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Peslome

B craTtbe npeAnpuHsATa MomnbiTKa ONMMCaHUs MPOCTPAHCTBEHHDLIX HUL (T.€., OAHOM M3 COCTABASIIOIMX SKOAOTMYECKMX
HU) HaMBOAEEe XapaKTEPHDLIX AAS POCCUICKOM YacTV MPEAropuii AATasi BUAOB MEPHATLIX XUIWHUKOB. [py aHaanse
GbIAM MCMOAL3OBAHDLI 3 MapaMeTpa AAHAWATHOM MPUYPOYEHHOCTM THE3AOBLIX YHACTKOB: YCTOTA PACYAEHEHUs pe-
Abedha, AeCUCTOCTb TEPPUTOPUM U MAOTHOCTL CEALCKOTO HACEAEHMS, a TaKk)Ke 2 napameTpa NpOCTPaHCTBEHHOTO pas-
MeLIEHMsT THE3A: AUCTAHLIMM MEXKAY OAVIKAMILIMMM COCEASIMU U BLICOTA PACTIOAOXKEHUSI THE3A Ha cyOcTpare. AHaAu3
MoKa3aA, YToO MPOCTPAHCTBEHHbIE HMWK Y€pHOro kopuyHa (Milvus migrans) n kaHioka (Buteo buteo) B npeAropbsix
AATas1 B 3HAUMTEALHOM CTEMNEHW NMepeKpPLIBAIOTCS U CYLECTBEHHO OTAMYAIOTCs OT HMW MOTMAbHUKA (Aquila heliaca)
1 6epkyTta (Aquila chrysaetos), KOTOpbIE, B CBOIO OYEPEAD, TAKXKE CMALHO MEPEKPLIBAIOTCS MeXAy cobor. Huwa
crenHoro opAa (Aquila nipalensis) Avilb HaCTMMHO MEPEKPLIBAETCS C HULAMM KOPILYHA U KAHIOKA U B 3HAYUTEALHOMN
cTenenu — ¢ Huwe comamHa (Bubo bubo), koTopast CylecTBEHHO NePeKpPLIBAETCs TAKXKE U C HUILAMM MOTUABHUKA U
6epkyTa. MakCMMaALHO PasAMYHDLI MEXKAY COBOM MPOCTPAHCTBEHHDBIE HUWM KOPWYHA U GepkyTa.

KaroyeBLIe cAOBa: S5KOAOTMYECKAs! HULLA, MPOCTPAHCTBEHHAS HULIA, MEPHATLIE XMIIHUKM, COKOAOOOPasHbie (Falco-
niformes), coBoobpasHble (Strigiformes), npeaAropbsi AAtasl.

Moctynnaa B peaakumro: 12.12.2012 r. Mpuaata K ny6ankaumn: 30.12.2012 1.

Abstract

The paper attempts to describe the spatial niches (i.e. one of the components of ecological niches) for the most
characteristic raptor species in the Russian part of the Altai foothills. The impact of 3 parameters of landscape on
the distribution of raptor breeding territories was analyzed: a degree of ruggedness and afforestation of the land,
as well as the density of rural population. Also 2 parameters of spatial distribution of nests were assessed: the
nearest neighbor distance and the height of nest location on the substrate. The analysis has shown that the spatial
niches of the Black Kite (Milvus migrans) and the Buzzard (Buteo buteo) in the Altai foothills overlap largely and
differ significantly from niches of the Imperial Eagle (Aquila heliaca) and the Golden Eagle (Aquila chrysaetos),
which, by-turn, strongly overlap too. Niches of the Steppe Eagle (Aquila nipalensis) seems to overlap only partially
with the Kite and Buzzard niches and to a large extent with niches of the Eagle Owl (Bubo bubo), which signifi-
cantly overlaps also with the Imperial and Golden Eagles niches. The maximum difference in spatial niches was
recorded for the Black Kite and Golden Eagle.

Keywords: ecological niche, spatial niche, raptors, birds of prey, Falconiformes, Strigiformes, foothills of the Altai
mountains.
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BBeaeHne

VI3BECTHO, YTO B MpPEAEAaX KAKAOTO GMo-
TOMa MOYKHO OMMUCATL MO3ULMIO BUAA B MPO-
CTpaHCTBe, BpeMeHM U (pYyHKUMOHAAbLHLIE
CBSI3M C TMPUPOAHLIM COOBIIECTBOM, 3aHU-
Marowmm 3ToT 6uoTon. IT1a No3uLMsl BUAA B
CcoobIEeCTBE B 3aBUCUMOCTM OT APYTUX BUAOB
SIBASIETCSI €70 SKOAOTMYECKOM Huwen (Yutre-
kep, 1980). Ars BMAA pemarommm npenmy-
LLIECTBOM SIBASIETCS] BLICOKAsl CTEMEHDb 3alMTDI
OT KOHKYPEHLMM C APYrMMMU BuAaMU. Buabi
MOTYT COCYIIECTBOBATL B AAHHOM reorpagou-
YECKOM paiioHe, €CAM OHU OBUTAIOT B pas-
HbIX YCAOBUSIX CPEADLI, KaK YA€HDLI PAa3HbLIX
coobuectB. Takme pasAmMuMst SIBASIIOTCS Pas-
AVMUMSIMU MecToOOuTaHmil. Ho BuAbl MoryT
COCyLIeCTBOBaTb UM B MPEAEAaX OAHOro Co-
oBWeCTBa, €CAY OHU PACXOASTCS MO UCTOAD-
30BaHMIO MUILEBLIX U UHBLIX PECYPCOB.

PasHooOpasme HUI CPEAV BMAOB BO3PAC-
TaeT B MPOLIECCE SBOAIOLMM OAaroaapst He-

Introduction

Authors attempt to describe the spatial
niches (i.e. one of the components of eco-
logical niches) for the most characteristic
raptor species in the Russian part of the Al-
tai foothills with use of mathematic and sta-
tistic methods as well as GIS-technologies.

Methods

Studies of raptors were conducted in the
northern and north-western foothills of the
Altai mountains and Predaltaiskaya Plain
from 2004 to 2011 (mostly from 2009 to
2011). Coordinates of all the discovered
nests were fixed with use of the GPS-nav-
igators Garmin Etrex and input into the da-
tabase of ArcView GIS 3.2a ESRI.

A total of 307 breeding territories of rap-
tors were found. In addition, surveys were
carried out in 173 breeding territories, dis-
covered by field teams of the Center of Field
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INapa 4€pHbIX KOpIYyHOB

(Milvus migrans) y
CBO€Ero rHe3aa (caeBa)
M MTEHLbI B THE3A€
(cripaBa).

@doro C. Baxkosa.

Pair of the Black Kites
(Milvus migrans) near
its nest (left) and nest-

lings in the nest (right).

Photos by S. Vazhov.

BLIFOAHOCTM OTOOPA B HAMPABAEHUM TMPSIMOM
KOHKYPEHLIMM BMAOB MO CPABHEHMIO C Mpe-
MMmylecTBaMu otbopa B CTOpPOHy audpche-
peHumauum Huw. [IpeumyectBamm Andp-
bepeHUMaLMM  HUILI  SIBASIIOTCST  HAAEKHOE
obecrieyeHre pecypcamm pasHoOro TUMA,
KaK YCAOBUE TMOAAEPIKaHUsT Pa3HbLIX BUAOB,
M OTHOCUTEAbHAsST HE3aBUCMMOCTL OT KOHKY-
PEHLIMM 3a 3TU PeCcypcChbl C APYTUMU BUAAMMU
(Yutrekep, 1980; Oaym, 1975).

CAOXKHOCTbL OMUCAHUST SKOAOTUYECKMX HUIL
MTUL U BLISIBAEHUST PA3AMUMI MEXKAY HMILIAMU
Pa3HLIX MX BMAOB CBsI3aHa C TE€M, YTO OHM,
KaK TUMUYHLIE NMEePMEAaHTDLI, CBOéOAHO nepe-
ABUTAIOTCSl MEXKAY SIPyCamy U MOACMCTEMA-
MU, KOTOpble OB6LIMHO 06PasyloT MO3auKy B
BGOALLIMHCTBE AAHAWATOB. B AaHHOI cTaThe
HaMM MPEANPUHSITA MOMbITKA OMMCaHMsI MPo-
CTPAHCTBEHHLIX HMIL (T.€., OAHOWM W3 BaXK-
HEMIIMX COCTABASIIOLIMX SKOAOTMYECKMX HULL)
HaMBOAEE XapaKTEPHDIX AASI POCCUMIICKOM Ya-
CTU MPEAropuin AATasl BUAOB MEPHATLIX XML~
HUKOB C MCMOAb3OBAHMEM MaTEMATUHYECKUX

Studies and Siberian Environmental Center
from 2001 to 2008.

Statistical data processing was performed
with use of the Statistica 6.0 program. Data
obtained were tested for normality with use
of Shapiro-Wilk and Kolmogorov-Smirnov
tests. The basic results have been already
published, and the paper presents only the
analysis of spatial niches of raptors.

To reveal differences between niches
of six species (Black Kite Milvus migrans,
Buzzard Buteo buteo, Steppe Eagle Aquila
nipalensis, Imperial Eagle Aquila heliaca,
Golden Eagle Aquila chrysaetos and Eagle
Owl Bubo bubo), which are the most typical
raptors for the territory under consideration,
and for which rather representative data
were collected, we performed the discri-
minant analysis. We used 3 parameters of
landscape concerning the distribution of
raptor breeding territories in the analysis: a
degree of ruggedness and afforestation of
the territory, as well as the density of ru-

THE3A0 OBLIKHOBEHHOIO
KaHloka (Buteo buteo)
CO CAETKOM (CreBa)

M MTeHLbl B rHE3AE
(cripasa).

doro C. Bakosa.

Fledgling of the Com-
mon Buzzard (Buteo
buteo) in the nest —
left, and nestlings in the
nest — right.

Photos by S. Vazhov.
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CaMKu CTEMHOro opAa
(Aquila nipalensis) Ha
rHé3aax C rnreHuamm.
doro C. Bakosa.

Females Steppe Eagle
(Aquila nipalensis) in

the nests with nestlings.

Photos by S. Vazhov.

METOAOB N KOMIIA€KCA COBPEMEHHLIX MpU-
KAQAHDLIX I'EOVIHCbOpMaLlI/IOHHle n Ctratuctmn-
YECKMX nporpaMmm.

Martepuan  MeTOAMKA

PaBoTbl MO M3YYEHMIO AHEBHDBIX XMIHLIX
MTUL U COB MPOBOAVAMCH B CEBEPHbLIX U CEeBe-
PO-3arnaAHbIX NpPeAropbsix AAtas, Ha [Npeaan-
TaCKOM PaBHMHE 1 B TOM YaCTu AYyroBO-CTert-
HbIX UM A€COCTEMNHbLIX HWU3KOropui, KoTopasl
HEMNOCPEACTBEHHO IPaHUYUT C MPEATOPLSIMU.
C Hos16pst 2004 r. no anpeAb 2009 r. nposo-
AVAUCL HAOAIOAEHMsI Ha MEWMX MApLIPyTax,
o6wasl NPOTSHKEHHOCTL KOTOPLIX COCTABMAA
okoAo 1560 km. B 2009-2011 rr. B nepuoA c
sIHBapPsi—-MapTa Mo CeHTI6pL—Aekabpb Ha yKa-
3aHHOW TEPPUTOPUM TMPOBOAUAUCL CreLM-
AAbHDLIE YTAYOAEHHDBIE MCCAEAOBAHMSI SKOAO-
MU U PaCrpPOCTPAHEHMsl AHEBHDLIX XUILHMKOB
M COB C WUCMOAL3OBAHMEM AaBTOTpAHCMOpPTA.
B mecrax, HEAOCTYMHbLIX AAsI aBTOTPAHCOP-
Ta, HABAIOAEHMST BEAM HA MEWMNX MAPLIPYTaXx.
O6wasi  MPOTSHKEHHOCTL ~ ABTOMOBMALHLIX
MapuwpyToB coctaBuaa 6oaee 15290 km, u3
HUX OKOAO 2100 KM — COBMECTHO C 3KCIEAU-
LMOHHLIMM Tpyrnnamu LleHTpa noAeBbiX mc-
caeaoBaHmii M CubskoueHTpa. Obwasi npo-
TSOKEHHOCTb MEeWMX MapLpPyTOB MPEBbICUMAA
1700 km.

Bce mecta o6Hapy>KeHMsl MTULL U UX THE3A
MPVBA3LIBAAUCH K CUCTEME KOOPAMHAT C MO-
MOLLIO MEPCOHAALHBIX CMYTHUKOBLIX Ha-
Buratopoe Garmin Etrex, kaptupoBaauch u
BHOCMAMCDH B 6a3y AaHHbIX ArcView GIS 3.2a
ESRI.

Bcero B xoAe MccaeAoBaHM BLIAO OBHapY-
>keHO 6oaee 307 rHE3AOBLIX YYACTKOB AHEB-
HDLIX XMIUHBIX [TUL M COB, HA GOABLIMHCTBE M3
KOTOPLIX HalAeHbl THE3AOBbLIE TMOCTPOWKM.
Kpome TOro, mpoBeAeHbl HAOAIOAEHMS ewé

ral population. Also 2 parameters of spa-
tial distribution of nests were assessed: the
nearest neighbor distance and the height of
nest location on the substrate.

A degree of ruggedness of the territory
(km), density of rural population (ind./km2)
and a degree of afforestation of the territory
(%) witin breeding grounds of raptors were
estimated in accordance to the relevant
maps of the Atlas of the Altai Kray (1978,
1980). Inter-nest distances were estimated
within GIS-software to within 10 m; the
height of nest location on a substrate was
measured with a rope with a known length.

Results

The results of discriminant analysis are
presented in the tables 1 and 2 and on the
figure 1. The analysis has shown the discri-
minant function in general categorizing cor-
rectly about 82.19% of cases (table 3). Thus,
we may conclude that accuracy of separa-
tion is rather high and this linear discrimi-
nant function is efficient enough.

Scatterplot of the canonical values (fig.
1) represents the position of the classes in
a multidimensional space (in this case it is
the bird species) and can be interpreted as a
projection of spatial niches in a multidimen-
sional space.

The scatterplot has shown that “clouds”
of points, belonging to the Black Kite and
the Buzzard, overlap significantly, as well
“clouds” of point belonging to the Imperial
and Golden Eagles. This allows to suggest
that the spatial niches, being evaluated with
five parameters, strongly overlap with these
pairs of species. The niche overlapping
shows similarity between the habitat prefer-
ences of these species. Meanwhile the spa-
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THe3A0 MOrMAbHMKA

(Aquila heliaca) — caeBa

M MTEHLbI B THE3AE —
crpasa.
@doro C. Baxxosa.

Imperial Eagle (Aquila
heliaca) nest (left) and
nestlings in the nest
(right).

Photos by S. Vazhov.

IHé3aa ¢puamHa (Bubo
bubo) ¢ nteHUamm.
doro C. Baxxosa.

Eagle Owl (Bubo bubo)
nests with nestlings.
Photos by S. Vazhov.

Ha 173 rHe3AOBbIX yyacTKax KPYMHLIX Mep-
HaTbIX XMUHUKOB, BbLISIBAEHHDLIX SKCIEAULIN-
OHHbLIMM rpynnamu LleHTpa noAeBbIX nccae-
AoBaHuii U CubakoueHTpa B nepuoa ¢ 2001
no 2008 rr. (KapsikvH u Ap., 2005; KapsikuH
n Ap., 2009, 2010a, 20106; CMmeAsiHCKUM U
Ap., 2005).

Cratucrnyeckasi o6paborka AaHHLIX OCy-
lwecTeAeHa B nporpamme  Statistica 6.0.
[NapameTpbl MOABEpPraAuChL MpPOBEpPKE Ha
HOPMAaALHOCTL PAaCMpPEAEA€HUs C MOMOLILIO
Kkputepues llanvpo-Yuaka n Koamoropo-
Ba-CMypHoOBa. AOCTOBEPHOCTb  PasANYMi
CPEAHMX aHaAM3MpPOBaAaCh C MOMOLILIO
napametrpuyeckoro t-kputepusi CrbloAeH-
Ta WAM HernapameTpuyecKoro PaHroBo-
ro X-kpurepusi BaH-aep-BapaeHa (Aaxuh,
1990), B HEKOTOPLIX CAyYasiX MPOBOAUACS
OAHOMAKTOPHLIA AVCMEPCUOHHLI  aHaAU3
(ANOVA). OcHOBHblE pe3yAbTaThl MCCAEAO-
BaHMII HaMM y>ke onybOAMKoBaHbl (baxTiH
u Ap., 2010; baxtuH, Baxos, 2010; Ba-
»koB, 2008, 2009a, 20096, 2010a, 20106,
20108, 2012; BaxoB, baxtuH, 2010a,

P

tial niches occupied by Kites and Buzzards
are quite different from niches occupied by
the Imperial and Golden Eagles because
“clouds” of points were located separately
within the scatterplot. Spatial niche of the
Steppe Eagle only partially overlaps with
the niches of the Black Kite and Buzzard
and substantially with the niche of the Eagle
Owl, which, at the same time, significantly
overlaps also with niches of the Imperial and
Golden Eagles. The maximum difference in
the spatial niches was noted for the Black
Kite and Golden Eagle, since the “clouds” of
points belonging these species are located
far apart on the plot.

The analysis performed allows us to
choose the parameters of those included in
the model that make the most significant
contribution to the discrimination of niches
of the species under consideration. Accord-
ing to F-test a degree of ruggedness of the
territory is the most significant parameter.
Also the nearest neighbor distance and the
height of nest location on a substrate are
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THe3a0 6epkyta (Aquila
chrysaetos) — caeBa u
nTeHLUbl B HEM — cripasa.
doro C. Bakosa.

Golden Eagle (Aquila
chrysaetos) nest (left)
and nestlings in this
nest (right).

Photos by S. Vazhov.

20106, 20108; Baxos u ap., 2009, 2010a,
20106), B AAHHOW CTaTbe Mbl KACAEMCsI TOADL-
KO aHaAM3a MPOCTPAHCTBEHHLIX HUII Hanbo-

Aee XapaKTePHDLIX BUAOB XMIUHDLIX MTULL.

C UeAbIO BLISIBAEHMST Pa3AMUMIA HULL LECTU
(4épHbii KopwyH Milvus migrans, o6bIKHO-
BEHHLIA KaHIOK Buteo buteo, crenHol opéa
Aquila nipalensis, moruabHuK Aquila he-
liaca, 6epkyt Aquila chrysaetos v cvAnH
Bubo bubo) HanboAee XapakTepPHLIX AAsl U3-
y4yaemMol TEPPUTOPUM BUAOB XMIUHBLIX MTULL,
Mo KOTOPLIM COBPAH OTHOCMTEALHO Perpe-
3€HTATMBHLIA Marepuar, Hamu MNPOBEAEH
AVCKPUMMHAHTHLIM aHaam3. Kak wm3sBecTHo,
3TOT Pa3A€A MHOFOMEPHOTIO CTaTUCTUHECKOTO
aHaAM3a SIBASIETCSl aALTEPHATMBOM MHOXKe-
CTBEHHOIO PErpPeCcCMOHHOrO aHaAu3a U B pe-
WEeHUM 3aAad KAacCUMKaUMM MpakTMyecku
He 3aMeHUM Apyrmmun metoaamm (Hacaeaos,
2004; XaradpsiH, 2007). NMpu aHaanse GbiAm
UCMOAL30BaHbl 3 MapameTpa AaHAwadpTHOM
MPUYPOYEHHOCTU THE3AOBLIX YYacCTKOB: Y-
cToTa pacyAeHeHusl peabeda, AeCUMCTOCTbL
TEPPUTOPUM U NAOTHOCTL CEALCKOTO HaceAe-
HUSl, a TaloKke 2 napameTpa MpOCTPaHCTBEH-
HOrO pasmelleHusl THE3A: AUCTAHLIMM MEXKAY
OAVDKAMWIMMM COCEASIMM U BLICOTA PACTIOAO-
JKEHMsI THE3A Ha cyBcTpare.

[ycroty pacuaeHeHust peabedda (KM), MAOT-
HOCTb CEALCKOrO HaceAeHMst (4eA./Km?) u
Aecuctocth Tepputopum (%) B Mectax rHes-
AOBAaHMs1 MTULL ONTPEAEASIAU MO COOTBETCTBYIO-
wmm Kaptam Ataaca Aataiickoro kpast (1978,
1980). AucTraHUMM MEXKAY FHE3AaMM U3MeEPsI-
Auch B cpeae TMC ¢ TouHocTbio A0 10 M, Bbl-
COTa PACMOAOXKEHUsI HA cybcTpare — BepéB-
KOWM C U3BECTHOM AAMHOM AMGO, C U3BECTHOM
AOAEN MPUBAUBUTEALHOCTM, — HA TAA3.

B moayae Discriminant Analisis nakera
Statistica, BLIOpaHHOM HaMM AASI POBEAEHMSI

recognized as the most reliable parameters
(table 1).

One-way ANOVA has shown that means
of nearest neighbor distances for 9 raptor
species (in addition to six species included
in the model, there are the Saker Falcon
Falco cherrug, Peregrine Falcon Falco pere-
grinus and Ural Owl Strix uralensis) differed
statistically significant (fig. 2). The descrip-
tive statistics is presented in the table 4. The
shortest distances are recorded for the Black
Kite the longest — for the Golden Eagle.

Descriptive statistics for the heights of
nest location on a substrate for five raptor
species (Black Kite, Buzzard and Imperial
Eagle prefer to nest on trees, Steppe Eagle —
generally on rocks, Golden Eagle is record-
ed to nest on both substrates) is presented
in the table 5.

One-way ANOVA has shown the means
differed statistically significant (fig. 3). Gen-
erally the Steppe Eagle places its nest at the
smallest height, while the nest locations of
the Black Kite are the highest.

We tried to analyze the spatial niches of
13 species, 7 of which (Goshawk Accipi-
ter gentilis, Sparrowhawk Accipiter nisus,
Saker, Peregrine, Kestrel Falco tinnunculus,
Long-Eared Owl Asio otus and Ural Owl)
were not included in the discriminant analy-
sis due to insufficient data on the nearest
neighbor distances and heights on nest lo-
cation, on the three landscape parameters
mentioned above. Differences between
species in accordance to each of three pa-
rameters are presented in figures 4-6.

Conclusion
In conclusion, it should be noted that
groups of species with intense interspe-
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U3yueHne nepHaTbiX XMUILHUKOB

Ta6A. 1. Pe3yAbTaTbl AMCKPUMMHAHTHOTO AHAAM3A AASI MTAPAMETPOB, BKAIOUEHHDIX B MOAEAD.

Table 1. Results of the Discriminant analysis for the parameters included in the model.

A Yuakca A yactriHas F-uckarou.

p-ypoBeHb ToAepaHTHOCTL 1-TOAEp.

Napamerp Parameter Wilks’ A Partial A F-remove p-level Tolerance 1-Tolerance
[ycrota pacyaeHeHus peabeda, Km

Ruggedness of the land, km 0.0669 0.5959 28.3458 0.000000 0.8883 0.1117
[TAOTHOCTL HAaCeAeHMs, YeA./Km?

Population density, pers./km? 0.0502 0.7944 10.8208 0.000000 0.9250 0.0750
Aecucroctb Tepputopum, %

Afforestation of the land, % 0.0498 0.8007 10.4045 0.000000 0.9765 0.0235
BbicoTa pacrioroskeHus rHe3Aa Ha

cybcrpare, m

Height of the nest location, m 0.0541 0.7372 14.8988 0.000000 0.7886 0.2114
AViCTaHUMSI MEXKAY BAVDKAMIIMY

AKTUBHLIMU THE3AAMU, M

Nearest neighbor distance, m 0.0622 0.6407 23.4426 0.000000 0.8152 0.1848

aHaAM3a, UMEETCsl LIMPOKUI BLIBOP CPEACTB,
obecrnedmBalonX MPOBEAEHNE AUCKPUMMU-
HAHTHOTO aHAAM3a AAHHLIX, BU3yaAM3aummu u
MHTeprpeTaunm pesyAstatoB. CrMCok napa-
METPOB, BKAIOYEHHDIX B AHAAU3, MPEACTABAEH
B Tabamue 1. KoanyecrBo HaBAOA€HUI MO
KOKAOMY BMAY — CYMMApPHO€ YMCAO aKTMB-
HDLIX FHE3A, 3aPErMCTPUPOBAHHLIX 3 MEPUOA
NCCACAOBAHUM.

PesyAbTarTni

Pe3yAbTaTbl  AMCKPMMMHAHTHOTO —aHaAM3a
NMpeACTaBA€HbI B TabAMLax 1 v 2 1 Ha pUCyH-
ke 1. AHaAM3 MoKasaa, YTo AMCKPUMMMHAHT-
Hasi (hpyHKUMSI B LIEAOM KOPPEKTHO KAACCU-
uumpyet okoro 82,19% caydaes (Taba. 3),

cific competition and a pronounced ter-
ritorial behavior, which include almost all
the raptor species under consideration, the
distribution of breeding territories theo-
retically should satisfy the hypothesis of
nonoverlapping niches. Virtually many
populations, especially those belonging to
the same trophic level, have the structure
of niches showing their overlap, and the
nature of the competition they have is dif-
ferent from clear competitive exclusion.
Many animals often coexist in an indirect,
rather than a direct competition, and their
adaptation promote niche differentiation
without competitive exclusion from the
habitat.

Taba. 2. KoshchmLmeHTbl KAACCUGOULIMPYIOLIEN AUCKPUMUHAHTHOM (DYHKLIMY AAST AHAAMBUPYEMDIX MAPAMETPOB.

Table 2. Factors of the categorizing discriminant function for the analyzed parameters.

Bua / Species
Milvus Buteo Aquila Aquila Aquila

Mapamerp migrans buteo nipalensis heliaca chrysaetos Bubo bubo
Parameter p=,50685 p=,03653 p=,09589 p=,22831 p=,07306 p=,05936
[ycrora pacuareHeHus1 peAbea, Km
Ruggedness of the land, km 18.1907 14.2936 9.8969 4.1596 4.6794 7.1382
[TAOTHOCTL HaceAeHMsl, YeA./ Km?
Population density, pers./km? 1.8103 1.8262 0.9173 0.8092 0.7186 0.8081
Aecucroctb Tepputopum, %
Afforestation of the land, % 0.3800 0.3634 0.0819 0.1963 0.1414 0.1589
Bbicota pacnoAoykeHusl rHesaa Ha
cyberparte, m
Height of the nest location, m 0.7197 0.3318 0.4080 0.1503 0.0552 -0.1464
AUCTaHLMSI MEXKAY BAVDKANWMMM
AKTUBHLIMM THE3AAMM, M
Nearest neighbor distance, m 0.0001 0.0008 0.0003 0.0018 0.0027 0.0015
KoHcranra / Constant -48.9913 -40.3012 -15.4020 -12.0557 -17.8127 -12.8630




Raptor Research

Raptors Conservation 2012, 25 121

Root 2

Root 1 vs. Root 2

- Buteo buteo
Aquila nipalensis
|~ Aquila heliaca
| - & Aquila chrysaetos
B Bubo bubo

=0~ Milvus migrans
| -0
&

Puc. 1. Anarpamma paccesiHvsi KAHOHUYECKUX 3HAYEHUIA.

Fig. 1. Scatterplot of the canonical values.

MOSTOMY MOJKHO 3aKAKOUYMTDL, YTO KAYECTBO
PACro3HaBaHMsl AOCTATOYHO BLICOKOE M MO-
CTPOEHHAsl  AVIHEMHAsl  AUCKPVMMMHAHTHAsI
hbyHKUMSI AOCTaTOHHO 3hcheKkTBHA.

CBsI3M MEXKAY HMWAMM BUMAOB B coobuie-
CTBE MOXKHO OMUCaTb KaKk N-MEPHOE Mpo-
CTPAHCTBO HUIIM, B KOTOPOM KaJKADIA U3 BU-
AOB VIMEET CBOIO COOCTBEHHYIO MO3MLIMIO C
LIEHTPOM, MOAOXKEHNE KOTOPOrO OTAMYAETCSI
OT MOAOXKEHMSI LEHTPOB HUII APYTMX BUAOB.
AVCKPUMMHAHTHBIE MEPEMEHHbLIE, KOAMYE-
CTBO KOTOPbIX PABHO N, MOYKHO MPEACTABUTD
cebe KaKk OPTOroHaAbHLIE OCU N-MEPHOrO
€BKAMAOBA MPOCTPAaHCTBA. Toraa KaKAbIVA
06LEKT OYAET SIBASITLCSI TOYKOWM B 3TOM MPO-
CTPAHCTBE, MOAOXKEHME KOTOPOIA 3aAAHO 3Ha-
YEHMSIMM  AUCKPUMMHAHTHBIX [E€PEMEHHDIX
A1 3TOTO O6bEKTA KaK €r0 KOOPAMHATAMM.

Avarpamma  paccesiinsi  KaHOHMYECKMX

3Ha4YeHui (puc. 1) npeacTaBAsieT MOAOXKEHNE
KAQCCOB (B AQHHOM CAy4Yae — BMAOB MTUL) B
MHOTOMEPHOM MPOCTPAHCTBE U MOXKET ObITh
MHTEPMNPETUPOBAHA KAK OTOBpPasKEHUE MPO-
CTPAHCTBEHHLIX HMII BMAOB B MHOITOMEPDHOM
MPOCTPAaHCTBE.

Ha aAmarpamme BMAHO, 4TO MoaoBAacTy,
3aHMMaeMble B MHOTOMEPHOM MOAEAU 4ép-
HLIM KOPIYHOM U KaHIOKOM, B 3HAYMUTEALHOM
CTeNeHM NMePEKPLIBAIOTCS, Kak M MOAOBAACTH,
3aHMMAaEMbIE MOTMALHMKOM U 6epKyTOM. ITO
AAéT OCHOBAaHME rOBOPUTL O TOM, YTO MpPO-
CTPAHCTBEHHLIE HULINU, OLIeHEHHbIE HaMU MO
AT napamMmeTpam, CUALHO MNePEKPLIBAIOT-
Csl Y AaHHBLIX Map BMAOB. [lepekpbiTe 3Tmx
HULI TOBOPUT O CXOACTBE TPeBGOBaHMI STUX
BUAOB K MeCTOO6VlTaHVlﬂM U MOATBEPIKAAETCS
HAOAIOAAEMBIMM HaMM (DAKTaMM KaK FHE3AO-
BaHMs KopuyHa B l'lOCTpOl7ll(aX KaHIOKa, TaK
N THE3AOBAHUSI MOIUMAbHUKA B noc1'p017n<e
6epKyTa 1 HaobopoT. B cBOIO oYepeanb, Mpo-
CTPAHCTBEHHLIE HULLU, 3aHMMAEMbLIE KOPIIY-
HOM M KAHIOKOM, CYLIECTBEHHO OTAMYAIOTCS
OT HUll, 3aHMMAE€MbIX MOTMALHUKOM U 6ep1(y-
TOM, MOCKOALKY 3aHMMAIOT OTA@AbLHLIE MOAO-
6AACTM MHOTOMEPHOTO MpocTpaHcTBa. [Mpo-
CTPAHCTBEHHASI HMIIA CTEMHOIO OpPAA AMLUD
YaCTMYHO NEPEKPLIBAETCA C HULIAMU KOPIIY-
Ha M KaHIOKA, U B 3HAYUTEALHOM CTEMEHU — C
HUWeN hUAMHA, KOTOpasl, B CBOIO OYEpPEAD,
CYLIECTBEHHO MepPeKPLIBAETCS TaKKe U C
MPOCTPAHCTBEHHLIMU  HULIAMU  MOTUALHMKA
n 6epkyta. CXOACTBO HMII (ODUAMHA M Op-
AOB TOATBEPKAAETCSl YACTO HABAIOAAEMDBIMU
dpaxTamm BAM3KOrO COCEACTBA MX FHE3AOBLIX
Y4acTKoB. MaKCMMAaALHO PasAMYalOTCsl MEX-
Ay o060l MPOCTPAHCTBEHHLIE HMIM KOPLIY-
Ha 1 6epKyTa, TaK Kak 3aHMMAIOT YAAAEHHbLIE
APYT OT Apyra MoAOOAACTM MHOrOMEPHOro
MPOCTPAHCTBA.

[TpoBeA€HHLI HaMM aHaAU3 AAET BO3MOXK-
HOCTL BLISIBUTL, MO KAKUM Mapamerpam us

Ta6a. 3. OueHKa KayecTBa KAaccupmKaLmm (MeTpmka EBkAMA) no yacrore omwmbo4HONM AUCKPUMUHALINM.

Table 3. Assessment of quality of classification (Euclidean metric) on the frequency of incorrect discrimination.

% KOpPpPEKTHOW

ANCKPMMMHALMN Milvus Buteo Aquila Agquila Aquila

Correct migrans buteo nipalensis heliaca chrysaetos Bubo bubo
Bua / Species discrimination, %  p=,50685 p=,03653 p=,09589 p=,22831 p=,07306 p=,05936
Milvus migrans 95.5 106 0 3 2 0 0
Buteo buteo 25 5 2 1 0 0 0
Aquila nipalensis 85.71 2 1 18 0 0 0
Aquila heliaca 82 0 0 0 41 9 0
Aquila chrysaetos 56.25 0 0 0 9 0
Bubo bubo 30.77 0 1 0o 7 1 4
Bcero / Total 82.19 113 4 22 57 19 4
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CpenHve ¢ 95% noBepuTeNbHLIM MHTepBanoM / Mean with 95% confidence intervals

11000

3HauumocTb / Significance ANOVA: F(8, 269)=49,875, p=0,0000
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Bup / Species

Bubo bubo
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Puc. 2. Pe3yAbTaTbi OAHOYAKTOPHOTO AUCTTEPCUOHHOTO aHAAM3A AVICTAHLIMIA MEXKAY
BAVDKAVILIVIMUM COCEAHMMM AKTUBHDIMM THE3AAMM B 3aBUCMMOCTY OT BUAQ.

Fig. 2. Results of one-way ANOVA for distances between the nearest active nests.

Ta6a. 4. AvctaHumy MexAy GAVKAVILIMM COCEAHMMM AKTUBHBIMM THE3AAMM, M.

Table 4. The distances between the nearest active nests, m.

Meanana
Bua / Species n M Median Min Max SD As Ex
Buteo buteo 8 2064 1980 440 4900 1402 1.12 1.80
Aquila nipalensis 49 2474 2140 550 10770 1747 2.82 10.66
Aquila heliaca 50 5558 5245 1980 11970 2565 0.70 -0.21
Aquila chrysaetos 16 8226 8010 2820 15490 4064 0.32 -1.13
Falco cherrug 11 7169 5800 4140 12360 2680 0.72 -0.66
Falco peregrinus 5 4914 2810 2000 8850 3579 0.58 -3.29
Bubo bubo 13 3471 3020 1350 7350 1776 1.00 0.66
Milvus migrans 111 810 610 72 4920 790 2.53 9.13
Strix uralensis 15 2684 1460 870 8190 2270 1.28 0.80

CpepHue ¢ 95% AoBepUTENbHLIM MHTEpPBaNoM / Mean with 95% confidence intervals

3HauMMocTb / Significance

ANOVA: F(4, 275)=6,8687, p=,00003

TN o0

w A~ OO O N o © O

BbicoTa pacnonoxeHnus rHesga, M / The height of the nest, m

Aguila heliaca

Agquila chrysaetos

Agquila nipalensis

Bwua / Species

Buteo buteo

Milvus migrans

Puc. 3. Pe3yAbtatbl OAHOChAKTOPHOIO AUCIIEPCMOHHOIO aHAAM3a BLICOTbI PACITOAO-
JKEHMST THE3A Ha cybcTpare.

Fig. 3. Results of one-way ANOVA for the heights of the raptor nest location on

the substrate.

MSITV, BKAKOYEHHLIX B MOAEADL, B HaMGOAbLIEN
creneHn AMdpepeHUMpPYIOTC HULIM  IeCTU
paccmaTpuBaembix BMAOB. Beayiee 3Haue-
HUE MPU pasAeAeHnn BUMAOB (o F-kputepuio
duwepa) nmeer Takon nNapamerp, Kak rycrora
pacuseHeHust peabedpa. K Hanboaee nHpop-
MaTUBHLIM MapameTpam AAsl AMcpchepeHuma-
LMK OTHOCSITCS! TAIOKE AVCTAHLIMM MEXKAY OAM-
JKarMMKM COCEAHMMM aKTUBHLIMM THE3AaAMM U
BLICOTA MX PACTIOAOXKEHMs Ha cybcrpare. Ae-
CUCTOCTb TEPPUTOPUN U MAOTHOCTL CEALCKOTO
HaCeA€HMs1, MO-BMAMMOMY, UIPAIOT MEHBLIYIO
POAL B AndpchepeHLmaLmMm npoCTpPaHCTBEH-
HBIX HMLI U3Yy4aEMBIX BUAOB (TAbA. 1).

OAHO(hAKTOPHLIN AMCIIEPCUOHHLIA aHaAU3
(ANOVA) rnokasaa, 4to CpeAHMEe 3Ha4veHusl
AVICTAQHLMI MeXXAY OAVDKAMLWMMM COCEAHMMM
AKTVBHLIMM THE3AAMM AEBSIT BMAOB XMILHLIX
nTu (KPOME LWEeCTW, BOLWEAWMX B MOAEAD,
ewé HarobaHa Falco cherrug, cancaHa Falco
peregrinus M AAMHHOXBOCTOWM HesICLITU Strix
uralensis) OTAMHAIOTCSI CTATUCTUYECKU AOCTO-
BepHO (puc. 2). OnmcareAbHasl cratmcrmka
npeacraBreHa B Tabaue 4. MuHMMaAbHble
AUCTaHLIMM, KaK Y CAEAOBAAO OXKMAATDb, Xapak-
TEPHDI AASI YEPHOTO KOPILYHA, MAKCMMAaAbHbIE
— AAsl BepkyTa. AOCTaTOuHO OAM3KM MEXKAY
CcoBOM AVCTAHLIMM MEXKAY THE3AAMM KAHIOKA,
CTEMHOTO OPAA U AAMHHOXBOCTOM HESICLITU.

OnucareabHas CTaTUCTUKA MO BLICOTE pac-
MOAOYKEHMSI THE3A MSITM BUAOB XMLIHLIX MTULL
Ha cybcTparte (AAsl KOPIIYHA, KaHIoKa M MO-
TMABHUKA — 3TO UICKAIOYUTEALHO A€PEBDLSI, AASI
CTEMHOro OpAa — B OCHOBHOM, CKaAbl, & AASI
6epKyTa — M TO, U APYrO€) MPEACTABAEHA B
Tabamue 5.

OAHOMAKTOPHLIA  AMCIIEPCUOHHLIA  aHa-
A3 TOKa3aA, YTO CPEAHME 3HAY€HUsl OTAU-
YaroTCsl CTaTUCTMHYECKU AOCTOBEPHO (puc. 3).
Hwuke Bcex, B cpeaHeM, ycTpanBaeT rHésaa
CTENHOM OPEéA, HanbOoAEee BLICOKO — YEPHDIV
KOPLYH.

[NpoctpaHcTBeHHble HMWM 13 BUAOB, 7 U3
KOTOpLIX (TeTepeBsaTHUK Accipiter gentilis,
nepeneasTHUK Accipiter nisus, 6arobaH,
caricaH, obbIKHOBEHHas1 nycreAbra Falco tin-
nunculus, ywacrasi coBa Asio otus M AAVH-
HOXBOCTasl HEsICLITb) HE BOWAU B AUCKPU-
MWHAHTHLIA aHaAM3 MO MPUYMHE OTCYTCTBUSI
PENnpe3eHTaTMBHONO Marepuasa Mo AUCTaH-
LMSIM MEXKAY OAMDKAMLIMMM COCEAHMMM aK-
TUBHBIMM THE3AAMU U BLICOTE PACTIOAOYKEHMSI
rHE3A Ha cybcTpare, Mbl MOMLITAAUCHL MPO-
aHaAM3UpPOBAaTh MO TPEM, YKa3aHHLIM BbIlE,
rnapameTpam AQHALA(THON MPUYPOYEHHO-
CTV THE3AO0BLIX YYaCTKOB.

Pasanumsi BUAOB MO KaXKAOMY M3 TPEX na-
PaMeTPOB MPEACTABAEHbI HAa PUCYHKax 4-0.
K mMecroobutaHusim ¢ HambOoAbLIEN TYCTOTOM
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THe3r0 mornabHMKa (Aquila heliaca) — BBepxy 1 nreHLb!
B rHe3ae — BHu3y. ®oro C. Baxkosa.

Imperial Eagle (Aquila heliaca) nest (upper) and nest-
lings in the nest (bottom). Photos by S. Vazhov.

pacyAeHeHus1 peAbepa NpPUypPoYEH Ha FHe3-
AOBaHUM caricaH. Bce n3BecTHble Ha usy4vae-
MOV TePPUTOPUM THE3AOBLIE YYaCTKM 3TOrO
BMAA HAXOASTCSl B MeCTax C OYE€HbL CUALHOW
CTeMNeHbIo pacyAe€HeHUsl peabedpa, rae cpea-
Hee PacCTosiHME MEXKAY COCEAHVMM TMOHMU-
>KeHusiMu peabecpa cocraBasier 0,4-0,6 km.
K HeCKOALKO MeHbLIel, HO CUALHOW CTerneHu
pacureHeHust peabedpa (0,4—1,0 km) 06bIYHO
TSIFOTEIOT MOTMABLHUK M OOLIKHOBEHHAsI My-
CTeAbra, OAHaKO MX AMMMTBI A€XKAT B 3HA4YM-
TeAbHO BoAee WMPOKMX MpeAerax (puc. 4).
K mecrtam ¢ HaMmeHbLel CTerneHblo pacyAe-
HEHMsT peAbecha MPUYpPOYEHO GOABLIIMHCTBO
M3BECTHLIX Ha U3y4aemo TepPUTOPUM THe3-

Ta6Aa. 5. Bbicota pacroAOKeHus1 THE3A XUIIHUKOB Ha cy6cTpare, M.

Table 5. The height of the raptor nest locatrion on the substrate, m.

Bua Meanana

Species n M Median Min Max SD As Ex
Aquila heliaca 76 114 10 5 22 43 083 -0.10
Aquila chrysaetos 31 10.1 8 2 30 69 1.31 1.24
Aquila nipalensis 21 7.2 3 (0] 30 9.2 139 0.73
Buteo buteo 14 11.0 10 4 19 55 025 -1.75
Milvus migrans 138 13.3 13 4 30 53 039 -041

IHé3aa crenHoro opAa
B CTEIMHDIX MPEAropbIX

Anxras. dorto C. Baxkosa.

Steppe Eagle nests in
the Steppe of the Altai
Foothills.

Photos by S. Vazhov.

AOBBLIX YYaCTKOB AAMHHOXBOCTOW HESICLITU
M YEPHOro KopuyHa. AOCTaTouHO OGAM3KME
K HUM M MexXay coBOi CpeAHME 3Ha4YeHws!
3TOro (hakTopa AAsl MEPENEASTHMKA, OOLIK-

HOBEHHOTO KAHIOKA, GOABLIOTO MOAOPAMKA U
YLIacTom COBbI (puc. 4).

B Mectax C BbLICOKOW MAOTHOCTLIO CEAb-
CKOTO HAaCeAE€HUsl HaXOAUTCsl GOALLIMHCTBO
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Puc. 4. Pasanyvisi BUAOB IO MPEANOYTEHMIO CTEMEHU PACYAEHEHUs peabecha B Me-

CTax rHE3AOBaHUsI.

Fig. 4. Differences in species preferences in accordance to a degree of ruggedness

of the breeding grounds.
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Puc. 5. Pazanumsi BUAOB MO OTHOLEHUIO K MAOTHOCTU CEALCKOrO HACEAEHUST B MeCTax

FHE3AO0BaHMs1.

Fig. 5. Differences of species with respect to the density of the rural population

within the breeding grounds.
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M3BECTHLIX THE3AOBLIX YYaCTKOB YE€PHOro
KOPIUYHA, YIIACTON COBLI U AAMHHOXBOCTOM
HesicbiTi. K ydacTkam € HauMMmeHbLuen MAOT-
HOCTLIO HaCeA€HMsl MPUYPOYEHbLl THE3AOBLIE
ydactku 6epkyTa (puc. 5).

[To NpnMypo4€HHOCTU K TEPPUTOPUSIM C Bbl-
COKOWM A€CUCTOCTLIO CYLIECTBEHHO OTAMYAET-
Csl OT APYTMX BUAOB AAVIHHOXBOCTAS HESICBITD.
CpeaHsist (okoao 20%) A€CUCTOCTL XapakTep-
Ha AAsl MECTOOBMTaHUM carcaHa, GOAbLLIOro
MOAOPAMKA U KOPLIYHA, BCE OCTaAbHbLIE BUAbI
TSFOTEIOT K MECTOOOUTAHMSIM C HU3KOW AECH-
cTocTbio (pUc. 6).

3axkAaloyeHnme

B 3akaoueHme caeayer ckasatb, 4YTO Yy
rPyrn BMAOB C MHTEHCUMBHOM MEXKBMAOBOM
KOHKYPEHLMEN U SIBHO BbIPOKEHHLIM Tep-
PUTOPUAALHLIM MOBEAEHUEM, K KOTOPLIM OT-
HOCSITCSl MPaKTUYECKM BCE U3yYaeMble Hamu
BMAbLI MEPHATLIX XMILHUKOB, XapakTep pac-
MPEAEAEHUs] THE3AOBLIX YYaCTKOB TEOPETU-
YeCKM AOAXKEH COOTBETCTBOBATL MMINoOTE3€ HE
nepeKpbIBAIWMNXCST HuW. dakTnyeckn e
MHOIME MONyAsUMM, OCOBEHHO TMpPUHAAAE-
>Kalme K OAHOMY TPOOMYECKOMY YPOBHIO,
VIMEIOT CTPYKTYPY HMIL, CBUAETEALCTBYIOLLYIO
06 MX MEepPEKPLIBAHUM, M XaPAKTEP KOHKY-
PEHLMM Y HUX MHOM, HEXKEAUN YETKOE KOHKY-
PEHTHOE UCKAIOYEeHue. MHorme >KMBOTHLIE
yalle COCYILECTBYIOT B YCAOBUSIX KOCBEHHOM,
a He MPsSIMOM KOHKYPEHLMM, MX aaantaumu
cnoco6crByoT AMcbdrepeHumaummy Haw 6e3
KOHKYPEHTHOTO MUCKAIOYE€HUSI U3 AAHHOTO
mectoobutaHusi. Kpome Toro, y mepHarbix
XUILHUKOB, TaK K€, KaK U Y MHOIMX APYrux
JKMBOTHBIX, HAOAIOAAETCSI HEKOTOpPOE pas-
AEAEHME HMII MEXKAY MPEACTaBUTEASIMU Pas-
HOTO MOAAa B MpeAeAax OAHOro Buaa. Camubl
M CAMKM GOABIIMHCTBA BMAOB 3aMETHO Pas-
AMYAIOTCSl MO BEAMYMHE W, BEPOSITHO, MO
TPOMUYECKMM HMIIAM, YTO, MO-BUAMMOMY,
MO3BOASIET B KAKOM-TO CTEMEHU CHU3UTDL BHY-
TPVBMAOBYIO KOHKYPEHLMIO.

Ob6pawaer Ha cebsi BHMUMAHWE, YTO pas-
Mepbl THE3AOBLIX YYaCTKOB PAasHLIX BUMAOB
MEePHAaTbLIX XULWHMKOB, CYAsl MO AMCTAHLMSIM
MeXAY OAVDKAMWMMM aKTUBHLIMM THE3AAMU
(puc. 2, TabA. 4), MO BCEN BEPOSITHOCTU, HE
BCErAa COOTBETCTBYIOT KAACCMYECKOMY MO-
AOXKEHMIO MOMYASILMOHHOM 3KOAOTUM O CBsl-

Puc. 6. Pazanumsi BUAOB IO MPEAMNOYTEHMIO CTENEHN
AECUCTOCTU TEPPUTOPUN
B MECTaX rHE3AOBAHMSI.

Fig. 6. Differences in species preferences in
accordance to a degree of afforestation of the
breeding grounds.
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31 pasmMepoB >KMBOTHOIO C MAOLLAALIO €ro
VMHAMBMAYAALHOTO y4acTka. Kaxk wuseecTHo,
pasmepnl OPAOB M (pMAMHA CylIECTBEHHO
NPEBLILAIOT pa3Mepbl KaHoKa, GarobaHa,
caricaHa M AAMHHOXBOCTOWM HESICLITU, a AUC-
TaHLMM MEXKAY UX aKTUMBHLIMM FHE3AaMM OKa-
3aAMCh MPUMMEPHO TaKMMM Ke, Kak y BGoree
MEAKMX BUAOB AU AK€ MEHDLLIMMMU.
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