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BBEJEHMUE. B nerne-ocennnii mepnon Mopxku (Odo-
benus rosmarus) BEIXOAAT Ha Oeper U POPMHPYIOT JEK-
Omma. MHorue nex0HIa pactojaraloTcs Ha TeCUYaHBIX
WIN TalleYHbIX KOCAaX, BIAIU OT KaKHX-THOO BO3BBIIICH-
HOCTEH, 94TO CHJIBHO 3aTPYyIHSET IOJCYET KMBOTHBIX Ha
Oepery. CyIecTBYIOT HECKOJIBKO METOIMYECKHX IOAXO0-
JIOB ydeTa Mopxei Ha nexOumax. Hamnbomnee gyacto mpu-
MEHSETCS BH3YaJbHBIH MTOTOJIOBHBIN MIPOCYET KMBOTHBIX
C KaKHX-IH00 BO3BBHILIEHHOCTEH M pacdyeT YMCICHHOCTH
1O IUIOIIAJH, 3aHWMAaeMOH JKMBOTHBIMH Ha JIeXKOHIIe
(KpsioB, 1966). Yare oH HCTIONB3yeTCs B MOAU(DULIAPO-
BaHHOM BUJI€ (BH3YaJbHBIN yUeT ¢ SKCTPANONALHeH ), KOT-
Ila, HarIpuMep, Ha Jexomme nogcuutsiBaercs 10 mru 100
MOp)KEH W IJIa30MEpHO OLIEHHBACTCS 3aHUMaeMas HMH
IUIONIA/Ib, 9Ta IIOIIAb SKCTPANIOIUPYETCS Ha IpyTHe Ya-
CTH JeXKOHIIA C MOX0XKEH INIOTHOCTBIO 3aJIeTaHus, H, Ta-
KIM 00pa3oM, MoTydaeTcs pacdeTHas nupa KOIn4ecTBa
MOpKel Ha BceM Jexoume. Takum e 00pa3oM Mmoacuu-
THIBAIOTCS MOPKH W Ha IUTaBy oKoso nexoOmnma (Kodnes,
2015). dpyroii BU3yanbHBIN METO/ pacueTa YNCICHHOCTH
3aKJIFOYAeTCs B pa3/elIeHHH TEPPUTOPHHU, 3aHUMAeMOM
MOp)KaMH, Ha IpaBUJIbHBIE TeoMeTpHyeckue Gurypsl u
HOZICUeTEe 3BEpe 10 JIMHUU OCHOBAHMS M BBICOTHI (ury-
PBI pac4eTOM YHCIEHHOCTH C UCIIOIb30BaHUEM (HOPMYIIBI

INTRODUCTION. In summer and autumn, walruses
(Odobenus rosmarus) haul out on shore. Many of
their haulout sites are located on sandy or pebbly spits
away from any natural elevations, which makes it
difficult to count animals on shore. There are several
methodological approaches to counting walruses at
haulout sites. The most commonly used approach
is a visual count of animals from any available
elevation, and estimation of their number based on
the area occupied by them on the site (Krylov, 1966).
This approach is usually applied in a modified form
(visual counts with extrapolation): for example, an
observer visually estimates an area occupied by 10
or 100 walruses and then extrapolates it to the other
parts of the site with a similar density. Walruses
swimming in the water near the site are counted in a
similar way (Kochnev, 2015). Another visual method
of abundance estimation consists in dividing the area
occupied by walruses into regular geometric shapes
and counting animals along the base and height lines
of the shapes. The number of walruses in a given
geometric shape is estimated using special formulas
calculating the area size (Kochnev, 2015). In reports
and publications, values of abundance estimated by
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JUIsL pacdeTa IUIOLIaAN JaHHOW IreOMeTPUYECKoi ¢ury-
psI (Kounes, 2015). B otuerax u myOnuKanusx 9uUCICH-
HOCTb, ONpeeIeHHas TAKHMH crloco0aMu, Kak IpaBHIIo,
MIPUBOAMTCS B KPYIIBIX LU(pax cOTEH WIM THICIY OCO-
ocit (Kounes, 1991).

[Tnomaanas MeTouKa yyeTa YUCIEHHOCTH 3aKII04aeTCsl
B U3MEPEHUHU WIH OLIEHKE O0IIeH IIIoIaau, 3aHUMaeMoit
MOpKaMH Ha JIexKOuIle, ¥ NepEMHOKEHUH €€ Ha OIIpe-
JICJICHHYIO0 KOHCTAHTY - IUIOIIa/b, 32aHUMAaeMyI0 OJHUM
mopkoMm (KpsutoB, 1966; Kubanpuuy, 1978; CmupHOB,
1988; Uyrynkos, 1991; Kounes, 2015). Ognako B jaeii-
CTBHUTEJIBHOCTH AT KOHCTAHTA HE SIBIISICTCS] YHUBEPCAIIb-
HoW. CamMu aBTOpPBI OTMEYAIOT, YTO OHA BapbUPYET OT
1,0 mo 7,4 xB. M, 1 Kakas udpa B 3TOM mpenaesie Oyaet
UCIIOJIb30BaHa JUIsl pacuyera YHCICHHOCTH, 3aBUCHT OT
CyOBEKTHBHOTO HPEANOYTCHUSI WM ONbITa Habiroaare-
as1. CyIIeCTBEHHBIM HEOCTAaTKOM BCeX 0e3 MCKIIIOUYEHUS
TPaJUIMOHHBIX METO/IOB yueTa MOpKa SBJSIETCS 00beK-
TUBHAsl TPYJHOCTh B OIPE/IEICHUU BEIHMYUHBI OMIMOKU
pacdera YMCIEHHOCTH. B mopaBisiomemM OOJNbIIMHCTBE
CJly4aeB MCCIIEIOBATENIM HE OLIEHUBAIOT U HE MPUBOIST
ee B CBOMX OTueTax u nmybnukanusx. [Tomumo atoro, 3a-
YacTYI0 OIEHKA YMCJIa XMBOTHBIX Ha KPYITHBIX JIEXKOU-
1axX, PacHojararoluxcsi Ha MEHsomeMcs Janmadre,
CTPOHUTCS Ha KOMOMHUPOBAHHWW pA3JIMYHBIX METOJOB
yueTa Ha pa3HbIX y4yacTKax JiexOuina, 4ro eue dojee yc-
JIO)KHSIET OL[EHKY JOCTOBEPHOCTH pacyeTa YUCICHHOCTH.
B nocnienHue roipl A1 y4eTOB CTalla aKTUBHO HpUMe-
HATbCS (POTOCHEMKA JIEKOMIIA C BO3BBIIIEHHBIX MECT C
MOCJIETYIOIIMM I0JICYETOM YKMBOTHBIX Ha (hororpadusix
(Tomunun, Kubansauy, 1975). HecMmoTps Ha Xopouryro
MPOTOKOJILHOCTh 3TOTO METOJa, HAa HEKOTOPBIX JIEXKOU-
12X OH HE MOXET ObITh OOBEKTHUBHO MCIIOJIb30BaH M3-3a
OTCYTCTBUS BO3BBILICHHUH, C KOTOPBIX (oTorpadun Mo-
T'YT OBITh C/EJIaHbI, MJIU CKPBITOCTH HEKOTOPBIX YU4aCTKOB
JUTs 0030pa.

AJIBTEpHAaTUBON TaKMM TPAJAULMOHHBIM METOZAM ydeTa
MOpJKa SIBIISIFOTCSL YYETBl ¢ MCIIOIb30BaHUEM a3podhoTo-
rpaduii, MOTy4YEHHBIX C TOMOIIBIO MaJbIX OCCIHMIOTHBIX
JeTaTeNbHBIX annaparos. [IpenmyecTBamMu JaHHOTO Me-
TO/Ia SIBISIFOTCS (PUKCALIUS TMHAMUYECKUX COOBITHH KU3-
HU JICKOHIIA U, KaK CJIEICTBUE, BO3MOXKHOCTh TOBTOPHO-
O IOJICYETAa JKMBOTHBIX HA OJJHUX M TeX ke (ororpadusx
HECKOJIbKIMH HaOIIOMATeNIMU. DTO IO3BOJIAET JIETKO
OLICHHUTH OIIMOKY ydera. Mcnonb30BaHue BEPTHKAIBHBIX
(hotorpaduit TakKe 3HAYUTEITHFHO CHIDKAET BEPOATHOCTH
3aHIDKCHUS OLCHKH B pe3yNbTaTre MEepeKpPBITHS MOPKEH
JpYT APYroM, 4ero HeBO3MOXKHO IOJHOCTBIO H30€XaTh
IIPU ChEMKE IO YIJIOM C TIOBEepXHOCTH 3eMJi. Ho yueTs
JKUBOTHBIX Ha OTOTpadHsIX MOTYT OBITH TPYIOEMKHMU,
0COOEHHO Ha JIEKOHMIAX, IJI€ 3aJ€raloT JTECITKU THICAY

such methods are usually rounded to hundreds or
thousands of individuals (Kochnev, 1991).

Another method is measuring or estimating the total
area occupied by walruses on a haulout site and then
multiplying it by a specific constant, which is the area
occupied by one walrus (Krylov, 1966; Kibalchich,
1978; Smirnov, 1988; Chugunkov, 1991; Kochnev,
2015). However, this constant is not actually uniform.
As the authors state, it may vary from 1.0 to 7.4 m?, and
the value within this range to be used for calculations
will depend on observer’s subjective preferences or
personal experience. A significant disadvantage of all
the traditional methods is the difficulty to determine
the possible bias and confidence intervals for the
estimates obtained. In the overwhelming majority
of studies, researchers either do not calculate or do
not report these parameters in their publications. In
addition, an estimate of the total number of walruses
at large haulout sites formed on a variable terrain is
often based on a combination of different methods
applied to different parts of the site, which even
further complicates evaluation of estimation accuracy.
In recent years, photography of walrus haulout sites
from elevated places with subsequent counting of
animals in images (Tomilin, Kibalchich, 1975) has
been actively introduced in surveys. Despite good
protocols obtained by this method, it cannot be
objectively used for some haulout sites due to the lack
of elevations from which photographs can be taken or
due to the terrain elements that hide parts of the site.

An alternative to such traditional methods is the
use of aerial photography of haulout sites from
small unmanned aircrafts. The advantage of this
method is the opportunity to record dynamic events
of walruses’ activity on the site, and to process the
obtained images by several observers, which provides
more accurate abundance estimates. The use of the
aerial photography also reduces the likelihood of
underestimation of abundance because of walruses’
shielding one another; this problem cannot be
avoided when taking images from the ground level.
However, counting walruses in photographs is labor
intensive, especially for large haulouts where dozens
of thousands of animals may be present at a time.
The ability of georeference and alignment of aerial
photographs using geolocation techniques makes
it possible to obtain relatively precise photographic
maps of haulout sites that allows calculation of the
area occupied by walruses. Accurate measurement
of the area occupied by different age/sex groups of
animals in various parts of the haulout site facilitates
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3Bepeil. BO3MOXXHOCTD IPUBSI3KM 1 BEIPAaBHUBAHUS a3PO-
(ororpaduii ¢ HCIIOIB30BAHUEM I'€OJIOKAIINOHHBIX METO-
JIOB TIO3BOJISIET MOJYYUTHh OTHOCHTEIBHO TOYHBIC KapThI
3aJIeTaHysl )KUBOTHBIX, YTO AA€T BO3MOXKHOCTH JI0CTAaTO-
HO OOBEKTHBHON HWHCTPYMEHTAIbHOW OIEHKH IUIOMIAAN
nexOnIIa, 3aHMMAaeMOl MopXaMH. BO3MOXHOCTH TOY-
HOTO ONPEAEICHUS IUIOMIAJN 3aJIETaHusl PA3HBIX TPy
JKUBOTHBIX B PA3HBIX YAaCTAX JIEKOHMINA MO3BOJSIET OIle-
HUTH OOIIYI0 YHCICHHOCTh MOpXKEH Ha BCEM JIeKOMIIE,
9KCTPATIONUPYSI 3aBUCUMOCTD YNCIIa 3BEPEH OT TUIOMAAN
3ajieraHyst Ha 0010 TUTONIA/1b, 3aHATYIO )KHBOTHBIMHU Ha
nexounmte. [Ipu 3ToM oTnasaeT HeoOXOIUMOCTh HCIONb-
30BaHMS (PUKCUPOBAHHBIX KOI(DPHUIIMEHTOB TUIOIA N, 3a-
HUMaeMOW OTHUM MOP’KOM Ha Pa3HbBIX y4acTKax ¢ pa3HOU
IUTOTHOCTBIO 3aJIETaHus, @ 3aBUCUMOCTb YHCIIA MOpPXKEH
OT MJIONIAJN U caMa TUIOMIA (b OLICHUBAIOTCS C BKITIOUCHH-
€M OIINOOK OTIPEIECIICHHS.

Hcnonw3yst aspodoTorpaduu Je:KOUI MOPIKEH, MbI CMO-
JIeJIMPOBAJIM 3aBUCUMOCTD YMCJIa MOPXKEN OT 3aHUMAaeMOu
IUIOIIAAN Ha JIKOUIAX C pa3jIMYHBIMHM THIIAMH ITOKPbI-
Tus (NECYaHBIA IJISHK, CKAJUCTBIA Oeper, miaTo, Mpu-
Ope)kHasi MEJIKOBO/IHAS YacTh JiexxoOuiia). Ha ocHoBanun
napaMeTpru4€CKOro OnrucaHus AJaHHBIX 3aBUCUMOCTEN U
OLIEHKH TUIONIA/I{, 3aHUMAaEMOM MOPIKaMH, MBI 9KCTPAIio-
JIUPOBAIM YUCIIEHHOCTh MOPIKEH Jis JIeKOuIIa, pacmo-
JIOKCHHOTO y Tiocesika Bankapem. Ha 3tom e sexOuie
YHCJIEHHOCTh MOPKEH HE3aBUCHUMO ONpEAEsUId Kak ¢
HCIIOJIb30BAHUEM TpaJUIIUOHHBIX BU3YaJIbHbBIX MCETOJ0B,
TaK M C MOMOIILIO MMOTOJIOBHOTIO MPOCYETA KUBOTHBIX Ha
aspodororpadusx. Vcnonap3ys pe3ynbTaTbl KaKIO0W H3
9TUX OLCHOK, MbI CpaBHUJIX pa3jn4vus MEKAY Pa3HBIMU
METOJIAMH TI0/ICUETa KOJIUYECTBa MOPIKEH Ha JiexOuIe B
OJHHU U TC KE€ BPCMCHHBIC IEPUO/IbI.

METOAbBI. B ananu3 BKIIOYCHB JaHHBIE, COOpaHHBIC
Ha 3-x jexOmmax Mopkeit B mepuon ¢ 31 aBrycra mo 19
okTs16ps 2017 1.: Mpic Bankapewm, mbic Cepane-Kamens
n Oyxra KoHuckue (pacmonoxkeHa B 4 KM IOKHEE MbICa
Cepame-Kamens).

AdpodoTocheMKa Ha JIeKOHUIaX MOpPKEH OCYIIeCTBIIs-
Jach € IOMOINBI0 Majloro OECHUIIOTHOTO JIETaTeIbHOTO
anmnapara «®antom 4» u «®anrom 4 IIpo» npousBoacTBa
koproparuu DJI. TToneTsr Haj TeKOUIAMU OCYIIECTBIIS-
JM peryisipHo Ha Beicote 60-70 M. Ha nexxOumie y Mbica
BankapeM 1osieTsl 0CyIIeCTBIISIIIN B IEPUO/] C 3 CEHTIOPs
o 24 okts6psi. Beero 3aech 6bu10 BhIonHeHO 40 moe-
ToB. [lapajuiebHO M HE3aBHCUMO OT a3pO(OTOCHEMKH Ha
JIeKOMIIIEe TPOBOIMIINCH YUETHl YUCICHHOCTH MOPIKa Tpa-
JUIMOHHBIMYM METOJaMHU y4deTa B nepuoj ¢ 31 aBrycra no
24 okts0ps. Bcero Obuto caenaHo 46 y4eToB TpaTUIN-
OHHBIMU MeTonukamu. Ha nexoumie y mbica Cepare-Ka-

estimation of the total number of walruses throughout
the site by extrapolating the number—area relationship
to the total area occupied by the animals on the site.
Moreover, it is no longer necessary to use the fixed
coefficients of the area occupied by one walrus for
different parts of the site with different densities
of animals; the relationship between the number
of walruses and the area, as well as the area itself,
is estimated taking into account the estimation
uncertainty.

Using a set of aerial photographs, we modeled
a relationship between the walrus numbers and
the occupied area of haulout sites with different
topographies (sandy beach, rocky shore, flat plateau,
and coastal shallow-water part of site). Based on a
parametric description of these relationships and an
estimate of an area occupied by walruses on land, we
extrapolated the number of walruses for the haulout
site located at Cape Vankarem. The walrus abundance
on this site was determined using the traditional visual
counting methods and the method of total counting
in aerial images independently of each other. Using
the results of each of these estimation approaches,
we compared the differences between the methods of
counting walruses on haulout sites within the same
time periods.

METHODS. The analysis was based on data
collected at three walrus haulout sites from August 31
to October 19, 2017: Cape Vankarem, Cape Serdtse-
Kamen, and Keniskin Bay (located 4 km south of
Cape Serdtse-Kamen).

Aerial photography was carried out using small
unmanned aircrafts “Phantom 4” and “Phantom 4
Pro” (DJI, China). Flights over the haulout sites were
made regularly at an altitude of 60—70 m. A total of
40 flights were made at the Cape Vankarem site from
September 3 to October 24. The walrus abundance
surveys by the traditional visual counting methods
were conducted at the site independently of and
along with the aerial surveys between August 31 and
October 24 (46 surveys using the traditional methods).
At Cape Serdtse-Kamen, flights were carried out from
September 11 to October 9 (11 flights); in Keniskin
Bay, from September 26 to October 19 (14 flights).
The obtained high-resolution aerial photographs
were used to compose orthogonal maps of animal
distribution referenced to geographic coordinates.
Projection maps were generated and referenced to
coordinates using the PhotoScan software (Agisoft,
Russia).
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MEHb TIOJICTBl OCYHIECTBISUIN B repuon ¢ 11 ceHTsOps
mo 9 oktsa0ps (11 monmeToB), a B 6yxTe KoHnckus - ¢ 26
ceHTs0ps mo 19 oxtabps (14 momnetos). [lomydeHHBIE
aspodotorpadun BEICOKOTO pa3perieHus: ObUTH HCIIOb-
30BaHbI JUIS CO3/aHNs OPTOTOHAIBHBIX KapT pacIperese-
HUS KUBOTHBIX C TPUBSI3KON K (pakTHueckum reorpadu-
yeckuM KoopauHaraMm. Co3aHue MpOeKIIMOHHBIX KapT U
MIpHUBSA3KA K KOOPJAMHATAM ObLIAa MPOBEJCHA C TOMOIIBIO
nporpaMMbl ®oToCkaH, KOMIAaHUU ATHCOPT.

Ha nexoOurie Mpica Bankapem 1uist Bcex 110J1eTOB ObLI BbI-
MIOJTHEH IOTOJIOBHBIN yueT no aspodororpadusim. Iloro-
JIOBHBIW y4eT Ha Jiexxouie OyxTbl KaHUCKHH OB BBITOJ-
HEH B JICHb MAKCHUMAaJILHOTO 3arojiHeHUs Jiexoura (18
okTs10ps1). Ha mbice Cepiie-KamMeHb MOroJioBHbIC YYEThI
ObUIN BBIMOJIHEHBI 115t 4-X noneroB. [lyis onieHkH ommo-
KM IOTOJIOBHOTO Y4eTa OH IIOBTOPHO OBl BBINOJIHEH
pa3HbIMHM HaONIOATENSIMU JIJIs1 5 TOJIETOB Ha JIeKOUIIe
Bankapem (3 naOmionarens), B Oyxre Konuckun (4 Ha-
Onronarens, B IeHb MaKCHMaJIBHOTO 3allOJIHEHHMS), MbICE
Cepnue-Kamens (2 HaOmromarest Ha Bcex 4-X MOJeTax).
Bcero miis ananusa ObUIO KCIIOIB30BaHO 32 0pTOdOTO-
riaHa jexounr: 20 aus mbica Bankapem, 8 st Mbica
Cepnue-Kamens u 14 juist Oyxtsl Kanuckus.

JlaHHBIE TIOTOJIOBHOTO ydYeTa pa3HbIMH HaOJIIONATEIsIMU
ObUIM MCTIONB30BaHbI AJIST OLIEHKM 3aBHCHMOCTH 4YHCIIA
MOp>KeH OT IUIoLau, Ha KOTOPOM OHM HaXOIMJIHUCh: B
MPUOPEKHON aKkBaTOpWH (HA IJIABY), B IPUOPEIKHON MeIT-
KOBOJHOW TPHIMBHO-OTIMBHON 30HE y JIeXOWIIa U He-
MTOCPE/ICTBEHHO Ha cymie. [ aToro Ha oprodoTomnnane
B Ka)XJIOM 30HE JIEKOMUINA BBIICISUTH yUYETHBIE CETMEHTBI
(oGmactu mpuUCYTCTBHS MOpKeit). B kax oM BRIOpaHHOM
cinydaifHoM cermernTte (n > 20) sexOwumia ompenensin
KOJIMYECTBO MOpP’KEH Ha OCHOBAaHMM MOTOJOBHOTO MPO-
cueTa M 3aHUMaeMyI0 Mopskamu Iutomaib. [lomydennsre
JAaHHBIE BITOCJIEACTBUH HCIIOIB30BATHN JUIS MOJEIHPO-
BaHMS 3aBUcCUMOCTed. Uil mapaMeTpu4yecKoll OLEHKU
3aBHCUMOCTH YHCJIA J)KUBOTHBIX OT IUIOIIAAHN YYETHOTO
TTOJIMTOHA MBI HCIIOIb30BAIM CMEIIaHHbIEC TMHEHHBIE MO-
JIeNTU C BKJIIOUEHHEM CIy9YalHBIX KOMIIOHEHTOB. BBIOOp
MOJIENT OCYIIECTBIIAIM B [Ba 3Tana. Ha mepBom srarme
OBLT BRIOpPAaH ONTHMAIBHBIA HA0Op TapaMeTPOB IS CITy-
yaifHOTO KOMITOHEHTa Momend. Jlydmas monens Oblna
BeIOpaHa ¢ momomipio AIC kpuTepus, onpenercHHOTO
Ha OCHOBE METO/la MAaKCHMAaJIbHOTO IIPaBIONOI00US C
JOTIONMHATENbHBIMU oTpaHmueHusMu (REML) mns pas-
JUYHBIX KOMOWHAITMHA TapaMeTpoB CIyYaiHOTO KOMIIO-
HEHTa CMEIIaHHON MoJenu. B kauecTBe rpynnupyomero
rapaMmeTpa, ONPENENAIONIero CIydJaiiHOe MepecedeHue
TUHEHHON (QYHKIIMM C OCBIO OpAMHAT, ObUT BHIOpaH Ha-
Omromatens. B kagecTBe cirydaifHBIX apaMeTpoB, OIpe-
JENSIOMNX HAKIIOH THHEHHON (DYHKITHH, OBIITH BBIOPAHEI

At Cape Vankarem, total counts using aerial images
were performed for all flights. For the Keniskin Bay
site, a total count was done on the day of maximum
abundance (October 18). At Cape Serdtse-Kamen,
walruses were counted in images taken during four
flights. In order to estimate the uncertainty bias from
observers, image-based counts were repeated by
different observers for all the sites: Cape Vankarem
(5 flights by 3 observers), Keniskin Bay (4 observers,
on the day of maximum occupancy), and Cape
Serdtse Kamen (4 flights by 2 observers). A total
of 32 orthophotoplans of walrus haulout sites were
included in the analysis: 20 for Cape Vankarem, 8 for
Cape Serdtse-Kamen, and 14 for Keniskin Bay.

The results of total counts by all observers were used
to estimate the relationship between the number of
walruses and the area they occupied: in the nearshore
area (afloat), in the tidal zone near the haulout site;
and immediately on shore. In each haulout zone on the
orthophotoplan we identified the counting segments
(areas occupied by walruses). For each of the
randomly selected segments (n > 20) we counted the
number of walruses and estimated the area occupied
by them for each flight. The resulting data frame
was then used to model the parametric relationships
between the number of animals and the area occupied
by them based on linear models with mixed effects.
Model selection included two stages. At the first
stage, an optimal set of parameters was chosen for
the random component of the model. The best model
was chosen using the AIC value determined by the
restricted maximum likelihood method (REML) for
combinations of parameters. An observer was chosen
as a grouping parameter determining the random
intersection of the linear function with the Y-axis.
The area of the polygon, the location of the polygon
on the haulout site, and different sites were chosen as
random parameters determining the slope of the linear
function. The lowest value of AIC was attributed to
the model that contained only observer as a grouping
factor for the random component of the model. At
the second stage, using the maximum likelihood
method (ML), a fixed component of the mixed model
was chosen. The best resulting model included the
parameters describing variations in the number of
walruses by the area of presence independently for
each of the considered haulout sites on shore and in the
coastal zone. A pattern of relationship of the number
of walruses with the area, similar between the haulout
sites, was found in the nearshore area adjacent to the
site; only one parameter described the relationship for
all the sites. To predict walrus numbers, the selected
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TUTOIIAIb TIOJMTOHA M PACIIONOKEHUE ITOJINTOHA Ha JIeK-
oume u pasHble JexOuma. Hanmenpmee 3HaueHne AIC
KpuTepus OBLIO TSI MOJICNH, COEpIKaBIIeH HaOmoaTe-
JIS1 KaK TPYTIIHAPYIOMIEro (pakTopa crydaifHOro KOMIIOHEH-
Ta Mozenu. Ha BTOpOM dTare ¢ MCIONh30BaHHEM METOa
MaKCHUMaJBHOTO MpaBrononoows (ML) 6wt BeIOpan (uk-
CHPOBaHHBIA KOMITOHCHT CMEIIaHHON mopenu. Jlydrmas
UTOTOBas MOJEIH BKJII0OYAIa TIApaMETPHI, OTIICHIBAIOIIHEC
M3MCHEHUS YHCIIa MOPXKEH OT TUIOMIamu O0NacTH TpH-
CYTCTBHSI HE3aBUCUMO [UISI KKJOTO W3 PACCMOTPEHHBIX
TIeKOUII Ha CyIIIe ¥ B TPHOPEKHOM 30He. CXOKIH MEKITY
NeKOUIIAMHA XapaKTep 3aBUCHMOCTH YHCIa MOpPKEH OT
Iomanyu OblT OOHAPYKEH B aKBATOPHH, IIPHIICTAIOMICH
K JISKOWILY, W 3Ta 3aBUCHUMOCTBH OIMCHIBANIACH OIHHUM
mapaMeTpoM T Bcex JexOum. [ mpeackazanus duc-
JIEHHOCTH MOp)KEW TMapaMeTphl JIydmiel MOIeTH OBLTH
3aHOBO OIIEHEHBI ¢ Ucnoib3oBanreM metona REML. Jlo-
BEPUTEIBHBIC MHTCPBAJBI OBUIH PACCYUTAHEI C UCTIOTB30-
BaHHEM MHOXXCCTBEHHBIX CHMYIIALINAN IMapamMeTpoB MoJIe-
T Ha OCHOBAHWH KOBapUAIMOHHON MaTPHIIHI.

CpaBHEHHUSI pe3yJIbTaTOB BCEX TPEX IOJAXOJOB OIpese-
JICHHUsI YUCICHHOCTH MOpIKa Ha JIeKOHIaX — MpPSIMOro
MIOTOJIOBHOTO BM3YaJIbHOTO IOJCYETa MOP)KEH Ha OpTO-
(oromnanax, OLEHKH MPEJCKa3aHUi YUCICHHOCTH C I10-
MOIIbIO MOZIEJH U JIaHHBIX, MTOJYYEHHBIX TPaJUIIMOHHBI-
MU METOJIaMH yueTa MOpPKa, — ObUIN CJIeNIaHbl TOJIBKO JUIst
MbIca Bankapem. Ha HeMm yuyeTsl MOpika TpaAUMLIMOHHBIMU
croco0amMy MPOBOJWINCH HE3aBUCHMO OT PE3YJIbTAaTOB,
MOJY4aeMBbIX C IIOMOILBIO APOHA, T. K. HAOJIOaTelb, BbI-
MOJHSBILIUH 9Ty paboTy, HE UMell JocTyna K GpoTtorpadu-
SM M JIaHHBIM y4eTa >KUBOTHBIX, TOJYYEHHBIM C ITOMO-
1bI0 a3po0(OTOCHEMKHU. YUeThl MOpKa TPaJUIIMOHHBIMU
METOJIaMH TaK)Ke BBITIOJNHINCE, U Ha Mbice Cepane-Ka-
MeHb, 1 B OyxTe Konuckun. Tem He MeHee Mbl He HCIIOJIb-
30BaJIM 3TH JIaHHbIE B CPAaBHUTEJIHHOM aHAJIN3E, TaK KakK
a’poOTOCHEMKY M BHU3YaJIbHBIH MOACYET TPAJUIIMOH-
HBIMU METOJIaMH MPOBOAMJIM OJIHU M Te ke Halmroziare-
JIM, KOTOpPbIE MMEJIM HEOIPAaHMYSHHBIH JOCTyN K 000MM
TUIIAM JIaHHBIX, YTO MOIJIO IOBJIUSTH Ha CyObEKTUBHYIO
OLIGHKY U CMELIaTh Pe3yJIbTaThl BU3yaJbHbIX YUETOB.

JInst BU3yasbHOM OIIEHKH OOIIeH YHCICHHOCTH MOpIKei
Ha jexOnme Bankapem MCronb30Bamy HECKOIBKO METO-
MK B 3aBUCHUMOCTH OT €KETHEBHOTO MECTOIOJIOKECHHUS
MOpXel 1 penbeda nexouma: mpsaMoii BU3yaabHBINA OA-
CUeT, OIEHKA MyTeM BH3YaJbHOW 3KCTPAINOJSINH, IIO-
IIaJHOM pacyeT W y4eT Ha NMaHOpaMHBIX (oTorpadusx,
CHATBHIX C OMKadIield BO3BBIICHHOCTH. B HeEKoTOphIe
JTHU WCTIOJIB30BaJIaCh M AKCIIEPTHAs OIIEHKa 00Ieil umc-
JICHHOCTH MOp)KEH Ha BCEM JIeXOHINEe, OCHOBAHHAs Ha
KOJTMYECTBE MOPXKEH, 3aJeraBIIMX B NPEAbIAYIINE THU
(3arpeGenbHsIif 1 ap., 2019).

parameters of the best model were re-fitted using the
REML method. Confidence intervals were calculated
using multiple simulations of the model parameters
based on the covariance matrix.

We compared results of all three approaches to walrus
number determination (direct visual counts in aerial
images, model-based estimation of predicted number,
and data obtained by the traditional visual counting
methods) only for the Cape Vankarem site. At this
site, walrus counts by traditional visual methods
were carried out independently of the results obtained
using a drone, since the observer who performed
visual counts did not have access to photographs
and data on animals’ abundance. Walrus surveys by
traditional methods were also performed at Cape
Serdtse-Kamen and in Keniskin Bay. We, however,
did not include these data in the comparative analysis,
as both the aerial photography and the visual counting
by traditional methods were carried out by the same
observers who had an unlimited access to both types
of data which could bias their subjective estimation
and impact the results of the visual surveys.

Several methods were used to visually estimate the
total number of walruses at the Cape Vankarem site.
The selected method depended on the daily location
of walruses and the topography of haulout site: direct
visual counting; estimation by visual extrapolation;
estimation based on area and density index; and
counting in panoramic photographs taken from the
nearest elevated place. On some days, we used an
expert estimate of the total number of walruses on the
entire site, based on the number of walruses in previous
days (Zagrebelny et al., 2019, this collection).

The differences between the survey methods were
assessed using linear regression models. The error
of discrepancy between model predictions and
the values obtained by different counting methods
(traditional visual counts and total counts in aerial
images) was estimated using multiple generation of
prediction samples by the Monte Carlo method and by
comparing the samples to the actual counting values.

RESULTS. Size of the area occupied by walruses has
a very strong linear relationship with their numbers.
Among all the models considered, the best one was
the model describing the relationship of the number
of walruses with the area they occupied for each
of the sites independently. This indicates that the
density of walruses varied between the sites in our
study. The highest density (the steepest slope of the
regression line) was found at the site in Keniskin Bay;
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Paznnums Mexy MEeToZaMu ydeTa OLCHHIN C TOMOLIBIO
JMHEHHBIX PErpecCHOHHBIX Mopenedl. Omuodka OLUeHKH
PACXOXKICHUH MEXIy 3HAYCHUSIMH, MPEACKA3aHHBIMHU C
MOMOIIBIO NMPOCKIIMOHHON MOJENH, U 3HAUCHUSMH, I0-
Jy4YCHHBIMU PA3JIMYHBIMH METOIAMHM ydera (y4eT Tpa-
JULOUOHHBIMHA METOIaMH W TIOTOJOBHBIH IepecyeT Mo
tdotorpadusam), Obla OMpenerIcHa ¢ MOMOIIBI0 MHOTO-
KpaTHO#l TreHepanuu BBIOOPOK MpEICKa3aHUi METOIoM
Mounre-Kapio 1 cpaBHEeHHEM BBIOOPOK ¢ (haKTUYECKUMHU
YUYETHBIMH 3HAYCHUSMH.

PE3VIIBTATBI. Pasmep miomanu, 3aHUMaeMONl MOp-
J)KaMM, UMEET XOPOILIO BBIPAXKCHHYIO JIMHEHHYIO 3aBU-
CUMOCTb OT KoimuecTBa Mopikeil. Cpeau Bcex paccMmo-
TPEHHBIX MOJIEJIeH JTyUlleii ObLIa MOJIelIb, OTIMCHIBAIOIIAs
3aBUCUMOCTb KOJIMYECTBAa MOPKEH OT 3aHUMAeMON HUMU
IUIOIA/IN JUISL KaKJOro M3 JISKOWI HE3aBUCHMO. JTO
CBUIACTCIILCTBYET O TOM, YTO IIJIOTHOCTL 3aJICraHusA MOp-
JKEH pasinyanach MEXIy HCCIEAYEeMbIMH JICKOUIAMHU.
HauGonpmas mioTHOCTh 3aieraHusi (Hauboliee KPyToid
YroJl HaKJIOHA JUHHH Perpeccuu) ObUla Ha JICKOUIIE B
Oyxte Konuckuu, MuHUMalbHast Oblila Ha OnM3iexaneM
ot Hero yexoOumie Ha Mmbice Cepane-Kamens. Ha mbice
Bankapem HaOmofanuch NPOMEKYTOYHbIE 3HAYCHUS
miotHoctu (Puc. 1).

the minimum density was at Cape Serdtse Kamen.
Intermediate density values were observed at Cape
Vankarem (Fig. 1).

The relationship of the walrus numbers with the area
in the tidal zone was significantly lower than that
on shore and also varied between the sites. More
walruses per unit area were recorded from the tidal
zone of Kaniskin Bay than from the other two sites.
At the same time, no differences in the density of
animals swimming in the water were found between
the sites (Fig. 1). The values predicted by the model
were in agreement with the counts in aerial images
(Fig. 2). Nevertheless, the results of total counts were
slightly higher (no more than 6%) than the model
predictions (Fig. 3). Despite this fact, the values
obtained by the two methods were within the 95%
confidence interval, i.e. within counting errors of both
methods. The numbers for walruses on the haulout
sites obtained by the traditional visual methods,
including counting in photographs taken from on-
shore elevations, proved to be largely underestimated
(Fig. 2). The discrepancy between this type of counts
and the other two approaches reaches 30% (Fig. 3).
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~ |--8- Meic Cepaue-KameHnb (Serdce-Kamen Cape)
—— T[MpubpexHas 3oHa (Tidal zone)
-—— JKuBoTHble Ha nnasy (Animals afloat)
o
S |
o
]
3
HE
SE©
o 3
<
P o
g =
T O
=8 |
g g
o
o
S
«
o 4

J Puc. 1. 3aBUCHMOCTBh YHCICHHOCTH MOD-
’ K€l OT 3aHMMaeMOW MMM IUIOIIAJU Ha
pasnuyHbIX JiexOuiiax. CumMBoJbl Oe3 3a-
MOJTHEHUSI COOTBETCTBYIOT TMPHOPEKHON
30HE, CHMBOJIBI C CEPbIM 3aTCHEHUEM —
KHBOTHBIC HA IJIABY, CAMBOJIBI C TEMHBIM
3aTeHEHUEM — KUBOTHBIC Ha Oepery.

Fig. 1. Relationship between the number
of walruses and the area occupied by them
at different haulout sites. Blank symbols
are for the coastal zone; grey symbols are
animals afloat; black symbols are animals
on shore.
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Puc. 2. Omenka pacXoXKICHHH MEXIY
/ y4eTaMy, BBIIOJIHEHHBIMA C TIOMOIIBIO
Pa3TMYHBIX METOMUK M IMPEICKa3aHHBIMH
C MOMOIIBI0 POESKIIMOHHONH MOAETH 3Ha-
YeHUSIMH. 3aTeHEHHas 00JIacTh — OLEHKa
95% MOBEpUTENHHOTO HHTEPBAJIA PACXOXK-
JICHUI.
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Fig. 2. Evaluation of bias levels between
the different counting methods and the
values predicted by the projection model.
The shaded area is the estimate of 95%
confidence interval of the bias.
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3aBHCHUMOCTh YHCIIa MOPKEH B MPHOPEKHOI 30HE MOps
OT IIoUIa Iy ObLIa 3HAYMTENBHO HIDKE, 4YeM Ha Oepery n
Tak)Ke paszinyanach MexIy JiexOumamu. bonpie mop-
JKeW Ha eIUHMIYY IUIOMIaAu ObUIO B MPUOPEKHOW 30HE
nexownmia B Oyxre KaHUCKUH, 4eM Ha IBYX APYTHX JISKOH-
max. B To jxe Bpems pa3nuuuii B INIOTHOCTSIX KHMBOTHBIX
B aKBaTOPHH Ha IUIaBY MEX]Y JISKOUIAMH OOHAPYKEHO
He Obuto (Puc. 1). IlpenckazanHble ¢ TOMOIIBIO TTPOEK-
IIMOHHOW MOJIENTM 3HAueHHsI XOPOIIO COIVIACOBBIBAIHCH
C JIaHHBIMH TIOTOJIOBHOTO yuera 1o dororpadusm (Puc.
2). Tem He MeHee pe3yJbTaThl MOTOJIOBHOIO ydeTa ObuIn
cierka Bolle (He 6osee 6%), 4eM TpeicKa3aHusl MOJIENN
(Puc. 3). HecMoTps Ha 3T0, 3Ha4€HMUS, TOJIyUCHHBIE JIBY-
Ms ClIOCOOaMHu, HAXOMIIUCh B Tipeenax 95%-Horo oBe-
PHUTEIBHOTO UHTEPBaJa, T. €. B Ipe/ieax OIUOKH YUETOB.
OreHKa YHCICHHOCTH MOp)Ka Ha JIS)KOUIE C MTOMOIIBIO
TPaJUIIMOHHBIX BU3yaJbHBIX METOJOB, BKIIIOYAsl MOACYET
no QotorpadusM, cAeTaHHBIM C BO3BBIIIEHHOCTEH Oe-
pera, oka3ajach CUIbHO 3aHMWkeHHOHU (Puc. 2). Pacxox-
JICHUST MEX/Y 3THM THIIOM y4eTa W JIByMsl OCTaJbHBIMU
nmocturaet 30% (Puc. 3).

3AKJTIOYEHME. I1noTHOCTD 3ajieraHus KUBOTHBIX Ha
pa3HbIX JKOUIIAX PA3INIACTCS, & TAKIKE BAPbUPYET H30
JIHSI B JICHb, M 9T U3MEHEHHUS! JIOJDKHBI yUUTHIBATHCS KaXk-
JIBII pa3 MpH KCIIOIb30BAHUH PA3IUYHBIX METOIOB, OCHO-

25000

CONCLUSION. Density of walruses hauling out
onshore varies between different sites (and terrains),
and also from day to day. These differences should be
taken into account each time when using the methods
based on extrapolation of animal density to obtain
abundance estimates. The constant coefficient of an
area occupied by one walrus on a haulout site, that
is traditionally widely applied, is not applicable even
for the same site on different days or for different
parts of it, and also could not be used for different
sites. Therefore, it cannot be used to obtain reliable
estimates of walrus numbers onshore, especially on the
sites where walruses occupy large areas with various
types of terrain. The use of linear regression models
based on the data obtained from aerial imagery makes
it possible to identify these relationships and estimate
walrus numbers with sufficiently high accuracy. The
results of such estimates are comparable to direct
counts in aerial photographs taken from above, but
they take much less time, and the bias in abundance
estimates are within the error limits of both methods.
The traditional visual methods estimating walrus
abundance on haulout sites provide biased results (up
to 30% or more) and should not be used for obtaining
reliable values of abundance for this species.
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Puc. 3. TIporieHTHOE pacxoXIeHHEe MKy pa3InuHbIMK THIIAMH YUYETOB B 3aBUCHMOCTH OT pa3Mepa y4HuThIBAEMOMH
rPYIIIBI )KUBOTHBIX. [TaHenb A — cpaBHEHHE PACXOXKACHHS ITOTOJIOBHOTO yueTa 1o (otorpadusm u ydera Tpajuiu-
OHHBIMH METOJIMKaMH Ha JISKOUILE C MPEICKa3aHHBIMK C TIOMOILBIO MPOEKIIMOHHON Moyenu 3HaueHussMu (0 Ha ocH
opnunar). [Tanens b — cpaBHEHHE PaCXOXKICHHUS MTOTOJIOBHOTO y4era 1mo (ortorpadusm (0 Ha OCH OpAMHAT) U ydeTa
TPaIUIIHOHHBIMI METOANKAMH Ha JIe)KOuIIe. 3aTeHeHHass 001acTh — omeHka 95% MpoIeHTHOTO HHTEpBaja PacxXokK-
JICHUSL.

Fig. 3. Percentage of bias between different counting methods depending on the size of the group surveyed. (A)
Comparison of the bias between a total count using aerial photographs and the counts by traditional methods with
the values predicted by the projection model (0 on Y-axis). (B) Comparison of the bias between a count using aerial
images (0 on Y-axis) and the traditional counts on site. The shaded area is the estimate of 95% confidence interval of
the bias.

BaHHBIX Ha AKCTPAIOJSALUHU IUIOTHOCTH JKUBOTHBIX. Ko-
¢ GULMEHT TUIomaa1, 3aHUMaeMOl OJJHUM MOPXOM Ha
JIeKOHUIIIe, IUPOKO MPUMEHSEMBIH MPH TPaIUIIMOHHBIX
METOJIaX pacyeTa YUCICHHOCTH Ha JISKOUIIE, B ICHCTBH-
TEJILHOCTU HE SIBIISIETCS] YHUBEPCAIbHBIM HE TOJBKO JJIsI
pas3HbIX JISKOUII], HO U JJIsl OAHOTO M TOTO XKe JIeKOHIIa,
HO B pa3Hble JIHU WM JUJIsl pa3HBIX €ro yyacTkoB. [Toaro-
My OH HE MOXET OBbITh MCIIOJIB30BaH ISl JIOCTOBEPHOTO
pacyera 4MCICEHHOCTH 3aJIEraloliiX Ha Oepery Mopikeil,
0COOEHHO Ha KPYIHBIX U Pa3HOPOJHBIX MO IUIOTHOCTH
3aJieraHusi MOpXKeit Jiexouinax. Mcmnonb30Banue perpec-
CHOHHBIX JIMTHEHHBIX MOJIEJIE B COBOKYITHOCTH C OPOTO-
(oTorIaHaMu MO3BOJISIET ONPELIISATh ST 3aBUCUMOCTH
Y OLIEHMBAThH YHUCIIEHHOCTh MOP)KEH C JIOCTATOYHO BBICO-
KOM TOYHOCTBIO. Pe3ynbrarel Takol OLEHKH CONOCTaBU-
MBI C pe3yJbTaTaM1 MOr0JIOBHOTO BU3YaJIbHOTO TI0/ICUETa
Ha BEPTUKAJIBHBIX a3podoTorpadusx, mpu 3ToM TpedyoT
3HAYUTENILHO MEHbILIE BPEMEHH, & PACXOXKICHHS JAHHBIX
YUCJIEHHOCTH HAaXOIATCS B Tpelnenaax OHMOOK 000X
MeTO/0B. TpajulMOHHbIE BU3yajbHbIE METOAMKH ydeTa
MoOp>Ka Ha JIeKOHUIax qaroT CMeIIeHHbIe oneHkH (10 30%
u 6osiee) ¥ He MOTYT OBITH HCIIOJIB30BAHBI IS TOCTOBEP-
HOW OLIEHKHU YUCIIEHHOCTH TOTO BH/A.
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