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B nactostmee Bpemst OeCHIIIOTHBIC JIETaTEIbHBIC arnapa-
TBI IINPOKO HCIIONB3YIOTCSA AJISI MCCIEIOBAHMS MOPCKHX
MJIEKOTIMTAIOIINX, TIOCKOJIbKY OHH TO3BOJISIOT JTOCTHUTaTh
yAanEHHBIX PaHOHOB M HAOMIOATh 33 )KUBOTHBIMH, HE BITH-
sist Ha ux noBenenue (Fiori et al., 2017; Smith et al., 2016).
Hamm Opima anmpoOmpoBaHa MeTOmWKa HAOMIONEHHS 3a
MOp>KaMH Ha OeperoBBIX JICKOHUIIAX C TTOMOIIBIO KBaIPO-
xorrrepa (KK) (Kprokosa u ap., 2019; Ilepesepses u ap.,
2020) u ObUTH OTpeneNeHbl ONTHMAIBHBIE BBICOTBI IS
yuéra ux Ha Oepery. B manHOi#t paboTe MBI IpencTaBIsieM
pe3ynbrarsl HabmroneHus ¢ momomeio KK 3a mopykamu B
JICITIOBBIX 3aJIEKKAX.

Bo Bpewms peiica HUC «IIpodeccop MyrbTaHOBCKHIT» B
Uykorckom Mope ¢ 2 uroHs 1o 2 utong 2017 1. BrepBeie
npumMenma kBagpokonTep DJI Phantom 4 Pro st momcka
U OCMOTpa MOp>KEH B JeIOBBIX 3anéxkax. [1on€rsl mpo-
BOIWINCH B pOCCHHCKOHN dacTu YyKoTckoro mMopst — 3, 5,
6 u 15 mrons. Beero cosepmreno 20 monéToB, cHATO 60-
nee 3 gacoB Buzxeo 1 323 ¢ororpadun. Bo Bpemst monéTor
WCTIONIB30BAJIM TIPOTIEIUIEPHI IBYX BUIOB — YEPHBIE, TTOBbI-
IIEHHOW JKECTKOCTH (KapOOHOBHIE) U OeNble CTaHIapTHEIC
(B xommIeKTe). MBI pErHCTPUPOBAIH YNAIEHHOCTD TPYII-
Il MOPKEH OT CymHA, OCBEHIEHHOCTH, HAIMYNE TyMaHa,
BBICOTY, Ha KOTOPOIl MOP>KH MPOSIBIISUTH TTEPBBIE IPU3HAKA
OecriokoiicTBa (pe3Kuil MOABEM, TIONBITKA YATH B BOAY).
PeructpupoBanu pazmep rpynn MOpsKeil, IIIOTHOCTD JIbJa,
a Tak’Ke MOJI0BO3pPacTHOM cocTaB 3anéxek. [1om u Bo3pact

Unmanned aerial vehicles (UAV) are now widely used
for studying marine mammals because they allow
researchers to access remote areas and observe animals
without affecting their behavior (Fiori etal. 2017; Smith
et al. 2016). Previously, we tested the methodology
for observing walruses at coastal haulouts using a
quadcopter (QC) (Kryukova et al. 2019; Pereverzev
et al. 2020) and determined the optimum altitudes
for surveying them on shore. This paper provides the
results of a UAV-based observation of walruses at their
sea-ice haulouts.

During the cruise aboard the R/V Professor
Multanovskiy to the Chukchi Sea from 2 June to 2
July 2017, we used for the first time a DJI Phantom
4 Pro QC to search and observe walruses hauling out
on ice. The flights were carried out in the Russian part
of the Chukchi Sea on June 3, 5, 6, and 15. A total of
20 flights were made, with more than 3 hours of video
footage recorded and 323 photographs taken. During
the flights, we used two types of propellers: durable
black (carbon fiber) and standard white (included in
the purchase kit). We estimated the distance to a group
of walruses from the vessel, the light condition, the
presence of fog, and the altitude at which walruses
showed the first signs of anxiety (stampede and
attempts to escape into the water). The size of walrus
groups, sea ice density, as well as the sex and age
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Pucynoxk 1. Kapra paiiona uccnemoanusi. Touku — MecTa 0OJIETOB JIETOBBIX 3aJIe)KEK MOPIKEH.
Figure 1. Map of the investigation area. Points — areas of flights over walrus sea-ice haulouts.

OIIPEAEISIIM IO COOTHOWIEHUIO IIUPHHBI MOPABI K JUTHHE
kibikoB (Fay, Kelly, 1989). ITonérs! npoBoanimcs BHE 3a-
BHCHMOCTH OT BPEMEHH CYTOK (OeJble HOYM) Ha BBICOTE
100 M n Hxe. PalioHBI 10IETOB OBUTH BHIOPAHBI CITydai-
HBIM 00pa3oM — BO BpeMs jpelida 1 Majoro xona cyaHa
(Puc. 1).

MopH OTBIXAJIN TPENMYIIECTBEHHO HAa OMTOM CIpecco-
BaHHOM JIb/ly B INIyOHHE OT €ro KpoMkHu. Bee rpymmst Mop-
el pacronaranuck Ha paccrosHud oT 100 mo 900 m ot
cynHa, B cpeqaeM — 400 M. OcmoTpeHo 39 rpynn MopKei
Pa3HOTrO oJIa ¥ BO3pPacTa, YUCIEHHOCTBIO OT 2 10 136 oco-
Oeit, Bcero 418 ocobeii. B cocraBe nemoBhIX 3aJEKeK mpe-
BaJIMPOBAIIM CAMKH C AETEHBIIIAMH MOJIOYHOTO BO3pacTa
74% (n=223) cpeam ocobeit, Yeil oI ¥ BO3PacT yAAIOCh
onpenennuth (n=303) (Tabi.). Takxe B cocraBe 3anéxex
15 nioHs ObUIM MACHTU(PUIIMPOBAHBI OEpEeMEHHbBIE CaMKH
Ha [T03THEM CPOKe OEPEMEHHOCTH B TPEX TpyTIax.

UYetslpe HS MONETOB MMEIH PA3HbIH YPOBEHb OCBEIEHHO-
CTH: 3 WIFOHA — COJIHEYHO, 5 UIOHS c1adast (CyMepKH, OTCYT-
CTBYET COJIHEYHOE OCBEICHHE), 6 MIOHS — COJHIE OJIM3KO
K TOpU30HTY (YIIIOBOE OCBelleHHe), 15 mroHs - oOnadHo,

structure of haulouts were recorded. Sex and age were
identified on the basis of the ratio of snout width to
tusk length (Fay, Kelly 1989). The flights were carried
out at an altitude of 100 m and below regardless of the
time of the day (due to the white nights). The flight
areas were selected randomly during drift and low
speed of the vessel (Fig. 1).

Walruses were resting mainly on small floes in the
field of broken, compact sea ice far from the field
edge. All of the walrus groups were at a distance of
100 to 900 m from the vessel, with an average of 400
m. We examined 39 groups consisting of from 2 to 136
walruses of different sexes and ages, with a total of 418
individuals. The sea-ice haulouts were dominated by
females with suckling calves (74%, n = 223) (Table)
from 303 examined animals. On June 15, pregnant
females in late gestation were identified in three groups
on ice.

The four days of flights had different levels of light:
June 3 was sunny; on June 5, light was low (twilight,
no sunlight); on June 6, the sun was close to the horizon
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Tabmuma 1. [TomoBo3pacTHOM COCTaB JIEMOBBIX 3aTEKEK MOPKEH

Table 1. Sex and age structure of walrus sea-ice haulouts

Kon-Bo rpynn
Jara / (ocobeit) / _— 00 0-2roma/0-2 | 3-5ner/3-5 | HeusBectHo
Date Number of groups years of age years of age | / Unknown
(individuals)
03.06.2017 1(3) 3 0 0 0 0
05.06.2017 7 (181) 7 67 66 4 37
06.06.2017 4(73) 55 7 7 3 1
15.06.2017 27 (161) 3 42 34 5 77
Bceero /
Total 39 (418) 68 116 107 12 115

cmabenii Tyman. Camast paHHSSI peakiys MOpyKer (CMelraH-
Has Tpymma u3 24 ocobeit) Ha nrym KK Op1a 3apeructpupo-
BaHa Ha BeIcoTe 0K0JI0 100 M 15 HIOHS ITPpU MCIIONB30BaHUH
yépHBIX nponeuepos (Puc. 2).

B manHO# cuTyanmy, 1Mo BCeil BUANMOCTH, CHITPAjo poib 2
(haxTopa — moroza u BuA nponemiepos. [Ipu Tymane Bo3-
JyIIHasi cpesla CTAHOBUTCS TIOTHEE U 3BYKH NEPEfaroTcs
OpIcTpee u nanpme. YEpHbIE IPOMEIIeps! JaBall CBUCTS-
X 3ByK BBICOKOTO TOHA TI0 CPAaBHEHHUIO C OCIBIMH, T. €.
OKa3amch Oonee nryMHBIMH. BeposiTHO, 00a ¢akTopa 1mo-
BJIMSIUTH Ha O0Jiee BEICOKUH MTOPOT CIIBIIIMMOCTH MOPKEH.

Cawmku ¢ neréHpimamu pearnpoBany Ha myM KK panbme,
yeMm caMIfsl. Tak, HarpuMep, 6 WIOHS IPH 00CIe0BaHUT
JIEIOBOM 3aJIEKKH MOPIKEH, COCTOALIEN U3 IBYX YacTel -
47 B3pOCIBIX CaMIIOB M CMEIIAaHHOM TPYIIIIBI CAMOK C JeTE-
HBIIIaMA ¥ niofpocTkamu (17 ocobeit), pacmonaraBmmxcs
Ha OJHOW JbAMHE, OTMedasach pasHas peakuus Ha KK.
[pu camwxennu KK va BbIcOTy 15-20 M cMemranHas Tpyn-
I1a COIUIA B BOAY, @ CaMIIbl TOJIBKO MOAHSIN TOJIOBBI, HO B
BOJY TaK M HE COLIIH.

s cpaBHEHUS, Ha OeperoBhIX JIeKOUIIaX MOpKeH B cMe-
LIaHHOH 3aJ1€XKe Ha 0-Be KostourH MUHMMaNbHAsI BEICOTA
cocrapisia — 20 M, Ha IHYOYHCKOM CaMIIOBOM JISKOHUIIIE -
22 M (Kproxosa u ap., 2019; Ilepesepses u ap., 2020). 1
IIPU 3TOM OTCYTCTBOBAJIO IIPOSBIEHNE OECIOKoiicTBa MOp-
Xel (ToXBEM TONOBBI, CXO MOpkel B Boay). Huskwii do-
HOBBIA NPUPOIHBIM IIyM (KPUKM INTHI, BETEp M MIEIECT
MpUOOHHON BOJHBI) BO JIbJJaX, BEPOSATHO, OBUT IPUIHHON
Ootee BBICOKOW YyBCTBHTEIBHOCTH Moprkel Kk mymy KK,
YeM 3TO HaOIIFOanoch B paiiloHax OeperoBbIX JISKOHIII.

(side angle light); June 15 was cloudy, with light fog.
The earliest reaction of walruses (in a mixed group
of 24 individuals) to the noise of the QC with black
propellers was recorded at an altitude of about 100 m
on June 15 (Fig. 2).

In this situation two factors apparently had effects:
weather, and the type of propellers. In fog, the air
environment becomes denser and sounds travel faster
and farther. Black propellers produced a higher pitched
whistling sound compared to white propellers, i.e. they
turned out to be noisier, which probably also explains
the higher hearing threshold of walruses.

Females with calves reacted to the QC noise earlier than
males. For example, the walruses observed on June 6 at
a haulout on a single floe, consisting of 47 adult males
and a mixed group of females with calves and juveniles
(17 individuals), showed different reactions to the QC.
As the QC descended to an altitude of 15-20 m, the
mixed group escaped into the water, while the males
merely raised their heads and stayed on the floe.

For comparison, at the mixed coastal walrus haulout on
Kolyuchin Island, the minimum altitude was 20 m; at
the Inchoun male haulout site, 22 m (Kryukova et al.
2019; Pereverzev et al. 2020). In those cases, walruses
did not show signs of anxiety (head raising, stampede
into the water). The low natural, background noises
(bird calls, wind, and wave rustling) in fields of sea
ice probably explain the walruses’ higher sensitivity to
the QC noise than that observed at the sites of coastal
haulouts (Kryukova et al. 2019; Pereverzev et al. 2020).
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PucyHok 2. ABHaCHUMOK JI€I0BOH 3aJIEKKH MOpsKeH, CHATHIHN ¢ BBICOTHI 100 M (15 mronst) (aBTop ¢hoTo M.A. AHTHIIHNH)

Figure 2. Aerial photograph of a walrus sea-ice haulout taken from an altitude of 100 m (June 15)
(photo by M. A. Antipin)

MuHnManbHAs BBICOTA MONETA HAJ MOpXKaMu (CaMIbl) —
3 M (Puc. 3), npu KOTOpPOH MOPKH OTNIIBIBAINCE B II0-
HCKax MCTOYHMKA ITyMa, HO B BOXy He cxomwin. OqHako
MIPOAODKUTENBHBIN IyM (B TEUCHHUE HECKOJNBKUX MHHYT)
3aCTaBIISCT XXMBOTHBIX IIOKHMHYTh JIbAUHY. B cpenHem, BbI-
coTa MOoJETa, IPH KOTOPOU MOP>KU B CMEIIAHHOM 3a5IEXKKe
TIPOSIBIISUI TIEPBbIE MPU3HAKK OECHOKOMCTBA M TIOKUAIN
apuHy — 40 M (00br4HO B nipenenax 30-60 m).

IIpomomkuTeNnbHOCT MOUCKA 3aNIEXKEK MOpKEH 3aBHCcena
OT OCBEIEHUS, CTPYKTYPbI OKPYKAIOIINX JIBJIOB 1 JINIHO-
TO OMBITa MHJIOTA. Tak, B ONTOM TPSA3HOM JIBIy IPH CIIA00M
ocBerieHnH (15 MIOHS) MOMCKN 3aHUMAaITH OOJIbIIE BpeMe-
HU (13 BMecTo 1-2 MUHYT) H3-3a IECTPON Pa3HOPOJHOCTH
cpefbl, Ha KOTOPOH MOpPKH ILI0XO 3aMeTHBI. Kpome Toro,
B IIEpHO]] HAOIIONECHNH ITPOMCXOANIT PACTIAL JIBIOB U M3-32
3TOTO YacTO CTOSLT TyMaH, OT KOTOPOT'O CHIIKAJIACh BHIH-
MOCTh ¥ TIPOMCXOJMJIO 3all0TeBAaHNE KaMephl 1 o0ieneHe-
HUE BUHTOB.

Tpwxael npu B3nére u nocaake KK Ha cynne npoucxoau-
1M aBapuu. VIX npudmHa cBs3aHa C MOABMKHOCTBIO CYIHA,

The minimum altitude of flight above walruses (males)
was 3 m (Fig. 3), at which walruses were looking
around in search of the source of the noise but did
not go into the water. However, a longer duration of
noise (for several minutes) made animals leave the ice
floe. On average, the flight altitude at which walruses
showed the first signs of anxiety and left the floe was
40 m (usually within 30-60 m).

The duration of search for walrus haulouts depended
on the light conditions, the structure of the surrounding
sea ice, and the pilot’s personal skill. For example, in
broken dirty ice under low light (June 15), searches took
longer (13 mins vs. -2 mins) due to the variegated and
heterogeneous background, against which walruses
were poorly visible. Furthermore, sea ice disintegration
during the observation period resulted in frequent fogs,
which reduced visibility and caused condensation in
the camera, and icing of the propellers.

Accidents during take-off and landing of the QC
aboard the vessel occurred three times. They were

Mopckune mnekonutatowme onapktukn. 2023.
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Pucynok 3. ABHaCHIMOK 3aJIEKKH MOPKEH, CHATBIN ¢ BHICOTHI 3 M (3 ntoHs). CaMITbl He MPOSBIISIIA IPU3HAKOB
OecrnokoiicTBa Ha LIyM KBajapokontepa (aBrop poro M.A. AHTUIIHH)

Figure 3. Aerial photograph of a walrus sea-ice haulout taken from an altitude of 3 m (June 3). Males did not show
signs of anxiety in response to the noise from the quadcopter (photo by M.A. Antipin)

T. K. JaKe €CIHM CYTHO He UIET, OHO 3aMeTHO npeiidyer
3a c4yéT TeueHus! wiu BoiaHbl. B To Bpems, kak KK umeer
(hbUKCHPOBAHHYIO TOYKY 3aBHCaHUs B Bo3ayxe. Kpome To-
10, OOJBIIIOE KOJMYECTBO AaHTCHH, PadoTa pamapa, a TaKKe
JIpyTHE MPEeTsTCTBUS Ha BepXHEH mairy0e cymHa co3/IaBaiu
(hu3ugeckuit Gapbep U MEIIaIH epeade CUTHANA OT MYIThb-
Ta YIpaBIICHHs, cOo3laBas 3aepxKy pearuposanus KK Ha
KOMaH/IbI ITHAJIOTA.

Hecmotpst Ha HEKOTOpBIE TEXHWYECKHE TPYIHOCTH, KBa-
JIPOKOTITED SIBUJICS MOJIE3HBIM HHCTPYMEHTOM JUIS OCMOTpPA
3aJIE€XKeK MOpXKel, 0COOEHHO B paifoHaX IIOTHOTO CKOTLIE-
HUSL JIBJ1A, KyJa CyIHY OBUTO TPYJHO NPOHTH. BuneochéMka
¢ KK no3Bosniia O1eHUTh KOJIMYECTBO U TOJIOBO3PACTHON
cocTaB MOpJKeH B IITyOHHe J1e1oBbIX nojel. Ha ocHoBe Ha-
IIETro OIBITa MBI NPEAJIaracM CJeAyIOIIe PEKOMEH AN
10 TIONIETaM HaJl JIEAOBBIMH 3aIEKKAMHU MOPIKEH:

1. - nns cHMOkenus ypoBHs mrymMa KK ucnonezoBars Oernbie
CTaHAAPTHBIE MIPOTIEIIIEPHI;

2. - mns obecrieueHus: OecriepedoitHoi padoter KK ke-
JaTenbHO BBHIKITIOYATh pajap Ha Bpems pabotsl KK, a ero
3aIyCK NPOBOAUTH C PYK Y Kpasi 00OKOBOH 4acTu Cy/iHa;

associated with the mobility of the vessel, because, even
if the vessel was not moving, it drifted noticeably due to
currents or waves, while the QC had a fixed hovering
point in the air. Further, the large number of antennas, the
operating radar, and other structures on the upper deck of
the vessel created physical obstacles and interfered with
the signals transmitted from the control panel, creating a
delay in the QC’s response to the pilot’s commands.
Despite some technical difficulties, the QC proved
to be a useful tool for observing haulouts, especially
in areas of dense ice aggregations through which the
vessel moved with difficulty. The video footage from
the QC made it possible to estimate the number and
the age and sex structure of the walrus haulouts deep
in ice fields. Based on our experience, we recommend
the following for QC flights over sea-ice haulouts of
walruses:

1. Use the white standard propellers to reduce the noise
level from QC,;

2. To ensure uninterrupted operation of the QC, it is
advisable to turn off the radar during a QC mission; the
QC should be hand-launched at the edge of the port/
starboard side of the vessel;
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3. - moan€T K MOopkaM IpoBoAnTh ¢ BeICOTH 100 M, ¢ mo- | 3. Approach walruses by descending gently from an
CJICAYIOIINM TUIABHBIM CHIKCHHUEM,; altitude of 100 m;

4. - nns ompeneNneHus Toia U Bo3pacta Mopxel B cocta- | 4. To identify sex and age of walruses at sea-ice
BE JICZIOBBIX 3AJIEKEK IPOBOUTH BHJICO3aMUCh ¢ O0KoBBIX | haulouts, they should be filmed from a side angle.
MTO3UIHHA (TIO]T YTIIOM).
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