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A6cTpakT

B cratbe onvcaHa MeToAMKa MOCTPOEHMS CXEMbI Pa3MELLEHMS MOTEHLMAAbHBIX THE3AOBLIX YYACTKOB XMILHbIX MTULL C UC-
MOAL30BAHMEM MHCTPYMEHTapUsl FeoMH(POPMALIMOHHLIX cucteM. B kadectse [MIC-nporpammbl ucrioAb3oBaHa ArcView
GIS 3x ESRI. MeToavka anpobupoBaHa Ha NPUMEPE AByX BMAOB OPAOB — MOTMAbHMKE (Aquila heliaca) n 6epkyte
(Aquila chrysaetos) B A€COCTENHOM U I0KHO-Ta&)KHOM 30Hax BoAro-Ypaabckoro pervoHa. Aasi MOrMAbHMKA Ha OCHOBA-
HUM OBHAPY)KEHHBIX 15 rHE3A HA 2-X MAOLIAAKAX MOCTPOEHA CXEMA PasMelLeHMst U3 222-X MOTEHLMAALHLIX THE3AOBLIX
y4acTkoB. MpoBEpKa MOKA3aAa, YTO B LIEAOM CXeMma SIBASIETCS] paboyeil. [HE3A0BaHME MOMMALHMKA YCTAHOBAEHO Ha
102-x yyactkax, 4yro cocraeasieT 85,7 1% ot umcaa nposepeHHbIX. [pu 3tom npwm nposepke 119 noTeHUMaAbHLIX ydacT-
KOB BOLIAO BbISIBAEHO 120 peaAbHbIX THE3AOBLIX YHACTKOB. 3a MPEAEAAMM MOTEHLIMAALHDLIX YHACTKOB OOHAPYIKEHO 8 rHE3A
MOTMABLHUKOB, MPUYEM POBHO MOAOBMHA M3 HMX HAXOAUTCSI B HEMOCPEACTBEHHOM GAM3OCTM OT MPAHMLL MOTEHLIMAALHBIX
y4actkoB. PasmellieHne pearbHbIX THE3AOBbIX YHACTKOB MOTMALHUKOB OTKAOHMAOCHL OT cxembl Ha 14,29%, Ho npwu 3Tom
YMCAEHHOCTb MOTMABHMKA HA THE3AOBAHMM HA OBCAEAOBAHHDLIX TEPPUTOPMSIX MPEBLICUAA PACHETHYIO BCero Ha 0,84%.
Anst 6epkyTa Ha OCHOBAHMM MAPAMETPOB PAa3MeELLEHMsI THE3A B BepxHEeKamcKoi rHE3A0BOV IPYMMMPOBKE OT OAHOTO
M3BECTHOTO rHe3Aa BbiAd MOCTPOEHA CXema, CoAepyKallasi 26 MOTEHLMAALHBIX THE3AOBBIX YHACTKOB Ha rnaowaan 3,1 Toic.
KmZ. TTpoBepKa MO3BOAMAA HA BCeX 26 MOTEHLIMAALHLIX THE3AOBLIX YYACTKAX C TOM MAM UHOM CTEMEHbIO AOCTOBEPHOCTM
3apPerucTpUpoBaTh NMPUCYTCTBUE GEPKYTOB: AAST 11 YHACTKOB YCTAHOBAEHO FHE3AOBAHME OPAOB, AAsl 7 — OHO BECLMA Be-
POSITHO, AAsl 3-X YHACTKOB rHE3AOBaHME GEPKYTa BO3MOYKHO M CTATyC 5 y4acTKOB HE SICEH, Tak KaKk OHU HE OOCAEAOBAHDI,
HO O MPMCYTCTBUM BEPKyTa HA HUX CBUAETEALCTBYIOT OMPOCHLIE AAHHBIE. /13 CXeMbl BLIOMACS] TOALKO OAVH FHE3AOBOM
ydactok 6epkyToB. [poOBEpKa CXeM pa3MelLeHMsi MOTEHLIMAALHLIX THE3AOBLIX YHACTKOB OPAOB MOKA3aAd, YTO METOAMKA
paboTaer 1 €& MOXKHO PEKOMEHAOBATL AAST BLISIBAEHUs] OCOOEHHOCTEN Pa3MELLEHMsI B MPOCTPAHCTBE TEPPUTOPUAALHBIX
rap nepHaTbiIX XUILHUKOB M OLIEHKM UX YUCAEHHOCTM HAa THE3AOBAHUM.

KAaroueBLIe cAOBa: XMILHLIE MTULILI, MEPHATLIE XMWHUKK, 6epkyT, Aquila chrysaetos, mormabHuk, Aquila heliaca,
TUC, npocTpaHcTBeHHbIV aHaam3, ArcView.

Abstract

This article describes the procedure of constructing the distribution model of potential breeding territories of rap-
tors by means of geo-information systems. ArcView GIS 3x ESRI was used as the GIS software. The procedure was
tested by the example of two eagle species — Imperial Eagle (Aquila heliaca) and Golden Eagle (Aquila chrysaetos)
in forest-steppe and south taiga zones of the Volga-Ural Region. Based on 15 nests revealed on 2 sites, the distribu-
tion model comprising 222 potential breeding territories plotted for Imperial Eagle. The verification has proved this
model in general to be valid. The nesting of Imperial Eagle was ascertained at 102 territories, which is 85.71% of the
number of territories inspected. During the inspection of 119 potential territories, 120 real breeding territories were
found. Outside the potential territories, 8 nests of the Imperial Eagle were found, half of them being located in direct
proximity of boundaries of the potential sites. The distribution of the real breeding territories of the Imperial Eagle has
deviated from the model by 14.29%; however, the population of the breeding Golden Eagle on the inspected ter-
ritories surpassed the calculated value by only 0.84%. For Golden Eagle, based on the parameters of nest distribution
in the Upper Kama breeding group relative to one nest, the model that comprised 26 potential breeding territories
on the area of 3,100 km? was plotted. Now all 26 potential breeding territories are known as inhabited by Golgen
Eagles with a particular measure of confidence: the breeding is confirmed for 11 territories, the breeding is quite
probable for 7 territories, for 3 territories, nesting of the Golden Eagle is possible; the status of 5 sites is unclear since
they have not been inspected, however, the questionnaire data attest to the presence of the Golden Eagle on them.
The only breeding territory of Golden Eagle stood apart from the model. The verification of the distribution models of
potential breeding territories of eagles has shown that the procedure works and it can be recommended for revealing
the features of spatial distribution of territory pairs of birds of prey and estimating their breeding population.
Keywords: birds of prey, raptors, Golden Eagle, Aquila chrysaetos, Imperial Eagle, Aquila heliaca, GIS, spatial
analysis, ArcView.
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MeToAbl UCCAEAOBAHMI

YACTDL NMEPBAS, BCTYIIUTEALHAASA
Mpeancnaosue, nan
TAe HaYMHAETCSA «TOYHAs HAayKa»
B YY€TaX XXMBOTHBLIX?

Anst peleHus MHOTUX Hay4HoO-
MPaKTUHYECKMX 3aAa4 B OOAACTM 300AOTUM
(300reorpacpmyeckne u OGUOreOLEHOAOTU-
YeCcKkMe UCCAEAOBAHMSI, SKOAOTMYEeCKasl 3KC-
nepTM3a XO3SIMCTBEHHLIX TMPOEKTOB, OUO-
MOHWTOPUHT U MPOTHO3, BEAEHWE KaaacTpa
>KMBOTHOIO MMPa U T.M.) HEOOXOAVMMDI CBEAE-
HUSI O YMCAEHHOCTU U PaCrPEAEAEHUU U3Y-
YyaeMbIX O6BLEKTOB HA MHTEPECYIOWEN TEPPU-
Topun. Kak 6bl HM XOTEAOCH MCCAEAOBATEAIO
Y3HaTb YYCA€HHOCTL TOTO MAM MHOTO BMAA Ha
OrnpeAeAéHHON Tepputopuu, 6e3 KoAuue-
CTBEHHOTO y4éTa 3TMX OOBLEKTOB AAHHLIE MO
MX YMCAEHHOCTU MPOCTO HEBO3MOXKHO MO-
AYYMTb. A 3HAUUT, HAAO XOAUTDL (VAU €3AUTD,
MAaBaTb, A€TaTb), CMOTPETD, CAYLIATL, CHUTATD
M 3anvcbiBatb, NPUYEM >KEAQTEALHO CAEAysl
OMNPEAEAEHHLIM MpPAaBUAAM MNP MOCTPOEHUM
MapIUPYTOB Y BEAEHMM 3armCcei.

A06OI1 YYET CBOAUTCSI K OMPEASAEHMIO Ma-
PamMeTPOB pasMelleHUsl YYUTLIBAEMOrO BMAA
B MPOCTPAHCTBE. YNPOCTUB 3TO MOHSITUE AO
MUHMMYMA, MOXXHO KOHCTaTMpOBaTh obsi3a-
TEALHOE OIPEAEAEHME ABYX OCHOBHDLIX Xa-
PaKTEPUCTUK PACTIPEAEAEHMSI:

1. MNpuypoyeHHOCTL BMAA K ONPEeAeAEHHO-
My reoBOTaHMYECKOMY MAM AAHAWIAITHOMY
BLIAGAY.

2. TIAOTHOCTL pacrpeAeAeHus BUAA B AdH-
HOM BbIAEAE.

B snoxy Ao reorpadmyeckux mHpopma-
umoHHbLIX cuctem (TMIC) Bce KoAMYecTBeH-
Hbl€ YYETbl )KMBOTHLIX CBOAMAMUCH K OrpeAe-
A€HMIO UX MAOTHOCTU, TO €CTb KOAMYeCTBa
061L,eKToB (0cobelt, nap, CAEAOB, THE3A, AO-
roB U T.M1.) HA €AMHULLY NAOWAAM (Hanpumep,
ocoberi/1 km?). Aaree NAOTHOCTL SKCTPAro-
AVPOBAaAACh Ha OMPEAECAEHHYIO MAOLIAADL AAST
MOAYY€HMSI KOAMYECTBEHHOWM OLIEHKM YMUC-
AEHHOCT OBLEKTOB TOTO MAM MHOTO BMAQ
(MHa4ve roeopsi, 3anaca).

Kazaroch 6bl, BCE AOCTATOYHO MPOCTO, OA-
HaKO B AQHHOM aAropuUTMe MMEeTCsl Macca
MOABOAHbBIX KaMHEM, KOTOPbLIE SIBASIOTCS Lie-
AOW CKAAOM MPETKHOBEHMUSI B OLIEHKE MMOAY-
4aemMoro pesyAbTaTa U BbI3bIBAIOT MAaccy Ha-
YYHbBIX U HEHay4HbIX AMCKyccuii. CyluecTByer,
Kak MWHUMYM, MATb OCHOBHLIX HNPMYMH,
BCAEACTBME KOTOPbLIX WTOTOBLIA pPe3yALTaT
BCEX YYETOB — OLIEHKA YUCAEHHOCTU — ByAET
PAa3HLIM.

MpwnynHa 1. B HacTosilee Bpems MMeeTCsl
PSIA METOAOB Y4é€Ta XKMBOTHLIX. OAHAKO MHO-
rMe U3 HUX MMEIOT TOT OBWMI HEAOCTATOK,
YTO NPETEHAYIOT Ha HEKOTOPYIO YHUBEPCAAL-

Introduction or
What can GIS do to make
the population estimations
more exact?

GIS allows switching from extrapolation
of density onto the area to the modeling of
distribution of the counted objects on the
basis of the parameters of their position
relative to other animate and inanimate ob-
jects that were determined empirically.

GIS provides possibilities for:

- adjusting the point distribution using fil-
tration of the erroneous values and visual
detecting the regularities in the normal dis-
tribution;

- determining the actual extrapolation
zone based on the results of analyzing
points that are normally distributed not in
the overall area, but relative to certain ob-
jects or each other in visible clusters;

- extrapolating different density indices
onto the same biotypes located in different
areas.

To illustrate, let us give a simple example
in fig. 1. Figure 1-A: regularities of distribu-
tion of the points are not clear until they
are transferred from the paper into GIS. We
construct convex polygons and have an-
other look at the pattern of distribution of
the points. Figure 1-B: distribution of the
points is scattered-grouped; the groups are
randomly arranged. However, even a sim-
ple visual comparison of the position of the
points with any landscape parameters may
reveal certain regularities. Then, we connect
the hydrogrid layer and observe the obvious
result. Figure 1-C: the points are concen-
trated in the riverbeds that are remote from
the river head by a certain distance. Figure
1-D: analysis of the distances between all
neighbors attests to the normal distribution
of points along the riverbeds.

The main adjusting and specifying points
of modeling is the conversion of the points
into polygonal objects, though conditional,
but still the individual sites that can be used
not only to restrict the count area, but also
to plot the model of site distribution (both
real and potential) for any given territory
and to visualize all its drawbacks that can-
not be revealed when using other methods
of data processing.

Next, let us consider the application of the
algorithm of population calculation via “dis-
tance analysis” in solving particular academ-
ic and research problems that are related to
large raptors. ArcView GIS 3x (ArcView...,
1999b) was used as the GIS software, since
it is the most available of all major licensed
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Yuér mormabHuka (Aquila heliaca) Ha 6opoBoii onyuike.

Account of the Imperial Eagle (Aquila heliaca) on edge

HOCTL M 3a4aCTylO MPUMEHSIIOTCST AASI OAHO-
BPEMEHHOro M3y4yeHus Bcex BuAOB. [lpu
3TOM AOMYCKAETCS OWNOOYHOE MOAOKEHME,
YTO BCE€ BMAbLI VAW 3KOAOTMYECKME TPYMbl
BMAOB MOTYT ObITh YYTE€Hbl C OAMHAKOBOA
CTereHblo TOYHOCTU. B AeicTBUTEALHOCTU,
MPY UCMOAL30BAHUM OAHOTO «YHMBEPCAAL-
HOrO» METOAQ, OWMOKA B OTHOWIEHUU HEKO-
TOPLIX BUAOB MOAYYAETCSI YPEIMEPHO OOADL-
woit. [osTomy HeoBXOAMMA CriELIMAAM3ALIMSI
METOAOB YYETa B 3aBUCMMOCTM OT BMOAOIU-
YeCcKMx OCOOEHHOCTEN AQHHOW IPYMIbl, Xa-
paxTepa craumii 1 ce3oHa.

Takum 06pa3om, AASI KayKAOIo BMAQ
TpebyeTcss AAANTMPOBAHHAS METOAMKA
Y4éTa.

MpununHa 2. KaoyeBOW OCHOBOW BCex
METOAMK SIBASIETCSI BU3YAALHOE WUAM aKyCTy-
YECKOe BLISIBAEHME U ONPEAEAEHME BUAOBOM
NPVHAAAEXKHOCTU JKMBOTHDLIX, AUGO MX CAE-
AOB JKU3HEAESITEeAbHOCTU, THE3A VAU AOTOB,
3aperucTpupoBaHHbLIX BO Bpemst yyéta. [o-
3TOMY CBEAE€HMSI YYETUMKOB C Pa3HbIMU hu-
3MIOAOTMYECKMMU AAHHLIMU (3PEHME, CAYX,
CKOPOCTb peakLmm), MPOLEALIMX MO OAHOMY
M TOMY >K€ MapLpyTy U MOCYUTABLIMX BUA
MO OAHOW U TOV XK€ METOAMKE, BYAyT Cylie-
CTBEHHO pasamyatbcsi. COBCTBEHHO, HA STOM
3aKaH4YMBAETCsl HayKa M HaYMHAETCsl UCKYC-
ctBo. OAMH MCCAEAOBATEAL HUKOTAA HE B CO-
CTOSIHUM B TOYHOCTU MOBTOPUTL PE3YALTAT,
MOAYYEHHbIN APYTUM UCCAEAOBATEAEM, OCO-
6€EHHO IO MCTEYEHNMN HEKOTOPOIO BPEMEHM,
TaK Kak, MOMUMO (hU3MOAOTUYECKMX KayecTs
MICCA€AOBATEAS], HA Ka4eCTBO Yy4€Ta BAUSIET U
Macca COBEPLIEHHO PEeaAbHbIX MaTepuaib-
HBIX MPUYMH, MEHSIIOIMXCST C TEYEHUEM BPE-
MeHM (Hanpyumep, MOrOAHLIE YCAOBMSI).

Takum o06pasoM, pe3yAbTATLI Y4é-
Ta BCErAa CYOBLEKTMBHLI M C 3TMM TNpPH-
XOAMTCSI MPOCTO MMPUTLCSA, [OKA KTO-
HUOYAb He U306peTeT POBOTOB-YYETUMKOB
C MAEAALHOM CITOCOBHOCTHIO (PUKCUPOBATD
BCE >KMBOE B OINPEAEAEHHOM
roAoce y4érta.

Ipnynna 3. PesyasTarom
AOBHOro yUETa SIBASIETCS] PACHET
MAOTHOCTM, KOTOPLIM MOXXET
OCYILECTBASITLCSI PA3HLIMU CI1O-
cobamy, B OCHOBE KOTOPOroO
BCETAA AEKMT FAABHAs MpobAe-
Ma — OMPEACAUTD MAOLIAAL YYE-
Ta (MAM WMPUHY YYETHOM Mo-

@doro 3. HuKoaeHko.

of pine-forest. Photo by E. Nikolenko.

GIS products. In addition to the basic shell,
we will require units Spatial Analyst and Im-
age Analysis (ArcView..., 1999a, 1999c),
extensions Image Warp (McVay, 1999),
ShapeWarp (McVay, 1998), Edit Tools
(Tchoukanski, 2004), X-Tools (DeLaune,
2000), Repeating Shapes (Jenness, 2005),
Nearest Features (Jenness, 2004), and TRLe-
gend (Dubinin, 2009). We use PHOTOMOD
GeoCalculator software for coordinate recal-
culation, Adobe Photoshop CS2 — for image
processing, and Statistica 5.0 — for statistical
processing of the material.

The First Example, or
Wherever an Imperial Eagle’s nest is,
we will see it in the GIS

Introduction

The example of approbation of the tech-
nique was carried out in the High Trans-
Volga Region and the Cis-Ural region in the
border zone of five constituent entities of
the Russian Federation — the Samara, the
Ulyanovsk, and the Orenburg districts and
Tatarstan and Bashkortostan Republics.

Why was it the Imperial Eagle that was
selected? The first reason is that it is an en-
dangered species that is listed in the Red list
of IUCN, and the Red Data Book of Russia
(BirdLife International, 2008; IUCN, 2010;
Galushin, 2001b) and the Red Data Books
of all constituent entities of the Russian Fed-
eration, in which the breeding range of this
eagle is located (Prisyazhnyuk et al., 2004).
Another reason is that a large breeding
group of the Imperial Eagle with the mixed
pattern of nesting is conserved on the spec-
ified area on coniferous and deciduous trees
along the uplands and deciduous trees in
the lowered relief elements; this group is
appreciably successfully assimilating in the
forest-steppe landscapes that were strongly
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VYT XUIWHBIX NTUL Ha Touke. Poto A. AeBUHa.

Point account of raptors. Photo by A. Levin.

Aocbl). EAMHOro MHeHwusl, Kak OrnpeAeAuTb
3TOT napameTp, He cyuecTsyeT. Kaszaroch
Obl, BapUMAHT (PUKCUPOBAHHON Y4YETHOWA
NAOWAAM pewaer npobAemy, B OTAMYME
OT BApPUAHTOB OMPEAEAEHUs]  WMPUHDI
YYETHOM MOAOCLI HA OCHOBAHWUU CPEAHEN
apuMeTNYEeCKON UAU CPEAHEN TapMOHMU-
YEeCKOM, B OAHY MAM OO€ CTOPOHLI OT OCU
yuérta 1 T.A. Ho oH Takke nmeer HeaocTa-
TOK — MHAMBMAYaAbHbIE€ YYaCTKM XKMBOTHbBIX
HE MMEIOT KaKylo-AM6O (HUKCUPOBAHHYIO
chopmy M naowaab U 3aBUCAT Kak OT hu-
3UYEeCKMX KAayeCcTB >XMBOTHOIO, Tak U OT
AQHAIA(THLIX XapakTePUCTUK MECTHOCTY,
B PA3HbLIX YCAOBMSIX pasHblie 0COOM BbiAEP-
SKMBAIOT PA3HYI0 AMCTAHLMIO AO TMPUOAK-
JKatlowerocsi HabAoaateas u T.m. [osTomy
(hUKCMpPOBaHHAasT YYETHAS MAOILAAL MOJXKET
coKpallaTb PeaAbHYIO MAOLIAAb, 3aHUMae-
MYIO MHAMBMAYAALHBLIMM YYaCTKaMM, AMOO
YBEAMYMBATDL €€.

Takum o6pa3om, AASI KAJKAOTO CAy4as
(yuéra) Tpebyercss asantaums Bpibopa
PAcYETA YYETHON NAOLIAAMN.

Mpuymna 4. VItorom y4éTHLIX paboT siB-
ASIETCS1 OTNIPEAEAEHME YNCAEHHOCTU, TO €CTb,
SKCTPAMOASILMSI MAOTHOCTU Ha OMNpPEAEAEH-
Hyio naowaab. Cpasy >ke BO3HMKAeT ABa BO-
npoca:

- Kakue aaHHbIE MOYKHO 3KCTParoAMpo-
BaTb, @ KaKM€ HeAb3s1?

- Ha kaxyto Tepputopuio 3KCTparnoAmpo-
BaTb 3TV AAHHbLIE?

EAMHOro MHEeHMsl, Kak BLIOMPATh AAHHLIE
M TMAOWAAL AASI SKCTPArOASILMK, HE Cylue-
ctByeT. DOALIWIMHCTBO  MccaeroBaTeAen
MPUAEP>KMBAETCSI MHEHMSI, YTO AASl TIOAHO-
LIEHHOM 3KCTPAroAsILMM YYE€THAsl MAOLIAAL
B rpeaeAax 6uorona (AaHAWAagTa) AOAKHA
ObITb MPOMOPLMOHAALHA MAOLAAM GroTona
(AaHAWAPTA), HA KOTOPYIO OCYLIECTBAS-
€TCsl 3KCTPAroAsiUMsl, @ AAHHbLIE AOAKHDI
VIMeTb HOpPMaAbHOe pacrpeaeAeHve. Oa-
HaKO Ha MpaKkTUKe 3TO HUKOT-
AQ He COBAIOAAETCS, TaK Kak B
OOABIIMHCTBE CAYYAEB YYEThI
OCYILECTBASIIOTCSI HE TaMm, rAe
HAaAO YyYMTLIBaTL, & Tam, TAe
3TO Aerye. B wurore, npu yyé-
Te Ha GOALIIMX MAOWAASIX Pa3-
HbIX BMAOB, Maremarmyeckoe
pacnpeAeAr€HUe AAHHLIX AASl
OOADBLIMHCTBA HE MACCOBLIX BU-
AOB AAA€KO OT HOPMAaAbHOIO 1
CTPEMUTCSI K KOHTArMO3HOMY .

disturbed by human (Borodin, 2008; Kar-
yakin, 1998, 1999; Karyakin, Pazhenkov,
1999; Karyakin et al., 2008). The non-uni-
formity of distribution of the Imperial Ea-
gle in the assimilated landscape results in
obvious impediments when estimating its
population; therefore, the solution to the
problem will perfectly illustrate the poten-
tial of GIS tools.

Statement of the problem

Construction of the distribution model for
brreding territories of the Imperial Eagle (Ag-
uila heliaca) on the key area of the forest-
steppe zone of the High Trans-Volga Region
and the Cis-Ural region in order to estimate
its population and determine the potential
breeding territories with the purpose of the
inspection thereof.

Surveys

During the season 1998, 2 plots were
inspected in order to find the Imperial
Eagle (fig. 2). The first plot (with the area
of 1101.1 km?) was set up in forest-steppe
of the High Trans-Volga Region (the extreme
northeast of the Samara district bordering
with Tatarstan Republic and the Orenburg
district) and is a hilly forest-steppe with the
fragments of pine-broadleaved forests pre-
served along high terraces of small rivers and
separated stands of parvifoliate forests along
the watersheds. The second plot (with the
area of 191.7 km?) was set up in forest-steppe
of the left bank of the Volga (northwest of the
Samara district bordering with the Ulyanovsk
district) and is a weakly hilled forest steppe
with the fragments of pine-broadleaved for-
ests preserved along the sloping terraces of
small rivers with watersheds totally occupied
with agricultural lands.

15 nests were found during the inspection
of these plots during the vehicle traverse
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Takum 06pa3om, AASI KAJKAOTO BMAA B
KAJKAOM OTAEABHOM CAy4Yae Tpebyercs
asanTaums BLIGOPa METOAA IKCTPAIOAS -
ummn.

Mpuyumaa 5. Arsi TOro, 4TOObI HA4aTh SKC-
TPArNoAsILMIO, HEOOXOAMMO MMETDL AASI 3TOTO
KapTOrpacpmyeckyto OCHOBY: reoboTaHuye-
CKYIO MAM AdHAWAMTHYIO KapTy. B Hacros-
ee BpeMsi HeT BLIPAOOTaHHBIX KPUTEPUEB
OMPEAEAEHMS]  TUMMYHDLIX MECTOOBMTaHMIA
ADKE MO rpynnam BUAOB. [eoboTaHmueckas
KapTa AOCTaTOYHO YCAOBHA, U, HArlpumep, B
COCHsIke-6eAOMOLIHMKE Ha PEeYHOM Teppace
M B COCHsIke-6EAOMOLIHMKE HA BOAOPA3AEAE
BUA BYAET MMETL COBEPLIEHHO PA3HYIO MAOT-
HOCTb. AAHAWAMTHLIX KApPT HE CyllecTByeT
AvKe Ha 6oablyto Yactb OOIT, He roBopsi
y)Ke O Tepputopun obaactein, u Tem Goree
BCEWN CTPaHbI.

Takum 06pa3om, AASI KAJKAOTO BMAA B
KAJKAOM OTAEABHOM CAy4Yae Tpebyercs
AAANTAUMS ONMPEAEAEHHS 30HLI AASl IKC-
TPANOAALUMM YYETHBIX AAHHDLIX.

YuutbiBasi BC€ BbilIECKA3aHHOE, OLIEHKA
YMCAEHHOCTM >KMBOTHOTO Ha KaKOM-AM6O
TEPPUTOPUM — STO YETBLIPEXKPATHAS AAAT-
TaumMs CyOLEKTMBHBIX AAHHBIX, OCYLECT-
BA€HHAs1 UICCAEAOBATEAEM MICXOASl U3 KaKMX-
TO €ro OMNpPEAEAEHHbIX 3HaHMi ObbeKTa
VUCCAEAOBAHUI M MECTHOCTU, KOTOPLIE MOTYT
ObITb TOXKE CYyOLEKTUBHLIMM.

Bo3Hukaer aBa Bonpoca:

- TAe >ke HauMHaeTcsl «TO4YHas HayKa» B
y4éTax >KMBOTHDIX?

- AAsl 4yero ke Hy)KHa CTaHAApTU3auus
METOAOB Y4Y€Ta M YYET Pa3HLIX BUAOB OAHOM
METOAMKOWM, XOTSI AOTIOAAMHHO U3BECTHO, YTO
AMs1 GOABLIIMHCTBA BMAOB PeE3yAbTaT OyAer
umeTh 6oaee yem 50% owmnbky?

OrtBeTbl OYEHDL MPOCTDI.

PenpeseHTatMBHOCTL M AOCTOBEpPHasl Mo-
BTOPSIEMOCTL PE3yAbTaTa HAa OCHOBE BbISIB-
A€HHOV 3aKOHOMEPHOCTU BO3MOYKHA AMLIbL B
TOM CAyYae, KOTAa Ha 3TO BAMSIET MUHUMYM
CyOLEKTMBHLIX MPUYMH, AMOO 3TH CyOBLEKTMB-
Hbl€ MPUYMHBI BCETAA OAMHAKOBLI M BAMSIIOT
OAVHAKOBbLIM OOPa30M BO BPEMEHM U MPO-
cTpaHcTBe. CAEAOBATEALHO, «TOYHAsl HayKar
HauMHAETCsl TaMm, TA€ HA4YMHAEeTCsl pacyér
YMCAEHHOCTU VAWM, MHA4e roBopsl, Mpeod-
pasoBaHMe YYETHLIX AAHHLIX B OLIEHKY YMC-
AEHHOCTU AASI KAKOM-TO BOAee KPYIHOM Tep-
puTOopUN. A CTAaHAAPTU3ALIMSI METOAOB Y4&Ta
HEOOXOAMMA AASI TOTO, YTOOLI OAMH U TOT XKe
MICCA€AOBATEADL 10 OAHOW M TOM >Ke TePPUTO-
PUM MOT CPaBHUMBATL CBOU (M He Boaee) pe-
3YABLTATLl AASI OTCA€XKMBAHUSI AMHAMMKM YMC-
AEHHOCTU M3y4YaeMbIX UM 0OBLeKTOB. Bo Bcex
OCTaABLHBIX CAYYasIX «3arac» — 3TO Hekas ab-

focused on searching for the typical nests
of the Imperial Eagle, (fig. 3). The nests
were found in completely different types of
habitats — the regions of needle-leaved and
broad-leaved forest with the occurrence
or predominance of pine in the first story
bordering with fields and floodplains, flood
plain forest bordering with pasture grounds
and fields, and birch groves among the fields
and steppe pasture grounds. 9 of 15 nests
were revealed in the near marginal parts of
needle-leaved and broad-leaved forest re-
gions and were constructed on pine trees
(Pinus sylvestris), 3 — in aspen-birch forest
stands and were constructed on birch trees
(Betula pendula); 2 — in the floodplain of the
river; and 1 — in the forest belt among de-
posits and was constructed on poplar trees
(Populus sp.). 9 nests were found on plot
N°1; 3 of those were constructed on birch
trees, 3 — on poplar trees; on plot N°2, 6
nests were found, all of them on pine trees.

The key territory with its contour plotted
appreciably subjectively through the terri-
tory that was planned to be surveyed in the
1998-2008 occupies 31,244.9 km? (fig. 2).

The simple calculation of density accord-
ing to the method of plot counts provides
the average value of 1.16 pairs/100 km? of
the total area (0.82-3.13 pairs/100 km? of
the total area). Extrapolation of these data
onto the area of the key territory allows as-
suming that 113—-612 pairs are breeding in
this territory, 363 pairs on average in the
key territory. The estimation is characterized
by a large error and is obviously inconsist-
ent. The visual analysis of the map assumes
overestimation, since the extrapolation was
carried out onto the territory with large
habitat areas that are not optimal for the
Imperial Eagle, on one of them the density
of the Imperial Eagle explicitly being the
maximum for the species (plot N°2, den-
sity of 3.13 pairs/100 km? of the total area).
Abstracting from the plot contours and cal-
culating the density on the count transects
(Karyakin, 2004), their length on plots 1 and
2 being 66.0 and 244.15 km, respectively,
at the average distance of the occurrence of
nests of the Imperial Eagle of 1.18 km (the
width of the count transect of 2.36 km), the
density will be 2.05 pairs/100 km? of near
marginal forest zone (1.54-4.13 pairs/100
km? of near marginal forest zone). However,
these parameters can be extrapolated only
onto the near marginal zone, it being ap-
preciably complicated to calculate its area
without using GIS-software.

So what can be done to update the es-



102  [lepHartbie XMIHUKM 1 nx oxpaHa 2010, 19

MeToAbl UCCAEAOBAHMI

Puc. 1. INpumep aHarn-
3a pasmelleHMsl THe3A0-
BbIX y4actkos B [VIC.

Fig. 1. Example of

analysis of breeding
territory distribution
within GIS-software.

CTpaKLUMsi, HEOOXOAMMAsI AASI TOTO, YTOODI MO-
HSITb, HACKOABLKO AAA€Ka YUCAEHHOCTD BMAA Ha
AQHHOW TEPPUTOPUMN OT ONMTUMAALHOTO (MAU
AKE BO3MOXKHOTO) MAKCMMyMa MAM BAM3Ka
K KPUTUYECKOMY MUHUMYMY. MesKkay 3TMmmn
KPaHOCTSIMM OLIEHKA MOXKET AeXaTb KaK B
npeaerax +3SD, Tak M B GOAbIIEM AMArNA30-
He. VMHaye roBopsi, OLEHKa YMCA€HHOCTU B
100-600 nap, nocrpoeHHasl Ha OCHOBaHWUM
yuyéta 10 map, MOKeT CyYMTaTbCsl AOMYCTU-
moii. Bot Takasi BOT 3oomaremarmkal

BBeAeHue, AN
Yro xe moxxert caerarn TUC

AASl YTOYHEHMS OLIEHOK YMCAEHHOCTH?

[VIC nosBoAsieT yiTM OT 3KCTPAanoAsiLMu
MAOTHOCTM Ha MAOWAAL K MOAEAMPOBAHUIO
pasmelleHmst O6LEKTOB yU&Ta HA OCHOBaHUM
rnapameTpPOB UX MOAOXKEHMSI MO OTHOLEHUIO
K APYrMM OOLEKTAM XKMBOW M HEXKMBOW MPU-
POAbI, YCTAHOBAEHHDLIX SMIMMPUYECKM.

B I'MC mo>kHo:

- HacTpauBarhb pacrpeAeAeHMe TouekK, UC-
MOAbL3Ysl (PUALTPALIMIO OWMOOYHLIX 3Haue-
HUIM U BU3YaALHO BLISIBASITb 3AKOHOMEPHOCTU
HOPMAaALHOTO PacCrpeAEAEeHMs];

- orpeAeAsiTb (PaKTUHYECKYIO 30HY 3KCTpa-
MOASILMM, UCXOASl U3 PE3YALTATOB aHaaM3a
TOYEK, MMEIOWMNX HOPMAALHOE pacrpeae-
A€HME He B OBWeM MPOCTPAHCTBE, a Mo OT-
HOWEHUIO K KAaKMM-HUOYAL OOBLEKTAM MAM
APYT MO OTHOLWIEHUIO K APYTY B OY€BMAHbLIX
KAQCTEpax;

- 3KCTPArNoAMpPOBaThL Pas3Hble MoKa3aTreAu
MAOTHOCTM HA OAHM U Te e BMOoTOrbI, pac-
MOAO>KEHHbLIE Ha PA3HLIX TEPPUTOPUSIX.

AAsl VIAAIOCTPALMM  MPUBEAEM  MPOCTEN-
wmii npumep (puc. 1). PucyHok 1-A: 3a-

A o B e
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timation of the population, having these
count data? There are several variants. The
first variant comprises calculation of the area
of near marginal forest zones and extrapo-
late the density parameters obtained during
the transect counts; the second variant is to
translate the density in nesting habitats on
the plots into the nesting habitats of the key
territory; and finally, the third variant is to
construct the model of distribution of the
potential breeding territories on the basis
of the specific characteristics of nest loca-
tion. In all three cases, we will have to use
GIS-software; however, with almost equal
efforts, the construction of the distribution
model will provide much more precise es-
timation of the population and simultane-
ously solve another problem — detection of
potential breeding territories of the Imperial
Eagle for their validation.

Below is the minute consideration of the
data processing using the third variant.

Data processing

In our case with the Imperial Eagle, data
processing is an appreciably complicated
task using GIS-software, which should
comprise several steps. The first step —
preparation of topographical maps. We
will use it to determine the regularities of
spatial distribution of nests of the Imperial
Eagle and create of habitat maps of the Im-
perial Eagle in the region — it is the sec-
ond step. The third step is not connected
with GIS; however, it is equally important.
It is necessary to determine the difference
in the distribution of the Imperial Eagles
breeding on pine trees in pine forest, on
birch and poplar trees in the forest-field
landscape, and floodplains; as well as the
probability for their separation over differ-
ent breeding groups with the specific pat-
tern of nesting. Discriminant analysis will
help us here. The fourth step — preparation
of the topographical maps of the Imperial
Eagle differentiated with respect to differ-
ent breeding groups. The fifth — the final
step — generating the model of potential
breeding territories of Imperial Eagles for
the key territories.

Step-by-step algorithm of data
processing in ArcView 3.x.
Stage 1. Preparing the topographical
maps for the analysis within GIS-sofware.
1. Create a raster map for the key ter-
ritories based on topographical maps
(scale 1:200 000). Topographical maps are
scanned, converted in raster data TIFF for-
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KOHOMEPHOCTM PAaClpPEAEAEeHUs] TO4YeK He
COBCEM sICHDI, MOKa OHM A€XKaT Ha Oymare,
a He B [MC. NocTponm KOHBEKCHbIE MOAUTO-
Hbl M B3rASIHEM Ha KapTUHY pacrpeAeAeHusl
Toyek eweé pas. PucyHok 1-B: pacnpeaene-
HUE TOYeK PacCesHO-TPYIMOBOE M TPYIMbI
pacrioAararoTcst B cCAydyamHom nopsiake. Oa-
HaKo, AK€ MpocTeiiliee BU3yaAbHOe COMo-
CTABAEHME PACTIOAOXKEHMSI TOYEK C AOOLIMU
AQHAWAMTHLIMU  XapaKTEPUCTMKAMM  MOJKET
BLISIBUTL OMNPEAEAEHHbIE 3aKOHOMEPHOCTMU.
[MoakAoUaem cAOl rMApoceTV U HabAoAdEM
OYEeBMAHbLIV pe3yAbTaT. PrucyHok 1-C: Touku
TSArOTEIOT K PYCAAM PEeK, YAAAEHHBLIM OT UC-
TOKAa Ha orpeAeA€HHoe paccrosiHve. Pucy-
HOK 1-D: aHaAaM3 AMCTaHUMII MeXAY BCEMMU
COCEASIMM CBUAETEALCTBYET O HOPMAaALHOM
pacrnpeAeAeHNM TOUEK BAOAL PYCEA PeK.

OCHOBHOW KOPPEKTUPYIOWUI U YTOUHSIIO-
WM MOMEHT MOAEAMPOBaHMs — npeobpa-
30BaHNE TOYEK B MOAUFOHAALHBIE OOBLEKTDLI,
MyCTb U YCAOBHbBIE, HO BC& >KE€ MHAMBMAYAAb-
Hbl€ Y4YaCTKM, MO KOTOPLIM MOYKHO HE TOALKO
OrPaHNYUTL YYETHYIO MAOLLAAL, HO U MOCTPO-
UTb CXEMY PAaClpPEAEA€HMsI Y4acTKOB (Kak
PEAALHbIX, TaK M MOTEHLIMAALHBIX) AAsI AIOBOM
3aAAQHHOW TEPPUTOPUM, BU3YaAU3MPOBAB BCE
€€ U3bsIHbI, KOTOPbLIE€ HE BUAHBI B MHLIX CAY-
yasix 06pabOoTKM AAHHLIX.

Ecan, B cayuae ¢ «GymarkHO» 0BpaboTKo
YYETHLIX AQHHDLIX, «MAOTHOCTL» — 3TO HEKMMI
MoKasaTteAb, HEOOXOAMMDIN AAsl pacyéTa umc-
AEHHOCTH, TO, B CAy4Yae C 0OpabOTKOM AaH-
HbIX B [IC, — 3TO HEeKMI pe3yAbTaT «BU3yaAu-
3L YNCAEHHOCTUY.

Mpn o06pa6oTKe YYETHLIX AAHHLIX B
INC pewaromee 3Ha4YeHNe MMeeT HE KO-
AMYECTBO O6BLEKTOB HA EAMHMUE YIETHOM
nAoOWAAM, & AMCTAHUMM MEXKAY BCeMM
MAM GAVDKAMILIMMM COCEAAMM, OOL.eKTamm
JKMBOM M HEIXMBOM NPHPOALI M AHTPOIO-
reHHOM MH(PPACTPYKTYpBbI.

BepHémcst ewé pas K MeToAMKam.

AAsl MOAyYeHUs1 MHpopMaLMM O MAOTHO-
CTU >KUBOTHbLIX, AASI OTIPEAEAE€HMsI UX OTHO-
CUTEALHOWM U/UAU aBCOAIOTHOM YMCAEHHOCTU
MPUMEHSIIOT CAEAYIOWMNE OCHOBHbLIE TPYIIb
METOAVIK KOAMYEeCTBEHHOro y4yéra (bub-
6u u Ap., 2000; KapsikuH, 2004; Haymos,
1963; PaBkuH, 1967; PaBkuH, YeAauHues,
1990; YeauHues, 1985; 1989; Blondel et
al., 1977; Hayne, 1949; Palmgren, 1930;
Recher, 1981; Sutherland et al., 2004):

- METOAMKM MAOIIAAOYHDLIX YYETOB,

- METOAMKM MapLIPYTHLIX YYETOB,

- METOAMKM TOYE€YHLIX YYETOB.

MeTOAMKM MAOILAAOYHOIO YYETAa AOBOALHO
TPYAOEMKM, U Npu paboTe C PEAKMMM BU-

mat and registered in ArcView in projection
UTM-83, zone 38 (datum WGS-84).

1.1. Merge and index maps in the graphic
editor Adobe Photoshop CS2, as a result the
raster in TIFF format indexing in color should
be created for each sheet.

1.2. Coordinates of angular points of top-
ographical maps are recalculated from CK-
42 in WGS-84 the program PHOTOMOD
GeoCalculator.

1.3. Calculated coordinates are exported
to *.txt format.

1.4. The *.txt file with coordinates for ref-
erence points is imported in ArcView, thus
using option Add Event Theme it is trans-
formed to a shapefile.

1.5. Using Image Warp extension topo-
graphical maps are registered in projection
UTM-83, zone 38.

1.6. Using Transparent Legend exten-
sion maps are visually merged in the united
layer.

2. On the basis of satellite image Landsat
ETM + 2000 (by default we consider it to be
already registered in the coordinate system
that is used) with the assistance of propri-
etary materials, we prepare thematic maps:
the vegetation map, which we isolate the
layers of forest, open habitats, hydrographic
network, settlements, and farms from.

2.1. Using Image Analysis Extension, we
classify the satellite image into 16 classes
(option Categorize) and generalize them
(option Smooth).

2.2. The classified image is converted into
the vector format (shapefile), the polygons
with the lengths of the borders with the
larger ones being smaller than 0.05 km? are
eliminated using Edit Tools extension (op-
tion Eliminate).

2.3. On the basis of the system of refer-
ence points, we construct the legend of cor-
respondence of the classes to vegetation
types. Different vegetation types that were
placed into one class with regard to their
spectral characteristics (e.g., bushy meadow
and young larch tree forest) or, vice versa,
the same types that spectrally differ at the
present time point (undisturbed steppe and
steppe subjected to fire of the same year as
that of the survey) are classified manually
on the basis of the analysis of geometrical
structure of the objects and their confin-
edness to landscape elements (command
[field].substitute (“Class x”, “Class xx”) of
the calculator of column values).

2.4. Classes 2-5 are isolated into an indi-
vidual thematic layer as forest habitats (de-
ciduous, mixed, and coniferous forests). The
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AaMM TPEBYIOT OrPOMHBIX YCHMAWM, MO3TOMY
MPUMEHSIIOTCSI PEAKO. MEeTOAMKM MapLupyT-
HBIX M TOYEYHDIX YYETOB B 3TOM MAaHe Boree
MEePCreKTUBHbI, NMO3TOMY MCIMOAL3YIOTCSl UC-
CcAeAoBaTeAsIMM Hanboaee YacTo. MeToanku
TOYEYHOTO YYETA PA3AMYAIOTCSI COCOOOM
pacyéra y4€THOM MOAOCH U BPEMEHEM MPO-
BeAeHusi y4éta (bubbmu u ap., 2000; Kapsi-
KuH, 2004; YeanHues, 1989; Blondel et al.,
1977; Recher, 1981). MeToAMKM MapuipyT-
HOro y4éTa pasAMyatoTcst Crocobom pacyéra
YUY€THOM MoAochl. HekoTtopble opueHTMpo-
BaHbI HA YY&€T XKMBOTHLIX Ha (OMKCUMPOBAHHOM
noaoce (Haymos, 1963; INpueannekc m ap.,
1986; Jarvinen, Vaisanen, 1977), HO 60Ab-
IUMHCTBO OPMVEHTMPOBAHLI HAa OrNpPEAEAeHMEe
AVCTaHLMIM OT YYETYMKA AO BCTPEYEHHOro
obbeKTa, NPUYEM pasHble METOAMKM Tpeby-
IOT PA3HOrO MOAXOAQ K OMPEAEAEHMIO 3TUX
AVCTaHLMM 1 pacyéTta WUpPUHLI Y4ETHOM Mo-
Aocbl. Pacuér y4éTHOM MOAOCH Ha Maplupy-
Tax Gasupyercsi Ha OMPEAEAEHMM WMPUHDI
YYETHOM TMOAOCHI MO MNEPMNEHANKYASIPHLIM
AVCTAHLIMSIM OT Y4YéTumka Ao obbekta (Ye-
AvHUeB, 1985; Dixon, 1977; Sutherland et
al., 2004), no paaMarbHbLIM AUCTAHLMSIM C
[PA3AEALHOTPYIIOBLIM NnepecyéTom (PaBkuH,
1967), no paavaAbHbLIM AMCTAHLIMSIM C pac-
YETOM YABOEHHOM CpeAHeapuMeTnyecKkon
(Hayne, 1949; PaBkuH, AobpoxoTos, 1963;
KapsikmH, 2004), no paanasbLHOM AMCTaHLMM
M yray obHapyskenus (bubéu u ap., 2000;
YeamHue, 1988; Buckland et al., 1993).
[TocAreAHMIT BapUaHT METOAMKM MHTErpuUpo-
BaH B MPOrpamMmmHbIii kKomnaekc Distance, wm-
[POKO MCMOABL3YIOWMIACS 3a pybeskom (brnbom
n Ap., 2000) 1 umetowmii MOLLHLIA BCTPOEH-
HDIV CTAaTUCTUYECKUI annapar Ha OCHOBE MH-
dhopmaumonHoro kpurepust Akamke (Akaike
Information Criterion, AIC) (Buckland et al.,
1993), yeM He MOIyT MOXBACTATLCSI POCCU-
CKME METOAMKM.

Bo Bcex cayyasix pasHbIi MOAXOA K BbIYMC-
A€HMIO YYETHOW MAOLIAAM BEAET K MOAYYEHUIO
ABCOAIOTHO Pa3HbIX MOKA3ATEAEN MAOTHOCTU
JKMBOTHBLIX Ha €AMHMLLY MAOLIAAM, HECMOTPSI
Ha VICMOAL30BaHME OAHMX U T€X >KE€ AAHHbIX.
Koraa >ke npuxoantcsi Bectv pedb 06 yuére
rHE3A MTUL, OCOOEHHO KPYIMHLIX XMIIHUKOB,
TO TP MCMOAL3OBAHUM AIOOOV METOAMKM
pacyéra yYETHOWM MOAOCHI BO3HMKHYT MC-
KaKEHMsl, CBsI3aHHble C MPUPABHUBAHMEM
rHE3A K BCTpe4dam. 3AeCh BCTAET TakoKe BO-
MPOC O HEOAHO3HAYHOCTU TOTO, KaK paccyu-
TbIBATb PAAVIAALHYIO AUCTAHLIMIO OT YYETYMKA
AO FHE3AQ, TaK KakK, BO MHOTUX CAyYasiX, C AU-
HUM MapuipyTa MPUXOAUTCS NEPEABUTATLCS B
CTOPOHY FHE3AOBOTO OUOTONA, YBUAEB MTULI,
AMBO yrKe MPEANoAarasl TaM HaAMuYMe rHes-

map is simplified by the filtration of objects
with area less than 0.1 km?, linear objects
with width less than 0.1 km and by smooth-
ing the polygon orders (option of elimina-
tion of excess vertices).

2.5. The classes corresponding to
steppe habitats are isolated into an in-
dividual thematic layer from the layer of
open habitats. The objects correspond-
ing to the deposits, which are detected
on the basis of their geometry (regular-
shaped contours, alien natural units) are
eliminated manually.

Stage 2. Creation of habitat map.

2. The key parameters of the distribution of
the known nests are determined according
to the survey descriptions and in ArcView
3x using thematic maps:

3.1. nesting tree species

3.2. forest type

3.3. forest age

3.4. elevation change (in km/km)

3.5. direction of slope*

3.6. orientation of the nesting tree rela-
tive to the forest margin and/or the slope

3.7. distance to an open space (margin)

3.8. distance to a forest*

3.9. distance to a river

3.10. distance to a field

3.11. distance to a pasture ground

3.12. distance to a standing water body

3.13. distance to a settlement

3.14. distance to a farm

* — parameters determined in those cases
when there their determination is feasi-
ble, for example, there is an explicitly pro-
nounced relief or a nest is located in the
open space.

4. The parameters for each nest are listed
in the attributive table in the vector layer.

5. Descriptive statistics M+SD is obtained
for each parameter.

6. Functioning parameters are selected;
the criterion of this is the normal distribu-
tion and deviation from mean no higher
than 30%.

7. In ArcView 3x, using the standard func-
tion for buffer construction on the basis of
thematic maps, the buffer zones are con-
structed for each parameter step-by-step by
using the mean value.

8. The buffer zones are merged into the
single layer.

9. Using X-Tools extension, the vegeta-
tion map is cropped at the contour of the
buffer zone layer — thus, we obtain the
map of nesting habitats of the Imperial
Eagle.
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Ta6A. 1. PasHuLa B AATOPUTMAaxX PACHETa YUCAEHHOCT CTAHAAPTHBIMY MeToAamu 1 meToAamu TC (KypCrBOM BbIAEAEHDI AEVICTBUSI, B KOTOPbIE

CYLIECTBEHHO BMELIMBAETCSI CyOLEKTUBHDINM (PaKTOP).

Table 1. Difference between algorithms of number calculation with use of standard methods and GIS- software (italic font marks the

operations that depend on the subjective factor very much).

AATOpPUTM pacy€Ta YMCAEHHOCTH «CTAHAAPTHBLIA»
The «standard» algorithm of number calculation

AAropnTM pacyéTra YMCAEHHOCTH «MO AHAAM3Y
ANCTAHUM»

The algorithm of number calculation «on analysis of
distances»

INoctpoeHne y4ETHOM NAOLIAAN UCXOAST M3 KAKUX-TO
CPMKCMPOBAHHDBIX MAPAMETPOB, OMPEAEAEHHDBIX T10 KapTe, AM6GO
HErOCPEACTBEHHO B XOA€E Y4éTa

Generating a study plot on the basis of some fixed param-
eters estimated with use of a map, or calculated during the
account

Pacuér naotHoctn / Calculation of density

BbI60p 30HDI AASI SKCTPATOASILIMMI
Selecting the zone for extrapolation

OLeHKa MaTeMaTMyeckoro pacrpeAeAeHnst AAHHLIX
Estimation of mathematical distribution of data

DKCTPAMOASILIMST HA BLIGPAHHYIO 30HY MCXOASI U3 MApamMeTPOB
MaTemMaTM4eCKoro PacrpeAeAeH!s AAHHDIX

Extrapolation on the selected zone on the basis of param-
eters of mathematical distribution of data

OripeaeAeH e AUCTAHLIMM MEXAY BCEMM U/UAM BAVDKaLIMMU
coceasmMm

Calculating the distances between all and/or nearest neigh-
bors

OnpeaeAeHe AVICTAHLII MEXKAY TOYKamMM BCTped 0OLEKTOB
y4éTa 1 3aAaHHBLIMM OBLEKTAMM APYTMX BEKTOPHLIX TEM

1 MOCTPOEHME 30HDI AASI SKCTPAMOASILIMM HAa OCHOBAHMU
MOAy4Y€eHHbLIX AaHHLIX [MC-aHaansa

Calculating the distances between records of target objects
of other vector themes and generating the zone for extrapo-
lation on the basis of data obtained with use of GIS-analysis

OLeHKa MateMaTMyeckoro pacrpeAeAeHmst AAHHBIX
Estimation of mathematical distribution of data

[NocTpoeHre cxembl MOTEHLUMAALHLIX YHACTKOB MCXOAS U3
rnapameTpPoB MaTEMATUYECKOTO PACTPEAEAEHUST AQHHDIX
Generating the model of potential areas on the basis of pa-
rameters of mathematical distribution of data

Ad. Yacto ABMIKEHME OCYLIECTBASIETCS] BAOAL
AVIHVM THE3AOMPUTOAHOTO BMOTONIA, TAE C BE-
POSITHOCTLIO A0 90% pacroAaraioTcsl rHé3aa
YUYUTLIBAEMOTO BMAQ, MPUYEM AaKe THE3AA
KPYIMHDLIX BMAOB, B 3TOM CAy4ae, MOTYT BbLISIB-
ASITLCS1 C AMCTAHLMI BCETO AMIIDL B HECKOALKO
MEeTPOB.

Bc€ BblleckasaHHOE CTAHOBUTCSI HEBaK-
HbIM, KOTAa AaHHble akcroptupytotcst B TMC.
3A€Ch BMA METOAMIKM YY€Ta Yy>Ke He MMeeT
TaKOro OMPEAEASIIOIEro 3Ha4€HMs, Kak rnpu
obpaborke «Ha Bymare» MAM B MpOrpamme
Distance, Tak Kak ynpouaercst AO MPOPUCOB-
KM TpeKa U PacCTaHOBKM ToveK. [1o KoHu-
rypaumm TpeKa v rpaH1Lam MHAMBUAYAALHDBIX
YYaCTKOB PAa3HLIX BYAOB OMPEAEASIETCS YYET-
Hasl MAOLLAAD.

Takum ob6pasom, npu yyére Ha mapupyTe
UAU TOYKE y‘-léTHaﬂ NMOAOCa MO>KET HE UMETDL
hUKCMpPOBAHHOM WMPUHLI MO CPEAHEN AAAL-
HOCTM MAM OKPY>KHOCTM OBOHAPYIKEHMsI, & U3-
MEHSIETCSI N0 MEPE MPOABMIKEHUS y'-léT‘-lVlKa
M perncrpaumm obbeKTOB, HA KOTOPLIX Ha-
MPAaBA€H YYE€T. AHAAOTOM MAOTHOCTU SIBASI-
IOTCSl AUCTAHLIMM MEXKAY BCEMM MAM OAMIKAA-
WVMM COCEASIMM, HAa OCHOBAHMM KOTOPLIX U
CTPOUTCsT PacyéT (taba. 1) 1 MpoBepsioTCs
ownbky y4éta. MNpu 3TOM COXPAHSIETCsI BO3-
MO>KHOCTb MEPECUMTATL AAHHBIE MO AOOO
CTAHAAPTHOM METOAMKE, UCIMOAbL3YIOWEN Ta-
KM€ napameTpbl Kak hMKCMPOBaHHAs MOAO-
ca yuéTta, NepreHAMKYASIPHasi M paAMaAbHasl

Stage 3. Searching for the parameters,
on the basis of which the map of breed-
ing clusters is constructed

10. Parameters of the nest distribution are
exported to Statistica 5.0 software, and Dis-
criminant analysis of the data is carried out:

10.1. The following parameters are se-
lected:

10.1.1. nesting tree species

10.1.2. forest type

10.1.3. forest age

10.1.4. forest area

10.1.5 elevation change (in m/km)

10.1.6. distance to an open space (margin)

10.1.7. distance to a pasture ground

10.1.8. distance to a settlement

10.1.9 distance to a farm

10.2. The variables are grouped with re-
gard to the nesting tree species using the
Forward stepwise method.

10.3. After looking at the result on the
scattering plot of canonical scores, the vari-
ant of variable grouping that provides the
most adequate division of the scores into
groups is chosen.

10.4. The ordination parameter with the
maximum loading for creation of the map
of breeding groups is chosen.

Stage 4. Creation of the map of nesting
clusters
11. Using the thematic maps on the ba-
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MorvAbHuK
(Aquila heliaca).
@®oto 3. HuKoAeHKo.

Imperial Eagle
(Aquila heliaca).

Photo by E. Nikolenko.

AVICTAHLMSI A0 OOBLEKTA M Ha-
npaBA€HME (Yyroa) Ha BCTpe-
YeHHbIi OOLEKT B MOMEHT €ro
MEPBON pPerucTpaunm, ecam
BO BpeMsl y4éta puKkcmMpoBarthb
B MOAEBOM AHEBHMKE AUCTaH-
LIMM AO KQKAOTO BCTPEYEHHO-
ro obLeKTa M asuMyT C TOUKM
HaxXoXXA€HMs1  y4€TuMKa Ha
OBLEKT B MOMEHT ero o6Hapy-
SKEHMsI.

Aanee Mbl pacCMOTPUM MpU-
MEHEeHMe aAropuTMa pacyéta
YUMCAEHHOCTM «[0 aHaAM3Y AUCTaHLMI» B pe-
LWEHUM KOHKPETHLIX Hay4YHO-TPAKTUYECKMX
3aAa4, CBSI3AHHBIX C KPYMHLIMM MEPHATLIMM
xuwHuKamu. B kayectse [MIC-nporpammbl
ncroabsyem ArcView GIS 3x (ArcView...,
19996), Kak HaMbBOAee AOCTYIHYIO M3 MOA-
HOLIEHHbIX AmueH3upyembix [TMC npoaykTos
(c oTKpbITBIMM HacToALHLIMM TUC, nmetowm-
MU MHOTMeE hyHKLIMU, AOCTYTIHbIE B ArcView,
MO>KHO MO3HAKOMMUTLCS! B MyBOAnKaumm M.1O.
AybunuHa u A.A. PoikoBa, 2010). Momu-
MO OCHOBHOW OBOAOYKM HaM MOTPeBYIOTCs
moayamn Spatial Analyst u Image Analysis
(ArcView..., 1999a, 1999c), pacwmpeHus
Image Warp (McVay, 1999), ShapeWarp
(McVay, 1998), Edit Tools (Tchoukanski,
2004), X-Tools (DeLaune, 2000), Repeating
Shapes (Jenness, 2005), Nearest Features
(Jenness, 2004) u TRLegend (Ay6uHuH,
2009). Arst nepecyéra KOOPAMHAT UCTTOAL3Y-
em nporpammy PHOTOMOD GeoCalculator,
Ms1 06paboTkn usobpakenuin — Adobe
Photoshop CS2, ars crat-o6paboTkm mare-
puana — Statistica 5.0.

YACTDL BTOPAS, ITIMCOBASA
Mpumep nepBbIA, MAM
IAe 6b1 MOTMALHMK HY THE3AMACH,
B [TUC yyacrtok 3acBeTnacsa!

BBeAeHne

[Mpumep OTPaBOTKM METOAMKM PEAAU3O-
BaH Ha Tepputopum BbicOKOro 3aBOAXKDSI
n lpeAyparbsi B MorpaHuyHoin obaactn 5
cybnektoB Pd — Camapckoit, YAbSIHOBCKOM
n OpeHOyprckoin obaactelnt U pecrnybAmK
Tarapcrad u bawkoprocTaH.

[Moyemy BLIGOP MaA MMEHHO HA MOTUABLHU-
Ka? [loToMy 4TO 3TO yrpo’Kaemblil BUA, BHE-
c€HHbIM B KpacHbii cnincok MCOIT, KpacHyto
kHury Poccum (BirdLife International, 2008;
IUCN, 2010; FaayumH, 20016) u KpacHoie
KHUMM BCex CcyOLekToB Pd, B KOTOPLIX Ae-
JKMT THE3A0BOM apeaa 31oro opaa (Ipucsk-
HIOK U Ap., 2004). [MoTomy 4To Ha o6o3Ha-
YEHHOW TEPPUTOPUM COXPAHSIETCSI KPYMHAasl

sis of the chosen ordination parameter from
the attributive table Thiessen polygons are
constructed in ArcView 3x using Edit Tools
extension.

12. On the basis of Thiessen polygons, the
working vector layer of breeding groups is
formed by isolating the overlapping zones
between the clusters, if those are obvious,
into individual polygons.

13. Using X-Tools extension, the identifi-
cation of the habitat map on the basis of the
working vector layer of breeding groups is
carried out; the corresponding attributes are
listed into the attributive table.

14. On the basis of the type of the pre-
dominant habitats, the polygons of the
habitat map that remained beyond the layer
of breeding groups are attributed to a par-
ticular type.

15. The final habitat map divided into the
breeding groups with the recorded attribu-
tive information is converted into the final
vector layer.

Stage 5. Creation of the map of poten-
tial breeding territories

16. Using the Nearest Features extension
in ArcView 3x, the distances between the
nearest neighbors are determined, and the
distance map is created.

17. Using the Edit Tools extension from
the distance map, geometrical duplicates of
distance lines between two nearest neigh-
bors are eliminated.

18. The average distance and the standard
deviation are determined for each breeding
group.

19. The layer of circles or hexagons imitat-
ing the distribution model of the potential
breeding territories of the Imperial Eagle is
constructed using Repeating Shapes exten-
sion for each contour of breeding group on
the basis of the average nearest neighbor
distance determined for this contour.

20. On the basis of the reference point
that are the known nests of Imperial Eagles,
the preliminary vector layer of the potential
breeding territories of the Imperial Eagle is
corrected using ShapeWarp extension by
pulling the territory centers to the known
points.

21. On the basis of the corrected prelimi-
nary layer of potential breeding territories
of the Imperial Eagle, the centroid layer is
obtained using X-Tools extension.

22. The final layer of potential breeding
territories of the Imperial Eagle is construct-
ed on the basis of the centroid layer using
the standard function of buffer construction,
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TurmyHble rHésaa
MOTMABHMKA HAa COCHaX
Ha byryAbMUHCKO-
beae6eeBCKov BO3BbI-
WEeHHOCTH.

doro M. KapsiknHa.

Typical nests of
the Imperial Eagle
on the pines in
the Bugulminsko-

Belebeevskaya upland.

Photos by I. Karyakin.

THE3A0Basl IPYMNMNMPOBKA MOTUALHMKA, UMEIO-
asi CMeWaHHbLIM CTePeoTUI rTHE3A0BaHMS Ha
XBOMHBLIX U AUCTBEHHLIX A€PEBbSIX MO BO3-
BLILIEHHOCTSIM M Ha AUCTBEHHBIX A€PEBbLSIX B
MOHV)KEHHBIX DA€MeHTax peAbedha, AocTa-
TOYHO YCMelHO OCBaMBaloLLAasi CUALHO Hapy-
LI€HHbIE YEAOBEKOM A€COCTENHbIE AaHALIA-
bl (bopoanH, 2008; KapsikuH, 1998, 1999;
KapsikmH, MNMaxeHkos, 1999; KapsikvH u Ap.,
2008). HepaBHOMEPHOCTL pasmelleHust Mo-
TMAbHMKA B OCBOEHHOM AQHAIIAPTE MPUBO-
AWT K OYEBMAHDIM 3aTPYAHEHUSIM MPU OLIEHKE
€ro YMCAEHHOCTU, MO3TOMY PelleHue 3TOW
3aAa4M OTAMHHO MPOUAAIOCTPUPYET BO3MOXK-
HocTn uHcTpymeHTapus TMC.

dopmyAMpOBKA 3aAaUm

[TocTpoeHue moaeAn pacrpeAeAeHUs THe3-
AOBbLIX YYaCTKOB MOTMAbHMKA (Aquila heliaca)
Ha KAIOYEBOM TEPPUTOPUM AECOCTENMHOM
30HBI Boicokoro 3aBoAXkbst v [Npeaypanbst aast
OLIEHKM €ro YMCAEHHOCTU U OMNpPEAEAeHMsI
MOTEHLMAABLHBLIX MECT THE3AOBAHMSI C LIEABIO
MX 0BCAEAOBAHMSI.

MoAeBbIe MCCAEAOBAHMSA

B cesoH 1998 r. npoBeaeHO 0BCAeAOBaA-
HUE ABYX MAOLIAAOK HAa MPEAMET BbLISIBAEHUSI
MoruAbHMKa (puc. 2). lleppas nAowaaka
(naowaan 1101,1 km?) 3aA0KEHA B A€COCTE-

having specified the required distance for
circle construction.

Estimation of the result

Let us start discussing the results start-
ing with the third stage. So, we obtained
the working parameters of the distribution
of nests of the Imperial Eagle on plots (ta-
ble 2). The first fact to stand out is that the
area of the forest in which a nest is located
strongly varies (from 0.1 to 311 km?); how-
ever, the pairs breeding on pine trees build
nests in appreciably large forest territories.
The minimum dispersion is characteristic of
such parameters as the nest—farm distance —
0.1-5 km, on average 1.81+1.52 km, nest—
settlement distance — 0.1-5 km, on aver-
age, 1.62+1.53 km, and elevation change
— 0-0.6 km/km, on average, 0.02+0.02
km/km. The Discriminant analysis of the pa-
rameters of nest location on the plots with
respect to the parameters included in the
model, such as the nest—settlement distance
and elevation change, has demonstrated
explicit distinctions between the patterns
of the Imperial Eagle nesting on pine, birch,
and poplar trees (table 3, fig. 4). The classi-
fication functions are shown in table 4. What
does it suggest? It tells that we can boldly
divide the habitat of the Imperial Eagle in
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Puc. 2. KaroueBas
TepPUTOPHS U NAOLIAAKMI
(HyMepaLuus NMAOILAAOK
COOTBETCTBYET HYMepa-
LU B TEKCTE).

nu Boicokoro 3aBoAXbsl (KpariHuil ceBepo-
BocTok Camapckoin obAacT Ha rpaHuue
pecnybankm TatapctaH u OpeHOyprckoi
06AACTM) M MPEACTABASIET COOON BCXOAMAEH-
HYIO AecocTernb C oparMeHTamy COXPaHUB-
IIMXCSl COCHOBO-IUMPOKOAUCTBEHHLIX AECOB
Ha BLICOKMX T€ppacax MaAbIX PEK U KOAKaMM
MEAKOAMCTBEHHDLIX A€COB M0 BOAOPA3AEAAM.
Bropasi naowaaka (naowaan 191,7 km?) 3a-
AOXKEHA B AecocTenu AeBobepeskbs Boaru
(ceBepo-3anaa Camapckoin 06AaCTM Ha rpa-
HUUE C YALSIHOBCKOM OBAACTDIO) M MPEACTAB-
AsIET COBOI CAABO BCXOAMAEHHYIO A€COCTEND
C (pparmeHTamm COXPaHMBILMXCSI COCHOBO-
IUMPOKOAUCTBEHHBIX A€COB Ha MOAOIMX Tep-
pacax MaAbiX PeK C BOAOPA3AEAAMMU, MTOAHO-
CTLIO 3aHSITLIMM MaLIHSMM.

B xoae 0OCA€AOBAHMSI STUX MAOLIAAOK
Ha ABTOMOOMABLHLIX MapLIPyTaxX, OPUEHTU-
POBAHHLIX HA MOMCK TUMWUYHLIX THE3A MO-

Fig. 2. Key territory and
study plots (numbers
of plots are similar with
the same in the text).

TunmnyHble rHé3aa
MOIMAbHUKA Ha 6epésax
(cAreBa) M Ha TOTIOASIX
(cnpasa).

doro Y. KapsikuHa.

Typical nests of the
Imperial Eagle on the
birches (at the left) and
on the poplars (at the
right).

Photos by I. Karyakin.

our key territory into three types that cor-
respond to patterns of the Imperial Eagle of
breeding on pine, poplar, and birch trees.
The simplest approach is to use for division
of habitats the parameters included into
the model of Discriminant analysis. How-
ever, the division will be more accurate if
a series of other landscape characteristics
that are visible in GIS are used, which have
not been represented in the model, since
they have no explicit connection to the pa-
rameters of nest distribution (such as the
forest ratio on the breeding territory from
its total area, the field/pasture ground ratio
on the breeding territory, etc.).

The next stage is the determination of dis-
tances between the nests of different pairs.
This stage is important due to the fact that it
is the mean distance between the nests that
will be used as a parameter on the basis of
which the layer of circles imitating the sys-
tem of breeding territories will be construct-
ed. Here, the question arises — whether to
use the distance between all neighbors, or
between the nearest ones? If there is no ob-
vious dependence of linear arrangement of
the breeding territories along certain objects
that can be seen in the image (a margin of a
solid extended massif, a river, etc.), it is bet-
ter to consider the distances between the
nearest neighbors. In our case, the distance
for the nests located on pine trees is (n=8)
2.39-11.73, on average, 5.93+3.22 km;
for the nests located on birch trees — (n=2)
14.54-15.23, on average, 14.89 km; and
for the nests located on poplar trees — (n=2)
17.23-24.12, on average, 20.68+4.87 km.
The model of potential breeding territories
inside the contour of the key territory con-
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40 Kilometers

Puc. 3. Hé3Aaa MOTMADL-
Huka (Aquila heliaca) Ha
nAowaakax (Hymepaums
MAOLIAAOK COOTBETCTBYET
HymepaLun B TEKCTE).

Fig. 3. Nests of the
Imperial Eagle (Aquila
heliaca) on study plots
(numbers of plots are
similar with the same in
the text). Labels:

1 — pine-type of nesting
habit, 2 — birch-type of
nesting habit,

3 — poplar-type of
nesting habit.

50°30° 517200 5210

MMAbHMKA, oOBHapyskeHo 15 THE3A (puc.
3). THé3Aa HaViAeHLl B COBEPIUEHHO PAa3HbIX
TUMAX MECTOOOUTAHUM — YYACTKM XBOWMHO-
WMPOKOAUCTBEHHOTO A€cCa C MPUCYTCTBUEM
VAU AOMMHMPOBAHMEM COCHDI B [IEPBOM sIpyCe,
rpPaHMYaIMeE C MOASIMM M PEYHBLIMY MOIMamMu,
MOMMEHHDIN A€C, TPAHNYALLMIA C NACTOMLaMM
1 MOAsIMM 1 BePE3OBbIE MEPEAECKM CPEAU MO-
A€l 1 cTenHbIX nactouut. M3 15 ruésa 9 Bbisis-
A€HBI B XBOMHO-IMPOKOAUCTBEHHDBIX YYacTKaxX
A€Ca, B VIX MPUOMYLIEYHOM YaCT!, U YCTPOEHDI
Ha cocHax (Pinus sylvestris), 3 — B OCMHOBO-
6epé30BLIX KOAKAX U YCTPOeHDbl Ha Bepésax
(Betula pendula), 2 — B novime peku u 1 — B
A€COIOAOCE, CPEAM 3aAEIKEN, YCTPOEHHDIE Ha
Tornoasix (Populus sp.). Ha naowaake N21 06-
Hapy>X€HO 9 THE3A, U3 KOTOPLIX 3 YCTPOEHDI
Ha cocHax, 3 — Ha 6epésax, 3 — Ha TOMOASIX;
Ha naowaake N°2 — 6 rHésa, Bce Ha COCHaXx.

KatoueBasi Tepputopusi, KOHTYP KOTOPO#
NMPOBEAEH AOCTAaTOYHO CyOLEKTMBHO Yepes
TEPPUTOPUIO, MAAHMPOBABLIYIOCS K OOCAEAO-
BaHMio B 1998-2008 rr., 3aHMMAaET MAOLLAAL
31244,9 km? (puc. 2).

[pocToii pacyér MAOTHOCTM MO METOAM-
K€ MAOLIAAOYHDLIX YYETOB AAET MOKa3aTeAb B
cpeaHeM 1,16 nap/100 km? obuiel naowaam
(0,82-3,13 nap/100 km? obwel MAowWAaam).
DKCTPAMNOASILMST 3TUX AAHHLIX Ha MAOLIAAL
KAIOYEBOW TEPPUTOPUM MO3BOASIET MPEAMNO-
AOXUTL THe3A0BaHMe 168-784 nap, B cpea-
Hem 363 mnap, MOTMALHMKOB Ha KAIOYEBOWM
Tepputopumn. OLEHKA UMEET OYeHbL BOALILYIO
OWMOKY M OYEBMAHO, YTO OHA HE KOPPEKTHA.
Bu3yaAbHbBIN aHAAM3 KaPTbl MPEANOAAraeT 3a-
BbILIEHWE OLIEHKM, TaK KAK SKCTPAMOASILIMSI
OCyLIECTBAEHA Ha TEPPUTOPUIO, MMEIOLLYIO
GOAbIIME TMAOIIAAM MECTOOBUTAHUM, HE SIB-
ASIIOWMXCSI ONTUMAABLHLIMU AASI MOTMALHMKA,
B TO BPeMsl Kak O0Oe MAOWAAKM 3aA0XKEHDI B
ONTUMAABHBIX MECTOOOUTAHUSIX, & HA OAHOWA

structed on the basis of these parameters
is given in fig. 5. It consists of 222 objects
(130 objects corresponding to the potential
territories on which the breeding of the Im-
perial Eagle is supposed according to the
pattern of breeding on pine trees, 67 — on
birch trees, and 25 — on poplar trees).

Let us concentrate on the breeding pat-
tern. By this term we understand the ar-
rangement of a nest by the Imperial Eagle
in the landscape so that with respect of
the complex of parameters, it matched a
certain typical variant that is characteristic
of a number of eagle pairs in this region.
The isolated patterns of breeding on pine,
birch, and poplar trees have characteris-
tics as follows. The nest corresponding
to the pattern of breeding on a pine tree
is located on an elevated terrace territory
(a watershed ridge or a bold mountain),
mainly in the upper part of the slope or on
its peak, usually in a large forest massif, al-
ways facing a pasture ground and a farm
and/or a settlement. The nest is predomi-
nantly constructed on a pine tree, on its
top; however, there may be different vari-
ants of nest construction on oaks, rarely
on birch trees, usually in the same habi-
tats, where the pine forest is replaced by
secondary broad-leaved or small-leaved
forest. The nest corresponding to the pat-
tern of breeding on a birch tree is located
in the wavy, usually watershed landscape,
in the lower part of a slope or in its base,
in a separated forest stand or a group of
trees, among pasture grounds; however,
commonly beyond sight from the farm or
the settlement. The nest is predominantly
constructed on a birch tree, more rarely, on
an oak or aspen trees, in the mid-crown.
The nest corresponding to the pattern of
nesting on a poplar tree is located in a flat-
tened, typically floodplain landscape, with
the minimum elevation change, on the ter-
ritory with the minimum forest coverage,
within the sight from a pasture ground, but
beyond the sight from a farm or a settle-
ment. The nest is predominantly construct-
ed on a poplar tree, more rarely, on an elm
or a birch tree, in the upper crown.

Now let us minutely consider the resultant
model. Three clusters of potential territories
corresponding to the type of breeding of
the Imperial Eagle on pine trees are isolated
in this model, since precisely in these ter-
ritories the pine broad-leaved forests occur.
The entire central part of the key territory
is occupied by the potential territories cor-
responding to the type of breeding on the
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TunmnyHble rHésaa
MOI'MAbLHUKAa Ha COCHax
B [MpnBOAKCKMX 6opax:
Ha OrylKe Teppac-
Horo 6opa (BBepxy) u
CpeAM HaropHoro Aeca
B YAAA€HUU OT OMyLKN
(BHUM3Y).

doto M. KapsikuHa.

Typical nests of the
Imperial Eagle on the
pines in the Privolzhskie
pine-forests: upper — on
edge of pine-forest,
bottom — in the upland
forest.

Photos by I. Karyakin.

13 MAOILAAOK, K TOMY YK€, NMAOTHOCTb MOTUAb-
HMKA OblAQ SIBHO MAKCMMAALHOM AASl BMAQ
(mrowaaka N°2, naotHocTb 3,13 nap/100 km?
obuwei naowaam). ECAM OTBA€YLCSI OT KOH-
TYPOB MAOWAAKM U MOCYUTATL MAOTHOCTL Ha
mapuwpytax (cm. Kapsikun, 2004), nports-
SKEHHOCTL KOTOPbLIX Ha naowaakax 1 u 2 co-
craBuAa 66,0 n 244,15 km, COOTBETCTBEHHO,
TO, MNPV CPEAHEN AUCTAHLIMM OBHAPYIKEHMSI
rHE3A MOTUMALHMKA 1,18 KM (lumMpUHA y4ETHOW
rnoAocnl 2,36 Km), NMAOTHOCTL coctaBuT 2,05
nap/100 Km? MpPUOMYyLIEYHON 30HLI AECOB
(1,56-3,85 nap/100 km? npuonyweyHom
30HLI AecOoB). Ho 3Tm nokasaream MO>KHO
3KCTPArIOAMPOBATL TOALKO Ha MpUOMyLiey-
HylO 30Hy, nAowaab kotopon 6e3 TMC ao-
BOALHO CAOXKHO MOCYMUTATD.

Y70 >KE MOXKHO CAEAATL AASI KOPPEKTUPOB-
KM OLIEHKM UYMCAEHHOCTM, MMesl HacTosiume
Y4éTHble AaHHble? ECTb HECKOALKO BapuaH-
TOB. [lepBblii BApUAHT — MOCYUTATL MAOLIAADL
MPUOIYIIEYHOM 30HLI AECOB U SKCTPATIOAU-
[poBarth MoKasaTeAu MAOTHOCTU, MOAYYEHHbIE
Ha MapLpyYTHLIX YY€Tax, BTOPOW BapUaHT —
rnepecymTarb NAOTHOCTb B THE3AOMPUTOAHbBIX
6MoTOoMNax Ha MAOIWAAKAX HA THE3AOMPUIOA-
Hble BUOTONDbI KAIOUYEBOV TEPPUTOPUU U, HA-
KOHeLl, TPETUI1 BAPUAHT — MOCTPOUTL CXEMY

birch tree, even in those territories where
the nests in open landscapes on poplar
trees are known on the plots. It is connect-
ed with the fact that the open territories
with the nests on poplar trees within the
plot were isolated, and there was no pos-
sibility of constructing a layer from several
neighboring territories with the diameter of
20.68 km.

The main question is how reliable is the
model of 222 potential breeding territories
of the Imperial Eagle constructed on the ba-
sis of 15 nests (6.76% of the known nests of
the estimated number of the species in the
key territory)? Right now we will analyze
the reliability.

There is not to say that the entire territory
has been studied to the present moment;
however, it has been annually, up to 2010
inclusive, visited by different ornithologists
and bird-fanciers, the database on breed-
ing territories of the Imperial Eagle being
annually appended. By now, 119 potential
breeding territories were inspected, which
makes up 53.6% of the total number of those
estimated in the model (table 5, fig. 6).

Inspection of the territories has shown
that in general the model is working. Breed-
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pacrpeAeAeHmsl NMOTEHLUMAALHLIX THE3AOBbLIX
YYaCTKOB UCXOASl U3 CMELMPUYECKMX XapaK-
TEPUCTUK pasmelieHust THE3A. M1 B ToM, U B
APYTOM, U B TPETbeM CAyYae MPUASTCsT UC-
noab3osarb [VIC, oAHako, nNpu hakTMyecku
OAVMHAKOBLIX TpyAO3arparax, MOCTpoeHne
CXeMbl pacrpeAeA€HMsi HAMHOro ToyHee
MO3BOAUT MOAOWMTU K OLIEHKE YMCAEHHOCTH,
OAHOBPEMEHHO peIMB elé OAHY 3aaauy
— BDLISIBA@HME MOTEHLMAALHLIX T[HE3AOBbLIX
YYaCTKOB MOTUMALHMKA AASI X MPOBEPKM.
Hu>ke Mbl paccMoTpyM MOAPOGHO Kame-
PaAbHYyI0 PaboTy MO TPETLEMY BaPUAHTY.

KamepanrbHas 06paboTKa AQHHBIX

KamepaabHasi pabota B Hamem caydae C
MOTUALHMKOM — 3TO AOBOALHO Cepbé3Hast
pabota B TMC, KOoTOpast AOAKHA MPOXOAUTD
B HECKOALKO 3TaroB. [lepBbii 3Tan — Mnoa-
roToBKa Kaprorpacgmyeckor ocHoBbl. C Hel
Mbl 6yAeM paBoTarh, OMPEAEASISl 3aKOHOMEP-
HOCTU pacrpeAeAeHusl THE3A MOTMALHMKA B
MPOCTPAHCTBE, HA €€ OCHOBE CTPOUTL KapTy
MECTOOBUTaHUMA MOIMALHMKA B PErMoHe —
3TO BTOPOM 3Tarn. TpeTuii 31ar, OTBA€YEHHDIN
oT TMC, HO HE MeHee BaXKHDLIVi — HEOOXOAU-
MO TMOHSTb, HACKOABLKO CMALHO OTAMYAETCsI
pacrpeAeAeHNe MOTMALHUKOB, THE3ASILMXCS
Ha cocHax B 6opy, Ha 6epésax M TOMOASIX
B AECO-TIOA€BOM AaHAWAPTE M Mommax, u
KaKoBa BEPOSITHOCTb MX Pa3HEeCeHUsl Mo pas-
HbIM THE3AOBLIM TIPYMMMPOBKAM CO CreLu-
huueckumm  crepeotTMnamm  rHE3AOBaHMSI.
3Aech HaM NMOMOYKET ACKPYMMHAHTHBIA aHa-
AM3. YeTBEpTbii 3Tan — MOArOTOBKA KapTbl
MECTOOBUTAHUI MOTMALHMKA, AMDIIEPEH-
LIMPOBAHHOM MO Pa3HLIM rHE3A0BbLIM FPYMMU-
poBKam. [TbIA 3Tan — 3aKAIOUUTEALHDIA STar
PaBoTLl — MOCTPOEHNE CXEMDI MOTEHLIMAAL-
HbIX THE3AOBbLIX YYaCTKOB MOTMALHUKOB AASI
KAIOYEBDLIX TEPPUTOPUINA.

MowaroBpifi aAropuTm 06pPa6OTKM AaH-
HbIX B ArcView 3.x.

Jtan. 1. IoaroTtoBKa KapTtorpadunye-
cko¥ ocHOBbI AAa TUC-aHarmn3a.

1. Ha TepputOpuio KAIOYEBLIX TEPPUTOPU
CO3AA€M PACTPOBYIO MOAAOXKKY M3 TOrorpa-
huueckmx kapt M 1:200 000. Tonorpadom-
Yeckue KapTbl CKaHWPYeM, TMEePEeBOAMM B
pactposbii oopmar TIFF u peructpupyem B
ArcView B npoekumn UTM-83, 30Ha 38 (aa-
Tym WGS-84).

1.1. B rpacpmueckom peaakrope Adobe
Photoshop CS2 ckaenBaem M MHAEKCUMpYEM
KapPTbl, B UTOTE€ AASI K&JKAOTO AUCTA MOAYHaeM
LBETOAEAEHHbIN pacTp B popmare TIFF.

1.2. B nporpamme PHOTOMOD GeoCal-
culator nmepecunTbIBAEM KOOPAMHATLI YTAO-

ing of the Imperial Eagle was found in 102
territories, which is 85.71% of the number
of inspected territories. During the inspec-
tion of 119 potential territories, 120 actual
breeding territories were revealed (fig. 7). 8
nests of the Imperial Eagle were found be-
yond the potential territories, exactly half of
those being located in immediate proxim-
ity from the borders of the potential territo-
ries (3 — in the 500 m wide buffer zone, 1
— 1.5 km away from the edge of a potential
territory), while the other 4 were found in
non-typical nesting habitats (either far away
from the margin inside a terrace pinewood
or in larch forests inside the clusters with
the pattern of breeding on pine trees). 2-3
actual breeding territories were located in
8 potential breeding territories, only in 2
cases incorrect assignment of these territo-
ries into the habitat group with a different
type of breeding of the Imperial Eagle being
the reason for that, while in the remaining
case it is a case of surpassing the optimal
density due to good feeding and/or nesting
conditions.

Thus, the location of actual breeding ter-
ritories of the Imperial Eagle diverged from
the model by 14.29%; however, the number
of breeding Imperial Eagles at the inspected
territories was higher than the calculated
number by only 0.84%.

Validation of the model of potential
breeding territories of the Imperial Eagle
has demonstrated that although there are
certain drawbacks, the modeling with group

THe3A0 moruabHMKa. doto Y. KapskmHa.

The nest of the Imperial Eagle. Photo by I. Karyakin.
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BbIX TOYeK Tornorpadmyeckmx kapt ns CK-42
B WGS-84.

1.3. INepecunTaHHble 3HAYEHMSI SKCMIOPTU-
PyeMm B TEKCTOBbLIM chopmar.

1.4. TekcToBbLIi (paliA C KOOpPAMHATaMM
OMOPHLIX TOYeK umnoptupyem B ArcView,
rae npeobpasoBbIBAEM B WENMN-PaiA C Mo-
moupto onumm Add Event Theme.

1.5. C nomowsto moayas Image Warp
OCYILECTBASIEM MPUBS3KY TOMOrpachnuieckmx
KkapT B npoekunto UTM-83, 3oHa 38.

1.6. Aaree KkapTbl BM3yaAbHO CAMBAEM B
€AMHOE€ MOKPbLITUE C MOMOLLIO PACIMPEHMST
Transparent Legend.

2. Ha ocHoBe kocmocHMMKa Landsat ETM+
2000 r. (MO YMOAYAHMIO CYMTAE€M, YTO OH
V)K€ KOPPEKTHO MPUBs3aH K UCMOAL3YEMOM
HaMy CUCTEME KOOPAMHAT), C MPUBAEYEHMEM
BEAOMCTBEHHbLIX MaTe€pPUaAOB, FOTOBUM Te-
MaTMyeckue KapTbl: KapTy PacTUTEALHOCTU,
13 KOTOPOM BLIAEASIEM CAOU A€CA, OTKPLITLIX
6MOTOMNOB, TMAPOCETM, HACEAEHHDIX MYHKTOB,
thepm.

2.1. C nomouwsio moayast Image Analysis
KOCMOCHMMOK ~ KAaccudpuumpyem Ha 16
kaaccos (onums Categorize...) u reHepaau-
3yem (ornumst Smooth).

2.2. KnaccucpmumpoBaHHoe n3obpaxkeHne
KOHBEPTMPYEM B BEKTOPHbLIV chopmar (err-
chaiin), ocylecTBAsiEM SAMMUHALIMIO MOAUTO-
HoB MeHee 0,05 KM? 1o MPOTSPKEHHOCTM rpa-
HULL C GOALLIMMM MO TMAOILAAM MOAMTOHAMM C
nomouibto Edit Tools (onuus Eliminate).

2.3. Ha ocHoBe cuctembl penepHbIX TOYeK
COCTaBASIEM AE€r€HAY COOTBETCTBMSI KAACCOB
TMMam pactuteAbHoctu. [lonaswme B OAMH
KAQCC MO CBOMM CIEKTPAALHBIM XapaKTepu-
CTUKaM pasHble TUMbI PACTUTEALHOCTU (Ha-
npUMepP, 3aKyCTapPEeHHLI AYr M MOAOAOM
AVICTBEHHDbIN A€C) AMOGO, HAOBOPOT, OAVHAKO-
BbI€ TUMDI, MMEIOIIMNE CMEKTPAALHYIO Pa3HULLY
B AAHHLIi MOMEHT BPEMEHM (HeHapyleHHas!
cTernb U CTeMb, MPOMAE€HHAsl MOYKAPOM TEKY-
IIEro roAd ChLEMKM) PA3AEAsIEM BPYYHYIO Ha
OCHOBE aHaAM3a FrEOMETPUYECKON CTPYKTYPbI
OOLEKTOB U UX MPUYPOYEHHOCTU K SAEMEH-
Tam AaHAwadgta (komaHaa [field].substitute
(«Class x», «Class xx») KaAbKyAsiTOpa 3Have-
HWIA CTOABLIA).

2.4. B Ka4yecTBe AECHLIX MECTOOBUTAHMIA
(AMCTBEHHbIE, CMeLIaHHbIE U XBOWMHbLIE AecCa)
B OTAGALHLII TEMATUYECKUIA CAOWM BLIAGASI-
em Kaacchl 2-5. Kapty obaerdaem 3a cHéT
PUALTPALMM OOBLEKTOB MAOLIAABLIO MEHbLILE
0,1 KM2, AMHEMHBIX O6BLEKTOB WMPUHON Me-
Hee 0,1 KM U NYyTEM CrA@KMBAHUSI TPAHULL
MOAUIOHOB (OMUMST YAAAEHUST U3OLITOUHBIX
BEPILUUH).

2.5. U3 cAOs1 OTKPLITLIX MECTOOOUTAHMIA

separation on the basis of the breeding pat-
terns allows determining the spatial loca-
tion of breeding territories of the Imperial
Eagle with more than 80% accuracy (5-10%
of the known breeding territories from their
estimated number). The estimation of the
number of 222 breeding territories for the
key territory with the area of 31,244.9 km?
may be considered reliable, with the deter-
mined error less than 1%. The comparison
with the estimates obtained by other meth-
ods (see table 6) demonstrate the great ad-
vantage of the method described above.

For the typical landscape that includes
the most characteristic nesting and hunting
habitats of the Imperial Eagle, the minimum
threshold at which the use of the model of
construction of the potential territories is rea-
sonable will be 3 neighboring breeding ter-
ritories, if the model is constructed around
them for the area less than 10,000 km?; or
6 breeding territories in two groups (each
consisting of 3 territories that are remote
from each other by the distance no more
than 200 km), if the model is constructed
between the groups for the area less than
10,000 km?. It should be taken into con-
sideration that the less the number of the
model breeding territories, the higher the
final inaccuracy of the “model” construction
and calculation of the number.

The Second Example or
In GIS-software I‘ll input my figures to
find in woods the Golden Eagles!

Introduction

The example of approbation of the tech-
nique is realized in the territory of Nizhe-
gorodskoe Zavolzhye (Nizhniy Novgorod
Trans-Volga region) bordering with the Re-
public of Mary EI.

In this case the Golden Eagle (Aquila
chrysaetos) has been chosen as a raptor
having the largest breeding territory and
inhabiting the least populates areas. Under
conditions of forest and wetland landscapes
of Nizhegorodskoe Zavolzhye there are
many difficulties to make a success in the
species research. The Golden Eagle is listed
in the Red Data Book of Russian Federation
(Galushin, 2001a) and in the Red book of
the Nizhniy Novgorod district (Bakka, 2003)
and is a priority species in the regional pro-
gram of actions on recovering the number
by developing the system artificial nests
(Bakka et al., 1999; 2001; 2003; 2010;
Bakka, Novikova, 2005, 2006; Novikova,
2003).
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OrobpakeHne rHe3ao-
BOrO y4acTka MOrMAbHM-
Ka Ha Tororpacpmuy4eckoi
Kapte B okHe ArcView.

View of the Imperial
Eagle’s breeding
territory on the
topographic map within
ArcView.

B OTAEAbLHLIA TEMATMYECKUMA CAOM BLIAEASI-
€M KAACCbhl, COOTBETCTBYIOLIME CTEMHLIM Me-
croobutaHusim. BpyuHyio BbuMmaem o6L-
€KTbl, COOTBETCTBYIOLIME 3aneXKaM, KOTOpPbLIe
BLIYMCASIEM MO MX reoMeTpun (MpPaBUALHLIM
KOHTYpPaM, Yy>KAbIM MPUPOAHDLIM BbIAEAAM).

Jran 2. Co3aaHme KapTLl MecToobmra-
HWA.

3. AAsl U3BECTHDLIX THE3A MO MOAEBLIM OMNK-
caHusIM, a Takoke B ArcView 3x no temaruye-
CKMM KapTam, OMpeAeAsieM OCHOBHbIE Mapa-
MEeTPbI UX PacrpeAeAeHust:

3.1. BUA rHE3A0BOTO A€PEBA

3.2. Tn Aeca

3.3. Bo3pacr Aeca

3.4. nepenaa BLICOT B KM/KM

3.5. 3Kkcno3unumst ckroHa™

3.6. opueHTaumsi THE3A0BOTO AepeBa OT-
HOCUTEALHO OIMYILIKM A€Ca U/UAU CKAOHA

3.7. AMCTaHUMSI AO OTKPBLITOrO MPOCTPaH-
cTBa (Ony1Km)

3.8. AMcTaHuMs AO Aeca™

3.9. AUCTaHLMS1 AO PEKU

3.10. AMCTaHLMs1 AO MOASI

3.11. aucraHumsi A0 nactémwa

3.12. AMCTaHUMsI AO CTOSTYETO BOAOEMA

3.13. AMCTaHLMSsI AO HACEAEHHOTO MyHKTa

3.14. amvcTaHumst A0 hepMbl

* — mapameTpbl, ONpPeAeAsieMble B TeX CAy-
Yasix, KOrAa MX OIMpeAeA€HUE BO3MOXKHO,
Haripymep, MMeeTCsl SIPKO BbIPayKEHHDIN pe-
Abedd VAU THE3AO PACMOAOXKEHO CPEeAU OT-
KPLITOrO MPOCTPAHCTBA.

4. 3anucbiBaeM napameTpbl AASI KaQXKAOTO
rHe3Aa B aTpubyTUBHYIO TaBAMLLY BEKTOPHO-
ro CAOSl.

5. Tloaydyaem Mo KakaOMYy MapameTpy
onmcateAbHyto ctatmctuky M=SD.

By the end of 1990’, 3-5 pairs of the
Golden Eagle had been estimated to breed
in the Nizhniy Novgorod district (Bakka,
Bakka, 1997), 1-2 pairs had been believed
to inhabit the Kamsko-Bakaldinskie wet-
lands. The program on installation of artifi-
cial nests for rare species of birds of prey,
including for Golden Eagle started in 1998—
2000. Golden Eagles began to use one of
artificial nest as a perch in 1999, and built
the nest and tried to breed in 2000 (Bakka
et al., 2001). Occurrence of a breeding ter-
ritory of eagles in the Kamsko-Bakaldinskie
wetland has allowed to plan actions on re-
covering the number of the species on the
basis of GIS-software.

Statement of the problem

The model of the Golden Eagle’s breeding
territory distribution has created for the ter-
ritory of Biosphere Nature Reserve “Nizhe-
gorodskoe Zavolzhye” and targeted for the
most productive realization of actions on at-
tracting the species to artificial nests.

Surveys

During realization of these actions in the
territory of the Kamsko-Bakaldinskie wet-
lands a pair of Golden Eagles occupied an
artificial nest. The breeding territory (fig. 9)
was formed at the forest-wetland landscape
typical for the species under conditions of
taiga of Eastern Europe. According to differ-
ent researchers birds were observed and in
other areas of this wetlands and it allowed
to assume other pairs breeding in the re-
gion. As a result we supposed a breeding
group inhabiting the territory of wetland
with the unique scheme of breeding ter-
ritory distribution. And it was all the data
of surveys. We known one active nest of
eagles and there were rumours that some
Golden Eagles lived in neighbouring bogs.

Data Processing

In this case not it is not so obvious as in
the first example, and we will build up the
model of potential breeding territories of
Golden Eagles by guesswork. The problem
becomes more difficult because we should
not only build the model of potential breed-
ing territory distribution, but also pick out
their centers which should be characterized
by the largest share of probability of the
eagle’s nest location.

We do not know parameters of distribu-
tion of the Golden Eagle in this territory,
but we see that following the topographi-
cal map and satellite image, this territory is
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OrobpaskeHne BEKTOP-

HOrO CAOs1 A€COB, CO3-

AAHHOTO MO KOCMOCHUKY

Landsat ETM+ 2000, B
OKHe ArcView.

View of a vector layer
of forests created on
the basis of a satellite
image Landsat ETM+
2000, within ArcView.

6. Buibupaem pabotaiowme napamerpo,
KPUTEPUEM YEMY SIBASIIOTCS  HOPMAaAbHOE
pacrpeAeAeHre U OTKAOHEHUE OT CPEAHEro
He 6oree 30%.

7. B ArcView 3Xx C NOMOLILIO CTAHAAPTHOM
hyHKUMM MOCTpoeHust ByhepoB Mo TeMaTH-
YECKMM KapTam MowaroBo crpoum Bydpep-
HDLIE 30HbI, MO KAKAOMY NapameTpy UCMOAL-
3ysl CPEAHEE 3HAYEHME.

8. CamBaem 6yepHbie 30HBLI B EAVHDIN
CAOM.

9. C nomouubio Moayast X-Tools obpesaem
KapTy PACTUTEALHOCTM MO KOHTYPY CAOs1 Oy-
hePHLIX 30H — MOAYHAEM KAPTy FHE3AOMPU-
FOAHDIX AASI MOTMALHMKA MECTOOBUTAHUIA.

Jran 3. lMonck napameTpoBs, MO KOTO-
PLIM CTPOMM KAapTy THE3AOBLIX TPYNnu-
POBOK.

10. TlapameTpbl pacripeAeAeHusi THE3A
akcrnopTMpyem B Statistica 5.0 1 ocywecr-
BASIEM AVlCKleMVlH&HTHblVl AHaAU3 AAQHHDLIX:

10.1. Buibvpaem caeayiolme napamerpbi:

10.1.1. BMA rHE3A0BOrO A€peBa

10.1.2. TMn Aeca

10.1.3. Bo3pacr Aeca

10.1.4. nArowaan Aeca

10.1.5. nepenaa BLICOT B KM/KM

10.1.6. AuCTaHUMSI AO OTKPLITOrO MpPO-
CTPAHCTBA (OMyILKM)

10.1.7. aucTaHums A0 racTouwa

10.1.8. AMcTaHLMST AO HACEAEHHOTO MyHKTa

10.1.9. anctaHums Ao chepmbl

10.2. Tpynnupyem nepemeHHble MO BUAY
rHE3AOBOTO AepeBa, BbIOpas metoa Forward
stepwise.

10.3. Ha avarpamme paccesiHusl KaHO-
HUYECKMX 3HAYEHMII CMOTPUM Pe3yAbTaTr U
BLIGMpPAEM TOT BaPUAHT rPYMMMPOBKA Mepe-

similar to others with forest-wetland land-
scapes, which may be far from it at the dis-
tance of hundreds kilometers. Parameters of
spatial distribution of the Golden Eagle are
rather typical for Eastern European popu-
lation of the species. Thus for building the
model of potential breeding territory distri-
bution within the Kamsko-Bakaldinskie wet-
lands we use parameters of distribution of
eagles in the Upper Kama breeding group
investigated during previous field seasons.

The list of parameters of Golden Eagle’s
breeding territory distribution as follows:

1. Distance between centres of neighbour
territories — 9.9+1.2 km.

2. Radius of the breeding territory buffer
—6.4+1.1 km.

3. Diameter of a breeding territory —
5.68+0.98 km.

4. Overlapping of a breeding territory
with a buffer zone of the neighbour territory
—5+0.7%.

5. High pine forest within the breeding
territory — 100% priority.

6. The open peatbog within the breeding
territory — 100% priority.

7. Lake within the breeding territory —
50% tolerance.

8. Pine wastelands within the breeding
territory — 50% tolerance.

9. A buffer zone around settlements which
the species cannot inhabit — 5.3+1.1 km.

Data processing as well as in the previous
example with the Imperial Eagle is divided
into several steps. The first step — prepara-
tion of topographical maps. The second —
creation of habitat maps (fig. 10). The third
— the final step — generating the model of
potential breeding territories of Golden Ea-
gles for the Kamsko-Bakaldinskie wetlands
(fig. 11). The first article on this theme was
published in 2006 (Karyakin et al., 20006),
however the step-by-step algorithm of data
processing within GIS-software has been
described neither in that paper nor in the
articles on results of activities on the artifi-
cial nest installing (Bakka, et al., 2010).

Step-by-step algorithm of data
processing in ArcView 3.x.

Stage. 1. Preparing the topographical
maps for the GIS-analysis.

1. Create a raster map for the territory
of Kamsko-Bakaldinskie wetlands based
on topographical maps (scale 1:200 000).
Topographical maps are scanned, convert-
ed in raster data TIFF format and registered
in ArcView in projection UTM-83, zone 38
(datum WGS-84).
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MEHHDIX, KOTOPDLIV HaMbOAEE AAEKBATHO Pas-
AeAsieT 3HaYE€HMs1 Ha IPYIIMb.

10.4. OnpeaeasieMm rpynnupyoWmii aTpu-
OyT AAsl CO3AQHMSI KAPTLl THE3AOBDLIX IPYIIM-
POBOK.

Jtan 4. Co3araHMe KapTbl THE3AOBLIX
TpynnmMpoBOK.

11. B ArcView 3x no TemMatmyeckum Kap-
TaM, HA OCHOBAHUM BLIOPAHHOTO TPYMMUPY-
folero arpubyta u3 aTpubyTUBHOM TaBAULIDI,
CTPOVIM MOAUTOHBLI TMCCEHA, UCMOAbL3Ysl MO-
AyAb Edit Tools.

12. Ha ocHoBaHuM moauroHos Tucce-
Ha chopmupyem paboumii BEKTOPHbIA CAOM
THE3AO0BbIX FPYMMUPOBOK, BLIAEASISI B OTA€AL-
Hbl€ TOAUIOHBLI 30HDLI MEPEKPLITUSI MEXKAY
IPYMNMMPOBKAMU, €CAU TAKOBbLIE OYEBUAHDI.

13. C nomousio moayast X-Tools ocyuect-
BASIEM MAEHTU(MKALMIO KapThl MECTOoOU-
TaHUM Mo paboyemy BEKTOPHOMY CAOIO
THE3AO0BLIX FPYMNMUPOBOK C 3aHECEHWEM CO-
OTBETCTBYIOWMX ATPUOYTOB B aTpUOYTHBHYIO
TabAMLy.

14. Mo Tvny AOMMHMpYIOWMX 6MOTOMNOB
OTHOCMM TOAUTOHBI KAPThl MECTOOOUTAHMIA,
OCTaBIUMECST 3a MPEAEAAMM CAOSI THE3AOBLIX
IPYMMMPOBOK, K TOMY UAW MHOMY TUIY.

15. BbIBOAMM UTOTOBYIO KapTy MECTOOOM-
TaHUM, PA3A€AEHHYIO HA THE3AO0BLIE IPYMMu-
POBKM C 3amnMcaHHOM aTpubyTUBHOM MHAPOP-
Maumen, B UTOTOBLI BEKTOPHDLIN CAOW.

Ir1an 5. Co3aaHme KapTbl NOTEHUNAADL-
HBIX THE3AOBBIX Y4aCTKOB.

16. B ArcView 3Xx C NMOMOLILIO MOAYASI
Nearest Features onpeaeasem aucTaHUMMU
MEXKAY OAMKAMIIMMM COCEASIMM U CO3AAEM
KapTy AMCTaHLIMNA.

17. C nomounio moayast Edit Tools u3 kap-
Tbl AVUCTAHLMIA YAAAsiEM TeomeTpuyeckue
AYOAVIKATLI AVHWIA ACTAHLIMIA MEXXAY ABYMsi
OAVKAVLIMMM COCEASIMMU.

18. AAsl KQKAOM THE3AOBOV IPYMMUPOBKU
OrMpeAEAsIEM CPEAHIOI AMCTAHLMIO U CTaH-
AAPTHOE OTKAOHEHMeE.

19. C nomouubio MoayAsl Repeating Shapes
AASI KQOKAOTO KOHTYPA FHE3AOBLIX IPYMMMPO-
BOK Ha KapTe MECTOOOUTAHMIA MO CPEAHEMY
PACCTOSIHMIO MEXKAY OAVIKAMLMMM COCEASIMM,
OMNPEAEAEHHOMY AASl STOTO KOHTYPA, CTPOVM
MOKPbLITUE U3 KPYrOB MAM I€KCaroHOB, UMM-
TUPYIOLIEE CXEMY PaClpPeAeA€HMs MOTEHLIN-
AQABHBIX THE3AOBLIX YYACTKOB MOTMALHUKOB.

20. Onupasich Ha penepHbIE TOUKM, SIBASIIO-
luMecsl U3BECTHLIMU FHE3AAMM MOTUALHMKOB,
KOPPEKTUPYEM YE€PHOBOW BEKTOPHLIA CAOM
MOTEHLMAALHLIX THE3AOBLIX YYaCTKOB MO-
T'MABLHMKOB C MOMOILLIO MOAYAsl ShapeWarp,

1.1. Merge and index maps in the graphic
editor Adobe Photoshop CS2, as a result the
raster in TIFF format indexing in color should
be created for each sheet.

1.2. Coordinates of angular points of top-
ographical maps are recalculated from CK-
42 in WGS-84 the program PHOTOMOD
GeoCalculator.

1.3. Calculated coordinates are exported
to *.txt format.

1.4. The *.txt file with coordinates for ref-
erence points is imported in ArcView, thus
using option Add Event Theme it is trans-
formed to a shapefile.

1.5. Using Image Warp extension topo-
graphical maps are registered in projection
UTM-83, zone 38.

1.6. Using Transparent Legend exten-
sion maps are visually merged in the united
layer.

Stage 2. Creation of habitat map.

2. Vector theme of settlements is created
on the basis of topographical maps.

2.1. Using Spatial Analyst extension top-
ographical maps are converted to GRID for-
mat.

2.2. Black colored areas indicating settle-
ments and roads are converted as a sepa-
rate theme from the GRID-theme.

2.3. Using Edit Tools extension (option
Eliminate) small polygons are deleted. The
remained polygons not being settlements
are deleted manually from the theme.

2.4. On the basis of satellite images Land-
sat ETM+ 2000-2001 and Aster 2001-2006
settlements which have been extinct now
are noted. The main criteria for it are the
essential reduction of the area of the open
ground inside of contour of settlement and
overgrowing the roads to the settlement.
Polygons of these settlements are deleted
manually from the vector theme.

3. Create polygon for the analysis of the
Golden Eagle distribution.

3.1. Based on the theme of settlements
extracted from a topographical map buffer
zones with width of 5.3 km are created for
the territory characterized by absence of
breeding Golden Eagles with high prob-
ability.

3.2. The territory out of buffers of settle-
ments is converted to a shapefile that is a
zone of the Golden Eagle possible breeding.

4. Create the map of Golden Eagle habi-
tats.

4.1. On the basis of satellite images Land-
sat ETM+ and using Image Analyst exten-
sion (Seed tool), polygons of wetlands, pine
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MOATSITMBAST LIE€HTPbLI YYAaCTKOB K M3BECTHLIM
TOYKaM.

21. Tlo OTKOpPpPEKTMPOBAHHOMY YepPHO-
BOMY CAOIO TMOTEHLMAALHBLIX T[HE3AOBLIX
YYaCTKOB MOTMALHMKOB C MOMOLULIO MOAYASI
X-Tools noAyyaem CAOM LIEHTPOMAOB.

22. 1o CAOIO LIEHTPOMAOB C NMTOMOLULIO CTaH-
AAPTHOM  PYHKLUMM MOCTpoeHust  Bychepos
CTPOVIM UTOTOBbLIV CAOM MOTEHLMAALHBIX THE3-
AOBbBIX Y4AaCTKOB MOTMALHMKOB, 32AaB HY>KHYIO
AVCTAHLIMIO AASI TOCTPOEHMSI KPYTOB.

OueHka pesyAnTata

Hauném pasbuparbcsi C TeM, YTO MOAYYM-
AOCb, HauMHas ¢ 3-ro st1ana. Mitak, mbl MOAy-
YymaM paboTarolme rnapameTpbl pasMeLleHmst
rHE3A MOMMABLHMKA Ha MNAOwWAAKax (Taba. 2).
[NepBoe, 4to HpOCaAETCsl B rAa3a — MAOLIAADL
Aeca, B KOTOPOM pasMellaeTcsi THe3AO,
cvAbHO Bapbupyet (o1 0,1 Ao 311 km?), HO
Mpy 3TOM Mapbl, THE3ASMECS] Ha COCHax,
YCTPAMBAIOT THE3AA B AOCTATOYHO OOALLIMX
MO MAOILAAM YyYacTKax Aeca. MUHUMAaALHbIA
pPasbpoc MMEIOT TaKkMe MapameTpbl, Kak AMC-
TaHUMsI OT THe3Aa A0 oepmbl — 0,1-5 Kkm, B
cpeaHem 1,81+1,52 km, A0 HaceAéHHOro
nyHkra — 0,1-5 km, B cpeaHem 1,62+1,53 km
u nepenaa BbicotT — 0-0,6 KM/KM, B CpeAHEM
0,02+0,02 xm/Km.

AVCKPVMMHAHTHLI ~ @HaAM3  MapameTpoB
pPasMelLeHMs1 THE3A Ha MAOLLAAKAX MO BKAIO-
YEHHLIM B MOAEAbL MapameTpam, TakKuMm Kak
AUCTaHLIMSI AO HAaCEAEHHOTO MyHKTa U nepe-
MaaA BbICOT, MOKAa3aA YETKUE Pa3ANUMST MEXKAY
CTEePEeoTUNaMM THE3AOBAHMSI MOTMABbHMKA Ha
cocHax, 6epésax v TornoAsix (Taba. 3, puc. 4).
DYHKUMM  KAACCUPUKALIMM  OTOOPasKEHBI B
tabamue 4. O 4ém 310 rosoput? O TOM, YTO
Mbl CMEAO MOXXEM AEAUTL MECTOOBUTaHMsI
MOIVALHMKA Ha Hawel KAIOYEBOW TEPPUTO-
PVIM Ha TP TUMa, COOTBETCTBYOLIME CTEPEO-
TUMaM THE3A0BaHMSI MOTMALHMKA Ha COCHAaXx,
TOroAsix 1 6epésax. Cambiil MPOCTOM MOAXOA
— VICMIOAL30BATb AASI AEAEHMSI MECTOOOUTAHM
rnapameTpbl, BKAIOYEHHbLIE B MOAEAL AUCKPU-
MMHAHTHOTO aHaamsa. OAHAKO AereHue Oy-
A€T TOYHEE, €CAU UCIOAL30BaTb U PSIA APYTUX
BMAMMBIX B TVIC AaHAWATHLIX Xapakrepu-
CTUK, KOTOpPbIE HE BbIAM OTOBPAKEHLI B MO-
A€AM, TaK KaK HEe MMEeIOT YETKOrO OTHOLLEHMSI
K MapameTpam pasmelleHusl THE3A (Hanpu-
Mep, AOAsl A€Ca Ha FHE3A0BOM Yy4YacTKe OT
ero obweil MAOWAAM, COOTHOLIEHWE TMOAsl/
nactéuua Ha rHE3A0BOM YHaCTKE U T.A.).

CaeAyoWNiA War — OnpeAeAeHUe AUCTaH-
UMA Me)KAY THé3aaMM pasHbIX nap. 3ToT
war Ba)K€H TeéM, YTO MMEHHO CpEeAHee pac-
CTOsSIHME MEXKAY THé3pamy OyAeT Tem rMo-
Ka3aTeAeMm, Mo KOTOPOMYy OyAET CTPOUTLCS

wastelands, lakes and high pine forests are
chosen. These polygons are converted to a
shapefile (fig. 10).

4.2. Border zones between peatbogs and
high pine forests, pine wastelands and high
pine forests and lakes and high pine forests
are converted in a shapefile separately.

Stage 3. Generating the model of poten-
tial breeding territories.

5. On the basis of map of habitats of the
Golden Eagle the system of potential breed-
ing territories are created.

5.1. Using extension Repeating Shapes
(Jenness 2005.) and the measured means
of the nearest neighbor distances generate
round polygons which model the distribu-
tion of potential breeding territories.

5.2. Using known nest locations correct
the model using ShapeWarp (McVay 1998)
extension by moving the centers of the
rounds to the known breeding territory of
the Golden Eagle and centers of high pine
forests bordering with peatbogs.

5.3. Using XTools extension (Delaune 2003)
a new centroid layer is created on the basis of
transformed theme of round polygons.

5.4. The final system of round polygons
imitating the distribution potential breeding
territories is constructed around centroids by
means of standard option of buffer creating.

Estimation of the result

So, applying the parameters of distri-
bution of Golden Eagle’s breeding terri-
tory in the Upper Kama breeding group
we have constructed the model of poten-
tial breeding territory distribution for the
Kamsko-Bakaldinskie wetlands (fig. 11).
The breeding territory N°1 has become
a reference point of the model creating.
This territory was formed around artificial
nests (on the site eagles used 3 artificial
nests locating on a line in 3 km by turns
during several years).

Constructing the model of potential
breeding territories of Golden Eagles has
allowed to determine 19 territories for the
area of 2,300 km?. As a result of target
check of potential territories and moni-
toring of existing system of artificial nests
(the nests installed before 2000, and the
nests built after 2000, during target check
of them in the centers of potential territo-
ries) 12 breeding territories of Golden Ea-
gles have been discovered with a different
degree of data verification. We recognized
the territories as “confirmed” which eagles
(8 territories) had bred in, as “probable” —



Techniques and Methods

Raptors Conservation 2010, 19 117

Taba. 2. [MapameTpni pasmeeHmst rHéE3A MorMAbHMKA (Aquila heliaca), BLISIBAEHHDIX HA MAOLIAAKAX.

Table 2. Parameters of the Imperial Eagle’s (Aquila heliaca) nest distribution discovered in the study plots.

Auncranumns Mepenaa BuicoT
AO OMYyWIKM (kM/KM) AncrtaHums  AuctaHums Ao AncraHums
(km) Maximum height Ao nacr6nma HaCeA€HHOro Ao chepmbl
Mrowaan Distance to difference measured (kM) nyHKTA (KM) (k™)
[He3noBOE Aeca (km?) the nearest in DEM for 1 km Distance to Distance to the Distance to
A€epeBo Area of open space line across steepest the nearest nearest settle- a livestock
Nesting tree forest (km?) (km) gradient (km/km) pasture (km) ment (km) farm (km)
CocHa / Pine 27.0 0 0.06 0 0.1 0.5
CocHa / Pine 311.0 0.5 0.02 0.5 0.3 5.0
CocHa / Pine 45.0 0.1 0.005 0.1 0.5 0.5
CocHa / Pine 45.0 0.1 0.005 0.1 0.9 0.1
CocHa / Pine 45.0 0.1 0.005 0.1 1.1 2.0
CocHa / Pine 48.0 0 0.005 0 0.5 0.5
CocHa / Pine 67.0 0 0.005 0 0.5 4.0
CocHa / Pine 95.0 0 0.005 0 1.1 4.0
CocHa / Pine 87.0 (0] 0.005 0 0.8 0.1
bepésa / Birch 0.3 0 0.04 0 2.0 1.5
bepésa / Birch 3.6 0 0.04 0 4.0 2.0
bGepésa / Birch 6.6 0 0.04 0 2.0 2.5
Tonoan / Poplar 0.1 o 0 o 5.0 1.0
Tonoab / Poplar 3.0 0 0.005 0 1.5 1.5
Tonoaw / Poplar 6.0 0 0.005 0 4.0 2.0
CpeaHee
Average (M+SD)  52.64+78.12 0.05+0.13 0.02+0.02 0.05+0.13 1.62+1.53 1.81+1.52
NMoKpLITUE U3 KpPyros, umumutupytowee  which a pair of birds had been recorded or

CUCTEMY THE3AOBbLIX YYaCTKOB. AUCKPUMMU-
HaHTHLI aHAAM3 MOKa3aA pasHuUY B pas-
MeLEeHMM THE3A Ha COCHaX, 6epésax u To-
MOASIX, CA€AOBATEALHO, CYUTAEM AUCTAHLMU
Mo rHé3aam, YCTPOEHHLIM Ha Pa3HbLIX BUAAX
A€peBLEB, OTA€ALHO. 3AeCh BCTAET BOMpPOC,

single adults had been observed repeatedly
and their permanent perches (2 territories)
had been found in, to “possible” — which
only perches or subadults (2 territories)
had been recorded in. It should be noticed,
that during that period on a background of

Taba. 3. Utorosas Tabamua AUCKPUMMNHAHTHOIO aHaAu3a AaHHbLIX ()I(MprlM TNMOMEYEHDI NnapameTpbl, BKAIOYEHHbIE B MOAEAD, KypCnBOM — HE

BKAIOYEHHDLIE B MOAEAD).

Table 3. The final table on the discrimanant analysis of data (bold font marks the parameters included in the model, italic— not included in the

model).

MapameTpnl pacnpeAeAeHmst THE3A Wilks’ Partial F-remove 1-Toler.
Parameters of nest location Lambda Lambda (2.11)  p-level Toler. (R-Sqr.)
AMcTaHuMs AO HACEAEHHOTO MYHKTA (KM)

Distance to the nearest settlement (km) 0.54 0.29 13.40 0.001 0.93 0.07
Mepenaa BLICOT (KM/KM)

Maximum height difference measured in DEM for 1 km

line across steepest gradient (km/km) 0.31 0.51 5.36 0.024 0.93 0.07
INaowmaab Aeca (km?) / Area of forest (km?) 0.15 0.93 0.37 0.70 0.99 0.01
AMCTaHUMS AO OMYIKU (KM)

Distance to the nearest open space (km) 0.15 0.98 0.11 0.89 0.99 0.01
AucraHums Ao nactéuia (km)

Distance to the nearest pasture (km) 0.15 0.98 0.11 0.89 0.99 0.01
AnctaHums A0 ¢hepmbl (Km)

Distance to a livestock farm (km) 0.15 0.98 0.09 0.91 0.99 0.01
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Taba. 4. PYHKLMM KAQCCHCPUKALIMM NTAPAMETPOB PA3MELLIEHMST THE3A MOTMABHMKA HA MAOWAAKAX MO AAHHLIM AMCKPUMMHAHTHOIO AHAAM3A.

Table 4. Classification functions of parameters of the Imperial Eagle’s nest location on the plots according with the Discriminantal analysis data.

MNMapameTpnl pacnpeAeAeHms rHE3A
Parameters of nest location

THe3noBoe AepeBo / Nesting tree

CocHa / Pine bepésa / Birch Tomnoan / Poplar

p=0.6 p=0.2 p=0.2
AVCTaHUMsT AO HACEAEHHOTO MyHKTa (KM)
Distance to the nearest settlement (km) 1.06872 4.1673 4.49553
Mepenaa BoicoT (kM/KkM) / Maximum height difference measured in DEM
for 1 km line across steepest gradient (km/km) 73.05524 241.5568 85.06265
Constant -1.32193 -11.9969 -9.61838

Puc. 4. Anarpamma pac-
CesIHNS1 KAHOHNYECKUX
3Ha4YeHMI rnapameTpoB
pasmelleHus rHé3a Mo-
T'MADHMKA Ha MNMAOLIAAKax.

Fig. 4. Scatterplot of
canonical scores of
parameters of the
Imperial Eagle’s nest
distribution on plots.

3.0

cyUTaTh AV AMCTAHLIMIO MEXKAY BCEMM COCe-
ASIMU VAU BAVDKanMm? ECAM HET oueBmA-
HOW 3aBUCUMOCTU AMHEMHOIO pa3melleHus]
FHE3AOBLIX YYACTKOB BAOAL KaKUX-AMGO
O6LEKTOB, BUAMMLIX HAa CHMUMKE (OMywKa
CMAOWHOrO MPOTSPKEHHOTO MACCUBA, peKa
M T.M.), Ay4lle CYUTATb AMCTAHLMU MEXKAY
OAMKAMIIMMM COCeAsiMU. B Hamem caydae
AVICTAHLIMST AAST THE3A, PACTIOAOXKEHHDBIX Ha
COCHax, coctaBasieT (n=8) 2,39-11,73, B
cpeaHeM 5,93+3,22 km, AAsl THE3A, pac-
MOAOXKEHHLIX Ha 6epésax, — (n=2) 14,54—
15,23, B cpeaHem 14,89 KM, AAsl THE3A,
PACMOAOKEHHDLIX HAa TOMOASIX, — (n=2)
17,23-24,12, B cpeaHem 20,68+4,87 Kkm.
[locTpoeHHasi MO 3TMM MapameTpam cxe-
Ma TMOTEHLMAAbHBIX THE3AOBLIX YYaCTKOB
BHYTPU KOHTYpPA KAIOYEBOW TEPPUTOPUU
MpeACTaBA€HA HA pUCyHKke 5. OHa cocTtouT
n3 222-x obvekros (130 o6bLEKTOB, COOT-
BETCTBYIOWIMX MOTEHUMAALHBLIM YYacTKam,
Ha KOTOPLIX MPEANOAAraeTcsi rTHeE3AOBAHUE
MOTUALHMKA B COOTBETCTBMM CO CTEPEOTU-

Root 1 vs. Root 2

25 ¢
20 ¢
15 ¢
1.0
05 ¢
0.0}
-05 ¢

Root 2

1.0t
15+
20 ¢
25 ¢
30¢
351

-4.0

¢ CocHa / Pine
m bBepésa /Birch
+ Tononb / Poplar

peak of number of hares and activities on
the artificial nest installing there was an
intensive formation of breeding territories
of Golden Eagles, and the new pairs con-
sisted of young birds. Formation of pairs
was confirmed in 3 territories which have
initially occupied by individuals in the age
of 3-5 years and they began to breed only
1-3 years later (Bakka et al., 2010). And all
real breeding territories were formed in the
centers of potential sites. All registrations
of birds had made before 2006 were also
in the centers of potential sites.

Considering the occurrence of new data
on the Kamsko-Bakaldinskaya breeding
group of Golden Eagles the new model
of potential breeding territory distribution
developed on all the territory of wetlands
including the right side of the Kerzhenets
river has been constructed (fig. 12). The
new model has also included the param-
eters of distribution of Golden Eagle’s
breeding territories in relation to each
other and in relation to elements of a
landscape within the considered area. As
a result several types of bogs have been
included in the model, the radius of buff-
ers around settlements has been reduced
up to 3.05 km, the posts of the Forestry
Service existing on a place of former set-
tlements have been removed from the
theme of settlements, also the nature ter-
ritories characterized by constant people
presence (pastures, peat mines etc.) have
been added to the theme of settlements
with the buffer radius of 1.4 km.

As a result of updating the model of
potential breeding territories distribution
for the Golden Eagle on all territory of the
Kamsko-Bakaldinskie wetlands 26 breeding
territories have been established in the area
of 3,100 km?. And only territory has been
added to the number established within the
previous variant of the model developed for
the area of 2,300 km? (fig. 12). In addition
to 12 territories of Golden Eagles already
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MoTeHumaneHse rHeanoesie ydyacTteu [ Potential breeding territories
I CTepeoTun rHe3foBaHwA Ha cocHax (1)
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1 a0 0 40 80 Kilometers | 3 AMAHACTPETUBHBIE FPaHNLIbI
—— ¥ Administrative borders 53°

50°

Puc. 5. Cxema pasme-
LeHMs MOTeHLIMAALHBIX
FHE3AO0BLIX Y4aCTKOB MO-
TMABHUKA Ha KAIOY€EBOWA
TeppUTOPUM.

Fig. 5. Distribution of
potential breeding
territories of the
Imperial Eagle in the
key territory (numbers
of plots are similar with
the same in the text).
Labels: 1 — pine-type of
nesting habit, 2 — birch-
type of nesting habit,

3 — poplar-type of
nesting habit.

52° 54*

MOM THE3AOBAHMsI HA COCHax, 67 — Ha Oe-
pé3ax n 25 — Ha TOMOoAsIX).

CheAyeT OCTAHOBMTLCSI Ha CTepeoTvrne
rHe3A0BaHusl. [ToA HMM MblI MOHMMaem pas-
MmeleHne MOrMAbHUKOM rHe3AAa B /\aHAI.LIaCbTe
TakMm 06PA30M, YTOOLI OHO COOTBETCTBOBAAO
MO KOMIMAEKCY MNMapameTtpoB HEKOMY TUTMNY-
HOMY BapMaHTy, XapakTePHOMY AASI MHOXE-
CTBa Map OPAOB B AQHHOM pervoHe. Bolae-
AEHHbIE HamM CTEPEeOTUMNbl THE3AOBAHMSI Ha
COCHe, 6epése 1 TOMOAE MMEIOT CAEAyIoME
XapakrepucTuku. NHe3Ao, cooTBeTCTBYyolEee
CTePeoTUrly THEe3AOBaHMsl Ha COCHe, pac-
MOAQraeTcsi Ha BO3BLILIEHHOM Y4acCTKe TEP-
pPachl (BOAOPA3AEALHOTO YyBaAd VAU COIMKM),
NPEeNMYILECTBEHHO B BEPXHEN 4acTu CKAOHA
MAM HA €ro BepuuHe, OOLIMHO B KPYTHOM
MaccMBe A€Ca, BCETAA C BYAOM Ha nacrovie
1 hepmy 1/MAM HaCeAEHHDLIN MyHKT. [He3A0
yCTpamBaeTcsl MPeVMyLeCTBEHHO Ha COCHe,
Ha eé BepuMHEe, HO MOTYT ObiTb BAPUAHTLI
YCTPOVICTBA THE3A Ha Aybax, pexe bepésax,
OOLIYHO B TEX BMOTOMNAX, TA€ COCHOBbLIV A€C
3amelléH BTOPUYHLIM  WIMPOKOANCTBEHHLIM
VAU MEAKOAUCTBEHHLIM. [He3A0, cooTBeT-
CTByIOIIEE CTEPEOTUITY THE3AOBaHMsI Ha Oe-
Pé3e, pacroaaraeTcsi B XOAMUCTO-YBAAVICTOM,
OOLIMHO  BOAOPA3AEALHOM, AAQHAWATE, B
HWKHE 4acTu VAU B TOAHOXKMM CKAOHA, B
KOAKE MAM TPYIINE AEPEBLEB, CPEAM MACTOMLLL,
HO 4acCTO BHE MPEAEAOB BUAMMOCTY C (hepMbl
VAU HaCeA€HHOro rnyHkra. [He3ao ycrpamnsa-
€TCs1 MPEeMMYLIECTBEHHO Ha Oepése, pesxe
Ay6€e VAU OCYHE, B CEPEAMHE KPOHLI. MHE3A0,
COOTBETCTBYIOIIEE CTEPEOTUINY TFHE3AOBAHMS
Ha TOTOAE, PACNOoAaraeTcst B BLINMOAO)KEHHOM,
4acTo MOVIMEHHOM, AQHALIAPTE, C MMHUMAAB-
HLIM MEPEMNAAOM BbICOT, HA TEPPUTOPUM C MU-
HUMAABLHLIM A€CHLIM MOKPLITUEM, B MPEACAAX
BMAVIMOCTM C MacTomMIa, HO OOLIYHO BHE Mpe-

known another 4 territories had been dis-
covered by 2008, and in one case (in 2007)
the territory was formed in a buffer zone be-
tween three confirmed breeding territories
(due to increasing the density of the breed-
ing group).

The figure 13 has shown the final result of
monitoring the breeding group of Golden
Eaglen inhabiting the Kamsko-Bakaldins-
kie wetlands. Now all 26 potential breed-
ing territories are known as inhabited by
Golgen Eagles with a particular measure
of confidence: the breeding is confirmed
for 11 territories, the breeding is quite
probable for 7 territories (adult birds and
permanent perches were recorded, a ju-
venile was observed near another site),
and the breeding is possible for 3 terri-
tories (perches, remains of preys and pel-
lets were found), status of 5 territories is
unclear, since they have not surveyed, but
the data of questionnaire show the pres-
ence of Golden Eagle there (see Bakka et
al., 2010). Only territory of Golden Eagles
stood apart from the model. There is the
confirmed breeding in the artificial nest.
This territory has appeared in peak of a
hare number (fig. 12, 16) and has caused
increasing the density of breeding group
for the period of peak of the main prey
species number.

Comparing the model of potential breed-
ing territories being constructed with use
of parameters of distribution of the Upper
Kama breeding group and based on one
known living nest and the modern model

CamMKa MoOrvMAbHMKA Ha rHesae. doro A. NakeHKoBa.

Female of the Imperial Eagle on the nest.
Photo by A. Pazhenkov.
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Crepeoturbl rHe3A0-
BaHUST MOTMABHMKA: HA
6epése — AepeBo PacTér
B HWKHEM 4acTi CKAOHaA,
THE3A0 YCTPOEHO B
PAasBUAKE CTBOAQ B
CEPEANHE UAU BEPXHEN
TPETU KPOHDLI (BBEPXY),
Ha COCHE — A€PEBO
PAacTér B BEPXHEN Yactu
CKAOHA MAM Ha BepLIYHE
BO3BbLILIEHHOCTH, THE3AO
YCTPOEHO Ha BepIIMHE
AepeBa (B CepeAnHe); Ha
TOIMOAE — AEPEBO PAcTéT
B MOHV)KEHUN PeAbe-
ha, cpean OTKpLITOro
AQHALIAPTA, B YAAAEHUN
OT KPYIMHDLIX A€CHDIX
MaccuBOB, THE3AO0
YCTPOEHO B PA3BUAKE
CTBOAQ B CEPEAMHE UAU
BEPXHEN TPETU KPOHDI.
BapuaHTbl pacrioroske-
HUS1 rTHE3A MOTMALHUKA:
BBEPXY — Ha Aybe,
6epése u cocHe B Co-
OTBETCTBUM CO CTEPEO-
TUIMOM THE3AOBAHUST HA
6epése; B LEHTpe — Ha
6epése, cocHe u Ay6e

B COOTBETCTBUM CO CTe-
PEOTUINOM rHE3AOBAHMS
Ha COCHe; BHM3Y — Ha
OAbXe, TOMOAE M orope
A3I1 B cooTBETCTBUM CO
CTEPEOTUNIOM rHE3AOBA-
HYS1 HA TOMOAE.

®oto M. KapsikuHa.

Patterns of the Imperial
Eagle nesting: birch-
type — tree was in the
bottom part of slope,
nest was placed on

the fork of trunk in the
mid-crone or in the

its upper part (upper),
pine-type — tree was in
the upper part of slope
or on the top of upland,
nests was placed on
the top of tree (center);
poplar-type — tree was
in lowlands surrounded
open landscapes far
from large forests,
nests was placed in

the fork of trunk in

the mid-crone or in its
upper part. Different
nests locations for the
Imperial Eagle: upper
—on oak, birch and
pine according with
the birch-type nesting;
center — on birch, pine
and oak according with
the pine-type nesting;
bottom — on alden,
poplar and electric pole
according with the
poplar-type nesting.
Photos by I. Karyakin.

AEAOB BUAMMOCTU C (PepPMbl A HACEAEHHO-
ro nyHkra. ['He3A0 ycTpavBaercst npeumyLie-
CTBEHHO Ha TOTOAE, PEXKe Bsi3e MAM Bepése, B
BEPXHEN YacTu KPOHDI.

Tenepnb MOAPOGHO PACCMOTPYM MOAYUMBILY -
10Cs1 cxemy. Ha cxeme BLIAGASIIOTCS TPU KAacTe-
pa MOTEHUMAaALHLIX YYaCTKOB, COOTBETCTBYIO-
LMX CTEPEOTUITY THE3AOBAHUSI MOTUALHMKA Ha
COCHaX, TaK Kak MMEHHO Ha 3TUX TEPPUTOPUSIX
MPUCYTCTBYIOT ~ COCHOBO-LIMPOKOAUCTBEHHbIE
Aeca. Bcro LeHTpaAbHYIO YacTh KAIOYEBOM Tep-
PUTOPUM 3aHMMAIOT MOTEHLIMAALHLIE Y4aCTKM,
COOTBETCTBYIOIME CTEPEOTUNY THEe3AOBaHMSI
Ha 6epése, MPUYEM ADKE TaM, TAE Ha MAOLLAA-
K€ M3BECTHbl THE3AA B OTKPLITOM AdHAwadpre
Ha ToroAsiX. CBsI3aHO 3TO C T€M, YTO OTKPbLITbIE
Y4acTky C rHé3paMM Ha TOMOASIX B MPEeAeAax
MAOILAAKM OLIAV M3OAMPOBAHDI, U MPOCTPOUTD
MOKPbLITUE U3 HECKOALKMX COCEAHUX YYacCTKOB
amameTtpom 20,68 KM 3AeCh He MPEACTaBUAOCD
BO3MO>KHbDLIM.

being created on parameters of distribution
of several real nests of Golden Eagles of the
Kamsko-Bakaldinskaya breeding group (fig.
14) we can speak only about several distor-
tions in a peripheral part of the final model.
Distortions are connected generally with
buffer removing and changing its radius.
Distortions of the model seem to be mini-
mal at input of new parameters because it is
based mainly on polygons of a vector map
of bogs and opportunities of movements of
potential breeding territories are strongly
limited by borders of these polygons. Such
little distortions allow to solve with the
great efficiency two essential tasks — to nar-
row a zone of searching the nests of Golden
Eagles and a zone of the artificial nest in-
stalling. The last task is the extremely actual
because essentially reduces not only labour,
but also costs of artificial nest installing, and
also increases efficiency of actions since al-
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Ta6A. 5. Pe3yAbTartvl MPOBEPKM CXEMbI PA3MEILEHMS TOTEHLIMAABHBIX THE3AOBBIX Y4ACTKOB MOTMABHMKA.

Table 5. Results of checking the model of the Imperial Eagle’s potential breeding territory distribution.

CrepeoTnn rHe3AOBaHMA
Nesting habit

CocHoBouii  Dbepé3oBuii  TonoAEBLINA Bcero
Pine type

Birch type Poplar type Total

Bcero noteHumaabHbIX ydactkos / Total number of potential areas

OG6CAEAOBAHO MOTEHUMAALHLIX YYACTKOB
Number of surveyed potential areas

OO6HAapPY’KEHO THE3AOBbLIX YHACTKOB MOTMALHUKOB
Number of discovered breeding territories of the Imperial Eagle

MoTeHUMANLHBIE YYACTKM, HA KOTOPBLIX 0GHAPYIKEHDI THE3AOBLIE
yyactkn mormabHukoB / Number of potential areas which the
Imperial Eagle’s breeding territory were found in.

OBHapY’>KEHO THE3AOBLIX YYACTKOB MOTMALHUKOB B MPEAEAAX
noTeHUMaALHLIX ydacTko / Number of the Imperial Eagle’s breeding
territories within the potential areas

KoAn4ectBo noTeHUMAaAbHLIX Y4acTKOB, B KOTOPbIX Mornao no |1
pearbHOMY THE3A0BOMY y4acTKy MormabHukoB / Number of potential
areas including 1 real breeding territory of the Imperial Eagle

KoAnuectBo noTeHUMAALHLIX Y4ACTKOB, B KOTOPbLIX MOMAAO o 2
PEeaAbHbIX THEe3A0BbLIX ydacTka MOrAbHMKoB / Number of potential
areas including 2 real breeding territories of the Imperial Eagle

KoAn4ecrBo noTeHUMAAbHLIX Y4aCTKOB, B KOTOPbIX IMOMNaAo ro 3
PEeAaAbHbIX THE3AOBbIX y4acTka MorMabHuKoB / Number of potential
areas including 3 real breeding territories of the Imperial Eagle

OO6HAapy’KEHO THE3AOBbLIX YHACTKOB MOTVMALHMKOB 3a MPEAEAAMM
noTeHUMaAbHLIX ydactkos / Number of the Imperial Eagle’s breeding
territories discovered out of the potential areas

130 67 25 222

77 32 10 119

78 31 11 120

69 25 8 102

74 28 10 112

65 22 7 94

4 3 1 8

[AaBHbLI BONPOC — HACKOALKO AOCTOBEPHAa
cxema U3 222-x NOTEHUMAALHBIX THE3AOBLIX
Y4YaCTKOB MOTMALHUKA, TMOCTPOEHHAs1 Hamu
no 15 ruésaam (6,76% M3BECTHLIX THE3A OT
MPOEKTUPYEMON YMCAEHHOCTM BMAQ Ha KAIO-
yeBoli Tepputopun)? VIMEHHO aHaAnsom eé
AOCTOBEPHOCTM Mbl CeyYac M 3anmemCcs.

Heab3si ckasarb, 4TO BCsl 3Ta TEpPPUTOPUS
B HacToslllee BPeMsl MOAHOCTBLIO M3y4eHa,
OAHAaKO OHa exeroaHo, Ao 2010 r. Bkato-
YUTEALHO, MOCeWAEeTCsl PAa3HLIMM  OPHUTO-
AOTaMM 1 AOOUTEASIMM MTULL U 6a3a AAHHBIX
THE3AOBLIX YYaCTKOB MOIUALHMKOB €>KEroA-
HO moroAHsietcs. K Hacrosimemy BpemeHu
YAAAOCL Mocetutb 119 noTeHumMaALHLIX rHe3-
AOBbLIX Y4YaCTKOB, 4YTO cocTaBasieT 53,6% ot
OBIIEro YMcAa CrPOEKTUPOBAHHLIX B CXEME
(TabA. 5, puc. 6).

[NoceleHne y4yacTKOB MOKA3aA0, YTO B Lie-
AOM cxeMa sIBAsieTCs1 paboueit. THesaoBaHMe
MOTVABbHMKA YCTaHOBAEHO Ha 102-x yyacrt-
Kax, 4yto coctaeasier 85,71% ot unmcaa npo-
BepeHHbIX. [Mpu 3TOM, NMpu nposepke 119
MOTEHUMAABLHLIX Y4YaCTKOB 6blAO BLISIBAEHO
120 pearbHbIX THE3AOBLIX YHaCTKOB (puc. 7).
3a npeAeAamu MOTEHLIMAALHDLIX Y4aCTKOB 00-
Hapy>X€HO 8 THE3A MOTMALHMKOB, MPUYEM

lows to install nests exactly in the centers
of potential breeding territories with a high
share of probability of their occupancy.

Conclusions

Two examples described above and real-
ized in quite real territories with quite cer-
tain species have illustrated the method
of building “the model of distribution of
potential breeding territories” and its suc-
cessfulness. The efficiency of this method is
connected with the fact that predicting the
raptor’s breeding territory distribution we
base on two important biological features.
The first — distribution of raptors is defined
by the nesting and hunting habitats. The
second — raptors in their distribution try to
occupy all area comfortable for a life with
the distances between nearest neighbors al-
lowing them to hunt productively and avoid
conflicts with each other. If there is only
nesting habitat without any hunting habitat,
the raptor will not inhabit such territory. If
there is only hunting habitat, and the nest-
ing habitat is absent, we can project several
variants of raptor presence, but in any cases
this phenomenon can have a casual charac-
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Puc. 6. PeBy/\bT&Tbl TMPOBEPKN CXEMDI PA3MEIUEHUS MOTEHUMAALHDIX THE3AOBLIX
y4aCTKOB MOTMAbHUKA.

Fig. 6. Results of checking the model of the Imperial Eagle’s potential breeding
territory distribution.

[POBHO MOAOBMHA M3 HUX HAXOAUTCSl B He-
MOCPEACTBEHHO BHAM30CTM OT rPAHULL MOTEH-
LIMAALHBIX YYacTKOB (3 — B BycpepHol 30He
wmpuHoi 500 M, 1 — Ha yaareHun 1,5 km
OT Kpasi MOTEHLIMAALHOTO Y4acTKa), a Apyrme
4 HaiAeHbl B HETUMMYHDLIX THE3AOBLIX 6MO-
Tonax (AM6o Ha OGOALIIOM PACCTOSIHUM OT
ONyIKKM BHYTPU TeppacHoro 6opa, Aanbo B
AUCTBEHHBIX A€Cax BHYTPU IrPyMnMpoBOK CO
CTEepPEeOoTUINOM THE3AOBaHMsI Ha cocHax). Ha
8-MM MOTEHLMAABLHLIX THE3AOBLIX Y4acTKax
[Pa3MeCTUAOCL MO 2—3 peaAbHbLIX THE3AOBLIX
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Puc. 7. PasmelueHne pearbHbLIX THE3AOBLIX Y4aCTKOB MOTMALHUKOB OTHOCUMTEALHO
MOTeHLUMAAbHBIX THE3AOBbIX YYACTKOB.

Fig. 7. Distribution of real breeding territories of the Imperial Eagle regarding with
potential breeding territories.

55°

ter. Equal distribution in the same landscape
can be distorted owing to influence of the
several negative factors causing bird deaths
that is basically discovered during field sur-
veys and impact on methods of forecasting
of territory distribution.

Thus in the most cases raptors are distrib-
uted under the relation to each other and
to elements of a landscape as usual geo-
metrical objects under the relation to each
other and to other geometrical objects.
Accordingly to predict the breeding terri-
tory distribution and/or to define a number
of raptors for any territory it is necessary to
input breeding territories and the key ele-
ments of a landscape equal to the nesting
and hunting habitats of raptors into GIS-
software as simple geometrical objects.
Then another important factor in the model
creating is the nearest neighbor distance.
The landscape does not ideal to provide
the ideal equal distribution of raptor breed-
ing territories in it. Depending on quality
of environment, predators will separate
from each other, avoiding poor habitats for
hunting and nesting, or on the contrary will
be located closer to each other competing
for the most productive habitats, however
these “displacement” will be determined
by a certain limiting range which depends
on the environment capacity and ability of
raptors to search each other and to form
pairs successfully. Hence, the distance be-
tween territories cannot be less or more
than the certain values. If we can present
the border between the nesting and hunt-
ing habitats as a line the model construct-
ing will meet the reality as much as pos-
sible. Distributing the breeding territories
along this line and basing on a certain
value of nearest neighbor distance we can
predict the distribution and number of ter-
ritories with the minimal error because the
displacement of territories are limited both
the line and the next sites.
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TabA. 6. Pe3yAbTatnl MPOBEPKM CXEMDBI PA3MEILEHVS TOTEHLMAALHBIX THE3AOBDIX YHACTKOB MOTMALHMKA.

Table 6. Results of checking the model of the Imperial Eagle’s potential breeding territory distribution.

OuLeHKAa YMCA€HHOCTH (napbl)

Mertoa / Method Estimated number (pairs)

[Mepecyér MAOTHOCTM Ha MAOLAAKAX Ha OBILYIO MAOWAAL KAIOYEBOW TEPPUTOPUM

Computing the density calculated on the study plots for a total area of the key territory 363 (168-784)

[Tepecy€r NAOTHOCTM, MOAYHEHHOWM MO METOAY MApPIUPYTHOTrO y4€Ta, Ha MAOLLAAL
MPVONYLIEYHOW 30HbI HA KAIOYEBO TeppUtopum *
Computing the density calculated at the transect counts for the area of open space along

the margin of the woods within the key territory* 238 (181-295)

[lepecyér MAOTHOCTM Ha FTHE3AOMNPUTOAHOM MAOLLAAM HA MAOLIAAKE HA THE3AOMPUTOAHYIO
MAOLIAAL HA KAIOYEBOM TEPPUTOPUM
Computing the density calculated at the area of breeding habitats in a study plot for the

total area of breeding habitats in the key territory 240 (162-318)

PaszaeAbHOrpynnoBovi NEPecyET MAOTHOCTM HA THE3AOMPUIOAHONM MAOLIAAMN HA MAOLIAAKE Ha
THE3AOTNPUTOAHYIO MAOLIAAL HA KAIOYEBOW TeppuTtopum **
Computing the density calculated at the area of breeding habitats in a study plot for dif-

ferent habitats for the total area of breeding habitats in the key territory** 198 (141-255)

OLeHKa YCAEHHOCTY MYTEM MOCTPOEHMST CXEMbI MOTEHLMAALHLIX THE3AOBLIX Y4aCTKOB
Estimated number calculated by means of generating the model of potential breeding

territories 222

*TAOLAAL MPUOTTYIIEYHO 30HbI AECOB OMPEASASIAACD MYTEM MOCTPOeHMst Bychepa BAOAL BHELIHETO KPasi TOAMIOHOB TEMATUYECKOM
KapTbl A€COB (WMpMHa Bydepa B AAHHOM MPYMEPE COOTBETCTBYET LUMPUHE YYETHOW MOAOCDI).

* The area of open space along the margin of the woods was calculated by means of creating the buffer along the out borders
of polygons at the thematic map of woods (width of the buffer in the example corresponds to width of a transect).

“* B AQHHOM npyMepe y4€THasl MAOILIAAL B COOTBETCTBMM CO CTEPEOTMMNaMM THE3A0BAHUSI MOTMALHMKA MOAGA€HA Ha TPU YacTu U
MoKa3areAmn MAOTHOCTU, MOAYYEHHDIE B KKAOM €€ YacTu, SKCTPANOAMPOBAAUCL HA TEPPUTOPUM, TAKXKE BLIAGAEHHDIE MO CTEPEoTUy
rHE3AOBaHMsl MOTMABLHMKA (CM. METOAVIKY BLIAGA€HMSI THE3AOBLIX TIPYMMMPOBOK B OMMCAHMM CXEMbI MOCTPOEHMsI THE3AOBLIX
Y4YaCTKOB).

** In this case according with nesting habits of the Imperial Eagle the study plot was divided into three parts and densities
calculated for every part, were extrapolated on the territories that had been also determined following the nesting habits of
the Imperial Eagle (see the methods of generating the map of breeding groups in the description of generating the model of
breeding territories.

yyacTka, Npu4Yém, AuLDL B 2-X CAyYasiX Mpu-
YMHOWM SIBASIETCSI HEMpPaBUAbHOE OTHeCeHue
AAHHLIX TEPPUTOPUI B TPYIIMy MECTOOOUTa-
HUIM C UHLIM CTEPEOTUITOM FHE3A0BaHMST MO-
TMALHUMKA, & B OCTAABLHBLIX CAyYasiX Peyb MAET
O TMpEeBbIEHNM ONTUMAALHOW MAOTHOCTU B
CBSI3M C XOPOLWMUMU KOPMOBLIMU U/UAW THE3-
AOBLIMM YCAOBUSIMM.

Takm 0OOpasoMm, pasmelleHME PEeAAbHbIX
FHE3A0BLIX Y4YaCTKOB MOTMALHUKOB OTKAO-
HUAOCL OT cxembl Ha 14,29%, HO npu 3Tom
YUCAEHHOCTbL MOTUMALHMKA Ha THE3AOBaHUM
Ha OBCAEAOBAHHDLIX TEPPUTOPMSIX MPEBLICU-
Aa pacyéTtHyto Bcero Ha 0,84%.

[IpoBepka cxembl MOTEHUMAALHLIX FHE3-
AOBbLIX Y4YaCTKOB MOTVMALHMKOB T[OKa3aaa,
YTO MPU HEKOTOPLIX MMEIOWMNXCSl U3bSIHAX
PA3AEALHOIPYIMOBOE MOAEAMPOBAHUE MO
CTepeoTUrnam rHEe3AOBaHUsl TMO3BOASIET C
6oree yem 80% TOYHOCTLIO OMPEAEASTH
MECTOMOAOKE€HME THEe3AOBLIX YYaCTKOB
MOTUALHMKA B MPOCTPAHCTBE, OCHOBbLIBASICh
Ha HEOOABLIIOM KOAMYECTBE AHAAUZMPYE-
MbIX THE3A (5—10% M3BECTHLIX FHE3AOBLIX

Y4acTKOB OT UX MPOEKTUPYEMOTO KOAUYe-
ctBa). OUEeHKY YMCAEHHOCTU B 222 rHes-
AOBLIX y4acCTKa AAsl KAIOYEBOW TEPPUTOPUMU
naowaapto 31244,9 kM? MOXKHO CYMTATDL
AOCTOBEPHOW, MPU YCTAaHOBAEHHOM OlnG-
Ke meHee 1%. CpaBHeHMe C OLIeHKamMu, Mo-
AYYEHHLIMU MHBLIMM METOAaMM (CM. TabA. 6),
nokasbiBaeT GOALIIOE MPEUMYLIECTBO Bbi-
IIEONMMUCAHHOTO METOAA.

AASI TUMMYHOTO AaHAWIAPTA, BKAIOYAIOILErO
B cebs1 HanboAaee XapaKTepHLIE THE3AOBLIE U
OXOTHUYLM BUOTOMbI MOMMALHUKA, MUHUMAAL-
HLIM MOPOroM, MPU KOTOPOM LIEA€CO0BPA3HO
MCMOAL30BaTh CXeMY MOCTPOEHMsT MOTEHLM-
AABLHDBIX YYaCTKOB, OYAET 3 COCEAHMX FHE3AO-
BLIX Y4YacCTKa, €CAM CXema CTPOMUTCs BOKPYT
HUX AASI TAoWaam He 6oaee 10 Thic. KM?, Anbo
6 rHE3AOBLIX YYACTKOB B ABYX rpymnrnax, rno 3
y4yacTka B KOKAOM, YAAAEHHDLIX APYT OT Apyra
Ha paccrosiHue He 6oaee 200 KM, ecAM cxema
CTPOUTCST MEXKAY TPYINaMy AAsT MAOLLAAU He
6oaee 10 Toic. kKM%, CAEAYET YUUTLIBATb, YTO
YEM MeHblI€ KOAUYECTBO MOAEALHLIX THEe3-
AOBLIX YYACTKOB, TeM BOAbLILIE KOHEYHAas Mo-
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Ta6A. 7. [He3A0BbIE AEPEBLS MOTMALHUKA HA KAIOYEBOI TEPPUTOPUN.

Table 7. The Imperial Eagle’s nesting trees within the key territory.

CrepeoTtvn THeapnoBoe AepeBo / Nesting tree
rue3noBanms  CocHa Ay6 bDepésa Bss Oanxa Tonmoas Bcero
Nesting habit Pine Oak Birch Elm Alder Poplar Total
CocHoBbIl

Pine-type 62 11 5 78
bepészoBbiii

Birch-type 3 27 1 31
Tonoaésblin

Poplar-type 1 3 7 11
Bcero / Total 62 14 32 2 3 7 120

IPEWHOCTL NMOCTPOEHUA «CXEMDLI» U pacqéTa
YNCAEHHOCTU.

O6cyxAeHMEe HEKOTOPLIX MNOB6OYHLIX
PE3YALTATOB PAGOTLI

B 3aKAlOYEHMM XOTEAOCh Obl BEPHYTLCSI
K AUCKPUMMHATHOMY aHaAM3y, HO Y»Ke Mo-
BTOPVMB €ro C TeM VMEIOIMMCS MaTepPUAAOM,
KoTopbIii HapaboTtaH K 2010 r., T.e., NpoaHa-

AM3MPOBaTh AaHHble Mo Bcem 120 rHésaam,
M3BECTHLIM HA KAIOUEBOW TEPPUTOPUN U CAe-
AQTb PSIA BLIBOAOB O THE3A0BbLIX IPYIMMMPOBKAX
MOTIVIAbHMKA B PACCMATPUBAEMOM PErvioHe.
Ha kaloueBoii Tepputopum AOMUHMPYET
CTEPEOTUIT THE3A0BaHMSI MOTUMABHMKA Ha CO-
CHax —65,0% oT 0b1wwero KOAUYECTBA U3BECT-
HDIX THE3A, MPY 3TOM, COBCTBEHHO Ha COCHAaX
pacrnioaaraetcst 51,67% rHésa, OCTaAbHblE,
COOTBETCTBYIOLIME AAQHHOMY CTEPeoTUrly, —
Ha Aybax u 6epésax (taba. 7). Bropyto no-
3MLMIO 3aHMMAET CTEPEOTUI THE3A0BAHMS Ha
Gepésax — 25,83% or oblwero KOAMYeCTBa
M3BECTHDLIX THE3A, MPU 3TOM, COOCTBEHHO Ha
Gepésax pacrnioraraercs 26,67% ruésa. Ha
Aybax ycrpavBaer ruésaa 11,67% nap mo-
TMALHMKOB Ha KAIOYEBOW TEPPUTOPUMM U B
OCHOBHOM AY0 SIBASIETCSI HEKMM 3aMEHUTEAEM
COCHDBI, TaK KaK MO AAHAWAMTHON NpUypo-
YEHHOCTM FHE3AOBbLIX AEPEBLEB U XapaKTepy
YCTPOWMCTBA FHE3A B KPOHE OCHOBHAasi Macca
MOCTPOEK Ha Aybax COOTBETCTBYET «COCHO-
BOMY» CTepeoTury. «TOMoAEBLI» CTEPEOTUN

Ta6a. 8. Utorosas TabamLa AUNCKPUMMWHAHTHOIO aHaAu3a napameTpPoOB PasMelleHn: THE3A MOTMALHUKA Ha KAIOYEBOM Teppuropun ()KVI[JHLIM no-
MEYEHDI napameTpbl, BKAIOYEHHDBIE B MOAEAD, KYypCBOM — HE BKAIOYEHHDIE B MOAEAD).

Table 8. Final table of discriminant analysis parameters of the Imperial Eagle’s nest distribution in the key territory (bold font marks parameters
included in the model ,italic — not included in the model).

MapameTpnl pacnpeAereHms THE3A Wilks’ Partial F-remove 1-Toler.
Parameters of nest distribution Lambda Lambda (2.11) p-level Toler. (R-Sqr)
AncraHums A0 HACEAEHHOTO MyHKTA (KM)

Distance to the nearest settlement (km) 0.36 0.62 35.03 0.0000 1.00 0.0005
Mepenaa BbICOT (KM/KM)

Maximum height difference measured in DEM for 1 km

line across steepest gradient (km/km) 0.40 0.56 44.68 0.0000 0.86 0.14
NMrowaas reca (km?2) / Area of forest (km?) 0.31 0.73 21.56 0.0000 0.86 0.14
ANCTaHUMSI AO ONyLIKU (KM)

Distance to the nearest open space (km) 0.22 1.00 0.10 0.90 0.76 0.24
AMCTaHUMst A0 nacTémwa (km)

Distance to the nearest pasture (km) 0.22 1.00 0.10 0.90 0.76 0.24
AucraHumsi Ao ¢cpepmbi (kM) / Distance to a livestock farm (km) 0.22 0.99 0.83 0.44 0.98 0.02

TabA. 9. DyHKUMM KAACCUDUKALIMM NTAPAMETPOB PASMELLEHMSI THE3A MOTMALHUKA HA KAIOYEBOM TEPPUTOPUM MO AAHHBIM AUCKPUMMHAHTHOTO

daHaAu3a.

Table 9. Classification functions of parameters of the Imperial Eagle’s nest distribution in the key territory according with data of Discriminant

analysis.

IHe3noBoe AepeBo / Nesting tree

MapameTpnl pacnpeAeAeHNns THE3A

CocHa / Pine bepésa / Birch

Tonoas / Poplar

Parameters of nest distribution p=0.65 p=0.26 p=0.09
AncraHuMst AO HACEAEHHOTO MyHKTa (KM)

Distance to nearest settlement (km) 0.68545 2.0895 2.29034
Mepenaa euicot (kM/KkM) / Maximum height difference measured in

DEM for 1 km line across steepest gradient (km/km) 50.56768 189.0970 10.78322
INAromwaan Aeca (km?) / Area of forest (km?) 0.00575 -0.0053 0.00011
Constant -2.32230 -10.3418 -7.88053
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Root 1 vs. Root 2 41O «6EpPE3OBLIE» THE3AOBLIE IPYMNMMPOBKU
7 prome— thopmupytoTcsi BOKPYr «COCHOBLIX», & TO-
. o Bepésa / Birch MOAEBLIE A€XKAT Ha caMol nepudepum, no
¢ Tononk / Poplar CYTV — Ha TPaHULIE OMTMMAAbHLIX U CyOor-
TUMAALHLIX MECTOOBUTAHUM MOTMMAbHMKA. B
3TOM CBSI3U XOYETCSl OTMETUTb, YTO CTEPEO-
TUM FHE3A0BAaHMST HA TOMOASIX B MOHMYXKEHHbIX
3AEMEHTax peAbeda BPSIA A MMEET KaKoe-
TO OTHOLIEHUE K NTULIAM YY>KABIX MOMYASILIMNA,
Harpumep NMpPUKACrmncKom, Kak 3To MPeArno-
Aaraam B.I1. beank v B.M. TaaywuH (1999).
Ckopee Bcero, 3T0 CTepPeoTUI CTOKOBLIX Me-
CTOOBUTaHUM eAnMHOM BoAro-Ypaabckoin ro-
MyAsILMU, Haceasiolen Aecocternb oT Boarm
AO Ypaaa, siApamu KOTOPOW SIBASIIOTCSI «CO-
CHOBbIE» THE3AOBLIE IPYMMNMPOBKM. 3a 6oree
yem 10-AeTHUIM NePUOA MMEHHO Ha y4dacTKax
CO CTEePEOTUIIOM FHE3A0BaHMSI OPAOB Ha TO-
MOASIX Mapbl AOCTAaTOYHO CMHXPOHHO Mpona-
AAAU U TOSIBASIAVICH, MPUYUHONM YEMY CAY>KU-
AQ, BUAMO, KOPMOBAsl CUTyaLusl B PErMoHe
B ueaom (Kapsikun, 2007).

Root 2

-4 -3 -2 -1 0 1 2 3 4 5
Root 1

Puc. 8. Anarpamma paccesiH1si KAHOHMYECKMX 3Ha4e€HMii apaMmeTpoB pasMelleHu st
rHE3A MOMMALHMKA HA KAIOYEBO/ TEPPUTOPUN.

Fig. 8. Scatterplot of canonical scores of parameters of the Imperial Eagle’s nest
distribution in the key territory.

Mpumep BTOpPO#M, MAK

Ha KAIOUEBOM TEPPUTOPUM SIBASIETCS] PEAKVM
— 9,17%, npu TOM, YTO COOCTBEHHO HA TO-
noAsix pacrnoaaraercst 5,83% ruésa. B non-
MaX MAaAbIX PEK HEKUM 3aMEHUTEAEM TOTTOAS
SIBASIETCSI OAbXA, HA KOTOPOW OBHapY>KEHO
2,5% nocTpoeKk MOrMALHUKOB.

Pe3yAbTar AMCKPMMMHAHTHOIO aHaam3a ro
120 rHé3paam C BKAIOYEHMEM B MOAEAbL TaKMX
rnapameTpoB, KaK AMCTaHLIMSI AO HaCeAEHHO-
ro MyHKTAa, NMEpPErnaa BbLICOT U MAOLLAAL A€Ca
(TabA. 8, 9, puc. 8), B CpaBHEHUM C TEM, YTO
noAydeH rno 15 ruésaam (taba. 3, 4, puc. 4),
yKasblBaeT Ha GOAbLIyI0 GAM3OCTL Mapame-
TPOB Pa3MeLIEHMST HEKOTOPDLIX THE3A MOTUAL-
HUKA B PA3HLIX THE3AOBLIX TPYMIUPOBKAaXx.
Tem He meHee, pa3aeAeHMe Ha rpynnuMpOBKU
OYEBMAHO M XOPOIUO MPOCAEKMBAETCS Ha
AMarpaMMe PacCesiHUs KAHOHMYECKMX 3Ha-
yeHun (puc. 8). B 30He 6AM3KMX 3HAYEHWI
A€>KaT AAHHLIE MO FHE3AaM, KOTOPLIE PeaAb-
HO Ha MECTHOCTM HaXOASITCs1 B MOTrPAHUYHOM
30HE MEJKAY THE3AOBLIMM TPYMNIMPOBKAMM.
AHaAam3 KapTbl TMOKAa3bLIBAET, YTO IO MEpPEe
CHWKEHMST AECUCTOCTV TepPpUTopuM 1 3a-
MeHDbI XBOMHbBIX NMOPOA Ha AUCTBEHHLIE TMPO-
MICXOAUT MEPEXOA MOTMABLHMKA C COCHBLI Ha
6epésy M Aaree — Ha TOMOAL B COBEPIIEH-
HO OE3AECHBIX M POBHBLIX MECTOOOUTAHM-
SIX, l'lle‘-léM MNMAOTHOCTbL THE3AOBAHUSI TaKOKe
CHMKAETCsl (OHAa MAaKCMMAaAbHA B COCHOBLIX
THE3AOBLIX IPYMIMPOBKAX, CPEAHsIs1 — B Oe-
PE30BLIX U MMHMMAALHAsT — B TOMOAEBLIX). B
PErMoHaALHOM MacuTabe XOpowo 3aMeTHO,

Llincpper B TUC 5 3anecy,
4T06 HAWTM GepkyTa B Aecy!

BeeAeHne

[MpymMep OTPabOTKM METOAVKM PEAAM3OBAH
Ha Tepputopun Hm>keropoackoro 3aBoAXKbsi
B rnpeaerax Hwkeropoackoii obaactv Ha
rpanuue ¢ Pecriybamnkoii Mapuii Da.

B AaHHOM cAy4vae BbiGoOp naa Ha 6epkyta
(Aquila chrysaetos), Kak Ha XMLHMKA, UMEIO-
LIEro cambleé KPYrHblE FHE3AOBbLIE YYaCTKM U
HaceAsIIolero HaMeHee OCBOEHHLIE TepPU-
TOPUM, YTO B YCAOBUSIX AECO-OOAOTHDBIX AAHA-
wadToB Hykeropoackoro 3aBoAXbst CO3AAET
OrPOMHbIE TPYAHOCTU AAS TPOAYKTUBHOTO €ro
BblsiBA€HUs. bepkyT BkAoU€H B KpacHyro KHu-
ry Poccum (TaaywmH, 2001a) u KpacHyto kHu-

bepkyt (Aquila chrysaetos).
doro WM. KapskuHa.

Golden Eagle (Aquila chrysaetos).
Photo by I. Karyakin.
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ry Hwkeropoackoi obaactu (bakka, 2003) u
SIBASIETCS] [PUOPUTETHLIM BMAOM B OBAACTHOA
NporpaMme MepOTPUSITUIA MO BOCCTAHOBAE-
HUIO YMCAEHHOCTM MyTEM CO3AaHMST CUCTe-
Mbl MCKYCCTBEHHbLIX rHe3A0Bui (bakka u Ap.,
1999; 2001; 2003; 2010; bakka, HoBukoBa,

2005, 2006; Hoeukosa, 2003).

K koHuy 90-x rr. B Hukeropoackoii 06-
AACTU TMPEANOAAraAoCh TrHe3poBaHue 3-5
nap 6epkytoB (bakka, bakka, 1997), us
HUX 1-2 napbl — Ha Kamcko-DakarAMHCKMX
6oroTax. B 1998-2000 rr. B 06AaCTM CTara
[PeaAM30BLIBATLCSI MPOrpaMMa Mo yCTaHOB-
KE FHE3AOBbIX MAATCPOPM AASI PEAKMX BUAOB
XUIHDLIX MTUL, B TOM YMCAE U AAsI BepkyTa.
Yke B 1999 r. oaHy u3 naarcpopm 6epky-
Tbl CTAAM MCIMOAL3OBaTb Kak Mpucaay, a B

45"18

45°18'

i @ THeapgosoit yuacTok / Breeding territory

56°19" LS. 3o o

18 Kilometers

=

-

4518

46710

Puc. 9. [He3a0B0i1 yyacTok 6epkyta (Aquila chrysaetos) N21 B rpynne Kamcko-
bakarAMHCKuX GOAOT (BBEPXY — HA MO3aMKe KOCMOCHMMKOB Landsat ETM+ 2000 r.,

BHM3Y — Ha TOMorpachuyecKkoii Kapre).

Fig. 9. Breeding territory of the Golden Eagle (Aquila chrysaetos) N°1 in the
Kamsko-Bakaldinskie wetlands (upper — on satellite images Landsat ETM+ 2000.,

bottom — on a topographic map).
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2000 r. MOCTPOMAM THE3AO M MOMbLITAAMCH
rHe3antbes (bakka v Ap., 2001). INosiBAeHMe
3TOrO THE3A0BOrO y4yactka 6epkyTa B rpyn-
ne Kamcko-bakaAAMHCKMX BOAOT NMO3BOAMAO
MOAOMTU K MAAHMPOBAHUIO MEPOMPUSITUIA MO
BOCCTAHOBAEHMIO UYMCAEHHOCTU 3TOrO BUAA
Ha ocHoBe [MIC-TexHOAOIMIA.

DopmyAMpoOBKa 3aAaum

[MocTpoeHne MmoaeAn  pacrpeseAeHusl
THE3AOBLIX YHACTKOB BEPKYTA HA TEPPUTOPUM
6uocthepHoro pesepsara «Hukeropoackoe
3aBOAXKBLE» AASI HAMOOAEE MPOAYKTUBHOM pe-
aAM3aLMKM MEPOTIPUSITUM, HArpPaBA€HHLIX Ha
MPVIBA€YEHME 3TOrO BMAA HA UCKYCCTBEHHbLIE
rHE3AO0BDSI.

IMoAeBbIe MCCAGAOBAHMS

YNOMSIHYTLIM  Bblll€ THE3AOBOM Y4acCTOK
Ha naatchopme (puc. 9) cchopmmpoBancs
B AE€COOOAOTHOM AaHAWAMTE, TUMUYHOM
AASI AAHHOTO BMAA B YCAOBMSIX BOCTOYHO-
eBpornenckon Tanrn. o AaHHBLIM pasHbLIX
MCCAeAOBaTEAEN OLIAM U3BECTHLI BCTPEYM
NTUL M B APYIMX paiioHaxX rpyrrbl GOAOT,
YTO MPEANOAArarO HaAM4Me M APYIMX nap, a
CA€AOBATEALHO, MMEIOLLYIOCS] HA TEPPUTOPUM
THE3AO0BYIO TPYMIMUPOBKY CO CBOEN YHUKAAL-
HOM CXEMO pa3sMelleHMsl THE3AOBbLIX y4acT-
KOB. Ha 3TOM, noskaayi, Bce marepuaAnbl no-
A€BbIX MCCAEAOBAHWMI UM 3aKkaHuMBaroTcsl. B
AKTMBE €CTb JKMAOE THE3AO BEPKYTA U CAYXM
O TOM, YTO HECKOALKO GEPKYTOB OOUTaEeT B
OKPECTHDLIX BOAOTAX.

KamepanrbHas o6paboTKa AQHHBIX

B AaHHOM cAyyae He BCE Tak OYEBUAHO, KaK
B CAyYae C MOTMALHUKOM, U MPEACTOUT Mpak-
TUYECKU «TKHYTb MaAbLEM B HEGO», MOCTPOUB
CXeMy MOTEHLMAALHLIX THE3AOBbIX Y4YaCTKOB
6epKkyToB. OCAOXKHSIETCSI 3aAa4a €WE U TEM,
YTO HEOOXOAMMO HE TOALKO MOCTPOMUTDL CXE-
My MOTEHLMAABLHLIX THE3AOBLIX YYACTKOB, HO
M BLIAEAUTDL MX LIEHTPbI, TA€ C MAaKCMMAaAbHOM
AOA€V BEPOSITHOCTU BO3MOYKHO Haxo>KA€HUe
ruesaa 6epkyra.

Mbl He 3HaemM NapameTpPOB PaCpPeAeAEHMsl
6epKyTa Ha AAHHOM TEPPUTOPUM, HO BUAUM
Mo Tornorpagoyeckomn KapTe 1 KOCMUYECKO-
MY CHMMKY, YTO OHAa aHAAOTMYHA APYTUM Tep-
PUTOPUSIM C A€COBOAOTHBLIMU AAHALIACDTaMM,
MyCTb U YAAAEHHBIM Ha COTHU KMAOMETPOB.
[TapameTpbl  MPOCTPAHCTBEHHOrO — pacnpe-
A€AEHMsT BepPKyTa AOCTATOYHO TUMMYHDI AASI
BOCTOYHOEBPOINENCKON MOMYyAsSILMM  BUAQ,
B CBSI3W C YEM AASl CO3AAHMSI CXEMbI pas-
MELLEHWs THE3AOBLIX YYaCTKOB GepKyTa Ha
Kamcko-DakarAMHCKMX BOAOTaX MCTMOAb3YEM
rnapameTpbl pasmelieHust NnTmu BepxHekam-
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Puc. 10. dPparmeHT TeMbl 6OAOT u nycroueit B ArcView (BBEpXY) M reHEPaAU30BaH-
Hasl KapTa GOAOT, PAHXKMPOBAHHASI MO TUMAM GOAOT (BHU3Y).

Fig. 10. Fragment of the thematic map of wetlands and wastelands in ArcView
(upper) and generated map of wetlands ranged on type of wetlands (bottom).

CKOVi THE3A0BOW IPYMMUPOBKU, BbISICHEHHbIE
B MPEALIAYLIME MOAEBbLIE CE30HDI.

[NapameTpbl  pacripeAeAeHmst
y4yacTkos 6epkyTa:

1. PaccrosiHMe MeXAy LEHTpamy FHe3AO-
BbIX Y4acTKOB — 9,9+1,2 Kkm.

2. Paanyc 6ydpepa rHe3a0Boi TeppUTOPUN
-6,4+1,1 km.

3. Auamerp
5,68+0,98 km.

4. TlepeKkpblBaHME THE3A0BOrO y4acrka C
OydpepHOM 30HOV COCEAHEN THE3AOBOW TEP-
putopun — 5+0,7%.

5. Yyactok BbLICOKOCTBOALHOTO COCHOBO-
ro Aeca B MpPEAeAaX FHEe3AOBOro ydyacrka —
100% npuopwurer.

6. OTKPLITOE BEPXOBOE BOAOTO B MPEAEAAX
rHe3aoBoro yyactka — 100% npuopwurer.

7. O3epo B NpeaeAax rHe3A0BOro yyacrka
— 50% aornyck.

8. CocHoBbIE MyCTOWM B MPEAEAAX THE3A0-

THE3AOBbLIX

FTHE3AOBOIo  y4dacrtka -—

BOro y4acrtka — 50% aonyck.

9. bydhepHasi 30Ha BOKPYr HaceA€HHOro
MYHKTA, B KOTOPOW BUA HE MO’KET FTHe3AUTLCS
-5,3+1,1 km.

Pabota, Kak U B MpeAbIAyWIEM MpPUMEpPE
C MOTMABLHMKOM, MAET B HECKOALKO 3TarloB.
[lepBbii 3Tan — NOArotoBKa Kaptorpaduye-
CKOWM OCHOBbLI. BTOpoOI#1 3Tan — co3aaHue Kap-
Tbl MECTOOOUTAHMIT BEPKYTA B PETVOHE (PUC.
10). Tpetuit 3T1an — 3aKAIOUUTEABLHDIN 3Tar pa-
6OTbl — MOCTPOEHNE CXEMbI MOTEHLMAABLHDIX
rHE3A0BLIX YYaCTKOB GepKyToB AAst Kamcko-
bakaaamHckmx 6oaot (puc. 11). Tepsas ny-
OAVIKaUMs MO AQHHOM Teme mpouAa B 2006 .
(KapsikvH n Ap., 2006), 0AHAKO HM TOrAQ, HU
B OMYyOAMKOBAHHBIX PE3YALTATAX OUOTEXHU-
yecknx mepornpusituin (bakka u ap., 2010),
MOWAroBbIi aATOPUTM 06PaBOTKM AAHHLIX B
[NC He 6bIA onMcaH.

MomwaroBbiii arropuTm o6paboTkm Aam-
HbIX B ArcView 3.x

Jtan. 1. IloAroroBKa KapTtorpagnye-
cKo¥ ocHOBbI AAa TUC-aHaamnsa.

1. Ha teppuropuio Kamcko-bakaramHckmx
OOAOT CO3AaEM PACTPOBYIO TMOAAOXKKY M3
Tonorpacpuyeckmux kapt M 1:200 000. To-
rnorpacpuyeckue KapTbl CKAHMPYEM, NMepeBo-
AVM B pactpoBbii popmart TIFF u pernctpu-
pyem B ArcView B npoekunn UTM-83, 30Ha
38 (aatym WGS-84).

1.1. B rpacdhmyeckom peaaxtope Adobe
Photoshop CS2 ckaemBaem u MHAEKCUMpyem
KapTbl, B UTOT€ AASl K&YKAOTO AMCTA MOAYHYaeM
LIBETOAEAEHHDLIN pacTp B hopmare TIFF.

1.2. B nporpamme PHOTOMOD GeoCal-
culator nmepecunTbIBAEM KOOPAMHATLI YIAO-
BbIX TOYeK Tornorpadpmyeckmx kapt ns CK-42
B WGS-84.

1.3. lNepecunTtaHHblE 3HA4YEHMs1 SKCITOPTU-
PYy€eM B TEKCTOBbLIV ¢hopmar.

1.4. TekcToBbLI (hbaiA C KOOPAMHATaMM
OMOPHLIX Toyek umnoptupyem B ArcView,
rae npeobpasoBbIBAEM B WIENMN-haiA C Mo-
mouto onumm Add Event Theme.

1.5. C nomounio moayast Image Warp
OCYLIECTBASIEM TMPUBSI3KY TOrnorpacunyeckmx
KkapTt B npoekunio UTM-83, 3oHa 38.

1.6. Aaree KkapTbl BM3yaAbHO CAMBAaEM B
€AMHOE TMOKPLITYE C MOMOILLIO PACIIMPEHMS]
Transparent Legend.

Jrtan 2. Co3aaHne KapTLl MECTOO6M-
TAHWA.

2. Ha ocHoBe Tornorpagunyeckmx KapT cos-
AaeM BEKTOPHYIO TeMY HAaCEAEHHbIX MyHKTOB.

2.1. Tonorpacuyeckme KapTbl NEPEBOAUM
B ¢popmar GRID c nomounio moayast Spatial
Analyst.
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Puc. 11. Cxema pasme-
WEeHWsT MOTEHLIMAABHDIX
HEe3AOBbIX Y4aCTKOB
6€epKyTa B OCHOBHOM
Maccmee Kamcko-
BakarAMHCKMX 60AOT
(BBEPXY) U 3aHATOCTD MO~
TEHLMAALHBIX Y4aCTKOB
6epKyTamu, YCTAaHOBAEH-
Hast K 2006 r. (BHU3Y)
(KapsikuH m Ap., 2000).

Fig. 11. GIS-model of
distribution of potential
breeding territories

of the Golden Eagle
within the Kamsko-
Bakaldinskie wetlands
(upper) and occupancy
of potential territories
by eagles that had
been recorded by 2006
(bottom) (Karyakin et
al., 2006).
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2.2. VI3 rpua-TeM U3BAEKAEM OOAACTM YED-
HOWM 3aAMBKM, COOTBETCTBYIOIIME HACEAEH-
HLIM MYyHKTam U AOpO)KHOVl cemn.

2.3. OcylWecTBASIEM SAVMMHALMIO MEAKMX
NoAUroHoB ¢ nomoubio Edit Tools (onwuwms
Eliminate) nytém mnx yaarenusi. Octasiumecs
MOAUTOHDLI, HE€ JSIBASIOLIMNECS HaCeAéHHLIMU
MYyHKTaMU, BbLIYMLIAEM U3 TEMDLI BPYYHYIO.

2.4. Tlo kocmocHumKam Landsat ETM+
2000-2001 r. u Aster 2001-2006 rr. BbisIB-
AsleM HaceAE€HHbIe MYHKTDLI, KOTOPLIE nepe-
CTaAM CyleCTBOBATL B HacTosillee Bpems,
KPUTEPUEM YEMY CAYXKUT CyleCTBEHHOe
COKpAlleHME TAOWIAAM OTKPLITOrO rpyHTA
BHYTPY KOHTypPa HaceA&HHOTO MyHKTa U 3a-
pacTtaHMe AOPOr, BEAYyLIMX K HaceA&HHOMY
NyHKTY. [TOAMroHbl 3TMX HaCeAE€HHbLIX MyH-
KTOB YAQASIEM U3 BEKTOPHOW TEMBI BPYYHYIO.

3. OrpaHunumBaeM OOAACTb AAsI AHAAM3A
pacripeaeaeHust 6GepkyTa.

3.1. o Teme HaCEAEHHbLIX MYyHKTOB, U3BAE-
YeHHOW 13 Tonorpagoryeckom KapTbl, CTPOUM
BydhepHbIE 30HBI LIMPUHOM 5,3 KM AAST TEpPU-

TOPUM, HA KOTOPOI BEPKYT C BLICOKOM AOAEN
BE€POSITHOCTU OTCYTCTBYET Ha THE3A0BAHMM.

3.2. Tepputopum, orpaHuyeHHbie Oydpe-
PamM HACEAEHHDLIX MYHKTOB, Npeobpasyem B
werrn-gana, OrnpeAeAstolwnii 30Hy BO3MOK-
HOrO rHE3A0BaHMs HepKyTa.

4. Co3AaeM KapTy MECToobUTaHN BepKyTa.

4.1. Tlo mo3anke KOCMOCHMMKOB Landsat
ETM+ ¢ nomouwnto Image Analyst mHcTpy-
MEHTOM OT6OPA BLIAEASIEM MOAMIOHLI BOAOT,
COCHOBLIX MyCTOWEN, O3€P U BLICOKOCTBOAL-
HOrO COCHOBOrO Aeca. AaHHbl€ MOAUTOHbI
npeobpasyem B weiin-cana (puc. 10).

4.2. TMorpaHnYHLIE 3KOTOHLI HOAOTO/BbI-
COKOCTBOAbHbLIA A€C, COCHOBasi MyCTOWb/
BLICOKOCTBOALHLIA A€C U 03€PO/BbICOKO-
CTBOALHLII A€C W3BAEKAEM B OTAEALHLIN
wenn-cana.

Itan 3. Co3aaHme KapTol NOTEHUMAAL-
HBIX THE3AOBBIX Y4aCTKOB.

5. Mo kapre MmecroobutaHuin 6epkyTa
CTPOVIM CUCTEMY MPEANOAAraeMblX FHE3AO0-
BbIX Y4aCTKOB.

5.1. AAst TeMbl 3KOTOHOB, METOAOM OAMU-
>KalLero coceaa rno 3aAaHHOMY PacCTOSIHUIO
C VMCMOAb3OBaHMEM pacuvpeHust Repeating
Shapes, cTpovM ceTb KPYTrAbIX MOAUIOHOB,
VIMUTUPYIOLLYIO CTPYKTYPY PacrpeAeAeHus]
rHE3AOBbLIX YYACTKOB BepKyTa.

5.2. C nomouto pacumpenust ShapeWarp
OCYLIECTBASIEM TPAHCPOPMALIMIO  CUCTEMDI
KPYTABbIX BEKTOPHbLIX MOAUIOHOB AASI COBME-
WeHUs] MX LEHTPOB C y4acTKamy BbICOKO-
CTBOABLHOIO A€CA BAOAbL BOAOT M €AVHCTBEH-
HLIM M3BECTHBLIM rHE3A0M HepKyTa.

5.3. o TpaHchopmMUpoBaHHOM TeMe Kpy-
TAbIX TOAMTOHOB CO3AQ€M CETb LIEHTPOUAOB C
nomoubio XTools.

5.4. Bokpyr LEHTPOMAOB C MOMOLILIO
CTAHAAPTHOW (hyHKUMM MOCTpoeHus Bydpe-
POB CTPOMM MUTOTOBYIO CUCTEMY KPYTFABIX
MOAUTOHOB, MMUTUPYIOLIYIO pPacrpeAeAe-
HUe MPEANOoAaraeMbiX rHeE3A0BLIX YYaCTKOB
6epkyTa.

OueHka pesyAbTata

Ntak, npymeHuB napameTpbl pasmelleHusl
rHE3AO0BLIX Y4ACTKOB GePKyTa BEPXHEKAMCKOM
rHE3A0BOWV rPYMMMPOBKU, Mbl TOCTPOMAM CXEe-
My pasMelleHus] MOTEHUMAAbHLIX THE3AOBBIX
y4acTkoB GepKyTa CHa4Yad AASl OCHOBHOIO
maccvBa Kamcko-bakaaaMHCKMX GOAOT (puc.
11). Toukoii OTCHETA CXEMDI CTAA THE3AOBOM
yyactok N°1, cchopmmpoBaBLIMIACS Ha MAAT-
hopmax (Ha yHacTke 6epKyThbl HECKOALKO AET
VICTIOAL3OBaAM TOMNEPEMEHHO 3 THE3AOBble
MAATCPOPMBI, A€KaLME HA AUHWM B 3 KM).

[NocTpoeHne cxemMbl MOTEHUMAALHBIX THE3-
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Puc. 12. Cxema pasme-
WEHMsT MOTEHLIMAABHDIX
THE3AOBbIX Y4acTKOB
6epkyTa B Maccmbe
Kamcko-BakarAMHCKMX
60A0T, MOCTPOEHHAsI MO
PEAAbHLIM THE3AOBLIM
ydactkam 2000-2006 rr.
(BBEPXY) M 3aHSITOCTD MO-
TEHLIMAABHDBIX Y4aCTKOB
6epKyTamu, YCTAaHOBAEH-
Hast K 2008 r. (BHM3y).

Fig. 12. GIS-model of
distribution of potential
breeding territories

of the Golden Eagle
within the Kamsko-
Bakaldinskie wetlands
in 2000-2006 (upper)
and occupancy of
potential territories by
eagles that had been
recorded by 2008
(bottom).
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AOBBIX YYaCTKOB G€PKyTa MO3BOAVAO BbIAE-
AmTb 19 TeppuTtopuii Ha naowaan 2,3 TbiC.
KM?. B pesyAbTate LieAe€HanpaBAE€HHOW Mpo-
BEPKU MOTEHLMAALHBIX Y4YACTKOB M MOHUTO-
PVIHra CyIEeCTBYIOWEeN CUCTEMDI THE3AOBbLIX
naarchopm (nAatpopm, YCTAaHOBAEHHDLIX AO
2000 r., n naatopm, COOPY>KE€HHLIX MO-
cae 2000 r., B XOA€ MX LEAEBOWN YCTaHOB-
K/ B LEHTPax MOTEHLMAALHLIX YYaCTKOB)
YAAQAOCh BLISIBUTL 12 THE3AOBLIX Y4YaCTKOB
6€epPKYTOB PA3HOM CTENEHM AOCTOBEPHOCTY.
K AOCTOBEPHLIM MbLI OTHECAM YYacTKM, Ha
KOTOPLIX YCTAHOBA€HO FHE3AOBaHNE OPAOB
(8 y4yacTkoB), K BEPOSITHBIM — Ha KOTOPbLIX
BCTPEYEeHbl napbl MTULL UAM HEOAHOKPATHO
HAOAIOAAAMCH B3POCAbIE 0COBUM M OBHapy-
>K€Hbl X MOCTOSIHHLIE MPUCAAbl (2 yyacTKa),
K BO3MOYXHBIM — Ha KOTOPBIX OGHAPY>KEHDI
Pa3oBble NMPUCAALI NTULL AV BCTPEYEHDLI He-
noAoBo3peAbie 6epkyTbl (2 ydyactka). Cae-
AyeT 3aMeTUTb, YTO B 3TOT MNEPUOA, Ha (POHEe
MMKa YMCAEHHOCTM 3arua U MepOornpusITUn
MO CO3AAHMIO MCKYCCTBEHHOTO TFHE3A0BOro

hoHAQ, WAO MHTEHCMBHOE (hOpMMPOBaHME
rHE3AOBLIX Y4YacTKOB OEpKYTOB M3 MOAO-
AbIX NTMU. POpMMpOBaHUE Map AOMOAAUH-
HO YCTAHOBAEHO Ha 3-X yyacTKkax, KOTopble
M3HAYAALHO 3aHSIAM 0coOM B Bo3pacrte 3-5
A€T M CTaAM Pa3MHOXKAaTbCsl AWULIL CITYCTsl
1-3 roaa (bakka u ap., 2010). INpuuém, Bce
peaAsbHble THE3AOBbLIE Y4acTKM hopmupo-
BaAMCb MMEHHO B LIEHTPaX MOTEHLMAALHDLIX
y4actkoB. Bce HabaoaeHust ntuu Ao 2006
I. 3aPEerucTpPUpPOBAHDI TAKXKE B LIEHTPaXx Mo-
TE€HLMAABLHDLIX Y4aCTKOB.

YuuTbiBasi NOSIBAEHME CBOAA HOBBIX AAHHBLIX
no Kamcko-bakaraMHCKONM rHE3A0BOW Tpyri-
nupoeke 6epKyToB, BblAa MOCTPOEHA HOBAsl
CcXema pasmelleHusl MOTEHUMAALHBIX THE3A0-
BbIX YYaCTKOB, pa3BépHyTasl Ha BCIO TEPPU-
TOPMIO KOMIMAEKCA BOAOT, BKAIOYAsI MPAaBO-
Gepexpve p. KeprkeHeu (puc. 12). B HoBoii
CXeMme y4yTeHbl MapameTpbl pacrpeAeAeHMs]
6epKyTa Ha PacCMaTPUBAEMON TEPPUTOPUN
Kak M0 OTHOWIEHUIO APYT K APYry, TaK U Mo
OTHOLUEHMIO K SA€MEeHTaM AaHAwadgTa. B pe-
3yAbTaT€ B MOAE€AbL BKAIOYEHDLI HEKOTOpPbLIe
MLl BOAOT, paamyc Bydepa HACEAEHHDLIX
MYHKTOB YMeHblueH A0 3,05 km, u3 cucremol
HaCEeAEHHDLIX MYHKTOB YAAA€HLI KOPAOHDI A€C-
HUYECTB, CyLECTBYIOWMNE HA MeCTe ObIBIIMX
CEeA€HMM, K CUCTEME HACEAEHHLIX MYyHKTOB
AOBABAEHDI MPUPOAHLIE TEPPUTOPUMA, HA KO-
TOPLIX MOCTOSIHHO NMPUCYTCTBYIOT AIOAM (TOP-
dponpeAnpusiTUsI, BLIMACDI U T.1.), Bydpep Ars
KOTOPLIX orpeseAeH B 1,4 Km.

B pesyAbTate KOPPEeKTMPOBKM CXEMbl Pas-
MelleHMsl MOTEHLMAALHBIX THE3AOBLIX Y4acT-
kOB 6epKkyTa Ha BCio Tepputopuio Kamcko-
BDakaArAMHCKMX GOAOT YAAAOCh BLIAEAUTbL 26
TeppuUTOPMiA Ha naowaamn 3,1 Tbic. KM?, Mpu-
YEM, AAsI TEPPUTOPUM, OTPABOTAHHON paHee,
MAOWAALIO 2,3 ThbIC. KMZ, AODABUACSI TOABKO
OAMH y4acTtok (puc. 12). K 2008 r. Ha paccma-
TPUBAEMOW TEPPUTOPUM YAAAOCH BLISIBUTb, B
AOTMOAHEeHMe K 12 y>Ke U3BECTHBLIM FHE3AOBLIM
yuyactkam 6epKyToB, ewwé 4, mpuyém, B OAHOM
caydae (B 2007 r.) ydacTok cchopMMpPOBaACs
B OydpepHOlM 30HE MEXKAY TPEMsI AOCTOBEP-
HbIMM THE3AOBLIMM Y4aCTKaMM (3a CHET YIAOT-
HEHWs THEe3A0BOW MPYMNMMPOBKM).

NTorosbii pe3syALTaT MOHMTOPUHra
Kamcko-bakarAMHCKOM THE3A0BOWM rpynnu-
POBKM 6EPKYTOB MoKasaH Ha pucyHke 13. B
Hacrosiiiee Bpemsl Ha BceX 26 MOoTeHLMaAL-
HbLIX THE3AOBLIX Y4acTKax, C TOW VAU MHOWM
CTerneHblio AOCTOBEPHOCTU, 3aPEerMcTpupoBa-
HO npucyTcTBre 6epKyToB: AAsl 11 yyacTkos
YCTAHOBAEHO FHE3AOBaHUE OPAOB, AASl 7 OHO
BECbMA BEPOSITHO (HAa 6 y4acTKax HaOAKOAA-
AVICh B3POCAbIE MTULILI M OBHApPY>KEHLI MO-
CTOSIHHBIE TMPUCAABI, MOOAM3OCTM OT OAHOTO
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MeToAbl UCCAEAOBAHMI
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(cm. bakka un Ap., 2010). U3 cxembl BbIOGU-
BAETCSl €AMHCTBEHHDLI THE3AOBOWM y4dactok
6epKyTos, l'lle‘-léM C AOCTOBEPHO YCTAaHOB-
A€HHLIM THE3AOBAHUEM Ha nAaTq)opme, KO-
TOpbll7] MOSIBUACSI B MUK YNCAEHHOCTU 3amua
(puc. 12, N216). ITOT y4aCTOK BbI3BAA YIAOT-
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Puc. 13. Cxema pasmelieHus1 MOTEHLMAALHBIX
FHE3A0BLIX y4acTkoB 6epKyTa B Maccuse Kamcko-
BakarAMHCKMX GOAOT M MX 3aHSITOCTL OPAAMM 3a MepU-
0A € 2000 no 2010 rr.

Fig. 13. GIS-model of distribution of potential breeding
territories of the Golden Eagle within the Kamsko-
Bakaldinskie wetlands (upper)and occupancy of
potential territories by eagles in 2000-2010 (bottom).

CpaBHeHMe cxembl MOTEHLMAALHLIX THE3-
AOBLIX Y4aCTKOB, MOCTPOEHHOW MO BepPXHe-
KaMCKMM MapameTpamM OT OAHOTrO FHe3Aa, U
COBPEMEHHOM CXEMbl, MOCTPOEHHOM MO na-
pameTpam pasmelleHnsl HECKOALKUX Peab-
HLIX THE3A GepkyTa Kamcko-bakaramHckom
rpynnupoBku (puc. 14), no3BoOAsieT roBo-
PUTL BCETO AMLIL O HECKOALKMX MCKaKe-
HUSIX B NePUEPUNHON YacTU MOCAEAHEN.
MckaxkeHusl CBsi3aHbI, MO GOALWIOMY CYETY,
C yAAAeHUeM U usameHeHmem Oydpepos. Vc-
KaKE€HMsI CXEMbl OKa3aAUChb MUHUMAABLHLIMU
MpPU BBOAE HOBbLIX MAapameTpPoB MO TOM Mpu-
YMHeE, YTO OHA BCsl Ba3UpPyeTCsl, MpemmyLie-
CTBEHHO, Ha MOAMIOHaX BEKTOPHOM KapTbl
GOAOT M BO3MOIKHOCTM ABUIKEHMSI YHACTKOB
B TY VAU MHYIO CTOPOHY CUMALHO OrpaHuye-
Hbl. Takasi HAYTOYKHOCTL MCKa’KEHUI MO3BO-
ASIET C MAKCMMAABLHOM TOYHOCTLIO MOAOWTU K
PEIEeHNIO ABYX MOCTABAEHHbLIX 3aAay — Cy-
lIEeCTBEHHOMY CY>KEHMIO 30HbLI MOUCKA THE3A
6epKyTa M 30HbI YCTAHOBKM MCKYCCTBEHHDIX
rHe3aoBuit. [locaeaHee KpanHe akTyaAbHO
€lé 1 roTomy, YTo CyIEeCTBEHHO SKOHOMMT
He TOALKO TPYAOBbLI€, HO U (PMHAHCOBbLIE 3a-
TpaTbl HA BO3BEAEHME MAATCPOPM, a TaKkKe
YBEAMYMBAET TMPOAYKTUBHOCTL MEPONpPUsl-
TUM, TaK KaK MO3BOAsIET CTaBUTL MAatcop-
Mbl TOYEYHO, B LIEHTPAaX MPEeANnoOAaraembix
YYacCTKOB, MPU BbLICOKOW AOA€ BEPOSITHOCTU
MX 3acCeAeHwUsl.

O6cyxAeHMe HEKOTOPLIX MNOBGOYHLIX
Pe3yALTATOB PaboTni

B 3akAlo4eHUM XOTeAoCh Obl ckasaTh napy
CAOB 06 OLIEHKE YMCAEHHOCTM BepKyTa Ha
Kamcko-bakaramHcknx 6oaotax. Xots 3a-
Adya OLEHKM YUCAEHHOCTM B AAHHOM CAy4yae
He 6biAa CCPOPMYAMPOBAHA, OHA AOTUYHO
BLITEKAET M3 HEOOXOAMMOCTM HalTM MaKch-
MAaALHOE KOAMYECTBO OEpKYTOB Ha AAHHOWA
TEPPUTOPUM U MPOCUUTATL BO3MOMKHOCTU
3aceAeHust 6epKyTOM TeX TEPPUTOPUN, rae

Puc. 14. PasHuua B cXeMax pasmelleHns noTeHUMaAb-
HBIX THE3AOBBIX Y4aCTKOB 6EPKYTa, MOCTPOEHHDIX MO
PAa3sHbLIM napameTpam.

Fig. 14. Differences between models of distribution
of potential breeding territories of the Golden Eagle
created on different parameters.
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reHeL 6epkyTa B rHe3Ae Ha naar¢popme. Poto C. bakku.

Nestling of the Golden Eagle in the artificial nest. Photo by S. Bakka.

OH He BLIA 0BHAPY’KEH, HO OLIAM MPOBEAEHLI
MepOorpusITUSl MO €ro NMPUBAEYEHMIO Ha UC-
KYCCTBEHHbIE THE3AA. B AaHHOM caydae cxe-
Ma npeAroAaraeT BO3MOYKHOCTh HOPMAALHO-
ro rHespoBaHusi Ha Kamcko-bDakaramHcKmx
6oroTax 26 nap 6epkytoB. [pu 3TOM, 3TO
YUCAO HWKe EMKOCTM Kamcko-bakaraMHCKmx
GOAOT, HO BbILIE PEAALHOM YNCAEHHOCTU BMAA
Ha rHEe3AOBaHUM.

To, 4to €mkocTh Kamcko-bDakaaAMHCKMX
GOAOT OYEBMAHO GOAbLIE, M TPU BCIbIW-
KaX YMCA€HHOCTU OCHOBHbBIX BUAOB KOPMOB
6EepPKYT MOXKET THE3AUTBLCS 3A€CH C GOABILIEN
MAOTHOCTBIO, MOATBEP)KAEHO HAOAIOAEHMSI-
mu. lepecyér moaean cC y4€TOM MUHU-
MAADBHBIX AMCTAHLIMIA MeXXAY OAMKanuvmm
COCEASIMU TO3BOASIET TOBOPUTL O BO3MOK-
HOCTU THe3AOBaHMsl 3aech 38 nap, 4YTo Ha
TpeTb GOAbLIE ONTUMAALHON YMCAEHHOCTMU.
MO>KHO MPEANOAOXKUTDL, YTO MUHMMAAbHAsI
YUMCAEHHOCTb — 3TO MOKAa3aTeAb pasmelle-
HUsI, TP KOTOPOM BLIMAAAIOT OAVDKaMLmne
B rpyrirnax COCeAu, OXOTHUYLU TEPPUTOPUU
KOTOPbIX OrpPaHW4YeHbl OAHMM KPYIHLIM
60A0TOM. B Takom caydae MUHMMAaAbHasl
YUMCAEHHOCTL cooTBeTcTByeT 12 mnapam.
Takum o06pasom, MpPEAEAbl YMCAEHHOCTU
6epkyTta arst Kamcko-bakarAMHCKMX BOAOT
ornpeaeAeHbl B 12-38 nap, npu ontMMaAb-
HOW YncAaeHHocTn 26 nap. BoamoskHo, 4to
B HacToslllee BpPeMmsi YNCAEHHOCTb Teppu-
TOPUAaAbLHLIX Map 6epkyToB Ha Kamcko-
DakaAAMHCKMX GOAOTaX HMIKE OMTUMAADL-
HOM, HO OYEBMAHO BbLILIE MMWHMMAALHOWM U
cocTaBasieT OKoAOo 19 map (+2 napol). Aas
naowaan B 3,1 TbiC. KM? 3TO COOTBETCTBY-
et naotHoctn 0,55-0,68, B cpeaHem 0,61
nap/100 kv? obLwei NAOWAAM, YTO KpaHe
HEMAOXOW MO TOYHOCTM MOKA3ATEAD.

YACTD TPETLA, 3AKAIOYUTEALHAS

Ha AByx BbllleonMcaHHLIX MpUMepax, pea-
AMBOBAHHLIX HA BIMOAHE KOHKPETHLIX Tep-
PUTOPUSIX C BIMIOAHE KOHKPETHLIMM BMAAMM,
ObIAO AOCTATOYHO YETKO MPOUAAIOCTPUPOBA-
HO, KaK paboTaeT METOA MOCTPOEHMUsI «CXe-
MBI Pa3MelLeHMs MOTEHLMAAbHBIX THE3AOBLIX
YYACTKOB» M HACKOALKO YCIEIHO OH paborta-
eT. Bo3HuKkaeT Bonpoc: C Yyem 3TO CBSI3aHO?
A CBsI3aHO 3TO C T€M, YTO, MPOrHO3MpPYsl pas-
MellleHMe rHE3AOBLIX YHYACTKOB XMIHMKOB, Mbl
OMMPAEMCsl Ha ABE BaXKHblE BMoAOrMYeCKme
ocobeHHocTU. [lepBasi — pasmelleHVe Xui-
HUKOB B MPOCTPAHCTBE OMPEAEAsIET COBO-
KYIMHOCTbL THE3AOMPUTOAHOTO M OXOTHUYLETO
6uoTornoB. Bropasi — oHM cTapatoTCsi 3aroa-
HUTDL OMTYIMAaAbHOE AAST XKM3HU NPOCTPAHCTBO
MOAHOCTLIO U PABHOMEPHO, AUCTAHLIMPYSICh
APYT OT Apyra Ha paccTosiHue, Mo3BoAsiiollee
MM TPOAYKTMBHO OXOTUTLCSI M HE BCTyNarb
B OCTpble KOH(PAMKTHbLIE OTHOLIEHUSsI APYr C
Apyrom. Ecam ecTb rHesAonpuroaHoii 6mo-
TOM, HO HET OXOTHUYLETO — XUIIHUKA Ha Tep-
putopumn He Oyaer. EcAM ecTb OXOTHUYMIA,
HO HET rHE3AOMPUrOAHOTO, YK€ MOTYT ObiTh
BAPUAHTLI, MPY KOTOPLIX XMUIIHUK BYAET, HO
3TO SIBA€HME MOJKET HOCUTL CAYYaWHbLIN Xa-
paktep. PaBHOMEPHOCTL pacrpeAeAeHusl B
OAHOTUITHOM AAHALIA(PTE MOYKET UCKAKATLCSI
MO MPUYMHE BAMSIHMSI HECKOALKMX HeraTtus-
HBbIX (PaKTOPOB, BbLI3LIBAIOWMX CMEPTHOCTb
MTUL, YTO, B MPUHLMUIME, BLISIBASIETCS] B XOAE
MOAEBLIX MICCAEAOBAHUM U HAKAAQALIBAET CBOM
OTNEeYaToK Ha METOAbl TPOrHO3UPOBAaHMSI
Pa3MellLeHus yHaCTKOB.

MTaKk, B GOABLIMHCTBE CAYYAEB, XMUILHUKM B
MPOCTPAHCTBE PA3MELLAIOTCS MO OTHOWIEHMIO
APYT K APYTY U K SA€MEHTaM AQHAWadTa Kak
OBLIYHbIE FEOMETPUYECKME OBLEKTLI MO OT-
HOLUEHWMIO APYT K APYTY U K APYTVIM FEOMETPU-
yeckum obbektam. COOTBETCTBEHHO, YTOODI
CMPOrHO3MpPOBaTh pPa3MelleHNe THE3AOBbLIX
YYacCTKOB M/VAM OMPEAEAUTL YMCA€HHOCTDL
XULWHMKOB Ha KaKoW-AMOO TeppuTOopuM, B
TMIC Heo6XOAMMO MPEACTaBUTbL FHE3AOBLIE
YYaCTKM U KAIOYEBbIE DSAEMEHTLI AaHALAD-
Ta, COOTBETCTBYIOWIME THE3AOMPUIOAHOMY U
OXOTHMYbLEMY OMOTOMAM XMLWHMKOB, B BMAE
MPOCTLIX TEOMETPUYECKMX OOLEKTOB. Aa-
A€€ OMPEAEASIIOILYIO POAbL B MOAEAUPOBAHUM
OyAeT Wrparb AMCTAHLIMSI MEXKAY COCEASIMM.
AaHAwadT He OLIBAET MAEAALHBIM, YTOODLI
obecrneynTb MAEAALHOE PABHOMEPHOE pac-
rpeAeAeHMEe YYacTKOB XMUHMKOB B HEM. B
3aBMCMMOCTM OT KayecCTBa CPEAbl, XMUIHU-
K1 GYAYT AUCTAHUMPOBATLCSI APYT OT APYTa,
nsberasi MAOXME AASl OXOTLI M THE3AOBAHMSI
yyactkv, AM60 HaoBOopOT — COAMKATLC,
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MeToAbl UCCAEAOBAHMI

Bnu30cTh LEHTRA,KPYTa K NUHAK
Affinity of the center of arcircle to a line

D=11.5 km (km)

B | BnuaocTs kpahkpyrd k nuHUAM ay c
Affinity of edge afla l:ircle_-to aline

BNM30CTh KPafKpYra K MMHWAK E
Affinity of edge of a circle to a line
1
D=5.7 km (km) D=5.7 km (km) - D=8.6 km (km)
Puc. 15. [pumep BCTynass B KOHKYPEHTHLIE OTHomeHus1 3a OummbKa CaMOro METOAA MOCTPOEHUs CXe-

MOCTPOEHMsI CXEMbI MO~
TEHUMAALHDIX THE3AOBDLIX
Y4aCTKOB 6EPKYTA BAOADL
'YCAOBHOW AMHUN 3KO-
TOHAa ME>KAY rHE3AOBbLIM
(A€C) M OXOTHUYLUM
(6on010) BUOTONAMM.

Fig. 15. Example of
creating the model of
distribution of potential
breeding territories of
the Golden Eagle along
conditional borderline
between breeding
(forest) and hunting
(wetlands) habitats.

HaMbOA€e MPOAYKTMBHLIA OMOTOIN, OAHAKO
3TU «CMelEeHus» OYAYT OMpPEAEASITLCSl He-
KM AUMUTUPDYIOIWIMM AUANa3oHOM, KOTO-
PbLIi OrpaHNYMBAETCsl, C OAHOM CTOPOHDI,
€MKOCTLIO CpPEAbl, C APYIrol — BO3MOXK-
HOCTLIO XMLHUWKOB MCKaThb APYr Apyra w
ycnewHo copmuposarh napol. Caeaosa-
TEALHO, AMCTAHLIMSI MEXAY Yy4dacTKamy He
MOKET ObITh MEHbIIE UAU BOAbLIE OrpeAe-
AEHHDIX 3HavyeHul. Ecam mbl moxkem npea-
CTaBUTL 3KOTOH MEXXAY THE3AOMPUTrOAHLIM
M OXOTHUYLMM OMOTOINOM B BUAE AVHUM, TO
MOCTPOEHNE CXEMbl OYAE€T MAaKCMMAALHO
NPUOAVKEHHBIM K peaAbHOCTH. Pacnipeae-
ASisl BAOAL 3TOM AVIHUM FHE3AOBbLIE YYaCTKy,
ONMUPAsICb HA HEKYIO BEAMUYMHY AMCTAHLIUU
ME>KAY COCEASIMM, MO>KHO MPOrHO3UPOBaTh
pasmelleHe U KOAMYECTBO Y4aCcTKOB C MU-
HUMAALHOM OWMOKOM, TaK KaK CMelleHue
YYaCTKOB OYyA€T OrpaHnyYeHO KaKk AVMHUE,
TaK U COCEAHVMMM y4aCTKaMM.

Ha pucyHke 15 oTo6paykéH npumep rno-
CTPOEHUsl CXEeMbl pPa3MeLleHUs] THE3AOBBIX
Y4aCTKOB OEpPKyTa BAOAL AMHUM, AOCTATOY-
HO rpybO onpeAeasiioleil SKOTOH Aec/6o-
AoTO. Cxema NMocTpoeHa Mo MakCMMaAbHOM
AMCTaHLMM MesKAy coceasimm (puc. 15 — B,
C), mmHumanabHoM (puc. 15 — D, E) un cpea-
Hel (puc. 15 — F) nyTéM MOATSDKKM LeH-
TPOWAOB Y4acCTKOB K AMHUM (puc. 15— B, D)
M HA0BOPOT, MX AUCTAHLIMPOBAHMST OT AMHUM
(puc. 15 — C, E). Onupasich Ha 3Ty cxemy,
MO>KHO YTBEP>KAAThL, YTO B 30HE paccMma-
TPUBAEMOTO 3KOTOHA TEOPETUYECKM MOJKET
rHe3AMTLCST OT 6 A0 13 map 6epkyToB, Mpu
OMNTMMAALHOM YPOBHE YMCA€HHOCTU B 7 map.

Mbl, B CAyYae C MAKCMMAaAbHLIMM U MWHMU-
MAALHBLIMM AMCTAHLUMSIMU, COcTaBasieT 14%
n 23%, cootBeTctBeHHO. OwmnbKa MocTpo-
€HMsl CXeMbl MO CPEeAHEN AMCTaHUMU CO-
craBasieT 14% Mo OTHOWEHMIO K MPEAMNOAa-
raemomy MMHUMYMY 1 46% OTHOCUTEALHO
BO3MO>KHOTO Makcumyma. Takum obpasom,
NP MOCTPOEHUM CXEMDbI MOTEHLIMAABLHDLIX
YYaCTKOB Mbl M3beraem Aaxke 2-KparHoW
OWMOKN CPEAHMX MOKA3ATEAEN, HE TOBOPSI
yXe 0 3-5-KparHoi owmbKe, BO3MOXKHOM
MPY CTAHAAPTHLIX METOAAX SKCTPAMOASILINU
Y4YETHLIX AAHHDIX.

Mcxoast U3 BLILLEN3AOXKEHHOIO Marepua-
AQ, MOJKHO TMPEANOAOXUTL, YTO METOA MO-
CTPOEHMs CXEM TMOTEHLMAALHLIX Y4acCTKOB
paboTaer TOALKO Ha opaax. OAHAKO, MMe-
Iommecst y HaC mMaTepuaibl FOBOPST O BO3-
MO>KHOCTV IIMPOKOrO MPUMEHEHMs1 AAHHOM
metoanku. OHa anpobupoBaHa U Ha Apy-
TMX BMAAX XMIHBIX MTULL, UMEIOWMX AOCTa-
TOYHO BLIPKEHHYIO TEPPUTOPUAALHOCTb
(Hanpumep, 6opoaay Gypaetus barbatus,
opAaH-6enroxBocT Haliaeetus albicilla, Te-
TepeBsITHUK Accipiter gentilis, A\MHHOXBO-
crasi HesiCbITb Strix uralensis n Ap.) (bakka,
Kuceaésa, 2008; KapsikuH un ap., 2009;
C.B. bakka, U.B. KapsikuH, A.I'1. AeBawkuH,
A.M. Hosukosa, A.C. lNaxkeHKOB, Heormy-
OAMKOBAHHLIE AdHHLIE). Toraa BO3HMKAET
3aKOHOMEPHDIN BOMPOC, MOXHO AU pado-
TaTb TAKMM METOAOM O BUMAAM, KOTOPbLIE HE
VIMEIOT SIPDKO BBLIPAYKEHHOW TEPPUTOPUAADL-
HOCTM M CKAOHHDLI OOPA30BLIBATL THE3AOBLIE
KOHUeHTpaumn (ckona Pandion haliaetus,
AyHm Circus sp.), AMO0O A@Ke KOAOHMU (CUTIbI
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Gyps sp., kobumku Falco vespertinus)? —
EcrectBeHHO, MO>XHO, €CAM Mbl MOYKEM YBU-
A€Tb MO KapTe M/MAM CHUMKY THE3AOBOW U
OXOTHUYUI GMOTOINLI BUAA U MOAYYUTL Ma-
pPaMeTpbl pasmeLleHusl B MPOCTPAHCTBE KO-
AOHUWM U OTAEALHLIX nap. Ho, ecrectBeHHo,
CAeAyeT anpobupoBarh METOA Ha MPAaKTUKE
M aAanTUPOBATh €ro KOHKPETHO K UCCAEAye-
MOMY BUAY.

OuyeHb Ba)KHOWM COCTaBAsIIOLIE B anpo-
6auny MeToAa MOCTPOEHUsI CXEMBI pasme-
IEHMs] MOTEHUMAAbHBIX YYaCTKOB SIBASIETCSI
MpPOBEpPKAa 3TUX YYaCTKOB Ha MPEAMET rHes3-
AOBaHMs BUAA. BOT 3pech Mbl cTaaKMBaemcst
C Maccol MOABOAHLIX KaMHEN, O KOTOPbLIX
IIAQ pP€Yb BO BCTYMUTEALHOM YacTU AAHHOM
pabotbl. OUeBMAEH TOT (paKT, YTO CrieLma-
AUCT, KOTOPbIA HE 3aHMMAETCS! LIEAEBLIM 00-
Pa3oM MCKOMBIM BUAOM, BO MHOTUX CAyYasixX
He CrocobeH AOKAAM30BATh €ro THE3AOBOM
Y4aCTOK Ha MECTHOCTM M HaWTU THE3AO.
[TpOAYKTMBHOCTL ~ CME€LMaAUCTa, KOTOPbIA
3aHMMAETCsl LIEAEBLIM OOPAa3’OM MCKOMBIM
BMAOM, BYAET, MO OMPEAEAEHMIO, BbILE, OA-
HaKoO U 3AeCh BO3MOJKHbI BapuaHTLl. B yacr-
HOCTM, TPUBbLIYKA OPUEHTUPOBATL MOUCK
Ha TUNWYHbLIE THE3AA U THE3AOBbLIE Y4acCTKMU
MOKET MPUBECTU K MPOIMYCKY HETUMUYHDIX.
C TakMmu npobAemMamMm CTAAKMBAETCS MO-
AdBAsIIOLIEE BOALWMHCTBO MCCAEAOBATEAEN.
[Mo3ToMy HEOOXOAMMO YYUTLIBATL CyObLEK-
TUBHbLI (PAKTOP, KOTOPLI HEYKAOHHO 6y-
A€T BAMSITbL HA OLIEHKY pe3yAbTaTa.

bAaaroaAapHoCcTH

B 3aKAlOYEHMM XOYETCSl MOOAArOAAPUTD
BCEX OPHUTOAOTOB U AIOOUTEAEI MTULL, KOTO-
pble 0OCAEAOBaAM MOTEHLIMAALHBIE YHACTKM,
crnpoekTnposaHHbuie B [TMC, n aeamanch cBo-
eli MHhopmaumer No BLISIBA€HHbLIM THE3A0-
BbLIM y4YacTkam opAoB, — 310 Cepreli AaamoB,
Ceprein bakka, Tumodpein bapabawmH, Pu-
Hyp bekmaHcypos, Amutpuin Kopykes, Arek-
celi AeBawkvH, AHApen MeaBeAeB, DAbLBUPA
HukoaeHko, Muxama HeawobuH, Aoammaa
Hosukosa, Aaekceli [lakeHKkoB, AMUTPUIt
[ToctHukos, Baaammup CemeHHoN, AHApen
CemeHoB.
Cneundmueckne TepMMHLI, MCMOAL3O-
BaHHbLIE B CTAaTbe

ATpmnbyT (Attribute) — cuH. pekBusuT —
CBOWCTBO, KQY€CTBEHHDLIN AU KOANYECTBEH-
HbI MPU3HAaK, XapakTepusylowuii Mnpo-
CTPAHCTBEHHDIM OBBEKT (HO HE CBSI3AHHDIN C
€ro MecToyKasaHWeM) U acCOLIMMPOBAHHbIN
C €ro YHMKaAbHLIM HOMEPOM WMAU MAEHTU-
doukaropom. Habopul 3HaveHuii arpubyta
(Attribute value) 06LIMHO MPEACTABASIIOTCSI

B (hopme TabAML CPEACTBAMM PEASILLMOHHDBIX
CYDA; kaaccy arpubyta (Attribute class)
MPY 3TOM COOTBETCTBYET MMsI KOAOHKM, UAU
croabua (Column),mam noast tabanul (Field).
ATpuOyTMBHLIE AaHHble (Attribute data)
YMOPSIAOYMBAIOTCSI, XPAHSTCSI U MAHUTYAU-
PYIOTCSl B CMCTEMAX yrpaBAeHust Hazamu
AAHHDIX, KaK MPAaBUAO, PEASILMOHHOIO TUMa.
B 6oAee WHMPOKOM CMBICAE MOA aTpMOyTOM
MOHMMAETCs1 AIOOE, MPOCTPAHCTBEHHOE U
HEMPOCTPAHCTBEHHOE, CBOMCTBO OOLEKTA;
B 3TOM CAyYae rOBOPSIT O MPOCTPAHCTBEH-
HbIX atpubyTtax (Spatial attribute) u He-
MPOCTPAHCTBEHHLIX ~atpubyTtax (Aspatial
attribute). TMpouecc npucBoeHust npo-
CTPAHCTBEHHLIM OObLEKTaM aTpUOYTOB WAM
CBsI3bIBAHUSI OOLEKTOB C aTpubytamm HoO-
CUT HasBaHue atpubytmposaHus (Attribute
tagging, attribute matching).

Da3a AaHHbBIX, DA (Data base, database,
DB) — COBOKYMHOCTb AAHHLIX, OPraHU30-
BAHHLIX MO OMNpPEeAEAEHHLIM TMpPaBUAaM,
YCTAaHABAMBAIOWMM OOLIME MPUHLMIILI OMK-
CaHUsl, XPaHEHUsl U MaHUMYAUPOBAHMSI
AaHHBLIMK. XpaHeHue AaHHbIX B DA obecne-
YMBaeT LEHTPAAM3OBAHHOE YIPABAEHUE,
COBAIOAEHME CTaHAAPTOB, 6e30MacHoCTDb
M LEAOCTHOCTb AAHHDLIX, COKpAlAeT MU36bi-
TOYHOCTb M YCTPaHSIeT MPOTUBOPEUYMBOCTDL
AaHHbLIX. DA He 3aBUCUT OT MPUKAAAHBIX
nporpamm. Cosaanme DA n obpaieHue K
Hel (Mo 3anpocam) OCYIECTBASIIOTCS C MO-
MOLLLIO CUCTEMBI YMPABAEHMsI 6a3aMM AQH-
HbIX (CYDBA). lNporpammHoe obecriedeHmne
AOKAALHDLIX BbLIYMCAUTEALHLIX ceTelt (ABC)
MEePBOHAYAALHO TMOAAEPIKMBAAO  PEXKUM
paboTbl, NPy KOTOpOoM paboyme CTaHLMM
CceTu MnocblAaaM 3anpockl K DA, pacnoao-
JKEHHOM Ha OOCAY)KMBAIOWEM MX KOM-
nolotepe — daiiar-cepsepe (File server),
MOAYYaAM OT HEro HeOOXOAMMbBIE DAMADI,
BBLIMOAHSIAM COBOKYIHOCTL OMepaumii no-
MCKA, BLIBOPKM M KOPPEKTUPOBKM — TPAH-
3akumin (Transaction) M oTcbiAaaM paiiAb
obpatHo. [Mpu Apyrom pexume paboumne
craHuuu ABC BLICTynaloT B POAM KAMEHTOB,
a cepBep BA MoAHOCTLIO OBCAYKMBAET 3a-
MPOChl (KaK MPAaBUAO, 3arMCAHHbIE HA SI3bI-
ke SQL) u oTCbiraeT KAMEHTaM pe3syAbTa-
Tbl, PEaAU3Ysl TEXHOAOTUIO KAMEHT-CEepPBEP
(Client/Server).

bydpepni (Buffers) — noavroHaasHbie 06L-
€KTbl OMPEACAEHHOM WMPWHLI, CO3AAHHbLIE
BOKPYT AIOOLIX BEKTOPHDLIX OOLEKTOB BXOA-
HOT'O CAOSI.

BexkTopHas MoAeAb AaHHbIX (Vector
data model) — uncposoe npeacraBreHne
TOYEYHDIX, AMHENHBLIX U MOAUTOHAALHLIX
MPOCTPAHCTBEHHLIX OOLEKTOB B BMAE Ha-
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60pa KOOPAMHATHLIX Map, C OMMCAHMEM TOABLKO T€o-
MeTpuM OOLEKTOB, YTO COOTBETCTBYET HETOMOAOIU-
YECKOMY BEKTOPHOMY TMPEACTABAEHUIO AMHEWHBIX U
MOAUTOHAABLHBIX OOLEKTOB, AU TEOMETPUM U TOMOAO-
r’MYeCcKMX OTHOLWEHUM (TOMOAOIUM), YTO COOTBETCTBYET
BEKTOPHO-TOMOAOTMYECKOMY MMPEACTaBA€HUI0. B ma-
IWUMHHOM peaAn3almnm BEKTOPHOM MOAEAM AAHHLIX CO-
OTBETCTBYET BEKTOPHLIN (POPMAT MPOCTPAHCTBEHHDLIX
AaHHLIX (Vector data format).

lTeorpadpmueckas unHpopMauMoHHas cucrte-
ma (Geographical Information System, GIS) — cuH.
reomHepopmaunoHHasa cucrtema, TMC — nHdopmaum-
OHHasl cucTema, obecrneumBaiowas cOop, XpaHeHue,
06paboTKy, AOCTYM, OTOOPasKEHME U PACIPOCTPAHE-
HM€ MpPOCTPAHCTBEHHO-KOOPAMHUPOBAHHDLIX AAHHDLIX
(NpocTpaHcTBEHHbIX AaHHbIX). [MIC coAep kUT AaHHLIE
O MPOCTPAHCTBEHHLIX 0BLeKTax B (hopme nx uncpo-
BbIX MPEACTABA€HUI (BEKTOPHLIX, PACTPOBLIX U ApP.),
BKAIOYAET COOTBETCTBYIOWMM 3aAradam Habop pyHK-
LIMOHAALHBIX BO3MOYKHOCTEM, B KOTOPLIX PEeaAU3yIoT-
Csl onepaumm reouH(oOpPMAaLMOHHbLIX TEXHOAOTUIN VAU
[VIC-texHororuin (GIS tehnology), noaaep>kuBaetcs
MPOrpaMMHLIM,  amnmaparHbIM,  UH(OPMALMOHHLIM,
HOPMATUBHO-TIPABOBLIM, KAAPOBLIM M OPraHn3auUmMoH-
HLIM oBecrieyeHmem.

Teonndopmaumonnnin anaamns (GIS based analysis)
— aHaAM3 pasmelleHusl, CTPYKTYpbl, B3auMOCBs3el
OBLEKTOB M SIBAEHUM C MCMOAL3OBAHMEM METOAOB MPO-
CTPAHCTBEHHOIO aHaAM3a U F€OMOAEAVPOBAHMSI.

KonBekcHbini noAauroH (Convex hull) — HaumeHbLMA
MOAMIOH, OMMUCLIBAIOWMI BCE MAM BbLIOPAHHLIE BEKTOP-
Hbl€ SA€MEHTbI BXOAHOTO CAOSI.

Moaurons! Tuccexna (Thiessen polygons) — cvH. ana-
rpammbl BopoHoro (Voronoi diagrams) — npeactaBasiiot
co60i1 reoMeTpUYECKME KOHCTPYKLMK, 0Bpasyemble OT-
HOCUTEALHO MHOYKECTBA TOYEK TakKMM OBPAa3oM, YTO rpa-
HULLI MTOAMTOHOB SIBASIIOTCSI OTPE3KaMM MEPTNEHANKYASI-
POB, BOCCTAHABAMBAEMBIX K AMHUSIM, COEAVHSIIOIMM ABE
OAVDKAILNE TOUKM.

PacTpoBas moAeAb AaHHbIX (Raster data model) —
LMPPOBOE MPEACTABAEHUE MPOCTPAHCTBEHHDBIX OOBLEK-
TOB B BMA€ COBOKYMHOCTM sl4€€K pacTpa (MUMKCEAOB) C
MPUCBOEHHLIMM MM 3HAYEHMsT M KAACCA OOBLEKTA B OTAU-
yue oT (POPMaAbHO MAEHTUHYHOTO PEryAspHO-S1Y€UCTOro
MPEACTaBAEHMST KaK COBOKYIMHOCTM siY€eK PEeryAsipHoun
cetM (3AEMEHTOB pasbMeHMs 3EMHOW MOBEPXHOCTH).
PactpoBasi MOAEAL AAHHBLIX MPEANOAAraeT MO3ULIMOHU-
poBaHMe OBLEKTOB YKA3AHMEM MX TMOAOKEHUsI B COOT-
BETCTBYIOILEN PACTPY MPSIMOYTOALHOM MaTpuLe €AVIHOO-
OpasHO AAsl BCEX TUIMOB MPOCTPAHCTBEHHLIX OOLEKTOB
(TOYeK, AMHWUI, MOAUTOHOB U MOBEPXHOCTEN); B MAaLIMH-
HOWM peaam3aumm pacTpoOBOM MOAEAW COOTBETCTBYET
PaCTPOBLIF (hopMaT MPOCTPAHCTBEHHLIX AAHHLIX (Raster
data format). B umdppoBoli kapTorpacum pacrpoeoin
MOAEAM COOTBETCTBYET MarpuyHasi popma MpeACTaB-
A€HUs uMcppoBoN KapTorpadmyeckon UHcopmaumm
(TOCT 28441-90. Kaptorpacpust uncppoBasi. TepmuHbl
ornpeAeAeHust).

LHentpoma (Centroid) — ueHTp macc courypsl.
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