIX Touek
MO 3aAaHHOMY AMaNa3sOHy AMCTaHLMIA MEXAY
OAMIKANLLIMMM COCEASIMM Ha OCHOBE peryAsip-
HoM ceTu (aanee TCH).

I'CH peaan3oBaH AAst TOTO, 4TOObI Aydlue
oTpabaTbiBaTh SKCTPANOAALMIO YNCAEHHOCTH
Ha MOKPbLITUE FHE3AOMPUrOAHLIX OMOTONOB,
MPEACTaBAEHHOE MHOXECTBOM MEAKMX KAa-
CTEpOB, YAaAEHHbIX APYr OT Apyra Ha pac-
CTOSIHME, MPEBbILIAIOLLIEE CPEAHIOI AMCTaH-
LMo MexXAy OAmKarmmmn coceaamu. [pu
NPAMBIX METOAaX 3KCTPANOASLIMM HE y4u-
TbIBAETCA PACYAEHEHHOCTL MOKpbITUA. [po-
CTPaHCTBEHHbIA METOA 3KCTPaNOASLMM, OC-
HOBaHHbIA Ha reHepaumu TOoYeK, MO3BOASET
OLIeHUTb AMCTaHUMM MeXAy doparMeHTamm
MOKPbLITUS U, €CAU OHM NMPEBLILLAIOT CPEAHIOIO
AMCTaHLMIO MEXAY DAMXKAMLLMMKM COCEASAMM,
pacrnpeAeAnTb Mo 3TUM PparMeHTam TOUKM.

Tak kak OTAeAbHbIX MyOAmkaumii no FCH
HET, OCTaHOBMMCS Ha HEM NoApoOHee.

AAg Ha4aAa no TpeHMPOBOYHOMY Habopy To-
YeK Mbl BBIYMCAMAM CpeAaHIoIO (averageNearest)
M MMHUMaAbHYIO (minNearest) AncTaHUMM
Mexxay bAnxKanmmm coceaamu. ocae yero
AASl KOHTYpa TFHE3AOMPUIOAHBIX OMOTOMOB
Mbl MOCTPOMAM PEryASPHYIO CeTb KBaApaTOB
C WaroM, paBHbIM MWHMMAALHOM AMCTaH-
LMK MeXKAY OAMXKAMLLIMMM COCeAIMU. 3aTem
BHYTPM KakAOrO KBaapaTta OblAa creHepwm-
poBaHa CAy4aiiHas TOYka C pPaBHOMEPHbLIM
pacnpeaeAeHnem. Aaree Mbl CAyHaiiHbIM 00-
pa3som BbIOMPaAM paAnyC MOMCKa M3 MHTep-
BaAa oT minNearest A0 2 X averageNearest —
minNearest 1 3anyckaAn UMKA OTOOpPa ToYeK
B cucTemy. Ecan B Tekylem paanyce nomcka
OT TOHKM HE HAXOAMAOCh HU OAHOM «BbIOPaH-
HOW TOYKM», TO 3Ta TOYKA NMOMeYaAachb Kak
«BblOpaHHas B CUCTEMY», M 3aAaBAACS HOBbIN
paanyc noucka. Ecan B paamyce noucka yxe
MMeAachb «BblOpaHHas Touka», Opanach cae-
AylOLLIAS TOYKa M NPOBEPSAACh C TEM e pa-
Anycom. B pesyabTaTe npouecca dhopmupo-
BaAaCh CMCTeMa «BbiOpaHHbIX Touek». Paanyc
noncka GAMXKANLLEro coceAa AASt CMIAOLLHOMO
KOHTypa HE3AOMPUIOAHBLIX OMOTOMOB ObIA
orpaHuyeH 20 k™.

Baanaaumio natrepHa «BbIOPaHHBIX TOHEK)
OCYLLIECTBASIAM ABYMS CMOCOOaMM MO HUXKe-
onucaHHomy npuHumny. CHadara chopmu-

Napa crepssaTHuKOB y rHesaa. @oto M. KapskuHa.

Pair of Egyptian Vultures near the nest.
Photo by I. Karyakin.

cess. The nearest neighbor search radius for a
continuous contour of breeding biotopes was
limited to 20 km.

Validation of “selected points” pattern was
carried out in two ways according to the prin-
ciple described below. First, a set of valida-
tion areas was formed. Then this set was ran-
domly divided into training and test, in a ratio
of 80% to 20%. All points lying in a larger set
were selected as a training set and the above-
described pattern was launched for them. Af-
ter that, the number of hits in the test set of
validation sites was compared with the actual
number of EV presence points on these sites.

The iteration was repeated 100 times. For
all iterations, the minimum, maximum, aver-
age values of the number 5D, validation er-
ror, and confidence interval were calculated.

In the first method, each of the validation
sites was an entire surveyed area (i.e. survey
plot as in Fig. 2 + the buffer zone based on
half the minimum distance between the near-
est neighbors up to the landscape limits visible
on satellite images, such as the axial part of
the ridge or the edge of high cliffs).

In the second method, all surveyed areas
were divided into Thiessen polygons accord-
ing to EV presence points, and all polygons
constructed in this way were selected as a set
of validation sites.

Based on the result of the population esti-
mation module using RPG, we formed four
layers of points: with the maximum, mini-
mum, and as close to the average number of
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poBaAM Habop BaAMAALIMOHHbLIX MAOLLAAOK.
3aTeMm cay4variHbiM 06pasom pasbuBasn 3TOT
Habop Ha TPEHMPOBOUHbII 1M TECTOBBIN, B CO-
oTHoweHun 80% K 20%. B KauyecTBe TpeHu-
pOBOYHOro Habopa Touek BbIOMpPaAM BCe TOU-
KW, Aexkallme B 6oAbLLem Habope 1 3anycka-
AV AAS HUX BblLLIEOMNMCaHHbIM NaTTepH. Mocae
Yero CpaBHMBAAM KOAWMYECTBO MOMaAaHWii B
TECTOBbI HaboOp BaAMAALIMOHHBLIX MAOLLA-
AOK C peaAbHbIM YMCAOM TOUEK MPUCYTCTBUS
CTEPBATHMKA Ha 3TUX MAOLLAAKAX.

Utepaumns nostopssack 100 pas. o Bcem
uTepaumaM pPaccuMTbiBaAaCh MMHUMAAbHOE,
MaKCMMaAbHOE U CpeAHee 3HauYeHMe YMCAEH-
HocTM =5D, owmnbKa BaAMAaLIMM U AOBEPU-
TeAbHbIIA MHTEpBaA.

B nepsom cnocobe Kax<aas M3 BaAMAALIMOH-
HbIX MAOLLAAOK MpeAcTaBAasiAa coboi obcae-
AOBaHHYI0 00AACTb LEAMKOM (T.e. 3TO y4éT-
Has MAOLLIAAb KaK Ha pucyHke 2 + BydpepHast
30Ha, NOCTPOEHHas MO NMOAOBMHE MUHUMAAb-
HOWM AMCTaHUMM MeXXAy OAM>KaMwmMmm coce-
ASIMM AO AQHALLACPTHBIX MPEAEAOB, BUAUMbIX
Ha KOCMOCHMMKaX, TaKMX Kak oceBas 4acTb
xpebTa MAM BOPT BLICOKMX CKaA).

Bo BTOpom crnocobe Bce 0GCAEAOBAHHbIE
00AaCTM pa3bmBaAMCb MO TOYKam MPUCYT-
CTBMSI CTEPBATHMKA Ha MOAMIOHbI TucceHa,
M B KayecTBe Habopa BaAMAAUMOHHbIX MAO-
LLIAAOK BbIOMPAAMCh BCE MOCTPOEHHbIE TaKUM
00pa3om NoAMroHbl TucceHa.

[Mo pe3yAbTaTy paboTbl MOAYASt OLEHKM YMC-
AeHHoCTU MeToaoM ['CH Mbl cdpopmmpoBann 4
CAOS TOYEK: C MAaKCUMaAbHbBIM, MUHUMaAbHbIM
M CPeAHUM KOAMYECTBOM TOYeK, a Takxke Ha-
H0pbl TOYEK C MUHUMAAbHBLIMM MOMPELLHOCTS-
MW B BaAMAALIMM MO NMOAMIOHaM TucceHa un no
MAOLLIAAKAM. B AOMOAHEHMM K CAOSIM TOHEK Mbl
BbIBEAM jSON-CPaiiAbl MO BaAMAALIMM, COAEPIKA-
LLIMe CACAYIOLLYIO MHCPOPMALIMIO:

T — mMaccus «processedy, B KOTOPOM AexKaT
00bEKTbI C MHZpOpPMALIMETd MO KaXKAOK UTepa-
LIMM BAAMAQLIMOHHOIO MpoLecca, a UMEHHO:

1.1 — «total» — cymmapHoe KOAMYeCTBO
CreHeprpoBaHHbIX TOYeK,

1.2 — «inValidationArea» — koAnuecTBo TO-
Y€K, MOMaBLUMX B BAAAMAALIMOHHbIE MAOLLAAKM,

1.3 — «validationPointsSize» — koAnuecTBo
PEaAbHbIX TOYEK MPUCYTCTBUSA B BAAUAALIMOH-
HbIX MAOLLIAAKAX,

1.4 — «inTrainingArea» — KOAM4ECTBO TOYEK,
MOMaBLUMX B TPEHWUPOBOYHbIE BAAMAALIMOH-
HbI€ MAOLLAAKH,

1.5 — «trainingPointsSize» — KoAnM4ecTBO pe-
aAbHbIX TOYEK MPUCYTCTBMS B TPEHWPOBOU-
HbIX BAAMAALIMOHHbIX MAOLLIAAKAX,

1.6 — «trainingErrorPercenty — 3HaueHue
(trainingPointsSize — inTrainingArea) / inTrain-

ingArea,

points as possible, as well as a sets of points
with minimal validation errors for the Thiessen
polygons and validation plots. In addition to
the point layers, we output validation json files
containing the following information:

1 — array “processed” which contains ob-
jects with information on each iteration of the
validation process, namely:

1.1 — “total” — total number of generated
points,

1.2 - “inValidationArea” — number of points
that fell into validation areas,

1.3 — “validationPointsSize” — number of
real presence points at validation sites,

1.4 — “inTrainingArea” — number of points
falling in training validation areas,

1.5 — “trainingPointsSize” — number of real
presence points in training validation sites,

1.6 — “trainingErrorPercent” — value (train-
ingPointsSize — inTrainingArea) / inTrainin-
gArea,

1.7 — “validatingErrorPercent” — value (in-
ValidationArea — validationPointsSize) / vali-
dationPointsSize,

1.8 — “minNearestDistanceTraining” and
“averageNearestDistanceTraining” — mini-

mum and average distances to the nearest
neighbor, calculated from training set,

1.9 — “minNearestDistanceResult” and “av-
erageNearestDistanceResult” — minimum and
average distance to the nearest neighbor, cal-
culated from generated points,

1.10 — “seed” — random seed for splitting sets,

OcmoTp rHesaa ctepssTHika Orerom LLinpsiesbim (Ha
rHesae) u [eHpueTTol [TyAMKoBO# (MoA rHe3Aom).
®oto M. KapsikuHa.

Oleg Shiriaev (at the nest) and Genriyetta Pulikova (un-
der the nest) observing the Egyptian Vulture’s nest.
Photo by I. Karyakin.
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1.7 — «validatingErrorPercent» — 3Hauexue
(inValidationArea — validationPointsSize) /
validationPointsSize,

1.8 — «minNearestDistanceTraining» n «av
erageNearestDistanceTraining» — MMHUMaAb-
Has M CPeAHsI AUCTaHLUMKM A0 OAMXKaiLlero
coceaa, PaccUMTaHHble MO TPEHUPOBOUYHOMY
Habopy,

1.9 — «minNearestDistanceResulty un «av-
erageNearestDistanceResulty — MMHMMaAbHOe
M CpeAHee paccCTosiHMe AO OAMxKaiillero co-
ceaa, MNOCYMTaHHOE MO CreHepupoBaHHbIM
TOUKaM,

1.10 — «seed» — cAydaiiHoe 3epHO AAst pas-
6u1eHns Habopos;

2 — «averageValidationDeviation» — cpea-
Hee Mo BCeM uTepaumsim 3HadeHue «validat-
ingErrorPercent»,

3 — «averageValidationAbsDeviation» — cpea-
Hee Mo MOAYAIO MO BCeM UTepaLmnsiM 3HaYeHne
«validatingErrorPercenty,

4 — «averageTrainingDeviation» — cpeaHee
Mo BCEM MTepaLMsamM 3HadeHue «trainingError-
Percenty,

5 — «averageTrainingAbsDeviation» — cpea-
Hee Mo MOAYAIO MO BCEM MTepaLMsM 3Haye-
Hue «trainingErrorPercent»,

6 — «averageTotaly — cpeaHee 3HaueHue
«total» (1.1 — cyMMapHOro KoAn4ecTBa creHe-
PUPOBaHHbIX TOYEK),

7 — «totalSD» — cTaHAapTHOE OTKAOHEHWe
«total» oT «averageTotal»,

8 — «maxTotal» — MakcmaabHOe 3HaueHUe
«totaly,

9 — «minTotal» — MMHUMaAbHOE 3HaueHMe
«total».

AOBEepUTeAbHbIN  MHTEpBaA YMCAEHHOCTY
Mbl OMPEAEASIAM MO 3HaUEeHMsIM «averageTotal»
n «averageValidationAbsDeviation» caeayio-
UMM 0Opasom:

averageTotal (1 + averageValidationAbsDe-
viation) <= peaAbHOe KOAMYECTBO <= aver-
ageTotal (1 — averageValidationAbsDeviation).

Hanpumep, ecam «averageValidationAbs-
Deviation = 0,2, To 3TO MHTepnpeTupyeTCcs
KaK TO, 4TO aArOPUTM MPK OLIEHKE YUCAEHHO-
cTv owmbaetcs Ha 20% B Ty MAM MHYIO CTOPO-
HY, @ 3Ha4YNUT, MOXKHO CUYMTaTb, YTO peaAbHas
UMCAEHHOCTb = OLIeHKa aAroputMa £20%.

AydlwmiA Mo BaAMAaUMM M3 BbIOPaHHbIX
CAOEB TOoUeK OblA OTKOPPEKTMPOBaH C LIeAbIO
YAYYLLEHUS OLEHKM YUCAEHHOCTU. AAS 3TOrO
no ESA WorldCover 10m v100 (Zanaga et al.,
202T) Mbl CO3AaAM CAOM CTPOEHMI U1, MOCTPO-
1B BOKPY HUX Oycpepbl LUMPUHOI 3 KM, yAa-
AMAM BCE TOYKM, MOMaAaBLUMe B HUX. 3aTem
Mo KOCMOCHWMMKam Mbl ouMcdppoBaAn cpepmsi
W, MOCTPOMB BOKPYT HUX Bydpepbl B COOTBET-
CTBMM C MaKCMMaAbHbIMWM AMCTAHLMSMKU Ha-

2 — “averageValidationDeviation” — average
over all iterations “validatingErrorPercent”,

3 - ‘“averageValidationAbsDeviation” —
module average over all iterations “validating-
ErrorPercent”,

4 — “averageTrainingDeviation” — average
over all iterations “trainingErrorPercent”,

5 — “averageTrainingAbsDeviation” — mod-
ule average over all iterations “trainingError-
Percent”,

6 — “averageTotal” — average value “total”
(1.1 — total number of generated points),

7 — “totalSD” — standard deviation “total”
from “averageTotal”,

8 — “maxTotal” — maximum “total” value,

9 — “minTotal” — minimum “total” value.

We determined the abundance confidence
interval using the values of “averageTotal” and
“averageValidationAbsDeviation” as follows:

averageTotal (1 + averageValidationAbsDe-
viation) <= an actual amount <= averageTo-
tal (1 -averageValidationAbsDeviation).

For example, if “averageValidationAbs-
Deviation” = 0.2, then this is interpreted as
the fact that the algorithm, when estimating
abundance, is wrong by 20% in one direction
or another, which means that we can assume
that actual abundance = the algorithm’s esti-
mate =20%.

The best validated of the “selected point”
layers has been adjusted to improve the
abundance estimate. To do this, according
to ESA WorldCover 10m v100 (Zanaga et al.,
2021), we created a layer of buildings and,
having built 3 km-wide buffers around them,

I//

[He3aonpuroaHble ars cTepBaTHUKA 6MOTOMbI
B Kaparay. ®@oto M. KapsikuHa.

Egyptian Vulture breeding biotopes
in Karatau. Photo by I. Karyakin.
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XOXKAEHWS THE3A CTEPBSITHMKA OT dhepM, OT-
CEeKAM MOAOBMHY TOYEK 3a X npeaeAamu. Aa-
A€e Mbl BbIOpaAnM 00AACTb FHE3A0MPUTOAHbIX
OGMOTOMOB CTEPBATHUKA, AEXKALLYID B 30HE
MAOLLAAOK, Ha KOTOPbIX BMA He ObiA 0OHapy-
XKEH, M COKPaTMAM YMCAO CreHEPUPOBAHHbIX
Touek Ha 50% B 3TOM 30He. Bce Touku, no-
nasluMe B MOAMIOHbI TuCCeHa, MNOCTPOeH-
Hble BOKPYI PEaAbHbIX FHE3AOBbIX Y4acCTKOB,
ObIAM MPUTAHYTHI K PEaAbHbIM TOYKam Mpu-
CYTCTBUS CTEPBATHMKA M CUUTAAUCh BEpPU-
cprumnposaHHbiMK. Ecan B noamron Tuccena
MOMaAAAO HECKOAbKO TOYEK, MPUTArMBaAACh
K peaAbHOM TOUKe NPUCYTCTBMS DAMXKaMLLIAS,
a OCTaAbHble OTOpaKoBbIBaAUCh. OTKOppeK-
TUPOBAHHBIN CAOM TOYEK CYMTAACH UTOMOBbLIM
PEe3yAbTaTOM OLIEHKM YNCAEHHOCTH.

AASt OLIEHKM AeMOrpadpun OTCAEXKMBAAMCH
TakMe napameTpbl, Kak MPOAYKTUBHOCTb,
YCMELWHOCTb PasMHOXEHWUS M YacToTa pas-
MHOXEHNA ODCAEAOBAHHLIX Map Ha OAHOM
M TOM XK€ FHe3A0BOM y4acTke. Mbl cumTasm
Pa3sMHOXAIOMMMCS Te Mapbl, KOTOpble OT-
AOXMAM XOTS Obl OAHO FILIO.

AAS MOAGAMPOBAHMS BLIXKMBAEMOCTM THE3A
Mbl WMCCAEAOBAAM BAMSIHME MOrOAHbIX pak-
TOpOB (TemnepaTypa M ocaaku), hakTopos
OKpY>KaloLlel CpeAbl (BbICOTa HaA ypOBHEM
mops — elevation, ykaoH MecTHocTH — slope,
3KCNo3uums — aspect, BEKTOpHas mepa He-
POBHOCTM — VIM, HEPOBHOCTb MECTHOCTU —
roughness, ckopocTb BeTpa Ha BbicotTe 10 M
— w-s-10, naoLiaaL GMOTOMNOB C TPaBAHMCTOM
PacTUTEAbHOCTBIO B paanyce 100 M OT rHe3aa
—WC_G100, nAoLLIaAb FOAOM 3EMAM U CKaA B
paanyce 100 m oT rHesaa — WC_B100, yco-
BEPLUEHCTBOBAHHbIM BEreTauMOHHbIA MHAEKC
C anpeasa no asryct — EVI), a takxe aucran-
uMii Mexay OamKarlummmn coceasmu  (dist.
nei), Mexxay rHésaamm CTepBsTHMKA K Oep-
kyTa (dist. Achr) u oT rHé3a cTepBsiTHMKA AO
dpepm (dist.farm).

[TepemeHHble MOroabl (CpeAHeMecsYHble
nokasateAn TemnepaTypbl M OCaAKOB C anpe-
ASI TIO @BIYCT) B3ATbl AASl TOYEK AOKALIMI THE3A
n3 ERA5-Land Monthly Aggregated - ECMWF
Climate Reanalysis (Mufioz Sabater, 2019),
NepemMeHHble  OKpY>KaloLen CpeAbl — U3
NASADEM (NASAJPL, 2020), MOD13A1.061
Terra Vegetation Indices 16-Day Global 500m
(Didan, 2021), Geomorpho90m (Amatulli et
al., 2020), Global Wind Atlas (Badger et al.,
2021) n ESA WorldCover 10m v100 (Zanaga
etal., 2021).

BaxkHOCTb NepemeHHbIx onpeaeAeHa nyTém
200 nporoHoB aaroputma Random Forest.
Aanee Mbl BbIOpaAn HanboAee BaXKHbIe nepe-
MEHHbIE U BKAIOYMAM MX B AMHENHBIE MOAGAM
AAS @aHAaAM3A BbKMBAEMOCTH.

Ckanbl 6AM3 ¢hepm — TUNMYHbIE MECTa THe3A0BaHUS
crepssiTHuka. @oto M. KapskuHa.

The dliffs near the farms are typical nesting sites for the
Egyptian Vulture. Photo by I. Karyakin.

removed all points that fell into them. Then,
using satellite images, we digitized farms and,
having built buffers around them, in accord-
ance with the maximum distances of finding
EV nests from farms, cut off half of the points
outside them. Next, we selected an area of
EV breeding biotopes lying within the zone
of plots where the species was not found and
reduced the number of generated points by
50% in this zone. All points that fell into the
Thiessen polygons and were built around ac-
tual breeding territories were linked to the real
points of presence of EV and were considered
verified. If several points fell into the Thiessen
polygon, the closest one was linked to the real
point of presence, and the rest were rejected.
The corrected layer of points was considered
the final result of the abundance assessment.
To assess demographics, parameters such as
productivity, breeding success, and breed-
ing frequency of surveyed pairs in the same
breeding territory were monitored.

In order to evaluate demographic character-
istics, the authors tracked such parameters as
productivity, reproductive success, and breed-
ing frequency for the studied pairs at one and
the same nesting site. Pairs that laid at least
one egg were considered breeding pairs.

We investigated the effects of weather vari-
ables (temperature and precipitation), envi-
ronmental variables (elevation, slope, aspect,
vector measure of stability — vrm, roughness,
wind speed at height 10 m — w-s-10 , area
of grass vegetation within 100 m radius from
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CyTouHas BbIKMBAEMOCTb FHE3A CTEpBAT-
Huka (DSR) oLeHmMBaAach C MOMOLLbIO MakeTa
RMARK (Laake, 2013) B R (Bepcusi R 4.1.3,
R Core Team, 2022). M13-3a HeaocTaTKa AaH-
HbIX MO dpase MHKYOALMM, Mbl HE CTaAM pas-
AGASITb MEPUOA PAa3MHOXEHMS Ha ABe pasbl
M CHMTAAM BbDKMBAEMOCTb FHE3Aa C MOMEHTa
HavyaAa KAAAKM AO Hayara pasAéra NTEHLOB
— B CpeaHeM AAg 16T AHs. PenpoaykTuBHas
cpasa M BO3PACT SIMLL MAM NTEHLIOB, HApSIAY C
chakTopamu cpeabl U MOroabl, ObIAU BKAIOYE-
Hbl B @aHAAM3 KaK HeCTaHAApTU3MPOBaHHbIE
MHAMBMAYaAbHbIE KOBapuatbl. YToObl oOue-
HUTb, KakKas MOAEAb-KaHAMAAT Aydlle BCEro
COOTBETCTBYET AaHHbIM, Mbl MCMOAb30BaAM
3HadeHnsa AlCc, BCTpOeHHble B Mporpammy
MARK (Burnham, Anderson, 2004; Dinsmore,
Dinsmore, 2007; Négeli et al., 2022).

AAS M3yveHMst MUTaHUSI PUKCHPOBAAMCh
BCE OCTaTKM Ha FHE3Aax M noa HumK. [Moa-
CYET KOAMYECTBA XXEPTB BEACS MO oparmeH-
Tam 4epena (KAIOBbI MAM YEAIOCTM) M Aanam
(Aanam 1 KpbIAbSM Y MTKLL).

Mbi Takke 0006LLMAM AaHHbIE MO cpeHOo-
AOFMM  CTEPBATHMKA Ha paccMaTpuBaemown
Tepputopun. AAg BOCCTAaHOBAEHMS Hadasa
CPOKOB OTKAAAKM $IMLL, BbIAYMAEHUS U BbIAE-
Ta NTEHLOB Mbl OMEPUPOBAAU CACAYIOLLMMMU
napameTpamm:  AAMTEALHOCTb  MHKybaumm
OAHOTO iua — 42 AHS, UHTEPBAA MEXAY OT-
KAAQAKOW fiMLL — 5 AHEM, CPOK BbIKapMAMBaHMS
1 NTeHUa C MOMEHTA BbIAYMAEHUS AO BbiAe-
Ta — 85 aHen. Y cTepBaTHuKa B KasaxcraHe
HabAloAaeTCa  OOAbLLIOW  pa3dpoCc CPOKOB
BbIKAPMAMBAHMSA C MOMEHTa BBIAYMAEHNS AO
nepsoro noAéta — ot 70 Ao 110 aHen — u
CMABHO 3aBUCUT OT MHTEHCMBHOCTU KOPMAE-
HMUS M Ka4ecTBa KOPMOB, MO3TOMY CPEAHMM
CPOK HaxOXAEHMs MTeHLa B rHe3ae B 85 AHel
AOCTaTOYHO yCAOBeH. Bo3pacT nTeHuoB crep-
BATHMKA OMPEAGASACH HaMM MO pa3Mepam B
COOTBETCTBMM C paHee OnyOAMKOBaHHbLIMM
AaHHbIMM (Dondzar, Ceballos, 1989), a Tak-
Ke Mo pasBUTUIO OMEpPeHnst B COOTBETCTBUU
C nHdpopmaLmeid, onybANKOBaHHONM no pe-
3yAbTaTam 00pabOTKM AaHHbIX Kamep BUMACO-
HabAoaeHns (Dobrev et al., 2019; Kumar et
al., 2020; Yordanov et al., 2021). Mbl cunTaam
NTEHLOB MOAHOCTbIO OMEPEHHBIMM C BO3pac-
Ta 50 AHEl 1 AaAee AAS OTIpeAeAeHNs BO3pac-
Ta OPUEHTMPOBAAKUCH Ha AAMHY XBOCTa, KOTO-
pbii, HaumHaa co 100 MM, poc B CpeaHem Mo
4,8+0,4 MM B AeHb (0T 4,3 A0 5,3 MM B A€Hb).
Mexay 55 1 65 AHAMM AAMHA XBOCTa NTEH-
LIOB, U3MEPEHHbIX B paiioHe paboT, BapbUpo-
Baaa oT 200 A0 250 MM.

lMpocTenwyio maTemaTuyeckylo oopaboT-
Ky AaHHbIX ocyLuecTBAsAmM B MS Excel 2003
n Statistica 10. Arg BbIOOPOK MPUBOAATCS

CTepBATHUK B rHe3Ae Ha kaaake. Doto H. Onrapbaesa.

Egyptia Vulture in the nest on the clutch.
Photo by N. Ongarbayev.

the nest — WC_G100, area of bare ground
and rocks within 100 m radius from the nest
— WC_B100, improved vegetation index from
April to August — EVI, and additional model
specific control variables (distances between
nearest neighbors — dist.nei, between EV and
Golden Eagle nests — dist.Achr), and from EV
nests to farms — dist.farm) on nest survival.

Weather variables (average monthly tem-
perature and precipitation from April to Aug-
ust) for nest locations are taken from ERA5-
Land Monthly Aggregated — ECMWF Climate
Reanalysis (Mufioz Sabater, 2019), environ-
mental variables are from NASADEM (NASA
JPL, 2020), MOD13A1.061 Terra Vegetation
Indices 16-Day Clobal 500m (Didan, 2021),
Geomorpho90m (Amatulli et al., 2020), Glob-
al Wind Atlas (Badger et al., 2021) and ESA
WorldCover 10m v100 (Zanaga et al., 2021)

The importance of variables was determined
by 200 runs of the Random Forest algorithm.
Next, we selected the most important vari-
ables and included them in linear models for
survival analysis.

Daily nest survival rates (DSR) were estimat-
ed with the RMARK package (Laake, 2013) in
R (version R 4.1.3, R Core Team, 2022). We
did not separate the breeding period into in-
cubation and the nestling phases due to the
small data samples for incubation phase. We
considered the survival of the nest from the
moment egg laying began until the nestlings’
connection to nests is weakened — on average
for 161 days. Reproductive phase, age of eggs
or nestlings, along with environmental and
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AMana3soH AaHHbIX M CpeAHee 3HadeHune +SD,
€CAU He OroBapuBaeTcs MHOMO. AASi CpaBHe-
HUS BLIDOPOK MCMOAB30BAACS PAHIOBbIA KpH-
Tepui Buakokcona (7).

Pe3yAbTaTbl MCCAEAOBAHMM

TloAeBble nccaeaoBaHms

B xoae noaesbIx nccaeaoBarmii 2022 1. ObiAmn
nposepeHbl 17 FHe3A0BbIX Y4aCTKOB CTepBAT-
HMKA, BbiiBAEHHbLIX B 2010 1. M3 Hmx 11 yuacT-
KOB OKa3aAMCb 3aHATHLIMM, HAa 5 BbISBAEHO
yCrewHoe pasMHOXeHHe. AOAS MOKMHYTbIX
nTMLAMKM y4acTkoB cocTaBuaa 35,29%. Ha
BMepBble 0OCACAOBAHHbIX TEPPUTOPUAX ObIAO
BbIBAEHO 30 FHE3AOBbIX Y4aCTKOB CTEPBAT-
HMKa, BCE M3 KOTOPbIX OKA33aAUCh 3aHSATbIMM
nTuuamm, M Ha 13 m3 Hux ObIAO ycnewHoe
PasMHOXeHWEe B TMepBYl0 WMIOALCKYIO Mpo-
BEPKY (BO3pacT NTeHUOB meHee 50 AHeW). B
cymme 3a 2022 1. 13 4MCAQ NOCELLEHHbIX 47
FHE3AOBbIX Y4aCTKOB CTepBsITHKKA 87,2% 3a-
HMMAAOCh MTULAaMK U 12,8% BbIAO MOKMHYTO
(taba. 3, puc. 4). M3 3Tux 47 noceléHHbIX
FHE3A0BbLIX Y4aCTKOB CTepBATHMKA 6 OKasa-
AUCb PEAALHO HOBbLIMM, CyAsl MO OTCYTCTBMIO
3aMETHbIX CAEAOB MOMETA Ha Mpucasax M
rHésaax. C yuétom 41 3aHATOro rHe3A0BOro
y4acCTKa U 6 NMOKUHYTbIX, Mbl OLIEHUBAEM YNC-
AEHHOCTb CTEpBATHMKA Ha WMCCAEAOBAHHOM
TeppuTopum 3a nepuoa ¢ 2010 r. no 2022 r.
Kak CcTabuAbHYIO (6 FHE3A0BbLIX Y4aCTKOB MC-
4ye3no, 6 — MOSIBUAOCH).

Mcues paa rHE3A0BLIX Y4aCTKOB CTEPBAT-
HMKa B KOTAOBMHAX LIEHTPAALHOM YacTu rop,
a TaKkXke B 3aTPOHYTbIX FOPHbIMM Pa3paboT-
Kamu parioHax 1 B 30He CTPOMTEALTBA BETPSI-
HoM 2AekTpocTaHumm (aanee BIC) (3 yuact-
Ka). B yacTtHoCTH, nponaaa napa, rHesamsLa-
sics HanpoTMB NpeanpusTis Kasdgpocdpar.

weather variables were included in the analy-
sis as unstandardized individual covariates. To
see which model fit the data best, we used
the built-in AIC values of the MARK program
(Burnham, Anderson, 2004; Dinsmore, Dins-
more 2007; Négeli et al., 2022).

To study diet, all remains found in and un-
der nests were recorded. Amount of prey was
counted by skull fragments (beaks or jaws) and
paws (paws and wings in birds).

We also summarized data on EV phenology
in the study area. To determine the onset of
egg-laying, hatching, and nestling flight, we
operated with the following parameters: du-
ration of incubation of one egg is 42 days, in-
terval between oviposition is five days, period
of feeding one nestling from hatching to flight
is 85 days. In Kazakhstan, the EV has a wide
range of feeding periods from hatching to first
flight, ranging from 70 to 110 days. Its dura-
tion depends strongly on feeding intensity and
food quality, so the average 85 days that the
nestling remains in the nest is rather arbitrary.
The age of EV nestlings was determined by size
in accordance with previously published data
(Donézar, Ceballos, 1989), as well as plumage
development in accordance with information
obtained by processing wildlife video camera
footage (Dobrev et al., 2019; Kumar et al.,
2020; Yordanov et al., 2021). We considered
nestlings to be fully feathered at the age of 50
days and then, to determine age, we assessed
tail length which, starting from 100 mm, grew
on average 4.8=0.4 mm per day (4.3-5.3 mm
a day). Nestling tail length varied between 200
to 250 mm at the age of 55-65 days in the
study area.

Basic mathematical data processing was car-
ried out in MS Excel 2003 and Statistica 10.

TabA. 3. Pe3yAbTaTbl MOHUTOPUHIA M BbISIBAEHUS! HOBbIX THE3A0BBIX y4acTKOB cTepBsiTHMKa (Neophron percnopterus) B ropax Kapatay 8 2022 r.

Table 3. Results of monitoring and identification of new breeding territories of the Egyptian Vulture (Neophron percnopterus) in the Karatau

Mountains in 2022.

YcneuiHble rHé3aa
Ha MOMEHT nep-
BOM NPOBEpPKK
Successful nests

THe3a0Bble yuacTkn  at the time of first

Occupied breeding territories not
confirmed by finding successful

3ansaTble rHe3A0BbIE Y4aCTKH,
He MOATBEPXAEHHbIE HAXOAKOMN

yCneluHbIX rHé3A MokuHyTbIE
rHe3A0Bbl€ y4aCTKH

Abandoned breed-

Breeding territories observation nests ing territories
PaHee BbIsiBAEHHblE 17 5 6 6
rHe3A0Bble Y4aCTKM
Breeding territories
discovered earlier
BrnepBsbie BbiSiBAEHHbIE 30 13 17 0
rHe3A0Bble Y4aCTKM
Breeding territories first
discovered
Bcero / Total 47 18 23 6
Aoas / Share, % 100 38.3 48.9 12.8
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ANCTaHUMS MEXAY aKTUBHBIMU M CTApPbIMM
aAbTEPHATMBHBIMM  FHE3AAMKM  CTEPBSATHMKA
B MpeAeAax OAHOrO y4acTKa M3MEHSAaCb OT
0,04-1,17 km, B cpearnem (n=7) 0,49=0,40
km B 2010 r., a0 0,36-2,07 KM, B CpeaHem
(n=5) 1,06x0,69 km B 2022 r., COCTaBMB
B CpeAHeM 3a BeCb MNepuoA HabAAeHMI
0,73%0,59 km. K 2022 r. npou3oLwwAo cme-
LLEHME psAAA Map M3 BEPXOBMU Y3KMX YLLIEAWN
K MX BbIXOAY M3 rop.

AncTaHumm  Mexay  OAMXKaWLIMMKM - CO-
ceaamu ctepsaTHuka B 2003-2022 rr. Ba-
pbuposaam ot 2,10 a0 76,82 KM, CcOCTaBuB
B cpeaHem (n=50) 11,22%11,59 kM. Ecan
OTOPOCUTL 6 AAABHMX AMCTaHUMIA MEXAY
coceassMM B amana3oHe oT 17,83 ao 76,82
KM, Ha KOTOPbIX BO3MOXXEH MPOMYyCK rHes3-
AOBBIX YYaCTKOB, Mbl MOAYYMM AMAMNA30H
AnctaHumit ot 2,10 ao 15,96 kM, B cpea-
HemM (n=44) 8,15%x3,91 kM. AuctaHumu
M3MeHSAANChL OT 3,56-15,96 KM, B cpeaHem
(n=17) 8,54%3,68 kM (MeanaHa 7,61 KM)

Puc. 4. [He3a08bie yuacTku cTepsiTHuka (Neophron
percnopterus), ocMoTpeHHble B ropax Kapatay (KOxHbii
Kasaxcran) B 2010 r. — BBepxy, u 8 2022 r. — BHU3Y.
YcaosHble 0603Hadenms: 1 — ycrnelHoe rie3ao, 2 —
3aHATOE THE3A0, 3 — 3aHATasl FTHE3A0Bas TePPUTOPHS,

4 — aAbTepHaTMBHOE rHE3A0 Ha 3aHATOM TePPUTOPUH,
CTapoe rHe3A0 Ha MOoKMHYTOM MTHULAaMM MTHE3A0BOM
TepPUTOPUN.

Fig. 4. Breeding territories of the Egyptian Vulture
(Neophron percnopterus) that were surveyed in the
Karatau Mountains (South Kazakhstan) in 2010 — above,
and in 2022 — below.

Data range and mean +SD are given for sam-
ples unless otherwise noted. Samples were
compared using the Wilcoxon rank test (7).

Research results

Field research

17 EV breeding territories identified in
2010 were inspected during the 2022 field
study. Of these, 11 breeding territories were
found to be occupied, and successful breed-
ing was found on five. The proportion of
abandoned territories was 35.29%. Thirty
EV breeding territories were identified in the
areas first surveyed, all of which were occu-
pied by birds, and 13 of them had successful
breeding during the first July inspection (nest-
lings less than 50 days old). In total, out of
47 breeding territories visited by EV in 2022,
87.2% were occupied by birds, and 12.8%
were abandoned (Table 3, Fig. 4). Of these
47 surveyed EV breeding territories, six were
found to be new, judging by the absence of
noticeable droppings on perches and nests.
Given 41 occupied breeding territories and six
abandoned ones, we estimate that the popu-
lation of EV in the study area for 2010-2022
is stable (six breeding territories disappeared,
six appeared).

A number of EV breeding territories disap-
peared in the basins of the central part of the
mountains, as well as in areas affected by min-
ing and the wind power plant (3 territories).
In particular, a pair that nested opposite the
Kazphosphate mine disappeared.

The distance between active and old al-
ternative EV nests within the same territory
varied from 0.04-1.17 km, on average (n=7)
0.49+0.40 km in 2010, to 0.36-2, 07 km, on
average (n=5) 1.06x0.69 kmin 2022, averag-
ing 0.73+0.59 km over the entire observation
period. As of 2022, a number of pairs moved
from the upper reaches of narrow gorges to
their exit from the mountains.

Distances between nearest EV neighbors in
2003-2022 varied from 2.10 to 76.82 km,
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Puc. 5. AuctaHumm (B Km): MexAy GAMKANLLIMMM COCEASIMM CTepBATHMKA — A (creBa — B 2010 r. u cnpasa — B 2022 r.), OT rHE3A CTepPBATHMUKA AO
b6Avkalilmx chepm — B (caeBa — B 2010 r. m cripasa — B 2022 1), OT rHE3A CTEPBATHMKA AO FHE3A M TOYeK perncTpaumm nap 6epkytos (Aquila
chrysaetos) — C (caeBa — B 2010 r. u cnipasa — B 2022 r.), pa3uuua cpeaHnx (M=SD) BbiLe nepeuncaeHHbix auctaHumii 8 2010 r. n 2022 r. — D.

Fig. 5. Distances (in km): between the nearest neighbors of the Egyptian Vulture — A (left — in 2070 and right — in 2022), from the Egyptian Vulture
nests to the nearest farms — B (left — in 2010 and right — in 2022), from Egyptian Vulture nests to nests and registration points of Golden Eagle pairs
(Aquila chrysaetos) — C (on the left — in 2070 and on the right — in 2022), the difference in the average (M=SD) above the listed distances in 2010
and 2022 - D.
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B 2010 r., a0 2,10-15,53 KM, B cpeaHem
(n=27) 7,90%£4,11 kM (MeanaHa 7,44 KM) B
2022 r. (puc. 5), Npu4ém C HaAEXHOW pas-
HUUen mexay cpeanmmn (T=0, Z=3,62,
p=0,00029). T.e. cTrepBaTHnkn B 2022 r.
CTaAM THE3AUTLCA YyTb OAMXKE APYF K ApPY-
ry, yuem B 2010 r.

Mbl M3MEPUAM AUCTAHLMKM OT THE3A CTep-
BAITHMKA A0 BAMXKANMLLMX cpepM 1 OT rHé3A A0
ToYek perncrpaunmn nap 6epkyTos (puc. 5) n
OOHapY>KMAM, YTO CTEPBATHMKKM CTaAM FHEe3-
AUTBCS BAMIKE K pepMam M AaAbLLIE AUCTaH-
uMpoBatbcs OT 6epkyTos B 2022 r., HEXeAn
B 2010, HO 6€3 3Ha4MMON pPasHULILI CPEAHMX
(puc. 5). AuCTaHUMM OT THE3A CTepBATHMKA
A0 doepM M3MeHsianchb oT 0,54-5,48 kM, B
cpeaHem (n=29) 1,72x1,1T km B 2010 1., A0
0,13-3,96 km, B cpeaHem (n=41) 1,49x0,91
KM B 2022 r., COCTaBMB B CpeAHEM 3a BeCb
nepuoa HabaoaeHni (n=70) 1,58+0,99 km.
AncTaHuMm OT HE3A CTEPBATHUKA AO MHE3A
M ToYeK perncrpaumun nap 6epkyTos, 3a Bbl-
yetoMm 11 ancTaHumn B AnanasoHe ot 18,79
A0 39,18 KM, Ha KOTOPbIX BO3MOXEH MPOMyCcK
GepKyTUHBIX y4acTKOB, M3MEHSAMCH OT 0,27—
16,64 kM, B cpeaHem (n=24) 4,73x5,02 km
B 2010 r., a0 0,10-16,15 KM, B cpeaHem
(n=35) 5,43+4,67 kM B 2022 r., cOCTaB1B
B CpeAHEM 3a BeCb MepuoA HabAIAEHMI
(n=59) 5,14%=4,79 km.

CTepBAaTHUK TEPNMMO OTHOCUTCS KO MHO-
TMM BMAAM, 4acCTO AMCTaHUMPYs CBOM MHE3AQ
Ha 5-27 M OT XMAbIX FHE3A YEPHOrO amcra
(Ciconia nigra), 6eaoroaosoro cuna (Gyps
fulvus), 3meesiaa (Circaetus gallicus) u puanHa
(Bubo bubo). Mpuuém puanH aBaseTcs A0-
CTaTOYHO CEPbE3HLIM XMLLHMKOM, YHUUTOXA-
IOLLIMM APYTUX XMLLHBIX MTULL, M MOXHO MpeA-
noAaraTb, 4TO CTEPBATHMK TakXKe TepnuT
OT Hero ypoH. Ho ABa rHesaa CTepBATHMKA,
pacnoaaraswmnecs B 8 u 12 M OT ycnewHbIx
rHé3A PUAMHA, TaKKe OKa3aAWCb yCrellHbl-
MM, MPUYEM, B TOM YMUCAE B 3aBUCUMBbIIA MO-
CAETHE3A0BOM MEPUOA CAETKOB AO Havana
MUrpaumm (3T CAETKM OblAM MOMEYeHbI Tpe-
Kepamu, MO3TOMY Mx Cyabba ObiAa M3BECTHa).

B 2010 r. 6bi1n0 ocmoTpeHo 18 rHésa crep-
BATHMKA (BKAlOYas cTapble rHésaa): 15 — B
ropax Kapatay u 3 — Ha YMHKax NPeAropui.
BoicoTa pacrnoaoxxeHus rHésa B Kapatay u
€ro NpeAropbax BapbupoBasa oT 4 A0 200 M,
COCTaBAsIg B cpeaHem 53,06+54,9 m (n=18,
puc. 6). B 66,67% caydaes rHésaa pacriona-
raAMCb B BEpPXHEN TPeTu Ckaabl, B 22,22% —
B cepeanHe u B 11,11% — B HWXKHeld TpeTw
(puc. 7). Bece rHésaa ObIAn yCTPOEHbI B HMLLIAX
(n=18, puc. 7).

B 2022 r. 6bin0 ocmoTpeHo 30 rHésa crep-
BATHMKA (BKAKOYAs CTapble rHé3aa): 27 — B ro-

Kunbie rnésaa crepsarrauka (NP) u wépHoro ancta (Ci-
conia nigra) (CN) Ha 0AHOJ ckane B 5 M Apyr OT Apyra.
®oto M. KapsikuHa.

Living nests of the Egyptian Vulture (NP) and the Black
Stork (Ciconia nigra) (CN) on the same cliff, 5 m from
each other. Photo by I. Karyakin.

averaging (n=50) 11.22+11.59 km. If we
discard six long distances between neighbors
ranging from 17.83 to 76.82 km, where it is
possible to skip breeding territories, then we
get a range of distances from 2.10 to 15.96 km,
on average (n=44) 8.15x3.91 km. Distanc-
es varied from 3.56-15.96 km, on average
(n=17) 8.54+3.68 km (median 7.61 km) in
2010, to 2.10-15.53 km, on average (n=27)
7.90+4.11 km (median 7.44 km) in 2022 (Fig. 5),
and with a reliable difference between the
means (T=0, Z=3.62, p=0.00029). Thus,
EVs in 2022 began nesting a little closer to
each other than in 2010.

We measured the distances from EV nests to
nearby farms and nests and registration points
for Golden Eagle pairs (Fig. 5) and found that
EVs nested closer to farms and distanced them-
selves further from Golden Eagles in 2022 than
in 2010, but without a significant average differ-
ence (Fig. 5). Distances from EV nests to farms
ranged from 0.54-5.48 km, on average (n=29)
1.72+1.1 kmin 2010, to 0.13-3.96 km, on ave-
rage (n=41) 1.49£0.91 km in 2022, averaging
(n=70) 1.58+=0.99 km for the entire observa-
tion period. Distances from EV nests to nests
and registration points of Golden Eagle pairs,
minus 11 distances in the range from 18.79 to
39.18 km, where it is possible to miss Gold-
en Eagle sites, varied from 0.27-16.64 km,
on average (n=24) 4.73%+5.02 km in 2010,
up to 0.10-16.15 km, on average (n=35)
5.43%+4.67 km in 2022, averaging at (n=59)
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pax KapaTay 1 3 — Ha YMHKax npeAropuii. Bol-
CoTa PacrnoAoXKeHua rHésa B KapaTay u ero
NMPeAropbax BapbupoBasa oT 2,5 a0 150 M,
COCTaBAsiA B cpeaHem 15,34+26,72 m (n=29,
puc. 6). B 44,83% cay4aes rHésaa pacriona-
raAMCb B BepXHeW TpeTu ckaabl, B 41,38% —
B cepeanHe u B 13,79% — B HUXHEN TpeTH
(n=29, puc. 7). B Huwax OblAM yCTpOeHbI
83,33% ruésa n 16,67% — Ha noakax (n=30,
puc. 7).

B ueaom 3a 2010 r. 1 2022 r. cobpaHbl Xa-
PaKTEPUCTUKM 44 THE3A CTEPBATHMKA (BKAIO-
Yasl cTapble rHésaa): 39 — B ropax Kapartay
M 5 — Ha YMHKax npearopmi. Beicota pacno-
AOXEHUA THE3A B KapaTtay 1 ero npearopbax
BapbupoBaa oT 2,5 a0 200 M, cocTaBass B
cpeaHem 28,40%x41,18 m (n=43, puc. 6),
npuuém B 2022 1. BbICOTa PacrnoAOXKeHns 00-
CAEAOBaHHbIX FHE3A OblAa AOCTOBEPHO HMXKE,
yem B 2010 r. (T=17, Z=2,98, p=0,003),
YTO CBA3AHO C MpeKpalleHnem rHe3AoBaHUs

Histogram: All

K-S d=.34821, p<.01; Lilliefors p<.01
Shapiro-Wilk W= 61815, p= 00000
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5.14x4.79 km over the entire observation
period.

EV is tolerant of many species, often distanc-
ing its nests by 5-27 m from inhabited nests
of Black Stork (Ciconia nigra), Eurasian Cirif-
fon (Gyps fulvus), Short-Toed Eagle (Circaetus
gallicus), and Eagle Owl (Bubo bubo). Moreo-
ver, the Eagle Owl is a fairly serious predator
that kills other raptors, and it can be assumed
that EV also suffers damage from it. But two
EV nests, located 8 and 12 m from the suc-
cessful nests of the Eagle Owl, also turned out
to be successful, even in the dependent post-
nesting period of fledglings before the start of
migration (these fledglings were marked with
trackers, so their fate was known).

In 2010, 18 EV nests were examined (in-
cluding old ones): 15 in the Karatau moun-
tains and 3 in the foothills. Nesting height in
Karatau and its foothills ranged from 4 to 200
m, averaging 53.06%x54.9 m (n=18, Fig. 6).
In 66.67% of cases nests were located in the
upper third of the cliff rock, in 22.22% — in
the middle, and in 11.11% — in the lower third
(Fig. 7). All nests were built in niches (n1=18,
Fig. 7).

By 2022, 30 Egyptian Vulture nests were
examined (including old nests): 27 in the
Karatau mountains and 3 in foothills. Nest
height in Karatau and its foothills ranged
from 2.5 to 150 m, averaging 15.34+26.72
m (n=29, Fig. 6). In 44.83% of cases nests
were located in the upper third of the cliff,
in 41.38% — in the middle, and in 13.79% —
in the lower third (n=29, Fig. 7). 83.33% of
nests were arranged in niches, and 16.67%
— on shelves (n=30, Fig. 7).

The characteristics of 44 EV nests (includ-
ing old nests) were collected overall for 2010
and 2022: 39 in the Karatau mountains and 5
in the foothills. Nest height in Karatau and its
foothills varied from 2.5 to 200 m, averaging
28.40=41.18 m (n=43, Fig. 6), and moreo-
ver, in 2022, the height of surveyed nests
was significantly lower than in 2010 (T=17,
Z=2.98, p=0.003), which is associated EVs
ceasing nesting on high rocks in the axial part
of Karatau, bird pair movement from high
rocks to lower ones within the same gorges
on the forward mountain folds and the discov-

Puc. 6. BoicoTa ycTpoiicTBa rHé3A CTepBATHMKA Ha
ckarax B 2010 . n 2022 r.

Fig. 6. The height of the Egyptian Vulture nest locations
on the dliffs in 2010 and 2022.
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Puc. 7. Xapaktep
YCTPOHCTBA FHE3A
CTepBATHUKA B ropax
Kapatay 8 2010 r. n
2022 r.

Fig. 7. The Egyptian
Vulture nest locations in
the Karatau mountains in
2010 and 2022.

CTEPBSITHMKA Ha BbICOKMX CKaAax B OCEBOM
Yactu Kaparay, nepemMelleHmem nap c BbiCo-
KMX CKaA Ha DoAee HM3KME B MpeAeAax Tex xe
YLLEeAMI Ha MEepeAoBbIX CKAAAKAX rop M Ha-
XOAKOM HOBBIX FHE3A B HEOOALLUMX YLLIEAbAX
npearopuid. B 55,81% cAyuaes rHésaa pacro-
AaraAucb B BepxHei TpeTu ckaabl, B 30,23%
— B cepeanHe U B 13,95% — B HUXHell Tpe-
™ (n=43, puc. 7). B Huwax ObiAn yCTpoeHb!
88,64% rué3a n 11,36% — Ha noakax (n=44,
puc. 7), NPU4éM NOsIBAEHKE MHE3A Ha MOAKaxX
— 3TO ABHO HOBOE ABAEHME, TaK)Ke CBA3aHHOe
C NepemeLleHMemM FHe3AamMxca nap Ha 6o-
A€€ HM3KME CKaAbl. BO3MOXKHO, 4acTb MHE3A
Ha MOAKax IBASIAACb CTapbIMM MOCTPOMKaMM
KypraHuuka (Buteo rufinus), KoTopble cTep-
BATHMK MPOCTO 3aHAA MO MPUYMHE OTCYT-
CTBMS KOHKYPEHUMM C KypraHHMKamu, Nnoku-
HYBLUMMKM MHOIMe y4acTkm B KapaTay m3-3a
AEMPECCHMU YNCAEHHOCTU IPbI3YHOB.

Taknm oOpasom, B ropax M MNpPeAropbsx
KapaTay CTEpPBATHUK TAFOTEET K HULLIAM, pac-
MOAOXEHHbIM B BEpPXHEW 4YaCTW CKAAbHbIX
MacCMBOB, BbIOMPast OTBECHBIE, HO YaCTO He-
BbICOKME CKAAbI.

B 2022 r. u3 13 ycneLuHbIX B Ha4aAe MIOAS
THE3A K MOMEHTY BbIA€TA MTEHLIOB OCTAAOCh
TOAbKO 10 ycrewHbIX — B 3-X FHE3AAX BbIBOA-

M BepxHss TpeTb ckanbl / Third upper part of cliff
M CepepwHa ckanel / Center part of cliff
M HukHasa Tpeth ckanwt / Third lower part of cliff

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2010 (n=18)

2022 (n=29)

Huwa / Niche Monka / Ledge

100%
90% —_— 5
80% -
70%

60%

50% 18

40% —_— 25
30% -
20%
10%
0%

2010 (n=18) 2022 (n=30)

ery of new nests in small gorges in foothills. In
55.81% of cases, nests were located in the up-
per third of the rock, in 30.23% — in the mid-
dle, and in 13.95% — in the lower third (n=43,
Fig. 7). 88.64% of nests were built in niches
and 11.36% nests on shelves (=44, Fig. 7).
The appearance of nests on shelves is clearly
a new phenomenon, also associated with the
movement of nesting pairs to lower rocks. It is
possible that EV simply occupied some shelf
nests built by Long-Legged Buzzard (Buteo
rufinus) due to lack of competition when the
buzzards left many areas in Karatau in re-
sponse to the depressed rodent population.

Thus, EV gravitate to niches located in the
upper part of rock masses, choosing sheer, but
often not high rocks in the Karatau mountains
and foothills.

Of the 13 successful nests in early July
2022, only ten successful nests remained by
the time the nestlings took flight. In three
nests, broods were completely lost due to
predation by Golden Eagle. Also, two nest-
lings (elder and middle) were lost due to
predation in a clutch of three nestlings. In
one nest, nestlings died shortly after hatch-
ing after birdwatchers visited the nest to take
pictures of the birds.
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BapuaHTbi pacrioroskeHnst rHE3A CTepPBATHMKA Ha 0OCAEAOBAHHOM TepPPUTOPUM: THE3AO0 BHYTPH AYOOKOM HuLLM (BBEPXY cAeBa), HebOoAbLLIoe
FHE3A0 B HULLIE rOPU3OHTaALHO LiieAn (BBEPXY CripaBa), KpyrmHOe OTKPLITOe rHe3A0 B BEPTUKAaALHOM LiieAn (2-i psia CBepXy CAeBa), rHé3Aa B
HMLLIAX CKaAbHbIX OOHaXkeHwi (2-i psiA CBepXy cripaBa M 3-i psiA CBEPXY), THE3A0 Ha MOAKE MOA HaBECOM (BHM3y CAeBA) M MHE3A0 B MOAYHMLLE
(BHmn3y cnipasa). ®oto M. Kapskuna m I [yankoBoii.

Egyptian Vulture nest locations in the surveyed area: nest inside a deep niche (upper at the left), small nest in the niche of horizontal crack (upper at
the right), large open nest in the vertical crack (2nd row from top left), nests in niches of dliff outcrops (2" row from top right and 3 row from top),
a nest on a shelf under a canopy (bottom at the left) and nest in the half-niche (bottom at the right). Photos by I. Karyakin and G. Pulikova.
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Puc. 8. Pasmepbi knaaok
M BbIBOAKOB CTEPBSTHM-
Ka B Kapatay no pesyab-
Taram MCCAeAOBaHMi
2010 . m 2022 r.

Fig. 8. The Egyptian
Vulture clutch and
brood sizes according to
research results in 2010
and 2022.
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KM MOAHOCTbIO MOrMOAM B pe3yAbTaTe XMLL-
HuyecTBa 6epkyTa (Aquila chrysaetos). Taioke
MO NPUYMHE XMLLHMYeCTBa OTMeYeHa rmbeab
2-X NTEeHUOB (CTapLlero u CpeAHero) B BbIBOA-
Ke 13 3-X NTeHUOB. B 0AHOM rHe3ae NTeHLbI
NorMbAM cpasy >ke MOCAe BbIAYMAEHWUS MOCAe
noceLLeHns rHe3aa GeaBoTHEpPaMM C LIEAbIO
choTorpadprpoBaHmst NTMLL.

M3 19 rHé3a, coaep>KMMOe KOTOPbIX Mpo-
BEPAAOCH KaK MMHMMYM TPMXKAbI 3a CE30H
(1 rHe3a0 B 2010 r. 1 18 rHésa B 2022 r.),
1T rHé3a OKa3aAMCb YCMeLHbIMK (57,89%).
M3 25 auMu B Havaae Ce30Ha BbIAYMMAOCH 22
nTeHua u BbireTeAo 14. YncAo MU Ha aKTUB-
Hoe rHe3a0 (n=19) coctaBuro 1,32+0,58
(ot 1 a0 3). Yncro NTeHUOB Ha ycneliHoe
rHe3A0 B Hayaae uioAs (n=17) cocTtaBUAO
1,29+0,59 (oT 1 A0 3), B KOHUE MioAa (n=11)
- 1,27%0,47 (o1 1 A0 2). YUCAO NTEHLOB Ha
AKTUMBHOE THe3A0 B KOHLEe uioAa (n=19) co-
ctaBnao 0,74+0,73 (o1 0 a0 2) (puc. 8).

CTepBATHUKM MOSABASIOTCHS Ha HE3AOBbIX
y4acTKax C CaMbIX MOCAEAHMX YUCeA Map-
Ta, A0 20 anpeAs u cpasy ke npucTynawoT
K FHE3AOCTPOEHMIO M KOMyAaUMAM. Havano
KAQAKM B FHE3AaX CTepBATHMKA HaDAIDAAAOCH
B AOCTaTOYHO CXKaTbli nepmoa — ¢ 13 no 25
anpeas, B cpeaHem (n=19) 20 anpeas =3
AHSI, MTEHLbl HaYMHaAAU BLIAYNAATLCA C 25
Masi no 6 uioHd, B cpeaHeM (n=17) 1 nioHs
*4 AHS. AaTbl BblA€Ta MTEHLIOB M3 0OCAEAO-
BaHHbIX FHE3A Mbl PaCCYMTbIBAEM B CPEAHEM
B nepuoa ¢ 18 no 30 aBrycra, 0AHako npm
MHTEHCMBHOM KOPMAEHWMM BBIAET BO3MOXEH
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n=13; 76.5%
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Of 19 nests checked at least three times per
season (one in 2010 and 18 nests in 2022), 11
nests were successful (57.89%). Of 25 eggs, 22
nestlings hatched and 14 fledged at the begin-
ning of the season. The number of eggs per
active nest (n=19) was 1.32+0.58 (from 1 to
3). The number of nestlings per successful nest
in early July (n=17) was 1.29%0.59 (from 1

[reHubl cTepBaTHuka B rHesae. @oto M. KapskuHa.

Egyptian Vulture nestlings in the nest.
Photo by I. Karyakin.
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B AnanaszoHe oT 70 ao 80 aAHel, a 3HauuT,
Hanbonee paHHME CAETKM MOTYT NOSABAATLCS
Y THE3A y>ke € 3 no 15 aBrycra, HO BPSIA AU
3TO aBASiETCS HOPMOU. OTAET NPOMCXOAUT B
ceHTabpe. Hanboree nosaHas permcrpaums
B3POCAOrO CTEPBATHMKA B ropax Kaparay oT-
MeuyeHa Hamu 21 ceHTa0ps 2022 r. okoao
’KaHaraca.

AMHamMMKa Ka4yecTBa MecToooMTaHui

Anaans NDVI B AeTHue mecsubl (anpeab
— asryct) ¢ 2005 no 2022 rr. nokasaa oT-
CyTCTBME KaKMX-AMDO 3HaYMMBbIX TPEHAOB Ha
FHE3A0BbIX yYacTKax CTepBSTHMKA, HO, B TO
Ke Bpems, CpeAHeMeCsvHble, a CAeAOBaTeAb-
HO, M CpeAHeAeTHMe noka3ateAn 3a 2005-
2010 rr. 6blAM CTAaOUABHO MEHbLLE TAKOBbIX
B 2017-2022 rr. (puc. 9), 4uto 0OYCAOBAEHO
B OCHOBHOM 3acyxamun 2006 r. n 2008 r. u
BA@KHBIM 2019 1. (puc. 10). B ueaom cymma
ocaakoB AeTomM 2017-2022 rr. ObiAa Bbille
Ha 6,5%, uem B 2005-2010 rr. Hanboaee ce-
pbé3Hble HeraTMBHbIE MOCAEACTBMSA AASI pac-
TUTEABHOCTM Ha y4acTKax CTepBATHMKA OblAK
BbI3BaHbl aBI'YCTOBCKMM CHM>KEHMEM OCAAKOB
B 2006 (0,03 Mm) 1 2012 (0,67 MM) IT. 1 0O-
UMM HMU3KMM YPOBHEM OCAAKOB B TeyeHue
Aeta B 2006 (103,25 mm), 2008 (88,39 mm),
2012 (71,35 mMm) 1 2021 (97,44 MMm) TT.

AHaAu3 nosepxHoct B Dynamic World
AAs nepuoaa 2017-2022 rr. nokasaa xoTb U
He KPUTUYHble, HO DOAee OYEeBMAHbIE, Yem B
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lMorubwee siviuo crepssiTHuka. Moto M. KapsikuHa.

Dead egg of the Egyptian Vulture. Photo by I. Karyakin.

to 3), at the end of July (n=11) - 1.27+0.47
(from 1 to 2). The number of nestlings per
active nest at the end of July (n=19) was
0.74=0.73 (from O to 2) (Fig. 8).

EV appear on nesting sites in the last days
of March through 20 April and immediately
begin nest building and copulation. The be-
ginning of laying was observed in nests over
a rather short period, 13-25 April, on aver-
age (n=19) 20/04+3 days. Nestlings began
to hatch 25 May-6 June, on average (n=17)
01/06+4 days. We calculate fledging dates
from surveyed nests to occur, on average, 18-
30 August, however, with intensive feeding,
departure is possible in 70 to 80 days, mean-
ing that the earliest fledglings may appear at
nests already as early as 3—5 August, but this
is hardly the norm. Departure takes place in
September. The latest record of an adult vul-
ture in the Karatau mountains was noted by us
on 21 September 2022 near Zhanatas.

Habitat quality dynamics
NDVI analysis during summer months (April
— August) from 2005 to 2022 showed the ab-

Puc. 9. Aunammka NDVI Ha rHe3A0Bbix yyacTkax cTep-
BATHUKA B paanyce 2 Km OT rHé3A B 2005-2022 rr.

Fig. 9. NDVI dynamic on the Egyptian Vulture breeding
territories within a radius of 2 km from the nests in
2005-2022.
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NDVI, nsmeHeHus B MAOLLAAM KAQCCOB Me-
CTOOOMTaHMIA B paanyce 2 KM OT FHE3A CTep-
BATHMKA. [1AOLIAAL BOAHOM MOBEPXHOCTH CO-
Kpatuaack Ha 21,46%, c 0,25 km? B 2017 .
40 0,17 km? B 2022 1., a NAOLLIAAL APEBECHOM
pactuTeAbHOCTU — Ha 37,38%, c 0,97 km® B
2017 r. a0 0,72 km? B 2022 r. Hanboabluee
COKpaLLleH1e NAOLLAAEH KOCHYAOCh TEPPUTO-
p1i, NOKPLITLIX TPABSAHON PACTUTEALHOCTbIO
—-81,9pas, c3,82 km? B 2017 r. A0 2,02 kM? B
2022 r. (AvHeWHbIi TpeHa R?=0,79). Mpuuém
MaKCMMaAbHbIE MOTEPU MPOU3OLIAN UMEHHO
B 2022 r. M 210 BCé Ha cpoHe BOAbLLErO YB-
ADKHEHMS B anpeae-mae. [AoLaab OTKpbLITON
3€MAM COOTBETCTBEHHO YBEAMYMAACH TOXKE B
1,9 pa3 c 3.45 km? B 2017 r. a0 6,49 kM? B
2022 r. (AviHeliHbIN TpeHa R°=0,66).

Ha cpoHe cokpalleHns naolaseid ecre-
CTBEHHOM TPaBSHOM PaCTUTEALHOCTM Ha rHes-
AOBbIX Y4aCTKax CTEPBATHMKA HE3HAYUTEAbHO
YBEAMYMAACH MAOLLIAAb KYABTYP M CEHOKOCOB,
HO, TEM HE MeHee, 3TO He CKa3aA0Ch Ha obLLeM
TPEHAE YBEAMYEHNS MAOLLAAM OTKPbLITON 3€MAM
MO CPeAHEAETHMM roKasaTeAsm — A0 24% oT
MAOLLIAAM YHaCTKOB B paamyce 2 KM OT IHE3A
crepBsaTHMKa (puc. 11). [pu 3ToM 3a 3TOT e
nepnoa NDVI cymmapHo Beipoc ¢ 0,28 ao 0,30
M Mbl BMAMM AOCTaTO4HO XOPOLLYIO KOppeAs-
umio nokasateaert NDVI B anpeae — mae ¢ 00b-
éMOM 0caAKkoB B aripese (Taba. 4). OBbICHUTB
3TOT Pa3HOHAMNPABAEHHbIN TPEHA MOXKHO TeM,
YTO Ha MHE3AOBbIX Y4acTKax CTEePBATHMKOB,
PacroAOXKeHHbIX B cpeaHeM B 1,58 kM OT dpepm
(CM. BbiLLIE), POCT MAOLLIAAEIH FOAOM 3eMAM O0Y-
CAOBAEH CKOTOCOOSIMK, KOTOpble cpopmmupyeT

Puc. 10. AuHammka o6bEMa 0CaAKOB (B MM) HA THE3AO-
BbIX y4acTKax CTepBSATHUKA B paanyce 2 KM OT rHE3A B
2005-2022 rr.

Fig. 10. Dynamics of precipitation volume (in mm) on
the Egyptian Vulture breeding territories within a radius
of 2 km from the nests in 2005-2022.

sence of any significant trends in EV breeding
territories, but at the same time, the average
monthly and, consequently, average sum-
mer indicators for 2005-2010 were consist-
ently lower than those in 2017-2022 (Fig. 9),
mainly due to droughts in 2006 and 2008 and
a wet 2019 (Fig. 10). In general, the amount
of precipitation in the summer of 2017-2022
was higher by 6.5% than in 2005-2010. The
most severe negative effects on vegetation in
EV breeding territories were caused by August
decreases in precipitation in 2006 (0.03 mm)
and 2012 (0.67 mm), and the general low lev-
el of precipitation during the summer in 2006
(103.25 mm), 2008 (88.39 mm), 2012 (71.35
mm), and 2021 (97.44 mm).

Surface analysis in Dynamic World for the
period 2017-2022 showed, although not crit-
ical, but more obvious than in NDVI, changes
in the area of habitat classes within a radius of
2 km from EV nests. Water surface area de-
creased by 21.46%, from 0.25 km? in 2017
to 0.17 km? in 2022, and tree vegetation de-
creased by 37.38%, from 0.97 km? in 2017
to 0.72 km? in 2022. The largest reduction

CkaancToe yiueAbe nepeaosbix ckaaaok rop Kapary —
TUNMYHbIA THE3A0BOM OGMOTON CTEPBATHMKA.
®orto M. KapskuHa.

The rocky gorge of the front slope of the Karatu Moun-
tains is a typical nesting biotope of the Egyptian Vulture.
Photo by I. Karyakin.
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030 T g onoéme: | Water Puc. 11. AuHammka naoLLaAM pasAnyHbix GMOTOMOB Ha
FHE3A0BbIX y4aCTKax CTePBSITHMKA B PaAMyce 2 KM OT
rHésa B 2017-2022 rT.
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pacTyLLee MoroAoBbe CkoTa. HecmoTps Ha co-
KpaLleHMe MAOLLIaAM eCTECTBEHHbIX TPaBOCTO-
€B, KOTOPbIE K KOHLLY AeTa aKTUBHO CTPaBAMBa-
IOTCS! CKOTOM BOKPYT cpepm, POCT YBAXKHEHMS!
MPUBOAUT K YBEAMHEHMIO PACTUTEALHOM MaCChl
1 GOAbLLEMY €€ HaCbILLEHMIO XAOPOCPMAAOM,
yTO yBeAnumpaeT nokasatean NDVI. Takmum 06-
pasoM, HapalUMBaHMe PaCTUTEALHOM MaCChl MO
NpUUnHE BOALLLErO YBAQKHEHNS TEPPUTOPUM
HUBEAMPYETCS YBEAUYEHMEM MaCTOMLLIHOM Ha-
rpysku. Bo3MOXXHO, CBOM BKAAA BHOCMT M Ha-
yapiaacs B 2017-2018 rr. u amaLasncs A0 cux
Nop AEMPeCccust YNCAEHHOCTU PbI3yHOB: MPbl-
3YHbl HE YHUHUTOXAIOT PaCTUTEABHOCTb Ha CKAO-
Hax, HEAOCTYMHbBIX AASt CKOTa, YTO CKa3blBaeTCs
Ha cTabuAbHOCTM nokasateaelt NDVI Ha dhoHe
YBEAUUEHNS MAOLLIAAN CKOTOCOOEB.

YuuTbiBas OTCYTCTBME KPUTUHECKMNX MN3ME- . . . .
- Steep cliffs among the pastures are typical nesting sites
HEHWUIH B MECTOOOMTaHMSIX CTEPBSITHMKA Mbl for the Egyptian Vulture. Photo by I. Karyakin.

KpyTble ckarbHble 0bHaXKeHUsi CpeAn NacTomiL —
TUMNYHBIE MECTA MTHE3A0BaHUsl CTEPBATHMKA.
Doto M. KapskuHa.
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Taba. 4. Nokasatean koppeasumm Crivpmena (r) npu p<0,05 ars NDVI B anpeae — mae
1 06bEME OCaAKOB B arpeAe AS THEe3A0BbIX y4acTKoB cTepBsiTHuka B 2005-2022 rr. rno
kocmocHumkam MODIS (npoaykTsl ERAS — noBTopHbiN aHaamn3 kammata ECMWEF m
MOD13A1.061 Terra Vegetation Indices): XupHbiM LLPUGDTOM BbIAEAEHBI CYLLIECTBEH-
Hble KOPPEASILIMM, KyPCUBOM — HECYLLIECTBEHHbIE.

Table 4. Spearman’s correlation indices (r) at p<0.05 for NDVI in April — May and
precipitation in April for Vulture breeding territories in 2005-2022 based on MODIS
satellite images (ERA5 products — climate reanalysis ECMWF and MOD13A1.061 Terra
Vegetation Indices): significant correlations are in bold, insignificant ones in italics.

Ocaaku Ocaaku

NDVI Precipitation R NDVI Precipitation R

04-2005  04-2005 0.79 |04-2014 04-2014 0.77
05-2005  04-2005 0.77 |05-2014 04-2014 0.79
04-2006  04-2006 0.85 |[04-2015 04-2015 0.71
05-2006  04-2006 0.81 |[05-2015 04-2015 0.79
04-2007  04-2007 0.59 |04-2016  04-2016 0.54
05-2007  04-2007 0.78 | 05-2016  04-2016 0.52
04-2008  04-2008 0.83 |04-2017 04-2017 0.62
05-2008  04-2008 0.77 |05-2017  04-2017 0.78
04-2009  04-2009 0.76 | 04-2018 04-2018 0.76
05-2009  04-2009 0.87 |05-2018 04-2018 0.73
04-2010  04-2010 0.85 |[04-2019 04-2019 0.73
05-2010  04-2010 0.86 |[05-2019 04-2019 0.70
04-2011  04-2011 0.67 |04-2020 04-2020 0.78
05-2011  04-2011 0.63 |05-2020 04-2020 0.74
04-2012  04-2012 0.72 04-2021  04-2021 0.70
05-2012  04-2012 0.69 |05-2021  04-2021 0.72
04-2013  04-2013 0.77 | 04-2022 04-2022 0.64
05-2013  04-2013 0.76 | 05-2022  04-2022 0.56

growing livestock numbers. Despite the re-
duction in the area of actively grazed natural
vegetation around farms by livestock, by the
end of summer an increase in moisture leads
to an increase in plant mass and its greater
saturation with chlorophyll, which increases
NDVI. Thus, the increase in plant mass due
to greater moisture in the territory is offset
by an increase in pasture load. Perhaps an
ongoing contributing factor is the still ongo-
ing depression in rodent populations that
started in 2017-2018. Rodents do not de-
stroy vegetation on slopes that are inacces-
sible to livestock, which affects the stability of
NDVI indicators amid an increase in the area
of livestock grazing.

Given the absence of critical changes in vul-
ture habitats, we did not separate the 2010
and 2022 datasets for further analysis. Distri-
bution modeling was carried out using images
from 2022.

Distribution modeling

As shown by analysis of the average ERSD
values for EV nesting points using the Stu-
dent’s t-test, habitat features in EV breeding
territories differed significantly from those of
random points. Nests were located closer to
farms, on steeper slopes, in more rugged ter-
rain, in areas with greater wind speed at 10 m
and wind pressure at 10 to 100 m than ran-
dom sites.

As for the structure of vegetation, EVs
nested in places with a smaller percentage

HE CTaAM pas3aeAsTb Habopbl AaHHBIX 2010 1
2022 rr. AAS AAABHENLLIErO aHaAM3a U MOAe-
AMPOBaHME PacrnpoCTPAHEHUS MPOBOAUAM MO
CHMMKam 2022 r.

MoaeanpoBaHue pacnpocTpaHenns

Kak nokasaa aHaAM3 CpeAHMX 3HaueHWM
AA33 anst TOUEK HE3A CTePBATHMKA NMOCPeA-
CTBOM t-kpuTepust CTbloaeHTa, 0COOEHHOCTH
Cpeabl ODMTaHMSI Ha THE3AOBbIX Y4acTKax
CTepPBSTHMKA 3HAYMTEAbHO OTAMYAAWUCHL OT
TaKOBbIX CAY4YalHbIX Toyek. [Hé3aa pacno-
Aaraanch 6amke K dpepmam, Ha Honee Kpy-
TbIX CKAOHaX, B OoAee nepecevyéHHOM MmecT-
HOCTM, Ha y4acTkax C OOAbLUEN CKOpPOCTbIO
BeTpa Ha BbicoTe 10 M M AaBAeHMEM BeTpa
Ha BeicoTax OT 10 A0 100 M, 4em cayyvariHble
TOUKM. YTO KacaeTcs CTPYKTYpbl pacTUTeAb-
HOCTM, TO CTEPBSTHUKM MHE3AMAMCH B MeCTax
C MEHbLLUMM MPOLIEHTOM KYCTapHWKOB, YeM B
CAYYaWHBIX Y4acTKax, HO MO MAOLLAASIM OT-
KPbITOM 3€MAM M CKaA, a TaKKe TPaBSHUCTON

lHe3a0Bas ckana CTepBATHUKOB B ropax Kaparay.
®Dorto M. KapskmHa.

Nesting cliff of the Egyptian Vulture in the
Karatau mountains. Photo by I. Karyakin.
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PacTUTEABHOCTM MPUHLMMMUAABHbBIX PA3ANHMIA
He BbIIBAEHO (TabA. 5).

HecMmoTps Ha TO, YTO BaXKHOCTb BbICOTHI
HaAa ypoBHem Mops (elevation) He Gblaa no-
KasaHa B CPaBHEHMM CO CAyYalHbIMM TOUKa-
MM, OHa 5IBASIETCS (DAaKTOPOM, OrpaHUUKBaIO-
MM BEPTMKAAbHOE PacnpoCTpaHeHue Buaa
M MPOHUKHOBEHME €ero B ropbl Taracckoro
AnaTay. Bce m3BecTHble rHé3aa CTepBATHMKA
OblAM HalA€HbI HAMK B AMAnNasoHe BbLICOT OT
358 A0 1308 M, a cpeaHasa BbICOTa PaCroAo-
XKEeHMS THE3A M TOYeK MPUCYTCTBUSA MTULL C
rHE3A0BbIM MOBEAEHMEM cOCTaBUAA (N=79)
679,89+218,11 M. AHaAM3 AQHHBLIX AlOOUTE-
A€M NTUL U3 Pa3AMYHbIX AaTaceToB (AmMupe-
KyA u ap., 2022; Ukolov et al., 2019; Karyakin
et al., 2020; Auer et al., 2022; iNaturalist,
2022; de Vries, Lemmens, 2022) noka3saa, 4to
CTEPBATHWUK BCTPEYAETCS B THE3A0BOM NEeproA
B AManasoHe BbICOT OT 322 A0 1675 M, B cpea-
HeM (n=72) Ha BbicoTe 787,69+342,53 m. To
ecTb 1675 M — 3TO MpeAeAbHasi BbiCOTa pe-
FMCTPaUMii NTULL B ACTHUIA NEPUOA, KOTOpbIE
MOXXHO OTHECTU K FHE3A0BbLIM.

of shrubs than in random areas, but no fun-
damental differences were found in areas of
open land and rocks, as well as herbaceous
vegetation (Table 5).

Although the importance of elevation has
not been established in comparison with ran-
dom points, it is a factor limiting the vertical
distribution of EV and its entry into Talas Alatau
mountains. All known EV nests were found at
elevations ranging from 358 to 1,308 m, and
the average height of nest location and pres-
ence points of birds with nesting behavior was
(n=79) 679.89+218.11 m. Analysis of data
obtained by birdwatchers from various data-
sets (Amirekul et al., 2022; Ukolov et al.,
2019; Karyakin et al., 2020; Auer et al., 2022;
iNaturalist, 2022; de Vries and Lemmens, 2022)
showed that EVs occur at breeding heights from
322 to 1,675 m, on average (n=72) at an alti-
tude of 787.69+342.53 m. That is, 1,675 m is
the maximum height of bird registrations in the
summer attributable to nesting.

We selected variables for four models for
image classification to model EV distribution

TabA. 5. CpasHerue (M=SD, lim) mexxay 49 nepemeHHbIMU, ONPEACASIIOLLIMMM Ka4ECTBO CPEAbl AAS 74 MHE3A CTEPBSTHUKA M 74 CAyqaliHbIX TO4YEK.
B Tabanuie nokasaHo 3HaueHue t-kputepusi CTbIOAEHTA S Pa3HULIbI MEXKAY CPEAHMMM. BaxkHbie nepemeHHble BbIAeAeHbI KUPHBIM LpUchTom. B
6a30ByI0 MOAEAb BKAIOYEHBI NepemeHHble, KoaghepuumenT koppeasimm Criipmena kotopbix <0,75. Koabl nepemerHbix cM. B [Tpunosxkermm 1%,

Table 5. Comparison (M=SD, lim) between 49 environment quality variables for 74 Egyptian Vulture nests and 74 random points. The table
shows the value of Student’s t-test for the difference between the means. Important variables are in bold. The base model includes variables with a
Spearman correlation coefficient <0.75. See Appendix 1 for variable codes.

BkAlOUéHHble

OtAnuHble oT B 6a30Byl0

CAyHaWHBIX MoAeAb
MepemeHHble* Different from Includedin  I'nésaa CAyuaifiHble TOUYKM t-value
Variables* random base model  Nests Random points (df=146) p
1 2 3 4 5 6 7

dist-farm 1.57+0.94 (0.13-5.48) 3.01£2.31 (0.29-11.87) 4.9492 0.000
elevation 1 685.28+222.06 (355-1308) 673.57+273.14 (244-1495) -0.2863 0.775
cti 1 -1.08+3.24 (-4.64-+7.28) -0.36+2.39 (-3.28-+6.35) 1.5286 0.129
tri 25.69+17.36 (3.79-111.29) 8.04£9.11 (0.18-39.01) -7.7423 0.000
slope 1 15.78+£10.13 (1.91-51.55) 5.17£5.82 (0.04-26.49) -7.8088  0.000
aspect 1 177.14+91.91 (2-354.8) 150.50+98.41 (0-343.9) -1.7023 0.091
vrm 1 0.01+0.01 (0.0004-0.06) 0.003+0.005 (0-0.03) -4.9974 0.000
roughness 78.50+53.60 (1.56-346) 25.31+27.40 (0.42-119.2) -7.6005 0.000
tpi 1 1.83x11.72 (-23.54-+43.36) -0.12+4.38 (-17.05-+11.63) -1.3441 0.181
spi 1 4.26+26.14 (0.0013-224.3) 0.20+0.87 (0.0001-6.92) -1.3369 0.183
geom 1 6.30+1.79 (3-10) 4.97+2.55 (1-9) -3.6545 0.000
cov 1 1109.4+477.4 (378-2304) 917.1+497.7 (269-2712) -2.3998 0.018
contrast 167213164269 (9965-777478)  114476+133655 (6381-747668) -2.1422 0.034
corr 1 2431.4+1517.3 (-673-+5800) 2085.1+1651.6 (-2704-+5451)  -1.3281 0.186
dissimilarity 28194.7+14908.7 (7528-72854)  22486.5+12413.9 (4847-59013) -2.5311 0.012
entropy 1 26295.1+2763.0 (19088-29716) 25382.8+3450.4 (12830-29753) -1.7754 0.078
homogeneity 3570.9+1362.9 (1057-6479) 4079.3+1395.9 (1657-7730) 2.2417 0.026
maximum 1469.1+661.3 (611-3504) 1599.4%792.6 (666-5416) 1.0861 0.279
mean 1 2819.4%+798.9 (1657-5072) 2823.5+916.2 (1503-5580) 0.0293 0.977
range 1087.9+568.7 (301-2445) 878.5+487.8 (206-2552) -2.4036  0.017
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Taba. 5. [Mpoaorxerne.

Table 5. Continuation.

2 3 4

shannon

simpson

sd

variance
wind_speed_10
power_density_50
power_density_100
power_density_10
RIX

bio01

bio02

bio03

bio04

bio06

bio07

bio08

bio11

bio12

bio13

bio16

bio19

Shrub 2017-2022 2km
WorldCover_class
Tree 100m

Shrub 100m

Crass 100m

Crop 100m

Bare 100m

NDVI 04-2022

U (i (U G e Gy

G 'y

| G Gy

19152.1+3321.5 (11569-24239)

8196.9+666.8 (6425-9029)
317.1x£167.8 (87-696)

117914£114954.5 (7282-459116)

4.94+2.14 (1.91-10.12)
615.3+495.7 (98.1-2433.9)
726.1+482.0 (143.1-2172.1)
1 450.5+546.5 (21.26-2934.2)
0.06+0.08 (0-0.37)
99.88+9.55 (77-117)

1 128.91%2.15 (123-132)

1 29.50+0.58 (28-30)

1 10625.4+347.15 (10062-11617)
-99.96+10.31 (-124--78)

1 429.5+9.9 (411-455)

1 100.2+19.8 (49-122)

1 -40.9+10.4 (-64--19)

341.2+96.7 (193-574)
54.8+14.2 (30-90)
139.6£39.6 (77-240)
107.0£28.0 (65-159)
7.67+2.18 (2.08-11.93)
32.8+8.84 (30-60)
0.007x0.04 (0-0.25)
0.002x0.01 (0-0.05)
0.91+0.14 (0.12-1)
0.002+0.01 (0-0.07)
0.08+0.14 (0-0.88)
0.40+0.10 (0.24-0.67)

_ e e =

5 6 7
17604.6+3750.1 (6683-23394) -2.6574 0.009
7877.5+951.3 (4137-8984) -2.3647 0.019
255.3+152.9 (54-719) -2.3405 0.021
82284102549 (2885-462438) -1.9896 0.048
4.19+1.38 (1.81-8.1) -2.5504 0.012
446.0£265.1 (86.1-1297.2) -2.5902 0.011
587.8+325.9 (101.05-1715.8) -2.0445 0.043
211.9£174.9 (35.56-986.45) -3.5774 0.000
0.03+0.06 (0-0.29) -2.0558 0.042
94.91+13.97 (56-115) -2.5285 0.013
128.58+2.52 (122-133) -0.8415 0.401
29.03+0.84 (27-30) -3.9759 0.000
10860.4+499.6 (10051-11948)  3.3232 0.001
-107.99+15.69 (-148--83) -3.6784 0.000
435.5+13.8 (411-462) 3.0389 0.003
102.0%16.9 (49-124) 0.5893 0.557
-48.8+15.9 (-89--24) -3.6102 0.000
303.7+107.3 (175-598) -2.2316 0.027
48.9£16.5 (27-95) -2.3002 0.023
124.4+44.8 (68-254) -2.1808 0.031
94.0+28.2 (59-166) -2.8158 0.006
17.54+5.22 (10.26-30.01) 15.0130  0.000
31.5+4.88 (30-60) -1.1514 0.251
0.002=x0.01 (0-0.09) -1.1948 0.234
0.002+0.01 (0-0.12) 0.1112 0.912
0.90+0.25 (0-1) -0.1545 0.877
0.08+0.24 (0-1) 2.7054 0.008
0.01=+0.04 (0-0.23) -4.2840 0.000
0.39+0.12 (0.19-0.70) -1.0522 0.294

MNMpumeyanns / Notes:

* PacluncppoBKa coKpaLLeHHit 1 onucaHre nepeMeHHbIX AOCTYMHbI B Mpuaoxkernn 15¢ / Breakdown of abbreviations and descrip-
tion of variables is available in Appendix 1°¢).

AAst KAaccudpUKaLMK M306paxenuii ¢ Le-
AbIO  MOAGAMPOBAHMS  PaCNpPOCTPaHEHMs
CTEPBATHMKA METOAOM Random Forest (RF)
Mbl MOAODpaAM MepemeHHbIe AAS 4-X MoAe-
Aeit (Taba. 6, MNpunoxkeHne 1%):

— Moaeab 1 (M1) BkAlOHaeT 66 nepemet-
HbIX M3 7 npoaykToB A33% 6e3 yuéTta MyAbTU-
KOAAMHEAPHOCTU 1 BaXKHOCTM MO t-KpUTEpHIo
CTbloAeHTa;

— Moaeab 2 (M2) BkalouaeT 31 nepeme-
Hy10*6, BaxkHylo Mo t-kputepuio CTbloaeHTa
AASt BBIDOPKM TOYEK MPUCYTCTBUSA M CAyYaid-
HbIX 6e3 y4éTa MyAbTUKOAAMHEAPHOCTH (T.e.
B BbIOOPKE NPUCYTCTBYIOT KOppeAmnpyloLmne
APYT C APYrOM MepemeHHbIe);

— Moaenb 3 (baszoBas MoaeAb, M3) BkAloua-
eT 26 nepemMeHHbIx**: 11 BaXKHbIX NepemeH-
HbIX MO t-kpuTepuio CTbioAeHTa AAS BLIOOPKM

using the Random Forest (RF) method (Table
6, Appendix 1%7):

— Model 1 (M1) includes 66 variables from
seven remote sensing products® without ac-
counting for multicollinearity and importance
according to Student’s t-test;

— Model 2 (M2) includes 31 variables®® im-
portant according to the Student’s t-test for
sampling presence points and random points
without accounting for multicollinearity (i.e.,
there are variables correlated with each other
in the sample);

— Model 3 (base model, M3) includes 26
variables®®: 11 important variables by Stu-
dent’s t-test for presence points and random
samples (multicollinear variables removed)
+15 unimportant but not correlated with im-
portant variables, except for elevation;
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TabA. 6. Criucok rnepemeHHbIX, BKAIYEHHBIX B 4 Habopa AN MOAEAMPOBaHMS PacrpoCTpaHeHus CTepBATHUKA B ropax Kaparay.

Table 6. List of variables included in 4 sets for modeling the Vulture distribution of the Karatau mountains.

Bapuant moaean / Model variant Bapuant moaean / Model variant
lMepemenHbie* 1 2 3 4 lMepemeHHbie 1 2 3 4
Variables* 66 var. 31 var. 26 var. 10 var. | Variables 66var. 3l1var.  26var.  10var
NASADEM World Clim
elevation 1 1 bio01 1 1
Geomorpho90m bio02 1 1
cti 1 1 bio03 1 1 1 1
tri 1 1 bio04 1 1 1 1
slope 1 1 1 1 bio05 1
aspect 1 1 bio06 1 1
vrm 1 1 1 1 bio07 1 1 1
roughness 1 1 bio08 1 1
tpi 1 1 bio09 1
spi 1 1 bio10 1
geom 1 1 1 1 bio11 1 1 1 1
Global Habitat Heterogeneity bio12 1 1
cov 1 1 1 1 bio13 1 1
contrast 1 1 bio14 1
corr 1 1 bio15 1
dissimilarity 1 1 bio16 1 1
entropy 1 1 bio17 1
homogeneity 1 1 bio18 1
maximum 1 bio19 1 1
mean 1 1 ESA WorldCover 10m v100
pielou 1 WC_class 1 1
range 1 1 WC r_Tree-100m 1 1
shannon 1 1 WC _Shrub-100m 1 1
simpson 1 1 WC _Grass-100m 1 1
sd 1 1 WC _Crop-100m 1 1 1 1
uniformity 1 WC _Bare-100m 1 1 1 1
variance 1 1 MODIS Terra Vegetation Indices
Global Wind Atlas NDVI_04-2022 1 1
air_density_50 1 NDVI_05-2022 1
air_density_100 1 NDVI_06-2022 1
air_density 10 1 NDVI_07-2022 1
wind_speed_50 1 NDVI_08-2022 1
wind_speed_100 1 MODIS Terra Vegetation Indices
wind_speed_10 1 1 NDVI_04-2022-100m 1
power_density_50 1 1
power_density_100 1 1 Mertoa / Method in Random Forest:
power_density_10 1 1 1 1 BeposTHocTb / Probability yes yes yes yes
RIX 1 1 Perpeccus / Regression yes yes yes yes

Mpumeuanne / Notes:

* PaclundppoBKa COKpaLLeHHid M OrucaHue nepeMeHHbIX AOCTYMHb! B [puaosxerun 1%¢ / Breakdown of abbreviations and descrip-
tion of variables is available in Appendix 1%).

TOYeK MPUCYTCTBUSA U CAYYaMHbIX (MYAbTHU-
KOAAMHepaHble nepemeHHble yaaaeHbl) + 15
HEBaXKHbIX, HO HE KOPPEAMPYIOLLMX C BaXKHbl-
MM, 3a UCKAloueHueM elevation;

— Model 4 (M4) includes only 10 important
variables®® by Student’s t-test for the sampling
of presence points and random points minus
the 1¢ multicollinear.
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TabA. 7. Pe3yabTaTbl KPOCC-BAAMAALINM MOAGAEI. KMPHBIM LLIPUGDTOM BbIAGAEHbI AYHLLIME MOAEAM AASI BEPOSITHOCTU M pErpeccuu.

Table 7. Results of models cross-validation. Bold indicates the best models for probability and regression.

Koacpbcpnument aerepmunaunn  Koacpcpuumnent aetepmunaumm

Koa moaean perpeccuu no ody4aroLuen perpeccum no TecTtoBom Max

Code of BbIOOpKE BbIOOpKE Max Kappa Max Maxccr
model AUC Training regression R2 Validation regression R2 Kappa Cutoff ccr  cutoff
BepositHocts / Probability

M1_PROB 0.993 0.926 0.799 0911 32917 0.970 32917
M2_PROB 0.993 0.917 0.815 0.942 37500 0.980 37500
M3_PROB 0.995 0.921 0.815 0.946 34.583 0.981 34.583
M4_PROB 0.993 0.911 0.802 0927 36.250 0.974 36.250
Perpeccus | Regression

M1_REGR 0.996 0.933 0.822 0945 35.833 0.981 35.833
M2 _REGR 0.994 0.929 0.818 0.937 38.333 0.979 38.333
M3_REGR 0.996 0.934 0.839 0.956 33.333 0.985 33.333
M4 REGR 0.995 0.927 0.825 0.938 35.417 0.978 35.417

Puc. 12. OueHka Bax-
HOCTH nepemeHHbIX

B Random Forest ars
moaermn 3 (M3).

Fig. 12. Estimating the
importance of variables
in Random Forest for
model 3 (M3).

— Moaeab 4 (M4) BkalovaeT ToAbko 10 Bayk-
HbIX MepemMeHHbIX*® no t-kputepuio CTblo-
AEHTa AASl BbIOOPKM TOYeK MPUCYTCTBMS U
CAYYaMlHbIX 32 BbIYETOM T-ii MYABTUKOAAMHE-
paHoMn.

[lepekpécTHas nposepka Mokasara Ayy-
LUMIA pe3yAbTaT BEpPOSTHOCTU WU perpeccumn
Ma M3 (Taba. 7). Owmndbka 6arrmnra (Out-
of-bag Error, OOBE) ans 20 aepeBbeB RF
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Cross-validation showed the best prob-
ability and regression result for M3 (Table 7).
Bagging error (Out-of-bag Error, OOBE) for 20
probability RF trees was 0.0351, regression —
0.1769.

Graphs of the variables” importance included
in RF for probability and regression are shown
in Fig. 12. Nine variables were the most im-
portant for M3 “RF probability” (>1.6) (in de-
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BepoaTtHocTk / Probability

Perpeccusn / Regression

Obyuarowan eoibopka / Training sample

The calculated formula:y = 0.01x +-0.02

125 - The coefficient of determination (R2): 0.91

1 ° GF o0 CHDCNNNNND
075 08 -
0.5 1

0.25 04

0.25 T d 0
0 40 80 120 0

The calculated formula: y =0.01x
The coefficient of determination (R2): 0.92

40 80 120

TecTtoBas Buibopka / Test sample

The calculated formula: y = 0.01x + 0.02
The coefficient of determination (R2): 0.90

124 1.2
[ ] e o e® e o
0.8
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o ok ,
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AUC_ROC
- AUC: 0.995 -
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The calculated formula: y = 0.01x + 0.03
The coefficient of determination (R2): 0.91

120

AUC_ROC
AUC: 0.996
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Puc. 13. [pachuku perpeccun no obyuaioLLiesi u TPeHUPOBOYHOI BLIGOPKaM M OLIEHKM TOYHOCTU MoaeAn riocpeacTBom AUC-ROC arst BeposiTHO-

¢ u perpeccun Random Forest.

Fig. 13. Graphs of regression on learning and training samples and estimates of model accuracy by AUC-ROC for probability and regression of

Random Forest.

BepoATHOCTM cocTasmAa 0,0351, perpeccum
-0,1769.

IPacpmkn BaXKHOCTM MEPEMEHHBIX, BKAIO-
4éHHbIX B RF AA BEpPOATHOCTM M perpeccuy,
nokasaHbl Ha pucyHke 12. Hanbonee sax-

scending order of importance): bio08 (3.17),
bio02 (2.87), vrm (2.86), entropy (2.67),
slope (2.33), bio04 (2.14), bio07 (2.02), el-
evation (2.01), and mean (1.88). For M3 “RF
regression” (>143.4) there are 11 variables:
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Taba. 8. [NapameTpbl oLeHKM TOYHOCTH moaeaei nocpeactsom AUC-ROC.

Table 8. Parameters for assessing the accuracy of models with AUC-ROC.

Random Forest — Probability

* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
param 0 4.17 8.33 12.50 16.67 20.83 25 29.17 33.33 37.50 41.67 45.83 50.00 54.17 58.33 62.50 66.67 70.83 75 79.17 83.33
TP 9 19 19 19 19 19 19 19 19 19 19 18 18 18 17 16 16 16 4 11 11
FP 53 25 5 2 2 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0
TN 0 28 48 51 51 51 51 52 53 53 53 53 53 53 53 53 53 53 53 53 53
FN 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 3 3 3 5 8 8
TNR 0 0.53 091 096 0.96 0.96 0.96 098 1 1 1 1 1 1 1 1 1 1 1 1 1
TPR 1 1 1 1 1 1 1 1 1 1 1 0.95 095 095 0.89 0.84 0.84 0.84 0.74 0.58 0.58
FPR 1 047 0.09 0.04 004 004 004 002 O 0 0 0 0 0 0 0 0 0 0 0 0
Precision 0.26 0.43 0.79 0.90 0.90 0.90 0.90 095 1 1 1 1 1 1 1 1 1 1 1 1 1
SUMSS T 153 191 196 196 196 196 198 2 2 2 195 195 195 189 1.84 1.84 184 1.74 158 1.58
cer 0.26 0.65 0.93 0.97 0.97 0.97 097 099 1 1 1T 099 099 099 097 096 096 096 0.93 0.89 0.89
kappa 0 037 0.84 0.93 0.93 0.93 093 096 1 1 1 096 096 096 093 0.89 0.89 0.89 0.80 0.67 0.67
Random Forest — Regression

* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
param 0 4.7 8.33 12.50 16.67 20.83 25 29.17 33.33 37.50 41.67 45.83 50.00 54.17 58.33 62.50 66.67 70.83 75 79.17 83.33
TP 9 19 19 19 19 19 19 19 9 19 17 17 17 17 17 17 17 16 15 13 11
FP 53 8 2 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
N 0 45 51 51 51 52 52 52 53 53 53 53 53 53 53 53 53 53 53 53 53
FN 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 3 4 6 8
TNR 0 0.85 096 096 096 098 098 098 1 1 1 1 1 1 1 1 1 1 1 1 1
TPR 1 1 1 1 1 1 1 1 1 1T 089 089 089 0.89 0.89 0.89 0.89 0.84 0.79 0.68 0.58
FPR 1 015 0.04 004 0.04 0.02 0.02 002 O 0 0 0 0 0 0 0 0 0 0 0 0
Precision 0.26 0.70 0.90 0.90 090 0.95 0.95 095 1 1 1 1 1 1 1 1 1 1 1 1 1
SUMSS 1T 185196 196 196 198 198 198 2 2 189 189 189 189 189 189 189 1.84 1.79 1.68 1.58
ccr 0.26 0.89 0.97 097 0.97 099 0.99 099 1 1 097 097 097 097 097 097 097 096 0.94 092 0.89
kappa 0 0.75 0.93 093 093 096 096 096 1 1 093 093 093 093 0.93 093 093 0.89 0.85 0.76 0.67

Mpumeyanns / Notes:
* PaclumndppoBky cokpalleHuit cMoTpute B MeToanke Ha ctp. 112-113 / Abbreviations is available in the Methods section on

pages 115-116.

HbIMM MepemeHHbIMM AAd M3 «RF Bepoart-
HOCTb» (> 1,6) oka3aanch (B nopsiake yobiBa-
HUS1 BRXXHOCTH) 9 nepemeHHsbIx: bio08 (3,17),
bio02 (2,87), vrm (2,86), entropy (2,67), slope
(2,33), bio04 (2,14), bio07 (2,02), elevation
(2,01) 1 mean (1,88), asaa M3 «RF perpeccusa»
(> 143,4) - 11 nepemeHHbIx: bio08 (286,82),
vrm (274,29), slope (251,98), power density
10 (214,16), bio04 (208,71), bio02 (193,9),
elevation (185,63), bio07 (183,75), NDVI
mean April 2022 (182,02), bio11 (165,13) u
World Cover Grassland (149,17). Mpumeya-
TeAbHO, YTO B RF BaKHbIMM AASI TOUEK Mpu-
CYTCTBUSI CTEPBSTHMKA OKa3aAMCb Takue Mo-
kasateAan, kak bio08 (cpeaHsis TemnepaTypa
CaMoro BAXKHOro kBapTaaa), bio02 (cpeanuii
32 MEeCsil CPeAHEeCyTOYHbIM AMana3oH Tem-
nepatyp) u elevation (BbicoTa Haa ypoBHeMm
MOp$l), He MoKa3aBLLUME Pa3HULLbI MEXKAY TOYU-
KaMM MPUCYTCTBUSI U CAYHaMHBbIMKU TOUKaMM
no t-kputepuio CTbioAeHTa.

bio08 (286.82), vim (274.29), slope (251.98),
power density 10 (214.16), bio04 (208,71),
bio02 (193.9), elevation (185.63), bio07
(183.75), NDVI mean April 2022 (182,02),
bio11 (165,13), and World Cover Grassland
(149,17). It is noteworthy that in RF, indica-
tors such as bio08 (Average temperature of the
wettest quarter), bio02 (Average daily tempera-
ture range for a month), and elevation (height
above sea level) turned out to be important for
EV presence points, which did not show a dif-
ference between presence points and random
points according to Student’s t-test.

Regression graphs for learning and training
samples and estimation of model accuracy by
means of AUC-ROC for RF probability and re-
gression are shown in Fig. 13, and the param-
eters for assessing the accuracy of models are
given in Table 8.

We averaged the RF probability and regression
results and generated the resulting raster for M3
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Ipacpukm  perpeccun
no oOyualowen u Tpe-
HMPOBOYHOM BbIOOPKaM
M OLEHKM TOYHOCTU MO-
aean nocpeactsom AUC-
ROC ars BEPOSTHOCTM 1
perpeccun RF nokasaHbl
Ha pucyHke 13, napame-
TPbl  OLEHKM TOYHOCTU
MOAEAEN MPUBEAEHbI B

22 23 24 25
87.50 91.67 95.83 100
7 4 0 0
0 0 0 0
53 53 53 53
12 15 19 19

TabAnue 8.
! ! to MbI ycpeannan pesyab-
037021 0 0 Tatbl  RF  BeposTHOCTM
o o0 o0 0 M perpeccum M BbiBEAW
1 1 0 0 Pe3yALTUPYIOLLMIA  pacTp
137 121 1 1 ag M3 no BeposTHO-
0.83 079 074 0.74  CTW MPUCYTCTBUS CTep-
046 028 0 0O BATHMKA B AManasoHe OT

50 a0 100%; (puc. 14,
Mpuaoxenue 2%%). Tlro-
LLIaAb THE3AOMPUIOA-HbIX
ANS CTepBSITHMKA Ouo-
TOMOB, COrAACHO 3TOMY
KAQCCUMPULMPOBAHHO-
My M300paxKeHuio, Cco-
ctaBuAaa 10378,85 km?
— 1939 KaacTepoB nAo-
waablo ot 0,05 a0
4057,06 kM?, B cpeaHem
5,35+126,31 km?% Tlro-

22 23 24 25
87.50 91.67 95.83 100
10 7 4 4
0 0 0 0
53 53 53 53
9 12 15 15
1 1 1 1
0.37 0.21 0.21
0 0 0 0
1 1 1 1

153 137 121 121 WAk MeCTooGMTaHMit
088 083 079 079 CrepBATHMKA (pnc. 15)
’ ' ' ' coctaBuAa 34576,8 Kkm?
0.62 046 0.28 0.28
— 13 KaacTepos nAo-
waablo ot 70,79 o

32205,96 km?, B cpeaHem
2659,75+8879,37 km?.
Msbl nposean BaAuaa-
LUMIO  PEe3yAbTUPYIOLLErO
pacTpa rno ABym Habopam
TOYeK BCTpeY CTepBsT-
HUKOB AOOUTEASIMM MTULL

Puc. 14. [He3A0npuroAHbie AAsl CTEePBATHUKA OUOTONbI,
BbIAGAEHHbIE 110 pe3yAbTaTam aHaAm3a B Random Forest:
perpeccus — BH13Y, BEPOATHOCTb — B LIEHTPE, YCPEAHEHHbIH
Pe3yAbTaT 110 BePOSTHOCTU U PErpeccum — BBEpXY. YCAOB-
Hble 0603HaqeHns: A — rpaHuLbl CTpaH, BB — kaactepsbi
KAACCHGOULIMPOBAHHOIO U306 paskeHMsl, paHKMPOBaHHbIE 10
BEPOATHOCTH MPUCYTCTBUS BUAA, COOTBETCTBYIOLLINE MHE3A0-
npuroaHsim 6uotonam, W — BoAOEMbI.

Fig. 14. Breeding biotopes of the Egyptian Vulture identified
from Random Forest analysis: regression at bottom,
probability at center, average of probability and regression

at top. Legend: A — country borders, BB — clusters of the
classified image, ranked according to the probability of the
presence of the species, corresponding to breeding biotopes,
W — water bodies.

66°30"

68°00°

69°30° 71°00°

44° )

43"

42°

410

44°

41°

50

100 Kilometers

Random Forest - Mean

68°00"

68°00"

69°30" 71°00"

69°30"

71°00"

100 Kilometers

Random Forest - Probability

44

43°

42°

68700"

68°00°

69°30" 71°00"

69730 71°00"

50

100 Kilometers

Random Forest - Regression

% http://rrrcn.ru/wp-content/uploads/2022/12/App2-maps.zip

68°00"



http://rrrcn.ru/wp-content/uploads/2022/12/App2-maps.zip

138

[lepHatbie xuLHnukn 1 ux oxparda 2022, 44

I/I3y‘4€‘HI/I€‘ MepPHaTbIX XUUIHMKOB

66°30°

71°00° 69°45"

70%00° 7015 7045

-A
o RRRCN
o Birds.KZ|
o GBIF
BB

05-06

06-07

agranr i,

80 Kilometers

68%00°
88°00'

68°30"

D1

43°40°

43°30°

43720

4220

42410

42°00'

41°50°

42°20¢

42°10°

o 41750

—

42°20°

D2 D3

42°'50'

42°40°

42°30"

20 Kiometers J 0

‘ 10 0 10 20 Kilometers |

B7°45' 6315 68°30° 69°30 69°45 7000 705" 70°30

Puc. 15. Kapta rHe3a0npuroaHbIx G1MOTOMNOB M MeCTOOOUTaHMI CTepBsTHMKa B KapTay u Ha npuAeraioLumnx tepputopusx (D) n Touku pacnpeaese-
HUS CTEPBATHUKA, B3SITbIE M3 Pa3HbIX MCTOYHUKOB. YCAOBHbIe 0603HaYeHus: A — rpaHuLbl CTpaH, BB — rHe3AonpuroAHsie GUOTOMbI, paHKnpoBaH-
Hble 110 BepOSITHOCTU NPUCyTCTBUS BUAa, BH — mectoobutanms, W — Boaoémbl; Touku npucytcteus ctepsaTHmuka: RRRCN — rue3aoBeie ydactkm
10 KOTOPbIM OCYLLECTBASIAOCH MOAEAMPOBaHME PacrpocTpaHeHuns ctepssitiuka, BIRDS.KZ — AaHHbie AlobuTeAeli nTuu 0 BCTpevax CTepBSTHMKA C
caita KaszaxcraHckoro coobiuectsa Habaoaatereit ntuu, GBIF — HaGAloAeHnst AlOUTeAel MTULL M3 IAEKTPOHHbIX 6a3 AaHHbIx eBird, iNaturalist u
RU-BIRDS; chparmeHTsi obLuesi kapTbi: DT — paiioH nepeaoBbix ckaaaok Maroro Kapatay m umHkos BocTodHee XKaHataca, D2 — Cbipaapbs,

D3 — Kowkapata, bopanaaji.

Fig. 15. Map of suitable breeding biotopes and habitats of Egyptian Vulture in Karatau and adjacent areas (D) and Egyptian Vulture distribution
points taken from various sources. Legend: A — Country borders, BB — suitable breeding biotopes, ranked by probability of species presence, BH

— habitats, W — water bodies; points of Egyptian Vulture presence: RRRCN - breeding territories on the basis which EV distribution was modeled,
BIRDS.KZ - birdwatchers’ data on EV records from the Kazakhstan birdwatching community website, GBIF — birdwatchers’ observations from eBird,
iNaturalist, and RU-BIRDS electronic databases; fragments of the general map: D1 — area of the Lesser Karatau advanced folds and chinks to the
east of Zhanatas, D2 — Syr Darya, D3 — Koshkarata, Boraldai.

(puc. 15): nepBbii HAOOP 3TO AAHHbIE TOALKO
c birds.kz (Amupexya u ap., 2022), BTopoii
— birds.kz + aataceta GBIF (Ukolov et al.,
2019; Auer et al., 2022; iNaturalist, 2022;
de Vries, Lemmens, 2022) 6e3 aaHHbIX Poc-
CMICKOM CeTU M3YyUYEeHUS M OXPaHbl NepHaTbIX
XMLLHMKOB M3 pasaeAa «[lepHaTbie XMLLHWUKK
Mwupa» Beb-TMC «DayHucTtuka» (Karyakin et
al., 2020), Tak KaK OHM y4acTBOBaAW B 0By4a-
loLei BbIOOpKe (C OPUFMHAABHBIMKU KOOPAM-
HaTamu). Aas nepeoro Habopa koapuLK-
€HT AeTepMuHaummn perpeccun (R?) coctaBua
0,74, AUC - 0,986, aasa BToporo R? — 0,79,
AUC - 0,997 (puc. 16). Ha Haw B3rasa 310
AOCTaTOYHO XOPOLUMIA pe3yAbTaT, YUUTbI-
Bas MOrPELHOCTM B AOKALIMAX TOYEK BCTpey
CTEPBATHMKA, CACAAHHbIX AOUTEAIMM MTULL.

with a EV probability in the range of 50 to 100%;
(Fig. 14, Appendix 2%). According to this classi-
fied image, the area of biotopes that are suitable
for EV breeding totaled 10,378.85 km*- 1,939
clusters ranging from 0.05 to 4,057.06 km?,
averaging 5.35+126.31 km? The EV habitat
area (Fig. 15) was 34,576.8 km? — 13 clusters
ranging from 70.79 to 32,205.96 km?, aver-
aging 2,659.75+8,879.37 km?.

We validated the resulting raster using two
sets of sighting points for EVs by birdwatchers
(Fig. 15): the first set consisted of data from
birds.kz only (Amirekul et al., 2022), the sec-
ond — birds.kz + dataset GBIF (Ukolov et al.,
2019; Auer et al., 2022; iNaturalist, 2022; de
Vries, Lemmens, 2022) without data from Rus-
sian Raptor Research and Conservation Net-
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Puc. 16. [pachukn
perpeccuu o BaAmaa-
LMOHHBIM BbIOOPKaM 1
OLIeHKM TOYHOCTHU MOA€-
AM, YCPEAHEHHOM MO pe-
3yAbTaTam BepPOSITHOCTH
1 perpeccumn B Random
Forest nocpeactsom
AUC-ROC.

Fig. 16. Graphs of
regression and estimates
of model accuracy
averaged over probability
and regression results in
Random Forest by AUC-
ROC.

Puc. 17. Anarpamma
nepecTaHoBOYHOro
Tecta MopaHa (caeBa) m
Avarpamma paccesiHus
MopaHa ars Touek npu-
CYTCTBUS CTEPBSTHUKA M
npeAcka3aHHbIX 3HaJe-
HMI MOAeAM (cripaBa).

Fig. 17. Permutation plot
of Moran’s test (left) and
Moran’s scatterplot for
vulture presence points
and model predicted
values (right).

BIRDS . KZ

The calculated formula:y = 0.01x + 0.02

48 The coefficient of determination (R2): 0.74

AUC_ROC
AUC: 0.9859762675296657

Marpuua Becos aa Tecta MopaHa OblAa
paccumtaHa no 5 OAVKalLLMM COCEASM AAS
TO4eK MPUCYTCTBUSA CTePBATHMKA, MO KOTOPbIM
CTpoMAach MoaeAb. MHaekc Mopana (Moran
I M=SD) 0,15+2,83, expectation -0,011,
variance 0,0033, p-value = 0,0024) nokasaa,
4TO reorpacpuueckme paccTOsIHUSI MeXAy Tou-
Kamu NprUCyTCTBMA CTEPBATHMKA M NPEACKa3aH-
HbIMM 3HAYEHUAMM MOAEAM €0 PacrpoCTpaHe-
HUS He CAyYaiiHbl B MOAOXKMTEABHYIO CTOPOHY,
HO B TO XK€ BPEMS HE BbIABUA CyLLECTBEHHOM
aBTokoppeAsaumm (puc. 17).

Pac4éTt uncaeHHocTH

Pac4ét 4uncreHHOCTM 10 pe3yAbTaTam
y4€Ta Ha AMHeJiHbIX TpaHcekTax B Distance
Sampling

AaHHble yuéTa cTepBaTHMKa B Kaparay B
2010-2022 rr., B TOM YUCAE METOAOM AUHEN-

Tlepecranooansii-Tect Mopana
Moran permutation test

800 1000 1200 1400

200 400 600
1

o
L

Yacrora nosenenns / Appearance frequency

T T T T 1
-1.0 -05 0.0 05 1.0

Cywaitaerii nugexe Mopana / Moran's 1

BIRDS.KZ + eBird, iNaturalist u RU-BIRDS

The calculated formula: y = 0.01x + 0.03
The coefficient of determination (R2): 0.79

120

AUC_ROC
AUC: 0.9972806544408487

work from the “Raptor Raptors of the World”
section of the web GIS Faunistics (Karyakin
et al., 2020), since they were included in the
training sample (with original coordinates).

For the first set, the regression determina-
tion coefficient (R?) was 0.74, AUC - 0.986,
for the second set R? — 0.79, AUC - 0.997
(Fig. 16). In our opinion, this is a good result,
given the inaccuracies in the locations of EV
encounter points made by birdwatchers.

The weight matrix for the Moran’s test was
calculated from the five nearest neighbors
points of presence of EV. The Moran’s index
(Moran | (M=SD) 0.15%+2.83, expectation
-0.011, variance 0.0033, p-value = 0.0024)
showed that geographical distances between
the points of EV presence and the predicted
values of its distribution model are not ran-
dom in a positive direction, but at the same
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Morgn scatterplot
T e
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M3yueHne nepHaTbIX XULLHUKOB

HbIX TPAHCEKT, MpPeAcTaBAeHbl B [lpuaoike-
HUK 3%, YTOObI He AyOAMpOBaTh pe3yAbTaTbl
y4€1a 2010 1. 1 B 2022 I. MO OAHUM U TEM XKe
FHE3A0BbLIM Y4aCTKaM, BbisIBAEHHbIM B 2010 T
n npoepeHHbiM B 2022 T., Mbl HE YUMTbIBAEM
MOBTOPbI M MPUBOAUM MEPNEHAMKYASIPHbIE
AMCTAHLIMM AASI IEPBOTO BbISIBAEHMS THE3AA.
O6was  npoTsKEHHOCTb 11 y4€THbIX
mMapuipyTtoB coctasiaa 2018,945 km, Lwiu-
pvHa Y4Y€THOW MOAOCHI, COOTBETCTBYyiOLLAA
MaKCMMaAbHOM  AAALHOCTM  ODHapy>KeHus
FHE3A CTepBATHMKA (MEpreHAMKYAdp OT OCK
MapupyTa), coctaBnaa 2,1 kM. Aag 59 Touek
OOHapY>XeHUS FHE3A CTEPBATHMKA UAM FHE3-
ASILLIMXCS MTULL pacCHuTaHa AaAbHOCTb OOHa-
py>xeHus (nepreHAMKyAspHas), CoCTaBuBLLas
B cpeaHem (M=5D) 0,67+0,51 kM (MeanaHa
= 0,48 KM) NMpU MMHUMAALHON AMCTAHULMM
obHapyxxeHns 0,09 kM. Ars 49 Touek, BKAIO-
YEHHbIX B PACYET YMCAEHHOCTM, AAAbHOCTb
oOHapy>keHKs cocTaBuAa B cpeaHem (M=SD)
0,68%0,54 kM (MeanaHa = 0,49 kM) (TabA. 9)

time did not reveal a significant autocorrela-
tion (Fig. 17).

Calculating abundance

Calculating abundance based on census re-
sults on linear transects in Distance Sampling

EV census data in Karatau in 2010-2022,
including data obtained using linear transects,
is presented in Appendix 3*?. To avoid repeti-
tion of census results in 2010 and 2022 for the
same breeding territories identified in 2010
and verified in 2022, we do not count dupli-
cates and give perpendicular distances for the
first nest detection.

The total length of 11 survey routes was
2,018.945 km and the width of the survey
strip corresponding to the maximum detec-
tion range of vulture nests (perpendicular to
the route axis) was 2.1 km. For 59 EV nests
or nesting birds’ detection points, the detec-
tion range (perpendicular) was calculated,
averaging (M=SD) 0.67=0.51 km (median

[Mpn moaeanposaHmm B Distance BeposiTHO-
CTU ODHapY)KEHMs! MHE3A CTEPBSATHMKA W/WMAM

= 0.48 km), with a minimum detection dis-
tance of 0.09 km. For 49 points included in

TabA. 9. Pe3yabTaTbl pacyéTa YUCAGHHOCTH CTEPBSTHMKA (B Napax) Ha rHe3aoBaHuu B Kapatay s Distance Sampling.

Table 9. Results of Egyptian Vulture abundance calculation (in pairs) at nesting in Karatau in Distance Sampling.

95% AOBepUTeAb-
HbIi MHTEpBaA

I:::?;;:ﬁ; 95% Confidence
Indicator or Interval
Mapametp / Parameter Estimate SE  %CV df min max
n (4McAo0 rHe3A0BbIX yuacTkos / number of breeding territories) 49
k (umcao mapiupyTos / number of routes) 11
L (o6wwas aamna mapupyTos / total length of transect lines) 2018.9
n/L (vacToTa BCTpevaemocTH / encounter rate) 0.0243 11.79 10 0.0187 0.0315
W (umpwuHa yuéTHoii noaocsl / width of line transect) 2.1
m (KOAMYeCTBO MapameTpoB B MoaeAn / number of parameters in the 1
model)
LnL -27.42
AlIC 56.85
AlCc 56.93
BIC 58.74
QAIC 58.85
Chi-p 0.124
A(1) (i-1 napameTp B OLIEHKe BEPOSTHOM PyHKLIMM NAOTHOCTH (pdf) 0.94 0.109
i-th parameter in the estimated probability density function (pdf))
f(0) 0.88 0.087 9.91 48 0.72 1.07
p (BepoaTHOCTb HabAloAEHNS 0ObeKTa B 3aAaHHOM 0OAaCTH 0.54 0.054 9.91 48 0.45 0.66
probability of observing an object in defined area)
ESW=W*p (acpchekTrBHas LumpuHa yuéTHOM noaockl / effective strip 1.14 011 9.91 48 0.94 1.39
width)
D (oueHka naoTHocTH / estimated density) 0.0106 0.0016 15.40 26.37 0.0078 0.0145
N (oueHka uncaenHoctm / estimated abundance) 367 56.51 15.40 26.37 268 503

59

http://rrren.ru/wp-content/uploads/2022/12/App3-countdata.xls
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FHE3AALLUMXCA MTUL OTHOCUTEAbHO AMCTaH-
LM OT HabAoaaTeAs ObIAO BbIOPAHO MOAY-
HOPMaAbHOE pacripeAeAeHue AaHHbIX — K(y)
= Exp(-y**2/(2*A(1)**2)). Bbibop MoaeAm oc-
HOBaH Ha MMHMMaAbLHOM MokasaTteae MHAop-
MaumoHHoro kpuTepua Akanke (AIC)=56,85;
X’ s 5 cTeneHeli cBob6oabl = 4,59, yTo co-
OTBETCTBYeT YPOBHIO 3Hau4mmoctn p=0,47
(puc. 18, TabA. 9). DdpdpekTrBHAS LUMPUHA
yu€THoM noaocskl (ESW) paccuntana (M=SE)
B 1,14+0,11 km (9,91%CV, df=48, 95% ao-
BEPUTEeAbHbIN MHTepBaA — 0,94-1,39 km) npu
BEPOSTHOCTM OOHapy>KeHMs NTULbl B AaH-
Hoi obaact 0,54+0,05 (9,91%CV, df=48,
95% aoBepHTeAbHbII MHTepBaa — 0,45-0,66)
(taba. 9). ToaHas MHdpopMaLMs MO pe3yAb-
TaTam pacuéTa umcaeHHoctn B Distance
Sampling npuseaeHa B MpuaoskeHnm 4.
HacToTta permcrpaumin rHe3AsLLnXcs crep-
BATHMKOB Ha MapulipyTax cocTaBuAaa 2,43
nap/100 km (11,79%CV, df=10, 95% aose-
puUTeAbHbI mHTepBan — 1,19-3,15). [aoT-
HOCTb  PaCrpeAAEHUS THE3AALLUMXCA  Map

0 http://rrren.ru/wp-content/uploads/2022/12/App4-Distances-result. pdf

Puc. 18. [pachuk kauectsa noaroHkn QQ Aasi MOAy-HoOp-
MaAbHOI DYHKLIMM OBHapyskeHus (BBepXy) U ructo-
rpamma rMoAy-HOPMaAbHOM hyHKLIMM OBHapysKeHus!
(BHM3Y).

Fig. 18. Quality of fit QQ plot of half-normal detection
function (upper) and histogram of half-normal detection
function (bottom).

the species abundance calculation, the detec-
tion range averaged (M=SD) 0.68=0.54 km
(median = 0.49 km) (Table 9).

When modeling the probability of finding
nests and/or nesting birds relative to distances
from the observer in Distance, a semi-nor-
mal data distribution was chosen: k(y) = Exp(-
y**2/(2*A(1)**2)). Model selection is based
on the minimum Akaike information criteria
(AIC)=56.85; x* for 5 degrees of freedom =
4.59, which corresponds to the significance level
p=0.47 (Fig. 18, Table 9). The effective census
width (ESW) is calculated (M =+SE) at 1.14+0.11
km (9.91%CV, df=48, 95% confidence interval
- 0.94-1.39 km) with detection probability of
birds in this area 0.54+0.05 (9.91%CV, df=48,
95% confidence interval — 0.45-0.66) (Table 9).

Full information on the results of the species
abundance calculation in Distance Sampling
is given in Appendix 4¢°.

The frequency of nesting EV registration on
routes was 2.43 pairs/100 km (11.79%CV,
df=10, 95% confidence interval — 1.19-3.15).
The distribution density of EV nesting pairs was

CrepsatHuk okoAo riesaa. @oto I [yankosoii.

Egyptian Vulture near the nest. Photo by G. Pulikova.


http://rrrcn.ru/wp-content/uploads/2022/12/App4-Distances-result.pdf
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cTepBsATHMKa coctasiaa (M=SE) 1,06%0,16
nap/100 km? (15,4%CV, df=26,37, aoepu-
TeAbHbIM MHTepBaa — 0,78-1,15). Aas nno-
laam mectoobutanuii B 34576,8 km? umc-
AEHHOCTb CTEepBSATHMKA MO AaHHbIM MapLu-
PYTHbIX Y4€TOB oueHeHa B 268-503 napsl, B
cpeaHem (M=SE) 367+56,5 nap (15,4%CV,
df=26,37).

Pacyér _4mcaeHHOCTM no__pe3yAbTaTam
y4éra Ha naoulaAkax

YUYETHBIMM NAOLLIAAKaMK NOKpPbITO 10,63%
MecTo0OMTaHui 1 13,55% rHE3A0MPUIOAHBIX

(M=SE) 1.06%0.16 pairs/100 km? (15.4%CV,
df=26.37, confidence interval — 0.78-1.15).
For a habitat area of 34,576.8 km?, EV abun-
dance, according to census counts, was esti-
mated at 268-503 pairs, on average (M=SE)
367=56.5 pairs (15.4%CV, df=26.37).

Calculating abundance based on census
results at plots

Census plots cover 10.63% of habitats and
13.55% of EV breeding biotopes in Karatau.
Given the 31 occupied breeding territories
identified at survey plots in 2022, we can

TabA. 10. PesyabTaTbl yuéTa rHE3AALLMXCS CTEPBATHUKOB Ha MAOLLAAKAX.

Table 10. Results of breeding Egyptian Vultures surveying on plots.

2010 2022
P PA PH PBB n DP DH DBB n DP DH DBB Sn DSP DSH DSBB Sn/n, %
P1 218.046 217943 42.708 2 092 092 468 2 092 092 4.68 100
P2 184.61 180.015 71.3 1T 054 056 140 1 054 056 140 1 054 056 1.40 100
P3 192.406 184.766 66.881 1 052 054 150 1 052 054 1.50 100
P4 84.183  84.183 62.877 0 0 0 0 O 0 0 0 0
P5 359.667 359.667 249.782 4 111 111 160 4 111 111 160 O 0 0 0.00 0
P6 488.839 455.943 81.242 3 0.61T 066 369 2 041 044 246 66.67
P7 654.854 644.687 237919 1 015 016 042 7 107 1.09 294 2 031 031 0.84 28.57
P8 321.393 321.393 172.457 0 0 0 0 O 0 0 0 0
P9 110.462 110.462 98.279 2 181 181 204 1 091 091 102 O 0 0 0 0
P10  68.965 68.965 51.913 3 435 435 578 2 290 290 385 O 0 0 0 0
P11 9.22 9.22 6.541 0 0 0 0 O 0 0 0 0
P12 317401 314.843 64.657 3 095 095 464 2 063 064 3.09 2 063 0.64 3.09 100
P13 41.055  41.055 14.79 3 731 731 2028 1 244 244 6.76 O 0 0 0 0
P14 71.31 71.31 33.36 0 0 0 0 O 0 0 0 0
P15 35725 357.25 146.283 2 056 056 137 6 168 168 410 4 112 112 273 66.67
P16  711.877 254.73 5.356 3 042 1.18 56.01 1 0.14 0.39 18.67 1 0.14 0.39 18.67 100
/M 4,191.54 3,676.43 1,406.35 22 0.69 0.82 215 31 0.74 0.84 220 15 0.36 041 1.07 48.39
I/M* 2,806.14 2,331.67 940.28 22 0.78 094 248 31 0.84 097 274 15 0.40 0.47 1.33 48.39

PaclundppoBka cokpalueHuii B 3aroroske Tadbaunusbl / Explanation of abbreviations in the table header:

P — koA nAoLLIaAKM, COOTBETCTBYET TakoBOMY Ha puc. 3 1 18 / code of plot, corresponds to that in Fig. 3 and Fig. 18,

PA — IMNaotuaab naotaaku (km?) / Plot area (km?),

PH — lNAoLwaab MectooOuTaHuii Ha naolaake (km?) / Plot habitat area (km?),

PBB — lNMAoLLaAb rHe3A0MpUroaHbIX GUOTOMOB Ha naoLlaske (km?) / Area of breeding biotopes on the plot (km?),

n — Y1cAo 3aHaTbIX rHe3A0BbIX yyacTkos / Number of occupied breeding territories (OBT),

DP — MAOTHOCTb 3aHATHIX THE3A0BbIX YHACTKOB Ha naoLuaake (nap/100 km?) / Density of OBT on the plot (pairs/100 km?),

DH — INAOTHOCTb 3aHSITbIX THE3A0BbIX YHACTKOB B MECTOOOMTaHMsIX Ha naoLlaake (nap/100 km?) / Density of OBT in habitats on
the plot (pairs/100 km?),

DBB — MAOTHOCTb 3aHSITbIX FTHE3A0BBIX Y4aCTKOB B THE3AOMPUIOAHbIX G1oTOMNax Ha naotaake (nap/100 km?) / Density of OBT in
breeding biotopes on the plot (pairs/100 km?),

Sn —Yucao ycrietHbIX rHé3A Ha MOMEHT nepBoii AeTHeild nposepku / Number of successful nests (SN) in the first summer research,

DSP — [NAOTHOCTb ycrieLlHbIX FHé3A Ha naoLuaake (nap/100 km?) / Density of SN on the plot (pairs/100 km?),

DSH — TAOTHOCTb yCreLLHbIX THE3A B MecTooOMTaHMsX Ha naotuaske (nap/100 km?) / Density of SN in habitats on the plot
(pairs/100 km?),

DSBB — NAOTHOCTb yCreLLHbIX FHE3A B FHE3AOMPUIOAHBIX OMOTONax Ha naottaske (nap/100 km?) / Density of SN in breeding
biotopes on the plot (pairs/100 km?),

Sn/n, % — AoAst ycneLHbIX THE3A OT YKMCAA 3aHSTBIX THE3A0BbIX Y4acTKoB, B % / Share of successful nests from the number of oc-
cupied breeding territories, in %.

Mpumeuanns / Notes:
* He3 yuéTa NAOLLAAOK C HyAeBbIMM AaHHbIMM / excluding plots with null data.
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61OTONOB CTepBATHMKA B KapaTay. YunTbiBas
31 3aHATLIM THE3A0BOM Y4aCTOK, BbISABAEH-
HbIA Ha Y4€THbIX nAowaakax B 2022 r., rpy-
60 MOXHO MpeAnoAaraTb CPEAHIOI YMCAEH-
HOCTb CTEPBATHMKA Ha rHe3aoBaHum B Kapa-

Puc. 19. lHe3a0nprroAHbie 6uOTOMbI M MECTOOOUTaHUS
CTepBATHMKA Ha rnAoLLaskax B Kapartay. YcAoBHbie 060-
3Hadenus: NP-BT — rHe3aoBble y4aCTku CTepBATHMKA,
BbisiBAeHHble B 2010 1 2022 rr., PL2022 — yuéTHble
nAoLaakm, 3aroxenHble B 2022 1., PL2010 — y4éTtHble
nAoLLAaAku, 3anoxeHHbie B 2010 r., BB — rHesaonpuroa-
Hble AAS CTepBATHMKa buoTonsl, BH — mectoobutanms
crepBaTH1Ka, W — BOAOEMbI.

Fig. 19. Egyptian Vulture breeding biotopes and habitats
on plots in Karatau. Legend: NP-BT — Egyptian Vulture
breeding territories identified in 2010 and 2022, PL2022
- survey plots established in 2022, PL2010 — survey plots
established in 2010, BB — Egyptian Vulture breeding
biotopes, BH — Egyptian Vulture habitats, W — water
bodies.

roughly assume that the average abundance
of EV breeding in Karatau ranges from 229 to
292 pairs. However, considering the uneven
distribution of the species in habitats, we use
a more rigorous calculation.

Plot survey results are shown in Table 10,
areas of EV breeding biotopes and habitats
on plots are visualized in Fig. 19. We provide
data for 2010, but do not use them in full to
calculate species abundance. There are a few
reasons for this. Firstly, some plots were sur-
veyed before 15 April in 2010, when not all
EVs were on nests, and many of them had not
yet settled on clutches. Secondly, not all areas
surveyed in 2010 were re-visited in 2022. As
such, the results of plot counts are given main-
ly for 2022, adjusted for bird redistribution
there relative to 2010, but we also considered
data from 2010 in plots that were skipped in
2022. Based on the EV breeding territories
identified in 2010 but not visited in 2022, we
assume that there have been no changes and
the territories remain.

EV nesting density on plots, considering
plots where the species was not found (here-
inafter referred to as null plots), was 0.74
pairs/100 km?, including 0.84 pairs/100 km?
in habitats on plots and in breeding biotopes
on sites — 2.2 pairs/100 km?. Excluding null
plots, the distribution density of occupied EV
breeding territories was 0.84 pairs/100 km?,
including habitats on plots — 0.97 pairs/100
km?, and in breeding biotopes on plots — 2.74
pairs/100 km?.

Occupied EV breeding territories density
extrapolation in habitats on plots (considering
null plots M=SE: 0.84%0.17 pairs/100 km?,
asymmetric confidence interval from 0.66 to
1.08 pairs/100 km?) to the total habitat area
in Karatau (34,576.8 km?) suggests nesting by
227-374 pairs, with an average of 292 pairs.
Species nesting density indicators, includ-
ing null plots, are lower by 11.6-19.6% than
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Tay B AManasoHe oT 229 Ao 292 nap. OaHako,
YUUTbIBasi HEPABHOMEPHOCTb pacrpeAeAeHusl
BMAA B MECTOOOMTaHUAX, Mbl AeraemM Boree
CTPOrui pacyéT.

Pe3yAbTaTbl MAOLLAAOYHBIX YHETOB OTpaXke-
Hbl B TabAnue 10, NAOLLAAM FHE3AOTNPUIOAHbIX
OGMOTONOB N MECTOOOMTaHMIA CTEPBATHMUKA Ha
MAOLLIAAKAX BM3YaAM3MPOBaHbI Ha pucyHKe 19.
MbI nprBoanM aaHHbie 3a 2010 r., HO He npK-
BAEKAEM MX B MOAHOM OObEME AAd pacuéTta
YMCAEHHOCTU. Ha 3TO nMmeeTcsa psia NpUHMnH.
Nepsas npuumHa — 710, yto B 2010 . YacTb
NAOLLIAAOK OblAa obcaeaoBaHa A0 15 anpens,
KOrAQ He BCe CTePBATHUKM €L OblAK Y THE3A 1
MHOIME M3 HMX eLLIE He CeAM Ha KAQAKM. BTopas
— NpM NoCceLLeHNM NAOLLIAAOK B 2022 1. He Bce
naotiaam, obcaeaoBaHHble B 2010 r., nocelua-
AUCb MOBTOPHO. Taknm 00pa3oM, pesyAbTaTbl
MAOLLAAOHHBIX YUYETOB AaHbl MPEUMYLLIECTBEH-
HO AAg 2022 1. € MOMNpPaBKOM Ha nepepacrpe-
AEAeHME MTULL HA HWX oTHocuTeAbHo 2010 r.,
HO YuMTbIBaIOT M AaHHble 2010 r. B HeoOcAeao-
BaHHOM B 2022 r. YacTu naoLuaaok. o rues-
AOBbIM YHaCTKaM CTEPBATHUKA, BbIABAEHHbBIM B
2010 r. HO He nposepeHHbiM B 2022 T., Mbl
AOITYCKAeM, YTO M3MEHEHMI HE MPOU3OLLAO U
Y4aCTKM COXPaHSAIOTCA.

[TAOTHOCTb THE3AOBaHWS CTEPBATHMKA Ha
MAOLLIAAKAX, C YH4ETOM MAOLLIAAOK, Ha KOTOPbIX
BUA He OblA OOHapyxeH (Aanee «HyAeBbley
nAoLLaakm), coctasuaa 0,74 napbl/100 km?, B
TOM YMCAE B MECTOODUTaHMSAX Ha MAOLLAAKAX
— 0,84 napbi/100 KM? M B FHE3AOMPUIOAHBIX
HroToNnax Ha naoLLaakax — 2,2 napbl/100 km?.
be3 yuéTa «HyAeBbIX» MAOLLAAOK, MAOTHOCTb
pacnpeAeAeHms 3aHATLIX THE3A0BbIX YHaCTKOB
CTepBsiTHMKa cocTasuAa 0,84 napbl/100 km?, B
TOM HYMCAE B MECTOODUTAHMSX Ha MAOLLIAAKAX —
0,97 nap/100 KM? M B THE3AOMPUrOAHbIX GMO-
ToMax Ha nAoLLlaakax — 2,74 napel/100 km?.

IKCTPanoAALMS MAOTHOCTM 3aHATBIX THE3A0-
BbIX Y4aCTKOB CTEPBATHMKA B MECTOOOUTaHMAX
Ha MAOLLIAAKAX (C YUETOM «HYAEBBIX» MAOLLIAAOK
M=SE: 0,84+0,17 nap/100 KkMm?, HecrmMme-
TPUUHBIA AOBEPUTEAbHbIM MHTEpBaA oT 0,66
a0 1,08 nap/100 km?) Ha OBLLYIO MAOLLIAAL Me-
croobutanuii B Kaparay (34576,8 km?) npea-
noAaraeT rHesaoBaHue oT 227 Ao 374 nap, B
cpeaHem 292 napbl. NokasaTteAn NMAOTHOCTM
FHE3A0BaHMS BUAA C YUETOM «HYAEBbIX» MAOLLIA-
AOK Huke Ha 11,6-19,6%, Hexkean Ge3 Tako-
BbIX. [103TOMY BEPXHAA OLEHKA YMCAEHHOCTM
6e3 y4€Ta «HYAEBbIX» MAOLLAAOK MOAAEPKMBA-
I0LLIAS MACIO O TOM, YTO Ha HMX ObIA BO3MOXKEH
MPOMNYCK FHe3A0BbIX Y4aCTKOB, MOXET ObITb
262-431 nap, B cpeaHem 337 nap.

DKCTPanoAsUMs NMAOTHOCTM 3aHSATbIX THe3-
AOBbIX Y4aCTKOB CTEPBATHMKA B FHE3AOMpPMU-
rOAHbIX OMOTOMax Ha MAOLLAAKaxX (C y4ETOM

Crepsatuuk. @oto M. KapsikuHa.

Egyptian Vulture. Photo by I. Karyakin.

without them. Therefore, the upper estimate
of abundance, without null plots, could be
262-431 pairs with an average of 337 pairs
(if one accepts the idea that nesting sites may
have been missed.).

Occupied EV breeding territories density
extrapolation in breeding biotopes on plots
(considering the null plots M=SE: 2.2+0.21
pairs/100 km?, asymmetric confidence interval
from 1.65 to 2.95 pairs/100 km?) to the total
breeding biotopes in Karatau (10,378.85 km?)
suggests nesting by 171-306 pairs, with an av-
erage of 229 pairs. Upper estimate of abun-
dance, without null plots, could be 227-357
pairs with an average of 284 pairs (if one ac-
cepts the idea that nesting sites may have been
missed.).

Calculating abundance by the method
of generating random points over a given
range of distances between nearest neigh-
bors based on a regular network (RPG)

We built a network of points based on the
range of distances between nearest neighbors
(from minimum to average) without taking
into account corrective distribution of covari-
ates (for example, distance to farms), without
attributing generated points to real breed-
ing territories, and without correcting for the
distribution density of real EV breeding ter-
ritories in various cells of a regular network.
Therefore, it cannot be considered a com-
plete method for constructing a network of
potential breeding territories, which is more
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CHYAEBbIX»  NAOLIaroK M=SE:  2,2+0,21
nap/100 KM?, HECUMMETPUUHBII AOBEPUTEAD-
Hblii MHTepBaA oT 1,65 a0 2,95 nap/100 km?)
Ha OOLLYIO MAOLLAAb FHE3AOMPUrOAHBLIX OMO-
Tonos B Kapatay (10378,85 km?) npeanoaara-
€T rHesaoBaHme ot 171 a0 306 nap, B cpeaHem
229 napbl. BepxHas oueHka YMcAeHHOCTH 6e3
Y4€Ta «HYAEBbIX» MAOLLAAOK, MOAAEPIKMBAIO-
LLIAs MACIO O TOM, YTO Ha HMX ObIA BO3MOXKEH
MPOMYCK FHE3AO0BbIX YHaCTKOB, MOXET OblTb
227-357 nap, B cpeaHem 284 napbl.

Pacyét YncAeHHOCTU METOAOM reHepaummn
CAYHalHbIX TOYEK 110 3aAaHHOMY AMANa30Hy
AMCTAHUMI MEXAY ODAMKANLLIMMU COCEAIMHU
Ha ocHoBe peryAaspHoi cetu (ICY)

MbI nocTpomam ceTb Touek Ha OCHOBaHMK
AManasoHa AMCTaHUMIA Mexay OAMKanwmMmm
coceasMM (0T MMHMMAABHOW AO CpeAHeW)
6e3 yuéTa KOppekTUPYIoLWMX pacrpeseAeHme
KoBapuaT (Hanpumep, AMCTaHLMK A0 dpepm),
6e3 NPUTSKKM CreHepupOBaHHbLIX TOYEK K
peaAbHbIM FHE3A0BbLIM y4acTkam u 6e3 kop-
PeKUMM MO MAOTHOCTM pacrnpeseAeHus pe-
AAbHbIX FHE3A0BbIX Y4aCTKOB CTEPBATHMKA B
Pa3sAMYHbBIX AYenKax peryaspHon cetu. [lo-
3TOMY 3TO HEAb3 CYMTaTb MOAHOLEHHbIM
METOAOM MOCTPOEHUS CETW MOTEHUMAAbHbIX
FHE3AOBbIX Y4aCTKOB, KOTOPbIN aBAsSieTCS 6o-
A€€ TOYHbIM. AQHHbIA METOA MO3BOAMA BIMK-
caTb B KOHTYp MeCTOOOUTaHMIA CTePBATHMKA
Ha Kapatay ot 165 a0 469 Touek. D1 noka-
3aTeAM OMPEACASIOT NPeAeAbl EMKOCTU CPEAb
AASL CTEPBATHMKA MPK CYLLECTBYIOLIMX Napa-
MeTpax pacrnpeAeAeHus 3TOro Buaa B Mpo-
CTPaHCTBE, a PeaAbHast YNCAEHHOCTb AEXKMT
BHYTPM AQHHOIO AMana3oHa.

Arg HanboAee TOUHOW BaAMAALMM CETU TO-
yek Mo 59 AOKaUMAM peaAbHbIX FHE3AO0BbIX
Y4acTKOB CTEPBATHMKA OblAM MOCTPOEHbI NOo-
AMroHbl Tuccena (puc. 20). O6Luas naoLuasb,
3aHsATas NoAuroHammn TucceHa cocTaBuaa
5264,1 kM. TlroWaab TeppUTOPUM, MPUXO-
Adlleics Ha 1 rHe3A0BOM y4aCTOK CTepBAT-
HMKa (NOAMroH TucceHa), BapbMpoBaAa oOT
18,24 a0 243,13 km?, COCTaBMB B CpeAHEM
89,22+59,13 km? (MeamaHa = 67,3 Km?).

MeToa T'CH c BaAMaaumein No NoAMroHam
TucceHa NO3BOAMA BMCaTb B KOHTYP MeCTO-
o0uTaHui cTepBaTHMKaA Ha KapaTay oT 232
AO 395 creHepupoBaHHbIX Tovek, 370 Touek
C MaKCMaAbHbIM YPOBHEM COBMAAEHMS C Mo-
AMFOHamKn TucceHa, NMOCTPOEHHbIMU BOKPYT
PEaAbHbIX FHE3A0BbIX Y4aCTKOB.

OueHka YMCAEHHOCTH (B MpeAeAax AOBepu-
TEALHOTO MHTEPBAAa) AASI Ay4LLEN MOAEAM C
BaAMAaLMEN MO NMOAUroHam TucceHa Bapbu-
poBaaa oT 250 A0 397 rHesasLumxcs nap, co-
CTaBuB B cpeaHem 307+33,57 nap.

accurate. This method allowed us to inscribe
from 165 to 469 points into the contour of EV
habitats in Karatau. These numbers determine
EV habitat capacity limits under existing spe-
cies parameters in space, and the real number
lies within this range.

For the most accurate validation of the
points network, Thiessen polygons were con-
structed for 59 real EV breeding territory lo-
cations (Fig. 20). The total area occupied by
Thiessen polygons was 5,264.1 km?. The area
per single EV breeding territory (Thiessen pol-
ygon) varied from 18.24 to 243.13 km?, aver-
aging 89.22+59.13 km? (median = 67.3 km?).

The RPG method with validation by Thies-
sen polygons made it possible to inscribe 232
to 395 generated points, 370 points with the
maximum level of matching with Thiessen
polygons built around real breeding territo-
ries, into the outline of EV habitats on Karatau.

The estimate of abundance (within the
confidence interval) for the best model using
validation on Thiessen ranges varied from 250
to 397 breeding pairs, averaging 307+33.57
pairs.

The RPG method with validation by plots
(with maximum level of matching of the num-
ber of generated points and the number of
real breeding territories on plots) made it pos-
sible to enter 165-469, 343 points on aver-
age, into the outline of EV habitats on Karatau,
and the estimate of the number was on aver-
age 344x53.11 pairs, from 242 to 599 pairs,

Crepsaruuk. @oto I [MyankoBoi.

Egyptian Vulture. Photo by G. Pulikova.
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Puc. 20. lNoanronsl TucceHa, MOCTPOEHHbIE 10 PEaAbHbIM MHE3AOBbIM y4acTKam CTepBaTHUKa B KapaTtay — BBepxy cAeBa, U CreHeprpoBaHHbIe
TOYKM M3 AydLuel (BHU3y CAeBa) n CpeAHel (BHU3y CripaBa) MOAEAEH C BaAMAALIMEN MO NMOAMroHam TucceHa. AAsi CpaBHeHMs AaHa KapTa rHe3-
AOMPUIrOAHbIX 6MOTONOB CTepBsaTHMKA B KapaTay, no KOTopbiM reHepupoBaachk CeTb TOYEK, MMUTUPYIOLLIMX PacripeAeAeHue NOTeHLUMaNbHbIX
FHE3A0BbIX y4aCTKOB CTePBATHMUKA, — BBEPXy CripaBa. YCAOBHble 0603Hauenus: PBT — creHepupoBaHHbie TOYKM, MUMUTUPYIOLLIME pacripeAeAeHue
FHe3A0BbIX y4acTkoB cTepsaTHuKa, BT RRRCN — peaAbHble rHe3A0Bbie yHaCTKu CTEePBATHMKA, BKAOYEHHbIE B TPEHUPOBOUHbINA HabOP AASI MOAEAM-
posanumsi, GBIF — Touku u3 Habopa aaHHbIX, ckadaHHOro n3 GBIF, Birds.KZ — To4ku u3 Habopa AaHHbIX C Ka3axCTaHCKOro caiTa AlobuTerei NTul,
PT RRRCN — noanroHsi TucceHa, moCTPOEHHbIE MO peaAbHbIM MHE3A0BbIM yyacTKam CTepBsiTHUKa, BB — riesaonpuroansie 6motonsi, BH — mecto-

obutanmns, R — pekn, W — BOAOEMBI.

Fig. 20. Thiessen polygons constructed from real Egyptian Vulture breeding territories in Karatau — top left, and generated points from best (bottom
left) and average (bottom right) models validated by Thiessen polygons. For comparison, a map of Egyptian Vulture breeding biotopes in Karatau

is given, from which a network of points was generated that simulated the distribution of potential Egyptian Vulture breeding territories — at the
top right. Legend: PBT — generated points simulating the distribution of Egyptian Vulture breeding territories, BT RRRCN - real Egyptian Vulture
breeding territories included in the training set for simulation, GBIF — points from the dataset downloaded from GBIF, Birds.kz — points from the
dataset from the Kazakhstan birdwatchers’ website, PT RRRCN — Thiessen polygons built from real Egyptian Vulture breeding territories, BB —
breeding biotopes, BH — habitats, R — rivers, W — water bodies.

Taba. 11. Pe3yabTaTbl OLIEHKM YUCACHHOCTYH CTePBSATHUKA B KapaTay METOAOM reHepaLmm CAyqaiiHbIX TOYEK 110 3aAaHHOMY AMana3oHy AMCTaHLMI
MEXKAY OAVXKANLLIMMU COCEASIMM Ha OCHOBE PEryAsipHO#i ceTy.

Table 11. Results of the Egyptian Vulture abundance estimation for the Karatau by the method of generating random points over a given range of
distances between the nearest neighbors based on a regular network.

Pe3yAbTaTbl NPOBEPKM NaTTepHA TOUEK Mo
TPEHNPOBOYHbIM M BAAMAALIMOHHBIM MAOLLIAAKAM
Results of checking the pattern of points on train-

MuHumanb-  Makcumansb- AoseputeabHbIi N A
HOE YNCAO  HOE YUCAO MHTEpBaA ing and validation plots
creHepm- creHepu- Confidence Average
POBAHHBIX  POBaHHbBIX Interval (1xaver-  Average Validation  Average Average
TOueK TOYeK age Validation Validation AbsDevia-  Training Training Abs-
minTotal maxTotal M=SD AbsDeviation) Deviation tion Deviation Deviation
[Noanronsl Tuccena 232 395 306.5+33.57 249.5-397.3 -0.133 0.228 -0.154 0.166
Thiessen polygons
Maowwaaku / Plots 165 469 344.4+53.11 241.7-598.6 0.082 0.425 -0.042 0.101
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Puc. 21. AuctaHummn
MEXAY OAMXKaLLIMM
coceAsmMu B pe3yAb-
TUpytoLmx Habopax
CreHepupoBaHHbIX TO-
ueK, UMUTUPYIOLLIMX pac-
rpeseAeHme rHe3A0BbIX
y4acTKOB CTepBSTHMKA
AASl CpeAHeit (cripasa) m
AydLuei (CAeBa) Moserei
0 BaAMAQUMM AASI [TOAU-
roHos TucceHa (BBepxy)
M MAOLLAAOK (BHM3Y).

Fig. 21. Distances
between nearest
neighbors in resulting
sets of generated
points simulating the
distribution of Egyptian
Vulture breeding
territories for average
(right) and best (left)
validation models for
Thiessen polygons (top)
and plots (bottom).

MeTtoa TCH ¢ BaAMaaumeli No nAoLIaAKam
(C MaKCMMaAbHbBIM YPOBHEM COBMAAEHMS YMC-
Ad CreHepupOBaHHBLIX TOYEK C YUCAOM pe-
AAbHbIX MHE3AOBbIX YHaCTKOB Ha MAOLLAAKAX)
MO3BOAMA BNMUCATb B KOHTYP MECTOOOMTaHMI
cTepBATHMKa Ha Kapartay oT 165 a0 469, B
cpeAHeM 343 TOYKM, a OUeHKa YUCAEHHOCTH
cocTaBuAa B cpeaHem 344+5311 nap, ot
242 a0 599 nap, v oKasaAacb Xy>Ke, Yem C Ba-
AMAALMEN MO NOAMIOHaM TucceHa (Taba. 11).
AeTaAbHble AaHHble MO reHepauumu Touek,
UMMUTUPYIOLLIMX MOTEHUMAAbHBIE THE3A0BbIE
Y4aCTKM CTEPBATHMKA, NMPEeACTaBAEHbI B [1pu-
AOXKeHun 567

PacnpeaeaeHne ancTaHumMin mexxay OAM-
JKAULMMM  COCEAIMU B PE3YAbTUPYIOLLIMX
Habopax TOYeK AAS MOAEAEW C BaAMaaumen
no noAuroHam TucceHa (cpeaHen u Aydiuen
C TOYKM 3PEHUS COBMAAEHMS C PEAAbHbIMM
FHE3A0BbIMM yHaCTKamM) M MO MAOLLIAAKAM
MoKasaHo Ha pucyHke 21 1 OHO COOTBETCTBY-
€T HOPMaAbHOMY, B OTAMYME OT pacrnpeae-
AEHUS AUCTAHLMI MexXAy OAMXKaiLIMMK pe-
aAbHbIMM THE3AAMM CTEPBSATHUKA B BbIOOpKE
Toyek 2022 r. (cm. puc. 5A). HeHopmaabHoe
pacnpeaeAeHne peaAbHbIX FHE3A0BbIX y4acT-
KOB cTepBaTHMKA B 2022 1. C MMHUMAAbHbLIM

Jydwan mMoaens ¢ Banuaauuen no nonuroHam Tuccexa
Best model with validation on the Thiessen polygons
K-S d= 04798, p> 20; Lillefors p< 05

— Expected Normal
160 . . §

and turned out to be worse than with valida-
tion by Thiessen polygons (Table 11). Detailed
data on the generation of points simulating
potential EV breeding territories is presented
in Appendix 5°'.

The distribution of distances between near-
est neighbors in the resulting sets of points for
models with validation by Thiessen polygons
(average and best in terms of matching real
breeding territories) and by plots is shown in
Fig. 21, and it corresponds with normal dis-
tribution, in contrast with the distribution of
distances between nearest real EV nests in the
sample of points from 2022 (see Fig. 5A).We
explain the abnormal distribution of real EV
breeding territories in 2022 with a minimum
number of distances in the range of 6-8 km by
EV distribution in space both relative to each
other and to Colden Eagles exerting predatory
pressure on EVs. This is also indicated by a dip
in the same distance range (6-8 km) between
EV and Golden Eagle nests. When generating
a network of points simulating potential EV
breeding territories, we ignored the type of dis-
tance distribution between nearest neighbors,
as we considered it unnecessary to complicate
the problem for the purposes of this article.

CpeaHas moaens ¢ Banvaauvedi no nonuroHam Tuccexa
Average model with validation on the Thiessen polygons
K-8 d=.07488, p<10 , Lilliefors p<.01

— Expected Normal
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I/I3yl'IeHI/I€‘ MepPHaTbIX XUUIHMKOB

KOAMYECTBOM AMCTaHUMIA B AuanasoHe 6-8
KM, Mbl ODbSACHSeM KX MnepepacrpeseAeHu-
€M B MPOCTPaHCTBE Kak OTHOCUTEAbHO APYr
Apyra, Tak M OTHOCMTEeAbHO OepKyTOB, OKa-
3bIBAIOLLMX Ha CTEPBATHUKOB XMLUHUYECKUIA
npecc. Ha 310 yka3sbiBaeT 1 MpoBaA B TOM e
AManasoHe AMCTaHUMI (OT 6 A0 8 KM) Mexay
rHé3AaMM CTEPBATHMKA M rHE3aamMK DepkyTa.
[Npu renepaummn ceTn To4eK, UMUTUPYIOLLEN
MOTEHUMAAbHbIE FTHE3A0BbIE YYACTKM CTEPBAT-
HMKA, Mbl UTHOPUPOBAAM TUIM PacrpeAeAeHNs
AMCTaHUMI Mexay OAMXKaMLLMMMK COCEASIMM,
Tak KakK MoCYMTaAK HeHYXKHbIM YCAOXKHSTb 3a-
AUy AASI LIEAEM AQHHOW CTaTby.

KapTbl pacnpeseAeHns TOUEK AASt OLIEHKM
YUCAEHHOCTK cTepBsATHMKA B Kapartay (6e3
KOPPEKLMM) M3 AyHLLIENH U CPEAHEN MOAGAEN

Point distribution maps for estimating EV
abundance in Karatau (without correction) from
best and average models with validation by
Thiessen polygons are shown in Fig. 20; maps
of distribution density for these points, built with
varying search radiuses (10 and 25 km respec-
tively) are shown in Fig. 22.

Estimating abundance of successful pairs

2010 surveys took place in early spring, so
we cannot use them to form a general idea
of EV nest departure in mid-summer. Instead,
we must rely exclusively on 2022 data in this
matter. In 2022, abandonment of EV nests by
July was 51.6%, and abandonment in July was
23.1% (survival rate of nests during the breed-
ing season was determined to be only 25.32%).
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Puc. 22. KapTbl nAOTHOCTHM € paanycom nomcka 10 km (caesa), u 25 Km (cripaBa), MOCTPOEHHbIE 10 CreHepUpPOBaHHbIM TOYKaM AydLuen (BBepxy) 1
CpeAHeit (BHU3y) MOAGAH C BaAnAaLmei Mo noAMroHam Tuccera. YcroBHbie 0603Havenns: PBT — creHepupoBaHHble TOYKM, MMUTUPYIOLLIME pac-
MpeAeAeHme rHe3A0BbIX y4acTKoB cTepBaTHuKa, D PBT — Bu3yaansaums nAOTHOCTM PacrpeAeAeHns TOHEK MOTEHLUMaAbHBIX THE3A0BbIX y4aCTKOB,
BT RRRCN — peaAbHble rHe3A0Bble yHaCTKu CTEPBATHUKA, BKAIOYEHHbIE B TPEHMPOBOYHbIN Habop Arst Moaeanposams, GBIF — Touku n3 nabopa
AaHHbIX, ckadyaHHOro 3 GBIF, Birds.KZ — Touku n3 Habopa AaHHbIX C Ka3aXCTaHCKOIo caiita AlobuTeaeii ntuu, BB — rHesaonpuroaHsie Guotorsi,
BH — mectoobutarnus, R — peku, W — BOAOEMbI.

Fig. 22. Density maps with a search radius of 10 km (left) and 25 km (right), built from generated points of best (top) and average (bottom) models
with validation by Thiessen polygons. Legend: PBT — generated points simulating the distribution of breeding territories of the EV, D PBT — density
visualization of points of potential breeding territories, BT RRRCN — real Egyptian Vulture breeding territories included in the training set for
modeling, GBIF — points from the dataset downloaded from GBIF, Birds.KZ — points from the dataset from the Kazakhstan birdwatchers website, BB
— breeding biotopes, BH — habitats, R - rivers, W — water bodies.
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C BaAMaauMer Mo noauroHam TucceHna no-
KasaHbl Ha pucyHke 20, KapTbl MAOTHOCTM
pacnpeAeAeHuns 3TUx ToHYeK, NOCTPOEHHbIE C
pasHbiM paanycom noucka (10 n 25 kKM cooT-
BETCTBEHHO) MOKa3aHbl Ha PUCYHKe 22.

OueHka YNCA@HHOCTH ycrielHbIX nap

Yuétbl 2010 r. NPOBOAMAMCHL B paHHeBe-
CEHHWIA NePUOA, MOITOMY MO HUM Mbl HE MO-
Kem cocTaBuTb obulee npeactaBaeHue 00
OTXOAE MHE3A CTEPBATHMKA K CEPEAMHE AeTa,
MO3TOMY MPUXOAUTCSH OMMPATbCA TOAbKO Ha
AaHHble 2022 r. B 3TOM Bonpoce. B 2022 .
OTXOA THE3A CTEPBATHUKA K MIOAID COCTaBMA
51,6%, 1 OTXOA B TedeHue mioad — 23,1% (Bbl-
JKMBAEMOCTb FHE3A 33 CE30H Pa3MHOXKEHMS
onpeaeAeHa BCero B 25,32%).

B xoae naowaaouHbix yuértos 2022 r.
OblAa paccumTaHa MAOTHOCTb pacrpeAeAeHus
YCMELLHbIX FHE3A CTEPBATHUKA MO COCTOSHUIO
Ha Ha4aAo mioAd. Ha naouwiaakax (C y4€Tom
MAOLLQAOK, Ha KOTOPbIX BMA He ObiA 0OHapy-
JKEeH) NAOTHOCTb YCMELUHbIX FHE3A COCTaBMAA
0,36 nap/100 KM?, B TOM YUCAE B MECTOOOU-
TaHMsIX Ha naowlaakax — 0,41 nap/100 km?
B FHE3AOMPUIOAHLIX OMOTOMAX Ha MAOLLAA-
kax — 1,07 nap/100 km?. be3 y4éta «HyAe-
BbIX» MAOLLAAOK, MAOTHOCTb pacrpeAeAeHus
YCMEeLHbIX MHE3A CTePBATHMKA Ha MAOLLAA-
kax coctaBmaa 0,40 nap/100 kM?, B TOM 4mC-
A€ B MeCToOOMTaHMsX Ha naolaskax — 0,47
nap/100 KM? 1 B THE3A0MPUIOAHbBIX BHOTOMAxX
Ha naowaakax — 1,33 napel/100 km?.

DKCTPanoAsauns  MAOTHOCTM  yCMELIHbIX
FHE3A CTEpBATHMKA B MECTOOOMTaHMAX Ha
nAOLIAAKax (C YH4ETOM «HYAEBbIX» MAOLLAAOK
M=SE: 0,41%0,25 nap/100 kM?, AOBEpUTEAD-
Hblli MHTepBaa ot 0,29 ao 0,58 nap/100 km?)
Ha 00LLyI0 NAOLIaAb MecToobuTaHnii B Kapa-
Tay (34576,8 KM?) npeanoaAaraeT ycrneliHoe
rHe3aoBarme o1 100 Ao 200 nap, B cpeaHem
141 nap. lNoka3aTeAn NAOTHOCTM pacnpeae-
AEHUA YCMELIHbIX THE3A C YH4ETOM «HYAEBbIX)»
NAOLLAAOK Hmxe Ha 11,6-19,6%, Hexxean Ge3
TakoBbIX. [ToaTOMy BepxHas oueHka uncaeH-
HOCTM yCreLHbIX nap 0e3 y4éTa «HyAeBbIX»
NAOLLAAOK MOXeT ObiTb 115-230 nap, B
cpeaHem 162 napsbl.

YunTbiBasi OTXOA MHE3A CTEPBATHMKA B Te-
deHue mioas 2022 r. — 23,1%, MOXHO npea-
noaaraTb, 4TO yCMeLwHbIMM B COOTBETCTBUM C
HUKHEN M BEPXHEN OLeHKaMM YUCAEHHOCTM
MO AQHHbIM MAOLLAAOHHbIX YH4ETOB ABASIOTCS
oT 37-73 nap (B cpeaHem 53) a0 54-77 nap
(B cpeaHem 67).

[Mpn 06paboTke YUYETHLIX AAHHbIX, MOAY-
YEHHBIX Ha AMHEMHbIX TPaHCEKTax, yCrelHble
FHE3AQ HUKAK HE OTAGASIAMCH OT 3aHATbIX. [o-
3TOMY OueHKa 4McAeHHoCTM B Distance cae-

Crepsatauk. @oto M. KapskuHa.

Egyptian Vulture. Photo by I. Karyakin.

During plot surveys in 2022, the distribution
density of successful EV nests was calculated
as of the beginning of July. On plots (taking
into account those where the species was
not found), successful nest density was 0.36
pairs/100 km?, including 0.41 pairs/100 km?
in habitats on plots, and 1.07 pairs/100 km?
in breeding biotopes on plots. Without null
plots, the distribution density of successful EV
nests on plots was 0.40 pairs/100 km?, includ-
ing 0.47 pairs/100 km? in habitats on plots and
1.33 pairs/100 km? in breeding biotopes on
plots.

Extrapolation of successful EV nest density in
habitats on plots (taking into account null plots
M=SE: 0.41+0.25 pairs/100 km?, confidence
interval of 0.29 to 0.58 pairs/100 km?) over
a total habitat area in Karatau (34,576.8 km?)
suggests successful nesting of 100 to 200 pairs,
with an average of 141 pairs. The distribution
density of successful nests (taking into account
null plots), is lower by 11.6-19.6% than with-
out them. Therefore, the upper estimate of
successful pair abundance without taking into
account null plots could be 115-230 pairs, on
average 162 pairs.

Considering 23.1% abandonment of EV
nests in July 2022, it can be assumed that from
37-73 pairs (53 on average) to 54-77 pairs
(on average 67) are successful according to
the lower and upper estimates of abundance.

When processing census data obtained on
linear transects, successful nests and occupied
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M3yueHne nepHaTbIX XULLHUKOB

AaHa UCKAIOYMTEALHO MO 3aHATHLIM FTHE3A0BbIM
y4acTkam. [MpruMeHUB K Hel ypoBeHb OTXOAA
rHE3A B TeveHue Bcero cesoHa (51,6% — Ao
MIoAa U 23,1% — B TEUEHUE UIOAS), Mbl MOAA-
raem, 4to 68-127 nap, B cpeaHem 93 napsbi B
2022 r. SBASIAMCH YCMELIHbIMU M AOKOPMMAM
NTEHLOB AO CAETa.

AHaAOrMUYHBIM 0DOpPa3oM, MOCYMTAB OTXOA
FHE3A M3 MACCMBA CreHEPUPOBAHHbLIX TOYEK,
UMUTUPYIOLLIMX  PaCrpeAEAEHME THE3AOBbIX
YYaCTKOB CTEPBATHMKA, AASI AYHLLEN MOAEAU
C BaAMAaLMEN MO NOAMIOHaM TucceHa MoAy-
Yaem OUeHKy 4ncaeHHocTH B 59-100, B cpea-
Hem 78 ycnewHbix nap (63101 ycnewHas
napa AAsi AOBEPUTEABHOIO MHTEPBAAA) U AAS
Ay4YLUEN MOAEAM C BaAMAALMEN MO MAOLLAA-
Kam — 42-119, B cpeaHem 87 ycneLuHbIx nap
(61-152 ycrnewHbIX Napbl AAl AOBEPUTEALHO-
ro MHTEPBaAQ).

UTOrosas oueHka YMCAEHHOCTH CTE€pBAT-
Huka B Kaparay

Kak nokasaHo Bbllle, OLEHKM YUCAEHHOCTH
cTepBaTHMKa B KapaTay, noAyyeHHble pas-
HbIMW METOAaMM, BapbUpyloT OT 165 A0 599
FHE3AALLMXCA Map M OT 37 A0 152 ycnewHbIx
nap (taba. 12).

MepecuéT c AMHelHbIX TpaHcekT B Distance
Sampling AaéT oAMH M3 cambix BOAbLLMX
BEPXHMX MPEAEAOB OLEHKM YUCAEHHOCTM M
BOAbLLION Pa3dpPOC 3HA4YEHNUI AOBEPUTEALHO-
ro MHTepBaAa. DTOT METOA Ha Hall B3rAfA 3a-
BbILLIAET OLEHKY YMCAEHHOCTH, YTO CBA3aHO C
3aHMKeHWEM IPPEKTUBHOM LLMPHHBI YHET-
HOW NoAoCkl. CBA3aHO 3TO B MEPBYIO OYepeAb
C TeM, YTO FHE3AQ CTEPBATHUKOB, Kak M Camm
FHE3AALUMECS MTULbI, CUASLLME Ha CKaaax,
AyHLLE BbISIBASIOTCS B AMana3oHe AMCTaHLMM
BbILLIE CPEAHMX B BbIOOPKE NeprneHAMKYAsp-
HbIX AUCTaHUMI. M 3TO cBg3aHO He ¢ nsbera-
HMEM MTUUAMM YeAoBeKa, a C OObEKTUBHOM
HEBO3MOXXHOCTBIO paccMaTpMBaTh HMLIM K
MOAKM Ha KPYMHbLIX CKaAax Ha OAM3KMX AMC-
TaHUMAX M U3-TOA CKaA. MaeaAbHbIMM YCAOBH-
MM A OOHApY)KEHUs CTEPBATHUKOB, CUAS-
LUMX Ha FHE3AAX, ABASIIOTCS Takue YCAOBMS, B
KOTOPbIX MOXHO NepemeLLaTbCs Ha aBTOMO-
Ouae B yaareHnM oT ckaa aaree 100 M, HO He
AdAblLIe AUCTaHLMM 3CPCPEKTUBHOMO HabAto-
AeHusl B onTUKy (a0 400 M) 1 paccmatpusaTh
CKaAbl C MX YPOBHS, UAM AQXKE MOA HEKOTO-
pbIM YrAOM cBepxy. OBbIMHO MMEHHO Takue
YCAOBMS 1 BbIOMPAIOTCSH B XOAE MOAEBbIX MUC-
CACAOBAHMI AASI YAYYLLEHMS BbISBASEMOCTH
FHE3A cTepBATHUKA. OHM CNOCOOCTBYIOT AyY-
LemMy OOHapY>KEHMIO FHE3A CTePBATHMKA, HO
B TO XK€ BPEMS BHOCAT MCKaXKEHWUS B MOAEAb
0OHapY>KMBAaEMOCTM MTULL U PACHETBI UX YNC-
AEHHOCTH.

nests were not separated. Therefore, estima-
tion of abundance in Distance was made
exclusively based on occupied breeding ter-
ritories. After applying the rate of nest aban-
donment rate throughout the season (51.6%
before July and 23.1% during July), we believe
that 68-127 pairs, with an average of 93 pairs
in 2022, were successful and fed nestlings up
to flight.

Similarly, by counting nest abandonment
from an array of generated points simulating
the distribution of EV breeding territories, for
the best model with validation by Thiessen
polygons, we obtained an abundance esti-
mate of 59-100, an average of 78 successful
pairs (63-101 successful pairs for the confi-
dence interval) and for the best plot-validated
models — 42—119, with an average of 87 suc-
cessful pairs (61-152 successful pairs for the
confidence interval).

Final evaluation of Egyptian Vulture abun-
dance in Karatau

As shown above, estimates of Karatau EV
abundance by various methods ranges from
165 to 599 breeding pairs and from 37 to 152
successful pairs (Table 12).

Recalculation from linear transects to Dis-
tance Sampling gives one of the largest upper
bounds on abundance estimates and a wide
range of con dence interval values. In our
opinion, this method overestimates abun-
dance, which is associated with an underes-
timation of the survey band effective width.
This is primarily due to the fact that EV nests,
as well as the nesting birds themselves sitting
on the rocks, are better detected in a dis-
tance range above the average in the sample
of perpendicular distances. This is not due to
the birds’ avoidance of humans, but to the
objective impossibility of viewing niches and
shelves on large rocks at close distances and
from beneath the rocks.

Ideal conditions for detecting nesting EVs
are those in which you can drive a car at a
distance greater than 100 m from the rocks,
but not further than the effective optical ob-
servation distance (up to 400 m), and view
the rocks from their level, or even at some
angle from above. Typically, these are the
conditions chosen during field research to
improve the detection of EV nests. They fa-
cilitate improved detection of EV nests, but
at the same time, they introduce distortions
into the model of bird detection and calcula-
tion of abundance.

The second problem is that many census
efforts for estimating EV abundance are con-
centrated in the best habitats of this species,
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TabA. 12. Pe3yAbTaTbl OLIEHKM YUCAGHHOCTHM CTepBATHUKA B KapaTay pa3HbiMu MeTOAaMM.

Table 12. Results of Egyptian Vulture abundance estimation for Karatau by different methods.

MeToa ouenkm uncaenHoctn Population estimation
method

ITHe3Aqwmecs napbl

YcneuHblie napbl

Breeding pairs Successful pairs

Cpeanee (MuH-Makc)
Average (Min-Max) Calculation type

Tun pacuéra Cpeanee (MnH-Makc)
Average (Min-Max)

AMHEeNHbIe TpaHCeKTbI
Line transects in Distance Sampling

MMAOLLIAAKM C YHETOM «HYAEBbIX» (SKCTPAMOASILIMS HA
MecToobuTaHns)
Plots including plots with null data (extrapolation to habitats)

MAoLuaaku 6e3 yuéra «HyAeBbIX» (IKCTPAMOASILIMS Ha
MecToobuUTaHs)
Plots excluding plots with null data (extrapolation to habitats)

[MAOLLIAAKM C YHETOM CHYAEBbIX» (IKCTPANOAALMS Ha
rHE3AOMPUIOAHblE BUOTOMbI)

Plots including plots with null data (extrapolation to breeding
biotopes)

MaoLaakmu 6e3 yuéta «HyAeBbIX» (IKCTPANOASILIMS Ha
rHE3AOMPUIOAHblE BUOTOMbI)

Plots excluding plots with null data (extrapolation to breeding
biotopes)

lenepaums cayqaiinbix Todek (TCH) ¢ Baamaauneii no
NMOAMTOHam TucceHa — AyHLLMIA Pe3yAbTaT BaAMAALIMM
Random point generation (RPG) with Thiessen polygon vali-
dation — best validation result

I'CH c BaAmaaumeri no noanroHam TucceHa — CpeaHmi
pe3yAbTaT BaAMAALIMM

RPG with validation on Thiessen polygons — average valida-
tion result

'CH ¢ BaAmaaumelt NO NAOLLAAKAM — AYULLIMI pe3yAbTaT
BaAMAALIMM
RPG with validation on plots — best validation result

'CH c BaAMaaumelt MO NAOLLIAAKAM — CPEAHMI pe3yAbTaT
BaAMAALIMM
RPG with validation on plots —average validation result

[CY c BaAmaaLmeli No noAMroHam TucceHa u
KOPPEKTUPOBKOM MO MPOCTPAHCTBEHHbBIM MEPEMEHHbIM

RPGC validated on Thiessen polygons and corrected for spatial
variables

[CY c BaaMaaumeirt no noamroHam TucceHa,
KOPPEKTUPOBKOW MO MPOCTPAHCTBEHHBIM MEPEMEHHbIM U
BepudprKaLIMeit UTOrOBOro nNaTTepHa Touek

RPG validated on Thiessen polygons corrected for spatial
variables and verification of the final layer of points

367 (268-503) % 93 (68-127)
292 (227-374) D+% 53 (37-73)
337 (262-431) D+% 67 (54-77)
229 (171-306) % 58 (43-77)
284 (227-357) % 72 (57-90)
370 (232-395) % 94 (59-100)
307 (250-397) % 78 (63-101)
343 (165-469) % 87 (42-119)
344 (242-599) % 87 (61-152)
282 (175-302) % 71 (45-76)
278 (171-298) % 69 (43-74)

BTopoii npobaemoli siBASIeTCS TO, YUTO MHO-
rMe yY4€THbIE YCUAWUS AASI OLLEHKM YMCAEHHO-
CTU CTEPBSITHMKA CKOHLIEHTPUPOBAHbI B AyY-
LLIMX MECTOODOUTaHMSX ITOr0 BMAQ, A€ MAOT-
HOCTb anpuopu sIBASETCS HauboAaee BbICOKOM
OTHOCMTEAbHO OCTaAbHOM 4acTU MecTooOu-
TaHMIi. YTOObI KOPPEKTHO IKCTPANOAMPOBATh
AaHHbIE M3 MPeAB3STOM BbIOOPKM, HEOOXOAM-
MO BKAIOYEHME B aHAaAM3 KOBapMaT, TakMX Kak
AMCTaHLMKU MEXAY DAMXKANLLMMU COCEASIMM,
OT MHE3A A0 dPEPM MAM BAXKHBIX MEepPeMeHHbIX
n3 A33. Distance pacnosaraet MoAOOHbIM
MHCTPyMeHTapreM. Ho Tak kak B AaHHOM pa-
60Te Mbl He 03aAauMBaANCb NOADOPOM KOBa-
puart, MPUXOAUTCSl KOHCTAaTUPOBaTL PakKT He-

where the density is apriori the highest rela-
tive to other habitats. In order to correctly
extrapolate data from a biased sample, it is
necessary to include covariates in the analy-
sis, such as distances between nearest neigh-
bors and/or from nests to farms or important
variables from remote sensing. Distance has
a comparable toolkit. Because we did not
aim at the selection of covariates for this
study, we must state the fact of insufficient
adaptation of Distance by us for the purposes
of this study.

Plot surveys may underestimate abundance
due to the plots present in the sample where
the species was not found for some reason,
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I/I3y‘4€‘HI/I€‘ MepPHaTbIX XUUIHMKOB

AOCTaTO4YHOW aaantaumu Distance Hamu noa
LleAM AQHHOIO MCCAEAOBAHMSI.

MAowasouHble  y4é€Tbl MOIMYT 3aHMXKaTb
OLIeHKY YMCAEHHOCTM MO MPUUYMHE MPUCYT-
CTBMS B BbIOOpKE MAOLUAAOK, Ha KOTOPbIX
BMA He OblA 0OOHapy»KeH Mo KaKMM-TO Mpuymn-
HaM, M He BCeraa 3TO SABASETCH OTCYTCTBMEM
Bnaa. Kaszanocb Obl, «HYAEBbIE» MAOLLAAKM
MOXKHO MCKAIOYMTb M3 aAropuTMa pacyérta
UUCAEHHOCTH, HO TOrAA BO3MOXKHO 3aBbillle-
HME YMCAEHHOCTM, TakK Kak BCeraa ocTaércs
BEPOSTHOCTb PeaAbHOrO OTCYTCTBMS BMAA Ha
«HYAeBbIX» MAOLLaAKax. M3baBuTbcs OT 3a-
BbILLIEHMUS YMCAEHHOCTU MPKU IKCTPANOASALMM
nokasateAei MAOTHOCTM MTULL AW UX THE3A C
YUYETHBIX MAOLLAAOK MOXKHO, OLIeHWB BEpOST-
HOCTb MPOMYCKa NTULL Ha KHYAEBbIX» MAOLLIAA-
Kax. Ho 3TO yCAOXKHSIET OLeHKYy 4MCAeHHO-
CTM 1 TpebyeT 6oAee 3HAYUTEAbHbIX YCUAWIA
AASt 0OpabOTKM AQHHBIX M CTAaTUCTUKM. XOTS
BCErAQ MOXHO AONYCTUTb 50% BEPOSITHOCTb
MpomnycKa MTUL Ha KHYAEBbIX» MAOLLAAKaX M
YCPeAHSTb AaHHble MO HMM M MO TeM MAOLLAA-
Kam, Ha KOTOPbIX B1A OOHapy»KeH.

[MpOMEXXYTOUHbBIM MO CAOYKHOCTM U BEPOSIT-
HOCTM MCKaXKEHWSI OLIEHKM YUCAEHHOCTU $IB-
ASIETCA METOA reHepalmm CAyYalHbIX ToYek,
MMUTUPYIOLLIMX  PacripeAeAeHMe  THEe3AOBbIX
Y4acTKOB M3y4aemoro BMAA Ha OCHOBaHMM
AMCTaHUMI MeXKAy OAMKaMLLMMKM COCEeASMM
(rHé3aa, BCTpeun, NpupaBHEHHblE K FHe3A0-
BbIM) C BaAMAaLlMelr naTTepHa creHepupoBaH-
HbIX TOYeK MO MOAMIOHam TucceHa, nocTpo-
€HHbIM BOKPYI peaAbHbIX FTHE3A0BbIX YHaCTKOB
MAM, AAS YIPOLLIEHUS aHAAM3a, MO MAOLLIAAKAM.
JTOT NPOCTPAHCTBEHHbIA METOA B YaCTH BaAM-
AALIMU MO NMOAMIoHaM TucceHa AQéT MeHbLUMM
pa3bpoc AOBEPUTEABHOIO MHTEpPBaAa U, BUAM-
MO, €ro CAeAyeT cuuTaTb HamboAaee ONTUMaAb-
HbIM MPU HEAOCTaTKe AAHHbIX, X MPEeAB34TO-
CTM M NPU HEBO3MOXHOCTU BHOCUTb KOPpPEK-
TUBbI B 0OpabOTKy pe3yAbTaToB y4éTa Kak Ha
AMHEMNHBIX TPaHCeKTax, Tak M Ha MAOLLAAKaX.
Ho npwu pacnpeaereHnn Touek NPUCYTCTBMSA
BMAQ, AAAEKOM OT HOpMaAbHoro, metoa [CH
OyAeT UCKaXKaTb OLEeHKY YMCAEHHOCTM B CTO-
poOHy e€ 3aBbilleHns U Takxke OyaeT Tpebo-
BaTb KOPPEKTUPOBKM.

B Hallem nccaeaoBaHMM Mbl YAYHLLIMAK pe-
3yAbTaT OUEHKM YMCAEHHOCTM CTePBATHMKA,
BHECS KOPPeKTMBbI B pacripeAeAeHne Toyek,
MMMUTUPYIOLLIMX THE3AOBbIE YYAaCTKMU CTepBAT-
HMKa B COOTBETCTBMM C METOAMKOW, NPUOAN-
3B TeM CaMbiM MX MATTEPH K CXeme MoTeH-
LIMaAbHbIX MHE3AOBbIX Y4aCTKOB.

Mol obpaboTtaan croit 3 370 Touek, cre-
HEPUPOBAHHBLIX B COOTBETCTBUM C MOAEAbIO,
MoKa3aBLUeN Ay4LUMI pe3yAbTaT BaAMAALIMM
no noavroHam TucceHa. [locae oTceueHus

and this does not always indicate clear ab-
sence of the species. It would seem that null
plots could be excluded from the abundance
calculation algorithm, but then overestimation
of abundance becomes possible, since there is
always the possibility of actual absence of the
species in null plots. To eliminate abundance
overestimation when extrapolating the den-
sity of birds or their nests on survey plots, it is
possible to estimate the probability of missing
birds on null plots. But this complicates the
abundance estimation and requires more ef-
fort for data processing and statistics. How-
ever, it is always possible to assume a 50%
probability of missing birds on null plots and
average the data for them and for those plots
where the species was found.

Intermediate in terms of complexity and
probability of distortion in abundance esti-
mates is the method of generating random
points that simulate distribution of target
species’ breeding territories based on the
distances between nearest neighbors (nests,
encounters equivalent to nesting-related)
with validation of the generated points pat-
tern using Thiessen polygons built around
real nesting areas or, to simplify analysis, us-
ing plots.

This spatial method, insofar as valida-
tion using Thiessen polygons goes, results in
a smaller spread of confidence interval and,
apparently, it should be considered the most
optimal method where there is insufficient
data, bias, or where it is not possible to adjust
the processing of survey results both on linear
transects and on plots. But when the species

Crepssatuuk. @oto M. KapsikuHa.

Egyptian Vulture. Photo by I. Karyakin.
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ToueK, AeXalmx B OydhepHbIX 30Hax Hace-
AEHHbIX MYHKTOB, M MPOPEXMBAHUA TOYEK 3a
npeaeaammn 6ydpepos doepm 1 B 30He pacripe-
AEAEHUS KHYAEBbIX» MAOLLAAOK, Mbl MOAYYUAU
naTTepH 13 282 To4eK C MHTEPBAAOM B Mpeae-
Aax oT 175 ao 302. Bepudbukaums natrepHa
TOYEK MO MCTUHHBLIM THE3AAM M AOKALMAM
PEryApHbIX BCTPEY MTULL, KaK MO HaLIMM AdH-
HbIM, TaK M MO AaHHbIM APYTMX aBTOPOB, Mo-
3BOAMAQ OTHECTM K BepucPULMPOBaHHBbIM 91
TouKy (32,3%) M3 CreHepuMpOBaHHOrO MatTTep-
Ha — 3TU TOUKM A€XKAAM B MPEAEAAX UCTUHHBIX
FHE3AOBbLIX Y4aCTKOB CTepBATHMKA. YeTbipe
TOYKM OTHECEHbI K OLUMOOYHbIM — AEXKaLLUMM
B MPeAeAax rHe3A0BbIX Y4aCTKOB CTEPBATHMKA
B Mape C APYrMmmM TOHKamu, BAMXKE PacrnoAo-
XKEHHBIMM K UCTUHHBLIM FHE3AaM. Aast 187 To-
YeK CTaTyC He MOATBEPXKAEH, TaK KaK TEppUTO-
PUK, AASE KOTOPBIX OHM ObIAM CreHepUpPOBaHbI,
OCTalOTCA HEOOCAEAOBAHHBIMM, HO ABASIOTCS
FHE3AOMPUIOAHBIMM  COTAACHO  pe3yAbTaTam
Hallero MoAeAMpoBaHug (puc. 23).

[MocuntaB OTXOA FHE3A M3 3TOMO Maccu-
Ba Cr€HEPUPOBAHHBLIX TOYEK, Mbl MOAYHUAM
OLEHKY YMCAEHHOCTM B 43-74, B CpeaHem
69 ycnewHbix nap (taba. 12, puc. 23). Takum
00pa3om, OLEHKY YMCAEHHOCTM CTePBATHUKA
B Kaparay B 171-298, B cpeaHem 278 rHes-
AALLMXCA Nap, U 43-74, B cpeaHem 69 ycnewu-
HbIX Map, Mbl MPUHUMAEM KaK UTOrOBYIO MO
pesyAbTaTamM Hallero MCCAEAOBaHMS.

Mbl He AeraAm oTAeAbHOrO pacyérta umc-
AEHHOCTM perncrpaumii NTul, He CBA3aHHbIX
C rHe3A0BbIMM yyacTkamu. Ho caeayeT obpa-
TUTb BHUMAHKE, YTO 4acCTOTa PErncTpaumii Bo
BTOPOM MOAOBMHE MIOAS MaAaeT B 3 pasa oT-
HOCUTEABHO BECEHHMX MoKa3aTeAer (KoHeu
anpeAs — Ha4ano Mas). B mnioae 2022 r. Mmbl
AL TPUXKAbI HAOAIOAAAM B3POCABIX MTWL,
He CBA3aHHbIX C MHE3A0BbIMM Y4aCTKamMM, M
T HENOAOBO3PEAYIO MTHLLY, OTHOCUTEALHO 12
BCTPEY CO B3POCALIMKM MTuLAMM B Mae. Mol
CBS3bIBA€M 3TO C OTKOYEBKOMW NTuL, MNoTe-
PABLUMX KAQAKM M BbIBOAKM, B DOAEE 10XKHbIe
parioHbl (B Y30ekuctaH man TypKMeHWUCTaH).
Mo KkpaliHei Mepe, NTULbI, PaHO AULLIMBLUN-
€csl MOTOMCTBA, NnepecTaloT HabAloAaTbCS Ha
FHE3AO0BbIX Y4acCTKax y>Ke BO BTOPOW MOAOBU-
He mioHs. [pu 3ToM B pernoHe He HabAoAa-
I0TCA CKOMAEHMSA MTULL HM HA BOAOMOAX, HM
Ha CBaAKax. HeT Takmx >Ke CKOMAeHWI 1 B
ApYrux permoHax KasaxcraHa, B TOM YMcAe U
Ha MOAKOPMOUHbIX MAOLLIAAKAX (cM. [NecTos u
ap., 2017; 2019).

AAS TOFO UTOObI MOHATB, ABASETCA AU AET-
Hee CHUXXeHMe BCTPe4aeMOCTU CTEepBATHMKA
3aKOHOMEPHBIM, Mbl MPOAHAAM3MPOBAAK BCE
BCTPeYM 3TOro Buaa B KazaxcraHe no Halumm
AAHHBLIM U MO AUTEPATYPHLIM UCTOUYHMKAM U

Crepsatauk. oto M. KapskuHa.

Egyptian Vulture. Photo by I. Karyakin.

presence points distribution is far from nor-
mal, the RPG method will distort abundance
value by overestimation and will also require
adjustment.

In our study, we improved EV abundance
estimation result by making adjustments to
the distribution of points simulating EV nest-
ing areas in accordance with the methodol-
ogy, thereby bringing their pattern closer to
the scheme of potential breeding territories.

We processed a layer of 370 points gener-
ated according to the model that showed the
best validation result for Thiessen polygons.
After excluding points lying within the buffer
zones of human settlements and thinning out
points outside farm buffer zones and in the
distribution zone of null plots, we obtained a
pattern of 282 points with an interval ranging
from 175 to 302.

Verification of the point pattern on the ba-
sis of actual nests and regular bird encounter
locations, both according to our data and that
of other authors, made it possible to attribute
91 points (32.3%) in the generated pattern
to verified points — coordinates found within
actual EV breeding territories. Four points
were classified as erroneous — lying within EV
breeding territories paired with other points
closer to real nests. Status was not confirmed
for 187 points, since the territories for which
they were generated remain unsurveyed yet
are suitable for nesting according to our mod-
eling results (Fig. 23).
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66°30' 68°00° 69°30' 71°00° Puc. 23. Cxema creHepmpoBaHHbIX TOHEK U3 AydLuei
MOAEAU C BaAMAaLIMEN MO MOAMIOHaM TmcceHa, oT-
DO °0 e KoppekTupoBaHHas 1o 6ychepHbIM 30HaM HaCEAEHHBIX
® e goc MYHKTOB, ChePM U KHYAEBbIMY MAOLLIAAKAM M PaHXKMH-
PR Lo, poBaHHasi 1o CTaTycy Mo pe3yAbTaTam BepuchuKaLmm
a4 : "y gjp_. i (BBEPXY) M KapTbl MAOTHOCTU C paarycom noucka 10
'.0'0.:000006’0 KM (B LeHTpe) n 25 km (BHU3Y), NOCTPOEHHbIe M0 3TUM
ke e TO4YKam. YcAoBHble 0603HaqeHns: PBT — creHepuposaH-
o HbI€ TOYKM, MMUTUPYIOLLUME PaCTIpEAEAEHNE THE3AOBbIX
y4acTKOB CTepBsTHMKA, NocAe koppekumu, Verified
— FHE3A0BaHHE MAM PETryASIPHOE NMPUCYTCTBUE INTULL B
ah LI-A R rHEe3A0BOJ repuoa AokazaHo, Unknown — Touka He
P?T Gariad BepuchuLmposana, False — Touka owmboyHa, Tak Kak
e Unknown rornaAaeT B rHE3A0BOH yHacTtok BMecTe C Bepmquum—
® False [POBaHHO¥ (AASl OAHOIO MHE3A0BOIO y4acTKa Bepucbu-
-BB . LlMpOBaHHOVI CYUTAEeTCs TO4YKa, MAaKCMMaAbHO O6AU3KO
ot -BH Aexaluas K ruesay), D PBT — Bu3yaamsaums naroTHoCTU
-R : ‘ ° pacrpeaeAeHmsi TOUeK, UMUTUPYIOLLIMX MOTEHLIMAAbHbIE
-W | ® rHe3A0Bble yuacTkn, BH — mectoobutanms, R — peku,
~ W — BOAOEMBI.
50 0 50 100 Kilometers
s H f
1 _ Fig. 23. Scheme of generated points from the best model
86°30' 68°00" 69°30° 7100 with validation by Thiessen polygons, adjusted for buffer
66°30" 68700 69°30" 71:00 zones of settlements, farms and null plots and ranked by
[Jlyumas Mozens ¢ Banuaaumeii no noaMronam Tuccena status according to the results of verification (top) and
Best model with validation on the Thiessen polygons density map with a search radius of 10 km (center) and
‘ n=282 25 km (below), built on these points. Symbols: PBT —
| Kemel R=10 km generated points imitating the distribution of Egyptian
aarf - ¥ 2 | — Vulture breeding territories after correction, Verified
— nesting or regular bird presence during the breeding
period is proven, Unknown — the point is not verified,
CI-A - ! False— the point is erroneous, as it falls into the breeding
D-PBT territory together with the verified one (for one breeding
_ 0.001- 0,004 . ® territory, the point closest to the nest is considered to be
49 0.004-0.008 |~ — : - - 43¢ verified), D PBT — visualization of the density of points
L] g-g?g : g-g:: ' | distribution simulating potential breeding territories, BH
o 0.016-0.02 — habitats, R - rivers, W — water bodies.
[ 0.02-0.025
[ 0.025 - 0.029
[ 0.029 - 0.033
42| | N 0.033-0.037 | .
42
-R
-Ww
1
S50 0 50 100 Kilometers Nj\
b | After calculating nest abandonment for this
Gy Bag; i T array of generated points, we obtained an
66°30" 68°00" 69°30" 71°00 . .
- 2 = abundance estimate of 43-74 with an average
(Jly4ias Moaens ¢ BaJTHAAILIHEH NTO MOJHIOHAM -1 HCCEHa . .
'Best model with validation on the Thiessen polygons of 69 successful pairs .(Table_1 2, Flg 23).' ThUS,
‘ n=282 the EV abundance estimate in Karatau is 171—
Kemel R=25 km 298 breeding pairs, 278 on average, and 43—
O =3 | . .
“ — |« 74 successful pairs, 69 on average, is accepted
as final based on the results of our study.
Py ' We did not separately calculate the num-
DD-PI;»T l ber of bird records not associated with
- 0.001-0002 | breeding territories. But it should be noted
0.002 - 0.003 5 ; . .
S 6os 0065 that registration frequency in the second
"_Igggg e half of July fell by 3 times relative to spring
[ 0.008 - 0.008 indicators (end of April — beginning of May).
0.009 - 0.011
= 6T 613 In July 2022, we only observed three adult
<l 0-?;2 0014 | — — birds not connected with breeding territo-
W ries and one immature bird, compared to
5 6 T T ‘ 12 sightings of adult birds in May. We attrib-
— ute this to the departure of birds that have

68°00" 69°30°

M3BAEKAM AATbl BCTPEY M3 NyOAnKaumii. bbino
MCMoAb3oBaHO 199 MCTOYHMKOB (46 HaLUMX
HeonyOAMKOBaHHbIX HabAlOAEHMH, 74 HabAlo-
AeHus ¢ caifta Birds.kz n 79 nybamkauwi),

lost clutches and broods to more southern
regions (Uzbekistan or Turkmenistan). In
any case, birds that lost their nestlings early
are no longer observed on breeding terri-
tories by the second half of June at least.
At the same time, there are no concentra-
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Puc. 24. Anarpamma
4acTOTbl BCTpeY CTep-
BATHMKA B pa3aAnyHble
AeKaabl rosa B Kaszaxcra-
He. MICTOYHUKM AaHHBIX
npuseaersbl B [1puroxe-
Huu 652,

Fig. 24. A diagram of the
Egyptian Vulture sightings
frequency in various
decades of the year in
Kazakhstan. Data sources

are given in Appendix 6%.
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Oekagwl roga / Decades of the year

KoTopble npuBoadTcs B [lpuaoskeHnn 62
AHaan3 463 HabAlOAEHWIA CTepBATHMKA Tak-
Ke nokasaa 2,6-KpaTHoe CHUXKEHMe BCTpeYa-
€MOCTU CTEepPBSATHMKA B MIOHE — MIoAE (B CpeA-
Hem 19,22 ocobell) OTHOCUTEABHO Nepuoaa C
20 anpeas no 31 masa (B cpeanem 50,25 oco-
6ei) Npu He MeHee Yem 2-KpaTHOM YBeAnye-
HUM MCCACAOBATEAbCKMX YCUAWMIA B CepeAnHe
A€Ta — CM. PUCYHOK 24.

MuHMMaAbHas oueHKa YMCAEHHOCTM XO-
AOCTBIX MTUL B KapaTayCkoi nonyadumu (no
OTHOLUHMIO YMCA@ MX BCTPEY K FHEe3A0BbIM
y4acTKam) MOXKeT COCTaBAATb 51-89 ocobei.
Taknm 0B6pasom, NpPU YUCAEHHOCTU CTepBAT-
Huka B KapaTay Ha KOHel anpeAst Kak MUHM-
MyM 393-685 0cobei, K KOHLY MIOAS 3AeCb
octaétca ot 141 Ao 242, B cpeaHem 226
ocobeM, BKAoHas CAETKOB TeKyLlero roaa (13
pacuéta 1,27 NTEHUOB Ha yCnewHoe FHe3A0,
CM. [NoAeBbIe MCCAeAOBaHUS).

BbKknBaemMocCTb rHé3a

Kak y>xe OblAO OTMe4eHO Bbile, 13 19
rHE3A, MpoBepeHHbIX Tpuxkabl B 2010 1
2022 rr., yCnelwHbIMM OKa3aAOCb AMLLIb
57,89%, a obLuas BbKMBAEMOCTb C YYETOM
normbLumMx rHé3a, nposepeHHbIx 1 pa3 3a ce-
30H, cocTaBuAa Bcero 25,32%. OTxoa nreH-
uoB crapwe 50 AHel OblA NpenMyLLeCTBeH-
HO MO NpUYMHE XMLIHMYeCTBa OepkyTa, HO
Ham He M3BECTHO OT Yero nornbaa OCHOBHas
mMacca NTeHUoB B OoAee paHHem BoO3pacTe.
[MO3TOMY MbI CPaBHMAM AHHbIE O TMBeAn no-
TOMCTBA B FHE3AaX C MOFOAHBIMM, AaHALLIADT-
HbIMM M 3KOAOTMUECKMMM paKkTopamu, cae-
AaB 3TO He AASl BCEX MHE3A, @ TOAbKO AAS MPO-
BEPEHHbLIX MHOTOKPATHO B TeYEHKe Ce30Ha.

Mo wtoram 200 nporoHoB aAroputMma
Random Forest aecsiTblo Hanboaee BaxKHbI-
MU MEPEMEHHBIMU,  ONPEAGASIOLLMMMU  Bbl-

2 http://rrren.ru/wp-content/uploads/2022/12/App6-Phenology.xls

tions of birds in the region either at watering
places or landfills. There are no such con-
centrations in other regions of Kazakhstan,
including at feeding platforms (see Pestov et
al., 2017; 2019).

In order to understand whether the sum-
mer decrease in the EV occurrence is natural,
we analyzed all the sightings of this species
in Kazakhstan using our data and literature
sources, extracting sighting dates from publi-
cations. 199 sources were used (46 of our un-
published observations, 74 observations from
website Birds.kz, and 79 publications), listed
in Appendix 6.

An analysis of 463 EV observations also
showed a 2.6-fold decrease in EV occurrence
in June — July (average 19.22 individuals),
relative to the period 20 April — 31May (aver-
age 50.25 individuals), with at least a twofold
increase in research efforts in the middle of
summer — see Fig. 24.

The minimum estimate of the number of
non-breeding birds in the Karatau population
(in relation to the number of their encounters
to breeding territories) can be 51-89 individu-
als. Thus, while the EV population in Karatau
at the end of April was at least 393-685 indi-
viduals, while by late July 141-242 individuals
remain (average of 226 individuals), including
fledglings in the current year (based on 1.27
nestlings per successful nest, see Field studies).

Nest survival

As noted above, of 19 nests that were
checked three times in 2010 and 2022, only
57.89% were successful, and the overall sur-
vival rate, taking into account dead nests
checked once per season, was only 25.32%.
The mortality of nestlings older than 50 days
was mainly due to predation by Colden Eag-
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JKMBAEMOCTb MTEHLOB, OKa3aAUCb 3HaY€HMs
EVI B TeueHme Bcero cesoHa pasmMHOXeEHMS
(c anpeas no asrycr) (ot 0,38 a0 0,77), oco-
GeHHO B aBrycre, AMCTaHUMM AO THE3A Oep-
Kyta (0,60), nAoLlaab OTKPLITOM 3eMAU U
CKaA, MAOLIAAb TPaBAHOM PaCTUTEAbHOCTH,
Bo3pact nreHuos (0,40-0,41) n Temnepaty-
pa mioHs (Bec B MoaeAn Bcero 0,32). MNMoAHble
AaHHbIE MO BECY MEePEMEHHbIX B MOAEAW MO-
KasaHbl B TabA. 13.

M3 HECKOAbKMX AECATKOB AMHEMHbIX MOAE-
AN, OMpPEeAeASIOLMX BbIKMBAEMOCTb HE3A
CTEPBATHMKA, OMPOOOBaHHLIX B COOTBET-
CTBMU C BaXKHOCTbIO MEPEMEHHbIX, XopoLume

les, but we do not know what caused most
nestlings to die at an earlier age. This is why
we compared data on offspring mortality in
nests with weather, landscape, and environ-
mental factors.

According to the results of 200 runs of the
Random Forest algorithm, the ten most im-
portant variables that determine the nestlings
survival were EVI values during the entire
breeding season (from April to August) (from
0.38 to 0.77), especially in August, the dis-
tance to Golden Eagle nests (0.60), area of
open land and rocks, area of grass vegetation,
nestlings age (0.40-0.41), and June tempera-

napametpbl AIC 6biAM MoKasaHbl aAst 5 moae-  ture (weight in the model is only 0.32). Full
Aeid — cM. TabA. T4. Ayuiinmm moaeasmu no  data on the weight of variables in the model
AIC aBasiiotcsa EVIO8 (36,917) u EVIO8+dist.  are shown in Table. 13.

Taba. 13. CpeaHsisi BaXKHOCTb nepemeHHbIX, BAUSIOLLUMX Ha BbIXKMBAEMOCTb rHE3A CTepBSITHMKA, Mo utoram 200 nporoHos arroputma Random
Forest.

Table 13. Average importance of variables affecting the survival of Egyptian Vulture nests, based on the results of 200 runs of the Random Forest
algorithm.

3HaueHue no 3HaueHue no 3HaueHue no 3HaueHue no

pe3yAbTaTam pe3yAbTaTam pe3yAbTaTam pe3yAbTaTam
MNMepemeHHble  Value accorl({iIf MepemenHbie Value accord- lMepemenHbie Value accord- lNMepemenHbie Value accord-
Variables ing to RF Variables ing to RF Variables ing to RF Variables ing to RF
EVIO8 0.77 EVIO6 0.38 w_s 10 0.21 temp2m05 0.15
dist.Achr 0.60 tp06 0.32 Dist.nei 0.18 dist.farm 0.14
EVIO4 0.55 aspect 0.31 tp07 0.18 temp2m08 0.14
EVIO5 0.53 tp05 0.28 stemp0O5 0.17 temp2m07 0.13
EVIO7 0.46 tp04 0.27 slope 0.16 stemp04 0.13
WC_B100 0.41 roughness 0.22 temp2m06 0.16 stemp08 0.13
AgeDay1 0.40 vrm 0.22 stemp06 0.16 temp2m04 0.13
WC G100 0.40 tp08 0.21 elevation 0.16 stemp07 0.12

PacuumdppoBka cokpatuenmii / Abbreviations:

EVI — ycoepLueHCTBOBaHHbIN (MAWM PaCLUMPEHHBIN) BereTaLMOHHbIM MHAEKC (ABe UMdppbl nocae ab6pesuaTypbl 0603HaualoT
mecsiu) / Enhanced Vegetation Index (the two digits after the abbreviation indicate the month),

elevation — BbicoTa Haa yposHem Mopsi / altitude above sea level,

slope — yKAOH MeCTHOCTH (onncaHKe AOCTYMHO B [Mpuaoxkennn 1%6) / terrain slope (description available in Appendix 1%),

aspect — aKCNo3nLMs CKAOHa (onucaHme AocTynHo B Mpuaoxkennn 1°6) / angular direction that a slope faces (description available
in Appendix 1%9),

roughness — HEPOBHOCTb MECTHOCTM (OMMcaHue AOCTYNHO B Mpuaoxkenun 1%¢) / roughness of terrain (description available in Ap-
pendix 1°°),

VM — BEKTOPHast Mepa HEPOBHOCTH (onucaHue AocTynHo B Mpuaoxennn 15) / vector ruggedness measure (description available
in Appendix 1%9),

WC_B100 — naotaab roaoii 3eman 1 ckaa B paanyce 100 m / area of bare ground and rocks within a radius of 100 m,

WC_G100 — naoLLiaab NOKPbITUS TPaBSIHOW PacTUTEAbHOCTbIO B paanyce 100 m / grass cover area within a radius of 100 m,

w_s_10 — ckopocTb BeTpa Ha BbicoTe 10 m / wind speed at a height of 10 m,

AgeDay1 — Bo3pact nteHuoB / age of nestlings,

dist.neiv — ancraHumm mexay GAMXKaiiLLMMKM coceasimu cTepesTHUKa / distances between nearest neighbors of Egyptian Vulture,

dist.Achr — ancTaHumMn Mexay rHé3aamm cTepBsiTHMKa 1 GepkyTa / distances between Egyptian Vulture and Golden Eagle nests,

dist.farm — aucraHumMmn oT rHé3a cTepesiTHMKA A0 dhepm / distances from Egyptian Vulture nests to farms,

tp — cymma ocaakoB (aBe LMcppbl nocae abbpesuaTypbl o6o3HauatoT mecsu) / sum of large-scale precipitation (the two digits after
the abbreviation indicate the month),

stemp — TemnepaTypa NoBEPXHOCTU 3eMAM (aBe LMCPPbI Nocae ab6peBmaTypbl 0603HaualoT MecsiLy) / temperature of the surface of
land (the two digits after the abbreviation indicate the month),

temp2m — TeMnepaTypa BO3AyXa Ha BbICOTE 2 M HaA MOBEPXHOCTbIO CyLLIM (ABe LMdppbl NocAe ab6peBMaTypbl 0603Ha4aIOT MeCsLL)
/ temperature of air at 2m above the surface of land (the two digits after the abbreviation indicate the month).
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TabA. 14. Crincok AMHEHbIX MOAeAeii, KOTopble GbiAn orpoboBaHbl B MARK B COOTBETCTBUM C BaAKHOCTBIO MEPEMEHHBIX, BAUSIOLLIMX Ha BbKMBae-
MOCTb rHE3A CTEPBATHMKA (AAS KaXKAOH MOAGAM yKa3aHbl napameTpbl AlC).

Table 14. List of linear models according to importance of variables affecting survival of Egyptian Vulture nests tested in MARK (AIC parameters are
indicated for each model).

Model AlCc DeltaAlCc Weight Deviance
EVIO8 36.9171 0.00000 0.3597 32.9092
EVIO8 + dist.Achr 37.1351 0.21804 0.3226 31.1194
EVIO8 + dist.Achr + WC_B100 39.1435 0.00000 0.3505 31.1174
EVIO8 + dist.Achr + WC_B100 + AgeDay1 + tp06 39.2198 0.07627 0.3373 271649
EVIO8 + dist. Achr + WC_B100 + AgeDay1 39.3746 0.23109 0.3122 29.3355

Paciuncpposka cokpatuenuii / Abbreviations:
EVI — ycoBepLUeHCTBOBaHHbIN (MAM paCLUMPEHHbIN) BereTaUMOHHbIA MHAEKC (aBe LMcppbl nocre abbpesuaTypbl 0603HaualoOT
mecsu) / Enhanced Vegetation Index (the two digits after the abbreviation indicate the month),
WC_B100 — naotLuaab ronoi 3eman 1 ckaa B paanyce 100 M / area of bare ground and rocks within a radius of 100 m,
dist. Achr — ancraHumnm mexxay raéssamu ctepasTHuKa 1 6epkyTa / distances between Egyptian Vulture and Golden Eagle nests,
AgeDay1 — Bo3pacTt nteHuoB / age of nestlings,
tp — cyMMa ocaakoB (aBe Lmndppbl nocae abOpeBuaTypbl 0603HaualoT Mecsl) / sum of large-scale precipitation (the two digits after
the abbreviation indicate the month).

STl

Achr (37,135). Takum obpa3om, dpakTop, raas-
HbiM 0OPa30M OMpPeAEASIIOLLINIA BbIXKMBAEMOCTb
FHE3A CTEPBATHMKA, — 3TO BbIMAC, MPECC KOTO-
pOro B TeYeHMe rHe3A0BOrO CE30HA Mbl BUAUM
no asrycrtosckoMy EVI — 1 uem oHo Gonblue,
a 3HaYMT MeHbllEe MPecC BbiMaca, TeM HKe
BEPOSITHOCTb  BbDKMBAEMOCTM THE3A. BTopo-
CTereHHbIM (PaKTOPOM B MOAEAU SIBASIETCS
6AM30CTb K OepKyTam, OKa3blBAIOLLMM XMLL-
HUYECKMI MPEeCcC Ha CTePBSTHUKA — Yem OAM-
e K OepkyTam MHE3ASTCS CTEPBSTHUKM, Tem
HIKE BbDKMBAEMOCTb, OAHAKO YPOBEHb BAM-
siHWe dpakTopa HM3Kuit, nopsiaka 0,001 oTHo-
cutenbHo 0,02 y EVI s DSR. Tem He meHee,
HaTYPHbIMW HAOAIOAEHWSIMM OTXOA BbIBOAKOB B
pe3yAbTaTe XMLLHWMYEeCTBa MOATBEP>KAEH AOCTa-
TOYHO BECOMbIN. HO OH MOXKET ObITb CBSI3aH He
C TEePPUTOPUAAbHBIMM MapaMu BepKyToB, a C
OPOASUMMM HEMOAOBO3PEABIMM MTULIAMM, NPU-
CYTCTBME KOTOPbIX HA THE3AOBbIX TEPPUTOPUSX
CTEPBSATHMKA OYEHb CAOXKHO BbISIBUTb O€3 AAM-
TeAbHbIX HADAIOACHMIA 3a THE3AAMM.

OueHky exkeaHeBHOM BbbkmBaemocTh (DSR)
AN MHOTOKPATHO MPOBEPEHHBIX MHE3A CTep-
BSITHMKA Mbl paccimTaAmn no moaean EVI08 +dist.
Achr. Mo aaHHOM Moaean DSR cocraBmaa
(M=SE) 0,997+0.0017 (Ic/=0,991, uc/=0,999),

11 [ ———
S 0.98
e 0.96

DS

0.94
0.92

0.90

0.10

T
0.14
EVIO8

I T
0.18 0

TT T TT T T 1 T T
56 10 151820 25 30
dist. Achr

Out of several dozen linear models that
determine the survival of EV nests, tested
according to the importance of variables,
good AIC parameters were shown for five
models — see Table. 14. The best AIC mod-
els are EVIO8 (36.917) and EVIO8+dist.Achr
(37.135). Thus, grazing is the factor that
mainly determines EV nests survival. Its pres-
sure during the nesting season we see in the
August EVI — and the larger it is, and there-
fore less grazing pressure, the lower the prob-
ability of nests survival. A secondary factor in
the model is proximity to Golden Eagles, a
species which exerts predatory pressure on
the EV: the closer it nests to Golden Eagles,
the lower the survival rate, but the influence
level of the factor is low, about 0.001 relative
to 0.02 for EVI for DSR. Nevertheless, natural
observations have confirmed quite significant
loss of broods as a result of predation. But it
may not be associated with territorial pairs
of Golden Eagles, but with vagrant immature
birds, presence of which in the EV breeding
territories is very difficult to detect without
long-term nest observations.

We calculated the daily survival rate (DSR)
of EV nests using the EVIO8 +dist. Achr model.

Puc. 25. Ipachukm 3aBrucumoctn DSR oT cooTBeTcTBY-
foLmx nepemeHHsIx B Moaean EVIO8-+dist. Achr: cresa
- EVI08, cnipasa - dist.Achr.

Fig. 25. Graphs of DSR dependence on corresponding
variables in the EVIO8+dist Achr model: left — EVIO8, right
—dist.Achr.
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a obLuas BbDKMBAEMOCTb MHE3A CTEPBATHMKA
3a 161 AeHb C MOMEHTa HayaAa KAAAKM U AO
HaYaAa pa3Aéra BblBOAKOB cocTasmaa (M=SE)
0,624+0,1685 (Ic/=0,289, ucl=0,872).
Fpacpmkm 3aBucumoct DSR ot  cooT-
BETCTBYIOLLUMX  MEPEMeHHbIX B MOAEAM
EVI0O8+dist. Achr nokasaHb! Ha puc. 25.

I'Muranme

B Autepatype no KasaxcraHy wumeetcs
OYeHb MaAO CBEAEHMI O MUTaHWUKM CTepBAT-
Huka. Mo aaHHbIM M.H. Kopenosa (1962),
CTEPBATHUK MUTAETCA CaMbiMM Pa3HbIMW OT-
Opocamu, NasaAbio, a MHOTAA, B CAyyae OT-
CYTCTBMS 3TUX BUAOB MULLKM, MEAKUMM >KMBOT-
HbIMW — ALUepuUaMmm, 3MEAMM, MaAEHbKUMM
yepenaxamu; noadbmpas OTOPOCHI, OH HacTo
noceluaeT noceaeHust yeroseka. P.I. MNcpedp-
dpep (1990) nuwwet, uto B IOro-BocTouHOM
KasaxcraHe B 1983-1988 rr. cTepBATHMKM
KOPMMAMCb Ha Tpynax cairu (Saiga tatarica),
oseu (Ovis aries), kowku (Felis catus), koanu-
ubl (Platalea leucorodia), npuHocuan necqaHok
(Gerbillinae sp.) u exeii (Erinaceidae sp.). [No
AaHHbIM A.A. MBalueHko (1991), B noraakax,
COOPaHHbIX MOA FHE3A0M CTEPBATHMKA B AKCY-
Axabarabl, 90% COCTaBASIAM OCTaTKM MaBLLMX
AOMALLHUX )KMBOTHBIX, OCTAAbHOE — LIEPCTb U
KOCTU MbILLEBUAHBIX IPbI3YHOB, MEAKMX BOPO-
ObMHBIX MTUL M B OAHOM CAyYae — HacCTb KpbiAa
cn3oBopoHku (Coracias garrulus).

AAst npuAeraioLlert Tepputopun ¥Y3bekucra-
Ha MMEIOTCS CBEAEHUS O TOM, YTO CTEPBATHM-
KM FHE3AMAMCb PSAOM C KOAOHMEN PO30BbIX
CKBOPUOB (Sturnus roseus) U KOPMMAUCb WX
nTeHuamm (Kawkapos, 3arpebun, 2002).

Mo Hawum HabaoaeHuam B 2010 r., no-
MMMO MaAaAM BaXkKHyl0 POAb B MUTaHWUM
CTEPBATHMKA MIPaAM TPYMbl FPbI3YHOB, Kak
3aTONTaHHbIX CKOTOM, TaK M pa3sAaBAEHHbIX
aBTOTPAHCMOPTOM Ha Aoporax. Ao 4eTBepTy
OCTaHKOB MOA THE3AaMM COCTaBASAA OOAb-
Las necyaHka, 3aTem LUAM XKEATbIN CYyCAMK,
noAésku n TykaHunkn (Dipodidae sp.). Apy-
FMMW AOMUHAHTaMM B paumoHe ObiAM ylia-
CTblili éx (Hemiechinus auritus), »xeATony3uk
(Pseudopus apodus) 1 cpeaHeasnartckas ue-
penaxa (Testudo horsfieldii).

B 2022 r. B cBA3M C 3aTKHON Aenpeccuen
YMCAEHHOCTM IPbI3yHOB OHM MPAKTUHECKM MOA-
HOCTbIO BbIMaAW M3 paLIMOHa CTEPBATHMKA, 3aTO
YBEAMUMAACH POAb MTULL, B OCOOEHHOCTM CK30-
BOPOHKM, KOTOpas Hapsiay C YLIACTbIM €XKOM
cenyac SBASETCH AOMMHAHTOM B PaUMOHe CTep-
BATHMKa B KapaTay (6e3 y4€Ta naaaAn AomatlHe-
rO CKOTa, AOAIO KOTOPOIO Mbl HE MOXKEM onpe-
ACAWUTL KOAMYECTBEHHO MO OCTaHKaM B rHE3Aax).

AaHHble No paunoHy crepsaTHuka B 2010 1.
1 2022 r. npuBeaeHsbl B Tabanue 15.

According to this model, DSR was (M=SE)
0.997+0.0017  (IcI=0.991, ucl=0.999),
and the overall survival of EV nests for 161
days from the start of laying to the start of
brood dispersal was (M=SE) 0.624%0,1685
(Icl=0.289, ucl=0.872).

Graphs of DSR dependence on the cor-
responding variables in the EVIO8+dist.Achr
model are shown in Fig. 25.

Diet

Literature on Kazakhstan contains very lit-
tle information about EV diet. According to
M.N. Korelov (1962), EV feeds on a variety
of garbage, carrion, and sometimes, in the
absence of these types of food, small ani-
mals: lizards, snakes, small turtles; in pick-
ing up garbage they often visit human set-
tlements. R.G. Pfeffer (1990) writes that in
1983-1988 in Southeast Kazakhstan. EV fed
on the carcasses of Saiga (Saiga tatarica),
Sheep (Ovis aries), cats (Felis catus), Spoon-
bills (Platalea leucorodia), and brought
Gerbils (Gerbillinae sp.), and Hedgehogs
(Erinaceidae sp.). According to A.A. lvash-
chenko (1991), 90% of the pellets collected
under the EV nest in Aksu-Zhabagly were
the remains of dead domestic animals, the
rest was the hair and bones of mouse-like
rodents, small passerines, and in one case,
part of the wing of the European Roller (Co-
racias garrulus).

For the adjacent territory of Uzbekistan,
there is evidence that EVs nested near a colo-
ny of Rosy Starling (Sturnus roseus) and fed on
their chicks (Kashkarov, Zagrebin, 2002).

According to our observations in 2010, in
addition to carrion, rodent corpses played an
important role in EV diet, both those trampled
by livestock and crushed by vehicles on roads.
Up to a quarter of the remains under nests
were the Great Gerbil, then came the Yellow
Ground Squirrel, voles, and jerboas (Dipodi-
dae sp.). Other dominants in the diet were the
Long-Eared Hedgehog (Hemiechinus auritus),
the European glass lizard (Pseudopus apodus),
and the Central Asian tortoise (Testudo hors-
fieldii).

In 2022, due to a prolonged depression
in the number of rodents, they almost com-
pletely dropped out of the EV diet, but the
proportion of birds increased, especially the
European Roller, which, along with the Long-
Eared Hedgehog, is now dominant in EV diet
in Karatau (without accounting for dead live-
stock, the ratio of which we cannot quantify
from remains in nests).

EV diet data in 2010 and 2022 are given in
Table 15.
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Taba. 15. [TutaHue CTepBaTHMKA 10 AAHHBIM CHOPOB U3 MHE3A U C rIprcas OKoAO rHé3A B 2010 . m 2022 1.
Table 15. Egyptian Vulture diet according to data collected from nests and nearby perches in 2010 and 2022.
AutepartypHbie
AaHHblE Hroro
Publications 2010 2022 Total
Bua / Species n % n % n % n %
Aomatunuii océa / Wild ass (Equus asinus) 1 077 0.37
Aomatunss osua / Sheep (Ovis aries) + Aomalunss ko3a / Goat 10 32.26 7 5.38 9 841 26 9.70
(Capra hircus)
Caiirax / Saiga Antelope (Saiga tatarica) 1 3.23 1 037
3asu sp. / Here (Lepus sp.) 1T 077 1T 093 2 075
Cobaka / Dog (Canis familiaris) 1 077 1 093 2 075
Kowka / Cat (Felis catus) 1 3.23 1 077 2 075
Bapcyk / European Badger (Meles meles) 1 093 1 037
Aucnua / Red Fox (Vulpes vulpes) 1 077 1T 093 2 075
Kopcak / Corsac Fox (Vulpes corsac) 1 077 1 037
XKeéatbiii cycank / Yellow Ground Squirrel (Spermophilus fulvus) 7 5.38 7 261
boabLuas necuarka / Great Gerbil (Rhombomys opimus) 27 20.77 27 10.07
Mecuatka sp. / Gerbil species (Gerbillinae sp.) 3 9.68 1 077 4 149
TyLukaHuuk sp. / Jerboas (Dipodidae sp.) 4  3.08 1.49
Moaéska sp. / Voles (Microtinae sp.) 5 3.85 2 1.87 2.61
Ipbi3yHbl sp. / Rodents (Rodentia sp.) 10 769 2 187 12 448
Exx ywacrbiit / Long-eared Hedgehog (Hemiechinus auritus) 11 8.46 18 16.82 29 10.82
Ex sp. / Hedgehogs (Erinaceidae sp.) 2 6.45 2 075
Koanwuua / Eurasian Spoonbill (Platalea leucorodia) 1 3.23 1 037
Abicyxa / Eurasian Coot (Fulica atra) 1 077 1 037
KypranHuk / Long-Legged Buzzard (Buteo rufinus) 1 077 1 037
Mycreabra / Common Kestrel (Falco tinnunculus) 2 154 2 187 4 149
Kekank / Chukar (Alectoris chukar) 1 3.23 4 3.08 5 4.67 10 3.73
Toay6b / Pigeons (Columba sp.) 2 1.54 4 3.74 6 224
Cusosoporka / European Roller (Coracias garrulus) 1 3.23 3 2.31 19 1776 23 8.58
Po3oseiii ckBopett / Rosy Starling (Sturnus roseus) 2 6.45 5 3.85 5 467 12 4.48
BpaHoseble sp. / Corvids (Corvidae sp.) 2 1.54 4 374 6 224
Menkue BopoGbmHble nTuubl / Small passerine birds 2 6.45 9 692 12 1121 23 858
Xenatonysuk / European Glass Lizard (Pseudopus apodus) 8 6.15 7 654 15 5.60
3men sp. / Snakes (Serpentes sp.) 3 9.68 3 2.31 2 1.87 8 299
Crennas arama / Steppe Agama (Trapelus sanguinolentus) 5 3.85 2 1.87 2.61
Awepuusi sp / Lizards (Lacertilia sp.) 3 9.68 1 077 2 1.87 6 224
CpeaHeasuaTckas vepenaxa / Russian Tortise (Testudo horsfieldii) 1 3.23 6  4.62 8 748 15 5.60
Bcero / Total 31 100 130 100 107 100 268 100
Yrpo3si Threats

Yrpo3bl aAg CTepBaTHKMKaA B KapaTtay Mbl MO-
JKEM OLEHWUTb AWLLbL MOBEPXHOCTHO, TaK Kak
LIleAeBbIX MCCA@AOBAHMI HE MPOBOAMAOCD.

OCHOBHOWM yrpo30i AAS CTEpPBATHMKA B

We can only assess the threats to EV in Kara-
tau superficially, as no targeted studies have
been conducted.

It is possible that the main threat to EV in

KapaTay, KaKk u AASl APYrMX MaAaAbLUMKOB,
BEPOSATHO, SABASETCS OTpaBAeHue. Ho aToT
cpakTOp COBEPLUEHHO HE M3YyUYEeH M TOALKO MO
KOCBEHHbLIM MpPK3HaKamM M ONpocam MeCTHO-
r0 HaCEAEHUS MOXXHO CYAUTb O €r0 BAUAHUM.
Mo kpaiHeln mepe, arg TPEX TeppuUTOpuiA 13

Karatau, as for other scavengers, is poisoning.
Yet, this factor has not been studied at all, and
we can only judge its influence by indirect
signs and surveys of local residents. In at least
three of the six areas where EV stopped nest-
ing, residents and rangers reported on regular
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LIECTH, Ha KOTOPbIX CTEPBATHMK MpeKpaTuA
FHE3AUTBCS, ObIAM MOAYYEHbI CBEAGHMS OT
MECTHBIX XXMUTEAEH M erepen o0 peryAspHoM
MPUMEHEHUN OTPABAEHHbIX MPUMAHOK Mpo-
1B BoAKOB (Canis lupus) v wakanoB (Canis
aureus) Ha AaHHbIX TEPPUTOPUSIX.

AnrHnn aaexTponepesaqn (AII1) Ha 6eToH-
HbIX OMOpax CO LTbIPEBbIMU M30ASTOPaMM,
onacHble Kak AASl CTEPBATHMKOB, TaK U AAS
APYIMX XMLUHBLIX MTWL, PaCrOAOXEHbl B OC-
HOBHOM B NoOAHOXMK Kapatay, npeumylue-
CTBEHHO B 30HE YMEPEHHOW rMOEeAn XMULLHbIX
nTuu, rae HabAoAaeTCca peryaspHas rmbeb
3-5 BMAOB C MAOTHOCTbIO PACMPEAEAEHUS
0,5-1 oc./10 km ADIT (KapsikuH, 2016). Becb-
Ma BEpOSATHO, UYTO CTEPBATHMKM FMOHYT Ha
HUX B HE3HAYUTEALHOM KOAMYECTBE OKOAO
chepm, KOTOpble NOCELLIAIOT B MOMCKAX MULLH,
HO noka paKTUYECKMX AOKA3aTEALCTB ITOMY
y Hac HeT.

B 2022 r. B Kaparay v B YNHKOBOW 30He Ce-
BepHee rop Hamu ObIAO BbIsIBAEHO 386,17 KM
nTuueonacHsix ADI (MO ADIM), u3 Hux 71,4
KM HanpspkeHuem 35 kB 1 314,77 kM Hanps-
eHunem 6-10 kB. He 6bir0 3adpmkcnpoBaHo
HM oaHOro ydacTtka 1O ADI1, ocHaléHHoro
CNeUMaAbHbIMU MOAMMEPHbBIMM NTULE3ALLNT-
HbIMM YCTPOMCTBamMK. [10ApOOHO Ha npeameT
rmbeAn NTuu B MECTOODOUTAHUAX CTEPBATHU-
Ka ObIn0 ocMmoTpeHo 11,29 km pasHbix 10O
AJI1, Bcero obHapy»eHbl ocTaHku 17 ntuu
pasHbIx BUAOB. OTMEUeH eAMHCTBEHHBIN 0CO-
60 onacHbIi yvactok 10 A3l ¢ XoAOCTbIMM
n3oAaTopamu, Oepylumii Hauyaro B paioHe
c. XKblAaHAbI M MAYLLMIA K cpepme. Ha 3Tom
y4acTke AAMHOM 3,12 KM oTMedeHa rnbeas 11
nTMU cemelicTBa BpaHosbix (Corvidae), npe-
nmyLlectseHHo rpadeit (Corvus frugilegus)
(3,53 oc./km).

Hanboree cepbésHblii chakTop, KOTOpbIi
MOXKET OTPa3nTbCs Ha BCEM KapaTayCkou no-
MyASLUMM CTEPBATHUKOB B OAMXKalLLee Bpems
— 3TO ropHble pa3paboTkuM. Yke 3 rHe3A0BbIX
yyacTka, BbisiBA€HHbIX B 2010 r., k 2022 r.
OKa3aAMCb OpOLUEHHLIMKM MTULAMM MO NPK-
YMHe pacluMpeHns Kapbepos. M3 41 rHesao-
BOrO y4acTka, 3aHAaToro nrtuuamun B 2022 r,
Ha 8 (19,5%), NpenMyLLeCTBEHHO B paiioHe
r. JKanaTac, npoBeAeHbl reOAOropa3BeAOY-
Hble pabOTbl CO CTPOMTEALCTBOM BPEMEHHbIX
AOPOF M pa3spyLUEHUEM CKaA, YTO BbI3BAAO
CMeLLeHMe MOAOBMHbLI MNap, CTapble rHé3aa
KOTOPbIX MOMaAx B 30Hy paboT FreoAOroB.

B MectoobuTaHusax crepssTHuka Ha Kapa-
Tay yxe nocrpoeHo ase BOC, B ToM uumcae
OAHa — YKaHaTtacckas, Aexkallas Mexay Tpe-
M$S KPYMHBbIMWM  THE3A0BbLIMK  FPYMNMPOBKa-
Mu crepBaTHMKa. OAMH FHE3A0BOM y4acTOK
CTEPBATHUKOB MOCTPaAaA BO BPems CTPOM-

lNTuueonacras ADI1 B noAHoxumn Kaparay.
®oto M. KapsikuHa.

Bird-hazardous power line at the foot of Karatau.
Photo by I. Karyakin.

use of poisoned baits against Wolves (Canis
lupus) and Jackals (Canis aureus).

Overhead power lines (PL) on concrete
poles with pin insulators, dangerous for EV
and other raptors, are located mainly at the
foot of Karatau, mostly in a zone of moderate
raptor mortality, where regular death of 3-5
species are observed with a distribution den-
sity 0.5-1 ind./10 km of PL (Karyakin, 2016).
It is very likely that EVs are killed in small num-
bers near farms they visit for food, but so far,
we have no actual evidence of this.

In 2022, we identified 386.17 km of bird-
hazardous power lines (BH PL) in Karatau and
in the chink zone north of the mountains, of
which 71.4 km were 35 kV and 314.77 km
were 6-10 kV. Not a single section of PL was
equipped with special polymer bird protec-
tion devices. 11.29 km of different PLs were
examined in detail for the death of birds in
EV habitats; remains of 17 birds of different
species were found. An especially dangerous
PL section with idle isolators started near the
village of Zhylandy and went to a farm. Here,
in this 3.2 km long section, 11 deaths of the
birds belonging to Corvidae family (Corvidae)
were recorded, mainly Rooks (Corvus frugile-
gus) (3.53 ind./km).

The most serious factor that may affect the
entire Karatau EV population in the future is
mining. Three nests identified in 2010 turned
out to already be abandoned in 2022 due to
the expansion of quarries. Out of 41 breed-
ing territories occupied in 2022, eight (19.5%,
mainly located near Zhanatas) experienced
geological exploration accompanied by the
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Puc. 26. Yrpo3bi co CTOPOHbI rOPHOI A0ObIYM M 0OBLEKTOB BETPOIHEPreTUKM OAHOM
M3 rHEe3A0BbIX rPYNMMPOBOK CTEPBATHMKA B ropax Kapatay mexay ropoaamm Kana-
Tac u Kaparay. YcroBHbie 0603Haqenms: NP BT — rHe3aoBble y4aCTKu CTepBSTHUKA,
AexKallme 3a npeseamm AMLEH3UMOHHBIX YHaCTKOB rOPHOAODbIBAIOLLIMX KOMMaHMI 1
yaarérrbie oT BC; NP D — rHe3A0Bbie y4aCTKu CTEPBATHMKA, MOKMHYTbIE NTULaMU
nocae crtpouterbcTsa XKanatacckort BOC; NP M — rHe3aoBbie y4acTki CTepBaTHUKa,
KOTOPbIM Yrpo>KaeT A0DbIHa MOAe3HbIX MCKOMAaemMbIX, MOCTPAAABLUNE B XOAE reo-
AoropasseaoyHbix pabot; NP M+WF — rHe3aoBble y4acTku CTepBsTHUKA, KOTOPLIM
yrposkaet A00bl4a MOAe3HbIX MCKOMaembIX M MTHLbI C KOTOPbIX MOTYT NOrMbHYTS

Ha BOC B xoae netHmx nepemeruenmii u murpaumm; WF — BOC; TT — cTposiuascs
TexHoAOrnyeckas Tpacca BAOAb Typbur BOC; M — kapbepbl, 0TBaAbl, FOPHOPYAHbIE
npeanpumsaTusi; S — HaceAéHHbie nyHKTbl; W — Boaoémbl; R — pekn, T — BOC KokTana,
2 — XKanaracckas BOC.

Fig. 26. Threats from mining and wind power plants to one of the Egyptian Vulture
nesting groups in the Karatau mountains between the cities of Zhanatas and Karatau.
Legend: NP BT — EV breeding territories lying outside the licensed areas of mining com-
panies and remote from wind farms; NP D — EV breeding territories abandoned by birds
after the construction of the Zhanatas wind power plant; NP M — EV breeding territories
threatened by mining, affected by geological exploration; NP M+WF — EV breeding
territories threatened by mining operations and birds from which may die in wind power
plants during summer movements and migration; WF — wind power plant; TT — techno-
logical route under construction along wind power plant turbines; M — quarries, dumps,
mining enterprises; S — settlements; W — reservoirs; R — rivers, 1 — Koktal Windfarm, 2

— Zhanatas Windfarm.

TeAbCTBa M OPOLLIEH NTULAMM, ELLE MUHUMYM
AAS 8 Map M MX MOTOMCTBA CO3AaéTCs yrpo3a
rMbeAn BO BpemMsi MUrpaLmu.

BOC u kapbepbl M0 AODbIYE MOAE3HbIX MC-
KOMaemblX B KAKOUYEBOW FHE3A0BOWM pynmu-
pOBKe CTepPBATHMKA NPEACTaBAEHbI Ha PUCYH-
Ke 26.

O6cyxaenue

MoaeanpoBarne

AaHHOe MCCAeAOBaHME MPEACTaBASIET CO-
60K NepByio MOMbITKY MOAEAMPOBAHMSA pac-
npocTpaHeHns crepBaTHuka B Kapartay u
OLIEHKM €ro YNCAEHHOCTM Ha OCHOBAHMM MO-
CTPOEHHOWM MOAEAM MO pe3yAbTaTam LIEAEBbIX
Y4€TOB.

Hawm pesyAbTaTbl MOKa3aAM, 4TO MPUroA-
HOCTb CpeAbl OOMTaHMs CTepBATHMKA onpe-
AeASieT HEeCKOAbKO (PaKTOpOB, M3 KOTOPbIX
HanboAbLIEE BAMAHME OKasbiBalOT 4 KAM-

construction of temporary roads and cliff de-
struction, which caused a displacement of half
of the pairs whose old nests fell into the work-
ing area.

Two wind power plants (WPP) have already
been built in EV habitats in Karatau, including
Zhanatas WPP, which lies between three large
EV breeding groups. One EV breeding terri-
tory was damaged during construction and
abandoned by birds, at least eight pairs and
their offspring are threatened with death dur-
ing migration. WPP and mining quarries in a
key EV breeding group are shown in Fig. 26.

Discussion

Modeling

This study is the first attempt to model EV
distribution in Karatau and estimate its abun-
dance based on a model of the results of tar-
geted surveys.

Our surveys showed that suitability of EV
habitat is determined by several factors, of
which four climatic variables (average tem-
perature of the wettest — quarter bio08, aver-
age daily temperature range —t _—t _ bio02),
seasonal temperature — bio04, average annual
temperature range — maximum temperature
of the hottest month minus the minimum
temperature of the coldest month — bio07 and
three geomorphological variables (an indica-
tor that fixes the variability of slope and aspect
in one dimension, vector ruggedness meas-
ure — vrm, terrain slope — slope, and elevation
above sea level — elevation have the greatest
influence. Similar variables (elevation gave
about 54% of the total model performance,
slope and bio7 together gave 34% of the total

CTepBATHUK C AODbIYEN AETUT K MHE3AY Yepe3
Kanatacckyio BOC. @oto I [Myankosos.

Egyptian Vulture with prey flies to the nest through the
Zhanatas windfarm. Photo by G. Pulikova.
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MaTMyeckme nepemeHHble (CpeaHss Temne-
paTypa camMoro BA@XHOro keapTtasa — bio08,
CPeAHsisi CyTO4YHas amnAmTyAa Temnepartyp
ot — bio02, cesoHHas TemnepaTypa —
bio04, cpeaHeroaoBas amnAMTyAa Temnepa-
TYp — MaKkCMmaAbHas TemnepaTtypa Camoro
XKapKOro mecsila MMHYC MMHMMaAbHas Tem-
rnepaTypa Camoro XoA0AHOro mecsilia — bio07)
1 3 reomopcporormyeckue (nokasareAb, uk-
CUPYIOLLMIA M3MEHYMBOCTb HAaKAOHA M acrek-
Ta B OAHOM WM3MEpEeHMM, TaK Ha3blBaemas
BEKTOPHas Mepa HEePOBHOCTM — VIM, YKAOH
MEeCTHOCTU — slope M BbicoTa Haa ypoBHeM
Mopsi — elevation). AHaAOrMUHbIE MEPEMEHHbIE
(elevation — okoro 54% o6Lueli NPOWU3BOAK-
TEABHOCTH MoAaeA, slope 1 bio7 BmecTe aaam
34% obLUeil NpPOM3BOAUTEABHOCTM MOAEAM)
OblAM  OMPEACASIOLLIMMIA  MIPU  MOAGAMPOBA-
HuM B MaxEnt pacnpocTpaHeHns CTepBATHM-
Ka Ha rHesaoBaHmu B Mpakckom KypancraHe
(Khwarahm et al., 2021). BbicoTa Haa ypoBHem
Mops 1 aKcno3mums (aspect) ObiAn onpeaeas-
toLmmn no GLM B BeiGOpe MeCT rHe3aoBaHMs
cTepBsaTHMKOM B Typumu, a Random Forest
A0DaBASA B aHCaMOAb BaXKHbIX MepemMeHHbIX
AMCTaHUMM MEXAY OAMXKAMLLIMMM COCEAIMM,
AO HACeAEHHbIX NMYHKTOB 1 aopor (Sen, 2012).
CraHaapTHOE OTKAOHEHME BbLICOTbl HaA YPOB-
HEM MOpPS M BECEHHEe-AeTHME MoKa3aTeAn
NDVI 6biAn Takoke ONpeAeAsioMMm AeTHee
pacnpocTpaHeHue CTepBaTHMKa B MpaHe no
AaHHbIM MOAEAMPOBaHMA B MaxEnt B 0aHOWM
cratbe (Farashi, Alizadeh-Noughani, 2019) u
NAOTHOCTb MOroAoBbsi ckoTta (31,82%), HaAm-
yMe AMKMX KOMbITHLIX (15,36%), YAAAEHHOCTb
OT cBaAoK (14,77%), pacTuTeAbHOCTb (12,46%)
1 BbICOTa Haa yposHem mops (11,85%) — B Apy-
ron (Ashrafzadeh et al., 2020).

Aydwias MoAeAb FA0DaAbHOMO  pacrnpo-
CTpaHeHus cTepBsaTHMKa B MaxEnt Bkalova-
Aa BMOKAMMATHUeCKMe, Tororpadpuyeckue,
PacTUTEAbHbIE M aHTPOMOreHHbIe napame-
Tpbl, @ Hanboaee BaXKHLIMKM MEPEeMEHHbIMK,
BHECLLUMMM OCHOBHOM BKAAA B MOAEAb, OKa-
3aAMCb MAOTHOCTb MOFOAOBbLS CKOTA, CE30H-
HOCTb TemrnepaTtypbl, OCAAKM CaMOIO XOAOA-
HOro KBapTaAa u ykaoH (Panthi et al., 2021).
Halwe MoaeAMpoBaHMe HE3A0MPUIOAHBIX
6uoToNoB CTepBATHMKA B KapaTay B 0OLUMX
yepTax COBMAAO C pe3yAbTaTamu MOAEAMPO-
BaHMSA PacnpoCTpaHeHns BUAA B TAODaALHOM
MactuTabe (puc. 27), HO € AydLLel TOYHOCTbIO
BLIAGAEHMS FHE3AOMPUIOAHBIX O1OTOMOB. Mbl
AODMAMCb KOPPEKTHOMO BbIAGAEHUS B Kade-
CTBE FHEe3AOMPUIrOAHbLIX OMOTOMOB KaK y4acT-
KOB YMHKOB MaAOM NAOLLIAAM, TaK M CKaAbHbIX
oOHaxeHMI xpeOTOB, MPUYEM B 30HE BbICOT-
HOW MOSICHOCTM, BbilLe KOTOPOW CTEPBATHUK
HE FHe3AUTCH. MIMEHHO C OrpaHMYeHunem no

model performance) were determinant when
modeling the distribution of breeding EV in
MaxEnt in Iraqi Kurdistan (Khwarahm et al.,
2021). Altitude and aspect were GLM-deter-
mining variables in the selection of Turkish EV
breeding territories, and Random Forest add-
ed distances between nearest neighbors, set-
tlements, and roads to an ensemble of impor-
tant variables (Sen, 2012). Altitude standard
deviation and spring-summer NDVI indicators
were also determinants of EV summer distri-
bution in Iran according to MaxEnt modeling
data in one article (Farashi, Alizadeh-Nougha-
ni, 2019) and livestock density (31.82%), pres-
ence of wild ungulates (15.36%), remoteness
from landfills (14.77%), vegetation (12.46%),
and altitude (11.85%) — in another (Ashrafza-
deh et al., 2020).

MaxEnt’s best global EV distribution model
included bioclimatic, topographic, vegetation,
and anthropogenic parameters. The most im-
portant variables that primarily contributed to
the model were stock density, temperature
seasonality, coldest quarter precipitation, and
slope (Panthi et al., 2021). Our EV breeding
biotopes models for Karatau generally coin-
cided with models of species distribution on a
global scale (Fig. 27), but with better accuracy
in identifying breeding biotopes. We achieved
the correct selection of both patches of small
areas and rocky outcrops of ridges as breed-
ing biotopes, even at altitudes above which EV
does not nest. Errors in models based on pres-
ence and background points (but not in mod-
els based on real presence and absence points)
were caused by limitations in elevation range.
In this case, in dry mountains, the upper limit

Crepssitink. @oto M. KapsikmHa.

Egyptian Vulture. Photo by I. Karyakin.
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BbICOTHOMY AMana3oHy CBS3aHbl OLLUMOKK B
MOAEASIX, OCHOBAaHHbIX HE Ha PeaAbHbIX TOY-
Kax MpUCYTCTBKS M OTCYTCTBMS BMAQ, @ Ha TOY-
Kax MpUCyTCTBMS M (POHOBBIX. B 3TOM cAyuae
B CyXMX ropax BepXHWI npeaeA pacrnpocrpa-
HeHMS CTepBATHMKA OKa3blBAeTCH «3aApaH-
HbIM» AO 3KOAOTMYECKOrO MaKCMMyma BuAa
MAM AaXKe BbllLe, KaK, Hanpumep, 3To HabAlo-
aaetcs ansa Mpaka (Khwarahm et al., 2021),
Yyero B Hallel MOAEAM HaM YAaAOCb M30e-
KaTb. Bce BblA@AEHHbIE HAaMKM FHE3AOMPUIOA-
Hble AASl CTEPBATHMKA OMOTOMBI A€XKaAM Ha
BblCOTE HMKe 1675 M HaA ypOBHEM MOps M
COOTBETCTBOBAAM CPEAHEMY AMamnasoHy pac-
MOAOXKEHMS THE3A (679,89+218,11). UHTe-
PeCcHO, 4TO B TaKOM >Xe BbICOTHOM AManasoHe
(523-1644 M Haa YpOBHEM MOPS) FHE3AAT-
CSl CTEpPBATHMKM B npearopbax [Mmansaes B
ueHTpe 3anaarvoro Henaaa (Gurung et al.,
in press). BUAMMO, 3TOT BbICOTHbIM AMaNa3oH
SBASIETCS TMUIMMUYHBIM AAS BMAA U BbIXOA pe-
3yAbTaTOB MOAEAMPOBAHMS 3a €ro NnpeAeAbl
AASl BOCTOYBIX MOMYASILIMIA AOAKEH CHUTATHCS
OLLIMOOYHbIM.

Puc. 27. NpeackazaHme NOAXOASILLErO TA0OaAbHOro
FHEe3A0BOro apeaa CTepBATHUKA Ha OCHOBE MOAe-
AmposaHms B MaxEnt ¢ 2085 Toukamu npucyTcTems,
COBpaHHbIMM B TEYEHUe Ce30Ha pasmMHOXeHus, n 16
nepemMeHHbIMM OKPYKaloLLIeH CPeAbl (a) 1 npeackasaHme
MOAXOASLLErO r06arbHOr0 3MMOBOYHOIO apeaa cTep-
BSITHMKA Ha OCHOBE MoAeArpoBaHms B MaxEnt ¢ 937
TOYKamu NPUCYTCTBUS M 16 NepemeHHbIMU OKPYyIKaio-
weii cpeast (b) u3: Panthi et al., 2021.

Fig. 27. Predicted suitable global breeding habitat range
for Egyptian Vulture based on MaxEnt modelling of 2085
occurrence data points collected during the breeding
season and 16 environmental variables (a) and predicted
suitable global wintering habitat range for the Egyptian
vulture based on MaxEnt modelling of 937 occurrence
data points and 16 environmental variables (b) from:
Panthi et al., 2021.

of EV distribution turns out to be “elevated”
above the species’ ecological maximum, as, for
example, is observed in Iraq (Khwarahm et al.,
2021), an issue we managed to avoid in our
model.

All the EV breeding biotopes we identified
lay at an altitude below 1675 m above sea lev-
el and corresponded to the average range of
nest location (679.89+218.11). Interestingly,
in the Himalayan foothills in central-west Ne-
pal (Gurung et al., in press) EVs reproduce in
the same altitude range (523-1644 m above
sea level). Apparently, this altitudinal range is
typical for the species, and output of modeling
results beyond these limits for eastern popula-
tions should be considered erroneous.

Validation of our model against external
datasets (R?°=0.74, AUC=0.986 for birds.kz
and R?’=0.79, AUC=0.997 for birds.kz +
GBIF) was even better than expected. Ma-
jor validation errors in birdwatchers datasets
were associated with false negative presence,
and it is likely that inaccurate birdwatcher EV
sighting locations contributes to this and is not
a model flaw. Analysis of birdwatcher data on
known breeding territories shows a spread in
their locations relative to real EV nests from 1
to 12 km, so even elongating validation points
to nest-suitable substrates visible on satellite
images does not always help to level errors.
On the other hand, there are no EV pres-
ence points in our training sample in Beltau,
Kazgurt, and in Aksu-Zhabagly, it is therefore
reasonable to assume a significantly larger
number of false-negative presence values in
the resulting raster for this territory than for
the main massif of the Karatau mountains in
which we laid out our main survey plots to
identify EV nests. At the same time, our best
model (M3) processes areas of chinks well,
even with a total area of breeding biotopes
less than 0.1 km? and a chink zone width of
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BaAmaaums Hallelt MOAeAU MO BHELLIHWUM Ha-
H6opam aaHHbIX (R?= 0,74, AUC=0,986 aas
birds.kz u R?=0,79, AUC=0,997 aasa birds.kz
+ GBIF) okasaracb aaxke Ay4lle OXKMAAHMA.
OcHoBHble OLIMOKM BaAnaauMmu no Habopam
AQHHBIX AIODUTEAEN MTULL CBSA3aHbl C AOXKHO-
OTpULATEAbHBIM MPUCYTCTBMEM M 3A€CH, CKO-
pee BCero, BaXKHbl BKAAA BHOCUT He HeAoCTa-
TOK MOAEAM, @ HETOYHOCTb AOKaLUWM BCTpeY
CTEPBATHUKOB, HADAIOAABLLIMXCS AIOOUTEAIMM
NTULU. AHaAM3 AQHHBIX AOOUTEAEN MTULL MO
M3BECTHbIM Ham HE3AOBbIM Yy4acTKam MoKa-
3blBaeT pa3bpoc MX AOKaUWi OTHOCUTEAbHO
peaAbHbIX THE3A CTEPBATHMKA OT T A0 12 KM,
MO3TOMY AaXKe MPUTSKKA BAaAVAALIMOHHBIX TO-
Yek K FHe3AOMPUrOAHBIM CyOCTpaTam, BMAM-
MbIM Ha KOCMOCHMMKaXx, He BCeraa rnomoraet
HMBeAMpoBaTb OLIMOKM. C ApPYyroi CTOPOHbI,
B Hallei obyyatoLuei BbIOOpKe OTCYTCTBYIOT
TOYKM MPUCYTCTBUS CTepBATHMKA B beabTay,
Ha KasrypTe u B AKCy-Axabarabl, NO3TOMY AO-
FMYHO MPEANOAOXKMTb 3HA4YMTEABHO DOAbLLee
YUCAO AOYKHOOTPULIMTAABHbIX 3HAYEHWI Mpu-
CYTCTBMS B PE3YABTMPYIOLLEM PacTpe AAS 3TOM
TEPPUTOPUN, HEXKEAM AAF OCHOBHOIO MaccuBa
rop Kapatay, B KOTOpPbIX M ObIAM 33aAOXKEHbI
OCHOBHbI€ YYETHbIE MAOLLAAKM AAS BbISBAEHMS
rHE3A cTepBaTHMKA. B TO xe Bpemsi Aydluas
Hawa moaeAb (M3) xopolio oTpabatbiBaeT
YYaCTKM YMHKOB, Aake Mpu obLLei NAOLLaAK
rHe3A0MPUroaHbiX 6uoTonoB MeHee 0,1 KkM?,
Mpu LWMPHMHE YMHKOBOM 30HbI MeHee 100 m
(cM. BKAaAKY Ha puc. 15), MO3TOMY HeAb3$ ro-
BOPWUTb O CMABHOM MCKaX>KEHMM MOAEAU B CTO-
POHY AO>KHOOTPULATEABHbIX 3HAYeHWA Mpu-
CYyTCTBMS AASl MECTOOOWTaHWIA CTepBSATHMKA
o)kHee KapaTay.

AAS LleAelt MOAEAMPOBAHMS Mbl He CTaAM
BKAIOYaTb NepemeHHble, CBA3aHHble C AUCTaH-
LMSIMM AO HACEAEHHBIX MYHKTOB, hepM U AO-
por, a TaKxke Takoi napameTp Kak MAOTHOCTb
CKOTa, KOTOpble WCMOAb30BaAMCh MHOTUMM
aBTOpamMM B MOAEAMPOBAHMM pacnpocTpaHe-
HWUS BMAQ B APYrMX CTpaHax (CM. BbilLE), He-
CMOTpPS Ha TO, YTO t-TecT nokasaA BaXXHOCTb
psaa napameTpos. CBA3aHO 3TO C HECKOAb-
KMMM NPUYMHAMK, M NepBas U3 HUX — YTOObI
He BHOCWTb B AQHALLACPTHYIO MOAEAb MCKaXKe-
HUS, CBSA3aHHbIE C MHAMBMAYaAbHbIMM OCODEH-
HOCTSIMM NTUL, MX CTENEeHbIO TOAePaHTHOCTM
K MPUCYTCTBMIO YeAOBEKA M TPOCPUHECKMMM
npeAnoYTeHnamun. Aaree Npu KOPPeKTUPOBKe
OLIEHOK YMCAEHHOCTM 3TW NapamMeTpbl 4acT1y-
HO ObIAM yUTeHbI (CM. HIXKe).

OueHKa YHMCAeHHOCTH

HecmoTps Ha aAoCTaTOYHO CTabOMAbHblE
rokasaTean OOHapy>KeHWUsi CTepBATHUKOB
Ha YYETHbIX MapLUpyTax, 3TOT BUA OCTaéTCs

Crepsaruuk. @oto M. KapsikuHa.

Egyptian Vulture. Photo by I. Karyakin.

less than 100 m (see addition on Fig. 15), so
we cannot speak of strong model distortion
towards false-negative presence values for the
EV habitat south of Karatau.

For modeling purposes, we did not include
variables related to distances to settlements,
farms, and roads, or a parameter such live-
stock density, used by many authors in mode-
ling species distribution in other countries (see
above), even though t-test showed the impor-
tance of a number of parameters. There are
several reasons for this, and the first is to avoid
introducing distortions into the landscape
model related to individual bird characteris-
tics of birds, the degree to which they toler-
ate human presence and trophic preferences.
Further, these parameters were partially tak-
en into account (see below) while adjusting
abundance estimates.

Estimating abundance

Despite fairly stable EV detection rates on
survey routes, the species remains difficult
to detect, especially in July, when nestlings
are one month old. At that time adult birds
leave nests for long periods, often flying off in
search of food and water in pairs. So when
suitable niches with droppings are found,
one must spend quite a long time observing
them through optics if there are no adult birds
nearby at the time. All this is superimposed
on birds leaving their breeding areas by July if
clutches or broods died early. In those cases,
it is only possible to identify an occupied nest
after climbing to it, a rather laborious process
on rocks more than 50 m high.
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CAOXKHBIM AAS BBISBAE€HMS, OCOOEHHO B MIOAE,
MOCA€ AOCTUXKEHMS MTEHUAMM  MEeCSIHHOro
BO3pacTa. B 3TOT nepuoa B3poCAble MTULIbI
HAAOAIO OCTaBASIIOT THEé3Aa, MPUYEM 4acTo
OTAETas Ha MOMCKM KOpMa M BOAOMOM Mapa-
mu. TloaTomy nNpu 06HapPY>KEHUKU NPUTOAHbIX
AASI CTEPBSATHMKA HULL CO CA€AAMM MOMETa
MPUXOAUTCSA TPATUTb AOCTATOYHO MPOAOA-
KUTeAbHOE BpemMsi Ha HabAloAeHME 33 HUMK
B OMTUKY, €CAM B TEKYLLMIA MOMEHT BPEMEHM
B3POCAbIX MTULL HET Ha y4acTke. Bcé 310 Ha-
KAQABIBAETCS Ha OCTABAEHME MTULAMMU CBOMX
FHE3AOBbLIX YYaCTKOB K MIOAID, €CAM KAAAKM
MAM BbIBOAKM MOrMOAM AOCTaTOYHO paHo.
MaeHTUMUMPOBATE 3aHSTOE MHE3A0 B 3TOM
CAy4ae BO3MOXKHO TOALKO MOCAE MOAbEMa Ha
Hero, 4To AOCTaTOYHO TPYAOEMKMIA MpoLecc
Ha cKaaax BblcOTON 6oaee 50 M.

B raybGokmx HMLIax 1 Ha ckaax Bbitle 80 m
CAOXKHOCTU C BbISIBAEHMEM THE3A BO3HMKAIOT
B AOOOM MEpMOoA, AaXKe KOFAa B3pOCAas MTH-
La MOCTOAHHO CMAMT Ha KAaake. Ha BbICOKMX
CKaAax Mpu HEBO3MOXXHOCTM HabAloAaThb 3a
HULLIAMM C MX YPOBHA BeCbMa BEPOSATEH Mpo-
MyCK NTUL, CUASLLIMX B TAYOMHe Huw. Te xe
NPoOAEMbI BO3HMKAIOT M MPKU SPKOM COAHEY-
HOM CBeTe, KOrAa KOHTPACT A€AAeT HEeBO3-
MOXHbBIM ~ MAEHTUPUKALIMIO  COAEPKMMOTO
FAYOOKMX HULL A2XKe Mpu HaDAIOAEHMM C MX
YPOBHS. YUUTbIBASA CAOXKHOCTM C BbISIBAEHUEM
CTEPBATHMKOB Ha THE3A0BAHWMM, AASL YAYY-
LIEHNUA Pe3yAbTaTMBHOCTM LeAeBbIX paboT
Mo 3TOMYy BMAY HEOOXOAMMO MPUKAAABLIBATD
MaKCMMaAbHbIE YCMAMS MO  0OCAEAOBAHMIO
FHE3AOMPUIOAHBLIX AASl HEFO MECTOOOMTaHMI
C CepeAnHbl anpeast Ao koHua mas. CrepsaT-
HUKKM B 3TOT MEPUOA HanbOAee 3aMeTHbI M
HanboAee aKTMBHbI OKOAO FHE3A. Ho aaxe B
3TOT NEPUOA OCTAETCA BLICOKAs BEPOATHOCTb
nponycka reésa, 0cobeHHO Ha TeppUTOpUAX
C HM3KOM MAOTHOCTbIO FHE3A0BAHMS MTULL

B Hawen ceTm y4€THbIX MAOLLAAOK CTep-
BATHMK He OOHapy>KeH Ha rHe3A0BaHMM Ha
HECKOABKMX MNAoLLaakax B 2010 r. n 8 2022 1.
Mpuyém ecan B 2010 r. YacTb TeppuTOpPUA
OblAa 0OCAeAOBaHa paHo, ewwé A0 MpuAéTa
NTML Ha HeKoTopble y4yacTku, To B 2022 r.
Mbl HadaAM paboTaTb yxKe B MepuoA aKTUB-
HOIO HACMXXMBAHUA CTEPBATHUKAMM KAAAOK.
Mo>KHO MpeAnoAOXKNTb, HTO CTEPBATHUK pe-
aAbHO OTCYTCTBYET Ha 3TWMX MAOLLAAKAX, HO
AASt DOABLUMHCTBA M3 HUX OYEBMAHbI NPOMy-
CKM THE3AALLMXCS MTULL, CBA3aHHbIE KaK C Mo-
roAOi, He crnocobcTBOBaBLLEN HAOAAEHMIO
3a THE3AaMU, TaK U CO CAOXKHOCTBLIO pPeAbe-
dpa. Ha naoruaaxkax NeNe 3, 4, 5 2010 r. Mbl
He CMOIAM HalTW FHE3Aa CTEPBATHUKA, XOTS
MTUL PErYAAPHO BCTPEYAAM Ha PaBHUHE, KyAd
OHM BbIAETAAM OXOTUTLCS U3 rop.

Difficulties in identifying nests arise all the
time in deep niches and on rocks higher than
80 m, even when an adult bird sits constantly
on the clutch. If it is impossible to observe
niches on high rocks at similar level, it is very
likely that birds sitting deep in niches will be
missed. The same problems arise in bright
sunlight, when contrast makes it impossible to
look into niches even at similar levels. Consid-
ering the challenges in identifying nesting EVs,
it is necessary to make every effort to survey
breeding habitats from mid-April to the end of
May in order to improve the effectiveness of
work targeting the species. EVs are the most
visible and most active near nests during this
period. But even then, the probability of miss-
ing nests is high, especially in areas with low
nesting densities.

EV were not found nesting in several breed-
ing territories in our network of survey plots
in 2010 and 2022. Moreover, while in 2010
some territories were surveyed early, even be-
fore birds arrived in some areas, in 2022 we
began surveying during the active incubation
period. We can assume that EV is actually ab-
sent from these plots, but for most of them
nesting bird omissions are obvious because
of both weather not being conductive to nest
observation and the relief complexity. In 2010
we could not find EV nests on plots No. 3, 4,
or 5 even when birds were regularly observed
on the plain, where they flew from the moun-
tains to hunt.

Analysis of breeding biotopes did not reveal
any difference between ones on plots No. 3,
4, 5 in 2010 and adjacent plots where EV was
found nesting. Therefore, we tend to believe
that EV still nests here, albeit with a low density.

When adjusting EV abundance estimate,
we used buffer zones built around settlements
and farms. Breeding biotopes lying in a buffer
zone within a radius of 3 km around settle-
ments were considered suboptimal. A com-
plete points filtering was carried out for them
in the system of points simulating the distribu-
tion of potential EV breeding territories. For
farms, on the contrary, biotopes were con-
sidered optimal when lying within the 5-km
zone, and points outside these zones were
filtered out. Filtering was carried out only
for 50% of points in a random sample. De-
spite the fact that all found EV nests fit within
5 km zones around farms, we considered the
presence of 50% chance of EV nesting out-
side these zones, so we did not discard all
the points in order to avoid underestimating
abundance. This decision was made based
on the fact that most survey routes pass along
roads that lie between farms. This may mean
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M3yueHne nepHaTbIX XULLHUKOB

AHaAM3 THE3AOMPUIOAHBIX OMOTOMOB  He
BbIIBUA HMKAKOW Pa3HMLIbI MEXAY HUMM Ha
naottaakax NeNe 3, 4, 5 2010 r. u Ha conpe-
ABALHbIX MAOLLAAKAX, FA€ CTePBATHUK OblA
oOHapy>keH Ha rHe3AoBaHuM. [103TOMYy Mbl
CKAOHHbI CHMTaTb, YTO 3A€Ch CTEPBATHUK BCE
XKe FHE3AMTCS, NYCTb U C HEBBICOKOM MAOTHO-
CTbiO.

KoppekTupysi OUEHKY YMCAEHHOCTM CTep-
BSTHMKA, Mbl UCTTOAB30BaAW OycpepHble 30Hbl,
NOCTPOEHHbIE BOKPYF HACEAEHHbIX MYHKTOB M
chepM. [He3A0NPUrOAHbIE AAS BUAA BMOTONBI,
Aexallve B OydpepHOit 30He paanycom 3 Km
BOKPYF HACEAEHHbIX MYHKTOB, CYMTAAUCh CYO-
OMTUMAAbHBIMM, U AAS HUX B CUCTEME TOYEK,
MMWUTUPYIOLLIMX pacrnpeAeAeHue MOTEeHLMAAD-
HbIX MHE3AOBbIX Y4YaCTKOB CTEPBATHMKA, OCY-
LLIECTBASIAACb MOAHAs (PUABTPALIMS TOUEK. AAs
chepM, HA0BOPOT, CHUTAAMCH OMTUMAABHBIMM
OMOTONbI, AeXKaLUMe BHYTPU 5-KMAOMETPOBOM
30HbI, U OTCPMABTPOBBIBAANCE TOUKM, BbIMNas-
lMe 3a npeaeAbl 3TMX 30H. Ho dpuabTpa-
LMS OCYLLECTBASIAACh AMLLL AAS 50% Touek
Mo CAyYaiiHoM BbibOpke. HecmoTpa Ha To,
YTO BCE HalUM HAXOAKM THE3A CTepBATHMKA
YKAQAbBIBAIOTCA B 5-KMAOMETPOBYIO 30HY BO-
KPYr cpepM, Mbl MOCHWTAAM, UTO UMeEeTCs
50% BepOSTHOCTb FHE3A0BaHMSI CTEPBSATHMKA
3a rnpeaeAamm 3TMX 30H, MO3TOMY He CTaAu
130aBAATbCA OT BCEX TOYeK, 4ToObl He 3a-
HMXKaTb OLEHKY YMCAEHHOCTM. JTO pelle-
HMe ObIAO MPUHATO Ha OCHOBAHMKM TOMO, YTO
6oAbLLIAs 4acTb MapLUPYTOB MPOXOAMAA MO
AOpPOTaM, KOTOpble AeXaT Mexay dhepmamu.
3HaunT, THE3AOMPUrOAHble OMOTOMbI, YyAa-
AEHHble OT 3TUX AOPOT, a 3HAYUT U OT dPepM,
NpaKkTUYeCKM BbiMaAn M3 UCCAeAOBaHMS. Kak
CAEACTBME, BbIMAAM M3 UCCAEAOBAHMS U BO3-
MOXHbIE FHE3A0BbLIE Y4YaCTKM CTepPBATHMKA,
yAanéHHble oT cpepm Gonee Hem Ha 5 KM.

YunTbIBasg PAA HEOMPEAEAEHHOCTEN Kak B
MOAEAMPOBAHMK, TaK U B OLIEHKE YMCAEHHO-
CTM CTEPBATHMKA, Mbl BCE Xe CYMTaeM, 4To
AODMAMCH yCNEexXoB B COKpALUeHWM MorpeLw-
HOCTel 00OMX METOAOB, M Halla OLIEHKA YMC-
AEHHOCTU CTEPBATHMKA Ha FHE3A0BaHWMKM B
KapaTay siBAsieTCS GAM3KOM K peaAbHOW.

Bcrpeuaemocts cTepsarHuka B Kaparay

Onupascb Ha AMTepaTypHble AaHHbIE,
MO>KHO FOBOPUTb O TOM, YTO B DOAbLUMHCTBE
CAy4aeB MCCAEAOBATEAN BUAEAM BCErO OAHO-
r0 MAM ABYX CTEPBATHUKOB €AMHOBPEMEHHO.
AVLLb B HECKOAbKMX CAyHasix OTMEYaAMChb 3
nAn 4 nTuusl. Hu oaHoro chakta perucrpa-
LM CKOTMAEHWIA MTUL B PErMOHE HE BbiSBAE-
HO. Ham To)xe He BCTpeYaAMCb CKOMAEHWS
CTEPBATHMKOB. M3 4ero Mbl AGAAEM BbIBOA,
YTO Ha PacCMaTPUBAEMOW TepPPUTOPUM CTep-

Crepssitink. @oto M. KapsikmHa.

Egyptian Vulture. Photo by I. Karyakin.

that remote breeding biotopes, situated away
from roads and farms, essentially dropped
from the study. As a result, possible EV breed-
ing territories located more than 5 km away
from farms, dropped out of study as well.

Given the number of uncertainties, both in
modeling and in estimating EV abundance,
we still believe that we have made progress in
reducing errors for both methods and that our
estimate of EV nesting abundance in Karatau
is close to accurate

Egyptian Vulture occurrence in Karatau

Based on literature data, we can say that in
most cases, researchers only saw one or two
EVs at a time. Three or four birds were noted
only in a few cases. No registrations of EV con-
centration were revealed in the region. We
did not encounter EV clusters either. From this
we conclude that EV does not form clusters
in the study area, and when connection with
breeding territory is weakened (unsuccessful
breeding or habitat disturbance), EV leaves
the region.

Population changes

Studies in 2022 showed low reproductive
success for EV in Karatau, with only 25.32%
of successful nests by the end of the breeding
season, and a productivity of 1.27 nestlings
per active nest. The decrease in breeding suc-
cess can be attributed to two factors: deterio-
ration of habitat quality and food supply.

On one hand, we see an increase in bare
ground on EV breeding territories, which re-
duces habitat quality. On the other hand, we
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BSITHMK CKOMAEHMIA He DOPMUPYET, 1 Npu oc-
AaDAEHMM CBSI3U C THE3A0BOWM TeppuTOpUeit
(HeyaauHOe pasMHOXeHMe WAM HapyLleHue
CpeAbl 0OMUTaHKS) NOKMAAET PErnoH.

TlonyAsumoHHbIE M3MEHeHNs

UMceaenoBarmsa 2022 1. nokasaAm HU3KYIO
YCMELWHOCTb PasMHOXEHWUS CTepBATHMKA B
Kapatay — Bcero 25,32% ycneluHbix rHésa
K KOHLy Ce30Ha Pa3sMHOXEHMS NpPU MPOAyK-
TMBHOCTM 1,27 NTEHLOB Ha yCrewHoe rHes-
20. CHKeHMe ycnexa pasmMHOXKEHNUS MOXHO
CBS13aTb C ABYMSl (paKTOpamm — yXyALLeHue
KayecTBa MeCTOOOMTaHMI M KOPMOBO 6asbl.

Ha rHe3A0BbIX yyacTkax CTEPBATHMKOB C
OAHOM CTOPOHbI Mbl BUAUM POCT MAOLLIAAEH
FOAOM 3EMAM, YTO CHMXKAET KauecTBO MeCTo-
0o06uTaHuit. C APyrow CTOpPOHbI Mbl HabAlOAa-
€M YBEeAMYEHME UYUCAEHHOCTM CKOTa, TPynbl
KOTOPOro SBASIOTCS AOMOAHUTEALHbIM KOp-
MOM AASl 3TOFO MaAAAbLLUMKA, — 3TO YAydlla-
€T Ka4yecTBO MeCTOOOMTaHWMI, HeCMOTPS Ha
rAODAaAbHYIO AENPECCUI0 YMCAEHHOCTU TPbl-
3YHOB Ha paccMaTpuMBaeMOW TeppuUTOpUu.
PoCT 4MCAEHHOCTM CKOTa M, Kak CAGACTBME,
YBEAMYEHME YPOBHS €ro rnasexka, SBASeTCS
OAHMM M3 PaKTOPOB CTaBUALHOCTM MOMYAS-
LMK CTEPBATHMKA. YBEAUYEHUE YMCAA TPYMOB
CKOTa KOMMEHCUPYeT CTePBATHUKaM NoTepu
OT OTCYTCTBMS MAaCCOBOIO AOCTYMHOMO KOpma
B BMAE 3aTOMTaHHbIX CKOTOM IpbI3yHOB. He-
raTMBHbIM MOMEHTOM SIBASIETCS TO, YTO TpYy-
Mbl CKOTa MNOSABASIOTCS HEPErYASIPHO, B OTAM-
Yme OT rPbI3yHOB, KOTOPbIE MPU HOPMAALHOM
MX YMCAEHHOCTM 3aTanTbiBAAMCb CKOTOM pe-
ryASpHO M obecne4YnBasn CTepBATHUMKaM CTa-
OMABHBIM NULLEBON pecypc. BeposaTHo, aToT
dpakTOp Cceifuac SIBASIETCSI OAHOW W3 MPUUMH
CHMXKEHMS ycnexa pa3sMHOXEeHWS CTepBAT-
HUKOB, OAHaKO CTPYKTypa MOMYyASLUMOHHOM
rPYNMMPOBKM  COXPaHAETCH, HEeCMOTps  Ha
CMeLLeHMe B MPOCTPAHCTBE OTACALHbLIX MHe3-
AOBbIX TEPPUTOPMIA.

Mbl BUAMM, UTO CTEPBATHWMKM yCTpamBaioT
rHésaa GAMXKe K dpepmam M YAAASiOTCSt OT
rHEé3a OepkyTa, KOTOPbIM Ha HMX OKa3blBa-
€T XuLHuYeckunii npecc. C OAHOW CTOPOHBI,
cMellieHne THé3A K doepmam HecéT ornpeae-
A€HHble DOHYCbl — BO3MOXHOCTL ObiCTpee
KOHKypeHTOB (BopoH Corvus corax, KpynHbie
MaAaAbLLIMKM) AODbLIBATL MaAaAb M YXOAUTb OT
npecca OpAOB, KOTOpbIe CTapaloTcs nsberathb
BGAM30CTH YEAOBEYECKOTO XMAbS. Depmbl B
AAHHOM CAyYae BbICTYNaloT He TOAbKO B POAM
MCTOYHMKOB KOPMa, HO 1 B POAM «30HTMKOBY,
3alUMLLAIOLIMX CTEPBATHUKOB OT M30bITOYHO-
ro npecca co CTopoHbl 0pAos. C Apyroii cro-
POHbI, BAM30CTb THE3A CTepBSATHMKA K pep-
MaM YCMAMBAET CTpecc-hakTop, 4TO, CKopee

are seeing an increase in the number of live-
stock, the corpses of which provide additional
food for vultures, improving habitat quality
despite global depression of rodent popula-
tions in the study area. An increase in the
number of cattle and, as a result, an increase
in its mortality, is one factor for EV population
stability. The increase in the number of cattle
carcasses compensates for the losses from the
lack of mass available food in the form of ro-
dents trampled by cattle. The negative is that
cattle carcasses appear irregularly, in contrast
to rodents, which, at their normal population
levels, were trampled by cattle regularly and
provided EV with a stable food resource. This
factor is possibly one of the reasons for the
current decline in EV breeding success, how-
ever, the population structure of the group
remains despite the relocation of individual
breeding territories.

We see that EVs build nests closer to farms
and move away from the nests of Golden Ea-
gles, which exert predatory pressure. On one
hand, relocation of nests to farms provides
certain advantages — the ability to get carrion
faster than competitors (Common Raven Cor-
vus corax, large vultures) and avoid the pres-
sure of eagles that try to avoid the proximity
of human habitation. In this case, farms act
not only as food sources, but also as “umbrel-
las” that protect EV from excessive pressure
by eagles. On the other hand, proximity of EV
nests to farms increases the stress factor, which
most likely leads to increases in nest abandon-
ment during egg laying or in the initial stages
of rearing broods following close run is with
livestock near nests, which, in turn, can lead

Crepssaruunk. @oto I [TyAankoBoi.

Egyptian Vulture. Photo by G. Pulikova.
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I/I3yqut4e MepPHaTbIX XUUIHMKOB

BCEro, MPUBOAMUT K YBEAMYEHMIO HACTOThbl CAY-
YaeB OCTaBAE€HMS MTULAMM THE3A B MEpPUOA
KAQAKM MAM HA HAYaAbHbIX CTAAMAX BblKapMm-
AMBaHMS BbIBOAKOB BO Bpemst OAM3KMX Nporo-
HOB CKOTa MMMO HE3A, YTO, B CBOIO OY€pEAb,
MOXKET MPUBOAUTL K rnbeAn notomcTsa. [pu
CTparMBaHMu MTULL C THE3A AOABMU BO3MOX-
HO YHMUTOXXEHME KAAAOK M BbIBOAKOB CTep-
BATHWMKOB BPAHOBbIMM, KaK MpPaBMAO, MOCTO-
SIHHO NMPUCYTCTBYIOLLMMM BO3AE (DEPM.

YX0A CTepPBATHMKA U3 BLICOKMX FOP Mbl OOb-
SICHAEM Tem, 4TO OepKyTbl, AMLUMBLUMECS MaC-
COBOIO KOpMa B BMAE CYCAMKOB M MeCHaHOK,
CTaAM OKa3sblBaTb OOAEE CepbE3HbIN XMLLHMYe-
CKMIA mpecc Ha cTepBaTHMKOB. OAHako noka
3TO AMLLIL MNOTE3a, OCHOBaHHAs Ha KOCBEH-
HbIX AaHHbIX. BO3MOXHO, B COKpaLLeHunn ymc-
AEHHOCTM CTepBATHMKA B OCEBOWM 4acth Ka-
paTay OMNpeAeA€HHYI0 POAb ChIFPaAO M COKpa-
LLEHME YMCACHHOCTM OEAOTrOAOBBLIX CMIMOB, B
KOAOHMSIX KOTOPbIX CTEPBATHUK ObIA NOCTOSAH-
HbIM CMyTHUKOM M, BEPOSITHO, MOAyYaA OT 3TO-
ro Kakne-To BOHYCbl, MOXKET ObliTb, CBA3aHHbIE
C nuTaHnem. Becbma BeposTHa M GaHaAbHas
SAMMMHALNS CTEPBATHUKOB BMECTE C CUMamu
B 0CeBOM YacTu Kapatay no npuumnHe oTpabae-
HMA, TaK KaK OMPOCHbIE AAHHbIE MOATBEP>KAAIOT
MacLuTabHoe MCroAb30BaHMe 5IA0B dpepmepa-
MM, KOTOPble DOPIOTCA C BOAKaMM B ropax, B TO
BpPemsi KaK Mo nepucpepum rop «BOAUbs Mpo-
HAeMa» AAS PEpPMEPOB He CTOMT Tak OCTPO M,
KaK CAEACTBME, SAbI MCMOAB3YIOTCS MEHbLLE.

B.I. KoAGuHueB (2004) oTmeuaeT, yTo B
80-x rr. XX CTOAETUS AMLLIb HEKOTOPbIE MHE3-
A CTEPBATHMKOB 3aHMMAAUCh HE €XXErOAHO,
a B Camble MOCA€AHUE FOAbl (BUAMMO, UMEET-
Csi BBMAY Yoke Hadano XXI CTOAeTHS), rHe3A0-
Bas YUCAEHHOCTb 3TUX NTHL BO BCEM pernoHe
3HAYMTEALHO COKPATMAACh M, OPUEHTUPOBOY-
HO, He MPEeBbILLAAA OAHOMO AECSATKA Pa3MHO-
>Katowmxca nap. Bo3moxHo, MmeHHo otcio-
A2 U NOABMAACH HEPEAALHO HM3Kas OUeHKa
YNCAEHHOCTH CTepBATHMKA BO BCEM KapaTay
B 12-15 nap (Ckaspenko, Kaunep, 2012).
Mo MHenumio B.T. KoabuHuesa (2004), cokpa-
LLIEHME YUCAEHHOCTM CTEPBATHMKA B Ha4ane
XXI' cToAeTUS — 3TO OYEBMAHBINA pe3yAbTaT
CHMXKEHUS  MHTEHCMBHOCTU  XKMBOTHOBOA-
CTBa, BbI3BAHHOIO 3KOHOMMYECKMM YMaAKOM
B Mnpouecce 3KOHOMMWYECKOW MNepecTponku.
Ho aBTOp Takke OTMEYaeT, YTO OHO KOCHY-
AOCb He BCEX MECT FHE3A0BaHMUSA CTEPBATHM-
Ka, Hanpumep, OAHO M3 U3BECTHbLIX MY THE3A
B HeOoAbLIOM KaHboHe Kapacai (k cesepy
oT nepeBara Kyiok), HM pa3y He MycTOBaAO
B TeyeHue 271 roaa, HauuHas c 1983 r.: B
CPEeAHEM KaXKAbl BTOPOW FOA B 3TOM rHesae
CTEPBSTHMKAM YAABAAOCH YCMELIHO BblKapM-
AmBaTb no ABa nteHua (KoAbGuHues, 2004).

to offspring death. When birds are scared off
from nests by people, the corvids that are a
constant presence near farms may destroy EV
clutches and broods.

We explain the departure of EVs from the
high mountains by the fact that the Colden Eag-
le, having lost large-scale food sources in the
form of ground squirrels and gerbils, increased
predatory pressure on EV. However, so far this
is only a hypothesis based on indirect data.
It is possible that reductions in Eurasian Grif-
fon abundance played a role in reduction in
EV abundance in the axial part of Karatau.
EV was a constant companion in its colonies
and, probably, received some bonuses from
this, possibly related to nutrition. The simple
elimination of EV and Eurasian Griffon due to
poisoning is also very likely in the axial part of
Karatau, where survey data confirms the large-
scale use of poisons by farmers fighting Wolves
in the mountains. On the periphery of moun-
tains the “wolf problem” for farmers is less se-
vere, and as a result, poisons are used less.

V.G. Kolbintsev (2004) notes that in the
1980s, only a few EV nests weren’t occupied
annually, but most recently (early 21 century),
the number of these nesting birds in the entire
region has significantly decreased and prob-
ably do not exceed a dozen breeding pairs.
Perhaps this is the source of the unrealistically
low estimate of EV abundance across all of
Karatau at 12-15 pairs (Sklyarenko, Katzner,
2012). According to V.G. Kolbintsev (2004),
the decline in EV population in the early 21+
century is an obvious result of falling livestock
numbers caused by economic decline during
the economic restructuring. But the author

lMreneu crepssTHuka. @oto M. KapskuHa.

Nestling of the Egyptian Vulture. Photo by I. Karyakin.
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OTO KOCBEHHO MOXET YKa3blBaTb Ha TO, YTO
B CBSI3M C COKpALLEHMEeM BbiMaca CTaAO Npo-
MCXOAUTb NepepacrpeAeAeHne CTEPBATHUKOB
Ha rHe3aoBaHuu B Kaparay, kotopoe u ObiAo
uHTepnpeTnposaHo B.I. KoAGuHUeBbIM, Mo-
CeLUABLUMM PEryASpPHO AULLb M3BECTHbLIE emy
FHE3A0BbIE YYaCTKM, KaK COKpaLLEeHNE YNCAEH-
HocTU. o KpaiHeil mepe, Mbl YBUAEAM aHa-
AOTMHHOE MepepacrnpeAeAeHNE MHE3AALLMXCS
nap B 2010-2022 rr., NpM4MHON KOTOPOro
CTara rAODaAbHasi AENpPeccms YMCAEHHOCTM
rpei3yHoB. [lepBoe BneyaTaeHue Takke ObIAO
HE OMTUMMUCTUYHBLIM 1 Ka3aAOCh, YTO MPOUCXO-
AUT COKpaLLEeHME YNCAEHHOCTM FHE3AALLMXCS
nTuu. Ho HapalumBaHme ycuAmnii no obcaeao-
BAHMIO «CYOOMTUMAALHLIX» AAS CTEPBATHMKA
OGMOTOMNOB MOKA3aA0, YTO ITOT BMA 3A€Ch Te-
nepb HOPMAAbHO FHE3AMTCS M YyBCTBYET ceds
3HAUYUTEABHO Aydlle, YeM B BbLICOKMX ropax
(Cyast No ycnexy pasMHOXEHMS M 3aHSTOCTM
rHE3A). [Moxoxe, 4TO, AMLLMBLUMCL B ropax
MaCCOBOrO KOpMa B BMAE 3aTanThiBaeMbIX
CKOTOM PbI3yHOB, CTEPBATHUKM YCMAMAM aK-
TUBHOCTb MO MOWCKY MPOMUTaHMS BAOAb AO-
por Anbo BOOOLLE NEepPeopUeHTUPOBAAMCL Ha
Pa3AaBAEHHBLIX Ha AOPOrax >XMBOTHbLIX (CM.
lyoun, 2018a), yem CTaAu dalle NpuMBAEKaTb
BHMMaHWE OPHUTOAOTOB M AIOOUTEAEH MTMLL
Ectb BeposTHOCTL, uTO B 80-90-X rT. npomc-
XOAMA KaK pa3 0OpaTHbIM NPoLece, 1 CTepBaT-
HMK, HaoBOPOT, AMCTaHLMPOBAACS OT pepm
B MPEArOpbAX M HU3KOrOPbAX, YXOAS AdAbLLE
BFAYOb BbICOKMX FOp, rae KopMoBas 6a3a Obina
Aydlle, HYem B MPEAropbaX M HU3KOrOpbsX.
[Mo3TOMY OH peXke MOoMasancs Ha raasa op-
HUTOAOTaM, M CO3AABAAACh MAAIO3US MaAEHMS
ero 4mncAeHHoCcTH. Ceilyac e MPONCXOAUT
BCE POBHO HAODOPOT — CTEPBATHUK TArOTeeT
K AOpOramM M MeCTam HeAOBEYECKOro MpucyT-
CTBUS, FA€ CTaA Halle pPerncTpupoBaTbCa Kak
NPOPeCCMOHAABHBIMI OPHUTOAOTaMM, Tak M
AODUTEAAMM NTULL.

PocT uuncaa perncrpaumii  CTepBATHMKOB,
OCODEHHO AIODUTEASMM NTULL, KOTOPLIA Mbl
HabAlOAQEM B MOCAEAHEE BPeM$, HeAb3s 00b-
SICHATb TOABKO C TOYKM 3peHus nepepacrpe-
AGAEHUS CTEPBATHMKA M YBEAMHUMBLLEICS €ro
3aMETHOCTM BAOAb TPacC M y MOCEAKOB. JTO
TakXke CBA3aHO C POCTOM 4YMCAa AloOUTeAei
NTUL U YCMAEHWEM WX aKTMBHOCTM, packpyT-
KOM CMEeUMaAn3npoBaHHbIX CauTOB, CTUMYAK-
PYIOLLMX BbIKAQABIBAHME HA HUX HAOAIOAEHMIA.
TeM He MeHee, O4EBMAHO, YTO UMEETCS LIEAbIN
KOMMAEKC paKTopoB, Moyemy BCE OOAblUe
HaOAIOAGHMIA CTEPBATHUKOB MOMAAAET B WH-
dpopmaLIMOHHOe MpocTpaHcTBO. M, BrAMMO,
CMEHa CTePeOTUMNOB KOPMOBOIrO NMOBEACHMS 1
npuobpeTteHne NTuuamu OOAbLLIEH TOAepaHT-
HOCTH K dpakTopy GECroKOICTBa CO CTOPOHbI

also notes that it did not affect all EV breeding
territories, for example, one of the nests known
to him in the small Karasai canyon (north of
Kuyuk pass) has never in 21 years been empty
since 1983. On average, EV managed every
second year to successfully feed two nestlings
here (Kolbintsev, 2004). This may indirectly
suggest that due to the reduction in grazing, a
redistribution of EV on nesting in Karatau began
to occur, which was interpreted by V.C. Kol-
bintsev, who only regularly visited the breed-
ing territories known to him, as a reduction in
numbers. We saw a similar redistribution of
breeding pairs in 2010-2022, driven by the
global rodent depression. The first impression
was not optimistic as well, and it seemed that
there was a decrease in the number of nesting
birds. But increased efforts to survey “subopti-
mal” biotopes for EV showed that the species
now nests normally here and feels much better
than in the high mountains (judging by the suc-
cess of breeding and nest occupancy). It seems
that, having lost a significant food source in the
form of rodents trampled by livestock in the
mountains, EV increased their activity in search
of food along roads, or even redirected to ani-
mals crushed on roads (see Gubin, 2018a), and
began to attract the attention of ornithologists
and birdwatchers more often. There is a pos-
sibility that the opposite process took place in
the 1980s—1990s, and EV, on the contrary, dis-
tanced itself from farms in the foothills and low
mountains, moving further deep into the high
mountains, where the food base was better. As
a result, it rarely caught the eye of ornitholo-
gists, and the illusion of a decline in its numbers
was created. Now everything is exactly the op-
posite, EV gravitates towards roads and places
of human presence, where it is more often reg-
istered by both professional ornithologists and
birdwatchers.

A recent increase in EV registrations, es-
pecially by birdwatchers, cannot only be ex-
plained in terms of species redistribution and
its increased visibility along roads and near vil-
lages. This is also due to growth in the number
of birdwatchers, their increased activity, and
promotion of special websites that encour-
age posting observations online. That said,
there is a whole range of factors why more
and more EV observations are published. And,
apparently, the change in feeding behavior
stereotypes and greater tolerance to human
disturbance contribute significantly to greater
numbers of EV registrations in populated areas
over the past 20 years relative to the previous
20-year period.

Despite growth in the number of its registra-
tions, EV abundance in Karatau and adjacent
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YeAOBEKa BHOCAT 3HAYMTEAbHbIN BKAAA B POCT
YMCAQ PErncTpaLInii CTEPBATHMKA B HACEAEH-
HOWM MECTHOCTM 3a nocAeaHne 20 AeT OTHOCK-
TEAbHO MpeablayLuero 20-AeTHero nepuoaa.
“MCAEHHOCTL CTepBATHMKA B Kapartay M
Ha MPUAEraloLLIMX TEPPUTOPUAX, HECMOTPS
Ha POCT 4YMCAA €ro pPerucTpaumii, OcTaércs
npexxHen. M, noxoxe, oHa OCTAETCa NpeXkHen
yXKe AAMTeAbHOe Bpems. Halua npeablayiiast
3KCMepTHas OLEeHKAa YMCAEHHOCTM 3TOro BMAQA
Ha paccMarpusaemon Tepputopum B 120-150
nap no pesyAbTaTam MCCAEAOBaHMI A0 2022 .
(Karyakin et al., 2022) GblAa SIBHO 3aHM>KeH-
HOM, Kak, COOCTBEHHO, M BCE MpeAblAyLlne
OLIEHKM YUCAEHHOCTM Pa3HbIX aBTOPOB, B OC-
HOBE KOTOpPbIX BOOOLLUE HE AEXaAu LieAeBble
Y4€Tbl CTEPBATHMKA M MOAGAMPOBAHME Mpu-
FOAHBIX AASI 3TOFO BMAA MECTOOOMTaHMIA.

F'He3AoBasg 6uororns

AncTaHummn Mexxay OAMXKaNLLIMMM FHe3As-
LLIMMUCS Mapamn CTepBATHMKOB B Kapatay
cocTaBuAM B cpeaHem 8,15%3,91 km. IT0
COOTBETCTBYET MapameTpam AASl CTaOWAb-
HbIX FTHe3A0BbIX MPYNMMPOBOK BMAa B Henane
(8,8=6,1 kM, Gurung et al., in press), HO HU>Xe
noka3saTeAel MAOTHbIX OCTPOBHbIX FTHE3A0BbIX
rpynnmposok B OmaHe (0T 0,12 A0 6,67 KM, B
cpearem 1,02 kM, Angelov et al., 2013).

B AMTepaType npuBOASTCA AaHHble O pac-
MOAOXKeHMM Tpéx rHésa B Kapatay n Ha npu-
A€TaloLLMX TEPPUTOPUSIX: B BEPXHEN YeTBep-
TM KOHrAoMepaTHoro obpbiBa (Haankosa,
2004; 2008), Ha BbicoTe 1/3 8-MeTpoBO# CKa-
Abl (TyouH, 201 8b) n B CepeArHe OTBECHOM
8-meTpoBoi ckaabl (I'youH, 2020). boabLuas
YyacTb MHE3A (75%) pacrnoAaraAacb Ha CkKaAax
1 25% — Ha umnHkax (n=8), npu atom 96,15%
rHE3A CTepBATHMKA pa3MeLLaAOCh B HMLLIAX
(n=26) (MBaweHko, 1991; YHaankosa, 2004;
2008; Koabunues, 2004a; 2004b; Ty6wuH,
beasinos, 2017; T'youn, 2018b; 2020; Kope-
AoB, 2012; AMupekyA u aAp., 2022). B Hena-
A€, Hanpumep, Takke OTMEYEeHO TAroTeHue
K HAWaM (76% rHé3A, B OTAMUME OT 24% Ha
oTKpbITbIX ycTynax) (Gurung et al., in press),
YTO O4YeHb OAM3KO K HALLIMM AaHHbIM (88,64%
rHE3A B HMwax 1 11,36% — Ha noAkax).

MaTeprnanom aAst FHE3A CTepBATHMKA CAY-
KaT Cyxue MaAku, nepbs, TPSnKM, 0OpbIBKK
GapaHbux wkyp (Kopeaos, 1962; 2012).
b.M. Tybun (2020) ykasbiBaeT, YTO MNTULbI
BO BpeM$Sl CTPOMUTEAbCTBA IHe3aa MPUHOCAT
BETOUKM M KAOuKM LuepcTu, a P.I. TMdpedp-
dpep (1990) oTMeuaeT 0OPLIBKM LLIKYP, KOCTH,
TPANKK, BepEBKK, BETOUKM DOsAbIYA, Tepecke-
Ha, a Takxke cyxylo Tpasy. Ha cpoTorpadpusix ¢
caitta birds.kz BMaHO, 4TO OCHOBHBIM MaTepu-
aAOM FHEe3Aa SBASIOTCS BETKM U LLUEPCTb.

[TreHub crepBaTHuKka B rHesae. Moto M. KapskuHa.

Nestlings of the Egyptian Vulture in the nest.
Photo by I. Karyakin.

territories remains the same. And it seems
it will remain the same for a long time. Our
previous expert assessment of EV abundance
at 120-150 pairs in the study area based on
pre-2022 studies (Karyakin et al., 2022) was
an underestimate, as were all previous assess-
ments done by different authors since these
studies were not targeted EV censuses or
modeling EV breeding biotopes.

Breeding biology

Average distances between the near-
est breeding pairs of EVs in Karatau were
8.15+3.91 km. This is in line with the parame-
ters for EV breeding groups in Nepal (8.8+6.1
km, Gurung et al., in press), but lower than for
dense island breeding groups of EVs in Oman
(from 0.12 t0 6.67 km, in 1.02 km on average,
Angelov et al., 2013).

Literature provides the locations of three
nests in Karatau and adjacent territories:
in the upper quarter of a conglomerate cliff
(Chalikova, 2004; 2008), at a height of 1/3 of
an 8-meter cliff (Gubin, 2018b), and in the
middle of a sheer 8-meter cliff (Gubin, 2020).
Most nests (75%) were located on rocks and
25% — on chinks (n=8), while 96.15% of
EV’s nests were located in niches (n=26)
(Ivashchenko, 1991; Chalikova, 2004; 2008;
Kolbintsev, 2004a; 2004b; Gubin, Belyalov,
2017; Gubin, 2018b; 2020; Korelov, 2012;
Amirekul et al., 2022). In Nepal, for example,
niche preference (76% of nests, as opposed to
24% on open ledges) was also noted (Gurung
et al., in press), which is very close to our data
(88.64% of nests in niches and 11.36% — on
open ledges).
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[Hé3aa cTepBATHMKa
Ha 06CcAeAOBaHHOM
TePPUTOPUM.

®oto M. KapsikuHa,
I" Iyankosoii,

O. Lnpsesa.

Nests of Egyptian Vulture
in the surveyed area.
Photos by I. Karyakin,

G. Pulikova, O. Shiriaev.

Halum AaHHblE MO OCOOEHHOCTAM YCTPOA-
CTBa CTEPBSATHMKAMM FHE3A B LIEAOM CXOXKM
C AMTEpPaTypHbIMM AAHHLIMM, C OAHOM AMLLb
pasHuueli — B AuTepaType no KasaxcTaHy
OTCyTCTBYeT uHdpopmaumsi o6 ycTpoicTse
FHE3A CTepBSTHMKAMKM Ha BbICOKMX CKaAax.
JTO 4BASIETCS CBMAETEALCTBOM TOFO, 4TO
rHE3Aa 3TOr0 BMAA, YCTPOEHHbIE BbiLLIE AMara-
30Ha B 10 M, OCTalOTCS 3@ NpeAeAaMM «30HbI
HabAlOAGHMS» KaK AIOOMTeASMM NTUL, Tak M
OPHWUTOAOraMM, He CTaBALLMMM nepea coboi
3aAaqy HalTU rHe3A0 CTepBATHMKA. B peanb-
HOCTM ke OOblYHasi BbICOTA FHE3A0BAHUS

crepBatHuka B Kapatay — 15,34+26,72 M
(puc. 6). M3-3a HEXBATKM AAHHBIX MO FHE3AaM
CTepBATHMKA B MPOLUAOM Mbl HE 3HaeM TeH-
AEHUMI B YCTPOMCTBE rHE3A U BbiOOpe cyb-
CTPaTOB 3TUM BMAOM B MPOLUAOM U MOXKEM

Dry sticks, feathers, rags, and scraps of sheep
skins serve as material for EV nests (Korelov,
1962; 2012). B.M. Gubin (2020) indicates
that birds bring twigs and tufts of wool dur-
ing nest construction, and R.C. Pfeffer (1990)
notes scraps of skins, bones, rags, ropes, twigs
of boyalych (Xylosalsola sp.), teresken (Kra-
scheninnikovia sp.), as well as dry grass. The
photographs from the birds.kz website show
that branches and wool are the main material
of the nest.

Our data on the peculiarities of EV nest
construction is generally similar to literature
data, the only difference being that there is
no information on nest construction on high
rocks in the literature. This is the evidence that
nests of these species above a range of 10 m
remain out of the “observation zone” for both
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M3yueHne nepHaTbIX XULLHUKOB

OPUEHTUPOBATLCS TOABKO Ha PasHULLY MEXAY
2010 1 2022 rr., KOTOpas NMPUBOAUTCS B FAa-
Be «[loAeBble MccareaoBaHMS». MOXHO CKa-
3aTb AULLbL TO, YTO B ropax u nNpearopbsax Ka-
paTay CTEPBATHUK MPOAOAXKAET TArOTETh Ha
FHE3A0BaHMM K HULIAM, BbIOMpas OTBECHbIE,
HO 4acTO HEBbICOKME CKaAbl, M MPOAOAXKAET
MCMOAb30BaThb B KaYeCTBe CTPOUTEAbHbIX Ma-
TEPUaAOB Cyxme BETKM M BCEBO3MOXKHYIO Be-
TOLWb (LUEePCTb, LUKYPbl, TPAMNKK U T.M.).

B AuTepatype u Ha caiite birds.kz mbl 06-
Hapy>knMAKM 10 yNOMMHAHWIA O KOAMYECTBE aumL
B KAAQAKax CTepBATHMKA. B oaHOM rHesse B
2017 n 2018 rr. 66ir0 no 1 siiuy (youH, be-
AsinoB, 2017; TybuH, 2018b; 2020). Toabko
P.I. Tdpedpcpep (1990) arst tOro-soctouHoro
KasaxcraHa ynomuHaeT 06 OAHOM KAaake M3 3
SN, B OCTaAbHBIX CAyYasix OMMUCHIBAIOTCS KAAA-
Kn 13 1-2 auu. B cpeaHem no 10 HabAoAeHMSM
KAaAka cocTtosiaa M3 1,9+0,57 auu (o1 1 A0 3).

B auTepaType u Ha caiite birds.kz Mbl BbI-
ABUAKM T YNOMMHAHWIA O KOAUHECTBE NTEHLIOB
B FHE3AAX CTepBATHMKA. B Tpéx cayuasx onu-
CblBaeTCs Mo 2 nTeHua B rHe3ae (MBalleHKo,
1991; lybuH, 2020). B ocTanbHbIX CAyyasx
OMMUCHLIBAETCA MO OAHOMY MTEHLY B rHe3ae.
Yncao NTeHuoB Ha rHe3ao (n=11) cocTtaBuAao
B cpeaHem 1,27+0,47 (ot 1 a0 2). Ecan B 3Ty
e BbIOOpKy A00aBUTL AaHHble B.I. KoAOuH-
uesa (2004b) o rHesae CTEPBATHMKA B HEOOAL-
LLIOM KaHbOHe Kapacai (K ceBepy OT nepesasa
Kyiok), KOTOpOe HK pasy He NyCTOBaAO B Teye-
Hue 27 roaa HaumHas ¢ 1983 ., n B cpeaHem
KaXKAbIM BTOPOM FOA B 3TOM IHE3Ae CTepBAT-
HMKaM YAQBAAOCh YCMELLIHO BbIKAPMAMBATL MO
ABa MTEHLA, TO NMOAY4YUTCS B cpeaHem (n=30)
1,42+0,5 nTeHuoB (OT 1 A0 2) Ha rHe3A0.

Halm aAaHHble O pasmepax KAaaOK CTep-
BATHMKA OOAee KOPPEKTHO OTpakaloT 3TOT
noKasaTeAb, YemM AMTepaTypHble AaHHbIe, TaK
Kak Mbl HabAOAaAM GOAbLLEE KOAMYECTBO
FHE3A HECKOALKO Pa3 3a OAMH Ce30H.

MHTEpecHo, YTO KOAMHECTBO MTEHLOB Ha
FHE3A0 MO AMTEPATYpPHbIM AaHHLIM (Oe3 yué-
Ta AaHHbIX B.I. KoAGMHLEBA) NMOAHOCTbIO CO-
BMaAaeT C YMCAOM MTEHLOB Ha yCrnewHoe
FHE3A0 B KOHLE MIOASi MO HALUMM MCCAEAOBA-
Huam B 2022 . YcnewHoe rHe3ao B Kapacae,
nocetuasLieecs peryAspHo B.I. KoAGuHUEBbIM,
OMPEAGAEHHO BHOCUT WCKaXKEHME B BbIOOPKY.
Bo-nepBsbix, Mbl HE 3HaeM AaT, B KOTOPbIE OHO
MPOBEPSAOCL aBTOPOM  (BLIBOAOK BMOAHE MOI
AVLLMTLCA OAHOTO M3 MTEHLIOB MOCAE OCMOTpa
3TOrO IHEe3Aa MO MHOXECTBY Pa3HbIX MPUYMH, OT
MAOXOM MOrOAbl M GECKOPMMLIBI AO XMLLIHMHECTBA
GepkyTa). Bo-BTOpbIX, OHO MOXKET SIBASITHCS Hau-
BoAee yCreLHbIM B FPYMNMMPOBKE B CUAY AyYLLIMX
KOPMOBbIX YCAOBMI1 Ha y4acTke MAM OOAbLLEN
TOAEPAHTHOCTM NTULL K OECMOKONCTBY YeAoBe-

birdwatchers and ornithologists who do not
set themselves the task of finding EV nests. In
reality, the usual nesting height of EV in Kara-
tau is 15.34%26.72 m (Fig. 6). Due to the
paucity of data on historical EV nesting, we
do not know past nesting and substrate selec-
tion trends for the species and can only rely
on the difference between 2010 and 2022,
which is provided in the “Field Research”
chapter. We can only say that EV continues
to nest in niches in the mountains and foot-
hills of Karatau, choosing sheer, but often low
rocks, and continues to use dry branches and
all kinds of rags (wool, skins, rags, etc.) as
building materials.

We found 10 references to the number of
eggs in EV clutches in the literature and on
the birds.kz website. There was one egg in
one nest in 2017 and 2018 (Gubin, Belyalov,
2017; Gubin, 2018b; 2020). Only R.C. Pfeffer
(1990) mentions one clutch of three eggs for
Southeast Kazakhstan, in other cases clutches
of one to two eggs are described. On average,
according to ten observations, clutches con-
sisted of 1.9+0.57 eggs (from 1 to 3).

We found 11 references to the number of
nestlings in EV nests in the literature and on
birds.kz. In three cases, two nestlings are de-
scribed in the nest (Ilvashchenko, 1991; Gu-
bin, 2020). In other cases, one chick per nest
is described. The number of nestlings per nest
(n=11) averaged 1.27=0.47 (from 1 to 2). If we
add the data of V.G. Kolbintsev (2004b) on the
nest in Karasai canyon (north of the Kuyuk pass)
that has never been empty for 21 years since
1983 and, on average, EV managed to success-
fully feed two nestlings every second year in
this nest, then you get an average (n=30) of
1.42%0.5 nestlings (from 1 to 2) per nest.

Our data on the size of EV clutches more
correctly reflect this indicator than the litera-
ture data, since we observed a larger number
of nests several times in one season.

It is interesting that in literature data the
number of nestlings per nest (without consid-
ering the data of V.C. Kolbintsev) completely
coincides with the number of nestlings per
successful nest at the end of July according to
our research in 2022. A successful nest in Kar-
asai, regularly visited by V.G. Kolbintsev, in-
troduces a distortion in the sample. Firstly, we
do not know dates on which it was checked
by the author (the brood could lose nestlings
after examining this nest for many different
reasons, from bad weather and lack of food
to predation by Golden Eagle). Secondly, it
may be the most successful in grouping due
to better feeding conditions on the territory
or greater tolerance of birds to human distur-
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KOM. [O3TOMY peanbHbIN ycrnex BCei COBOKYT-
HOCTM FHE3AALLMXCS Map CTEPBATHMKOB B Kapa-
Tay, ckopee Bcero, 6AM30K K nokasarteaio 1,27
MTEHLOB Ha YCMELHOEe MHEe3A0.

®DeHororns

Camble paHHME BCTpeYM CTepBSTHUKA Ha
paccMaTpuBaeMon TEPPUTOPUM MPUXOASTCS
Ha nocAeAHIolO Aekaay mapta: A. Mcabekos
HabAloAaA CTepBATHMKA 22 mapTa 2021 r. B
KbizbiAkymMax (TypkecTaHckag obAacTb) (Amu-
pekyA u ap., 2022), 30 mapta 1971 r. murpu-
POBaBLUMI CTEPBATHUK OTMEYEH Ha nepesa-
ae Yoknak (FaBpuaos, Incuos, 1985; IyouH,
beaanos, 2017). Ha HoknakckomM OpHMTOAO-
FMYECKOM CTalMOHApe B XOA€ MHOMOAETHMX
YYETOB NPOAETA B BECEHHMI M OCEHHMI Me-
PUOA CTEPBATHMKM HabDAIOAAAMCB: MO OAHOMY
B 1990 r. u B 1987 r., WecTb B OAMH A€Hb B
1995 r., B 1988 r. 0AMH ObIA OKOABLIOBAH, a B
1989 r. — r0bObITa MOAOAAS camka (FaBpHAOB M
ap., 2016), Takxke B 2003 r. ObIAO y4TEHO ABE
ntuubl (FaBprAoB 1 Ap., 2004), 4TO rOBOPUT O
CAabOM MHTEHCUBHOCTM NPoAéTa, Anbo 0b oT-
CyTCTBMM HaDAIOAEHMI B MEpUOA HamboAbLLIeH
MHTEHCMBHOCTM MUIPALIMK CTEPBATHUKOB.

Camas no3AHAS perncTpaumns CTepBaTHUKa
npousowaa Ha nepesare Yoknak 28 ceHts-
6pa 1971 r. (TaBpuaos, MNcuos, 1985; N'y6mH,
beasaos, 2017).

Ha Tepputopmn 3anoseaHmka Akcy-Axa-
BarAbl eXXeroAHO MPOBOAMAMCH HaOAIOAEHMS
M YY€Tbl MNTUL, MPAKTUYECKUM Ka>KAbIM TOA
OPHUTOAOTM (PUKCHPOBAAM BCTPEUM CO CTEp-
BATHMKammM. Camaq paHHSAS AaTa BeCeHHero
npuAéTa 3aech oTMedeHa 9 anpeas 1982 r.,
a camasi NMo3AHAS OCeHHAa BCTpeya — 12 cen-
Ta6p4a 1979 r. (MBawenko, 1991). Bosmox-
HO, 4TO 3a 40 AeT, npoLueAnx ¢ HabAloae-
HUI A.A. MBaleHKO, CTEPBATHUK YBEAMUMA
CPOK MPUCYTCTBUS B IHE3AOBOM apeaAe Ha
tore Kazaxcrana ¢ 20-x YnceA mapTa A0 KOH-
ua ceHTa0ps. Ho moxeT ObITb, paclunpeHme
AManasoHa AaT perucTpaunii CTepPBATHUMKOB B
perMoHe CBA3aHO C YCUAEHMEM MHTEHCMBHO-
CTM HAaOAIOAEHMI 3a NTHULIAMM.

Camoe paHHee B pernoHe yrnommHaHue o Ha-
cuXkmBaloLLen Kaaaky ntuue — 11.04.2016 .
(T'y6un, 2020).

Hatum Aatel npua€Ta, OTAETa 1 HavaAa pas-
MHOXEHMS CTEPBATHMKA AEXKAT MOAHOCTbIO
BHYTPM AManasoHa, OMMCaHHOIO B BbilLE LK-
TUpYyeMbIX NyOAMKaLMSX.

Yrpos3si

OCHOBHOW Yrpo30i AAS MMPOBOM MOMy-
ASILMM CTEPBSITHMKA, KaK M AAA APYrMX Ma-
AAABLLMKOB, CUYMTAETCS HernpeAHamepeHHoe
OTpaBA€HME B pe3yAbTaTe MoeAaHus AAOBU-

bance. Therefore, the actual success of an en-
tire population of breeding EV pairs in Karatau
is likely to be close to 1.27 nestlings per suc-
cessful nest.

Phenology

The earliest EV sightings in the study area
occur in the last ten days of March: A. Isa-
bekov observed the EV on March 22, 2021
in Kyzylkum (Turkestan region) (Amirekul et.
al., 2022); on March 30, 1971, a migrating EV
was noted at Chokpak Pass (Gavrilov, Gistsov,
1985; Gubin, Belyalov, 2017). EVs were ob-
served at Chokpak ornithological observatory
during long-term migration surveys in spring
and autumn: one in 1990 and 1987, six on
one day in 1995, in 1988 one was ringed, and
in 1989 a young female was caught (Gavrilov
et al., 2016). Also, two birds were counted in
2003 (Gavrilov et al., 2004), which indicates
a low passage intensity, or the absence of ob-
servations during the period of the highest EV
migration intensity.

The latest EV record occurred at Chokpak
pass on September 28, 1971 (Gavrilov, Gist-
sov, 1985; Gubin, Belyalov, 2017).

Observations and bird counts were carried
out annually in Aksu-Zhabagly Reserve, and
nearly every year ornithologists recorded en-
counters with EVs. The earliest spring arrival
date here was 9 April 1982, and the latest
autumn encounter was 12 September 1979
(Ivashchenko, 1991). It is possible that in the
40 vyears that have passed since A.A. lvash-
chenko’s observations, EV increased their
period of presence in the breeding range in
south Kazakhstan from the 20 March to the

[TeHeu cTepsaTHuKa B rHesae. Doto M. KapsakuHa.

Nestling of the Egyptian Vulture in the nest.
Photo by I. Karyakin.
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TbIX MPUMAHOK, MCMOAb3YeMbIX AAS OOPLOLI
C YeTBEPOHOrMMM XMLLHMKamK (Herndndez,
Margalida, 2009; Saravia et al., 2016; Botha
et al., 2017). Xots aTOT cpakTOp CAeayeT
CuMTaTb B COBOKYMHOCTM CO BCEMMW TMMamM
HENpPeAHaMEepPEeHHbIX  OTPABAEHMMI, TakMMM
Kak MnoeaaHue rpbi3yHOB, MOrMOLIMX B XOAe
AepaTM3aUMM C MUCMOAb30BaHMEM aHTMKOA-
FYASIHTOB, MoTpebAeHMe CBMHLA M3 TPYMoB
YKMBOTHbIX, MOrMOLIMX OT OFHECTPEAbHbIX pa-
HeHui, n HBI'C 13 Tpynos aomMatuHero ckoTa
(Velevski et al., 2003; Cuthbert et al., 2006;
Abebe, 2013; Hernandez, Margalida, 2009;
Galligan et al., 2014; Bounas et al., 2016;
Saravia et al., 2016; Parvanov et al., 2018;
Plaza et al., 2022).

BTropoi no BakHOCTM yrpo3oin sBaseTcs
aHepreTuyeckas uMHdppacTpyktypa (Botha
et al., 2017), Ha KOTOPO¥ CTEPBATHUKM TMO-
HYT KaK OT MOPaXKeHM$ SAEKTPOTOKOM, TaK
M B pe3yAbTaTe CTOAKHOBEHMIA C MPOBOAAMM
(Angelov et al., 2013; Dobrev et al., 2016;
Bohra, Vyas, 2021; Martin-Martin et al.,
2022), n Aa>ke Mo npuynHe 3anyTbiBaHWs Aa-
namu B CKpPyTKax BO3AYLUHbIX KabeAei uAn B
3axumax (Gangoso, Palacios, 2002; Martin-
Martin et al., 2022). B a1y ke KaTeropwio
YrpO3 BKAKOHY€HbLI CTOAKHOBEHMS CTEPBATHU-
KoB ¢ aonactamm BOC (Dondzar et al., 2007),
TaK KakK AaHHbIX MO rMbeAM M MOHMMaHMS
BAMSIHMS ypoBHS rMbean Ha BOC Ha nonyas-
UMK CTEPBATHUKOB KpaiiHe manro. BOC kak
cepb€3Has yrposa AAg CTepBATHMKA MPUBO-
antest anst 7% OOIT B Ipeunn (Kret et al.,
2016). M. KappeTe c coaBTopamu (Carrete et
al., 2009), aHaAM3Mpys XKM3HECTOCOOHOCTb
NonyAaUMM CTepBATHKMKA B McnaHmK, nokasa-
An, yto BOC, pacnoroxkeHHble DAMXKe Yem Ha
15 KM K rHE3AaM CTEPBATHMKA, YBEAMYMBAIOT
CMEPTHOCTb FHE3ASLLIMXCS NTULL U, HECMOTPS
Ha HE3HAYMTEAbHbIN MOKa3aTeAb €XKErOAHOM
CMEPTHOCTH, B AOAFOCPOYHOM NepcrnekTuse
OH YBEAMYMBAET BEPOSTHOCTb BbIMMPAHMS
BCEM MCNAHCKOM MeTanonyAsunn CTepBsT-
HMKOB. MOXXHO npeanoAaratk, 4To 1 B Kapa-
Tay pasBuBaioLLascs MHdppacTpykTypa BOC
OyA€T HaHOCUTb YPOH CTEPBATHMKAM, KOTO-
PbIf B UTOFe OKaXKET HeraTMBHOE BAMSIHME Ha
YPOBHE NMONYASLIMN.

Ha TpeTbem MecTe Cpean FAaBHbIX Yrpo3
HaXOAUTCH CHWKEHME AOCTYMHOCTM MULLK,
KOTOpOe TPaAMLMOHHO CBA3bIBAETCA C CO-
KpaLLeHNEM YUCAEHHOCTU AMKMX KOMBITHbIX,
Y>KECTOYEHNEM CaHWUTapHbLIX HOPM MO YyTW-
AM3auMmu NormbLliero AOMallHero ckoTa M
M3MEHEHMEM NPAKTUKKM YNPaBAEHUS MyCOp-
HbIMM CBAAKamMK B YCAOBMSX OFPaHMUYEHHOM
aoctynHoctv nuwm (Mundy et al., 1992; Al
Fazari, McGrady, 2016; Ogada et al., 2016;

end of September. But perhaps the expansion
of the EV registration date range in the region
is associated with an increase in the intensity
of bird watching.

The earliest mention of an incubating bird
in the region is 11 April 2016 (Gubin, 2020).

Our dates for EV arrival, departure, and
breeding lie entirely within the range de-
scribed in the publications cited above.

Threats

Unintentional poisoning as a result of eating
the poisonous bait used to control four-legged
predators is considered the main threat to the
global EV population, just like for other scav-
engers (Herndndez, Margalida, 2009; Saravia
et al., 2016; Botha et al., 2017). Although this
factor should be considered in conjunction
with all types of unintentional poisoning, such
as eating rodents that died during deratiza-
tion using anticoagulants, lead ingestion from
the carcasses of animals that died from gun-
shot wounds, and NSAID from the carcasses
of livestock. (Velevski et al., 2003; Cuthbert
et al., 2006; Abebe, 2013; Hernandez, Mar-
galida, 2009; Galligan et al., 2014; Bounas et
al., 2016; Saravia et al., 2016; Parvanov et al.,
2018; Plaza et al., 2022).

The second most important threat is energy
infrastructure (Botha et al., 2017), where EVs
die both from electric shock and as a result of
collisions with wires (Angelov et al., 2013; Do-
brev et al., 2016; Bohra, Vyas, 2021; Martin—
Martin et al., 2022), and even due to feet en-
tanglement in overhead cable twists or clamps
(Gangoso, Palacios, 2002). Collisions with wind
power plant blades are also included in this cat-
egory (Donazar et al., 2007) since there is lit-
tle data on mortality and understanding how
death rate at wind farms impacts EV popula-
tions. Wind power plants are reported as a
major threat to EV in 7% of protected areas in
Greece (Kret et al., 2016). Analyzing the viabil-
ity of the EV population in Spain M. Carrete
et al. (2009) showed that wind power plants
located closer than 15 km to EV nests increase
the mortality of nesting birds and, despite an
insignificant annual mortality rate, in the long
term, it increases the likelihood of extinction of
the entire Spanish EV metapopulation. It can
be assumed that developing wind power plant
infrastructure will cause damage to EV as well,
which will eventually have a negative impact
on abundance.

Third among the main threats is the decline
in food availability, traditionally associated with
decline in the number of wild ungulates, tighten-
ing of sanitary standards for the disposal of dead
livestock, and changes in landfill management
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Botha et al., 2017). B psae cTpaH apeana
3TOT paKTOp MOXET 3aHMMaTb BTOpPOE Me-
CTO MO BaXKHOCTH Yrpo3bl, KaK 3TO OTMEYEHO
B boarapun u I'peunn (Kret et al., 2016). Ho
€CTb MCCACAOBAHMS, KOTOPblE MOKa3biBaOT
MAACTMYHOCTb KOPMOBOIO MOBEAEHWS CTep-
BATHMKA M €r0 MEeHbLUYIO 3aBMCMMOCTb OT
AOCTYMHOCTM MaAaAM AOMALLHMX KOMbITHBIX,
B OTAMYME OT KPYMHbIX MAAAAbLUMKOB, YTO
BCEASIET ONPEAEAEHHbIM ONTUMM3M. B vacT-
HOCTM, MOCAE 3aKPbITUS OCHOBHbIX MOAKOp-
MOYHbIX CTaHLIMIA AAS MAAAABbLLMKOB Ha CeBe-
pe Mcnanum CTepBATHMK HEe MOKa3aA Kakux-
AMDO TEHAEHUMIA B NepecTpoiike paunoHa u
MPOAOAXKAET UCMOAb30BaTh Ty XKe AODbIYY U B
TeX >Ke NPONopPUMAX, YTO MU ABA ACCATUAETUS
Ha3aA B TOM K€ paliOHe UCCAEAOBaHMA (AM-
KWt KPOAMK — 4—42%, CBUHBU — 8—47%, OBLIbI
— 20-73%, aomMatuHss ntmua — 10-95%, my-
cop — 2-51%), 1 npeAnoAaraeTcs,, YTo Apyrue
cpaKTOpbl CpeAbl OMPEAEASIIOT OUYeHb BbICO-
KYIO M3MEHYMBOCTb paLMOHa 3TOro onnop-
TYHMCTA, MacCKMPYst TeM CambIM MOCAEACTBUS
3aKpbITUst  KOpMOBLIX — cTaHumid  (Ceballos,
Donédzar, 1990; (Donézar et al., 2010). B
Kapartay npu HaAMUMM CUABHbBIX M3MEHEHMI
B MmacwiTabax CKOTOBOACTBA (4MCAEHHOCTb
CKOTa, W, COOTBETCTBEHHO, MaAaAM PacTeT) u
MONyASILMAX TPbI3yHOB (KaTacTpodhuyeckoe
€AMHOBPEMEHHOE COKpALLIEHNE YUCAEHHOCTM
MHOMMX BMAOB), Mbl HE BMAMM KakKOro-AMOO
CEPbE3HOrO YBEAMUYEHMS POAM MaAaAM AO-
MaLLIHero CKOTa B paUKoHe Ha poHe MOAHOro
BbIMAAECHWUS M3 PaUMOHA PbI3yHOB, ObIBLUMX
AOMMHaHTamn B nuTaHun. CTEPBATHUK, KO-
HEYHO e, KOMNEHCHPOBaA NOTepU OT AODbI-
YM FPLI3YHOB Tyllamun norubuiero ckora, o
4éM Mbl paccy>kaaan sbile (cM. M3meHeHns
B MOMYASLIMM), HO TaKxKe CepbE3HO BO3POCAA
POAb B €r0 paunoHe exxeil u NTuu (CM. TabA.
15). Tak Kak Mbl HE BEAU PEryASPHbIX BUAEO-
HaOAIOAEHMI Ha FHE3AAX CTEPBATHUKA, CAOX-
HO CKa3aTb, KakOBa peaAbHas AOAS MaAaAn M
TylWeK eXel u NTUL B ero paunoHe celvac
n 20 AeT Hazaa. Mbl MOXEM AMLLbL KOHCTa-
TUPOBaTb (PaKT, YTO OCTAHKOB €Xei 1 NTUL
Ha rHé3aax ctano OOAbLLE, MPOCTO MOTOMY,
YTO OHM BM3YaAbHO 3aMETHbI, XOT YPOBEHb
nx 6MOMacchl B COBOKYMHOM paLMOHE OTHO-
CUTEABHO MaAAAM U AQXKE MEAKMX MbILLEBUA-
HbIX FPbI3YHOB, Cbeaaemblx 6e3 Kakux-Anbo
OCTaHKOB Ha rHé3AaX, MOXeT ObITb He3HauM-
TEAbHbIM.

B MexxayHapOoAHOM MAaHe A@MCTBMIA MO Na-
AAAbLLIMKAM YEeAOBEYECKOMY BMELLATeAbCTBY
M AerpasaLmmn cpeabl 0OMUTaHMS Kak yrpo-
3aM AAS CTEPBATHMKA HE YAGAEHO BHUMaHME,
XOTSl OHM 00O03Ha4YeHbl Kak BTOPOCTENeHHbIe
(Botha et al., 2017). becnokoicTBo co cTo-

practices in conditions of limited food avail-
ability (Mundy et al., 1992; Al Fazari, McGrady,
2016; Ogada et al., 2016; Botha et al., 2017).
This factor may be the second most important
threat in some countries within the range, as
noted for Bulgaria and Greece (Kret et al., 2016).
But there are studies that show the plasticity of
EV’s foraging behavior and its lesser depend-
ence on the availability of carrion of domestic
ungulates, in contrast to large scavengers, which
inspires a certain optimism. In particular, since
the closure of the main carrion feeder stations in
northern Spain, EV has not shown any trend in
dietary modification and continues to consume
the same prey and in the same proportions as
it did two decades ago in the same study area
(wild rabbit 4-42%, pigs 8-47%, sheep 20-73%,
poultry 10-95%, garbage 2-51%), and it is as-
sumed that other environmental factors deter-
mine the very high variability in the diet of this
opportunist, thus masking the consequences
of closing feeding stations (Ceballos, Donazar,
1990; (Donézar et al., 2010). In Karatau, among
significant changes in the scale of livestock
(number of cattle and, accordingly, carrion, is
growing) and rodent populations (a catastrophic
simultaneous reduction in the number of many
species), we do not see any serious increase
in the role of dead cattle in EV diet against the
background of a complete loss of rodents that
previously dominated their diet. Of course, EV
compensated for the loss of rodents with cattle
carcasses, as we discussed above (see Changes
in the population), but the role of hedgehogs
and birds in its diet significantly increased as well
(see Table 15). Since we did not conduct regular
video surveillance on EV nests, it is difficult to say
what is the real share of carrion and carcasses

OcTaHKM NTeHua CTePBSATHUKA, CbeAEHHOrO KPYIHbIM
nepHatbimM xuiHukom. Doto M. KapsakuHa.

The remains of the Egyptian Vulture nestling eaten by a
large raptor. Photo by I. Karyakin.
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POHbI YEAOBEKA HECET 3HAUNTEAbHBIE YrPO3bl
Ha AOKaAbHbIX TeppuTopusax — Tak, M. 3ybe-
porotua c coaBTopamu (Zuberogoitia et al.,
2008) coobiumamn, uto M3 100 HabAOAaEMBIX
MMM MOMbLITOK pasmHoXeHus 15 nap crep-
BATHMKOB 42 NOMbITKM ObIAM HEYyAQUHbLIMM U3-
3a BMeLlaTeAbCTBa YeaoBeka. B Kapatay mbl
HabAl0AaEM DOABLLIOW OTXOA FHE3A Ha CTaAUM
KAAAKM M MEAKMX MYXOBbIX MTEHLIOB, YTO TaK-
e MOXeT ObITb BbI3BaHO B MEPBYIO O4Yepesb
6ecrnokolCcTBOM CO CTOPOHbI 4YeroBeka. B
MOCAEAHME FOAbI 3TO YCYryOASeTCs Tem, UYTo
CTEepBSITHMK FHe3AMTCS BCE BAVKe K chepmam
M MeCTam MPUCYTCTBMS Heroseka. M, ecan
KopmoBas cuTyaums B Kapartay He yAy4LumT-
€S, TO CTEPBATHUK TaK M MPOAOAXKUT I0TUTLCS
6AM3 pepM M HECTU PenpoAyKTHMBHblE MoTe-
pu. PaHO MAM MO3AHO 3TO CKaXKETCS HeraTuB-
HO Ha €ro MonyAsLMK 3a CYET COKpaLleHUs
nyAa CBODOAHBLIX OCOOEM M HEBO3MOXKHOCTM
BOCMOAHATb MOTEPU B3POCAbIX MTULL B FHE3-
Aawmxcs  napax. Paspywenne mectoobu-
TaHWIA He SBASETCH CTOAb KPUTUUECKMM AAS
CTepBATHMKA B EBpOMeE, XOTH U yKa3blBaeTCs
kak yrposa B I'peunn (Kret et al., 2016), Ho
ars KaszaxcraHa 370 MOXET CTaTb OAHMM W3
CePbE3HBIX AMMWUTMPYIOLLMX CPaKTOPOB, Tak
Kak OOAblLAS 4acTb AOObBIYM MOAE3HbIX MC-
KOMaemblx B CTpaHe BEeAETCH Kak pa3 B OC-
HOBHOM sApE MOMYyASALMM CTEPBATHMKA Ha
lore u 10ro-Boctoke KasaxcraHa, B TOM 4ncae
B Kapatay (cMm. Sonter et al., 2020). Mbl yxe
BMAMM NATYIO YaCTb OT MyAQ M3BECTHBIX THE3A
CTEPBATHMKA B 30HE aKTUBHO BEAYLLIMXCS reo-
AOFO-pPa3BeAOYHbIX PabOT U eLLé CTOABKO XKe,
ABXALUMX B MPEAEAAX AMLIEH3MOHHBIX y4acT-
KOB, OTBEAEHHbIX MOA AODbIYY MOAE3HbIX MC-
Konaembix. ECAM MAaHbI MO AODbIYE MOAE3HbBIX
MCKOMaeMbIX Ha BCEX AMLEH3MOHHBIX y4acT-
Kax OyAyT peaAn3oBaHbl B MOAHOM OObEMeE,
TO KapaTayckasl MonyAsLMs CTePBATHMKA MO-
XKET NOTepsTh A0 TPETU FHE3AALLMXCA Nap.
Takmm 00pa3oM, AOKaszaHHbIE Yrpo3sbl, C
KOTOPbIMM CTOAKHETCS KapaTayckas nony-
ASILMS CTEPBSATHMKA B OAMKaliLLee Bpems —
3TO ropHas aobbida u crpouTeabctBo BIC.
YK€ aHOHCMPOBaHbl MAaHbI CTPOUTEALCTBA
FOPHO-METAAAYPIMYECKOrO  KOMMAEKCa Mo
MPOM3BOACTBY YEPHOro CBMHLA Ha Hasze Auu-
calickoro MmecTtopoXkaeHus®? u 3agoaa no
NPOM3BOACTBY OapuTa Ha Gase MecTopoxae-
Hma Ancai (Kypasaesa, 2022), rae aobblya
nAaHMpyeTcs OTKpbITbIM cnocobom: TOO
«PK MeTaaAnHBeCT» OObSBASIA MpoBeAeHue
OOLLECTBEHHBIX CAYLUAHMI ellé B dpeBpane
2022 r.* B pamkax MHBECTULMOHHOIO Kpyr-

of hedgehogs and birds in its diet now and 20
years ago. We can only state that hedgehog and
bird remains on nests are encountered more of-
ten simply because they are visually noticeable,
although their biomass amount in the total diet
relative to carrion and even small mouse-like
rodents eaten without any remains may be in-
significant.

The International Vulture Action Plan does not
address human disturbance and habitat degra-
dation as threats to EV, although they are listed
as secondary (Botha et al., 2017). Human dis-
turbance poses significant threats in local areas —
for example, I. Zuberogoitia et al. (Zuberogoitia
et al., 2008) reported that out of 100 breeding
attempts of 15 EV pairs they observed, 42 at-
tempts were unsuccessful due to human inter-
vention. In Karatau, we observe a huge nest loss
at the stage of laying and small downy nestlings,
which can also be caused primarily by human
disturbance. In recent years, this has been ex-
acerbated by the location of EV nests closer and
closer to farms and places of human presence.
If the feeding situation in Karatau does not im-
prove, EV will continue to huddle near the farms
and suffer reproductive losses. Sooner or later,
this will have a negative impact on its population
due to a reduction in the pool of free individuals
and the inability to compensate for the loss of
adult birds in nesting pairs. Habitat destruction
is not as critical for EV in Europe, although it is
indicated as a threat in Kret et al., 2016, but for
Kazakhstan this can become one of the serious
limiting factors, since most of the country’s min-
ing is carried out in the core of EV population in
the south and southeast of Kazakhstan, including
in Karatau (see Sonter et al., 2020). We already
see one-fifth of the known EV nests pool in the
area of active exploration work, and the same
number lying within the licensed areas allocated
for mining. If mining plans for all licensed areas
are fully implemented, the Karatau EV popula-
tion may lose up to a third of breeding pairs.

Thus, mining and the construction of wind
power farms are among the proven threats
that the EV population of Karatau will face in
the near future. Plans have already been an-
nounced for the construction of a mining and
smelting complex to produce black lead at
the Achisai deposit®® and a processing plant
for the production of barite at the Ansai de-
posit (Zhuravleva, 2022). Open-pit mining is
planned on Ansai deposit — GRK Metallinvest
LLP announced public hearings back in Febru-
ary 2022.% As part of the Investment Roundta-
ble in November 2022, an intergovernmental

8 http://webmineral.ru/deposits/item.php?id=3959

64

http://www.gov.kz/memleket/entities/turkestan-tabigi-resurstar/documents/details/2714402lang=ru
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AOTO CTOAa B HOsiOpe 2022 r. noanucaHo
MEXXMPaBUTEALCTBEHHOE COTAALLEHNE MEXKAY
Mwunucrepctsom  sHepretukmn  PecrnyGankm
Kasaxcran u Munucrepcrsom Esponbi 1 MHO-
CTpaHHbIX AeA DpaHuMM O CTPOUTEALCTBE
B3C mowrocTbio 1 BT B XKamObIACKOH 00-
AacTun.%

3akaoueHume

M3 Gonee yem 150 HabAIOAEHMI CTEpPBAT-
HuKoB B Kapartay, COOpaHHbIX HamK MO AUTe-
paTypHbiM McTouHUKaM ([puaokenun 653),
OKOAO 30 OnMMCLIBAIOT HaxOXKAEHME THE3A Ha
3TON TepPUTOPUM (ONUCAHUE OAHMX M TEX XKe
MECT FHe3A0BaHMs MOBTOPAETCS). 3a No4TH
80 AeT cbopa AaHHbIX MO 3TOMY BMAY B TPEX
rHE3Aax ObIAM HaMA€HbI OTAOXEHHbIe flua
M B 7 rHé3aax OblAM OOHapy>KeHbl NTeHUbI (C
y4€ToM AaHHbIX B.I. KoAGuHuUeBa O rHesae
CTepBATHMKA B KaHbOHe Kapacait, koTopble
AODABASIOT ABa AECSTKA CAy4YaeB pasMHOXe-
HUS Ha OAHOM THe3ae, HO 0e3 yKasaHus ae-
Tanen).

Hamu AuLLb 32 OAMH CE30H LeAeBbIX paboT
Mo CTEPBATHMKY B TeYeHue 2-X Mecsues B
anpeae u miore ObIAO NoceLeHo 47 rHe3Ao0-
BbIX Y4aCTKOB 3TOr0 BMAQA (C MOMCKOM HOBbIX
FHE3A Ha BNepBble 00CAEAOBAHHbIX TEPPUTO-
pu1siX), OMMCAHO 1 3aHeceHOo B 6a3y AaHHbIX 30
rHE3A, B TOM UMncAe 19 aKTUBHbIX FTHE3A Ha 23
FHE3A0BbIX ydacTKax. Takas 6OAbLIAs pa3Hu-
La B pe3yAbTaTax BbIABAEHUA CTEPBATHUKOB B
XOA€ LIeAEBbIX YYETOB U OObLIYHbIX OPHUTOAO-
FMYECKMX IKCKYPCHMI KOCBEHHO YKa3biBaeT Ha
HEe3aMeTHOCTb BMAQ, HECMOTPS Ha ero pKyio
OKpAacKy, M AULLHWIA pa3 NnokasblBaeT HeoOb-
€KTUBHOCTb MPOrHO30B PacnpoCTpaHeHus M
YMCAEHHOCTU CTEPBSATHMKA, OCHOBAHHLIX Ha
HECMCTeMHbIX HabAAeHUsX. B To xe Bpems,
AOOble perncTpauLmmn 3TOro PeAKOro BUAa AO-
6aBASIOT MHCPOPMALIMIO B KOMMAKY 3HaHMI
O €ro pacnpocTpaHeHMn M OCODEHHO LeH-
Hbl AASl TEPPUTOPUI, SBASIOLLMXCS «OeAbIMM
naTHamm» B apease cTepBsaTHUKaA. [MosTomy
Mbl MPU3bIBAEM OPHUTOAOIOB U AlODUTEAel
NTUU aKUeHTUMPOBaTb BHMMaHMe Ha HabAlo-
AEHUM CTEPBSATHMKOB B MPUIOAHBIX AASI 3TOMO
BMAA MECTOOOUTAHUAX M aKTUBHEE AAUTLCS
3TUMM HADAIOAEHMSAMM Yepe3 IAEKTPOHHbIe
6asbl AAHHbIX Pa3AMYHBLIX COODLLECTB, Takme

Nreneu crepsaTHuka B rHesae. @oto M. KapskuHa.

Nesstling of the Egyptian Vulture in the nest.
Photo by I. Karyakin.

agreement was signed between the Ministry
of Energy of the Republic of Kazakhstan and
the Ministry of Europe and Foreign Affairs of
France on the construction of a wind farm with
a capacity of T GW in the Zhambyl region.®

Conclusion

Out of the 150+ EV sightings in Karatau that
we collected from literary sources (Appendix
6%%), about 30 describe the location of nests
in this territory (description of the same nest-
ing places is repeated). During almost 80 years
of collecting data on the species, eggs were
found in three nests, and nestlings were found
in seven nests (including the data of V.C. Kol-
bintsev regarding the nest in Karasai canyon
adds two dozen cases of breeding on one nest
without many details).

During the only season of targeted work on
EV for two months in April and July, we visited
47 breeding territories of the species (with a
search for new nests in territories surveyed
for the first time), described and entered 30
nests into the database, including 19 active
nests in 23 breeding territories. Such a large
difference in the results of detection of EVs
during target counts and ordinary ornithologi-
cal excursions indirectly indicates EV’s low de-
tectability, despite its bright color, and once
again shows the bias of the predicting distri-
bution and abundance of the species, which
are based on simple bird observations, when
the researchers were not faced with the task of
targeted detection of nesting EVs. At the same
time, any records of this rare species add data
to knowledge of its distribution and are espe-
cially valuable for territories that are “white
spots” in the EV range. We urge ornithologists
and birdwatchers to focus on EV sightings in
suitable habitats and to share these sightings
more actively through electronic community
databases such as iNaturalist®®, eBird*’, and
the web GIS Faunistics™.

Currently, 91 breeding territories of EV are
known in the Karatau region (47 breeding ter-

5 http://invest.gov.kz/media-center/press-releases/25-dokumentov-na-obshchuyu-summu-3-mlrd-podpisali-na-polyakh-kazakhstansko-

frantsuzskogo-investitsio


http://invest.gov.kz/media-center/press-releases/25-dokumentov-na-obshchuyu-summu-3-mlrd-podpisali-na-polyakh-kazakhstansko-frantsuzskogo-investitsio
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kak iNaturalist®, eBird®*" n Be6-TMC «DayHu-
CTUKa»*2.

B HacTosdlee Bpems B pernoHe n3secrteH
yxke 91 rHe3A0BOM Y4aCTOK CTEepPBATHMKOB
(47 THE3AOBBLIX Y4aCTKOB — HalUM AAHHbIE,
44 — permcTpaumu Apyrmx OpHUTOAOrOB M
AobuTeseid NTuL) — 310 32,7% OT cpeaHeit
OLEHKM 4MCAeHHOCTM Buaa. CoBpemer-
Has OLEHKAa YMCAEHHOCTM CTepBATHMKA B
Kaparay u Ha npuaeraiowmnx Tepputopu-
X ouleHeHa B AmManasoHe oT 171 ao 298, B
CcpeAHeM 278 rHesadmxcs nap, v ot 43 ao
74, B cpeaHem 69 ycnelwHbix nap. Ha 15%
MAOLLAAM MECTOOOMTaHWIiA CTepBATHMKA B
Kapartay 1 Ha npuAeraiowmx TeppuTopusx,
KOTOpble 06CAEAOBaHbI B HaCTOSLLEE Bpems,
MpeAnoAaraeTcs rHe3A0BaHMe TPeTU BCen
KapaTtayCcKou MonyAsunm Buaa.

Halwa oueHka YMCAEHHOCTU CTepBATHMKA
B Kaparay B AaAbHENMLIEM MOXET ObITb AETKO
OTKOPPEKTMPOBaHa B pe3yAbTaTe BepudpiKa-
UMK B MOAE THE3AOMPUIrOAHbIX OMOTOMOB K
naTTepHa TO4€eK, KOTOPbIA Mbl CreHeprpoBa-
AN AAS HEODCAEAOBAHHbIX TEPPUTOPUN.

bAaroaapHocTu

MoreBble paboTbl B 2022 I. BbINOAHEHbI MPK
nossepykke DOHAA COTPYAHMHYECTBA AAS CO-
XPaHEHWUS IKOCMCTEM, HAXOAALLMXCSH B KPUTU-
veckom coctosiHnmn (CEPF)%, TpoekTa «AaTaii
(CLLAY” B pamkax npoekta «CoxpaHeHne
YrpOXKaeMbIX BMAOB MEPHATLIX XMLLHMKOB Ha
MHao-TTareapKTUHECKOM MUIPALIMOHHOM MyT»
(“Endangered Raptors Conservation on the Indo-
Palearctic Migration Flyway”), ®oHaa coxpaHe-
Hua BMaOB Tpesopa [Morisepa (Trevor Poyser
Species Conservation Fund) uepe3 OpHuTonoru-
yeckoe obLuectBo bankHero Boctoka (OSME) n
®oHaa ITD (Global Greengrants Fund).

ABTOpbI  OAarosapsat  ampektopa OOule-
CTBEHHOrO poHAa «LLeHTp M3ydeHuns 1 coxpa-
HeHust GruopasHoobpasusy (BRCC)®® HypaaHa
OwnrapbaeBa 3a OpraHM3aumio 3KCMEAULIMM
B KasaxcraHe M BCECTOPOHHIOID MOPaAbHYIO
MOAAEPXKKY, YH4aCTHMKOB MOAEBbIX paboT: Hy-
pyma Caraanesa, Aay Aaan boxpa, KopanaHa
bapToLwyk 1 ArekcaHapa Muaexika, a Takxe
BoanTeAs baybipykaHa YTebaeBa 3a BoxXAeHMe
B CAOXKHBIX YCAOBMSX 3KCTPEMAABHOM >Kapbl
npu HeHopMMpyemom pabodem aHe. OTaeAb-
Has OAaroaapHOCTb TaTbsHe “YeAHakoBOM K
AxeHHudpep KactHep 3a nepeBoa TekcTa cTa-
TbM Ha aHFAMMCKMIA U €r0 PEAAKLIMIO U peLeH-
3€HTaMm 3a LIeHHbIe PEKOMEHAALMM B NpoLiecce
AOPabOTKM CTaTbK.
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http://www.cepf.net

http://www.altaiproject.org
http://www.facebook.com/brcc.kz
http://github.com/kiri-rin/rrrcn-ee-nodejs

ritories from our data, 44 records of other or-
nithologists and bird lovers) — this is 32.7% of
the average estimate of regional abundance.
The current estimate of EV abundance in
Karatau and adjacent areas ranges from 171
to 298, with an average of 278 breeding pairs,
and from 43 to 74, with an average of 69 suc-
cessful pairs. One third of the entire Karatau
population is supposed to nest on 15% of EV
habitat area in Karatau and its adjacent territo-
ries, which are currently surveyed.

Our estimate of the EV abundance in Kara-
tau can be easily corrected in the future based
on field verification of nesting habitats and
the point pattern that we generated for unsur-
veyed areas.
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lMapa cTepBsaTHUKOB OKOAO rHe3aa. Doto M. KapsikmuHa.

Pair of the Egyptian Vulture near the nest. Photo by I. Karyakin.

3agBAeHME O AOCTYMHOCTH AQHHbIX

Bce BHelLHME AaHHbIE, MCMOAL30BAHHbIE B 3TOW CTaTbe,
AOCTYTHbI B BMAE MPUAOXKEHMIA K CTaTbe Ha caiiTe Poc-
CUIACKOM CETH U3YHEHMsl M OXPaHbl NEPHATHIX XULLHMKOB.

TOYKM MPUCYTCTBUS CTEPBSITHMKA, BEPUCPULIMPOBAH-
Hbl€ B Ka4yeCTBe MHE3AOBbIX, MO KOTOPbIM OCYLLECTBAS-
AOCb MOAEAMPOBAHKUE PACMPOCTPAHEHMS M YMCAEHHOCTH
BMAA, AOCTYMHbI 3aPErnCTPUPOBAHHBIM MOAb30BATEASM
YpPOBH$ «peaakTtop» B BeO-TMC «DayHncTnkan.

Koa, MCrMoAb3oBaBLUMICA B CTaTbe, AOCTYMEH Ha
GitHub®.
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Migration routes of juvenile Egyptian Vultures tagged in 2022. Photos by I. Karyakin. The results will be published in one of the following issues. An
interactive map is available at the link: http://rrren.ru/en/migration/ev-eie2022.
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