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Pesiome

banoban (Falco cherrug) — oann 13 Hanbonee yrpoxkaemeix BUaOB cokoros CesepHoii EBpasum, naoluasb apeana u
UMCAEHHOCTb KOTOPOTO B MOCAGAHME HeThIpe AeCATUACTUS KaTacTpopuueckm cokpaTMAnch. OAHa U3 KPYMHbIX FHe3-
AOBbIX FPYNMMPOBOK 3TOrO BMAA Oblaa cocpeaoTouveHa B ropax Kapatay Ha tore Kasaxcrana. o pesyabTaTam nccae-
AoBaHuii 2010 1. 1 2022 T. Mbl CMOAEAMPOBaAK pacripocTpaHeHue 6arobaHa B Google Earth Engine, ncnoabsys metoa
KAaccudpukaumm usobpakeHmii — Random Forest (BeposTHOCTL + perpeccus). [AoLIaAb FTHE3AOMPUTOAHBIX AASt 6ano-
H6aHa H6moTonos B Kapartay 1 Ha npuaeraioLLmnx TeppUTOpusiX onpeaeaeHa B 4222,64 km?, naoLLlasb MeCTOOOUTaHMI
—9084,3 kM. YncaeHHocTb 6anobaHa B 2010 I. AAs paccMaTpuBaeMoit TeppuTopun oueHeHa B 128-281, B cpeaHem
200 nap, B 2022 r. — 28-66, B cpeaHem 46 nap, COKpaLLeHWe YNCABHHOCTU COCTaBMAO 77%. «KaTaamusaTopom» kpaxa
nonyAsunm 6arobara B KapaTay sBASIETCS 3aTSOKHas AGMPECCUA YUCAEHHOCTM MPbi3yHOB. COXpaHMBLUMECA Ha FHE3A0-
BaHWM NMapbl MUTAIOTCA NPAKTUHECKM MCKAIOUMTEABHO NTULAMM. DTOT COXPaHMBLLMICA PECYPC BaXKeH AAS BOCCTaHOB-
AGHMS MOMYASILIMK, M AdAbHENLLIas CyabOa Buaa OyAeT 3aBMUCETb Kak OT BOCCTAHOBACHMSI YNCACHHOCTM FPbI3yHOB, Tak K
OT Npecca MHbIX HeraTUBHbLIX (PAKTOPOB, TaKMX Kak GPakoHbEPCTBO U rbeab Ha ADIT.

Kalo4eBbie cAOBa: nepHaTble XMLLHUKM, X1LLHbIe NTULbI, 6arobaH, Falco cherrug, MmoaeAMpoBaHme pacnpocTpaHeHust
BnaoB, Random Forest, Google Earth Engine, Kaparay, KasaxcraH.

IMocrynuaa B peaakumio: 10.12.2022 r. MpuHata k nybankaunm: 25.12.2022 r.

Abstract

Saker Falcon (Falco cherrug) is one of the most threatened falcon species of Northern Eurasia, the range and the num-
ber of which has fallen catastrophically over the last four decades. One large breeding group was concentrated in the
Karatau Mountains in southern Kazakhstan. Based on the results of studies in 2010 and 2022, we modeled Saker Falcon
distribution in Google Earth Engine using the image classification method — Random Forest (probability + regression).
The area of Saker Falcon breeding biotopes in Karatau and adjacent territories is calculated at 4,222.64 km?, area of
habitats — 9,084.3 km?. Saker Falcon population in the study area for 2010 is estimated at 128-281 pairs, 200 pairs on
average; in 2022 — 28-66, 46 pairs on average, with a decrease by 77%. The “catalyst” for the collapse of the Saker
Falcon population in Karatau is a prolonged depression in the number of rodents. Pairs that survive while nesting almost
exclusively feed on birds. The preserved resource is important for population recovery, and the further fate of the species
will depend both on restoration of rodent populations and on the pressure of other negative factors, such as poaching
and mortality on overhead power lines.

Keywords: raptors, birds of prey, Saker Falcon, Falco cherrug, species distribution models, SDM, Random Forest, Goog-
le Earth Engine, Karatau, Kazakhstan.
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Beeaenue

barobaH (Falco cherrug) — camblii KpynHbiii
M3 FHE3AALUMXCA COKOAOB KasaxcraHa, KOTo-
pbii A0 Hadara 90-x rr. XX Beka OblA 00OblY-
HbIM BMAOM, HO B MOCAEAHME ACCATUAETMUS
CTaA KpalHe PeAKMM, a Ha HEKOTOPbIX TeppU-
TOpUAX MOAHOCTbIO Mcye3. barobaH BHeCEH
B KpacHsbii asnct MCOIT (IUCN) B kateropumm
«HAXOAALLMICS MOA YrPO30M MCUYE3HOBEHNSN
(Endangered) (BirdLife International, 2021) u
B KpacHyio knury Kasaxcrana B kateropum |
«MCHE3AI0LLMI MAM BO3MOXKHO YoKe MCHE3HYB-
wimiiy (AesuH, 2010). YmcaeHHocTb Haroba-
Ha B KasaxcraHe ¢ 1990 no 2012 roa cHu-
3uAach Ha 73-79% 1 oueHuBanack B 2012 r.
B 1000-1500 rHesaswmxca nap (KapsakuH u
ap., 2015).

PaHee GanobOaH OblA O4YeHb LLMPOKO pac-
NPOCTPaHEH B FOpHbIX cucTemax KasaxcraHa,
NPENMYLLECTBEHHO B HM3KOrOpbaX: ObiA He-
peaok B Kapartay u Kasrypre, B HEOOAbLLIOM
KOAMHECTBE MHEe3AUACS MO OTporam Tasaccko-
ro Aaatay, B 1958 r. HallAeH MHE3AALLMMCS B
yuleabe p. Kawkapara (Kopeaos, 1962; 2012).

B Tanacckom Anatay A.I'. KopoBuH B mioHe
1926 r. B yweAbe Akcy (Ha BbicoTe 2000 m
HaA YPOBHEM MOpPS$) BCTPETUA BbIBOAOK Oa-
AODAHOB M3 ABYX B3POCAbIX M 4 MOAOABIX;
A.M. LLyabnun 24 aBrycta 1933 r. Ha Ayrax
Kwn-HYumbyasaka (2000 m) Buaer nepeaa-
4y A0OObIYM OT B3pOCAOro GanobaHa CAETKY
(KoBwapb, 1966; 2019). C Tex nop rHes-
AOBaHMs GanobaHa 3A€Cb HUKTO He HabAlo-
AaA. HecmoTps Ha HenpepbiBHOCTL paboTbl
OPHUTOAOIOB, UMEIOTCSH CBEAEHUS TOALKO O
BCTpeYax NTuu B AeTHMI nepuoa (Kosliapes,
2019). B 1959-1966 r. 6arobaHa TpHXKAbI
BcTpedar A.D. Koswapb (1966): ABaxAb
B mioHe 1961 r. B BepxoBbax p. Kuun-Akcy
(2500 M) 1 29 mioasa 1962 r. Ha nepesane
Kwmn-KanHabl Ha BbicoTe okoAo 2900 M (ce-
BEPHbIM MAKPOCKAOH Taracckoro Aaaray);
13 anpeas 2007 r. 6anobaH HabAlOAAACA B
yul. Kiim-KanHAabl (BTOPOR HUXKHWUIA A€BbIV
MPUTOK FOPHOM 4acTu p. Axabarabl, Bna-
Aatowen B p. Apbick) (CkagpeHnko, LLIMuaT,
2008). AeTHsa BCTpeya TakKe M3BECTHa B
yw. bopaHun Mpcy-Mawarckoro y4actka
Caiipam-Yramckoro HalMOHaAbLHOTrO napka
B 1989 r. (HaankoBa, 2008). o cBeaeHUsIM
N.®. bopoamnxmHa, B 1970-x rr. 6arobaH
OblA OOblveH B bopasraiickom KaHbOHe, a
MPOPECCUOHAABHBIA OXOTHUK C AOBUMMM
ntuuamu b. Ecenrtaes B cepeanHe 1990-x rr.
B paiioHe cBoeit cbepmbl B boabluom Kapa-
Tay 3HaA OKOAO 20 >KMAbIX rHe3a GarobaHa
— 3A€Cb COKOAbI FHE3AMAUCH B HWXKHEW 4a-
CTM FOp Ha BXOAax B yuleAbs (AeBUH U Ap.,
2011).

Introduction

Saker Falcon (SF, Falco cherrug) is the larg-
est falcon that breeds in Kazakhstan. Until the
early 1990s, SF was a common species, but in
recent decades it became extremely rare, and
in some areas it has completely disappeared.
SF is included in the IUCN Red List as “En-
dangered” (BirdLife International, 2021) and
in Kazakhstan’s Red Book in Category | “en-
dangered or possibly already extinct” (Levin,
2010). SF numbers in Kazakhstan decreased
by 73-79% from 1990 to 2012 and was esti-
mated at 1,000-1,500 breeding pairs in 2012
(Karyakin et.al., 2015).

SF was previously very widespread in the
mountain ranges of Kazakhstan, mainly in
low mountain areas: it was not uncommon in
Karatau and Kazgurt, nesting in small numbers
along the spurs of Talas Alatau, and in 1958 it
was found nesting in the gorge of Kashkarata
River (Korelov, 1962; 2012).

A.P. Korovin met a brood of two adult and
four juvenile SF in Talas Alatau in June of 1926
in Aksu gorge (at an altitude of 2,000 m above
sea level); L.M. Shulpin saw the transfer of
prey from an adult SF to a fledgling on August
24, 1933 in the meadows of Kshi-Chimbulak
(2,000 m) (Kovshar, 1966; 2019). Since then,
no one has observed SF nesting here despite
continuous ornithological research; there is
only data on bird sightings in the summer (Kovs-
har, 2019). A.F. Kovshar encountered SF thrice
in 1959-1966 (Kovshar, 1966): twice in June
1961 in the upper reaches or the Kshi-Aksu
River (2,500 m) and July 29, 1962 at the Kshi-
Kaindy Pass at an altitude of about 2,900 m
(northern macroslope of Talas Alatau); On April
13, 2007 SF was observed in Kshi-Kaindy gorge
(lower left tributary of the mountainous part of
Zhabagly River, which flows into Arys River)
(Sklyarenko and Schmidt, 2008). Summer en-
counter is also known in 1989 in Boranchi
gorge in Irsu-Mashat section of Sairam-Ugam
National Park (Chalikova, 2008). According to
I.F. Borodikhin, in the 1970s SF was common
in Boraldai Canyon. Professional falconer B.
Yesentaev knew about 20 inhabited SF nests
in the mid-1990s near his farm in Creater
(Bolshoi) Karatau — here SF nested in lower
mountain elevations at entrances to gorges
(Levin et al., 2011).

In 1983 V.G. Kolbintsev (1986) found a SF
nest with a clutch situated on a ledge of a verti-
cal wall in an old Egyptian Vulture (Neophron
percnopterus) nest in Lesser (Maly) Karatau, in
the lower part of Almalysay gorge. However,
he does not write about SF in his later work
on raptors of Lesser Karatau (see Kolbintsev,
2004). B.M. Gubin and F.F. Karpov (2000),
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B Manom Kaparay B HM>KHEN HacTyh yul. AA-
MaAbICaii rHe3A0 GarobaHa C KAAAKOM, YCTPO-
€HHOE Ha YCTyne BEepTUKAAbHOW CTEHKM B
CTapoMm rHesae crepssiTHuka (Neophron perc-
nopterus), Hawéa B.I'. KoAbuHues (1986) B
1983 r., oaHako B boAaee no3aHen paboTe o
XMLHBIX NTruax Maaoro Kapatay oH o ba-
AobaHe He nuweT (cM. KoabuHues, 2004).
He coobwaiot o Garobane b.M. Tybun
n O©.O. Kapnos (2000), paboTasline Ha
Manom Kapatay B 1991-1993 rr. Tem He
MeHee, YUYET XMLLUHbIX NTHL Ha 3-X MAOLLIAA-
Kax B Maaom KapaTay nMO3BOAMA BbISIBUTL 2
FHE3A0BbIX y4acTka, 3aHMMaembix HGanoba-
Hammn paHee, n 1 rHe3A0BOM Y4acCTOK, 3aHM-
Maembiit B 2010 r. (Kapskunn n ap., 2010).
MHoroaeTHee rHe3a0, psAOM C KOTOPbIM
BCTpeyeH camel, B 2010 r. ObIAO HaAEHO B
yweabe YAbkeH-byryHb, npu atom 6arobaH
He OblA OOHapy>KeH Ha NMAATO M B BEPXOBbAX
yLLeAnii cesepHoro dpaca Manoro Kapatay,
B ylleabsx pek bopaasan u Kawkapara,
HECMOTPSA Ha HaAM4YMe CKAAbHbIX CTEH Bbl-
cotort 300-400 M M BbICOKOW MAOTHOCTM
3A€Cb KPYMHbIX XMULLHBIX NTUL (KapakuH u
Ap., 2010; AeBuH n ap., 2011).

[Mpn 0BCACAOBAHMM  LEHTPAAbHOM  YacCTK
xpebTa Kapatay Becroi 1993 r. B yui. Kypcaw
8 mas Oblna BCcTpedeHa napa 6arobaHoB, rHes-
AO KOTOPOM PacroAaraAOCh Ha HEAOCTYMHOM
CKaAe, PSAOM C KOAOHMEN BEAOTOAOBBIX CMMOB
(Gyps fulvus); B cocearem yiueabe p. MkaHcy 9
Mas Ha CKaAe OCMOTPEHO FHE3AO0 C 3 MTeHLaMM
1 2 HEOMAOAOTBOPEHHBIMM SIMLIAMM; €LLIE OAHO
FHE3A0, BO3A€ KOTOPOro AepykaAach napa, oc-
MoTpeHo 10 Mas Ha ceBepHOM CKAOHE xpebTa
BocTouHee Yyaak-KypraHa, a B yLl. AKTOran
11 mas P. Tdpedpchepom Gbin0 0cMOTpEHO
rHe3A0 ¢ 3 anuamu (Kapsakud n ap., 2010; Ty-
6uH, beasinos, 2017). 3TK MecTa noceLaAuch
P. Mdpedpcpep 1 O. beasinoBbim Takke 23-25
anpeaa 1996 r. 1 31 maa — 2 niona 1997 r., Ho
6arobaHOB 3AeCh yrKke He BeTpedaan (KapsakuH
n ap., 2010). B 2005 r. B ceBepo-3anaAHo Ya-
¢t Kaparay ObIAO OOHapy>KEHO 3 FHE3A0BbIX
ydacTtka 6arobaHos (KapskuH 1 ap., 2008), a B
XOA€ LeAeBbIX paboT no usyyeHuio HarobaHa
B Kaparay B 2010 r. ObIAO HalaeHO 36 rHes-
AOBbIX TEPPUTOPHUIA ITOFO COKOAA, COCPEAOTO-
YEHHbIX NPENUMYLLECTBEHHO B boAbLiom (Chip-
AapbuHcKom) Kapatay (KapakmH u ap., 2010).

b.M. Tybun (2018a, c. 222) ars 03€p BAOAL
Kapartay ykasbiBaeT OanoDaHa B KayecTse
MPOAETHOro. B To ke Bpems 5 rHe3A0BbIX
4acTkoB GanobaHa ObiAM BbIABACHbI Ha YMH-
Kax 03ép B 2010 r. (KapskuH 1 ap., 2010).

barobGaH oTMeuarcs Ha  rHE3A0BaHMM
B AapbasmHckom cae 0Am3 Capblarava B
1985-1990 m 2005 rr. (MaTioxmH, 2006). B

banrobar (Falco cherrug). @oto M. KapsikuHa.

Saker Falcon (Falco cherrug). Photo by I. Karyakin.

who worked at the Lesser Karatau in 1991-
1993, do not report SF sightings. At the same
time, bird counts at three areas in Lesser Kara-
tau revealed two breeding territories previously
occupied by SF, and one breeding territory oc-
cupied in 2010 (Karyakin et al., 2010). A per-
ennial nest with a male SF nearby was found in
2010 in Ulken-Bugun gorge, while SF was not
found on the plateau or in the upper gorges of
the northern face of Lesser Karatau, in gorges of
Boraldai and Kashkarat Rivers, despite the pres-
ence of rocky walls up to 300-400 m high and
higher density of large raptors here (Karyakin et
al., 2010; Levin et al., 2011).

A SF pair was encountered when examin-
ing the central part of Karatau ridge on May
8, 1993 in Kursai gorge; its nest was located
on an inaccessible rock next to a colony of
Eurasian Griffon (Gyps fulvus); on May 9 a
nest with three nestlings and two unfertilized
eggs was examined on a rock in the adjacent
Ikansu gorge. Another nest with a pair stay-
ing nearby was examined on May 10 on the
northern slope of the ridge east of Chulak-
Kurgan; on May 11 R. Pfeffer examined a nest
with three eggs in Aktogay gorge (Karyakin et
al., 2010; Gubin, Belyalov, 2017). These areas
were also visited by R. Pfeffer and O. Bely-
alov on April 23-25, 1996 and May 31 — June
2, 1997, but no SF were seen here (Karyakin
et al., 2010). In 2005, three SF breeding ter-
ritories were found in northwestern part of
Karatau (Karyakin et al., 2008), and 36 breed-
ing territories of the species were found in
the course of a SF targeted study in Karatau
in 2010, concentrated mainly in the Greater
(Syrdarya) Karatau (Karyakin et al., 2010).
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3TOM Xe paiioHe B beabTay napa 6arobaHoB
FHE3AMAACh B OAHOWM M TOM XKe HuLe CKAAb
B 2017-2018 rr. (Ty6uH, 2018b). Mpu npo-
BepKe 3Toro ruesaa B 2019 r. nTmu 3aech He
oBHapy>XMAK, 0OAHaKO camell OblA cdpoTorpa-
dpupoBaH A. McabeKkoBbIM y . AWrbipuLLaH,
PacrnoAOXKEHHOW B 8 KM 3amaaHee 3TOro
MecTa rHe3aoBaHus cokonos (I'youH, 2020).
Ha cKaAbHbIX BLICTYMax OCTaHLEB BOCTO4YHee
HapaapuHckoro BoaoxpaHuAauiia B 1994 r.
oOHapy>keHO ABa rHe3aa 6aA00aHOB: ceBepo-
BOCTOYHEE MOC. AAUMTAY M MEXAY CEAamM
Kariaak n Aammray (Aenmcos, 1995).

barobaHbl, rHesasauiMecs noodYepeaHo B
2-X HMLIAX CKaAbHbIX OOPbIBOB, HAOAIOAAAMCh
C 2003 r. exxeroaHo Ha ocrtaHue Kapaktay
(MypyHkopak). B 2019 r. 3aecb pa3mHoxe-
HMe OTCYTCTBOBAAO, TakK Kak, CKopee BCero,
camka OblAa OTAOBAeHa OpakoHbepamu Mo-
CAe BbICTaBAEHMS poTorpadpmid NTULL Ha caiT
6éasoTyepamm, HO B 2020 r. pasmMHOXeHMe
BO300HOBMAOCDH (TYOMH, 2020).

Ha 2010 r. rHe3aoBas rpynnmposka 6aroba-
HOB B Kapartay u Ha mpuaeraiomk TeppuTo-
pUSX SBASAACh CaMOM KPYMHOW Ha BCEM tore M
toro-soctoke KasakcraHa. B Kaparay 1 Ha umH-
Kax 03ép ceBepHee rop, ¢ y4ETOM MCCAEAOBA-
HuM 2005 1 2010 rr., BbISIBAEHO 36 rHE3A0BbIX
YH4aCTKOB COKOAOB, @ YUCAEHHOCTb OLieHeHa B
105145 nap, B cpearem 125 nap, 76% u3 ko-
TOPbIX FHE3AMAMCH B OCHOBHOM FOPHOM MacCH-
Be Kaparay (KapsakuH 1 ap., 2010; 2015). Eweé
HECKOALKO AECSTKOB Map OMPeAGAEHHO He3AM-
AVCb B HM3KOrOpbaX OT IPaHuLbl C Y30eKkmcTa-
Hom A0 bopanaas (cm. TyouH, 2020).

M3 BbiLLenpMBEeAEHHOr0 0630pa AMTepaTypbi
BMAHO, 4TO GaroDaH, XOTb M COKpPaTMA CBOIO
YMCAEHHOCTb Ha rHe3aoBaHuM B Kapatay u
BGAMXKANLIMX OKPECTHOCTAX, MPOAOAXKAET 3A€Ch
BCTPEUaTbCS B FHE3A0BOM NEpMoA. YTobbl no-
HSATb, KaKMe M3MEHEHWs MPOM3OLUAM Ha pac-
cmarpmsaemoit Tepputopmn nocae 2010 1., Mbl
nocetnan Kapatay 8 2022 r., npoBeAM MOHUTO-
PUHI paHee OOHAPY KEHHbLIX MECT THEe3A0BaHMS
GanobaHa M OOCAEAOBAAM  AOMOAHUTEAbHbIE
TeppuTtopun Manoro, boabLuoro Kaparay 1 bo-
paAast C LeAbIO BbISIBAGHMS HOBbIX HE3A0BbIX
y4acTkoB. [1o pesyAbTaTam 3TUX MCCAEAOBAHMI
MOArOTOBAEHA AAHHaS CTaTbs.

MpupoaHble 0COOEHHOCTU UCCACAYEeMOW
TeppuTopum

CoraacHo ouanKo-reorpadpryeckomy pai-
OHMPOBAHMIO, UCCAEAYEMAs TEPPUTOPUS Ae-
»KUT B Kapartayckom paroHe, Kapartay-Tarac-
ckoro okpyra, Cepepo-TSHbLUAHCKOW MNpo-
BUHUMM, TaHb-LLlaHckol obaactm, CpeaHe-
a3MaTCKoM ropHou ctpaHbl (Muabkos, 1977;
[BO3aeukni, Muxarinos, 1978).

B.M Gubin (2018a, p. 222) indicates SF as
a migrant species at lakes along Karatau. At
the same time, five SF breeding territories
were found at the lakes in 2010 (Karyakin
et al., 2010).

SF was observed nesting in the Darbazin-
sky sai near Saryagach in 1985-1990 and
2005 (Matyukhin, 2006). A SF pair nested
in the same rock niche in the same area
in Beltau in 2017-2018 (Gubin, 2018b).
When checking the nest in 2019, no birds
were found here, however, a male was
photographed by A. Isabekov near Aigyris-
han Mountain, located 8 km west of this SF
breeding territory (Gubin, 2020). In 1994,
two SF nests were discovered on rocky ledg-
es of outcrops east of Chardara reservoir:
northeast of the village of Alimtau and be-
tween the villages of Zhaydak and Alimtau
(Denisov, 1995).

SF that nested alternately in two niches of
rocky cliffs have been observed annually since
2003 at Karaktau outcrops (Murunkorak). In
2019 no breeding was indicated here, since
a female was most likely caught by poachers
after birdwatchers uploaded SF photos on the
website, but in 2020 breeding resumed (Gu-
bin, 2020).

In 2010, the SF breeding group in Kara-
tau and adjacent territories was the largest
throughout south and southeast Kazakhstan.
36 SF breeding territories were identified in
Karatau and on lakes north of the mountains,
on the basis of studies in 2005 and 2010, with
abundance estimated at 105-145 pairs, 125
pairs on average, 76% of which nested in the
main Karatau mountain range (Karyakin et al.,
2010; 2015). A few dozen more pairs defi-
nitely nested in low mountains near the bor-
der with Uzbekistan to Boraldai (see Gubin,
2020).

This literature review shows that while SF
has declined in nesting population in Kara-
tau and adjacent territories, it continues to
be encountered here during the breeding pe-
riod. To understand the changes that have oc-
curred in the study area after 2010, we visited
Karatau in 2022 and monitored previously
discovered SF breeding territories and addi-
tional areas near Lesser and Greater Karatau
and Boraldai in order to identify new breeding
territories. This article is based on the results
of these studies.

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, mountainous
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XpebeT Kaparay cAaraeTcst cMctemMoi napaa-
ACABbHbIX PSA, OPUMEHTUPOBAHHLIX C IOrO-BOC-
ToKa Ha cesepo-3anaa (PKemuy>kHukos, Epra-
AneB, 2010). HaumBbiclias Touka xpebTta — ropa
Mbirxnakm (Bepxosbst beccas, 2176 Mm). Aas
BoAbLLel YacTh xpebTa abCOAIOTHbIE BbICOTbI
B cpeaHem cocTaBasiioT 1000 M 1 meHee, ¢
OTHOCUTEALHbLIMU MPEBBILLEHNSIMMU HAA AOAM-
Hamu B 50-250 M.

Kaparay HaxoAMTCS B 30HE KOHTMHEHTaAb-
HOMO 3aCyLUAMBOIO KAMMATA.

CoraacHo npunaTomy B KasaxcraHe GoTa-
HUKO-reorpachmyeckomMy  paiioHMpPOBaHMIO,
TeppUTOpPUS palioHa MCCACAOBAHMIA OTHOCUT-
cs K Kaparayckor noanposuHummn CpeaHea-
3MATCKOM rOpHOM NPOBUHLMK, MpaHo-TypaH-
ckoi cyb obaactn, Caxapo-Fobuiickoit ny-
CTbIHHOM 06AacTh (Pecnybanka KaszaxcraH...,
2006; HaumoHaAbHbIM aTAac..., 2010).

CoraacHo 6uoreorpacpryeckomy paioHUpo-
BaHMIO, OCHOBAHHOMY Ha MO3BOHOYHbIX >KMBOT-
HbIX, paccMaTpuBaeMas TePPUTOPUS AEXKMUT B
CpeaHeasnaTCcKoi BbICOKOMOPHOM MPOBUHLIMM
(Kyuepyk, 2006), a no 300reorpacpmieckomy
parionnposaruio CesepHoii EBpasun no dpay-
HE Ha3eMHbIX MO3BOHOYHBIX — B [OpHO-aHKAaB-
HOW CpeAHeasnaTCKOW MNpoBMHUMK [TyCTbIH-
HO-CTeMNHOM noaobAaCTH [TyCTbIHHO-CTENHOro
pervnoHa (PaBkuH 1 ap., 2014).

C 2017 no 2022 rr. Ha Kapatay HabAloAaeT-
€Sl 3aTSHKHAA AEMPECCUS YUCACHHOCTM IPbI3y-
HOB, KOCHYBLLASICA BCEX BMAOB, OT DOAbLLION
necyankn (Rhombomys opimus) u xéatoro
cycanka (Spermophilus fulvus) ao noaésok
(Microtus socialis n Alticola argentatus), 4To
HEraTMBHO OTPa3MAOCb Ha PasMHOXEHWUM
BCEX FPYNM XMULUHbIX XMBOTHbIX (PenTuAnA,
NTULL M MAEKOMMUTAIOLLIMX), M B OCOOEHHOCTK
Ha pa3mHoXXeHnn GarobaHa.

MeToAmnKa nccaeaoBaHMM

MepBble LeAeBble MCCAEAOBAHMS HE3AO-
BbIX FPyNMnnpoBok barobaHa B ropax Kaparay
M Ha NpUAeraioLmnx TeppuTopmax ObiAn npo-
BeaeHbl B 2003, 2005 1 2010 rr.

Yuét 6arobaros B 2010 r. ObiA ocyLecT-
BAEH Ha 11-Tu nAowlaakax obulelt NAOLLAAbIO
1273,2 kM?, uTO cocTaBuAo 9,6% OT obLuei
MAOLLAAM FOPHbIX MaccuBoB bopanaasi, Ma-
Aoro u boabworo Kaparay u 30,1% ot 06-
el naollaam mectoobutaHuii 6arobaHa B
ropax. AvHelHble MapLIpPyThl MPOBEAEHbI Ha
6-TW y4acTKax YMHKOB OOLLEN MPOTSKEHHO-
ctbio 20,85 kM, uTo coctaBuao 14,27% ot
obLuer NpoTSXKEHHOCTM YMHKOB Ha MOArop-
HOM paBHuHe (KapsakuH u ap., 2010). Pac-
CYMTBIBAACS CPEAHEB3BELLUeHHbIN NoKa3aTeAb
MAOTHOCTM Ha MAoLlaAkax M mapuupyTax (Ka-
psaknH, 2004), olumbKa cpeaHeirt NAOTHOCTM U

CesepHbiii ¢hac Kapatay. @oto M. KapsikuHa.

Northern face of Karatau. Photo by I. Karyakin.

Central Asian country (Milkov, 1977; Gvoz-
detsky, Mikhailov, 1978).

The Karatau Range is composed of a system
of parallel ridges oriented from southeast to
northwest (Zhemchuzhnikov, Ergaliev, 2010).
The highest point of the ridge is Mount Myn-
zhilki (upper Bessaz, 2176 m). For most of the
ridges, the absolute heights average 1000 m
or less, with relative elevations above the val-
leys of 50-250 m.

Karatau is in the continental arid climate
zone.

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
[ran-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).

A prolonged depression in the number of
rodents has been observed at Karatau be-
tween 2017 and 2022, affecting all species
from the Creat Gerbil (Rhombomys opimus)
and Yellow Ground Squirrel (Spermophilus
fulvus) to Voles (Microtus socialis and Alti-
cola argentatus), a situation which has overall
negatively affected reproduction of predatory
animals groups (reptiles, birds, and mammals),
and especially breeding of SF.
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HECMMMETPUUHBIA AOBEPUTEAbHBIN MHTEPBAA
(PaBknH, YeanHues, 1990).

YncaeHHocTb OanobaHa oOuUeHMBaAacb B
cpeae MC (ArcView 3.3 ESRI).

MAowaab MectoobuTanuii 6arobaHa B ro-
pax Maaoro Kapatay, bopaasas n boabLio-
ro Kaparay Obina onpeaeAeHa Mo KOHTypam
CKaAbHbIX MaccnBoB B [MC Ha ocHoBaHMM
BEKTOPHOM KapTbl, MOAFOTOBAEHHOM MO KOC-
MocHMmKam Landsat ETM+ 2000 r. u pac-
TPOBbIM KapTam Macwitaba 1:500000 u co-
cTaBuAa 5864,1 kM?; MPOTSHKEHHOCTb YMHKOB
Ha MOArOpHOM paBHUHE ceBepHOro dpaca
Manoro Kapatay cocrasuaa 146,12 km (Ka-
pakuH u ap., 2010).

B 2022 r. Mbl NPOBEAM YaCTUHHbIA MOHMTO-
PUHI M3BECTHbLIX MHE3A0BbLIX Y4acTKOB Oao-
6aHa, a Takke o6caeaoBaAn DOAbLLME MO MAO-
LLIAAM TePPUTOPUM, YTOOBI YTOUHUTL ACTaAM
pacrnpocTpaHeH1s BMAA M €r0 YMCAEHHOCTb.
Aanee Mbl OCyLLIECTBUAM MOAEAMPOBaHME pac-
NPOCTPaHeHMs BMAA MO BCEW COBOKYMHOCTM
FHE3A0BbIX Y4aCTKOB M MepecHnTan MaoLla-
AW THE3AOMPUIOAHBLIX GMOTOMOB, MECTOOOM-
TaHWM M YMCAeHHOCTbL BanobaHa B 2010 r.,
a TaKkKe PacCYMTaAM YMCAEHHOCTb BMAA Ha
FHE3A0BAHWUM MO COCTOAHMIO Ha 2022 .

AOKaUMM M3BECTHBIX THE3AOBbLIX Y4aCTKOB
6anobaHa 3a 2003-2010 1 2022 rr. ObiAM BHe-
ceHbl B pasaen «[lepHatble XMLHUKK Mupa»?
BeO-TMC «®ayHuctrka» Poccuiickon cetn ms-
YHEHMS M OXPaHbl NEPHATBLIX XMULLIHUKOB, OTKY-
A BblBEAEH AaTaceT B cpopmate Luefin-cpaiina
AASL AaAbHelLen obpaboTku B TMC.

[ToAeBble MCCARAOBAHMS MPOBOAMAUCH B CO-
OTBETCTBMM C METOAMYECKMMM PEKOMEHAALIN-
MM MO M3YYEHMIO COKOAOODPa3HbIX M COBO-
obpasHbix (KapskuH, 2004) n 6arobaHa (Ka-
paknH, 2010) 1 A€TaABHO OMMCaHbl B CTaTbe
no crepBaTHMKy B Kapartay (KapskuHn u ap.,
2022a) € TOW AMLLbL pasHULIEH, YTO AASI BbisB-
AeHns banobaHa OCMaTpMBAAUCh HE TOALKO
CKaAbl 1 OOpPbIBbI, HO M OMOPbI BLICOKOBOABT-
HbIX ADIT 1 BCe TUMbl ADEBECHbIX HaCAXKACHMI
B NMPUIOAHbIX A DarobaHa MECTOOOMTaHUSX.
OCMOTP MEeCT, MPUrOAHBLIX AASl FTHE3AOBAHMS
6anobaHa, OblA OPUEHTMPOBAH B NEPBYIO OYe-
peAb Ha MAEHTUCPMKALIMIO aKTUBHBIX IHE3A.

KoopanHatbl MecT obHapy»eHus nTul u
MX THE3A ornpeaeAsiach ¢ nomotubio GPS/
FNOHAC-HaBMratopoB MAM B nporpamme
LocusMap® Ha cmapTtdpoHax. MHcpopmaLms
O HalMAEHHbIX NTMLAX M FHE3AAX 3aHOCUAACH B
BEAOMOCTM yuéTa Mo YCTaHOBAEHHOI dhopme.

AAst paboTbl Mo npoekTy GbiAn cchopmu-
pOBaHbl ABE WCCAEAOBATEALCKME TPynmbl,

22
23

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

Methods

The first studies targeting SF breeding groups
in the Karatau mountains and adjacent ter-
ritories were carried out in 2003, 2005, and
2010.

In 2010, SF were counted at 11 plots with
a total area of 1,273.2 km?, which account-
ed for 9.6% of the total area of Boraldai and
Lesser and Greater Karatau mountain rang-
es, and 30.1% of the total SF habitat area
in the mountains. Linear routes were drawn
on six sections of chinks with a total length
of 20.85 km, which amounted to 14.27% of
the total chink length on the piedmont plain
(Karyakin et al., 2010).

Weighted average density index on plots
and routes (Karyakin, 2004), average den-
sity error, and asymmetric confidence interval
(Ravkin, Chelintsev, 1990) were calculated.

SF abundance was estimated using GIS
(ArcView 3.3 ESRI).

SF habitat area in the Lesser Karatau, Boral-
dai, and Greater Karatau was determined by
contours of rock massifs in GIS on the basis of
a vector map prepared using Landsat ETM+
satellite images from 2000 and raster maps at
a scale of 1:500 000 and amounted to 5864.1
km?; length of chinks on the foothill plain of the
northern face of the Lesser Karatau was 146.12
km (Ka-ryakin et al., 2010).

In 2022, we carried out partial monitoring
of the known SF breeding territories, and also
surveyed large areas in order to clarify the de-
tails of species distribution and abundance.
Next, we modeled species distribution over
the entire set of breeding territories and recal-
culated areas of breeding biotopes, habitats,
and abundance of SF in 2010, and also cal-
culated the species abundance during nesting
as of 2022.

Locations of known SF breeding territories
for 2003-2010 and 2022 were included in
the “Raptor Raptors of the World"#2 section of
the web CIS “Faunistics” of the Russian Rap-
tor Research and Conservation Network, from
where the dataset was derived in shape-file
format for further processing in the CIS.

Field studies were conducted in accord-
ance with Methodological Recommenda-
tions for the Study of Birds of Prey and Owls
(Karyakin, 2004) and Saker Falcon (Karyakin,
2010) and are described in detail in an article
on the Egyptian Vulture in Karatau (Karyakin
et al., 2022a), with the only difference being
that not only rocks and cliffs, but high-voltage
power pylons and all types of arboreal planta-


http://rrrcn.wildlifemonitoring.ru
http://www.locusmap.app
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KOTOpbIE MNEepeABUraAnCb Ha aBTOMOOMASX
NOBbILUEHHONW npoxoanmoctn (YA3 TMatpuot
n Toyota Prado). ObLuas npoTs)kEHHOCTb aB-
TOMapLIPyTOB B 30HE pPaboThbl IoXKHee p. Yy
B 2022 r. coctaBmaa 9655 KM, B TOM 4MCAe
3393 kM — B anpeae — Mae u 6262 KM — B
nioae (2772 km 1 3490 kM — npober Kaxkaoro

aBToMOOMAS) (puc. 1).

Kak 1 B paboTe no crepBaTHMKY (KapskuH
n aAp., 2022a), rHesaosas Tepputopus Hao-
OaHa cuMTarach 3aHATOM, eCAM HabAIOAAAOCH
NPUCYTCTBME Mapbl MNTUL C FHE3AOBbIM MO-
BeAeHMEM (KOMyAAUMS B THE3AOMPUIOAHOM
6uoTone, NPUHOCHI AODbLIYM B OAHO M TO e
MecTo, 3alumTa Tepputopmun). [Hésaa cumta-
AUCb aKTUBHBIMM, €CAM B HUX HaOAIOAAAMCH
HACM>KMBAIOLLME MTMLbI, NTEHLbI, Aila MAK
OCTaTKM SMHYHOM CKOPAYTMbI MAM MTEHLOBOMO
nyxa. YCnewHbIM1 CYMTaAUCh THE3AA, U3 KO-
TOPbIX YCMELHO BbiA€TeA XOT4 Obl 1 nTeHeL.
Ho TaKk Kak 4acTb FHE3A He yAaAOCh MpoBe-
PUTb B KOHLE CE30Ha Pa3MHOXEHMWs, TO B
psA€ aHAAM30B Mbl OMEpPUPyeM MOHATHUEM
«YCMELIHOE FHEe3A0 Ha MOMEHT MPOBEPKM» —
3TO FHE3A0, B KOTOPOM Ha MOMEHT NPOBEPKM
HaXOAMACS XOTS Obl OAMH >MBOK NTeHed. [lo-
KMHYTOM FHE3A0BOW TEPPUTOPUEN CUMTAAK
y4acToK, Ha KOTOPOM OOHapy>keHO cTapoe
rHe3A0 6e3 NPM3HaKoB NoCeLeHNs NTUamm
M Ha y4acTKe NTULbI He BCTPEYEHbI.

B 2010 r. Ha paccmaTpuBaemMoit TeppruTopmn
ObIA0 3aA0XKEeHO 11 y4ETHBIX MAOLLAAOK OOLLeH
nAoLLaAblo 1273,2 KM? M AMHelHble MapLUpYThl
MPOBEAEHbI Ha 6-TW ydacTKax YMHKOB OOLLeN
npoTskéHHOCTbIo 20,85 kM (Kapsikub u ap.,
2010). B 2022 r. 6blA0 3aA0KEHO 16 YHETHBIX
MAOLLIAAOK 0OLLEeN nAowaabio 4191,54 km?
(puc. 2), 4acTb 13 KOTOPbIX YaCTMHHO MepeKpbl-
BaAach C naotuaakamun 2010 r. Faotuaab nepe-

KpbITHS cocTaBmaa 521,72 km2.

67°30" 69°00 70°30

Expedition routes 2022

AN/ duly (1)
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50
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tions in suitable SF habitats were inspected to
identify SF as well. While inspecting suitable
habitats for SF, we focused primarily on iden-
tifying active nests.

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 the established form.

Two research groups were formed to
work on the project and traveled using
off-road vehicles (UAZ Patriot and Toyota
Prado). 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 km in July (2,772 km and
3,490 km for each vehicle respectively) (Fig. 1).

As in the Egyptian Vulture study (Karyakin
et al., 2022a), breeding territory was consid-
ered occupied if a pair of birds with nesting
behavior was observed (copulation in a nest-
ing habitat, flights with nest-building mate-
rial, bringing food to the same place, territory
protection). Nests were considered active if
brooding birds were observed, and nests
contained nestlings, eggs, or remnants of
eggshells or nestling down. Nests from which
at least one nestling successfully 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 territory was
considered abandoned at old breeding ter-
ritories lacking evidence of bird visits and no
birds present.

In 2010, 11 survey plots with a total area
of 1,273.2 km? were established in the study
area, and linear routes were drawn in 6 sec-
tions of chinks with a total length of 20.85 km
(Karyakin et al., 2010). In 2022, 16 survey
plots were identified including a total area of
4,191.54 km? (Fig. 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 SF nests located at the survey plots.

Puc. 1. Mapupyt skcneanummn 2022 .
AereHaa: 1 — uioAb, 2 — anpeAb — Mai.

Fig. 1. Field research route 2022.
Key: 1 —July, 2 — April — May.
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Ha y4€THbIX NAOLLAAKAX Mbl CTapaAmCh MM-
HUMM3MPOBATb MPOMYCKM MTHULL 1 BbISBUTL BCE
rHésaa 0OanobaHa, KOTOpble pacnoAaraA1cChb
B MpeaeAax naowlasok. Ha 70% naoLuasok
MapLUPYTbl MOBTOPSAMUCH TPUXKAbI 38 CE30H C
CepeAMHbI anpeAs Mo KOHeL MIOAS, 4TOObl 1C-
KAIOYMTb NMPOMYCK rHe3aawmxcs numu. MNoato-
My MpM pacuéTax Mbl CYMTAEM HYMCAEHHOCTb
6anobaHa Ha naoLLiaakax abCOAIOTHOM, HECMO-
TPA Ha OMNPEACAEHHYIO, HO HE3HAUYUTEAbHYIO
BEPOATHOCTb MPOMyCKa FHe3AALLMXCS nap.

BHyTpu naowaaok OblAn onpeaeAeHbl MAo-
LLIAAM FHE3AOMPUIOAHbBIX OMOTOMOB M MeCTo-
obuTaHmni 6arobaHa. 1o HMM IKCTpanoAnpo-
BaAM MOKa3aTeAn MAOTHOCTM HarobaHa, NoAy-
YEHHbIE Ha MAOLLAAKax. Takoke AAS MAOLLAAM
FHE3AOMPUIOAHBLIX OMOTOMOB CTPOMAACKH CETb
CAYHYaMHbIX TOYEK, MMUTUPYIOLIAs BO3MOX-
Hoe pacnpocTpaHeHue 6arobaHa.

MoaeanpoBanme pacnpoctpaHenus  Buaa
MPOBOAMAOCH MO MOAHOM aHaAOrMKM C paboTOM
no crepBATHKKY (KapskiH 1 Ap., 2022a). Ml
TaKkXKe CPaBHUAM MOAYYEHHbIE Pe3yAbTaTbl C
TakoBbiMi 2010 r., 4TOObI CKOpPeKTMpPOBaThL
npexHue OLEeHKN YMCAeHHOCTH BarobaHa.

AAsi onpeaeAeHus MpeanoyTeHnii B Buibope
FHE3AOMPUIrOAHbIX OMOTONOB GarobaHa M AAS
MX MOAEGAMPOBAHMS Mbl ONPEAEAMAK MPOCTPaH-
CTBEHHbIE MNepemMeHHble B MacluTabe MUKPO-
cpeabl — B paamyce 100 M BOKpyr rHesaa, u
MaKpOCpeAbl — B paAnyce 2 KM BOKPYI rHesaa.

AASt KAACCUOPUKALMKM  FHE3AOMPUIOAHBIX
GMOTOMOB Mbl MCMOAb30BaAKM HE TOABKO pe-
FYASIPHO 3aHMMaemble aKTMBHble MHE3Aa Ha
FHE3AOBbLIX TEPPUTOPUAX Map, HO U MUX aAb-
TepHaTUBHbIE MHE3AQ, B KOTOPbIX PasMHOXe-
HMe HabAIOAAAOCH B MPOLUAOM. Mbl OLeHMAM
BO3MOXXHOCTb MCEBAOPENAMKALIMM  Napame-
TPOB M pewmnAn e€ UrHopupoBaTh, NMOTOMY
yTo BbIOOPKa OblAa HeDOAbLUAA: aAbTepHa-
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70% of the total routes were visited three
times over the season between mid-April and
late July in order to avoid missing nesting birds.
Therefore, when calculating, we consider the
SF population on the plots as absolute, despite
a certain probability of missing nesting pairs.

Areas of SF habitats were determined within
the plots. SF densities obtained from routes
and plots were extrapolated from them. A net-
work of random points was built for the area
of breeding biotopes, simulating possible SF
distribution.

Modeling species distribution was carried
out analogously with the Egyptian Vulture
study (Karyakin et al., 2022a). We also com-
pared our results with those of 2010 in order
to correct previous estimates of SF abun-
dance. In order to determine preferences in
the choice of breeding biotopes by SFs and to
model them, we determined spatial variables
at the microenvironment scale (within a radius
of 100 m around the nest) and macroenviron-
ment (within a radius of 2 km around the
nest).

To classify breeding biotopes, we not only
used regularly occupied active nests in breed-
ing territories, but also alternative nests, in
which breeding was observed in the past. We
assessed the possibility of parameter pseudo-
replication and decided to ignore it because
the sample was small, and alternative nests
were noted only in 10.42% of SF breeding
territories (n=48) and the distance between
active and alternative nests exceeded 100 m,
thus excluding pseudo-replication parameters
at the microenvironment scale altogether, so
it could not have a noticeable effect on mod-
eling preferences in the choice of breeding
biotopes by SFs. Thus, 53 SF nests on 48 dif-
ferent breeding territories were included in
our analysis.

Biotope characteristics for SF 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
— N 41.04311 E 72.04952, 4 — N 41.00781
E 66.57031. A map of breeding biotopes and
breeding habitats was constructed for the
same extent.

Puc. 2. YaétHbie naotaskm. Hymepanms nAOLLAAOK CO-
OTBETCTBYeT HymepaLmu B TabA. 5-7.

Fig. 2. Survey plots. Plot numbering corresponds to that
in Tables 5-7.
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TUBHbIE THE3AQ OTMeYeHbl AMLb Ha 10,42%
rHe3A0BbIX Yy4acTkoB OanobaHa (n=48), a
AMCTaHLMM MEXAY aAbTepPHaTUBBIMU U aKTMB-
HbIMM THé3AamMK nipesbitaan 100 M, Tem ca-
MbIM BOODLLIE MCKAIOYasH MCEeBAOPENAMKaLMIO
napameTpoB B MacluTabe MWKPOCPeAbl, Mo-
3TOMY BKAAA NMCEBAOPENAMKALIMK HE MOT OKa-
3aTh 3aMETHOMO BAMSIHWUS Ha MOAGAMPOBaHKeE
MpeAnoYTeHnin B BbIOOPE HE3AOMPUrOAHbIX
6uoTtonos. Takum 0Opa3oM, Mbl BKAIOYMAKN B
aHaAan3 53 ruesaa GanobaHa Ha 48 pasanu-
HbIX THE3AO0BbIX TEPPUTOPHUSIX.

XapakTepuCTMKM OUOTOMOB AASt TOUEK FHE3A
6anobaHa CpaBHUBAAUCH C @aHAAOTMUHBIM YUC-
AOM CAyYaiiHbIX TOUYEK, CO3AaHHbIX B FpaHMLIax
9KCTEHTa, OrpaHUYEHHOro KOoOopAMHaTamm: 1
— N 44.96832 E 66.34158, 2 — N 45.00587 E
72.18636, 3 — N 41.04311 E 72.04952, 4 - N
41.00781 E 66.57031. AAg 3TOro e aKCTeHTa
CTPOMAACh KapTa FHe3A0MPUroAHbIX G1OTOMNOB
1 MecTtoobuTaHui barobaHa.

AAg onucaHMst MPU3HAKOB HE3AOMNPU-
FOAHbIX OMOTOMOB Ha YPOBHE MMKPO- U Ma-
KPOCpeAbl MCMOAb30BaHbl 90 00BLACHAIOLLIMX
nepemeHHbIX, 87 13 KOTOPbLIX MOAYYEHbI M3
MPOAYKTOB  AMCTa@HLIMOHHOIO  30HAMPOBa-
HMa 3eman (A33): NASADEM (NASA JPL,
2020), MOD13A1.061 Terra Vegetation
Indices 16-Day Clobal 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) (Mpunroxenue 12%), u 3 nepemeHHbIX
— MOAyYeHbl MyTEM M3MEepeHUs AMCTaHUMMA
MexAy OAMXKAWLLIMMM COCeASIMM, AO THE3A
GepkyTa (Aquila chrysaetos) n GanxanLLmx
dpepm.

Mbi Takoke ncnoabszosaam Dynamic World
V1 (Brown et al., 2022) n ERA5-Land Monthly
Aggregated — ECMWEF Climate Reanalysis
(Munoz Sabater, 2019) aAg OTCAEKMBaHMS
M3MEHeHMIH B AaHAWIAdpTe M KAMMAaTe Ha
FHEe3A0BbIX ydacTkax 6arobarnos ¢ 2017 no
2022 rr., 4TOObI MOHATbL HACKOALKO M3MEHUA-
CS1 AQHALLACPT M MOrOAHBIE YCAOBMS, U CKasa-
AUCb AV 3TU M3MeHeHMs Ha BarobaHax.

Bce namepenmna nposoamanck B ArcView GIS
3.3 ESRI B npoekumn Orthographic (Datum:
WGCS 84, Spheroid: Sphere, Central Meridian:
70, Reference Latitude: 45), rae 3Ha4eHMs Nao-
LaAeil  AAS paccMaTpuBaemol TeppuTopum
meHbLue (-2,35 km? Ha 1000 KM?) OTHOCUTEABHO
npoekunn Albers Equal-Area Conic aasa Kasax-
craHa (Datum: WGS 84, Spheroid: Krasovsky,
Central Meridian: 70, Reference Latitude: O,

24 http://rrren.ru/wp-content/uploads/2022/12/App1-Variables-FC.xls

barobaH. ®oto M. Kapsikuna.

Saker Falcon. Photo by I. Karyakin.

To describe the features of breeding biotopes
at the level of micro- and macro- environ-
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 Global 500m (Didan, 2021), Geomor-
pho90m (Amatulli et al., 2020), Clobal Habitat
Heterogeneity (Tuanmu, Jetz, 2015), Global
Wind Atlas (Badger et al., 2021), World Clim
(Fick, Hijmans, 2017), ESA WorldCover 10m
v100 (Zanaga et al., 2021) (Appendix 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 SF breeding territories between
2017 and 2022 to understand how landscape
and weather conditions have changed and
whether these changes affected SFs.

All  measurements were carried out in
ArcView GIS 3.3 in the Orthographic projec-
tion (Datum: WGS 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 Al-
bers Equal-Area Conic projections for Kazakh-
stan (Datum: WGS 84, Spheroid: Krasovsky,
Central Meridian: 70, Reference Latitude: 0O,
Standard Parallel 1-2: 40-56, False Easting:
8500000, False Northing: 0), which was used
in the 2010 research (Karyakin et al., 2010).


http://rrrcn.ru/wp-content/uploads/2022/12/App1-Variables-FC.xls

Raptor Research

Raptors Conservation 2022, 45 41

Standard Parallel 1-2: 40-56, Falce Easting:
8500000, Falce Northing: 0), KoTopas UCNoAb30-
Banach B pabote 2010 r. (KapskuH u ap., 2010).

AAS CO3AaHMST CUMCTEMbI CAYYaMHbIX TOYeK
M OMpPEeAeACHUs AMCTaHUMI MexXay OAvkain-
UMMM COCEASIMM MCMOAB30BaHbI PaCLIMPEHNS
Random point generator 1 Nearest Features v.
3.8b (Jenness, 2004; 2005). ®opmmrpoBaHue
BbIOOPKM NepemeHHbIX 1 cTaTobpaboTka ma-
Tepuara OCYLLECTBASAMCb B COOTBETCTBUM C
obLIenpuHATLIMU  pekomeHaaumsamn  (United
States Environmental Protection Agency, 2002).

[NepemeHHble ObiAM MpOBEPEHbl Ha CTa-
TUCTUYECKYIO HOPMAAbHOCTb C  MCMOAb30-
BaHMeM KpuTepus Amaanecpopca. Cpeanne
3HAYEHUs AAS TOYeK npucyTcTBus GarobaHa
M CAyYalHbIX TOYEK CPaBHUBAAMCL C UCMOAL-
30BaHMeM t-KpuTepms.

M3yuns B3aMMOCBS3M MEPEMEHHbIX C MO-
MoLLbIO KoadpdprLMeHTa Koppeasiumnn Cnnp-
MeHa (N* u paccuuTaB KOI(PPULMEHT WH-
qf)/\ﬂumm ancnepcum (VIF), 4Tobbl n36aBuTbCS
OT MYAbTUKOAAMHEAPHOCTH, Mbl OTOPOCHAM
HaMMeHee 3HauMMble NepemMeHHble A 6aso-
BOW MOAEAM, KOICPCPULIMEHT (1) KOpPEeAsiLIUM
B Mapax KoTopbix ObiA >0,75, a VIF>7,5. B
UTOre AASl aHaAM3a Mbl CCDOPMMPOBAAM Ha-
Gopbl AAS 4 MOAEAEH, OTAMHAIOLLIMXCS MPeA-
CTaBAEHHOCTbIO B HUX KOPPEAUPYIOLUMX U
BKHbIX MO AAHHbIM [-KpUTEPUS NEePeMEHHbIX
(KOAMYECTBO NEPEMEHHbIX B MOAEASX CM. B
pasaeae «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, koTopsbliii B Mo-
CAEAHEE BPeMs ABASIETCS LUMPOKO MCMOAb3Y-
€MblIii METOAOM MOAGAMPOBAHMS pacrpesene-
HUsi BMAOB (Zhang et al., 2019). Mbl npumeHs-
AV BapWaHTbl BEPOSATHOCTb U Perpeccus.

B cooTtBercTBMM C  peKOMeHAALMAMM
(Brotons et al., 2004) GbIAM MOAFOTOBAEHbI
Habopbl AaHHbLIX OTCYTCTBMS GarobaHOB K
BMECTE C AaHHbIMM 00 MX NPUCYTCTBMK (TOY-
KM THE3A), umnoptuposaHbl B Google Earth
Engine (GEE). HaGop pacTpoB AaHHbLIX AMC-
TaHUMOHHOIO  30HAMPOBAaHMS  3emMAM  OblA
noaobpaH M kaaccucpuumposar yepes GEE
COFAACHO paHee MPEeAAOXKEHHOMY aArOpUTMY

% http://rrren.rujwp-content/uploads/2022/12/collinearityFC.jpg

Random point generator and Nearest
Features v. 3.8b were used (Jenness, 2004;
2005) to create a system of random points
and determine distances between nearest
neighbors. Variables sampling and statisti-
cal processing of material were carried out
in accordance with generally accepted rec-
ommendations (United States Environmental
Protection Agency, 2002).

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

After examining the relationships between
variables using the Spearman correlation coef-
ficient (r)*® 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 (R-function “mo-
ran.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 recommendations of
T.E. Samsonov (2021).

Tunmynas ruessosas ckara 6arobaHa B ropax Kaparay.
Doto M. KapskuHa.

Typical nesting cliff of the Saker Falcon in the Karatau
mountains. Photo by I. Karyakin.
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paboyero npouecca noadbopa mMoaeAei pac-
npocrpaHeHus B1aos (Crego et al., 2022), Ho
6e3 ToueK NceBAOOTCYTCTBUIA MAKM CPOHa, TaK
KaK Mbl MCMOAb30BaAM TOYKM PEAALHOrO OT-
cyTcTBMsA 6aA0OaHOB, KOTOPbIE ABASIOTCA OO-
A€ NMPUOPUTETHBIMU B MOAEAMPOBAHWUM pac-
npocTpaHeHus B1aos (Brotons et al., 2004).

MbI pazaeAmMAM AaHHBIE O MECTOMOAOXKEHNM
6arobaHOB Ha Habopbl A5t 00yueHUs (80%) 1
TecTrpoBaHus (20%) 1 BHEAPUAM METOA Nepe-
KPECTHOM NPOBEPKM NMPOCTPAHCTBEHHbIX OAO-
KOB AASl PA3AEAEHMS AQHHBIX AAS ODyHeHMs 1
nposepku moaean (Roberts et al., 2017; Valavi
etal., 2019; Crego et al., 2022). B xoae aHaA-
3a ObIAO 3anyLLeHO 25 uTepaumii co CAydan-
HbIM pa3aeAeHem BAOKOB.

To4HOCTL MOAEAEM OLEHMBAAACh Ha OCHO-
BE MPOBEPKM A KXKAOW MTepaumnm noabopa
moaean nocpeactsom AUC-ROC  (Fielding,
Bell, 1997; Fawcett, 2006) ¢ kOHTpoAeM o R?
u Kappa (Brownlee, 2016; Zhang et al., 2021).

B pesyabtate onepaumn B GEE Gblaa no-
CTpO€Ha KapTa FHe3AONPUIOAHbIX AAS Bano-
GaHa OMOTOMOB, KOTOpas B BMAE pacTpa C
MUKCEASIMM, PaHXXMPOBaHHbIMK MO BEPOST-
HOCTM NPUCYTCTBHS, IKCMIOPTUPOBAHA B pop-
marte Geotiff. PacTp BekTopu3sosaH B ArcView
B cpopmart Leiin-cpaiina. K rHesaonpuroa-
HbIM OOTOMAM OTHECEHbI MUKCEAN C BEPOST-
HOCTbIO MPUCYTCTBMUS BMAA Goree 50%.

AAg cO3AaHMS KapTbl OOLLEN NAOLLAAK Me-
CTOOOMTaHMIA BOKPYT MUKCEAEH C BEPOATHO-
CTblO NPUCYTCTBUS BMAA Boree 50% nocTpo-
eHbl Bydpepbl C PaAMYCOM, paBHbIM MOAOBMHE
CpeAHel AMCTaHUMKM MexXAy OAMKakLLIMMK
COCeAIMM.

DKCTPanoASALMIO  YMCAEHHOCTM  GarobaHa
Mbl OCYLLECTBASIAU ABYMS METOAAMM, KaK M B
pabote 2010 r.:

1 — npsMol nepecyér CpeAHeB3BeLleH-
HOMO MoKa3aTeAst MAOTHOCTM C MAOLLAAOK (C
Y4€TOM MAOLLAAOK, Ha KOTOPbIX OarobaH He
BCTpeYeH) Ha nAoLlaAb mecToobutaHui (Ka-
pakuH, 2004) ¢ pac4€TOM HECUMMETPUYHOIO
AOBEPUTEALHOIO MHTEpBaAa (PaBkuH, HeAnH-
ues, 1990);

2 — METOA TFeHepaunM CAyYalHbIX Touek
MO 3aAaHHOMY AMaNa3sOHy AMCTaHUMIA MEXAY
OAMKANLLIMMM COCEASIMM Ha OCHOBE peryAsip-
HoM ceTn (aaree [CH). INoapobHoe onuca-
HMU METOAA M3A0XKEHO paHee (CM. KapskuH
n ap., 2022a). TapameTpbl KOPPEKTUPOBKM
CreHEepPUPOBAHHOIO CAOS TOYEK AASl MOAyYe-
HWS UTOFOBOFO MOKPbITUS, AErero B OCHOBY
MTOrOBOM OLEHKM YMCAEHHOCTM, ONUCaHbl B
pe3yAbTaTax MCCAEAOBAHMS (CM. HIMXKeE).

AAS M3ydeHMst MUTaHUSI CPUKCHPOBAAMCh
BCE OCTaTKM Ha FHE3AAX M MOA HUMM, a Tak-
Ke Mo BO3MOXXHOCTM pa3bMpaAnCh Moraaku

We used Random Forest for image classi-
fication, a widely used species distribution
modeling technique in recent studies (Zhang
et al., 2019). We used probability and regres-
sion variants.

According to recommendations (Brotons
et al., 2004), datasets of SF absence were
prepared and, together with their presence
data (nesting points), were imported into the
Google Earth Engine (GEE). The Google Earth
remote sensing raster datasets were fitted and
classified through GEE according to the previ-
ously proposed species distribution model fit-
ting workflow algorithm (Crego et al., 2022),
but without pseudo-absence or background
points, as we used real absence points for SFs,
which are a higher priority in species distribu-
tion modeling (Brotons et al., 2004).

We split the SF 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).

As a result of operation in the GEE, a map of
SF 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 greater than 50%, buffers were built with a
radius equal to half the average distance be-
tween nearest neighbors.

We extrapolated SF abundance using two
methods, as in a 2010 research:

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

2 — Method for generating random points
over a given range of distances between near-
est neighbors based on a regular network
(further RPC). A detailed description of the
method was given earlier (see Karyakin et al.,
2022a).

Parameters for adjusting the generated
point layer to obtain the final coverage, which
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CAETok barobaHa B rHesae Ha cKane.
®oto M. KapsikmnHa.

Saker Falcon fledgling in the nest on cliff.
Photo by I. Karyakin.

nT1L, obHapy>KeHHble MoA rHé3aamu. [loa-
CYET KOAMUECTBA XXePTB BEACS MO dpparMeH-
Tam yepena (KAIOBbl MAWM YEAIOCTM) M Aanam
(Aamam 1 KpbIAbSIM Y MTULL).

AN MOHMMaHMS  MPEXKHero  pacnpocTpa-
HeHns 6anobaHa B Kapatay Mbl nposeAn no-
MCK CTaTeld, COAep)KaLLMX KAIOHYEeBble CAOBa
«6anoban» + Falco cherrug + «Kapatay», B
6a3ax AaHHbIX LIMTMPOBAHMS HAYUHbIX CTaTew,
B Google Scholar 1 B OTKpPbITbIX IAEKTPOHHbIX
O6ubAnOTEKaxX, TakMX Kak DAeKTPOHHas Ouo-
Aoruyeckasi 6ubanoreka, (DyHAAMEHTaAbHast
aAeKTpoHHasi Gubanoteka «Daopa 1 chayHa»
A. LLnnyHosa?, B pasaene «[lyGAnkaumm» Ha
caiite MHCTUTYTa 300A0MMKM MUHKCTEpCTBa 00-
pasoBaHus U Hayku Pecrybanku Kasaxcran?®, a
Takke B apxuse nybankaumii Poccuiickoit cetu
M3yHeHUst 1 OXpaHbl MepHATbIX XMLLHUKOB?.

Takxe Mbl CKaYaAM AOCTYMHbIE AdTaceTbl
M3 DAEKTPOHHBIX CUCTEM PerncTpaummn nTuL,
Takux kak GBIF*, iNaturalist®?, eBird*? u Be®-
MMC «®ayHncTrkan®®, cozaaan aatacet ¢ caii-
Ta Kazakhstan Birdwatching Community** s
chopmate MS Excel® u Bbibpaan oTTyaa Bce
HabAaeHNs 6arobaHa Ha Kaparay v npuaera-
owmx Tepputopuax (AMmpekya n ap., 2022).

MsbI Takke 0606LLUMAKM AaHHbIE MO PeHO-
AOTMW U THE3A0BOM GMoaornm HGarobaHa Ha
paccMaTpuBaEMON TeppUTOPUK.

[MpocTeiiwylo MaTemaTnyeckyio o6pabot-
Ky AaHHBIX OCyLLecTBAsAM B MS Excel 2003
n Statistica 10. AAst BBIGOPOK MPUBOASTCS
AMana3oH AAQHHbIX U CpeaHee 3HaveHue =SD),
€CAM He OroBapuBaeTCsl MUHOTO.

Pe3yAbTaTbl McCAeAOBaHMI

lloaesble nccaeaoBanms

B xoae noaeBbix unccaeaoBaHui 2022 T.
ObiAM NpoBepeHbl 14 rHe3A0BbIX YYacTKoB Oa-
AoDaHa, BbiiBA€HHbIX B 2010 1. M3 HUX AMLLb
2 yyacTKa OKa3aAMCb 3aHSATbIMW, M TOABKO
Ha OAHOM M3 HMX ObIAO yCrelHoe pa3MHo-
KeHne. AOASt MOKMHYTBIX NTULIAMM YHaCTKOB
coctasuaa 85,71%. Ha Tepputopusx, koTo-
pbie B 2022 r. OblAM OOCAEAOBAHBI BMEPBbIE,
BbIsiBA€HO 10 rHe3a0BbIX y4acTkoB HarobaHa,
3 M3 KOTOpbIX 3aHMMAAMCb MTULAMM paHee,

formed the basis of the final abundance esti-

mate, are described in the study results (see
below).

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).

To understand past SF distribution in Kara-
tau, we searched for articles containing the
word “baloban” (in Cyrillic) + Falco cherrug +
Karatau in scientific article citation databases,
Google Scholar, and open electronic libraries,
such as Electronic Biological Library?, Funda-
mental Electronic Library “Flora and Fauna”
by A. Shipunov?, in the “Publications” section
of the Institute of Zoology website of the Min-
istry of Education and Science of the Republic
of Kazakhstan?, as well as in the publication
archive of Russian Raptor Research and Con-
servation Network®.

We also downloaded available datasets
from electronic bird registration systems, such
as GBIF?, iNaturalist®”, eBird®?, and the Web-
CIS “Faunistics”*, created a dataset from the
Kazakhstan Birdwatching Community** web-
site in MS Excel* format and selected all SF
sightings in Karatau and adjacent territories
from there (Amirekul et al., 2022).

We also summarized data on SF phenology
and nesting biology in the study area.

Basic mathematical data processing was car-
ried out in MS Excel 2003 and Statistica 10.
Data range and mean =SD are given for sam-
ples unless otherwise noted.

26
27
28
29
30
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HO ObIAM MOKMHYTbI COKOAGMM 33AOATO AO
2022 r., 7 y4acCTKOB OKa3aAMCb 3aHATbIMU
M Ha 5 13 HMX ObIAO yCrewHoe pa3MHoXe-
HMe. AOAS MOKMHYTLIX NTMLAMK YYACTKOB M3
4YMCAQ BHOBb BbISBAEHHbLIX cocTaBmAa 30,0%.
B cymme 3a 2022 r. 13 4MCAa NOCELUEHHbIX
24 rHe3A0BbIX y4acTkoB HarobaHa 37,5% 3a-
HUMAAOCb COKOAAMM U 62,5% BbIAO MOKMHYTO
(taba. 1, puc. 3). M3 3Tux 24 nocelueHHbIX
FHE3A0BbIX Y4acTKoB OGarobaHa 2 Oka3aAmChb
PeaAbHO HOBbIMM, CyAsl 1O OTCYTCTBMIO 3ameT-
HbIX CA€AOB MOMETA Ha MPMCAAAX M FHE3AAX.
C yuéToM 9 3aHATbIX FHE3AOBbLIX YHaCTKOB M
15 NOKMHYTBIX, MOXKHO OLEHWUTH COKpaLLeHKe
YUCAeHHOCTH GanobaHa Ha MCCAEAOBAHHOM
TeppuTopum 3a nepmoa ¢ 2010 no 2022 r. Ha
59,09%. OAHaKO COKpaLLEHUE YUCAEHHOCTH
CyLLEeCTBEHHO DOAbLLIE M AEXKMT B AManasoHe
oT 70 A0 85,71%. ITO OObACHAETCS TEM, UTO
HOBble FHe3AOBble y4acTku O6arobaHa, BbisB-
AeHHble B 2022 ., AeXaT 3a npeaerammn Tex
TEPPUTOPUIA, HA KOTOPLIX MAOTHbLIE THE3AO0-
Bbl€ FPYMMUMPOBKM 3TOFO COKOAA ObIAM BbISiB-
AeHbl B 2010 1. To €CTb B MAOTHbIX THE3AO0BbIX
rPynnupoBKax Mbl HabAloAaem KaTacTpodpu-
yeckoe MaAeHue 4mcAeHHocTn OanobaHa, a
B 30HE C HM3KOW YMCAEHHOCTbIO MOSIBASIOTCA
HOBbIE Mapbl, HO OHA NMPOAOAXKAET OCTaBaATbCA
3A€Cb HM3KOW. K TOMy e Ha OOAbLUMHCTBE
HOBbIX YYETHbIX MAOLLAAOK, 3aA0XKEHHbIX B
mectoobuTaHmsax GarobaHa B 2022 r., 3TOT
COKOA He BbisiBA€H. He MCKAIoUeHO, YTo 4acTb
6an00aHOB M3 MAOTHBIX FHE3AOBbLIX FPYMMM-
POBOK MNepepacrnpeseArAach No TeppUTOpuHM,
HO 3TO HE OKa3aA0 CYLLECTBEHHOMO BAMSIHUA
Ha yBeAMYeHWe BCTPe4aemMoCTU 3TOro Co-
KOAQ, YTO HArASIAHO AEMOHCTPUPYIOT Y4&Tbl
(cM. Huxke). Takum 0OpasoMm, cokpatleHue

Research results

Field research

14 SF breeding territories identified in 2010
were inspected during the 2022 field study.
Of these, only two breeding territories were
found to be occupied, and successful breed-
ing was found on one. The proportion of aban-
doned territories was 85.71%. Ten SF breed-
ing territories were identified in the areas first
surveyed, three of which were occupied by
birds earlier, but were abandoned long be-
fore 2022, seven territories were occupied,
and five of them had successful breeding. The
proportion of abandoned territories among
the newly identified ones was 30.0%. In total,
of 24 SF breeding territories visited in 2022,
37.5% were occupied by birds, and 62.5%
were abandoned (Table 1, Fig. 3). Of these 24
visited SF breeding territories, two were found
to be new, judging by the absence of notice-
able droppings on perches and nests. Given
nine occupied breeding territories and 15
abandoned ones, we estimate the decrease in
SF population in the study area at 59.09% for
2010-2022. However, the reduction in abun-
dance is much greater and lies in the range
between 70 and 85.71%. This is explained by
the fact that new SF breeding territories identi-
fied in 2022 lie outside the areas where dense
SF breeding groups were identified in 2010.
That is, we observe a catastrophic decline in
SF abundance in dense breeding groups, and
new pairs appear in a zone with low density,
where abundance still remains low. In addi-
tion, in 2022 SF was not found on most of the
new survey plots established in SF habitats. It
is possible that some SFs from dense breed-
ing groups redistributed over the area, but this

TabA. 1. Pe3yAbTaTbi MOHMTOPHMHIA M BbISBAEHUS! HOBbIX HE3A0BbIX y4acTkos 6arobaHa (Falco cherrug) B ropax Kaparay 8 2022 r.

Table 1. Results of monitoring and identification of new Saker Falcon breeding territories (Falco cherrug) in the Karatau Mountains in 2022.

Ycnewnbie ruésaa

Ha MOMEHT nepBo

nposepku

F'He3aoBbie yyacTkn Successful nests at time

Occupied breeding territories
not confirmed by successful

3aHsTbIe rHe3A0Bble Yy4acTkH,

He MOATBEPXAEHHbIE
HAXOAKOM YCMELUHbIX THE3A MokunyTbie
FHE3A0BbI€ Y4aCTKH

Abandoned breed-

Breeding territories of first observation nests ing territories
Panee BbisiBACHHbIC 14 1 1 12
rHE3A0BbIE YHaCTKM
Previously knowning
breeding territories
Bnepsbie BbisBACHHbIE 10 5 2 3
FHE3AOBbIE YHaCTKM
Breeding territories first
discovered
Bcero / Total 24 6 3 15
Aons [ Share, % 100 25.0 12.5 62.5
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UUMCAEHHOCTM Ha 75-80% BbLIFASAUT BoAee
peaAbHbIM M MOAAEPXKMBAETCS pe3yAbTaTa-
MM YY4ETOB rHe3aaLmxcs 6ar06aHOB Ha Bcex
MAOLLIAAKAX.

ANCTaHUMKM MEXAY aKTMBHbIMM M CTapbl-
MW aAbTEPHATMBHbIMM THE3AaMM OGarobaHa
B MpeAeAax OAHOMO y4acTKa M3MEHSIAUCH OT
0,05-1,32 km, B cpeaHem (n=5) 0,48=+0,51
kM B 2010 r., a0 0,13-0,48 kM, B cpeaHem
(n=3) 0,35+0,19 kM B 2022 r., COCTaBUB B
CpeAHeM 3a BeCb nepuoa HabAaeHui (n=38)
0,43%0,41 kM.

AncCTaHUMK MeXAY BAMPKANULLMMU COCEASIMM
H6arobaHa B 2003-2010 rr. BapbMpoBaAM OT
1,9 a0 59,0 KM, cOCTaBuB B CpeaHem (n=23)
12,38+15,41 kM. Ha naowlaakax, rae npory-
CKM THE3ASLLMXCH Map MMHWMAAbHbI, AMCTaH-
LIMSt MEXKAY COCEAHMMM THE3A0BbLIMM YHaCTKamM
H6anobaHoB B Kapatay B 2010 r. BapbupoBana
oT 2,0 (naowaaka Ne1) ao 13,75 kM (NAoLaska
Ne2), coctaBags B cpearem 5,18+3,50 km (Ka-

Puc. 3. [He3aosble yqacTku 6arobara (Falco cherrug),
ocmoTperHbie B ropax Kapatay (KOxHbiii KazaxctaH) B
2010 r. — BBepxy, u B 2022 1. — BHU3Y. YCAOBHbIe 060-
3HaveHums: 1 — ycrelHoe rHe3ao, 2 — 3aHAToe rHe3ao, 3
— 3aHsATas rHe3A0Bas TeppuTopus, 4 — aAbTepHaTMBHOE
FHE3A0 Ha 3aHATON TePPUTOPMM, CTapoe rHe3A0 Ha Mo-
KUHYTOM MTHLAMKW THE3A0BOH TEPPUTOPUM.

Fig. 3. Breeding territories of Saker Falcon (Falco
cherrug) surveyed in the Karatau Mountains (South
Kazakhstan) in 2010 — above, and in 2022 — below.

did not significantly impact its frequency of
occurrence, which is clearly demonstrated by
counts (see below). Thus, a reduction of about
75-80% seems more realistic and is supported
by counts of nesting SFs at all plots.

The distance between active and old alter-
native SF nests within the same territory var-
ied between 0.05-1.32 km, on average (n=5)
0.48=+0.51 km in 2010, to 0.13-0.48 km, on
average (n=3) 0.35=0.19 km in 2022, aver-
aging (n=8) 0.43=0.41 km over the entire
observation period.

Distances between nearest SF neighbors
in 2003-2010 ranged from 1.9 to 59.0 km,
averaging (n=23) 12.38%=15.41 km. On plots
where breeding pairs misses are minimal, the
distance between neighboring SF breeding
territories in Karatau in 2010 varied from 2.0
(plot No. 1) to 13.75 km (plot No. 2), averag-
ing 5.18 = 3.50 km (Karyakin et al., 2010).
Including the alternative nests occupied after
2010, it can be said that until at least 2015, SF
nested within 1.9-15.26 km between pairs,
on average (n=19) at 6.18+4.49 km (Fig. 4):
47.4% SF pairs nested in the range of 2—4 km
between pairs, along the periphery of the in-
ner Karatau basins, where its distribution was
normal. But along the outer periphery of the
mountains and on chinks it already nested
unevenly. In 2022, there was no longer any
normal SF distribution over the entire study
area: species distribution during nesting was
random in the entire complex of breeding
biotopes. Only two pairs (successful ones at
that) were found in the gorge near Zhanatas
at a distance of 1.79 km from each other,
and the rest were tens of kilometers apart,
given a minimum probability of missing them
at the survey plots. In 2022, the average dis-
tance between the nearest neighbors (n=5)
was 34.8+21.65 km (1.79-56.03 km), an
increase by six times compared to the period
before 2015.

We measured distances from SF nests
to nearby farms and nests and registration
points for Golden Eagle pairs and found no
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M3yueHne nepHaTbIX XULLHUKOB

pakmH 1 ap., 2010). C yuéTom aabTepHaTmB-
HbIX THE3A, 3aHMMaBLUmMxcs nocae 2010 r.,
MOXXHO FOBOPUTL O TOM, YTO KakK MUHUMYM
BNAOTb A0 2015 . 6anobaH rHesamacs B 1,9—
15,26 KM napa ot napsl, B cpeaHem (n=19) B
6,18+4,49 km (puc. 4): 47,4% nap 6aro6aHOB
HE3AMAOCh B AMarasoHe OT 2 A0 4 KM napa ot
napebl, N0 nepucpepun BHYTPEHHKUX KOTAOBMH
Kapatay, rae ero pacnpeaeseHue OblAO HOp-
MaAbHbIM, @ MO BHeLUHel nepudpepun rop u
Ha YMHKAX BUA Y>KE€ TOrAQ FHE3AMACS HEpPaBHO-
mepHo. B 2022 r. HMKAKOM HOPMAAbHOCTU
pacnpeaeaeHms 6ar00aHOB yxke He ObIA0 Ha
BCE M3y4aemMOn TepPUTOPUM — BUA THE3AMA-
€S COBEPLUEHHO CAYHalHO BO BCEM KOMIMAEKCE
FHE3A0MPUIroAHbIX 6MOTOMOB. TOABKO 2 Mapsl,
NPMYEM ycrelHble, OblAM BbIIBAEHLI B OAHOM
yLeAbe Heaareko oT JKaHaTtaca Ha AMCTaHUMK
1,79 KM APYr OT Apyra, a OCTaAbHbI€ OblAM yAa-
A€HbI Ha ACATKM KM APYr OT Apyra, Npuuém
MMUHMUMAALHON BEPOSITHOCTBIO MX MPOMycKa Ha
Y4E€THbIX MAOLLaAKax. B 2022 r. cpeaHsis auc-
TaHUMS MeXKay BAMKalLLMMKM coceasmm (n=5)
coctaBuaa 34,8+21,65 kM (1,79-56,03 km),
YBEAMYMBLUMCb B 6 pa3 MO CPaBHEHWIO C nepu-
0AOM A0 2015 T.

Mol M3mepmAn ancTaHumMm oT rHésa Garoba-
Ha A0 BAMXKAMLLMX cpepM M THE3A M ToueK pe-
rmcTpaumm nap 6epKyToB, HO He OOHaPY>KMAM
KaKon-AnbO CyLLECTBEHHOM pasHULIbI MEXAY
TakosbiMn B 2010 1 B 2022 rT. (puc. 4). Anc-
TaHUMK OT rHé3A GarobaHa A0 dhepm M3Me-
HAAMCh OT 0,54-6,66 KM, B cpeaHem (n=39)
2,61+x1.46 km B 2010 ., A0 1,56-6,60 KM,
B cpeaHem (n=9) 2,78%1,61 km B 2022 1,
COCTaBMB B CPEAHEM 3a BECb MEepuoA HabAo-
AeHU (n=48) 2,64+1,47 KM. AucTaHummM oT
rHésa 6arobaHa A0 MHE3A M TOHEK perucrpa-
LM nap 6epKyToB, 3a BLIMETOM 9 AMCTaHUMIA B
AnanasoHe ot 21,01 a0 41,28 KM, Ha KOTOpPbIX
BO3MOXKEH NPOMYyCcK 6@PKYTUHBIX y4aCTKOB, 13-
meHsaAanck ot 0,1-8,75 kM, B cpeaHem (n=34)
2,02+2,36 km B 2010 r., A0 0,14-4,04 kM, B
cpearHem (n=7) 1,6 1,44 km B 2022 r., cocTa-
BMB B CPEAHEM 3a BeCb MepuoA HabAOAEHMI
(n=41) 1,95%2,22 kM. Mo>XHO npeanoAaratb
HEKOTOpOe COKpALLEeHWE AUCTaHLMIA MEXAY
H6anobaHamm 1 bepkytamm B 2022 1. no cpas-
HeHuio ¢ 2010 r., TaK Kak Npu AMMMTE KOp-
MOB  XMLLHWKM KOHLEHTPUPOBAAUCL BOKPYF
JKMABIX KOAOHMIA MECYaHOK M CYCAMKOB, HO
M3-32 MaAOrO KOAMYECTBa HabAIOAEHWI Ha-
AEXHOCTb Pa3HMLIbI HEBO3MOXKHO AOKa3aTb.

Taknm 06pa3om, MOXHO YTBEPXKAATb, UYTO
nepepacnpeaeaeHune rHésa 6arobaHa OTHO-
CUTEAbHO MECT YE€AOBEYECKOM aKTMBHOCTM
(chbepMbl) 1 MecCT rHesaoBaHMsi Boree Kpyr-
HbIX XMLUHMKOB (DepkyT) 3a nocaeaHne 20
AET HEe MPOM30LAO. YMCAEHHOCTb COKOAOB

significant difference between those in 2010
and 2022 (Fig. 4). Distances from SF nests to
farms ranged from 0.54-6.66 km, on average
(n=39) 2.61=1.46 km in 2010, to 1.56-6.60
km, on average (n=9) 2.78+1.61 kmin 2022,
averaging (n=48) 2.64+1.47 km for the en-
tire observation period. Distances from SF
nests to nests and registration points of Gold-
en Eagle pairs, minus 9 distances in the range
from 21.01 to 41.28 km, where it is possible
to miss Golden Eagle territories, varied from
0.1-8.75 km, on average (n=34) 2.02+2.36
km in 2010, up to 0.14-4.04 km, on average
(n=7) 1.6%x1.44 km in 2022, averaging at
(n=41) 1.95+2.22 km over the entire obser-
vation period. We can suggest some reduction
in distances between SF and Colden Eagles in
2022 compared to 2010, since the food limit
makes raptors concentrate around colonies of
gerbils and ground squirrels. But due to the
small number of observations, the reliability of
a difference cannot be proved.

Thus, it can be argued that SF nest redis-
tribution in relation to locations of human
activity (farms) and breeding territories of
larger raptors (Golden Eagle) has not occurred
over the past 20 years. SF abundance has de-
creased, and there has been a complete col-
lapse of species population grouping in the
Karatau mountains.

In 2010, 27 SF nests were examined: 20 in
the Karatau mountains and seven in the foot-
hills (Karyakin et al., 2010). Nesting elevation
ranged 2—150 m, averaging 36.85+37.75 m
(median 15 m), of them in the mountains —
between 6-150 m, averaging 47.25+38.80 m
(Fig. 5). Most of SF nests, 29.63% (n=27,
Fig. 6) were built in Long-Legged Buzzard
(Buteo rufinus) nests, 22.22% — in Egyptian
Vulture nests, 18.52% — in Golden Eagle
nests, 11.11% — in Common Raven (Corvus
corax) nests, 3.70% — in Black Stork (Cico-
nia nigra) nests. 14.81% of nests were found
in large niches in Eurasian Griffon colonies,
probably in their nests. 74.07% of nests
were built in niches, 18.52% — on shelves,
and 7.41% — in crevices. In 74.07% of cases
nests were located in the upper third of the
rock, in 14.81% — in the lower third, and in
11.11% — in the middle (Fig. 7).

In the mountains, SF showed preference for
niches located on the upper parts of rocks,
while clearly avoiding nesting on shelves that
were open from above there. Apparently, shelf
nesting was caused by the niche limit, and in
this case SF preferred the lower layer, thus
probably avoiding the negative impact of bad
weather conditions. On chinks SF nested in
the height range between 2-11 m, on average
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Puc. 4. AuctaHumm (B
KM): MeXAY BAMKaMLLIN-
Mu coceasimm barobaHa
—A (creBa—B 2010 T.

n cnpasa — 8 2022 r.),
oT rHé3a 6barobaHa A0
OAMKakiLLmx chepm — B
(crneBa—B 2010 1. 1n
cnpasa -8 2022 r.),

oT rHé3a 6barobaHa A0
rHé3A 1 TOYeK pern-
cTpaumm nap 6epkyTos
(Aquila chrysaetos) — C
(crneBa—B 2010 1. 1
cnpasa — 8 2022 r.), pa3-
Huua cpeaHnx (M=SD)
BblLLIENEPEUYNCACHHBIX
AnctaHumi B 2010 . m
2022 r.

Fig. 4. Distances (in km):
between nearest Saker
Falcon neighbors — A
(left —in 2010 and right
—in 2022), distance
from Saker Falcon nests
to nearest farms — B

(left —in 2010 and right
—in 2022), from Saker
Falcon nests to nests
and registration points
of Golden Eagle pairs
(Aquila chrysaetos) — C
(on the left —in 2010 and
on the right —in 2022),
difference in average
(M=SD) above the listed
distances in 2010 and
2022 - D.

Histogram: FGC2010
K-S ¢=.23726, p<.20 ; Lilliefors p<.01

Falco cherrug

Histogram: FC2022
K-S d=.25659, p> .20; Lilliefors p> .20

A Shapiro-Wilk W=.82525, p=.00272 Shapiro-Wilk W=.91797, p=.51694
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COKpaTMAACh, M MPOM3OLLIEA MOAHbIA pa3BaA
MOMNYASLUMOHHON FPYNMMPOBKM 3TOMO BMAA B
ropax Kaparay.

B 2010 r. 6biA0 OCMOTpeHO 27 TrHE3a
6arobaHa: 20 — B ropax Kapartay n 7 — Ha
ynHkKax npearopuit (Kapskuu n ap., 2010).
BbicoTa pacnoaoxkenus rHésa BapbupoBa-
Aa 0T 2 a0 150 M, cocTaBass B CpeAHeM
36,85+37,75 M (MeanaHa 15 M), U3 HUX B
ropax — ot 6 A0 150 M, COCTaBASIAl B CPEAHEM
47,25%38,80 m (puc. 5). boablas yactb
rHé3a GanobaHa, 29,63% (n=27, pwuc. 6),

at a height of 7.14+4.06 m. All seven nests
were located in niches, mainly in the upper
third of the cliffs (16.7%). The main nest sup-
plier for SF was Egyptian Vulture here, SF nests
were located in 57.14% of its old nests, and all
of them laid within a 200-meter distance from
the inhabited nests of the Egyptian Vulture. In
28.57% of cases, SFs occupied Long-Legged
Buzzard nests in its residential areas, distanc-
ing themselves from this predator by 200-500
m. One nest was built without a niche, even
though SF bred in the Egyptian Vulture terri-
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2010 r. 2022 r.

Fig. 5. Height of Saker Falcon nest locations on cliffs in
2010 and 2022.

(Corvus corax), 3,70% — B nocTpoiikax 4ép-
Horo aucta (Ciconia nigra). 14,81% rxésa
ObIAM BbISBAEHbI B KPYMHbIX HULLAX B KOAO-

HUAX OEAOrOAOBBIX CMMOB, BEPOSTHO, B NO-
CTpoKikax cunos. B HuLax ObIAO yCTpOeHO
74,07% rHésa, 18,52% — Ha noakax u 7,41
- B pacweanHax. B 74,07% cayyaes ruésaa
pacnoAaraAuCb B BEPXHEM TPETM CKaAbl, B
14,81% — B HuxHel Tpetu n B 11,11% — B

cepeamnHe (puc. 7).

B ropax 6anobaH m3beran rHe3anTbca Ha
OTKPbITBIX CBEPXY MOAKAaX B BEPXHEM YacTu
CKaA, HO MpM 3TOM SBHO M30MpaA HULK,
YCTPOEHHbIe B BEPXHEeN 4acTu ckaA. Buanmo,
FHE3A0BaHME Ha MOAKaX ObIAO BbI3BAHO AM-
MWUTOM HULL, U B 3TOM CAydae GarobaH npea-
NOYMTaA HUXKHWI apyc, n3beras Tem cambiM,
BAMSIHUS
MOrOAHbIX YCAOBMI. Ha umHkax GarobaHbl
FHE3AMAMCb B AManasoHe BbICOT OT 2 a0 11
M, B CpeAHeM Ha BbicoTe 7,14+4,06 m. Bece 7
FHE3A PaCnoAaraAnCb B HULLAX, Mpeumylle-
CTBEHHO B BepxHei TpeTn 006pbiBos (16,7%).
OCHOBHbIM  MOCTaBLUMKOM MOCTPOEK  AAS
H6anobaHa 3AeCb SBASIACS CTEPBSATHUK, B €ro

BEPOATHO, HeratMBHOro

MAOXUX

tory, where six old Egyptian Vulture and Long-
Legged Buzzard nests and one active Egyptian
Vulture nest were located within 100 m of the
chink zone around the SF nest. The nearest
Egyptian Vulture nest was six m away in the
same line of niches with the SF nest (Karyakin
etal., 2010).

In 2022, the situation stayed roughly the
same with the only difference being that SF
almost completely disappeared from the
high mountains portion of central Karatau
and stopped nesting within a colony of Eur-
asian Griffon, which, however, also almost
completely disappeared from the surveyed
area of Karatau by 2022. 15 SF nests were
examined (including old nests): 13 in Kara-
tau and two in the foothills. The nest height
varied from 4 to 150 m, averaging (n=14)
36.64=x43.76 m (median 13 m) (Fig. 5).
26.67% of SF nests (n=15, Fig. 6) were built
in Long-Legged Buzzard, Egyptian Vulture,
and Golden Eagle nests, 13.33% — in Black
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CTapbIx rHé3aax obHapyxeHo 57,14% rHésa
6anobaHa, NpMUYEM BCE OHM AeXaAu B Mpe-
AeAax 200-MeTpOBOM AMCTaHUMM OT >KMABIX
rHE3A cTepBsITHMKA. B 28,57% cAaydaes Hano-
GaHbl 3aHMMaAM MOCTPOMKM KypraHHMKa Ha
€r'0 XKMAbIX YHaCTKaX, AUCTAHLMPYSCh OT 3TOro
xuHMKa Ha 200-500 M. Takoke OAHO FHe3A0
ObIAO YCTPOEHO O€3 MOCTPOMKM B HULLIE, XOTS
6anobaHbl PasMHOXaAUChb Ha yvacTKe cTep-
BATHMKA, rae B npeaeaax 100 M 30HbI YMHKA
BOKPYI FHE3Aa COKOAOB pacroAaraA1ch 6 cra-
pbIX MOCTPOEK CTEPBATHMKA M KypraHHMKa M
JKMAOE THE3A0 CTepBATHUMKA. bamkaiias K
rHe3ay 6arobaHa NoCTpoika CTepBATHMUKA Ha-
XOAMAACh B 6-TU M B TOM XK€ AMHMU HULLI, YTO U
rHe3ao 6arobaHa (KapskmH 1 ap., 2010).

B 2022 r. npyHUMNMAALHO CUTyaumsa He 13-
MEHMAACh, C TOW AULLL pa3HULIEN, 4TO Bano-
6aH NPaKTUY4ECKM MOAHOCTbIO BbIMAA M3 BbICO-
KMX FOp LEHTpaAbHOM 4YacTi Kaparay u npe-
KPaTUA THE3AUTLCS B KOAOHMAX CUMOB, KOTO-

2010

AMCT YepHbIi

(Ciconia nigra); n=;3.9% oo conus corax);

n=3;11.1%

Cun Gencronosbli
(Gyps fulvus); n=4; 14.8% .

CTepBRTHWMK
—— (Neophron percnopterus );

HypraHHWK n=6;22.2%

(Buteo rufinus ); n=8; -
29.6%

BepkyT
(Aquila chrysaetos ); n =5;
18.5%

Cun Genoronosbid
(Gyps fulvus ); n=1; 6.7%
L

2022

AMCT YBpHBIA
(Ciconia nigra ); n=2; 13.3%
|

BopoH (Corvus corax ); n=0
|

KypraHHuk
(Buteo rufinus ); n=4;—,
26.7%

CTepBATHHK
~—(Neophron percnopterus );
n=4;26.7%

BepryT (Aquila chrysaetos );
n=4; 26.7%

AWCT YepHbIA

2010-2022
Cun 6enoronossii (Ciconia nigra); n=2;

(Gyps fulvus);n=4; 11.1% | )

KypranHuk
(Buteo rufinus );—
n=10; 27.8%

\
"\__BepKyr (Aquila chrysaetos );
n=8;22.2%

Bopow (Corvus corax); n=3;
8.3%
e CTepBATHHK

(Neophron percnopterus );
n=9;25.0%

Stork nests, 6.67% (one old nest) — in Eura-
sian Griffon colony. No SF nests were dis-
covered in Common Raven nests. 53.33% of
nests were arranged in niches, and 46.67%
— on shelves. In 80% of cases nests were lo-
cated in the upper third of the rock and in
20% — in the middle (Fig. 7).

Overall 36 SF nests characteristics were col-
lected (including old nests) in 2010 and 2022:
28 nests in the Karatau mountains and 8 nests
on foothills. Nesting height ranged from 2 to
150 m, averaging 34.11x36.32 m (n=35)
(Fig. 5). 27.78% of SF nests (n=36, Fig. 6)
were built in Long-Legged Buzzard nests,
25% — in Egyptian Vulture nests, 22.22% — in
Golden Eagle nests, 11.11% — in Eurasian Cirif-
fon nests, 8.33% — in Common Raven Nests,
5.56% — in Black Stork nests. 63.89% of nests
were built in niches, 30.56% — on shelves, and
5.56% — in crevices. In 72.22% of cases nests
were located in the upper third of the rock, in
16.67% — in the middle, and in 11.11% — in
the lower third (Fig. 7).

Thus, SF gravitates towards niches in the
upper part of rock massifs in the mountains
and foothills of Karatau and prefers to settle
in the nests of Long-Legged Buzzard, Egyptian
Vulture, and Golden Eagle, arranged exclu-
sively on rocks. Despite the availability of a
plentiful existing nests (Common Raven and
Long-Legged Buzzard nests) on power trans-
mission poles, cell towers, and in forest plan-
tations along the entire periphery of Karatau,
SF was not noted here in nests on trees and
architectural structures by ornithologists (see
Kovshar, 2019). We also did not find SF nests
in trees and artificial structures in Karatau and
adjacent territories.

In 2010, the Great Gerbil and Yellow
Ground Squirrel were the baseline rodents
in the study area, with gerbil dominating on
the plateau-like uplands and Ground Squirrel
— near farms in the valleys. In 2022 we were
only able to identify three colonies of gerbils
with a very limited number of several dozen
active burrows, and four ground squirrel colo-
nies, also consisting of several dozen active
burrows. All six successful SF nests were found
within a radius of 2 km from all gerbil colo-
nies and two ground squirrel colonies, even
though only the bird remains were identified
among the prey during the inspection, mainly

Puc. 6. [peabiayimii X0391MH MHE3A0BbIX MOCTPOEK, 3a-
Humaembix 6arobaHom, B 2010 r. n 2022 r.

Fig. 6. Builder of nests occupied by Saker Falcon in 2010
and 2022.
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pbl€ BMpoYem ToXKe NpakTu4eCckn NoAHOCTbIO
MCYe3AM Ha O0DCAEAOBAHHOM TeppuTOpUM
Kaparay k 2022 r. bbino ocmoTpeHo 15 rHésa
H6anobaHa (BkAlouaa crapble rHés3aa): 13 — B
ropax Kapatay 1 2 — Ha YMHKax NPeAropwmiu.
BbicoTa pacnoAo)KeHusi rHE3a BapbMpoOBaAa
oT 4 a0 150 M, cocTaBadsa B cpeaHem (n=14)
36,64x43,76 M (MeanaHa 13 m) (puc. 5). o
26,67% ruésa 6arobaHa (=15, puc. 6) 6biAn
YCTPOEeHbI B MOCTPOMKax KypraHHuka, crep-
BATHMKA M HepkyTa, 13,33% — B nocTpoiikax
4yépHoro aucta, 6,67% (1 crapoe rHesao) — B
KOAOHMM BEAOrOAOBBIX CMMOB. [Hé3A Ganoba-
Ha B MOCTPOMKax BOPOHA He OblIAO OTMeYe-
HO. B HuLwax 6bin0 ycTpoeHo 53,33% rHésa u
46,67% — Ha noakax. B 80% cayyaeB ruésaa
pacnoAaraAuCb B BepXHel TPeTu CKaAbl U B
20% — B cepeauHe (puc. 7).

B ueaom 3a 2010 1 2022 rr. cobpaHbl Xapak-
TepucTukn 36 rHésa banobaHa (BkAto4as cTa-
pble rHé3aa): 28 — B ropax Kaparay u 8 — Ha
YMHKax npearopuid. Beicota pacnonoxeHus
rHE3A BapbMpoBana OT 2 A0 150 M, cocTaBAass B
cpeaHem 34,11+36,32 m (n=35) (puc. 5). B no-
CTpoiiKax KypraHHuka 6bIA0 yCcTpoeHo 27,78%
rHé3a 6anobaHa (N=36, puc. 6), B NOCTPOMKax
cTepBsiTHMKA — 25%, B nocTpoiikax GepkyTa
—22,22%, B KOAOHMSAX DEAOTOAOBBIX CUIMOB —

Puc. 7. Xapaktep yctpoiictsa rHésa 6arobaHa B ropax
Kapatay 8 2010 r. n 2022 r.

Fig. 7. Saker Falcon nest locations in Karatau Mountains
in 2010 and 2022.

Eurasian Jackdaw (Corvus monedula), Chukar
Partridge (Alectoris chukar), and Rosy Starling
(Sturnus roseus).

Only two nests with nestlings were inspect-
ed in 2022 - there were four and five nestlings
in them. A brood of 4 nestling was ringed with
colored rings.

Habitat quality dynamics

Given the 59.09% decline in SF abundance
in the Karatau from 2010 to 2022, it is impor-
tant to understand how SF habitats changed.
For this purpose, we analyzed the land cover
area classified into 8 types in Dynamic World
V1 (Brown et al., 2022) on a macroenviron-
ment scale (2 km around SF nests) for the pe-
riod from 2017 (the beginning of a prolonged
depression in rodent abundance) to 2022.

Over the six-year period, the water surface
area of SF breeding territories decreased by
30.88%, from 0.48 km? in 2017 to 0.33 km?
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11,11% , B nocTpoiikax BopoHa — 8,33%, B no-
cTpoiikax 4épHoro aucta — 5,56%. B Huuax
6bIAO yCTPOeHO 63,89% rHésa, 30,56% — Ha
noAkax u 5,56% — B pacLueAnHax. B epxHeii
TPeTU CKaAbl pacrnoAaraance 72,22% rHéE3a,
16,67% — B cpeanHe u 11,11% — B HUXKHeM
Tpetu (puc. 7).

Taxkmum obpasom, B ropax u npearopbsx Ka-
paTtay 6aro0aH TAroTeeT K HULLIAM B BEpXHEH
4acCTM CKaAbHbIX MACCMBOB M MpEAMoYMTaeT
CeAUTLCS B MHE3AAX KypraHHMKa, CTepBaT-
HMKa 1 OepKyTa, YCTPOEHHbIX UCKAIOYUTEAD-
HO Ha cKaaax. HecMoTps Ha TO, 4TO Mo BCeM
ceBepHoOil nepudpepun Kapartay Ha onopax
AJT1, BblLLKax COTOBOM CBSA3M U B APEBECHbIX
HaCaKAEHMAX MMEETCH XOPOLUMIK AAg Bano-
H6aHa rHe3a0BOi POHA (MOCTPOIKM BOpPOHa
M KypraHHuka), 6arobaH 3aecb Ha pa3smHO-
JKEHMK B MOCTPOMKAX Ha AEPEBbAX M UCKYC-
CTBEHHbIX COOPY>KHUSAX HUKEM M3 OPHUTOAO-
roB He oTMe4ancs (cM. Kosluapb, 2019). Mbl
ToXe He oOHapyxuAam ruésa OarobaHa Ha
AEPEBLAX M UCKYCCTBEHHbIX COOPYXXEHUAX B
Kaparay 1 Ha npuAeraioLmx Tepputopmsx.

B 2010 r. Goabluas necyaHka M XKEATbIM
CYCAMK OblAM CPOHOBBIMM TPbi3yHamMM Ha MC-
CAGAYEMON TEPPUTOPMM, NPUYEM MecyaHka
AOMMHMPOBaAA Ha NAATOOOPa3sHbLIX BO3BbI-
LLIEHHOCTSIX, @ CYCAUK — OKOAO DepM B AOAM-
Hax. B 2022 r. Ham B ropax KapaTay yAaAoch
BbISIBUTb AWLLb 3 KOAOHWMM MECHAHOK, C OYeHb
OFPaHMHYEHHON YMCAEHHOCTBLIO B HECKOABKO
AECATKOB aKTUBHbBIX HOP, M 4 MOCeAeHns Cyc-
AVMIKOB, COCTOSILLMX TaKXKe M3 HECKOAbKMX Ae-
CSATKOB aKTMBHBIX HOP. B paanyce 2 KM OT Bcex
KOAOHMI MECYAHKM 1 2 MOCEAEHWUI CYCAMKOB
ObIAM BbISIBAEHBI BCE 6 YCMELLHbIX FHE3A Bano-
GaHa, XOTS Ha BCEX M3 HMX BO Bpemst OCMOTpa
cpean AODbIMM YAAAOCH MAEHTUCPULMPOBATD
TOABKO OCTaTKM NTUL, NPEUMYLLECTBEHHO ra-
Aok (Corvus monedula), kekamkos (Alectoris
chukar) n PO30BbIX CKBOPLOB (Sturnus roseus).

ToAbKO 2 rHe3aa C NTeHUamM YAaAOCh OC-
MoTpeTb B 2022 1. — B HMX ObIAO 4 1 5 NTeH-
LOB. BbIBOAOK M3 4-X NTEHLOB OblA OKOALLIO-
BaH LIBETHbIMM KOAbLIAMM.

AMHammka Ka4ecTBa MecToObMTaHHM

YunTbiBas COKpaLLeHMe YMCAEHHOCTM Bano-
HaHa B Kapatay Ha 59,09%, npowsolieallee 3a
nepuoa ¢ 2010 no 2022 rr., BaXKHO MOHUMATb,
KaK M3MEHWMAMCb MECTOOOUTaHMS, B KOTOPbIX
3TOT cokoA 0buTaA. C 3TON LeAblo B MacluTabe
Makpocpeab! (2 KM BOKpyr rHésa 6arobaHa) 3a
nepunoa ¢ 2017 (Ha4aAo 3aTHKHON AUMPECCHM
YMCAEHHOCTW IPbI3yHOB) MO 2022 . Mbl Npo-
aHaAM3MPOBAAM MAOLLAAL MOKPbLITUS 3€MHOM
MOBEPXHOCTM, KAACCMCPULIMPOBAHHOM Ha 8 Th-
nos B Dynamic World V1 (Brown et al., 2022).

in 2022, and the area of woody vegetation de-
creased by 34.26%, from 0.74 km?in 2017 up
to 0.49 km? in 2022. Area reduction affected
territories covered with herbaceous vegeta-
tion (by 21.45% from 2.12 km? in 2017 to
1.66 km? in 2022) and shrubs (by 6.77% from
8.48 km?in 2017 to 7.9 km? in 2022), but all
this is insignificant on the scale of breeding
territories confined mainly to rocky massifs
(Fig. 8). The open land area increased ac-
cordingly by 35.68%, from 4.84 km? in 2017
to 7.53 km? in 2022 (linear trend R?=0.66).
This indicates that SF breeding territories, lo-
cated at an average of 2.64 km from farms
(see above), have increased grazing pressure
following an increase in the number of live-
stock on nearby farms. This is rather a positive
when distancing SFs from farms, as grazing
helps to increase the availability of food for SF.

In summary, surface analysis in Dynamic
World did not show any critical changes in the
area of habitat types within SF breeding ter-
ritories, which means that changes in habitats
cannot be the reason for the decline in species
abundance.

Distribution modeling
As shown by analysis of the average envi-
ronmental variables for SF nests using the

IMrenub 6arobaHa B rHesae, yCTpOeHHOM B CTapoii
MOCTPOJiKe YEPHOro ancta Ha CKaAe B yLLEAbE I0XKHOMO
¢paca Kapatay. ®@oto I. [TyankoBoi.

Saker Falcon nestlings in the nest in old nest construction
of the Black Stork on cliff in the gorge of the southern
face of Karatau ridge. Photo by G. Pulikova.
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I/I3yl'IeHI/I€‘ MepPHaTbIX XUUIHMKOB

Ha rHe3a0BbIx yyacTkax 6arobaHa 3a 6 AeT
MAOLLIAAb BOAHOM MOBEPXHOCTM COKpaTMAACh
Ha 30,88%, c 0,48 km? B 2017 . A0 0,33 km? B
2022 r., a NAOLLIAAb APEBECHON PACTUTEALHOCTM
—Ha 34,26%, c 0,74 km? B 2017 . A0 0,49 km?
B 2022 r. CokpatlueHne NAOLLAAel KOCHYAOChH
TePPUTOPUIA, MOKPbITbIX TPABAHOM pacTUTeAb-
HOCTbIO (Ha 21,45% c 2,12 km? B 2017 . a0
1,66 km? B 2022 r.) 1 KyCTapHuUKamu (Ha 6,77%
€ 8,48 kM? B 2017 1. a0 7,9 kM? B 2022 T.), HO
BCE 3TO He3HauyMTeAbHO B MacluTabax rHe3ao-
BbIX Y4aCTKOB, MPUYPOYEHHBIX MPUMYLLECTBEH-
HO K CKaAbHbIM MaccuBam (puc. 8). Iaowaab
OTKPbITOM 3€MAM COOTBETCTBEHHO YBEANYMAACH
Ha 35,68% c 4,84 km? B 2017 1. A0 7,53 KM? B
2022 r. (AvHeliHbIM TpeHa R?=0,66). D10 yka-
3blBaeT Ha TO, YTO Ha FHE3AOBbIX y4acTkax Oa-
AoDaHa, PacrnoAOXKeHHBIX B CpeAHeM B 2,64 Kv
oT dpepM (CM. BbILLIE), YBEAUHUMAACH MACTOMLLL-
Has Harpyska 3a C4éT pocTa MOroAOBbS CKOTa
Ha GAM3AexalLmx dpepmax. Mpu AMCTaHUMpPO-
BaHMM GarobaHa OT cpepm ITO CKopee MoAo-
XKUTEAbHBIN, HEXXEAM OTPULIATEABHBIN dhakTop,
Tak KaK BblMac CrocobCTBYeT yBeAMUYEHMIO AO-
CTYMHOCTM MULLIM AASt COKOAOB.

Taknum oOpa3oM, aHaAM3 MOBEPXHOCTU B
Dynamic World He nokasaa Kakux-anbo kpu-
TUUHbIX U3MEHEHUI B MAOLLLAAM TUMOB MECTO-
0OMTaHMI Ha FHE3A0BbIX ydacTkax OarobaHa,
a 3HAYUT, UBMEHEHUS B MECTOOOUTAHUAX He
MOTIYT SIBASTLCS NPUUUHOM COKPALLEHNS YMC-
AEHHOCTM BMAQ.

MoaeanpoBaHue pacnpocTpaHeHns

Kak nokasaAa aHaAM3 CpeAHMX 3HaYeHWi ne-
peMeHHBIX OKpY>KaloLLel Cpeabl AAsi FHE3A Oa-
AobaHa nocpeacTBom t-kputepus CrbioaeHTa,
OHM 3HAYMTEABHO OTAMYAAMCb OT TaKOBBIX CAY-
YarHbIx Touvek. [Hé3aa pacnoaaraamck Ha 6o-
Aee KpYTbIX CKAOHaX, B OoAee nepeceveHHOM
MECTHOCTM, Ha ydacTkax € OOAbLLel CKOpO-
CTbIO M AaBAEHMEM BeTpa Ha BbicoTax oT 10 a0
100 M, 4eM cAydaitHble ToukM. HYTO KacaeTcs
CTPYKTYpbl PaCTUTEAbHOCTU, TO COKOAbI FHE3-
AMAMCb B MECTax C MEHbLUMM MPOLIEHTOM Tpa-
BOCTOS M KYCTOB M DOAbLLIEN AOAEM OTKPbITbIX
CKaA M FOAOM 3eMAM, YEM B CAYHaMHbIX y4acT-
Kax, rae MAOLLAAM TPaBOCTOS M KyCTapHMKOB,
a TaKKe eXkemecsyHble M CpeAHeAeTHMe noka-
3aTeAM YCOBepLUEeHCTBOBAHHOMO BereTalMOH-
Horo uHaekca (EVI) ObiAm Bbiwe (TabA. 2).

AAst KAaccUdpUKaLMK M300paxenuii ¢ Le-
AbIO MOAEAMPOBaHMS pacnpocTpaHeHns Oa-
AobaHa metoaom Random Forest (RF) Mbl
noaobpaAn MnepemeHHble A 4-X MoaeAei
(Taba. 3, Mpuroxerue 129):

—Moaenb 1 (M1) BKAlOHaeT 66 nepemeHHbIX 13
7 npoayktoB A33% 6e3 y4éTa MyAbTUKOMMHeap-
HOCTM M BaXKHOCTM MO t-kpuTepuio CTbioaeHTa,

Student’s t-test, they differed significantly in
SF breeding territories from those of random
points. Nests were located on steeper slopes,
in more rugged terrain, in areas with greater
wind speed and wind pressure at 10 to 100 m
than random sites. As for the structure of veg-
etation, SFs nested in places with less herb-
age and shrubs and more open rock and bare
ground than in random areas, where herbage
and shrub area, as well as monthly and yearly
average Improved Vegetation Index (EVI) val-
ues were higher (Table 2).

We selected variables for four models for
image classification to model SF distribution
using the Random Forest (RF) method (Table
3, Appendix 1%%):

— 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 25 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 25
variables?: 11 important variables by Stu-
dent’s t-test for presence points and random
samples (multicollinear variables removed) +
14 unimportant but not correlated with im-
portant variables, except for elevation,

— Model 4 (M4) includes only 11 important
variables?* by Student’s t-test for the sampling
of presence points and random points.

Cross-validation showed the best probability
and regression result for M1 (Table 4). Bagging
error (Out-of-bag Error, OOBE) for 20 prob-
ability RF trees was 0.034, regression — 0.157.

IHe3aoBas ckana 6arobaHos B Kapartay.
®oto M. KapsikuHa.

Nesting cliff of Saker Falcons in Karatau.
Photo by I. Karyakin.
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2017-2022.
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M3yueHne nepHaTbIX XULLHUKOB

Taba. 2. CpasHerne (M=SD, lim) mexxay 41 nepemeHHON, onpeAeAsiioLLeli Ka4eCTBO CpeAbl AAsl 53 rHé3a 6arobaHa u 53 CayyaliHbix Touek. B
TabAMLIe MoKa3aHo 3HaueHue t-kputepusi CTbIOAEHTA AAS Pa3HULIbI MEXKAY CPEAHMMM. BaxkHble nepemeHHble BblAeAeHb KUPHBIM LpuchTom. B
6a30Byl0 MOAEAb BKAIOYEHbI repemeHHbie, KoaghchuumeHT koppeasiumm CrinpmeHa koTopbix <0,75. KoAbl nepemeHHbix cm. B 1puaoskermin®.

Table 2. Comparison (M+SD, lim) between 41 environment quality variables for 53 Saker Falcon nests and 53 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®* for variable codes.

BKAIOUY€EHHbIE

OTAnuHble OT B Ga30BYyI0
CAyHaiHbIX MoAeAb

MepemeHHble* Different  Included in 'né3aa CayuaiiHble TOUKH t-value

Variables* from random  base model Nests Random points (df=104) p
dist-neighb 1 16.7£20.35 (1.79-83.34) 10.8%+5.3 (2.01-21.3) 2.0292 0.045
dist-A_chr 1 6.2+10.36 (0.1-41.28) 14.4%10.0 (1.2-44.53) -4.1572  0.000
elevation 1 707.1+273.50 (351-1360) 675.6+254.6 (250-1355) 0.6135 0.541
cti 1 1 -2.6+1.78 (-4.28-+6.68) -0.3+2.2(-3.75-+4.93) -5.8588 0.000
tri 1 26.3x15.13 (6.16-57.21) 7.5+8.4 (0.1-32.34) 79096 0.000
slope 1 16.5%+9.70 (2.27-35.94) 5.0%+5.5 (0.06-21.64) 74987 0.000
aspect 1 171.6%£116.79 (2.69-349.44) 152.9%£110.7 (0-355.4) 0.8494 0.398
vrm 1 1 0.012=+0.01 (0-0.06) 0.003+0.01 (0-0.04) 4.5679 0.000
roughness 1 1 83.1%49.00 (17.27-190.14) 23.8+25.5(0.34-102.03) 7.8185 0.000
tpi 1 1 4.2%+10.94 (-12.03-+39.24) 0.3%+4.3 (-22.78-+9.65) 24179 0.017
spi 1 0.31x1.37 (0.001-7.14) 0.02+0.04 (0.0004-0.2) 1.5516 0.124
geom 1 1 5.7%1.57 (3-9) 4.6+2.5 (1-9) 2.6927 0.008
cov 1 1 1183.8+485.71 (328-2463) 925.5+554.4 (217-3246) 2.5510 0.012
corr 1 2612.1x£1339.00 (-107-+5543) 2011.1=1906.3 (-1913-+5305) 1.8781 0.063
maximum 1 1403.6+615.51 (601-4210) 1710.1£950.0 (672-4899) -1.9712  0.051
mean 1 1 2273.3+548.80 (1266-4150)  2721.1x883.7 (1204-4669) -3.1334 0.002
pielou 1 9263.1+330.69 (8345-9878)  9118.0+545.2 (6969-9761) 1.6562 0.101
simpson 1 1 8146.9+638.30 (6425-8971)  7770.8x1172.8 (4759-9044) 2.0509 0.043
wind_speed_50 1 1 6.8+1.64 (3.08-11.31) 5.9+1.8 (2.76-10.4) 2.4381 0.016
wind_speed_100 1 7.7%+1.57 (3.57-11.64) 6.8+2.0 (3.29-10.55) 24256 0.017
wind_speed_10 1 5.3%+1.99 (2.32-11.23) 4.4+1.7 (1.95-10.3) 24499 0.016
power_density_50 1 687.4+464.76 (161.6-2483.7) 485.9+382.3 (100.31-2372.58) 24373 0.016
power_density_100 1 822.4+449.47 (222.4-2334.7)  620.4+406.3 (125.04-2118.57) 24266 0.017
power_density_10 1 485.1+538.69 (31.7-2835.1)  265.2%377.5 (49.08-2658.5) 24332 0.017
RIX 1 0.1+0.08 (0-0.37) 0.034=0.1 (0-0.31) 2.7333 0.007
bio02 1 129.4%2.01 (126-133) 128.8+2.4 (123-133) 1.3308 0.186
bio03 1 28.9+0.87 (27-30) 29.0+0.8 (27-30) -0.7938 0.429
bio06 1 -114.4%+15.82 (-149—-90) -109.4+15.0 (-140—85) -1.6644 0.099
bio16 1 109.0%29.06 (67-229) 120.4x42.2 (61-250) -1.6176 0.109
Grass 2017-2022 2km 1 1.96+1.42 (0.02-7.2) 2.90%2.6 (0.01-9.25) -2.3190 0.022
Shrub 2017-2022 2km 1 8.38+2.49 (0.91-11.6) 16.84+5.1 (10.06-29.65) -10.8495 0.000
WorldCover_class 1 34.5+10.84 (30-60) 31.9+6.5 (30-60) 1.5199 0.132
Tree-100m 1 0.0009+0.004 (0-0.03) 0 1.4508 0.150
Shrub-100m 1 0.0047+0.01 (0-0.05) 0.0014+0.01 (0-0.05) 1.7112  0.090
Crop-100m 1 0.003%0.01 (0-0.09) 0.044+0.16 (0-0.87) -1.8561 0.066
Bare-100m 1 1 0.1257+x0.17 (0-0.79) 0.033+0.08 (0-0.39) 3.6462 0.000
EVI 04-2022 1 1 0.21x0.06 (0.08-0.40) 0.25+0.08 (0.09-0.39) -2.5771 0.011
EVI 07-2022 1 0.12%0.03 (0.05-0.19) 0.14%0.04 (0.07-0.27) -2.0241 0.046
EVI 08-2022 1 0.11+0.02 (0.06-0.15) 0.12+0.03 (0.07-0.23) -2.1036  0.038
EVI 04-2022 100m 1 0.22+0.06 (0.08-0.40) 0.25+0.08 (0.09-0.39) -2.3360 0.021

Mpumeuanus / Notes:
* PaclumndppoBka cokpalleHuii 1 onrcaHue nepemMeHHbIX AOCTYrHbI B [Mpuaoxkennn 134/ Breakdown of abbreviations and descrip-
tion of variables is available in Appendix 1%%)
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— Moaeab 2 (M2) BkalovaeT 25 nepemeH-
HbIX?¥, BaxkHbIX MO t-kpuTepuio CTbloaeHTa
AASl BLIOOPKM TOYEK MPUCYTCTBMS M CAy4Yai-
HbiX 6e3 y4yéTa MyAbTUKOAAMHEAPHOCTM (T.e.
B BbIOOpKe MPUCYTCTBYIOT KOPpeAMpyloLLmne
APYF C APYTrOM NepemMeHHbIe),

— Moaenb 3 (ba3zoBas MoaeAb, M3) BKkAlOua-
eT 25 nepemeHHbIX?*: 11 BaxkHbIX nepemeH-
HbIX MO t-kpuTepuio CTbloAeHTa AAS BbIOOPKM
TOYeK MPUCYTCTBUSA MU CAYYaMHbIX (MYAbTM-
KOAAMHEpaHble nepemeHHble yaaAeHbl) + 14
HeBa)KHbIX, HO HEe KOPPeAMPYIOLLIMX C BaXKHbI-
MM, 3a UCKAloUeHnem elevation,

— Moaeab 4 (M4) BkAlouaeT ToAbko 11 Baxk-
HbIX NepemMeHHbIx?* Mo t-kputepuio CTbloaeHTa
AAS BBIDOPKM TOYEK MPUCYTCTBUS U CAYHaUHBIX.

[NepekpécTHas nposepka Mokasara Ay4-
LUMIA pe3yAbTaT BEPOSATHOCTU U perpeccum
A M1 (Taba. 4). Owmbka 6arrmnra (Out-of-
bag Error, OOBE) arst 20 aepesbes RF BeposiT-
HocTu coctaBmaa 0,034, perpeccmn —0,157.

Ipadpnki BaXKHOCTU MEPEMEHHbIX, BKAIO-
4éHHbIX B RF AAg BeposiTHOCTM 1 perpeccuu,
nokasaHbl Ha pucyHke 9. M3 66 nepemeHHbIX
M1 B pe3yAbTMPYIOLLYIO MOAEAb BKAIOYEHbI
54 nepemeHHbIX aAd «RF BEpOATHOCTbY M 61
— ana «RF perpeccusy Hanbonaee BaxkKHbIMM
nepemeHHbIMM aA M1 «RF BepogaTHOCTbY
(> 0,7) okasaaucb (B nopsiake yOblBaHMS
BaXXKHOCTM) 14 nepemeHHbIX: slope (1,57),
bio18 (1,55), bio15 (1,54), vrm (1,46), bio05
(1,28), bio09 (1,2), bio02 (1,19), bio13 (1,02),
bio08 (0,99), bio04 (0,97), bio17 (0,92),
bio01 (0,89), EVI mean may (0,82), roughness
(0,79), ana M1 «RF perpeccusa» (> 52,0) - 15
nepemeHHbIX: bio18 (103,98), bio13 (86,88),
bio07 (80,15), roughness (79,84), bio10
(77,7), biol6 (72,47), geom (70,83), wind
speed 50 (69,21), wind speed 100 (69,12),
bio04 (61,2), sd (61,05), uniformity (57),
homogeneity (55,45), air density 50 (53,41),
slope (52,01). TpumeuaterbHo, 4to B RF
BayKHBIMM AASl TOYeK npucyTcTBMs GanobaHa
OKa3aAnCb OMOKAMMATMYeCKMe MnepemeHHble,
He MokKasaBLUMe pPa3HMULbl MeXAy TouKamm
MPUCYTCTBMS M CAYYalHBIMKW  TOYKaMKM MO
t-kputepuio CTbloaeHTa.

lpachrkn perpeccun no oby-aioLLelt 1 Tpe-
HMPOBOYHOW BbIOOPKaM M OLEHKM TOYHOCTM
moaean nocpeactsom AUC-ROC ars BeposTHO-
ctn 1 perpeccim RF nokasaHbl Ha pucyHke 10.

Mol ycpeannan pesyabtaTthl RF Beposr-
HOCTW W Perpeccum 1 BbIBEAM Pe3yAbTUPY-
IOLWKMIA pacTp aAd M1 no BeposiTHOCTH Npu-
cyTcTBus OGanobaHa B ananasoHe oT 50 ao
100% (puc. 11, Tpuroxkenue 2%). MaoLuasb
FHEe3AOMPUIoAHbIX AASt GanobaHa GMOTOMOB

3 http://rrren.ru/wp-content/uploads/2022/12/App2-mapsFC.zip

Graphs of the variables’ importance in-
cluded in RF for probability and regression
are shown in Fig. 9. Of the 66 M1 variables,
the resulting model includes 54 variables for
“RF Probability” and 61 for “RF Regressio”.
14 variables were the most important for M1
“RF probability” (>0.7) (in descending order
of importance): slope (1.57), bio18 (1.55),
bio15 (1.54), vim (1.46), bio05 (1.28), bio09
(1.2), bio02 (1.19), bio13 (1.02), bio08 (0.99),
bio04 (0.97), bio17 (0.92), bio01 (0.89), EVI
mean may (0.82), and roughness (0.79). 15
variables were the most important for M1 “RF
regression: bio18 (103.98), bio13 (86.88),
bio07 (80.15), roughness (79.84), bio10
(77.7), bio16 (72.47), geom (70.83), wind
speed 50 (69.21), wind speed 100 (69.12),
bio04 (61.2), sd (61.05), uniformity (57), ho-
mogeneity (55.45), air density 50 (53.41),
and slope (52.01). It is noteworthy that in RF
bioclimatic variables turned out to be impor-
tant for SF presence points, even though they
did not show a difference between presence
points and random points according to Stu-
dent’s t-test.

Regression graphs for learning and training
samples and estimation of model accuracy by
means of AUC-ROC for RF are shown in Fig. 10.

We averaged RF probability and regres-
sion results and generated the resulting raster
for M1 with a SF presence probability in the

MHoroneTHee rHe3ao 6anobaHa B HULLE CKaAbI.
®oto M. KapsikmHa.

Perennial nest of the Saker Falcon in niche of cliff.
Photo by I. Karyakin.


http://rrrcn.ru/wp-content/uploads/2022/12/App2-mapsFC.zip
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TabA. 3. Cnmcok nepemeHHbIX, BRMOYEHHBIX B 4 Habopa AAs MOAeAMPOBaHMS pacrpocTpaHeHus 6arobaHa B ropax Kaparay.

Table 3. List of variables included in 4 sets for modeling Saker Falcon distribution of the Karatau mountains.

lMepemeHHble Bapuant moaean / Model variant MepemeHHble BapuanTt moaeam / Model variant

Variables 1 2 3 4 Variables 1 2 3 4
66 var. 25 var. 25 var. 11 var. 66var. 25var. 25var. 11 var

NASADEM World Clim

elevation 1 1 bio01 1

Geomorpho90m bio02 1 1

cti 1 1 1 1 bio03 1 1

tri 1 1 bio04 1

slope 1 1 bio05 1

aspect 1 1 bio06 1 1

vrm 1 1 1 1 bio07 1

roughness 1 1 1 1 bio08 1

tpi 1 1 1 1 bio09 1

spi 1 1 bio10 1

geom 1 1 1 1 bio11 1

Global Habitat Heterogeneity bio12 1

cov 1 1 1 1 bio13 1

contrast 1 bio14 1

corr 1 1 bio15 1

dissimilarity 1 bio16 1 1

entropy 1 bio17 1

homogeneity 1 bio18 1

maximum 1 1 bio19 1

mean 1 1 1 1 ESA WorldCover 10m v100

pielou 1 1 WC class 1 1

range 1 WC r_Tree-100m 1 1

shannon 1 WC _Shrub-100m 1 1

simpson 1 1 1 1 WC _Grass-100m 1

sd 1 WC _Crop-100m 1 1

uniformity 1 WC _Bare-100m 1 1 1 1

variance 1 MODIS Terra Vegetation Indices

Global Wind Atlas NDVI_04-2022 1 1 1 1

air_density_50 1 1 NDVI_05-2022 1

air_density_100 1 1 NDVI_06-2022 1

air_density_10 1 1 NDVI_07-2022 1 1

wind_speed_50 1 1 1 1 NDVI_08-2022 1 1

wind_speed_100 1 1 MODIS Terra Vegetation Indices

wind_speed_10 1 1 EVI_04-2022-100m 1 1

power_density_50 1 1

power_density_100 1 1 Mertoa / Method in Random Forest:

power_density_10 1 1 BepositHocTb / Probability yes yes yes yes

RIX 1 1 Perpeccus / Regression yes yes yes yes

Mpumeuanns / Notes:

* PaclumndppoBka COKpaLLIeHHi 1 OnmncaHue nepemeHHbIX AOCTyNHbI B Mpuaoxerun 17 / Breakdown of abbreviations and description
of variables is available in Appendix 1)

COTAACHO 3TOMY KAACCUMCPULIMPOBAHHOMY M30-
HpaxkeHunto coctaBiaa 7600,76 Km?, NAOLLAAL
MecToobuTannii — 22710,75 km? (puc. 11).
OAHaKO TMOAEBble UCCAEAOBAHMS MOKa3aAM
M30bITOYHbIE MAOLLAAM OMOTOMOB, OTHECEH-

range of 50 to 100% (Fig. 11, Appendix 2).
According to this classified image, the area
of biotopes suitable for SF breeding totaled
7,600.76 km?, habitat area — 22,710.75 km?
(Fig. 11). However, field research showed
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TabA. 4. Pe3yabTaTbl KPOCC-BaAMAALINM MOAEAEN. JKUPHBIM LLIPUCDTOM BbIAEAEHBI AYHLLIME MOAEAM AASI BEPOSITHOCTM M PEFPECCHM.

Table 4. Results of model cross-validation. Bold indicates best models for probability and regression.

Koacpcpuumenr aetepmunaunu  Koadpcpuumnent aerepmnnaumm

perpeccum no odyuatoLuen perpeccum rno TecToBoi Max
Koa moaean BbIOOpKE Bbibopke  Max Kappa Max Max ccr
Model code AUC Training regression R2 Validation regression R2 Kappa Cutoff ccr  cutoff
BepositHocTs / Probability
M1_PROB 0.996 0.911 0.795 0.955 37.083 0.988 37.083
M2_PROB 0.993 0.887 0.761 0.935 39.167 0.984 39.167
M3_PROB 0.988 0.900 0.777 0931 37500 0.982 37.500
M4 PROB 0.977 0.836 0.650 0.841 41.667 0.965 46.250
Perpeccusi | Regression
M1_REGR 0.995 0.929 0.793 0.938 35.000 0.984 35.000
M2_REGR 0.984 0.909 0.777 0929 42917 0.982 42917
M3_REGR 0.978 0.916 0.792 0.930 35.417 0.982 35.417
M4 REGR 0.976 0.867 0.678 0.834 43.750 0.965 43.750
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Puc. 9. OueHka BaxxHOCTH nepemeHHbIx B Random Forest arst mosean T (MT1).

Fig. 9. Estimating the importance of variables in Random Forest for Model 1 (M1).
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Puc. 10. pachukn
perpeccun no oby4aio-
L€ M TPEHUPOBOYHOM
BbIOOPKamM M OLEHKU
TOYHOCTU MOAEAM 110~
cpeactBom AUC-ROC
AASl BEPOSITHOCTH M
perpeccumn Random
Forest.

Fig. 10. Graphs of
regression on learning
and training samples
and estimates of model
accuracy by AUC-ROC
for probability and
regression of Random
Forest.

HbIX K FHE3AOMPUIOAHbIM B pe3yAbTaTe Mo-
AEAMPOBAHMS, 3a CYET BKAIOYEHMS DOABLLLIOFO
KOAMYECTBA CKaAbHbIX OOHaXKEHMI B OCEBOM
YyacTu xpebTOoB, B TO Bpems kak 6ano0aH BHY-
TPY FOPHBIX MACCMBOB ObIA COCPEAOTOUEH Ha
rHe3A0BaHWM TOAbKO MO rnepudpepun cren-
HbIX AOAMH. B CBSA3M C 3TUM Mbl BbIOpaAn B
FHE3AONPUroAHble AAS GarobaHa GMOTOMbI
TOALKO T€ KAACTepbl KAACCMPULIMPOBAHHOTO
1300paxKeHns, KOTOpble NonaAu B 3-X KMAO-
MeTpoBYIl0 BydPepHYIO 30HY CTEMHbIX AOAMH.
MTOoroBas nAoLIAAb FHE3AOMPUIOAHBLIX AAS
GanobaHa GMOTOMOB MOCAE 3TOW Onepaumm
cocTaBuAa 4222,64 KM?, NAOLLAAb MECTOOOM-
TaHui — 9084,3 kM?. MIMEHHO 3TH LMPPbI Mbl
MCMOAB30BaAM B AAAbHENLLIMX pacyérax umc-
AeHHOCTM DarobaHa Ha rHe3aoBaHumn B Kapa-
Tay M Ha NPUAEraloLLMX TEPPUTOPUSIX.
Matpuua Becos aas Tecta MopaHa Obina
paccumTaHa no 5 OAMXKANLLIMM COCEAIM AAS

BeponaTtHocTk / Probability

excessive areas of biotopes classified as suit-
able for breeding as a result of modeling due
to the inclusion of a large number of rocky
outcrops in the axial part of the ridges, while
SF within the mountain ranges was concen-
trated on nesting only along the periphery
of the steppe valleys. Because of this, we
selected only those clusters of the classified
image that fell into the three km buffer zone
steppe valleys into SF habitats. The total area
of SF breeding biotopes after this selection
amounted to 4,222.64 km?, the area of habi-
tats — 9,084.3 km?. These numbers were used
in further calculation of an abundance of SF
breeding in Karatau and adjacent territories.
The weight matrix for the Moran’s test was
calculated from the five nearest neighbors for
SF points of presence used for modeling. The
Moran’s index (Moran | (M+SD) 0.2+3.29,
expectation -0.014, variance 0.0044, p-value

Perpeccusn / Regression

Obyvatowasn eeidopka / Training sample

The calculated formula: y = 0.01x + -0.01
1.2 The coefficent of determination (R2): 0.91
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TecToean esibopka / Test sample

The calculated formula: y = 0.01x + -0.03

125 The coefficent of determination (R2): 0.82
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The calculated formula: y = 0.01x + -0.02
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ToYek MpucyTcTBua GarobaHa, MO KOTOPbIM
CTpoMAack MoaeAb. MHaekc Mopana (Moran
I M=SD) 0,2+3,29, expectation -0,014,
variance 0,0044, p-value = 0,0005) nokasana,
4TO reorpacpuyeckme pPacCTOSHUS  MeXKAy
TOYKamu NpucyTcTBua HarobaHa M npeacka-
3aHHBIMM 3HAYEHMAMM MOAGAM €ro pacnpo-
CTPaHEHUS HEe CAyYaliHbl B MOAOXKMTEAbHYIO
CTOPOHY, HO B TO XK€ BPEMS HE BbISIBUA CyLLe-
CTBEHHOM aBTOKOppeAsumnn (puc. 12).

Pac4ét yncaenHocrn

B 2010 r. nAoTHOCTb 6anobaHa AASt FOPHbIX
MaccnBos bopansas m Manoro Kapartay Obina
onpeaenera B 0,92 nap/100 km? ast HeaaBHero
npotoro v 0,46 nap/100 km? ars nepuroaa 06-
CAGAOBaHMS TEPPUTOPUHM (C YUETOM MOKMHYTbIX
H6anobaHaMM He3AOBbIX y4acTkoB). Aaa bo-
paraas u oro-3anasa Masoro Kaparay (3a Bbl-
UETOM MAOLLAAKM Ha ceBepHOM chace Maaoro
Kapatay) nAoTHOCTb Gbina onpeaeseHa B 1,12 1
0,56 nap/100 kM?* cOOTBETCTBEHHO. [TAOTHOCTBL

Puc. 11. lne3aonpuroaHbie ans 6arobaHa 61MOTONbI B
Kaparay n Ha npuaeraiomx TeppuTopusX, BbIACACHHbIE
no pes3yAbTatam aHaAu3a B Random Forest — ycpeAHéH-
HbIl PE3YALTAT 110 BEPOSTHOCTM U Perpeccum (BBepxy)
M TOYKM pacripesereHns: barobara, B3sTble U3 pPa3HbiX
MCTOYHUKOB, Ha KapTe MeCTOOOMTaHMit 1 MHe3A0NpPH-
FOAHbIX 6MOTOMOB (BHM3Y). YCAOBHbIE 0603HaYeHMS:

A — rpaHuubl cTpaH; BB — rHe3aonpuroAHbie 6uoTonsl,
paH>KupoBaHHbIe MO BEPOSTHOCTH MPUCYTCTBUS BUAA
(BBEpxy) u He paHxxumpoBaHHble (BHU3y); BH — mecto-
obuTanmns; Touku npucyTcTems 6barobarHa: RRRCN

— FHE3A0BbIe YHaCTKM, 10 KOTOPbIM OCYLLECTBASIAOC
MoAeAnpoBaHue pacnpocTpaHenns suaa, BIRDS.KZ —
AaHHble AbuTeAei NTuu o BCTpedax 6arobaHa ¢ caiTa
KasaxcraHckoro coobiuectsa HabAoAaTeAed nTuu,
paH>XKupoBaHHble No ce30Hy; R — pexu; W — BOAOEMBI.

Fig. 11. Saker Falcon breeding biotopes in Karatau and
adjacent areas identified from Random Forest analysis —
average of probability and regression (at top) and map of
breeding biotopes, habitats and Saker Falcon distribution
points taken from various sources (at bottom). Legend:

A - country borders, BB — breeding biotopes, ranked by
probability of species presence; BH — habitats; points of
Saker Falcon presence: RRRCN - breeding territories on
the basis which Saker Falcon distribution was modeled,
BIRDS.KZ — birdwatcher data on Saker Falcon records
from Kazakhstan birdwatching community website; Key:
R — rivers; W — water bodies.

= 0.0005) showed that geographical distanc-
es between the points of SF presence and the
predicted values of its distribution model are
not random in a positive direction, but at the
same time did not reveal a significant autocor-
relation (Fig. 12).

Calculating abundance

In 2010, SF density for the Boraldai and
Lesser Karatau mountain ranges was de-
termined to be 0.92 pairs/100 km? for the
recent past and 0.46 pairs/100 km? at the
time of the survey (including abandoned
breeding territories). For the Boraldai and
southwest of Lesser Karatau (minus the plot
on the northern face of Lesser Karatau), den-
sity was determined to be 1.12 and 0.56
pairs/100 km?, respectively. SF breeding ter-
ritories density in Greater Karatau was 2.46
pairs/100 km? for the recent past and 2.37
pairs/100 km? for the survey period (Karyakin
et al., 2010). SF and traces of its presence
were not found on chinks of Ulken-Buuryltau
in 2010. But on chinks of lakes Sorkol, Ashik-
kol, and Akkol, SF abundance was 1.18-3.12
pairs/10 km, on average 1.92 pairs/10 km of
chinks (Karyakin et al., 2010).

Direct extrapolation of average density
and asymmetric confidence interval of SF
breeding territories on plots to the total habi-
tat area gave an estimate of species abun-
dance in 2010 for Boraldai and Lesser Kara-
tau (1,611.7 km?) at 3-30, with an average
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Yactora noseienus / Appearance frequency
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FHE3A0BbIX y4acTKOB 6ar00aHOB B BOAbLLIOM
Kapatay cocraBuaa 2,46 nap/100 km? arsi He-
AaBHero npotunoro u 2,37 nap/100 km? aas
neproaa obcAeA0BaHNS TeppuTopum (KapakuH
n ap., 2010). Ha unHkax YAbkeHb-byypbiatay
B 2010 r. 6aroDaHa HalTM He yAaAOCh, Kak M
cAenoB ero npebbiBaHns. Ho Ha unHKax 03€p
CopkoAb, ALLMKKOAL M AKKOAb 0BKAMe Baroba-
Ha coctauao 1,18-3,12 nap/10 KM, B cpeaHem
1,92 nap/10 km unHkoB (KapsiknH u ap., 2010).
MpsaMas 3KCTPANoASLUMS CPEAHEN MAOTHO-
CTMU M HECMMMETPUYHOIO AOBEPUTEABHOIO
MHTEPBaAa FHE3A0BbIX Y4acTKOB OarobaHa Ha
NAOLLAAKAX Ha OOLLyI0 MAOLLAAL MECTOOOM-
TaHWM AaAa OLIEHKY YMCAEHHOCTM 3TOr0O BMAQ
B 2010 r. aas bopansas n Manroro Kaparay
(1611,7 km?) B 3-30, B cpeaHem 9 nap (5-61,
B cpeaHem 18 nap B MPOLUAOM, C Y4ETOM No-
KMHYTbIX COKOAAMM THE3AOBbIX Y4acCTKOB) M
AASl TPAHWUTHBLIX MACCMBOB M YLLIEAMK OCHOB-
HOW YacTu KapaTtay (4252,4 km?) — 72-140,
B cpeaHem 101 napy. YncaeHHocTb Garoba-
Ha Ha umHKax (146,12 KM) B xoAe MPAMOro
nepecyeTa C MapLIpPyTOB oueHeHa B 1746, B
cpearem 28 nap (Kapsakuu u ap., 2010).
CyMMmuMpoOBaHMe OLEHOK Y4MCAeHHOCTM Oa-
AobaHa Ha rHesaoBaHun B bopassae, Marom
n boabwiom KapaTay, MOAy4eHHbIX MO pe-
3yAbTaTam 3KCTPANOASLMM MAOTHOCTU C MAO-
LLIAAOK, a TaKXe OUEHOK YMCAEHHOCTU AAS
YMHKOB, MOAYYEHHbIX MYTEM MPSAMOro nepe-
c4éTa C MapLUPyTOB BAOAb YMHKOB, MO3BO-
AMAO TIPEAMOAOXKMTb, UYTO B MCCAEAOBAHHOWM
B 2010 r. yactn Kapatay M 4mHKax MOXeT
THe3AMTLCS OT 92 A0 216, B cpeaHem 138 nap
6anobaHoB (KapskuH n ap., 2010).
MocTpoeHne cxembl NOTEHUMAAbHbIX FHe3-
AOBbIX Y4aCTKOB MO CpPEAHer AMCTaHUMK

IlepecTanonounslii Tect Mopana

Moran permutation test

barobaH. ®oto M. KapsikuHa.

Saker Falcon. Photo by I. Karyakin.

of nine pairs (5-61, an average of 18 pairs
in the past, taking into account abandoned
breeding territories) and for granite mas-
sifs and gorges of the main part of Karatau
(4,252.4 km?) — 72-140, an average of 101
pairs. SF abundance on chinks (146.12 km)
was estimated at 17-46, on average 28 pairs,
as a result of the direct recalculation from
routes (Karyakin et al., 2010).

Summation of estimates of the number
of SF breeding in Boraldai and Lesser and
Greater Karatau based on the results of
density extrapolation from plots, as well as
of abundance on chinks obtained by direct
recalculation from routes along the chinks,
made it possible to assume that from 92 to
216 pairs and an average 138 SF pairs can
nest in this part of Karatau and chinks studied
in 2010 (Karyakin et al., 2010).

Jlnarpamma paccesnus Mopara
Moran scatterplot
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Puc. 12. Anarpamma nepectaHoBo4HOro Tecta Mopara (caesa) u Anarpamma paccesiHms Mopana aas Todek npucyTcTus 6arobaHa 1 npeacka-
3aHHbIX 3Ha4YeHMi MoAeAn (cripasa).

Fig. 12. Permutation plot of Moran’s test (left) and Moran’s scatterplot for Saker Falcon presence points and model predicted values (right).
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MEXKAY COCEAIMM AAAO AAS OCHOBHOW 4acTu
Kapatay B 2010 r. 85-105 rHe3A0BbIX y4acT-
KOB. 3a CYET 3TOro, YMCAEHHOCTb OarobaHa
AASL pacCMaTpuBaeMoid TeppuTopmm Obliaa cy-
»KeHa Ao 105-181, B cpeaHem 138 nap (Kaps-
KWH 1 ap., 2010).

[MOCKOALKY AaXke Ha MPOTKEHHBIX YMHKAX
FHE3AMAOCh He Ooaee 2-x nap 6anobaHOB,
ObIAM OTCPUABTPOBAHbBI M3ObITOUHbIE TOYKM
MOTEHLMAAbHbIX FTHE3AOBBIX YYaCTKOB Ha YMH-
Kax, M YNCAEHHOCTb HarobaHa AAS YMHKOBOM
30HbI OblAa oueHeHa B 17-25 nap, B cpeaHemM
21 napy (Kapsikun 1 ap., 2010).

Taknm 00pa3om, Mo pesyAbTaTam MCCACAO-
BaHuii 2070 r. cKOppeKTUpOBaHHas OUeHKa
ymcaeHHOCTH BarobaHa TOABKO AAS Fop Mano-
ro n boabLioro Kaparay 1 4YMHKOM 30HbI CeBep-
HOrO MakpocKAoHa KapaTay, 6e3 Tepputopmii,
npuAeraiowmx K Kapartay ¢ tora oT rpaHuubl
Y3bekucraHoMm 1 H6e3 nepudpepumn Tanacckro
Anatay, Obina onpeaeaeHa B 105-145 nap, B
cpearem 125 nap (Kapskun 1 ap., 2010). 31a
OLEHKa y4MTblBaAa OMyCTeBLUME MO MPUUMHE
HEAEraAbHOIrO OTAOBA MHE3A0BbIe y4acTku Oa-
AoDaHa, COCPEAOTOYEHHbIE MPENMYLLIECTBEH-
HO BAOAb AOPOT M BOKPY FOPOAOB.

YuntbiBag TO, YTO AOAS YCMELUHbLIX FHE3A
6anobaHa OT umcaa 3aHaATbix B 2010 r. co-
cTaBMAa 60%, YACAEHHOCTb YCreLLHbIX Nnap B
pernoHe Ha NepuoA Havasa BblKapMAMBAHMWS
BbIBOAKOB ObiAa onpeaeAeHa B 63-87, B cpea-
Hem 75 nap (Kapsakuh u ap., 2010).

B 2022 r. Mbl nepecymMTasn UYMCAEHHOCTb
6anobaHa Ha 2010 r. aAs BCel NAOLLAAM MC-
CAGAYEMOrO 3KCTEHTa (CM. METOAMKY), KO-
TOPbINA BKAIOYAET OCTaHLbl AeBOOepexbs p.
Ceipaapbs, Kasrypt, Aapb6asy, nepucpepmio
Tanacckoro Aaatay, Becb Kapartay M 4mHKM
CEBEPHOM MOArOPHOM pPaBHUHbLI  (MAOLLAAL
mectoobuTaHmnii — 9084,3 KM?, nAoLLaAb
FHE3AOMPUrOAHbIX OUOTOMOB — 4222,64 KM?).

[MAOLIaAM THE3AOMPUIrOAHBIX OMOTOMNOB M
MecTooOMTaHnii 6arobaHa Ha NAOLLAAKAX BM-
3yaAM3mMpoBaHbl Ha pUCyHKe 13, pesyAbTaTbl
MAOLLRAOYHbIX Y4ETOB OTpaykeHbl B TabAMLIAX
5—7, OLeHKa YNCAEHHOCTM PasHbIMM METOAR-
MM nokasaHa B Tabaunue 8.

[NAoTHOCTb rHe3aoBaHMs GarobaHa B 2010 r.
Ha MAOLLAAKaX, C Y4€TOM MAOLLIAAOK, Ha KO-
TOPbIX BMA He ObiA OOHapy>eH (aaree «Hy-
AEBbIE» MAOLLAAKM), M MOAFOPHOM PaBHUHbI
C uMHKamM, coctaBuaa (M=SE) 1,51+0,36
napbl/100 Km?, B TOM YMCAE B MECTOOBUTAHM-
X Ha nAoLLaakax — 2,23+0,22 napbl/100 km?
M B THE3AOMPUIOAHbBIX OMOTOMAX Ha MAOLLIAA-
kax —4,78+0,35 napbl/100 km?.

DKCTPanoAsumns MAOTHOCTM 3aHATBIX MHe3-
AOBbIX y4acTKoB 6arobaHa B MecTooOMTaHM-
SX Ha NAOLLAAKAX (C YHETOM «HYAEBbIX» MAO-

Constructing a scheme of potential breed-
ing territories based on an average distance
between neighbors gave 85-105 breeding
territories for the main part of the Karatau in
2010. Due to this, SF abundance for the study
area was narrowed to 105-181, 138 pairs on
average (Karyakin et al., 2010).

Since no more than two SF pairs nested
even on extended chinks, excess points were
filtered out, and SF abundance for the chinks
zone was estimated at 17-25 pairs, 21 pairs
on average (Karyakin et al., 2010).

Thus, according to studies in 2010, the cor-
rected estimate of SF abundance was deter-
mined at 105-145 pairs, 125 pairs on average,
only for the mountains of Lesser and Greater
Karatau and chink zone of the northern mac-
roslope, without adjacent territories from south
of the Uzbekistan border and periphery of Ta-

JKunoe rHesno 6anobaHa B cTapoii MocTpoiike YEPHOro
aumcra (Ciconia nigra) Ha ckaAe YuHKa B CeBEPHBIX MPeA-
ropesax Kapatay. ®oto M. KapsikuHa.

Saker Falcon’s living nest in the old nest of the Black
Stork (Ciconia nigra) on the cliff-face in the northern
foothills of Karatau. Photos by I. Karyakin.
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Puc. 13. [He3ao0Bble ydacTkm 6arobaHa Ha nAoLiaAkax (BBepXy cAeBa), MOAMIOHbI TucceHa, MoCTPOeHHBbIE M0 3TUM FHEe3A0BbIM yyacTkam (Bepxy
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A — rpaHmubl cTpaH, PL2022 — yuéTHble naowaskm, 3aroxeHHsie B 2022 r., PL2010 — y4éTHbie naowaaku, 3aroxenHsie 8 2010 r., BB — rue3aonpu-
roaHeie s 6arobaHa 6uotonsl, BH — mectroobutanms 6arobana, R —pekmn, W — BOAOEMBI.

Fig. 13. Saker Falcon breeding territories on plots (upper left), Thiessen polygons constructed from these breeding territories (upper right), Saker Falcon
breeding biotopes (bottom left) and habitats (bottom right) on plots in Karatau. Legend: A — country borders, PL2022 — survey plots established in 2022,

PL20170 - survey plots established in 2010, BB — Saker Falcon breeding biotopes, BH — Saker Falcon habitats, R — rivers, W — water bodies.

waaok M=SE: 2,23+0,22 nap/100 KM?, He-
CUMMETPUYHBINA AOBEPUTEALHBIN MHTEPBAA OT
1,64 20 3,05 nap/100 km?) B 2010 r. Ha 06LLyiO
MAOLLIAAL MECTOOOMTaHMIA B KapaTay 1 Ha npu-
Aeralolmx Tepputopumsx (9084,3 kv?) npea-
noaaraet ruesaoBaHue ot 149 Ao 277 nap, B
cpeaHem 203 napbl. [AOTHOCTb FHe3A0BaHMS
Buaa 6e3 yuéTta «HyAeBbIX» MAOLLAAOK COCTa-
BuAa 2,81=0,19 nap/100 km? (HeCUMMETPUY-
HbIi AOBEPUTEAbHbIM MHTEpBaA oT 2,13 Ao
3,69 nap/100 km?). [TO3TOMY BEPXHSIS OLIEH-
Ka YMCAEHHOCTM, NpeAnoAaraioLas nponyck
FHE3AOBbLIX Y4acTKOB Oano0aHa Ha MAOLLIAA-
Kax C HYAEBbIMW 3HA4Y€HUAMM, MOXKET ObITb
oT 194 a0 336 nap, B cpeaHem 255 nap.
DKCTPanoAaLUMs MAOTHOCTM 3aHATLIX FHe3-
AOBbIX y4acTKOB 0anobaHa B rHe3a0npu-
FOAHbIX OMOTOMAxX Ha MAoLaakax (C y4€Tom
«HYAeBbIX» MAoOWarok M=SE: 4,78+0,35
nap/100 KM?, HECHMMMETPUYHbII AOBEpH-

las Alatau (Karyakin et al., 2010). This estimate
took into account SF breeding territories that
have been abandoned due to illegal trapping
and are concentrated mainly along roads and
around cities. Given that the share of success-
ful SF nests was 60%, the number of successful
pairs in the region for the time of brood rearing
was determined at 63-87 pairs, averaging 75
pairs (Karyakin et al., 2010).

In 2022, we recalculated SF abundance
in 2010 for the entire area of studied extent
(see Methods), which includes outcrops of the
left bank of Syr Darya, Kazgurt, Darbazu, the
periphery of Talas Alatau, all of Karatau, and
chinks of the northern piedmont plain (habitat
area —9,084.3 km?, area of breeding biotopes
~4,222.64 km?).

Areas of SF breeding biotopes and habitats
at plots are visualized in Figure 13, results of
plot counts are shown in Tables 5-7, and as-
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TeAbHbII MHTepBaA oT 3,03 ao 7,54 nap/100
KM?) Ha OOLLYIO MAOLLAAb FHE3AOMPUIOAHbIX
6uotonos B KapaTay M Ha npuaeraioLmx
TeppuTopuax (4222,64 km?) npeanoaaraet
rHe3poarme B 2010 r. ot 128 Ao 318 nap,
B cpeaHem 202 napbl. BepxHas oueHka 4mc-
AEHHOCTM, NpeAnoAaraioLlas rnponyck rHes-
AOBbIX y4acTKoB OarobaHa Ha MAOLLIAAKax C
HYAEBbIMU 3HAYeHUAMM, MOXKeT ObiTb 197-
485 nap, B cpeaHem 309 nap.

[MAOTHOCTL rHe3a0BaHMS GarobaHa B 2022 .
Ha MAOLLAAKAX, C YY4ETOM «HYAEBbIX», COCTa-
BuAa (M=SE) 0,21+0,26 napbl/100 KM?, B TOM
YMCAE B MECTOOOMTaHMSAX Ha MAOLLAAKAX —
0,31+0,27 napbl/100 KM? 1 B FHE3A0MPUIroA-

Taba. 5. Pe3yabTaTbl yuéTa ruesasiumnxcs 6arobaHos Ha naotuaskax B 2010 m 2022 rr.

Table 5. Results of nesting Saker Falcon census on plots in 2010 and 2022.

sessment of the abundance by different meth-
ods is shown in Table 8.

SF nesting density in 2010 on plots, taking
into account those where the species was not
found (hereinafter referred to as null plots),
and the piedmont plain with chinks, was
(M=SE) 1.51%=0.36 pairs/100 km?, including
in habitats on plots — 2.23+0.22 pairs/100
km? and in breeding biotopes on plots —
4.78=0.35 pairs/100 km?.

Extrapolation of occupied SF nest den-
sity in habitats on plots (taking into account
null plots M+SE: 2.23+0.22 pairs/100 km?,
asymmetric confidence interval of 1.64 to
3.05 pairs/100 km?) over a total habitat area in

MAoLwaAb YHETHBIX
nAowaaok B 2010 r., km?

MAowaab y4ETHBIX

MAOLLAAOK B 2022 1., KMm?

Yncao 3aHATBIX
rHE3A0BbIX y4aCTKOB

Mepexpbitne, Number of occupied

Area of surveyed plots, Area of surveyed plots, KM? breeding territories

1D2010 2010, km? 1D2022 2022, km? Overlap, km? 2010 2022
1 120.2 - - 6 -
P1 218.0 - 1
) 307.7 P2 184.6 48.2 s 0
P3 192.4 38.6 0
3 48.3 33.3 2 (3)** 0
4 78.0 o 642 23.7 2 -
5 117.7 2 -
6 99.4 24.0 2 -
10 159.5 P5 359.7 133.8 6 1
11 126.1 94.7 0 -
P6 488.8 2
P7 654.9 1
P8 321.4 0
58.3 P9 110.5 52.3 T (2)** 0
8 119.9 P10 69.0 48.4 0 0
P11 9.2 0
9 38.3 P12 317.4 24.8 0 0
P13 41.1 0
P14 71.3 0
P15 357.3 0
Ymuku / Chinks* 711.9* P16 711.9 4 1
Bcero / Total 1,985.28 4,191.5 521.7 30 (32)** 6

MNMpumeyanns / Notes:

* — MAOLLIAAb YYETHbIX MAOLLIAAOK C YHETOM TEPPUTOPUM C UMHKamm (B cTaTbe 2010 roaa NAOTHOCTH FHe3A0BaHMs HarobaHa Ans
UMHKOB PACCUMTHIBAAACh OTAEALHO OT FOPHbIX MAaccuBOB W cocTaBuaa 1,92 nap/10 kM YMHKOB AAst 20,85 KM HMHKOB, 17 KM M3
KOTOPbIX A€XKaT B MpeaeAax naoLuasku P16, 3aroxeHHoit B 2022 r.) / census plot area including territory with chinks (in 2010 article,
Saker Falcon breeding density for chinks was calculated separately from mountain ranges and amounted to 1.92 pairs/10 km of chinks
for 20.85 km of chinks, 17 km of which lie within the P16 plot established in 2022);

* %k

— B ckobkax MPUBOAUTCH YMCAO THE3AOBbLIX Y4aCTKOB C yHéTOM MOKMHYTbLIX MNTUUAMU, T.€. 3TO UAAIOCTPUPYET HEAABHIOIO

UMCAEHHOCTb Ha naolaake / number of breeding territories is given in parentheses with breeding territories abandoned by birds, i.e.
this illustrates the recent abundance on the plot.
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Taba. 6. [okasaTeAan NAOTHOCTH GarobaHa Ha rHE3A0BaHMM B THE3AOMPUIOAHbIX GHMOTONaxX M MECTOOOMTaHMAX Ha nAoLuaskax 8 2010 r.

Table 6. Results of breeding Saker Falcons census in breeding biotopes and habitats on plots in 2010.
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2010 C <= CIae CELE<8 Tz EEeQ0a Efaccs& CEZocEnssS
1 120.2 120.2 35.30 6 4.99 4.99 17.00
2 307.7 302.92 34.94 5 1.62 1.65 14.31
3 48.3 43.74 2.25 2 4.14 4.57 88.81
4 78.0 78.0 20.85 2 2.56 2.56 9.59
5 117.7 117.63 6.46 2 1.70 1.70 30.94
6 99.4 99.13 81.13 2 2.01 2.02 2.47
7 58.3 55.23 55.23 1 1.72 1.81 1.81
8 119.9 119.9 119.90 0 0 0 0
9 38.3 39.57 39.57 0 0 0 0
10 159.5 155.00 155.00 6 3.76 3.87 3.87
11 126.1 114.87 58.04 0 0 0 0
Yunku / Chinks 711.88 96.96 18.82 4 0.56 4.13 21.25
Bcero / Cpeanee 1,985.28 1,343.14 627.49 30 1.51+0.36 2.23+0.22 4.78+0.35
Total / Average 1,700.98* 1,068.80* 409.98* 30 1.76+0.42* 2.81+0.19* 7.32+0.35*

Mpumeuanns / Notes:

* 6e3 yuéTa NAOLLAAOK C HyAeBbIMM AaHHbIMM / excluding plots with null data

HbIX 6MoTonax Ha naowlaakax — 1,18=0,37
napbi/100 kM.

DKCTPanoAALUMS  MAOTHOCTM  3aHATBLIX THE3-
AOBbIX Y4acTKOB OanobaHa B MeCTOOOMTaHMSX
Ha NAoOLLAAKax (C YUETOM «HYAEBbIX» MAOLLAAOK
M=SE: 0,31+0,27 nap/100 Km?, HECUMMETPHY-
HbIlA AOBEPUTEABLHBIN MHTEepBaA oT 0,15 a0 0,31
nap/100 km?) B 2022 r. Ha 0OOLLYIO MAOLLAAL Me-
CTOOOMTaHMIA B Kaparay 1 Ha NpuAeraioLLmX Tep-
puTopmsx (9084,3 km?) NpeanoAaraeT rHe3aoBa-
HWe OT 23 A0 47 nap, B cpeaHem 33 napbl. [A0T-
HOCTb FHE3A0BaHMs BMAA €3 yUETa KHYAeBbIX»
naoLLaaok coctasmaa 0,48+0,24 nap/100 km?
(HECUMMETPUUHBIN  AOBEPUTEABHBIA  MHTEPBAA
ot 0,35 a0 0,67 nap/100 km?). [Noatomy Bepx-
HSS OLEHKA YMCAEHHOCTM, MNpeAnoAaraioLas
MPOMYCK rHE3A0BbIX y4acTKoB 6aroDaHa Ha MAo-
LLIAAKAX C HYAEBbIMM 3HAYEHUSMM, MOXKET ObITb
ot 37 A0 61 nap, B cpeaHem 44 napebi.

IKCTPanoAALMS MAOTHOCTM 3aHATBLIX THE3A0-
BbIX Y4aCTKOB 0aroDaHa B FHE3AOMPUIOAHBIX
6roTONax Ha NAOLLAAKAX (C YHETOM «HYAEBbIX»
naotaaok M=SE: 1,18+0,37 nap/100 km?, He-
CUMMETPUYHbINA AOBEPUTEALHBIN MHTEPBAA OT
0,74 a0 1,89 nap/100 km?) B 2022 r. Ha 00-
LYIO MAOLLAAL FHE3AOMPUIOAHLIX OMOTOMNOB
B KapaTay 1 Ha npuAeraioLmx TeppuTopmsx
(4222,64 KM?) npeanoaaraeT rHesaoBaHue
ot 31 ao 80 nap, B cpeaHem 50 nap. Bepx-

Karatau and adjacent territories (9,084.3 km?)
suggests nesting of 149 to 277 pairs, with an
average of 203 pairs. The nesting density of the
species, excluding null plots, was 2.81+0.19
pairs/100 km? (asymmetric confidence interval
from 2.13 to 3.69 pairs/100 km?). Therefore,
the upper population estimate that omits
SF breeding territories on null plots could
be 194-336 pairs, with an average of 255
pairs.

Extrapolation of occupied SF nest density in
breeding biotopes on plots (taking into account
null plots M=SE: 4.78+0.35 pairs/100 km?,
asymmetric confidence interval of 3.03 to 7.54
pairs/100 km?) over a total breeding biotops area
in Karatau and adjacent territories (4,222.64
km?) suggests nesting of 128 to 318 pairs, with
an average of 202 pairs in 2010. Therefore, the
upper population estimate that omits SF breed-
ing territories on null plots could be 197-485
pairs, with an average of 309 pairs.

SF nesting density in 2022 on plots, tak-
ing into account null ones, was (M=SE)
0.21+0.26 pairs/100 km?, including in habi-
tats on plots — 0.31=0.27 pairs/100 km? and
in breeding biotopes on plots — 1.18+0.37
pairs/100 km?.

Extrapolation of occupied SF breeding
territories density in habitats on plots (taking
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TabA. 7. [Noka3zaTean nAOTHOCTU 6arobaHa Ha rHE3A0BaHMM B MTHE3AOMPUIOAHBIX BMOTONax M MeCTOOOUTaHUSIX Ha MAoLLaskax B 2022 T.
Table 7. Results of breeding Saker Falcons census in breeding biotopes and habitats on plots in 2022.
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2022 E3d<= Cza CE2c<3o TauZs CCc0e E3actaos= CaccOot s
P1 218.05 164.92 35.30 1 0.46 0.61 2.83
P2 184.61 139.52 34.94 0 0 0 0
P3 192.41 122.46 2.25 1 0.52 0.82 44.40
P4 84.18 84.18 20.85 0 0 0 0
P5 359.67 338.47 6.46 2 0.56 0.59 30.94
P6 488.84 310.56 81.13 2 0.41 0.64 2.47
P7 654.85 534.48 103.64 1 0.15 0.19 0.96
P8 321.39 297.28 163.80 1 0.31 0.34 0.61
P9 110.46 110.46 41.51 0 0 0 0
P10 68.97 68.97 68.97 0 0 0 0
P11 9.22 9.22 9.22 0 0 0 0
P12 317.40 169.43 49.70 0 0 0 0
P13 41.06 40.94 40.94 0 0 0 0
P14 71.31 69.38 4.53 0 0 0 0
P15 357.25 314.39 80.46 0 0 0 0
P16 711.88 96.96 18.82 1 0.14 1.03 5.31
Bcero / Cpeanee 4,191.54 2,871.61 762.51 9 0.21+0.26 0.31+0.27 1.18x+0.37
Total / Average 2,947.08* 1,865.12* 411.40* 9  0.31+0.24* 0.48+0.24* 2.19+0.47*

Mpumeuanus / Notes:
* 6e3 yuéTa NAOLLIAAOK C HyAeBbiMM AaHHbIMM / excluding plots with null data

HAS OLEeHKa YMCAEHHOCTM, MpeAnoAaraioLLas
MPOMyCK FHE3A0BbIX y4acTKoB OanobaHa Ha
MAOLLAAKAX C HYAEBbIMM 3HA4YEHUAMM, MOXKET
6bITb 52-164 nap, B cpeaHem 92 napsl.

HeratnBHas AMHammKa 4YMCAEHHOCTM Oa-
AoGaHa 3a 12 aet cocrasuaa 70,23-75,25%
MO AaHHbIM PacH€Ta YMCAEHHOCTM B FHE3A0-
npuroaHsix 6uotonax B 2010 n 2022 rr., un
82,75-83,74% — NO AQHHbBIM pPacHéTa YMCAEH-
HOCTM B MECTOOOUTaHMSX.

MbI HabAOAaEM AOCTATOYHO BbICOKME MO-
FPELUHOCTM OLEHKM YMCAeHHOCTM OanobaHa
Ha 2010 r. DTO CBSI3aHO C TEM, YTO Mbl UMe-
€M M30bITOUHYIO MAOLLIAAb THE3AOTIPUIOAHbIX
6uoTonos B Marom Kapatay 1 bopassae, kak
BEPOSTHO, M Ha BCEM TEPPUTOPUM BO3MOXKHO-
ro ruHesaoBaHns H6arobaHa, OT 3anoBeAHMKA
Axcy-Axabarabl A0 Cbipaapbu. [pu 3TOM No-
MYASILIMS 3TOFO COKOAQ 3A€Ch Y>Ke Toraa OblAa
MOAOPBaHa HeAeraAbHbiM OTAOBOM, M pac-
npocrpaHeHune ero ObIAO KpaliHe HepaBHO-
MepHbIM. B 2022 r. cutyaumns ewé 6oaee ycy-
rybuaachb, u pacnpeaseaeHne 6arobaHa B rHes-
AOMPUIrOAHbIX BUOTOMAX CTAAO CAyHalHbIM.

into account null plots M£SE: 0.31+0.27
pairs/100 km?, asymmetric confidence in-
terval of 0.15 to 0.31 pairs/100 km?) over
a total habitat area in Karatau and adjacent
territories (9,084.3 km?) suggests nesting of
23 to 47 pairs, with an average of 33 pairs
in 2022. The nesting density of the spe-
cies, excluding null plots, was 0.48+0.24
pairs/100 km? (asymmetric confidence in-
terval from 0.35 to 0.67 pairs/100 km?).
Therefore, the upper population estimate
that omits SF breeding territories on null
plots could be 31-61 pairs, with an aver-
age of 44 pairs.

Extrapolation of occupied SF nest den-
sity in breeding biotopes on plots (taking
into account null plots M+SE: 1.18+0.37
pairs/100 km?, asymmetric confidence in-
terval of 0.74 to 1.89 pairs/100 km?) over a
total breeding biotope area in Karatau and
adjacent territories (4,222.64 km?) suggests
nesting of 31 to 80 pairs, with an average
of 50 pairs in 2022. Therefore, the upper
population estimate that omits SF breeding
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TabA. 8. Pe3yAbTaTbl OLEeHKM YUCAEHHOCTH GarobaHa B KapaTay u Ha MpUAeraioLLmMx TeppuToPUSX PasHbIMU METOAAMM.

Table 8. Results of Saker Falcon abundance estimation for Karatau and adjacent territories by different methods.

MeToA OLeHKHM YMCAEHHOCTH
Population estimation method

2010

2022

THe3AdwMecs napbl
Breeding pairs

YcneuiHble napbi
Successful pairs

lHe3aqwmecs napbi
Breeding pairs

YcneuHble napbl
Successful pairs

CpeaHee (MuH-Makc) / Average (Min-Max)

MAOLLAAKM C YHETOM HYAEBbIX» (IKCTPanoAsums

Ha MecTtoobuTaHus 9084,3 km?)
Plots including plots with null data (extrapolation to

habitats 9,084.3 km?)

Maowwaakm 6e3 yuéra «HyAeBbIX» (IKCTPanoAsLmMs

Ha mectoobuTaHuns 9084,3 km?)
Plots excluding plots with null data (extrapolation

to habitats 9,084.3 km?)

[MAOLLAAKM C YUETOM «HYAEBbIX» (IKCTPANOAALMA

Ha rHe3A0MNpUroaHele 6uoTonsl 4222,64 km?)
Plots including plots with null data (extrapolation to
breeding biotopes 4,222.64 km?)

MAollaakm 6e3 yuéTta «HyAeBbIX» (3KCTpanoAdums

Ha rHe3A0MNpUroaHble 61oTonbl 4222,64 km?)
Plots excluding plots with null data (extrapolation
to breeding biotopes 4,222.64 km?)

[eHepauns cAyyariHbIX TOYEK C BaAMAaLMen

no noamroram TucceHa (5384,86 km?),
KOPPEKTMPOBKOM MO NPOCTPAHCTBEHHbIM
nepemMeHHbIM 1 BepudprkaLlmeit UTOroBoro
naTTepHa TOYeK — AyHLLMIA Pe3yAbTaT BaAMAALIMM
Random point generation with Thiessen polygon
(5,384.86 km?) validation corrected for spatial vari-
ables and verification of the final layer of points —

best validation result

203 (149-277) 122 (89-166) 33 (23-47) 17 (12-24)
255 (194-336) 153 (116-202) 44 (31-61) 22 (16-31)
202 (128-318) 121 (77-191) 50 (31-80) 25 (16-40)
309 (197-485) 185 (118-291) 92 (52-164) 46 (26-82)
200 (128-281) 120 (77-169) 46 (28-66) 23 (14-33)

OueHurBasi UCAeHHOCTL BarobaHa B 2010 1.,
Mbl pasaeAnan boabLLoi 1 Manbiii Kaparay Ha 2
KAACTepa, a TakKe OTAGABHO BBIACAMAM YNMHKM U
9KCTPaNOAMPOBaAU YNCAEHHOCTb DarobaHa pas-
AeAbHO. HO B HacTosieit paboTe Mbl peLumAn
OrPaHUYUTLCA FeHEepaLMen CAyHaiHbIX TOHEK Ha
BECb MATTEPH C MX MOCAGAYIOLLIEN PA3AEAbHOM
cpMAbTpaLIMEN B 3aBUCUMOCTU OT MAOTHOCTM Ha
YHETHBIX NAOLLIAAKAX. A g 2022 1. NPUMEHNAN
PaBHOMEPHOE NPOPEXKMBAHME TOHEK B COOTBET-
CTBMM C MPOMNOPLUMENA COKPALLIEHUS! THE3AOBBIX
YH4aCTKOB Ha MAOLLIAAKAX.

MMocTpoeHne ceTn TodeK Ha OCHOBaHMM
AManasoHa AMCTaHLMIA Mexay OAmKanin-
MM coceasammn (OT MMHUMAAbHON AO CPEAHEN)
6e3 yuéTa KOPPEKTUPYIOLLIMX PacrpeAeAeHHe
KOBapMaT (AMCTaHUMKM A0 dpepM™, pacripese-
AEHME CKaA OTHOCMTEAbHO CTEMHbIX AOAMH,
MAOTHOCTb Ha MAOLLAAKAX C Pa3HbIMU AQHA-
WAPTHBIMK - XapakTepucTukamu), 6e3 npu-
TSOKKM CrEHEPUPOBAHHbIX TOYEK K PEaAbHbIM
FHE3A0BbIM yyacTKam M 6e3 koppekumu Mo
MAOTHOCTM PaCrpeACACHUS PeaAbHbIX MHE3A0-
BbIX y4acTKOB Oar00aHa B pa3AmMUHbIX gyeiikax
PEryAsipHOM CETU MO3BOASIET BMMCaTb B KOH-
Typ MecTooOuTaHui 3Toro Buaa Ha Kaparay
1 npuAeraioLmx Tepputopusx ot 140 ao 594
ToueK. ITU NOKa3aTeAM OMPEACASIOT NMPEACAbI

territories on null plots could be 52-164
pairs, with an average of 92 pairs.

The negative dynamic in SF abundance
over a 12-year period was 70.23-75.25% ac-
cording to abundance estimation in breed-
ing biotopes in 2010 and 2022, and 82.75-
83.74% according to abundance estimation
in habitats.

We observe a rather high error in estimat-
ing SF abundance for 2010. This is due to the
fact that we have an excess area of breed-
ing biotopes in Lesser Karatau and Boraldai,
probably as in the entire area of possible SF
breeding between Aksu-Zhabagly Reserve
and Syr Darya. In addition, the SF popula-
tion was already undermined by illegal trap-
ping here, and its destribution was extremely
uneven. In 2022 situation worsened further,
and SF distribution in breeding biotopes be-
came random.

To estimate SF abundance in 2010, we di-
vided the Greater and Lesser Karatau into 2
clusters, identifying chinks separately as well,
and extrapolated SF abundance individually.
But here, we decided to confine ourselves to
generating random points for the entire pat-
tern with their subsequent filtering depend-
ing on the density at census plots. For 2022,
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EMKOCTM cpeabl a5 GanoDaHa, NPUUEM AAS
MapameTpoB PaCrpeAeAeHUs 3TOr0 BMAA Ha
paccmarpusaemon Tepputopum B 2010 1.

OO6uasa naoulaab, 3aHaTas 46 MOAMIo-
Hamn TucceHa, No pesyAbTaTam MCCAe-
AoBanmii 3a 2010 n 2022 rr. (puc. 13) co-
ctaBnAa 5384,86 km?. TlAowasb TeppuTo-
puK, NpuxoadLlenca Ha 1 rHe3A0BOM y4acTOK
6arobaHa (noanroH TwucceHa), BapbupoBana
oT 12,3 a0 654,16 kM?, COCTaBMB B CpeAHeM
117,06=120,09 km? (MeamaHa = 74,66 km?).
3A€Chb Mbl HE paccMaTpMBaEM pe3yAbTaTbl CO-
KpALLEHMS YUCAEHHOCTU MO COBIMAAAIOLLMM 3a
2010 1 2022 rr. naoLaakam, 6epst MakCUMaAb-
Hble MokKasaTeAr TOAbKO 3a 2010 T.

BaAmaaumns cetn Touek no noanroHam Tuc-
CeHa, MOCTPOEHHbIM BOKPYI TOYEK PeaAbHbIX
FHE3A0BbIX y4aCcTKOB Oano0aHa Ha MAOLLAA-
Kax (puc. 13), NO3BOASET BNMUCaTb B KOHTYP
MecToobuTaHui Ha Kapatay 1 npuaeraioLmx
TeppuTopuax oT 206 Ao 594 creHepupoBaH-
HbIX ToYeK, B cpeaHem 352x72. C makcu-
MaAbHbIM YPOBHEM COBMAAEHMS C MOAUIO-
Hamn TucceHa B KOHType MeCTOOOMTaHMM
reHepupyercs 248 Toqek.

Mol 06paboTaan 3TOT cAok n3 248 Touek,
CreHepupOBaHHbLIX B COOTBETCTBUM C MOAE-
AblO, MOKa3aBLUEW AyYLUMM pe3yAbTaT BaAM-
AauMm no noamroHam TucceHa. CHavara Mbl
YAQAMAM TOUKM, AeXKalumne 3a npeaeramm Oy-
dpepHbIX 30H CTEMHbIX KOTAOBMH. 3aTem Mbl
NPOpeAnAn NaTTepH ToYeK 3a npeaeaamu Oy-
dpepoB cpepm 1 B 30HE pacripeseAeHUs «Hy-
AEBbIX» MAOLLIAAOK, yAaAMB 50% Touek (nocae-
AOBATEAbHO YAAASIAACb OAHA M3 Mapbl TOYEK
C BAVKAMLLMMM APYT K APYTY AUCTaHUMAMM).
Aaaee Mbl MPOPEAMAM NaTTepH ToYeK B pas-
HbIX AQHALLIACPTHBIX 30HAaX MPOMOPLIMOHAAL-
HO NAOTHOCTM GanobaHa Ha NAOLLIAAKAX B 3TUX
30HaX M OCYLLECTBMAM BEpPUPMKALIMIO TOueK
MO UCTUHHbBIM MHE3AAM M AOKALMAM PEryAsp-
HbIX BCTPEY NTULL, KaK MO HaLLMM AaHHbIM, TaK
M MO AaHHbBIM APYIMX aBTOPOB (CM. AMMPEKYA
n Ap., 2022). B utore mbl noAyqmam 200 To-
yek (MHTepBan oT 128 Ao 281). Aaa 152 Touek
CTaTyC He MOATBEP)KAEH, TaK Kak TEPPUTOPUH,
AASl KOTOPbIX OHM OblAM CreHeprpoBaHbl, OCTa-
I0TCS HEOOCACAOBAHHbBIMM, HO SBASIOTCS FHE3-
AOTPUFOAHBIMM COFAACHO pe3yAbTaTam Halle-
rO MOAGAMPOBaHMS, U 48 Touek BepudbuLMpo-
BaHbl KaK MHE3A0BbIE YHaCTKM.

KapTa pacrnipeaeAeHust TOHEK AAS OLIEHKM YMC-
AeHHOCTM BanobaHa B Kapatay v Ha npuaeraio-
LLUMX TEPPUTOPUSAX M3 AydLLEN MOAEAKM C BaAK-
Aaumelt No NoAMroHam TucceHa nocae Koppek-
LMK 1 BEPUCPHKALIMM MO UCTUHHBIM THE3A0BbIM
ydacTkam, a TaioKe KapTa NAOTHOCTM pacrpese-
AEHUS 3TUX TOHEK, MOCTPOEHHAs C PAAMYCOM MO-
ncka 20 KM, NoKasaHbl Ha puUcyHke 14.

uniform thinning of points was applied in ac-
cordance with the proportion of reduction in
breeding territories on plots.

Building the point network based on the
range of distances between nearest neigh-
bors (from minimum to medium) without
taking into account corrective distribution
of covariates (distances to farms, distribution
of rocks relative to steppe valleys, density
on plots with different landscape character-
istics), without drawing generated points to
real breeding territories and without correc-
tion for the distribution density of real SF
breeding territories in different cells of the
regular network, allows you to enter from
140 to 594 points into the contour of SF
habitats in Karatau and adjacent territories.
These parameters determine limits of envi-
ronmental capacity for SF, and for the distri-
bution parameters of this species in the study
area in 2010.

Total area occupied by 46 Thiessen poly-
gons based on survey results for 2010 and
2022 (Fig. 13) amounted to 5,384.86 km>.
The area per one SF breeding territory (Thies-
sen polygon) varied from 12.3 to 654.16 km?,
averaging 117.06=120.09 km? (median =
74.66 km?). Here we do not consider results
of the abundance reduction at plots coincid-
ing for 2010 and 2022, taking maximum indi-
cators for 2010 only.

Validation of the network of points us-
ing Thiessen polygons built around points
of real SF breeding territories on plots
(Fig. 13) makes it possible to inscribe from
206 to 594 generated points, on average
352+72, into the habitat contour in Kara-
tau and adjacent territories. 248 points
were generated within the habitat contour
with the maximum level of matching with
the Thiessen polygons.

We processed this layer of 248 points gen-
erated according to the model that showed
the best validation result for Thiessen poly-
gons. First, we removed points that lay out-
side buffer zones of steppe basins. Then we
thinned out the pattern of points outside the
buffers of farms and in the distribution zone
of null plots, removing 50% of points (one of
the pairs of points with the closest distances to
each other was sequentially removed). Next,
we thinned out the pattern of points in differ-
ent landscape zones in proportion to SF den-
sity on plots in these zones, and verified points
by real nests and locations of regular bird en-
counters, both according to our data and ac-
cording to other authors (see Amirekul et al.,
2022). As a result, we got 200 points (range
from 128 to 281). Status is not confirmed for
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YUMTbIBasA TO, YTO AOAS! YCTELLIHBIX THE3A OT YMC-
AQ HaliAeHHbIX cocTaBuAa 60%, Mbl MPEAMOAAraeMm,
YTO YMCAEHHOCTb YCTIELLIHbBIX Map B PErvioHe Ha rne-
PMOA Ha4aAa BbIKapPMAMBAHMS BbIBOAKOB B 2010 T
cocrapasaa 77-169 nap, B cpeaHem 120 nap.

Anst 2022 T. Mbl B39AM 3@ COKpaLLeHWe Ync-
AEHHOCTM MoKasaTeAb 77%. YuuTbiBas ITOT
MOKa3aTeAb, Mbl MPOPEAMAM MaTTEPH TOYeK
MPSMO MPOMOPLMOHAALHO COKPALLIEHWIO YMC-
AeHHOCTK GanoDaHa Ha MAOLLAAKax U MOAYYM-
AM 46 TOYeK C MHTepBaAOM OT 28 a0 66. Oc-
HOBbIBasICb Ha 50% yCreLLHbIX THE3A OT YMCAQ
3aHATBIX, Mbl OLIlEHWMAM YNCAEHHOCTb GarobaHa
B 14-33, B cpeaHem 23 yCreLHbIX Mnapbl.

Taknm 0Opa3om, UTOroBas YMCAEHHOCTL Oa-
AobaHa Ha rHe3aoBaHMK B Kaparay 1 Ha npuae-

152 points, as the territories for which they
were generated remain unsurveyed, but are
suitable for nesting according to our modeling
results, and 48 points are verified as breeding
territories.

The points distribution map for estimation
of SF abundance in Karatau and adjacent ter-
ritories from the best model with validation
by Thiessen polygons after correction and
verification for real breeding territories, as
well as distribution map for these points built
with a search radius of 20 km, are shown in
Figure 14.

Given that the proportion of successful nests
out of the number of all discovered nests was
60%, we assume that the number of successful
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Puc. 14. Pe3yabTaTbl oLeHKM YncaeHHOCTH 6arobaHa B Kapatay v Ha npuaeraioLmx TeppuTopuaX METOAOM reHepaLmmn CAydaiiHbiX TOYEK Mo
3aAaHHOMY AMaNa3oHy AMCTaHLMIA MEXXAY OAMKANLLIMMM COCEASIMM Ha OCHOBE PEryAsipHOM CeTu C BaAmaaLmest no noAuroHam TucceHa, KOppeKTH-
POBKOIi 1 BepuchukaLmeii To4eK rno UCTUHHBIM MHE3A0BbIM ydacTkam 6arobaHa (BBepXy), M KapTa MAOTHOCTU C PaAMycoM roncka 20 Km, nocTpo-
€HHasl 1o 3TUM ToYKam (BHU3Y). YCAOBHbIe 0603HaYeHus: A — rpaHuubl cTpaH, PBT — creHeprpoBaHHbIe TOUKM, MMUTUPYIOLLME pacripeAeAeHmne
FHe3A0BbIX y4acTKoB 6arobaHa (1 — COOTBETCTBYIOLLIME PeaAbHbIM THE3A0BbIM yHacTKaM, 2 — UMHUTUPYIOLLIME MOTeHUMAAbHbIE MTHE3A0BbIE y4acTKu),
D PBT — Bu3yaaunsaums naOTHOCTH pacrpeAeAeHns ToHeK NOTeHUMaAbHbIX THe3A0BbIX y4acTKoB, BB — rHe3aonpuroaHsie 6uotonsl, BH — mectoo-

6utanns, R — pexn, W — Boaoémbl.

Fig. 14. Results of Saker Falcon abundance estimation for Karatau and adjacent territories by generating random points over a given range of
distances between nearest neighbors based on a regular network with validation by Thiessen polygons, correction and verification of points
according to the actual breeding territories of Saker Falcon (at upper) and density map with a search radius of 20 km, built from these points.
Legends: A — country borders, PBT — generated points simulating the distribution of Saker Falcon breeding territories (1 — corresponding to real
breedng territories, 2 — imitating potential breedng territories), D PBT — density visualization of points of potential breeding territories, BB — breeding

biotopes, BH — habitats, R — rivers, W — water bodies.
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raiowmx Tepputopmax 8 2010 r. oueHnBaeTcs
Hamu B 128-281, B cpeaHem 200 rHe3AsLIMXCS
nap, u 77-169, B cpeaHem 120 ycneLuHbIx nap,
nB 2022 r. — B 28-66, B cpeaHem 46 rHes3as-
Lumxca nap, u 14-33, B cpeaHem 23 ycneLuHbIX
napbl. HeratsHas AMHaMMKa YMCAEHHOCTM 3a
12 AeT cocTaBmaa 77%.

CpaBHeHMe OLeHOK YNCAEHHOCTU AASI pas-
HbIX y4acTKoB Kaparay, caeAaHHbIX B nyOAm-
Kaumm 2010 r. u B HacToswel nybAmMKaumm,
nokasaHbl B TabA. 9. Aaa Kapatay, bopanaas
M UYMHKOB MOAFOPHOM PaBHMHbLI pasHMLA B
OLEHKaX YMCAEHHOCTM cocTaBuAa oT 4,55%
(HMXKHWUIA MHTEPBAA) AO 27,14% (BEPXHMM UH-
TepBan), B cpeaHem 16,11% B CTOPOHY yBeAK-
YEHM$ OLEHOK, CAEAAHHBIX B AAHHOW CTaTbe.

Inutanune

B 2010 r. oCHOBHbIMM OObEKTAMM MUTAHUS
0anobaHa (n=34) ObiAM DOAbLLAA MecyaHKa
(34,29%) 1 éaTbI cycank (25,71%). Moa
rHé3AaMM TakKe BCTPeYaAnCb OCTaHKM pas-
HbIX BMAOB MTULL, KOTOPbIE B CyMMe COCTaBM-
A 22,86% paumoHa (taba. 10).

B 2022 r. B CBA3M C 3aTAKHOW Aenpeccu-
el YA1CAEHHOCTM IPbI3YHOB OHM MPaKTUYECKM
MOAHOCTBIO BbIMaAM M3 paunoHa 6arobaHa u
BCe Mapbl, COXPaHUBLUMECH HA THE3A0BaHMM
B ropax Kaparay, nntaAmch npenmyLLecTBeH-
HOo nTuuamm: raakamu (Corvus monedula)
(42,11%), cu3bimu roaybsamu (Columba livia),
cnsosoporkamu (Coracias garrulus) u meaku-
MK BOPOObHHbIMK (M0 15,79%) (Taba. 10).

Pa3AmuHble aBTOpbl ykasbiBaloT Ha oOu-
AMe B nuTaHuu 6arobaHoB B 1957-1958 u
1994-2019 rr. roayGei, po3oBbIX CKBOPLIOB
(Sturnus roseus), cM30BOPOHOK, »KaBOPOHKOB
M JKEATBIX CYCAMKOB, HO KOAMYECTBEHHbIX Xa-
pakTepucTk He npusoasat (Kopeaos, 1962;
2012; Aenucos, 1995; l'youH, 2020).

Yrpos3si
KatacTpodpuueckoe cokpalleHue YMcAeH-
HocTM GanobaHa B KapaTay npousoLllAO Ha

pairs in the region at the start of brood rearing
in 2010 was 77-169 pairs, with an average of
120 pairs.

For 2022, we took the figure of 77% as a
reduction in population. Considering this,
we thinned out the pattern of points in direct
proportion to the decline in SF abundance
on plots and obtained 46 points with an in-
terval of 28 to 66. Based on the 50% suc-
cess rate of occupied nests, we estimated SF
abundance at 14-33, with an average of 23
successful pairs.

Thus, we estimated the total number of SF
pairs nesting in Karatau and adjacent territo-
ries in 2010 at 128-281, 200 breeding pairs
on average, and 77-169 successful pairs with
an average of 120; and in 2022 — at 28-66
breeding pairs, averaging at 46, and 14-33
successful pairs, averaging at 23 pairs. Over
a 12-year period, the negative dynamics for
abundance amounted to 77%.

Comparison of abundance estimates for
different sections of the Karatau, which was
carried out in the 2010 publication, with
current research is shown in Table 9. For the
Karatau, Boraldai, and chinks of the pied-
mont plain, the difference in population
estimates ranged from 4.55% (lower inter-
val) to 27.14% (upper interval), on average
16.11% showing an increase in estimates
made in this article.

Diet

In 2010, the main SF food objects (n=34)
were Great Gerbil (34.29%) and Yellow
Ground Squirrel (25.71%). Remains of various
bird species were also found beneath nests,
which in total amounted to 22.86% of the diet
(Table 10).

In 2022, a prolonged depression in rodent
populations caused them to be almost com-
pletely eliminated from the SF diet, and all
remaining nesting pairs in the Karatau moun-
tains fed mainly on birds: Eurasian Jackdaw

TabA. 9. Pe3yAbTaTbl OLIeHKM YMCAEHHOCTH GarobaHa B pa3Hbix YacTax Kapatay u Ha npuaeraiolmx Tepputopusx 8 2010 u 2022 rr.

Table 9. Results of Saker Falcon abundance estimation for different parts of Karatau and adjacent territories in 2010 and 2022.

CoBpemeHHas OLeHKa

YUCAEHHOCTH
Kapsikun u ap., 2010 _Modern population estimate

MpupoaHbivi paiioH / Natural region Karyakin et al., 2010 2010 2022

BoabLuoii Kapatay / Greater Karatau 95 (85-105) 82 (70-110) 18 (12-25)

Maabiii Kapatay, bopanaaii 1 4MHKKM Ha NOAFOPHOW paBHMHE ceBepHee Maaoro 30 (20-40) 67 (40-89) 17 (9-26)

KapaTtay

Lesser Karatau, Boraldai, and cliff-faces on the piedmont plain north of Lesser

Karatau

Tanacckuii AnaTay M OCTaAbHas TeppuTOpUA K Iory oT bopaaaas 51 (18-82) 11 (7-15)

Talas Alatau and remaining territory south of Boraldai

Bcero / Total 125 (105-145) 200 (128-281) 46 (28-66)
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Taba. 10. [Nutanne 6arobaHa no AaHHbIM COOPOB M3 rHE3A 1 € npucas okoro rHésa B 2010 r. u 2022 . C NpUBACUEHNEM AUTEPATYPHBIX AQHHBIX.

Table 10. Saker Falcon diet according to data collected from nests and nearby perches in 2010 and 2022 with reference to articles.

Bua / Species

Boabluas necuarka / Great Gerbil (Rhombomys opimus)

XKéatbitt cycank / Yellow Ground Squirrel (Spermophilus fulvus)

TywikaHumk sp. / Jerboas (Dipodidae sp.)

Monéska sp. / Voles (Microtinae sp.)

Ipbi3yHbt sp. / Rodents (Rodentia sp.)

Mycreabra / Common Kestrel (Falco tinnunculus)
Kexank / Chukar partridge (Alectoris chukar)

Kyauk sp. / Waders (Charadrii sp.)

Cw3biii roay6s / Rock Dove (Columba livia)
Cwuzoopotka / European Roller (Coracias garrulus)
lanka / Eurasian Jackdaw (Corvus monedula)
Po3osbiii ckopeu / Rosy Starling (Sturnus roseus)

>KasopoHok sp. / Larks (Alaudidae sp.)

Menkue BopoGbuHbie nTuubl / Small passerine birds

Capatua / Locusts (Acrididae sp.)
Bcero /Total

AuteparypHbie
AaHHblE* Hrtoro
Publications* 2010 2022 Total
n % n % n % n %
1 6.25 12 34.29 13 18.84
3 18.75 9 25.71 12 1739
1 6.25 1T 1.45
2 5.71 2 290
4 11.43 1T 526 5 725
1 6.25 1 5.26 2 290
1 2.86 1T 145
1 6.25 1T 145
1 6.25 5.71 3 15.79 6 8.70
2 1250 5.71 3 15.79 7 10.14
8 42.11 8 11.59
18.75 2 571 5 725
2 12.50 2 290
1 2.86 3 15.79 4 5.80
1 6.25 1T 145
16 100 35 100 19 100 69 100

MNMpumeuanns / Notes:

* (Kopenos, 2012; Aenuncos, 1995; I'youH, 2020) / (Korelov, 2012; Denisov, 1995; Gubin, 2020)

dpoHe AenpeccMm UMCAEHHOCTM TPbI3YHOB.
COKOAbI AULLIMAUCL KOPMOBOM 0asbl U nepe-
CTaAM yCMeLLHO pa3MHOXaTbCs Ha OOAbLLIMH-
CTBE THE3A0BbIX Y4acTkoB. OAHAKO HeAb3s
BCE CruchiBaTb Ha KOPMOBYIO 0a3y, Tak Kak
ApYrve BUAbl (KypraHHWK, OepKyT), AMLIMB-
lMecs Takke Kak M HGarobaH KOPMOB, He
MCMbITaAM  Takoro Pe3KOro  COKpaLLeHWs
YUCAEHHOCTU M NMPOAOAXKAIOT AepKaTbCs Ha
FHE3A0BbIX Y4acTKax, MPOCTO He pa3MHO-
Kasick. baaobaH ke ncyes Ha GOAbLUMHCTBE
HE3A0BbIX YYaCTKOB, BbIiBA€HHbIX B 2010 T.

HeaeranbHbiii 0TAOB GarobaHoB B Kapatay u
Ha MpUAEraioLLMX TePPUTOPUAX NMPOAOAKAETCS.
O TOM, 4TO Gar0DaH MPeACTaBASET LEHHOCTb
AAS apabCKMX COKOABHMKOB, 3HAIOT MPaKTUHCKK
Bce chepmepbl. K Tomy re 06 0TA0BE CHBUPCKIX
COKOAOB, MpuAeTeBLIMX B KapaTtay Ha 3MMOBKY,
M3BECTHO MO BO3BPATam KOAeLL 1 TpekmHry. Tak,
B OkTs10pe 2016 r. camka 6arobaHa n3 IOxxHoM
Cnbupwn Obina O0TAOBAEHHA OKkoAO C. Lllekep
ANTMATOBCKOro parioHa Taaacckoi obaactu
Knprmsmmn B 7 kM OT paccMaTpuBaemMoi Hamm
TeppuTopun B Kasaxcrane (bekmaHcypos u
Ap., 2017). Cameu 6arobaHa, NpuAeTEBLLMI
Ha 3MMOBKY B TypkecTaHckyto obaacTb Kasax-
CTaHa, OblA OTAOBAEH B Aekabpe 2018 r. (Hu-
KOAEHKO 1 ap., 2019). B nocaeanne roanl B
KasaxcraHe pacTé€T 4McAO 3aseprkaHuii Hpa-
KOHbepPOB M KOHTPabaHAMCTOB, MbITAIOLLMXCA

(42.11%), Rock Pigeon (Columba livia), Eu-
ropean Roller, and small passerines (15.79%
each) (Table 10).

Various authors point to the abundance
of pigeons: Rosy Starlings, European Rollers,
Larks, and Yellow Ground Squirrel in SF diet
in 1957-1958 and 1994-2019, but quanti-
tative characteristics are not given (Korelov,
1962; 2012; Denisov, 1995; Gubin, 2020).

Threats

The catastrophic decline in SF abundance in
Karatau occurred against the background of a
depression in the number of rodents. SFs lost
their food supply and no longer reproduced
successfully in most breeding habitats. How-
ever, it is impossible to write off everything
as a food supply problem, since other species
(Long-Legged Buzzard, Golden Eagle), like the
SF, have lost food sources, yet have not expe-
rienced such a sharp decrease in abundance
and continue to stay in breeding territories,
simply not breeding. SF, on the other hand,
disappeared from most breeding territories
identified in 2010.

Illegal SF poaching in Karatau and adja-
cent territories continues. Almost all farmers
know that SF is of value to Arab falconers.
In addition, the capture of Siberian SFs that
arrived in Karatau for wintering are known
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OTAaBAMBaTb 6aA0DAHOB U1 BbIBO3UTb MX B OAD
un Katap (CobbiTus, 2018a; 2018b; 2020; Hu-
KoAeHKO, 2018), MMeloTCa CBeAeHMs O 3aaep-
XKaHnax OPaKOHLEPOB M HEMOCPEACTBEHHO Ha
paccmaTpuBaemown Tepputopun. B yactHocTy,
12 okTa6psa 2017 r. 3a HE3aKOHHYIO OXOTY Ha
rpanuue KOxxHo-KaszaxcraHckoin m JKamObia-
CKoi obAacTen KasaxcraHa OblAM 3aaepikaHb
yeTbipe rpaxkaaHnHa OObeanHeHHbIX Apab-
CKMX DMMPATOB M ABa MECTHbIX >kuteas (Co-
6biTns, 2018a). [NoaToMy B OCHOBE MPUYMH
COKpaLLEeHUs YMCAEHHOCTM OarobaHa, Kak M
paHee (cm. KapsikuH n ap., 2010; 2015; Ae-
BUH 1 Ap., 20711), BUAUTCS HEAEraAbHbIA OT-
AOB MTULL AASL HYXKA apabCKO COKOAMHOM 0XO-
Tbl, KOTOPbIF Ha (POHE CHUXEHWS KOPMOBOA
6asbl 1 OTCYTCTBUSA Pa3MHOXKEHUS Y COKOAOB
MPMBEA K KaTaCTPOCPUUECKOMY AASI MOMYASt-
UMM M3baTMIO NTUL. K coXkaaeHMio, AokasaThb
3TOT (PaKTOp, KOTOPbIA BAMSIET Ha MOMyAs-
LMIO B OCHOBHOM B MOCAErHE3A0BOM MEPUOA,
OYEHb CAOXKHO B XOA€ Pa30BbIX IKCMEAVLIMIA B
FHE3A0BOM NEPUOA. AAS 3TOTO HY>KHa LIeAeBas
paboTa, KoTopas B KazaxcraHe He BeA€Tcs kak
MUHUMYM NocAeaHne 15 AeT.

barobaH MoXeT MMOHYTL Ha onopax NTUUeo-
MacHbIX AMHMI aaekTponepeaayun (AJM), koto-
PbIMM ABASIIOTCSA AMHUM C GETOHHbLIMM ONOPamMK,
OCHALLEHHbBIE METAAAMHECKMMM TPaBepcamm Co
LUTBIPEBLIMM M30ASTOPaMM. Tem He MeHee, Hu
B 2010, Hn B 2022 rT. (cM. Takke KapsakmH u
Ap., 2022a) Mbl He BbISIBUAU CPAKTOB rnbem
6anobaHa Ha ADI'T B Kaparay. boabLuas yacTb
Tepputopun Kapatay B cuAy crnielmdpukm me-
CTOOOMTaHMIA, MO KOTOPbIM NPOTAHYAMCHL ADIT,
OTHECEeHa K 30HE YMEPEHHOM rMOeAn XMLLHbIX
nTuU, rae HabAloaaeTcs peryaspHas rmbeb
3-5 BMAOB C NAOTHOCTbIO pacnpeaeseHms 0,5—
1 oc./10 km ADI1 (Kapsikmn, 2016). Noatomy
ecAn rnbeab 6arobaHoB Ha ADI1 3aeck 1 nmeeT
MECTO, TO HOCMT HEpEeryAsdpHbIi Xapakrep,
npu TOM YUCAEHHOCTM BarobaHa, KOTOPYIO Mbl
B Kaparay HabAloaaem celfuac, dhakTbl 9A€KTpPO-
NopaXKeHMst COKOAOB Ha onopax Al BbISBUTD
MOXXHO TOABKO CAyHaliHO.

Yrpo3y kapatayckoi nonyasaumm 6arobaHa
HECyT ropHble pa3paboTKM U pasBuTHE CH-
ctembl BOC, 0AHAaKO OUEHUTb BAMSIHME DTUX
dpakTopoB Ha hoHe KaTacTPohUIECKOro na-
ABHUS YNCAEHHOCTM 3TOFO0 COKOAQ HE MNpea-
CTaBASIETCH BO3MOXKHbIM.

Ob6cyxaenue

B cBsi3un ¢ Tem, uto H6arobaH ABASETCS pea-
KMM, a OTKpPbITble AaHHblE O ero pacnpocrpa-
HEHUK OTCYTCTBYIOT, AMOO AOKaLMK, HaXOAS-
Lumecs B obLLEeM AOCTYMNe, CMABHO MCKaXKeHb!
Mo MpUYMHE KOMMEPYECKOM MNpHBAEKaTeAb-
HOCTM BMAQ, OTCYTCTBYIOT M MyBGAMKaLMM MO

from ring returns and tracking. As such, a
female SF from Southern Siberia was caught
near the village of Sheker of the Aitmatovsky
district of the Talas region of Kyrgyzstan in
October 2016, 7 km from an area we are
studying in Kazakhstan (Bekmansurov et al.,
2017). A male SF that arrived for wintering
in the Turkestan region of Kazakhstan was
captured in December 2018 (Nikolenko
et al., 2019). In recent years, the number
of arrests of poachers and smugglers trying
to catch SFs and export them to the UAE
and Qatar has been growing in Kazakhstan
(Events, 2018a; 2018b; 2020; Nikolenko,
2018). There is also information about ar-
rests of poachers directly in the area we
are studying. In particular, on October 12,
2017, four citizens of the United Arab Emir-
ates and two local residents were detained
for illegal hunting on the border of the South
Kazakhstan and Zhambyl regions of Kazakh-
stan (Events, 2018a). Therefore, reasons for
the decline in SF abundance (see Karyakin et
al., 2010; 2015; Levin et al., 2011), remain
illegal poaching of birds for the needs of
Arabian falconry, which, given a decrease in
the food supply and lack of breeding among
SFs, led to a catastrophic removal of birds
for the population. Unfortunately, it is very
difficult to prove this factor since it affects
the population mainly in the post-breeding
period, and one-off expeditions are run dur-
ing breeding period. This requires targeted
work, which has not been carried out in Ka-
zakhstan for at least 15 years.

SF can be killed on supports of bird-hazard-
ous power lines (PL): lines on concrete poles
equipped with metal traverses with pin insula-
tors. However, neither in 2010 nor in 2022
(see also Karyakin et al., 2022), we did not

Boinyck B npupoay 8 IOxHo-KaszacraHckon obractm 20
6arobaHoB, n3bsTbIX y bpakoHbepos. DOTO NpeaocTas-
AeHo PIKIT «1O «Oxot300npomy. Mctounmk: Otyrar.KZ.

Release into the wild in the South Kazakhstan region
of 20 Saker Falcons seized from poachers. Photo from
Okhotzooprom. Source: Otyrar.KZ.
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MOAEAMPOBAHMIO €ro pacrnpocTpaHeHus. Mol
HaLLAM €AMHCTBEHHYIO CTaTblO O MOAEAMPOBA-
HUM KAMMaTMYEeCKOW HWLLM, 3aHMMaeMol ba-
A0DaHOM, Ha ocHoBe aaHHbIX 13 GBIF (Sutton,
Puschendorf, 2020), npuuém, ouyeBuaHO, He
Camylo yaauHyio, B KoTopol Kaparay HaxoamT-
€S 3a NpeAeAamMm KAMMaTU4eCKoro onTumMyma
AASl TOTO BMAA. ABTOPbI CMOAEAMPOBAaAM B
MaxEnt 3 30HbI KAMMATHUECKOrO OMTUMyMa B
apeane 6arobaHa B KasaxcraHe, koTopble He
COBMAAM HWM C OAHOM M3 CYLLECTBYIOLLMX (MAM
CyLLIECTBOBABLLUMX paHee) MOMNyAsILMI 3TOro
cokoAa B cTpaHe. COrnacCHO MOAEAMPOBAHMIO
aBTOPOB, HAMOOABLLIMIA BKAQA B MPOrHO3 MO-
AeAM THe3A0BOro apeasa 0OanobaHa BHecAQ
CpeAHsist TemrnepaTypa caMoro TEnAoro Keap-
Tana (bio10) (37,24%), 3a Hell CAeAYIOT OCaAKM
B CaMbli 3acyLuAmBbIid Mecs (bio14; 15,97%),
OCaAKM B CaMblii BAXKHBIM Mecsau (biol3;
13,21%) M ce30HHOCTb TemnepaTypbl (bio4;
12,32%), Npu 3TOM BKAQA OCTaAbHbIX Mepe-
MeHHbIX cocTtaBnAa 10% (Sutton, Puschendorf,
2020). Mo pe3yAbTaTam HalLero MOAEAMPOBa-
HMs B RF HaMBOAbLLMI BKAQA B MPOrHO3 MOAe-
AW THe3A0BOro apeana 6anobaHa BHecAM (Mo
Mepe yOblBaHMS) CACAYIOLLME MepeMeHHbIe:
0CaAKM camoro Tenaoro kapTara (biol8),
Ce30HHOCTL 0caakoB (bio15), MakcumabHast
TemnepaTypa camoro Ténaoro mecsua (bio05),
CpeAHsisi TemrepaTypa Camoro 3acyLUAWBOrO
kBapTaaa (bio09), cpeaHeCyTOUHbINM AManasoH
Temnepatyp (bio02), bio13, cpeaHsis Temne-
paTypa camoro BAa>kHoro keapTasa (bio08),
bio04, ocaaku camoro 3acyLLAMBOroO KBapTasa
(bio17), cpeaneroaosasi Temnepatypa (bio01)
Anst BeposiTHOCTM M bio18, bio13, roaosoii
AManasoH Temnepatypsl (bio07), bio10, ocaa-
KM camoro BA@KHoro kesaptasa (bio16), bio04
AAst perpeccun. Takum obpasom, BTopast no
BaXHOCTU nepemeHHas bio14, onpeaeansLuas
KAMMATUYECKYIO HULLIY A GarobaHa B MOAEAM
L. Sutton & R. Puschendorf (2020), He BoLuUAa
BOOOLLIE B Hallly MOAEAb, NepemeHHas bio10,
camast BaxHasi NMepemMeHHasi B MOAEAW BblLLie
LMTMPYEMbIX aBTOPOB, OKa3aAach Ha 4-ii no3u-
LMK B HaLLel MOAEAM TOABKO AASI perpeccuu,

THesponpuroamslie s 6arobaHa 6MOTOMbI B OCEBOK
vactu xpebta Kapatay. @oto O. LLnpsesa.

Breeding biotopes of the Saker Falcons in the axial part
of the Karatau ridge. Photo by O. Shiriaev.

identify any facts of SF deaths on PLs in the
Karatau. Most of the Karatau area, due to the
specifics of habitats along which PLs stretch, is
assigned to the zone of moderate raptor mor-
tality, where regular death of 3-5 species is
observed with a distribution density of 0.5-1
ind./10 km of power lines (Karyakin, 2016).
Therefore, if SF mortality on PLs does occur
here, it is irregular in nature, and given the SF
abundance that we are currently observing in
Karatau, facts of SF electrocution on PL can
only be revealed by chance.

The threat to the Karatau SF population is
posed by mining and the development of the
wind power plant system, however, it is not
possible to assess the impact of these factors
given the catastrophic decline in SF abun-
dance.

Discussion

Due to the rarity of Saker Falcons and lack
of open data on its distribution, locations that
are in the public domain are highly distorted
due to its commercial attractiveness, there are
no publications modeling its distribution. We
found just a single article modeling the climat-
ic niche occupied by SF based on data from
GBIF (Sutton, Puschendorf, 2020). It was not
particularly useful since it mentions that Kara-
tau is outside the climatic optimum for this
species. Authors modeled climatic optimum
zones using MaxEnt 3 in this raptor’s range in
Kazakhstan, which did not coincide with any
of the existing (or previously existing) popula-
tions of this falcon in the country. According
to authors’ modeling, the largest contribution
to the prognosis of SF breeding range model
was made by the average temperature of the
warmest quarter (bio10) (37.24%), followed
by precipitation in the driest month (bio14;
15.97%), precipitation in the wettest month
(bio13; 13.21%), and temperature seasonal-
ity (bio4; 12.32%), while the contribution of
other variables was 10% (Sutton, Puschendorf,
2020). According to the results of our mod-
eling in Random Forest, following variables
made the greatest contribution to the progno-
sis of SF breeding range model (in descending
order): precipitation of the warmest quarter
(bio18), seasonality of precipitation (bio15),
maximum temperature of the warmest month
(bio05), average temperature of the driest
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bio13 B pe3yAbTaTax HalLero MOAEAMPOBAHMSI
OKa3aAach Ha 2-1 MO3MUMM TOALKO AASE perpec-
CMM, a AAF BEPOSITHOCTM HEe BOLLIAA B MEPBYIO
NATEPKY BaXKHbIX NepemeHHblx, bio04 He Bo-
LA B MEPBYIO MATEPKY BaXKHbLIX NMEPEMEHHbIX,
KaK AAS BEPOSITHOCTM, TaK U AAS Perpeccuu.
BaxxHoCTb A GanobaHa OCAaAKOB OYEBMAHA,
TaK KaK OCHOBY €ro paLMOHa COCTaBASIOT Phbl-
3YHbl, YUCAEHHOCTb KOTOPbIX M AOCTYMHOCTb
3aBMCAT OT BereTaumu, a CA@AOBATEAbHO, OT
ocaakoB. [103TOMy OMOAOTMYECKMIA  CMBICA
BCEX NEPEMEHHBIX OKPY>KaloLLEN CpeAbl, CBS-
3aHHbIX C OCaAKamu, noHaTeH. OcTaloTcs Bo-
MPOChl, NOYeMy MEePEMEHHbIE, CBA3aHHbIe C
OCaAKamM, BOLUAM B MPUOPUTETHbLIE B MOABAM
L. Sutton & R. Puschendorf (2020), Ho He aBu-
AVCb CaMbIMM BaXKHBIMM, 1 MOYEMY MX MOAEADL
MOAYUYMAACH HE COOTBETCTBYIOLLEN PeaAbHOMY
pacnpocTpaHeHuio 6arobaHa B KasaxcraHe!?
Ham KaxkeTcs, 4TO OCHOBHbIX MPUYKMH 3TOrO
HECKOALKO. Bo-nepBbix, CyLLeCTBYIOT BaXKHble
METOAOAOTMYECKME  NPODAEMBI,  CBA3AHHbIE
C MPOCTPAHCTBEHHOM MPEAB3ATOCTLIO M Mpo-
CTPAHCTBEHHBIMU UCKXKEHUSMM, B CAyHasx
MCMOAb30BaHMS TOAbKO TOYEK MPUCYTCTBUS
13 undppoBbix H6a3 aaHHbIX (Beck et al., 2014).
Kak pa3 AaHHble AAS MOAGAMPOBAHMS KAMMA-
TMYeckon HULWKM GarobaHa OblAK B3SATbI aBTO-
pamu 13 GBIF. EcAM 3T AaHHbIE OTHOCATCS K
rHE3A0BbIM HaxoAkam GarobaHa, TO npuBs3a-
Hbl K LEHTPOMAAM peryAspHoi cet 50x50 km
MAM K aHAAOTMYHOM FPaAYCHOM CETU, a TOUHbIe
KOOPAMHATbI UMEIOT AWLLIb AOKALIMM HErHEe3A0-
BbIX BCTPEY COKOAOB, KOTOPbIE MCKaXKaloT Kap-
TUHY PacrpeAeAeHMsl BUAQ B MHE3AOBOM Me-
proa. Bo-BTopbix, 6arobaH MMeeT OOAbLLION
apean, NPOTAHYBLUMIACS Yepe3 apUAHbIE 30Hb
EBpasnu, M LUMPOKYIO KAUMATUHECKYIO HMLLY
— OH FHE3AUTCS B AManasoHe BbicoT oT -100
A0 +4700 M Haa YpOBHEM MOPS, HaCeAss -
POKMI CNEKTP GMOMOB OT 30HAABHbIX MYCTblHb
AO aAbMUICKOro nosca Bbicokoropuii (Kovacs
et al., 2014). D10 cO3AaéT CyLUEeCTBEHHble
CAOXKHOCTU AAS MOAGAMPOBAHMS FAOBaALHOMO
apeana BMAa, OCODEHHO €CAM MOAEAMPOBaHME
OCYLLECTBASIETCH TOABKO MO KAMMATUHYECKMM
nepemeHHbIM. Tak Kak CylleCTBYeT MOAOXKM-
TeAbHas CBS3b MEXAY PasMepoM apeasa Buaa
W LUMpoTOi ero akoHuum (Moore et al., 2018),
pekoMeHAyeTcs  m3beraTb  MOAGAMPOBAHMS
pacnpocTpaHeHns BMAQ Ha BECb €ro apeaa,
€CAM apean OOLUMpEH M B HEM CyLLeCTBYIOT
MONYASLMOHHbIE M/MAM MOABMAOBbIE arpera-
umn. IokaszaHo, YTO arperaumsi B OTAEAbHOM
4acTu apeana BMAA MOXKET MPMBECTU K CrAa-
JKEHHbIM KPMBBIM OTKAMKA MO rpaAMeHTam
oKpy»atoLLeii cpeabl (Pearman et al., 2010),
YTO, B CBOIO OYEPEAb, MPUBOAUT K YBEAUHEHMIO
LUMPMHBI HULLM M 3aBbILUEHUIO MOKa3aTeAel

quarter (bio09), average daily temperature
range (bio02), bio13, average temperature of
the wettest quarter (bio08), bio04, precipi-
tation of the driest quarter (bio17), average
annual temperature (bio01) for probability,
and bio18, bio13, annual temperature range
(bio07), bio10, precipitation of the wettest
quarter (bio16), bio04 for regression. Thus,
the second most important variable bio14,
which determined the SF’s climatic niche
in the model of L. Sutton & R. Puschendorf
(2020), was not included in our model at all,
the bio10 variable, the most important vari-
able in the model cited above, turned out to
be at the fourth position in our model only for
regression, bio13 in the results of our simula-
tion was in the second position only for re-
gression, and for probability it did not enter
the top five important variables, bio04 did not
enter the top five important variables, both
for probability and for regression. The impor-
tance of precipitation for SF is obvious, since
the basis of its diet is rodents, the number and
availability of which depend on vegetation,
and, consequently, on precipitation. Thus, the
biological meaning of all environmental varia-
bles associated with precipitation is clear. The
question remains why the variables associated

NTenus 6arobaHa B rHesae B ropax Kaparay.
®oro M. KapsakuHa.

Saker Falcon nestlings in the nest in Karatau mountains.
Photo by I. Karyakin.
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MPEACKa3aHHOrO PacnpeAeAeHUs 3TOro BUAA.
CobBCTBEHHO, MMEHHO C 3TUMK NpobAeMamm
M CTOAKHYAUCb aBTOPbl LIMTMPYEMOM Hamu
CTaTbW, MOACAMPYS KAMMATMHECKYIO HuLLy Oa-
AobaHa Ha Becb apeaA. OTCioAa M UCKaXKeHKe
AO TMOAHOM MPOTUMBOMOAOXKHOCTU KAUMATHYE-
CKOro ontumyma 6arobaHa B LEHTPE ero rao-
GaAbHOr0 apeana, B KazaxcraHe, B MX MOACAM,
 BbiMaseHue u3 3Toro ontumyma Kaparay, B
KOTOPOM AO MOCAEAHEro BPEeMEHM COXpaHs-
AACb BaykHas MOMYASILIMA 3TOrO COKOAQ.

OuennBas pe3yAbTaTbl HaLLEro MOAEAMPO-
BaHMS, Mbl CUMTAEM €0 YAAYHbIM, HECMOTPS
Ha M30bITOYHOCTb MAOLLAAEM FHE3AOMPUIOA-
HbIX OMOTOMOB B AManasoHe BEpPOATHOCTM
npucyTcTamst Buaa ot 50 a0 100% ansi oceBoid
yactn Kaparay (cM. puc. 11). Kak yxe otMme-
YaAOCh BbiLLE, K FHE3AOMPUIOAHBIM OblAM OT-
HEeCeHbl BCe y4aCTKM B 0CeBOM YacTu Kaparay,
TOMorpacpuyeckmn CXOAHbIE C TaKOBbIMM TOHEK
npucyTcTBua 6arobaHa, 6e3 y4éta yraréHHO-
CTM MX OT CTeMHbIX KOTAOBMH (AOAMH), TO eCTb
OT OCHOBHbIX MECT AODbI4M COKOAAMM MPOMM-
TaHus. K yMEHbLIEHUIO MAOLLIAACH THEe3A0MPH-
FOAHBLIX OMOTOMOB Mbl MOAOLLAM AOCTaTO4HO
MPOCTO, WUCMOAb30BaB MACKM OYcPepHbIX 30H
CTErHbIX KOTAOBMH, KOTOpble ObiAM oundppo-
BaHbl BPy4Hy0. OAHAKO Amd Boaee KauecTBeH-
HOrO aBTOMAaTM3MPOBAHHOIO MOAEAMPOBAHMS
pacrnpocTpaHeHnUs BMAA MMEET CMbICA MNPO-
AyMaTb BKAIOYEHME B MOAEAb OMPEACAEHHbIX
napameTpoB, OOBLACHAIOLLMX pacrnpeseseHue
rHE3A GarobaHa OTHOCMTEABHO OXOTHWUYbKX
TEppPUTOPUIA, Hanpumep, nepenasa BbiCOT U
MAOLLIAAM TPaBOCTOEB B KAacTepax C MWHM-
MaAbHOM HEPOBHOCTbIO MOBEPXHOCTU B pa-
AMyce 3 KM OT ToueKk npucyTcTBust OarobaHa.
Habop 3THX nepemMeHHbIX YBEAUHUT Harpy3Ky
Ha CepBep M YAAMHWT MpoLecc Kaaccndpmka-
LMK M300paxkeHNI, HO, BO3MOXHO, MO3BOAUT
COKPATUTb PYUHYIO OLIMCDPOBKY.

MbI cumMTaem AOCTOBEPHOM OLIEHKY HYMCAEH-
HOCTM GanobaHa, MoAydeHHylo as Kapatay u
NpUAEraioLLMX TEPPUTOPUI MO COCTOSHMIO Ha
2010 roa. IKCTPaNOAALMS NMAOTHOCTM THE3AS-
LUMXCS Nap Ha NAOLLIAAKAX Ha OOLLYIO MAOLLIAAb

with precipitation were included in the prior-
ity in the model of L. Sutton & R. Puschendorf
(2020), but were not considered as the most
important, and why their model turned out to
be inconsistent with the actual SF distribution
in Kazakhstan?

We think that there are several major rea-
sons for this. Firstly, there are important meth-
odological issues associated with spatial bias
and spatial distortion when only using pres-
ence points from digital databases (Beck et al.,
2014). The authors used only GBIF data for
modeling SF climatic niche. If this data refers
to nesting finds of SFs, then they are tied to
centroids of a regular 50x50 km network or to
a similar degree network, and only the loca-
tions of non-breeding encounters have exact
coordinates, which distort species distribution
patterns in breeding period. Secondly, SF has
a large range stretching through the arid zones
of Eurasia and a wide climatic niche — it nests
in an altitude range from -100 to +4,700 m
above sea level, inhabiting a wide range of
biomes from zonal deserts to the Alpine belt
of high mountains (Kovacs et al., 2014). This
creates significant difficulties for modeling the
global range of the species, especially only in
terms of climatic variables. Since there is a
positive correlation between the species range
size and the breadth of its econiche (Moore et
al., 2018), it is recommended to avoid mod-
eling the distribution of a species over its en-
tire range if the range is large and there are
population and/or subspecies aggregations in
it. It has been shown that aggregation in a par-
ticular part of the species range can lead to
smoothed response curves to environmental
gradients (Pearman et al., 2010), which, in
turn, leads to an increase in niche width and
overestimation of the species’ predicted distri-
bution. Authors of the cited article faced this
exact problem when modeling the SF climatic
niche for an entire range. Hence the distortion
of the SF climatic optimum in Kazakhstan, the
center of its global range, to the complete op-
posite in their model — and disappearance of
Karatau from this optimum, which, until re-
cently, retained an important SF population.

In evaluating the results of our modeling, we
consider it successful despite the redundancy
of breeding biotope areas in the range of SF

lHe3soBas ckara 6arobaHOB, Ha KOTOPOK MOMMUMO
COKOAOB Pa3MHOXKaIOTCS! YEPHBIN auCT U CTePBSTHUK
(Neophron percnopterus). @oto M. KapsikuHa.

Saker Falcon nesting cliff where, in addition to
falcons, Black Stork and Egyptian Vulture (Neophron
percnopterus) breed. Photo by I. Karyakin.
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FHE3AOMPUIOAHbIX OMOTOMOB M MecTooOuTa-
HMM, a Take [CH ¢ KoppeKTMpPOBKOM No npo-
CTPaHCTBEHHbIM MEPEMEHHDBIM, AAAM HEOXKM-
AQHHO OAM3KME CpeAHMe MoKa3aTeAM OLIeHKM
ymcaeHHocT — 202, 203 m 200 nap cooTseT-
CTBEHHO. JTO B cpeaHem Ha 16,11% GoabLue
OLIEHKM YMCAEHHOCTM, CAAAHHOW B CTaTbe
2010 r. (cm. KapskuH u ap., 2010). TprumHb
YBEAUUYEHNS OLIEHKM YMCAEHHOCTM KPOIOTCA B
GoabLLel naowaam 6uoTonoB Ha Manom Ka-
patay M MNpUAEralolnx TeppUTOPUSX, OTHe-
CEHHBIX K FHE3AOMPUIOAHBIM MO pe3yAbTaTam
MOAEAMPOBaHUS PacrpocTpaHeHns GarobaHa
B 2022 r. DTO HanpsMylo CBA3aHO C BOAbLIMM
OXBaTOM TEPPUTOPWIA, 3aTPOHYTLIX Y4E€TamM,
Ha Maaom Kapatay n bopassae B 2022 r. 1
AYYLLIMM Ka4eCTBOM MOACAMPOBaHMA. To ecTb B
2010 r. Mbl BoAee MAM MeHee KOPPEKTHO OLie-
HUAM MAOLLIAAL FHE3AOMPUIOAHBLIX AAS Banoba-
Ha BMOTOMOB, @ CACAOBATEALHO, M YNCAEHHOCTb
3TOr0 COKOAA Ha rHe3A0BaHMM B boAbLiom Ka-
paTtay, HO HeaooueHuAn B Marom Kaparay.

YunTbiBas TO, 4TO IKCTPANOAALMA MAOTHOCTM
C Y4ETOM «HYAEBbIX» MAOWAAoK u [CH ¢ kop-
PEKTMPOBKOM MO MPOCTPAHCTBEHHBLIM  Nepe-
MEHHbIM AQIOT DAM3KME PE3yAbTaTbl, BEPOAT-
HOCTb MPOMycka rHe3A0BbIX y4acTkoB 6aroba-
Ha Ha «HYAEBbIX» MAOLLIAAKAX HM3Ka, M BMA Ha
HUX PEaAbHO OTCYTCTBOBaA B MEPUOA NpoBeAe-
HUS YY4E€TOB. A 3HAUMT, NOKa3aTeAM NMAOTHOCTM
GanobaHa, NOAyYeHHble Ge3 y4éTa «HYAeBbIX»
MAOLLIAAOK, HEAb3SI IKCTPanOAMPOBaTh Ha MAO-
LLAAb MHE3AOMPUIOAHBIX BMOTOMOB M/MAM Me-
CTOOOMTaHMIA 3TOro Buaa B Kapatay, Tak Kak
OHM AQIOT 3aBbILLIEHHbLIE OLIEHKM YNCAEHHOCTM.

OueHka uncreHHocT 6arobaHa B 2022 r. Me-
Hee HaaéXHa, Yem Mo coctosHuio Ha 2010 r.,
TaK Kak Mbl MMeeM OOAbLIOE KOAMYECTBO
CHYAEBbIX» MAOLLAAOK. [103TOMY Mbl MMeem
pasHULY B CPEAHMX OLIEHKAX YMCAEHHOCTH,
MOAYYEHHOW pasHbiMK1 MeToAamu, B 17 nap,
npu ananasoHe ot 33 ao 50 nap (cm. Taba. 8).
Kak y>xe ObIAO OTMEHEHO BbilLie, COKpaLleHue
YMCAEHHOCTM MO MAOLLAAKAM, MPOBEPEHHbIM
B 2010 1 2022 rr., coctaB1Ao 85,71%, HO 06-
was yOblAb HACEAEHUS C YH4ETOM HOBbIX Map
Mo BCEM COBOKYMHOCTM YYETHBIX MAOLLAAOK
coctaBmaa 59,09%. PasHuua B MAOTHOCTM
FHE3ASLUMXCSA Map Ha Bcex naoluaakax 8 2010
n B 2022 rr. NO3BOASIET FOBOPUTL O COKPa-
LLEHMM YNCAEHHOCTM BarobaHa B AManasoHe
o1 75,25 a0 83,74% (B 3aBUCUMMOCTH OT TOrO,
Ha MEeCTOOOMTaHMS MAM THE3AOMPUrOAHbIE
GMOTOMbI KCTPANOAMPOBATL 3TU MOKa3aTeAM
NMAOTHOCTH). HOPMaAM30BaHHbIK MO MAOTHO-
CTM MOKa3aTeAb COCTaBASIET -77%, KOTOPbIi
Mbl cimTaemM 6a3oBbIM B OLIEHKE HEraTMBHOIO
TpeHAa YncAeHHOCTM GarobaHa 3a nepuoa ¢
2010 no 2012 rr.

Monoaoii 6arobaH (BBepxy) u rHes3aosas ckara 6aroba-
Ha B Kaparay. @oto M. KapsikuHa.

Juvenile Saker Falcon (upper) and Saker Falcon nesting
cliff in Karatau (bottom). Photos by I. Karyakin.

presence probability from 50 to 100% for the
axial part of the Karatau (see Fig. 11). As not-
ed above, all areas in the axial part of Karatau
that are topographically similar to those of SF
presence points, were classified as suitable
for nesting without taking into account their
remoteness from steppe depressions (valleys),
that is, from the main SF feeding points.

We approached reduction in breeding bio-
topes areas simply by using masks of the buff-
er zones of steppe basins, digitized manually.
However, for better automated modeling of
the species distribution, it makes sense to
consider including certain parameters that
explain SF nest distribution relative to hunt-
ing territories in the model, for example, the
height difference and the area of vegetation
in clusters with minimal surface roughness
within a radius of three km from SF presence
points. The set of these variables will increase
the load on the server and lengthen the pro-
cess of image classification, but may reduce
manual digitization.

We consider the estimated SF abundance
obtained for Karatau and adjacent territories
as of 2010 to be reliable. Extrapolation of
nesting pairs density on plots to the total area
of breeding biotopes and habitats, as well as
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THe3aoBasi Guonorust M dpeHonoruns Gano-
GaHa B Kaparay ocraioTcs cAaboM3yHeHHbIMM.
CoraacHo AMTepaTypHbIM AaHHbIM, BCe THE3AQ
6anobaHa, OOHapy>KEHHbIE Ha MCCACAYEMOM
TeppUTOPUK, PacroAaraAnChb B BepXHEN TpeTu
cKaA (5 rHE3A), MPEeUMYLLECTBEHHO B HMLax (4
rHe3Aa M3 7), peXke Ha MoAKax (2 rHesaa) MAm
paciieanHax (T rHe3A0), TOAbKO AASt OAHOIO
13 17 ruésa, yctpoeHHom B Maaom Kapatay
B HWXKHEN 4acTh yLl. AAMaAbiCai, yKasaH Xxo-
38MH MOCTPOMKM — CTepBATHUK (KOoAOMHLEB,
1986; Aenmncos, 1995; Kopenros, 2012; Ty-
6uH, beasinos, 2017; Ty6uH, 2018b; 2020). B
KAaakax OanobaHa, OcMOTpeHHbIX B Kapartay,
HaXOAMAOCh OT 3 A0 5 ML, B cpeaHem (n=4)
4,25%+0,96 amu (KoabuHues, 1986; KapskuH,
bapabatumH, 2006; TyouH, beagnos, 2017).
BbiBoAkM GanobaHa B Kapatay 1 Ha npuaeraio-
LLIMX TEPPUTOPMSAX COCTOAAN U3 2—5 MTEHLIOB, B
cpearem (n=11) 3,73+0,9 nTeHULOB (AeHMCOB,
1995; T'yowuH, beasiro, 2017; Tybun, 2018b;
2020; HawmM AaHHble). AOAS yCreLlUHbIX MHE3A
OT umcAa 3aHsaTbix B 2010 r. cocrtasmaa 60%, B
2022 r.—50%, HO B 3TOI BbIOOPKE YaCTb FHE3A
MycToBaAa MO MpMYMHE OTAOBA CamoOK, a He
rMbeAn KAQAOK MAM BbIBOAKOB MO KaKMM-AMDO
npUYMHaM, MNO3TOMY MCTUHHBIM pasmep exe-
FOAHOIO OTXOAA FHE3A, He CBSA3aHHbIN € Opako-
HbEPCTBOM, OCTAETCH HEU3BECTHbIM.

Mbl HMYero He 3HaeM O MOCAErHE3A0BbIX
nepemeLLeHnsx 6arob6aHOB KapaTayCKOW mMo-
nyAsumn. [Nepsble 4 nTeHua 3aech ObIAM OKOAb-
uoBaHbl Hamu B 2022 1., a Tpekepamu MNTuL,
rHe3asamxcs B Kapatay, A0 cvux nop He me-
TAM. Murpauns GarobaHa vepe3 Kapatay He
BbipakeHa. B 19691978 rr. Ha “Yoknakckom
cTauMoHape B TeyeHue ABYX Ce30HOB ObIAO
OTAOBAEHO Bcero 3 6anobaHa, B 1986-1995 B
TeveHme 4-x Ce30HOB — 9, NMPUYEM POCT HYMCAQ
OTAOBAEHHbIX MTULL aBTOPbl CBA3bIBAIOT C yBe-
AMdeHnem B 1986 I. BbICOTbI OAHOW U3 AOBY-
ek, B KOTOpylo HamboAee 4acTO 3aAeTaAM
6anobaHbl, ¢ 9 a0 12 m (FaBpunos, 1997). 3a
nepuoa Habaoaenns ¢ 1982 no 2016 rr. Ha
“OKNaKCKOM CTauMoHape BCTPeUYeHOo 37 NTuL,
OTAOBAEHO M OKOAbLIOBAHO 15 COKOAOB, Cpea-

RPG adjusted for spatial variables, yielded un-
expectedly close average estimates of abun-
dance — 202, 203, and 200 pairs, respectively.
This is, on average, 16.11% greater than the
abundance estimate made in the 2010 article
(see Karyakin et al., 2010). The reasons for the
increase in the abundance estimate lie in the
larger area of biotopes in Lesser Karatau and
adjacent territories classified as suitable for
breeding, according to the results of modeling
SF distribution in 2022. This is directly related
to the larger coverage of areas affected by
counts in Lesser Karatau and Boraldai in 2022
and better modeling quality. Thus, in 2010 we
estimated the area of habitats suitable for SF
breeding and the number of SF breeding in
Greater Karatau more or less correctly, but un-
derestimated it in Lesser Karatau. Considering
that density extrapolation taking into account
null plots and RPG with adjustment for spatial
variables give similar results, the probability of
missing SF breeding territories in null plots is
low and the species was absent there during
the survey period. This means that SF den-
sity indicators obtained without taking into
account null plots cannot be extrapolated to
the area of breeding biotopes and/or habitats
of the species in the Karatau, since they give
overestimated numbers.

The estimate of SF abundance in 2022 is
less reliable than in 2010, as we have a large
number of null plots. Therefore, we have a dif-
ference of 17 pairs in the average abundance
estimates obtained by different methods, with
a range of 33 to 50 pairs (see Table 8). As
noted above, the reduction in the number of
plots surveyed in 2010 and 2022 was 85.71%,
but the total population decline for the entire
population of survey plots, taking into account
new pairs, was 59.09%. The difference in the
density of breeding pairs at all plots in 2010
and 2022 allows us to talk about a decrease
in SF population in the range from 75.25% to
83.74% (depending on whether these den-
sity indicators are extrapolated to habitats or
breeding biotopes). The density-normalized
indicator is -77%, which we consider to be ba-
sic in assessing the negative trend in SF popu-
lation over the period from 2010 to 2012.

banobaH okono rHesaa B Kapray. @oto M. KapsikuHa.

Saker Falcon near the nest in Kartau.
Photo by I. Karyakin.
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HsS AaTa OCEHHEero NpoAéta 5 okTabps, camoe
paHHee HaOaloaenne — 371 asrycta 1987 r.,
camo nosaHee — 8 Hoabpsa 1983 r. (Faspu-
AOB 1 Ap., 2016). BeceHHMI NPOAET oTMeYeH
yepe3 BOCTOUHYIO KPOMKY KbI3bIAKyMOB: 23
(2 ocobm) n 26 mapta 1987 r., a Takke 8 u
28 mapta 1988 r. HabAIOAAAMCL COKOAbI, Ae-
TeBLUME B CEBEPHOM M CEBEPO-BOCTOHHOM
HanpasaeHunax (IyouH, Ckaapenko, 2014). B
3UMHMI Neproa 6arobaH HabAloAaAcs B Kapa-
Tay M Ha NpuUAeraloLmnx Tepputopusx donee
MAM MeHee peryasapHo B 2003-2020 rr. (Epo-
xoB, beasiaoB, 2004; Yaamkosa, 2005; 2006;
Koabunues, 2009; T'youH, 2020; AMupekyA u
Ap., 2022), 0AHaKO He COBCEM ACHO, OTHOCSTCA
AV 3TU BCTPEYM K MECTHBIM MTHLIAM, AW MECT-
Hbl€ FHE3AALLMECS MTULLLI MOKMAAIOT TEPPUTO-
p1IO, a BCE 3UMHME BCTPEUM MPUXOAATCA Ha
MUrpaHTOB 13 CnbupK, HeKoTopas 4acTb KO-
TOPbIX AOCTOBEPHO AETUT Ha 3UMOBKY B PaiiOH
Kaparay (bekmancypos u ap., 2017; KapakuH
n ap., 2018; Hukoaenko 1 ap., 2019).

3akaoueHume

B AuTepaTypHbIX MCTOYHMKAX M Ha CainTe
birds.kz 3a nocaeaHne 80 AeT NOSBMAOCH OKO-
A0 160 HaOAIOAEHMI, ONUCHIBAIOLLMX MPUCYT-
crBue 6arobaHa B ropax Kapartay 1 Ha npuae-
raioLmx Tepputopusx. boaee 50 13 HMX — 370
FHE3A0BbIE HAXOAKM aBTOPOB AAHHOM CTaTbk B
pa3Hoe Bpems NMPOBEACHNS MCCACAOBAHMN.

B XXI Bexe B ropax Kaparay n Ha npuaeraio-
LUMX TEPPUTOPMSX ObIAO MOATBEPXKAEHO FHEe3-
aoBaHme Ooree 60 nap GanobaHa. ToAbko 3a
nocAeAHMe 12 AeT UYMCAEHHOCTb DanobaHa co-
KpaTuAach Ha 77% u oueHmsaetcst B 2022 r. B
28-66, B cpeaHem 46 nap. MacwTabbl cokpa-
LLIEHMS YNCAGHHOCTM BanobaHa ¢ Hadana 90-x Ir.
XX cToAeTns MoryT ObITb Kyaa HoAee KaTacTpo-
dpruHbIMK, Tak Kak K 2010 r. yxke OblAv nepe-
AOBAEHbI AASE HY>KA apabCKOM COKOAMHOM OXOTbI
npakTMyeckn Bce 0arobaHbl, FHe3AMBLUMECS
no nepucpepun rop n 6AM3 TPacc M KPYMHbIX
HaCeAEHHbIX NMYHKTOB. Takoe macltabHoe co-
KpaLleHue YMCAeHHOCTM GarobaHa xapakTep-
HO AASt BCero TaHb-LLIana n asaseTcs «nocaea-
CTBMEM MaCCOBOMO  Pa3opeHus MOMyASLMM,
KOTOpOe BCE eLUé NMPOAOAKAETCS, XOTS U He B
Takmx MacLluTabax 1 He C Tako CKOPOCTbIO, Kak
10-15 AeT Hazaay (KosLuapb, 2019). Ycyryouaa
cuTyaumio ¢ 6arobaHOM 3aTskKHas Aenpeccus
YMCAEHHOCTHM IPbI3YHOB, Adluascs Ha Kapatay
€ 2017-2018 no 2022 rr., kOTOpas, BEPOATHO,
3aTAHETCS eLUE HA HECKOABKO AET U MPUBEAET
K ewé OOAbLIEMY COKPALLEHMIO YMCAEHHOCTM
MOMYASLIMM COKOAOB.

HeoOX0AMM AAAbHEMLLNIA €XKEFOAHBIN MO-
HUTOPUHI COCTOSIHMS MOCACAHMX aKTUBHbIX
FHE3AOBbIX y4acTKoB GanobaHa Ha Kapatay

lHe3ao 6anobaHa ¢ nTeHuamu Ha CKaAe B ropax
Kaparay. ®oto M. KapsikuHa.

Saker Falcon nest with nestlings on cliff in the Karatau
mountains. Photos by I. Karyakin.

Nesting biology and phenology of SF in
Karatau remain poorly studied. According to
literature data, all SF nests found in the study
area were located in the upper third of the
rocks (5 nests), mainly in niches (4 nests out
of 7), less often on shelves (2 nests) or crevices
(1 nest). An original nest owner (Egyptian Vul-
ture) was only identified for one of 17 nests
arranged in Lesser Karatau in the lower part
of Almalysay gorge (Kolbintsev, 1986; Den-
isov, 1995; Korelov, 2012; Gubin and Bely-
alov, 2017; Gubin, 2018b; 2020). SF clutches
examined in Karatau contained from 3 to 5
eggs, on average (n=4) 4.25+0.96 eggs (Kol-
bintsev, 1986; Karyakin, Barabashin, 2006;
Gubin, Belyalov, 2017). SF broods in Karatau
and adjacent territories consisted of 2-5 nest-
lings, on average (n=11) 3.73%0.9 nestlings
(Denisov, 1995; Gubin, Belyalov, 2017; Gu-
bin, 2018b; 2020; our data). The share of suc-
cessful nests among the number of occupied
ones in 2010 was 60%, in 2022 — 50%, but
in this sample, some nests were empty due to
the capture of females, and not the death of
clutches or broods for any reason, so the true
size of the annual nests loss that is not associ-
ated with poaching remains unknown.

We do not know anything about post-
breeding SF movements in the Karatau popu-
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M MPUAEraloLMX TEPPUTOPUAIX. YKe cendac
O4YeBMAHO, 4TO OarobaH B pernoHe Haxo-
AMTCS Ha rpaHn BbIMMpaHus. bes akTMBHOrO
BOCMOAHEHMS €ro MoMyAsumen u coxpaHs-
loLemMcs npecce OpakoHbepcTBa GarobaHa
y>Ke He cnacTu. Kak nokasbiBaeT poccuiickas
npaxkTmMka npubaedyeHns 6anobaHOB Ha pas-
MHOXEHWNE B UCKYCCTBEHHbIE THE3A0BbS (CM.
Kapsikun 1 ap., 2022b), a10T cokoa, Gaaro-
Aapsi CBOEW MAACTUYHOCTM U BLICOKOW MpO-
AYKTMBHOCTM NPU AOCTaTKe KOPMOB, MOXET
ObICTPO BOCCTAHABAMBATL MOMYASLIMIO AdXKe
Ha dpoHe M36bITOYHOrO npeccuHra. [oaTto-
My AAs cnaceHns GanobaHa B Kapartay u Ha
NPUAEraloLLMX TEPPUTOPUAX aKTYaALHOM Bbl-
FASIAUT MPOrpamma BbiMycka COKOAOB, Bbipa-
LUEHHbIX B MUTOMHMKE, METOAOM «XEKKMHIray,
conpsKEHHas C CO3AaHMEM CUCTEMbl UCKYC-
CTBEHHbIX FTHE3A0BUI, UMUTUPYIOLLIMX «XEKN»,
yepes KOTOPble COKOAbI BbIMyCKalOTCA B NPK-
poay. [Nloka Bokpyr Kapartay coxpaHsioTcs
M30AMPOBAHHbIE MOMYASLMN KEATOrO CyCAM-
Ka 1 NecyaHku, 3TMM MOXKHO BOCMOAb30BATb-
Csl MM (DOPMMPOBAHMS pe3epBa CBODOAHBIX
ocobel, KkoTopble OyayT cnocoOCTBOBaTL
BOCCTaHOBAEHMIO COKOAOB B Kaparay, Koraa
Tam HaYHETCA POCT YMCAEHHOCTM FPbI3YHOB.
YpoBeHb COKpaLLeHUst HY4MCAEHHOCTM Oa-
AoDaHa MoKasblBaeT, YTO ACUCTBYIOLLMX Mep
MO MPOTOBOCTOAHMIO OPaKOHLEPCTBY HEAO-
CTaTo4HO. [OCyAapCTBEHHBLIM  CTPYKTYpam
HEOOXOAMMO HE3aMEAAMTEALHO YCUMAUTbL OX-
paHHblE MEPONPUATMS, MOKA CaMblii KPYTMHbIN
COKOA Ka3zaxcTaHa He ucHes NOAHOCTLIO.

bAaroaapHocTu

MoneBble paboTbl B 2010 I. BLIMOAHAANCH MK
cpMHaHCOBOM  Moasepxkke  MexkayHapoaHoro
KOHCYABbTALIMOHHOIO areHTCTBa MO AUKOM Mpu-
poae (IWC, UK)”. PaboTbl 2022 r. BbINOAHEHDI
npu noaaepskke MDoHAa coxpaHeHus Braos Tpe-
Bopa [loisepa (Trevor Poyser Species Conser-
vation Fund) uepe3 OpHuTonrornyeckoe obLLe-
ctBO bamkHero Boctoka (OSME)?*8, ®oHaa IO
(Global Greengrants Fund)*, ®oHaa coTpyaxu-
4ecTBa AAS COXPaHEHMS! IKOCUCTEM, HaxOAs-
Lmxcst B Kputnieckom coctosiHin / The Critical
Ecosystem Partnership Fund (CEPF)®, a Tarke
opranusaumm-napTHépa MNpoekT «Aataid» / The
Altai Project (CLLIA)*" B pamkax npoekTa «Coxpa-
HeHMe YrpoyKaemMbIX BUAOB NMePHaTbIX XULLHWUKOB
Ha MMHaO-TTareapKTUUECKOM  MUIPALIMOHHOM
nytu» (“Endangered Raptors Conservation on the
Indo-Palearctic Migration Flyway”).

ABTOpbI OAarosapsat AHaToAMS AeBuHA K
AHapest KoBaAeHKO, y4acTBOBABLUMX B MOAe-

lation. We ringed the first four nestlings here
in 2022. Birds nesting in Karatau have not
been tagged with trackers to date. SF migra-
tion through Karatau is not expressed. Only
three SFs were caught during two seasons in
1969-1978, nine were caught during four
seasons in 1986-1995. An increase in the
number of birds caught by the authors is as-
sociated with an increase in the height of one
of the traps from 9 up to 12 m in 1986, into
which SFs most often flew (Gavrilov, 1997).
During the observation period from 1982 to
2016, 37 birds were encountered at Chokpak
station, 15 falcons were captured and ringed;
the average date of autumn migration is Octo-
ber 5, the earliest observation was on August
31, 1987, and the latest was on November
8, 1983 (Cavrilov et al., 2016). Spring migra-
tion through the eastern edge of the Kyzylkum
was recorded on March 23 (two individuals),
March 26, 1987, and also on March 8 and
28, 1988; SFs were observed flying in north-
ern and northeastern directions (Gubin, Skl-
yarenko, 2014). In winter, SF was observed in
the Karatau and adjacent areas more or less
regularly in 2003-2020 (Erokhov and Belyal-
ov, 2004; Chalikova, 2005; 2006; Kolbintsev,
2009; Gubin, 2020; Amirekul et al., 2022),
but it is unclear whether these sightings refer
to local birds, or local nesting birds leave the
territory, and all winter sightings are migrants
from Siberia, some of which reliably fly to the
Karatau region for wintering (Bekmansurov et
al., 2017; Karyakin et al., 2018; Nikolenko et
al., 2019).

Conclusion

Over the past 80 years, about 160 observa-
tions have appeared in literary sources and on
the birds.kz website, describing the presence
of Saker Falcons in the Karatau mountains and
adjacent territories. More than 50 of them are
nesting finds of the authors of this article at
different times of the research.

Over 60 pairs of Saker Falcons have been
confirmed to nest in the Karatau mountains
and adjacent areas in the 21 century. Over
the past 12 years alone, Saker Falcon abun-
dance has decreased by 77% and is estimated
at 28-66 pairs in 2022, with an average of 46
pairs. The scale of the Saker Falcon population
decline since the early 1990s is possibly more
then catastrophic, since by 2010 almost all
Saker Falcons that nested along the periphery
of the mountains and near roads and large set-
tlements had already been caught for the needs

37 http://www falcons.co.uk

38

http://osme.org

3 http://www.greengrants.org

4 http://www.cepf.net
4 http://www.altaiproject.org

2 http://www.facebook.com/brcc.kz


http://www.falcons.co.uk
http://osme.org
http://www.greengrants.org
http://www.cepf.net
http://www.altaiproject.org
http://www.facebook.com/brcc.kz

Raptor Research

Raptors Conservation 2022, 45 79

BbIx paboTax 2010 r., ampektopa ObLLecTBeHHOro hoH-
Aa «LleHTp nsydeHns n coxpaHeHns 61MopasHooOpasnsh»
(BRCO)*? HypaaHa OHrapbaeBa 3a opraHu3aLmio IKcre-
AMumMK B KasaxcraHe M BCECTOPOHHIOID MOPaAbHYIO MOA-
AEPXKKY, YYaCTHUKOB MoAeBbIX paboT: Hypyma Caraane-
Ba, Aay Aan boxpa, Kopanana bapTowyk n AaekcaHapa
Muaexmnka, a Takxke Boanteas baybip)karna YTebaesa 3a
BOXKAEHME B CAOXHbIX YCAOBMAX. OTAeAbHas OAaroaap-
HocTb TaTbsiHe YeaHakoBoi 1 AxxenHndpep KactHep 3a
NepeBOA TEKCTa CTaTbM Ha aHFAMIACKMIA M €ro peAakumio.
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of Arabian falconry. Such a large-scale decline in Saker Fal-
con abundance is typical for the entire Tien Shan and is
“a consequence of the mass destruction of the population,
which is still ongoing, although not on such a scale and not
at the same speed as 10-15 years ago” (Kovshar, 2019).
The situation with Saker Falcons was aggravated by a pro-
tracted depression in the number of rodents, lasting in Kara-
tau from 2017-2018 to 2022, which is likely to drag on for
several more years and lead to an even greater reduction in
the population of falcons.

Further annual monitoring of the state of the last active
nesting sites of Saker Falcon in Karatau and adjacent territo-
ries is required. It is already obvious that the Saker Falcon in
the region is on the verge of extinction. Without active re-
plenishment of its population, with the continuing pressure
of poaching, the Saker Falcon can no longer be saved. As
the Russian practice of attracting Saker Falcons for breed-
ing in artificial nests (see Karyakin et al., 2022b) shows, this
falcon, due to its plasticity and high productivity with suf-
ficient food, can quickly restore the population even against
the background of excessive pressure. Therefore, in order
to save the Saker Falcon in Karatau and adjacent territo-
ries, a program known as hacking needs be developed for
releasing falcons bred in the nursery using the “hacking”
method, associated through the creation of a system of ar-
tificial nests imitating “hakes” through which falcons are re-
leased into nature. As long as isolated populations of Yellow
Ground Squirrel and gerbil remain around Karatau, this can
be used to form a reserve of free individuals that will con-
tribute to the restoration of SF population in Karatau when
the growth of the number of rodents begins there.

The level of decline in Saker Falcon abundance shows
that the current measures to prevent poaching are not
enough. State structures need to immediately strengthen
security measures before the largest falcon in Kazakhstan
will disappear completely.
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