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Hemorpadust tuxookeanckoro mopxka (Odobenus ros-
marus, TM) u3ydyeHa kpaiiHe HeqocTaToyHO. B mepByto
odepenb TO CBsI3aHO ¢ OCOOCHHOCTHIO OMONOTHH BHIA,
MPOBOIAIIETO OONBIIYI0 YacTh JKH3HH BIalIW OT Oepera
B paiioHE MOJBHIXKHBIX JIBJOB, UCIIOAB3YS UX JUIST OTJbIXA
U pasMHOKeHHs. JKMBOTHBIE BBIXOJST HA Oeper JIUIIIb Jie-
TOM M OCCHBIO TOCIE Pa3pyIICHHUsI JISJOBOTO MOKPOBa M
dhopmupyroT Oeperopbie jexkoOuIIa. Ha HekoTopbie U3 HUX
BBIXOJISIT J€CATKH THICSY JKUBOTHBIX. 3aJIEKKH MOpKa Ha
Oepery o4eHb AMHAMUYHBL: JKUBOTHBIE BBIXOJST HA Oeper,
OT/IBIXAIOT HA TPOTSHKEHUM HECKOJIBKHX JHEW W CHOBA
YXOIAT B MOpe KOPMUTHCS. COBEPIIEHHO OYEBHJIHO, YTO
B CBSI3M C COKPAII[CHUEM JIEJIOBUTOCTH B APKTHKE MPOI0I-
JKUTEIbHOCTh UCMOJIB30BAHUS MOPKAMU OEPETOBBIX JIEXK-
Oury Oymer yBenuuuBaThes. HeoObuaiHO BBICOKAs YMC-
JICHHOCTh U CKYYEHHOCTh MOPIKEH Ha JIeXKOUIIAX SBIACTCS
MOTEHI[MAIBHO OMACHOM JIi HUX W3-3a BBICOKOU BEPOST-
HOCTH MAcCOBOM JTaBKH ¥ THOEITH B cTydae OECOKOHCTRaA.
Perynsipble HaOMIOAEHUS 38 YUCICHHOCTBIO, MOJOBBIM U
BO3PACTHBIM COCTABOM M CMEPTHOCTHIO MOPIKEH Ha JIexK-
OuIIax SBISOTCS BYKHOU COCTABHOMN YaCThI0 MOHUTOPHH-
TOBBIX pabOT COCTOSIHUSI MOMYJISIIMU BH/IA.

Jlex6ume TM B Oyxte KenmckuH, pacmonoxeHHO B 4
KM K 1ory oT M. Cepare KameHns Ha ceBepHOM 1OOepexbe
YyKOTCKOTO MOIYyOCTPOBA, SIBISIETCS CaMbIM KPYITHBIM
nexonmem TM B mupe. TM Hadanm akKTHBHO HCIONB30-

Demography of the Pacific walrus (Odobenus ros-
marus; PW) is scarcely studied primarily due to the
logistical difficulties studying this subspecies, which
spends most of its life on ice and uses ice fields for rest
and reproduction. Nevertheless, when ice cover melts,
the animals travel ashore forming large haulouts. On
some of these haulouts many thousands of animals
aggregates annually. A major concern is that walrus will
use coastal areas for longer periods due to the ongoing
reduction of ice in the Arctic. The increased time that
walruses may spend on these terrestrial haulouts may
increase the probability of mortality during a panic
event. Thus, monitoring these haulouts is important
to assess the status of the population. Monitoring the
haulout is also an important source of information to
estimate total abundance. PW haulout in Keniskin Bay
which is located 4 km south of Serdtse Kamen Cape and
is the largest PW haulout in the world. Walruses began
to haulout there in large numbers in the last decade
associated with a decrease of Arctic ice. Abundance
estimation at this rookery is extremely difficult due to
the lack of terrestrial elevations necessary for visual
observations. Therefore, abundance was determined
by calculating the area occupied by the animals
which has low accuracy. In 2017, aerial photography
from a quadrocopter was used to obtain abundance
estimations.
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Puc. 1. JlexxOuie Mopskel ¥ pa3MelieHne BEHIOOPOUHBIX TOJIMTOHOB (A). 3aBUCHMOCTB YHCIIa YITEHHBIX MOPIKEH
B IIOJIMTOHE OT ero miomanu (b).
Fig. 1. Walrus haulout and count segments (left panel). Relationship between number of walruses in a segment
and segment area (right panel).

BaTh €r0 JIUIIb B TTOCIIEIHEE ACCATUIICTHE, UTO CBSI3BIBAIOT
C yMEHBIIIEHHEM JIEIOBOTO TMOKpoBa B Apkruke. OueHka
YHCJICHHOCTH JKMBOTHBIX Ha 3TOM JIeKOHIIE KpaiiHe 3a-
TPyIHEHA M3-32 OTCYTCTBHS BO3BBIIICHHOCTEH, Ba)KHBIX
1 HEOOXOAMMBIX JUTsl BU3yaJbHOTO yueTa 3Bepeid. [1oato-
My YHCJIEHHOCTH 371€Ch OIICHHMBAIACh C MCIIOIB30BAHUEM
HECKOJIBKHUX TPAAUIMOHHBIX METOJOB pacdyera, TOYHOCTh
KOTOPBIX BBI3BIBACT COMHEHHS, a TONydacMble JaHHBIC
TpyaHO Bepuduimponats. B 2017 1. BuepBbie A MOHH-
TOPUHTA YHUCICHHOCTH Ha 3TOM JIEKOUIIE MCIONb30BaIN
CBEPXJICTKUM OCCIMIIOTHBIN JIeTaTeNbHBIA ammapar s
MPOBEACHUST adpOPOTOCHEMKH 3aJIeraloluX Ha Oepery
KUBOTHBIX.

Pabora BBITIONHSIACH C MCHOJIB30BAHME KBAJIPOKOITEPOB
«®DanTom 4» u «®anrom 4 ITPO» npousBoacTBa KOpIopa-
mun DJI (Kuraif). [loneTsl oCyIIeCTBISUTH IPH HATHYUU
OJaroNPHUATHBIX TTOTOHBIX YCIOBHHU ¢ 26 ceHTs0ps mo 19
okTs0ps 2017 roma. Cremka Benach ¢ BHICOTHI 60-70 Me-
TPOB M CKOpOCTH MoJieTa 3-5 mM/cek. Takmm oO6pa3zoM, ObUTH
MIOJTy4eHbI MaTePHaJIbl, KOTOPHIE IIO3BOJIMIIN OLIEHUTH YHC-
JICHHOCTh ’KHBOTHBIX Ha (pororpadusx 3a 14 nHeli ce3oHa.

[TosmyueHHBIC C MOMOIIBIO IPOHA M300paKCHISI 00BEIU-
HSUTH B €IMHBIA OPTO(GOTOIUIAH C IPUBSI3KOW 3aJIeTaI0IINX
Ha Oepery »HMBOTHBIX K reorpaduyeckiM KOOpAnHaTaM.
Co3znanue QoToriaHa W NPUBSI3KA €ro K KOOpAMHATAM

Aerial images of the walrus haulout were collected
using small unmanned quadrocopters - a Phantom 4
and Phantom 4 Pro manufactured by DJI Corporation.
Flights over the haulout were carried out regularly from
September 26 to October 19, 2018, at an altitude of
60-70 meters. In total for the indicated period 14 days
of flights were included in our analysis. The images
obtained by the drone were used to create orthogonal
maps of animal distribution. Projection maps were
created with the Agisoft PhotoScan software.

Using data from the projected maps we estimated the
relationship between walrus number and occupied area
on the water, in the surge zone (the area of shallow
water of the tidal zone) and on land. Each zone was
divided by randomly created segments (Fig. 1 A).
Observers manually counted walruses in each segment
of the haulout at the peak of abundance (October 18,
2018).

The number of animals in each segment has a linear
relationship with the area of the segment. Nevertheless,
for the water, tidal zone and land, this relationship was
different (Fig. 1 B).

For a parametric assessment of the relationship between
the number of animals and occupied area, we used
linear mixed effects models with a random component.
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BBINOJTHEHBI ¢ TIOMOLIBIO TiporpamMmbl PoToCKaH, KOMITAHHN
Arucodr.

Ha oprodororuianax oneHmiIm 3aBUICUMOCTh YMCIIa MOPIKer
OT IUIOMIA U, 3AaHUMAEMOI UMHU B aKBaTOPUH OyXThI (Ha IU1a-
BY), B IIPHOPEKHOI 30HE (0OJACTH MEJIKOBOIUN MPUIIUB-
HO-OTJIMBHOM 30HbI) 1 Ha Oepery. J[yist 9Toro B kaxk1oi 30He
nexoOuIa BeIAesuM yderHble cermeHTsl (Puc. 1 A). B ka-
JKJIOM 3apaHee BBIOPAaHHOM CErMEHTE JIKOHIIA BBITOIHHIIN
BU3YaJIbHBIE TIOJICYETHI )KUBOTHBIX HA MOMEHT MaKCHMallb-
HOT'0 3aroJIHeHUsI JiekOuIa Mopskamu (18 oxrsiopst 2018 1n).

KonnyecTBo >KMBOTHBIX B KaKIOM YYETHOM IIOJIHIOHE
MMEJIO XOpOIIO BBHIPAYKCHHYIO JIMHEHHYIO 3aBHCHMOCTB
OT IUTOLIAAN mojuroHa. Ho aist pasHbIX 30H (aKBAaTOpHH,
MpHUOPEKHOI 30HBI U CYIIN) 3Ta 3aBUCHMOCTH ObLTa pas-
muaaol (Puc. 1 B).

Jlis mapamMeTpUdeckod OLIEHKH 3aBHCUMOCTH 4YHCIa MOp-
JKeH OT IJIOINAAM YYETHOTO IOJIMTOHA MCIOJIB30BAIH CMe-
IIaHHBIC JIMHEWHBIE MOJENM C BKIIOYEHHEM CITydalHbBIX
KOMITOHEHTOB. BBIOOD JydInei nmapamMeTpr30BaHHON Mojie-
JIM OCYIIECTBIISIN B ABa 3Tana. Ha mepBoM »rane onpeaensum
OINTHMaJIbHBI HAabOp MapaMeTpoB JUIsl CIyYaiHOTO KOM-
MOHEHTa MojeH. JIjist 9Toro pUKCHPOBAaHHBIN KOMITOHEHT
PErpecCHOHHOIN Mozenn ObLT OMMCAH C MOMOIIBI0 MaKCH-
MaJIbHOTO KOJMYECTBA BO3MOXKHBIX IapaMeTpoB, a BBIOOD
cTpomiicst Ha cpaBHeHUu AIC-kputepus, onpeaeaeHHOro

The choice of the best parameterized model was carried
out in two stages. At the first stage, the optimal set of
parameters was chosen for the random component
of the model. For this, the fixed component of the
regression model was defined using the maximum
number of possible parameters, and the choice was
made by comparing the AIC value obtained with the
restricted maximum likelihood method (REML) for
various combinations of parameters of the random
component of the mixed model. An observer was
chosen as a grouping parameter determining a random
intercept. As random parameters determining the slope
of the linear function, the polygon area and the location
of the polygon were chosen. The smallest AIC value
was estimated for a model containing an observer
as a grouping element for a random component of
the model. At the second stage, using the maximum
likelihood (ML) method, the fixed component of
the mixed model was selected. The best final model
included parameters describing changes in the number
of walruses from the area for each of the three zones, as
well as a random component that determines a random
bias for each of the observers (Table 1). To predict the
number of walruses, the parameters of the best model
were re-evaluated using the REML method. Confidence
intervals were calculated using multiple simulations of
model parameters using covariance matrix.

OukcrpoBaHHbIN 3 PeKT Coayuaitnbiii apdexr AlIC Merton
Fixed effects Random effects Method
Random effects count~area * zone + observer ~1 | observer 1683.985 REML
SelecEion 5 count~area * zone + observer ~area | observer 1687.986 REML
Cayuaitiii count~area * zone + observer ~zone | observer 1693.985 REML
KOMITOHEHT
OUKCHPOBAHHBII count~area * sealand ~1 | observer 1722.761 ML
KOMIIOHCHT count~area * sealand + observer ~1 | observer 1726.772 ML
Fixed effects count~sealand ~1 | observer 2158.742 ML
selection
count~1 ~1 | observer 2233.602 ML
count~area ~1 | observer 2234.089 ML

Fixed effects selection - sman vibopa ghuxcupo8arHno20 KOMNOHeHmMa Mooenu
Random effect selection - sman evlbopa ciyuatino2o KOMnoHenma mooenu

count - Yucao yumeHHuIX Mopocell
area - n10wadb 0OIACMU NPUCYIMCINBUS MOPIICEl

zone - pasmeujerue obracmu nPUCymcmaus mopaicell (Aakeamopusi, npubpexscHas 301a, bepez)

observer - nabrrooamens, 8bINOIHUBWIULL Yyem

Tabnuua 1. Beibop napamMeTpoB cMeIIaHHOM MO/IENH JUTs OLCHKH YUCICHHOCTH MOPJKEeH
Table 1. Mixed effect model selection for walrus abundance estimation
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Puc. 2. O6nacTu mpuCyTCTBUS MOPIXKEHd, ONPE/ICTICHHBIC C MTOMOIIBI0 OPTOrOHAIBHBIX TPOCKIIMOHHBIX KapT
U UCTIOb30BaHHBIC TSl OLICHKU YHCICHHOCTH.
Fig. 2. Area of walrus presence obtained from georeferenced aerial maps used to estimate walrus abundance.

Ha OCHOBE METOJ[a MaKCHMAJILHOTO IPaBJONog00us, ¢ J10-
MOTHUTEIBHBIME orpanndeHusiMUA (REML) st pa3naHbIx
KOMOWHAIIMI MapaMeTpoB CIyYaifHOrO KOMIIOHEHTa CMe-
LIaHHOW MoJesu. B kauecTBe Ipynnupyrouero napame-
Tpa, ONPENEISAIOUIETO ClIydyaliHOE IepeceueHne JTMHEMHON
(YHKIUU C OCBIO OpAWHAT, ObT BHIOpaH HAONIODATEINb.
B kauecTBe ciyyailHbIX IapamMeTpOB, ONIPEHEIISIOIINX
HAKJIOH JHHEHHOH (yHKINHU, ObUTH BBIOpPAHBI IUIONIANB
U PpacloJOKeHHWEe TOoNuroHa. HammeHblnee 3HaueHHE
AIC-xpurepus ObIIO TSI MOAETH, CONEpIKaBIIei HaOIO-
JlaTenst Kak TPyNIupyromero (Gaxkropa CilyqaiiHOro KOM-
moHeHTa Mojenu. Ha BTOpoMm 3Tame ¢ HCIoib30BaHHEM
MeTo/la MaKCUMallbHOTO Ipasaomnonodmus (ML) Obur BBI-
OpaH (QUKCHPOBAHHBI KOMIOHEHT CMEIIAHHOH MOJIEINH.

For each date in the analysis, animal distribution
maps on shore, in the tidal zone, and on the water
were obtained (Fig. 2). We estimated the total number
of animals using the area of walrus presence in each
zone and estimated model parameters. The abundance
assessment results are presented in Table 2. During the
study period, the number of walruses in Keniskin Bay
varied significantly (Fig. 3). Maximum abundance was
observed on October 18 when 94,000 walruses (of all
ages and both sexes) were present on land (95% CI-
89,000 to 99,000). Including the water area, about
101,000 individuals were in the area of Keniskin Bay
on October 18 (95% CI 88,000 — 114,000). Due to
the great variability of estimates in the water and the
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Ha 6epery/On land Bcero B Tpex 30nax/Three zones total

Data Estimate 95% Confidence Interval Estimate 95% Confidence Interval
Hara Pacuer 95% noBepuTENHHBIN HHTEPBAI Pacuer 95% noBepUTENBHBIN HHTEPBAT
9/26 5252 4980 5524 5830 5060 6619
9/27 18 267 17 310 19 237 20 468 15919 25211
10/3 25925 24 598 27310 31263 19 350 43376
10/4 28 776 27292 30277 34560 17 854 50318
10/5 51037 48 395 53727 56 285 44392 68 115
10/7 17 259 16 341 18 178 19 266 16 620 21987
10/9 27 208 25733 28 655 30 561 23 854 37 489
10/10 13 675 12 973 14 394 15724 10 150 21009
10/14 7 864 7 445 8282 8 697 7707 9 693
10/15 13 623 12913 14 356 15133 11 508 18 776
10/16 16 671 15797 17 556 18 982 12 462 25161
10/17 51661 48 938 54 408 57 063 42 191 72 043
10/18 93797 88908 98 780 100 798 88278 113 945
10/19 70 264 66 582 73 985 75149 68 650 81708

Yuncno mopxkei (Toicaumn) / Number of walruses (thousands)

Jlydiiast uToroBasi MOJCIb BKITFOUAIA TTAPAMETPHI, OIHCHI-
BAOIIME M3MEHEHUsI YHClia MOPXKEH OT IO 00aacTu
H3 IIPUCYTCTBUA JIA Ka)KJlOﬁ n3 TPEX BBIJCICHHBIX 30H, a
TaKKe CIydyallHbIM KOMIIOHEHT, ONPEACIISAIOINN CiTy4yaitHoe
CMEIICHHUE TS KaKI0ro 13 Habronaresei (Taomumal). Jls
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Tabmura 2. Pe3ynbraThl OIEHKH YACIEHHOCTH MOpKel B Oyxte Kerncknn B 2017 .
Table 2. Results of walrus abundance estimation in Keniskin Bay, 2017.

Puc. 3. O0mast onieHKa YUCIEHHOCTH MOPIKeil B
oyxte Kenuckun ¢ ykazanue 95% INOBEpUTEIHHOTO
unrepBaia. CM. tawoke Tabmuiy 2.

Fig. 3. Walrus abundance estimation in the Keniskin
{ Bay with 95% confidence intervals. See also Table 2.
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tidal zone, the inclusion of these regions significantly
increases the overall estimation error. At the same
time, considering only animals that are already on
land, walrus number in the Keniskin Bay area will be
underestimated.
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TIpeACKa3aHus YMCICHHOCTH TTapaMeTpPhl JTYJIIeH MOICIH
ObLTH 3aHOBO orleHeHBI MeTomoM REML. JloBepuTenbHEIC
WHTEPBAJIBl OBUTH PACCYNTAHBI C UCIIOIH30BaHIEM MHOXKE-
CTBCHHBIX CHUMYIIAIIUN MMapaMeTPOB MOJIETH HA OCHOBAaHUH
KOBapHAIIMOHHON MaTPHIIBL.

Jlist xakaoi aHaIM3UPYEMOW JaThl HAOMIONCHHUN OBbLTH
MIOJTy4eHbI KapThl PAaCIpe/Ie/IeHNs )KUBOTHBIX Ha Oepery, B
npudpexHoit 30ue u B akBaropuu (Puc. 2). Ha ocHoBaHun
OLICHKH IUIOMIQJAN KaXJ0H M3 obsiacTeil ¢ nmpuMeHeHUueM
apaMeTpOB MOAEH, OMMCHIBAIOLINX 3aBUCUMOCTD YHCIIa
JKMBOTHBIX OT 3aHUMAaeMOil UMH IUIOLIa |, ObLIa HONTyYe-
Ha 00IIas YMCICHHOCTb JKUBOTHBIX. Pe3ynbrarsl OLeHKH
YHUCJIEHHOCTH NpejcTaBiieHbl B Tabnune 2.

3a mcceneayeMblii Iepruo YUCIEHHOCTh MOpKeH B OyxTe
Kennckun 3HaunTensHO BaphupoBana (Puc. 3). Makcu-
MaJBHYIO YACIEHHOCTh HaOmronamu 18 okTsa0ps, xorma Ha
Oepery IpUCYTCTBOBAIO OKOJIO 94 THICSY MOpKeH (Bcex
BO3PAacTOB U TOJIOB) TIpH 95% MOBEPUTENLHOM HHTEpBAIE
ot 89 o 99 TrIcsd. C y4eToM METKOBOIMHA W aKBaTOPHH
OyXTHI 31ech Haxoauaoch okono 101 Teicsaum (pu goBe-
putensHOM HHTEpBaie oT 88 1o 114 Teicsd) ocobeit. M3-3a
3HAUNTEIFHON BapHaOebHOCTH OIICHOK YHCIIa MOP)KEH B
BOJIC M TPUOPEIKHOI 30HE, BKIIOUCHNE 3THX 30H B OLIEHKY
001meil YNCTIEHHOCTH 3HAYUTEIbHO YBEIMUMBACT OIINOKY.
B TO e BpeMs mpu pacCMOTPEHHH TOJBKO JKHMBOTHBIX,
HaxOISLIUXCS Ha Cyllle, YUCIEHHOCTh MOpXKEW B pailoHe
OyXTHI OyZeT 3aHMKESHHOM.

Hcrnonb3oBanne a’spooTOCHEMKH 3HAYUTEIILHO YIIPOIIAET
MIPOLIEYpPY TOJCUYETa )KUBOTHBIX B OOJIBIIMX CKOTIJICHHSIX.
MonenupoBaHue U NpeicKa3aHue Yuciia >KUBOTHBIX Ha OC-
HOBaHMHU 3aHUMAEMOMN UMM IUIOUIAN PaclpeeseHus 3Ha-
YUTEJILHO COKPAIIAeT BPeMs 17151 OLIEHKU YNCIEHHOCTH. J{71s
YMEHBIICHHS OIIMOKH pacueTa He0OXOIMMO YBEITHIHUTH KO-
JIMYECTBO MOJIETBbHBIX YUETOB JUIsl HanboJee BapradeIbHBIX
obracTel, 3aHNMaeMbIX XMBOTHBIMHU —30HbI MEIIKOBOJMH 1
aKBaToOpHK OyXThl. MaKCHMaJIbBHOE YHCIIO MOpPIKeH, 3a(huK-
cupoBaHHoe B Oyxte KeHnckuH, cocrasisier npumepHo 101
TBICSIYY 0COOEH, B TO BpeMsl KaKk HEaBHsISI OLEHKA OOIel
yucneHHocTn TM cocrasisier okoio 283 Teicsd ocobelt ¢
JIOBEPHUTEIBLHBIM HHTEPBAIOM OT 93 110 479 ThIcsY 0cobeit
(MacCracken et al., 2017). Eciu aToT pacder BepeH, TO B
okts0pe 2017 1. B Oyxre KeHMCKUH OTHOBPEMEHHO MOIIIO
HaxoauThes 1/3 Beeld nomymsinu TM, uto genaet sty OyxTy
KPUTHYECKUM MECTOM OOHUTAaHUS, NCKIIFOYNTETEHO BayKHBIM
JUISL OJIarOIIOyYHs 3TOTO MO/ABU/IA.

Aerial photography significantly simplifies counting
animals in large aggregations. Modeling and predicting
the number of animals based on their distribution
also reduces the time needed to obtain the number of
animals. However, more data are needed to reduce the
error for the most variable regions - the tidal zone and
the water surface. The maximum number of walruses
at Keniskin Bay is about 101,000 individuals; a recent
estimate of the total number of Pacific walrus is
about 283,000 individuals with a confidence interval
of 93,000 — 479,000 individuals (MacCracken et al.,
2017). Thus, 1/3 of the entire Pacific walrus population
may haulout in the bay at a time, which makes it a
critical habitat extremely important for the sake of this
walrus subspecies.
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