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[Momynsimu ropbareix kutoB Ha JlansHem Boctoke Poc-
cuM OBLIM CHIJIBHO TOJOPBaHBI KOMMEPYECKUM KUTOOOM-
HBIM npoMbIcioM B 1930-e — 1960-e roas!. Ilocne BBexne-
HUSL MOpaTopus Ha npombicesn B 1986 romy oTmedaercs
TIOBBIIIIEHUE MX YUCICHHOCTH Ha BCEX ydyacTKax apeasa.
[ToBbIIIIeHNE OTHOCUTENBHOW YMCICHHOCTH ropOadeil B
psLy JIeT JJ1s HaryJdbHBIX palioHoB UyKkoTku ObLIIO OTMede-
Ho ¢ 2010 rozxa, Mo HaOIIOAEHUSIM C IPUBJICYEHHEM MECT-
HBIX 3BepoOOiHBIX Opuran (MensuukoB 2014), oxHako
a0COIIIOTHBIX TOJICYETOB He mpoBoamiock ¢ 2005 roma. B
2005 roay B xo1ie peiica, OpraHU30BaHHOTO B XOJI€ MPOEKTa
SPLASH (Structure of Populations, Levels of Abundance
and Status of Humpbacks), na Uykorke 0bu10 HaeHTHH-

Humpback whale population in the Russian Far East
was severely depleted by commercial whaling during
aperiod from 1930s through 1960s. After the adoption
of the Moratorium on commercial whaling in 1986,
the abundance of humpback whales increased all over
their range. The relative humpback whale abundance
at the feeding grounds off Chukotka has also grown
since 2010 according to observations involving local
animal brigades (Melnikov 2014), but no direct counts
have been conducted since 2005. In 2005, only 27
individuals were identified in the waters off Chukotka
during the vessel-based survey under the Structure
of Populations, Levels of Abundance and Status of
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mupoBano 27 ropbarbeix kutoB (Calambokidis et al. 2008).
OTH JaHHbIE MONAIK B OOIIYI0 OLEHKY YMCIEHHOCTH JUIs
BCEX HAryJIbHBIX PaiOHOB CEBEPHOI yacTH TWXOro okea-
Ha, KoTopas cocraBmia 19056 ocobeii (Calambokidis et al.
2008), a Takxe B oreHKy ais Beeit CeBepHoit [Tamuduxm,
cnenanHyio bapnoy mosnxee mo Tem xe qanHbM (Barlow
et al. 2013). OneHka YUCIIEHHOCTH BCEH MOMYIAINH, Clie-
nanHas baprnoy, cocraBmra 21063 ocobu. Taxke B pabote
no nporpamme SPLASH uuncieHHOCTh BceX HaryJbHBIX
paiionoB Poccuiickux Box 6puta orererna B 100-700 oco-
Oeii, HO TIO OTZENIFHOCTH U3BECTHBIE Ha TOT MOMEHT paio-
HBI BHYTpH PocCcHICKOTO CeKTOpa pacCMOTPEHBI HE ObLIN
M3-3a HEJIOCTAaTOYHOTO pa3Mepa BBIOOpKHU. VI3BecTHO, 4TO
pa3HbIe HaryJbHBIE CKOIUICHHS MOTYT OBITH 0Opa3oBaHBI
KHTaMH U3 pa3HBIX paiioHoB pasmHokeHus (Calambokidis
et al. 2008, Titova et al. 2017). IlosTOoMy I pemicHHUS
3a71a4 MOHUTOPUHTA U COXPaHEHHS 3KOCHCTEM Ba)XKHO OI1e-
HHUBATh YUCICHHOCTh PA3HBIX CKOIUIEHHUH 110 OTAEIFHOCTH.

B aBrycre-centsiope 2017 roga BnepBble ObUIO coOpaHO
JIOCTaTOYHO WHAMBHIYaNbHBIX (hoTorpaduit aist onpene-
JICHUsI YUCIICHHOCTH TopOaThlX KMTOB B 3aynuBe Kpecra
(Anagsipckuii 3anuB) U nponuBe CeHsABHHA (CEBEpO-BOC-
ToyHOoe TobOepekbe UykoTku, I[IpoBHICHCKHU paiioH).
BeIxonpl B MOpe COBEpIIAIMCH C HEOOIBLINX JIOJOK Ke-
JTHEBHO ITIPY HAJIMYMK XOPOLIEeH 1morosl. Mbl MPUMEHSIIN
CTaHAAPTHYIO METOANKY (DOTOUNECHTU(DHUKAIIINH KUBOTHBIX
M0 OKpacke HWKHEH MOBEPXHOCTU XBOCTOBBIX JIOMACTEH.
YuCneHHOCTh CKOIUIEHHUH MBI OIIPEAEIISIII METOJIOM PETH-
CTpallMU MTOBTOPHBIX BCTPeY WACHTH(UIIMPOBAHHBIX 0CO-
oeii (capture-recapture). @ororpaduu KHTOB, OTCHSTHIX
3a KaXAbIH JeHb, Mbl CPAaBHHBAIN C KHTaMH, CHSATHIMH B
npexasiaymue aHU. [lo pesynprataM ce3oHa A KaKA0ro
KHTa MBI COCTaBIISUIN €XKEJHEBHYIO UCTOPHIO TIPUCYTCTBHS
WJIN OTCYTCTBHS B BEIOOpKe. [[nnHa ce3oHa B 3asmBe Kpe-
cta cocraBuna 10 nueit, B nponuse CensBuHa — 19 nHeil.
Jnist ka0l BBIOOPKH MBI CTPOMJIM CEPHI0 MMHUTAIHOH-
HBIX MareMaTHYeCKUX MoJieJiel, Ha KOTOPBIX UCCIIeqyeTCs
MOBe/ICHHUE NTEPEMEHHON YHCISHHOCTH TOMYJISIIUH B 3aBH-
CHUMOCTH OT BapHaliii BBOAUMBIX ITapaMeTPOB, TAKUX KaK
BEPOSTHOCTh BCTPEUH JKUBOTHBIX, BEPOSITHOCTD YXO/1a JKH-
BOTHBIX C HCCIIEyeMOI TepPUTOPUH MM TIOIX0/1a HOBBIX,
He OTMedaBIIuXcs panee. J[js mpaBuiibHOTO BEIOOpa MOJIE-
JIM JJ1sL pacyeTa YHCIEHHOCTH ATUM METOJIOM HE0OX0ANMO
3HaTh, HACKOJBKO CTAOMJIbHA IOITYJISIIUS Ha MPOTSHKEHUN
nepronia coopa aHHBIX. To €CTh SBISETCS JIM HOMYJISIIHS
OTKPBITOH, TO €CTh YXMBOTHBIE YXOIST M3 UCCIEIYeMOTO
pEervoHa M MPUXOASAT HOBBIE, MM 3aKPBITOW — KUBOTHBIE
HE TIOKUIAI0T paioH. 31eCch, IPUMEHHUTEIBHO K KpaTKOBpe-
MEHHBIM HaOIIIOJICHUSIM 32 BPEMEHHBIM CKOIUICHUEM JKH-
BOTHBIX, MBI HE MOXEM PacCMaTpHBaTh JIEHCTBUTENBEHOE
BIIMsSTHUE (DAKTOPOB POXKIAEMOCTH M cMepTHOCTH. OJHAaKO
TaK)Ke Mbl HE MOXKEM HCKIIOYHTh BO3MOXKHOCTH >KHUBOT-

Humpbacks (SPLASH) program (Calambokidis et al.
2008). These data were included in the total estimate
for all feeding grounds in the North Pacific (19,056
individuals) obtained within the framework of the
SPLASH program (Calambokidis et al. 2008), as
well as in the assessment for the entire North Pacific
made later by Barlow who used the same data (21,063
whales) (Barlow et al. 2013). In the SPLASH study,
the abundance of whales from Russian waters was
estimated ranging at 100-700 individuals. All Russian
waters (despite a range of known separate areas of
summer feeding) were considered as a one region
because of the insufficient sample size. It is known,
that different feeding groups can be formed by whales
coming from different breeding grounds (Calambokidis
etal. 2008; Titova et al. 2018). Therefore, it is important
for monitoring and conservation purposes to estimate
sizes of different aggregations separately.

In August-September 2017, we for the first time
took enough individual photographs to determine the
number of humpback whales in Kresta Bay (Gulf of
Anadyr) and Senyavin Strait (northeastern coast of
Chukotka, Providensky District). Small boat surveys
were conducted daily, weather permitting. We used
the standard method of photo-identification by the
color pattern on the ventral surface of the tail flukes.
An abundance was estimated by the capture-recapture
method. Individual photographs of the whales taken
on each day were compared with those from previous
days. By analyzing the results of the season, we
compiled a daily history of presence or absence in the
sample for each individual. The study period in Kresta
Bay lasted 10 days; in the Senyavin Strait, 19 days.
For each study area, we built a series of mathematical
simulation models to assess the population size
depending on variations in the input parameters, such as
the probability of encountering whales, the probability
of whales’ leaving the study area, and the probability of
arrival of new whales that were not previously noted. To
select a relevant model for calculating their abundance,
it is necessary to determine how stable the population
is during the data collection period: if whales can leave
the study area during this period, the population is
considered as open; if whales remain in the area, the
population is closed. Here, due to the short term of
observations on the temporary aggregations of whales,
we cannot take into account the actual influence of the
birth and mortality. However, we cannot also exclude
the probability that animals could leave the study area
and also could arrive during the observation period. In
order to determine the stability of the aggregations, we
carried out a preliminary study of the samples for the
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Pucynox 1. 3aBucMMOCTb BEpOSITHOCTH TIOBTOPHOM BCTPEUH OT BPEMEHHOTO MHTEpBaia Mexxay Berpedamu (Lagged
Identification Rate) mns BeIOOpok m3 3ammBa Kpecrta m mposnmBa CensiBUHA. UepHBIM IIBETOM ITOKa3aHBI JIMHUU
TEOPETUUECKUX PACIIPEACIICHUH, COOTBETCTBYIOIIMX MOJCISAM 3aKPHITOW IOMYISALMA H ABYM BapHaHTaM MoZeeit
OTKPBITOH TOIMYJISALIHH.
Figure 1. The Lagged Identification Rate for samples from the Kresta Gulf and Senyavin Strait. The lines of theoretical
distributions corresponding to closed population model and to two open population models are shown in black.

HBIX MMOKUJATh UCCIIENYEMbId PaiOH M MPHUXOAUTH B HETO
U3 COCCJHUX PAiiOHOB B TEUCHHE MEPHOAa HAOIIONCHUI.
Jast Toro 4to0bl OMpPENeNuTh CTAOMIBHOCTh CKOIUICHHH
B HallleM CIIy4ae, Mbl [IPOBEIH MPEIBAPUTEIBHOE HCCIIe-
JIOBaHHE BBIOOPOK Ha 3aBHCHMOCTb BEPOSTHOCTH MOBTOP-
HOM BCTPEYH KaXXIOTO >KUBOTHOTO OT BPEMEHHOIO HH-
TepBasia Mex1y BcTpedamu — Lagged Identification Rate
(Whitehead 2009). Moxenu cTaOHIBHOCTH MOITYJISIIIAN MBI
crponnu B iporpamme SOCPROG 2.6 (Whitehead 2009).
PacripeneneHus BeposTHOCTEH MOKa3aHbl HA PUCYHKe 1.

ITo pe3ynbTataMm HpenBapUTENBHOTO HCCIEIOBAHMUSA, UL
pacdera ymciIeHHOCTH B 3anmBe Kpecrta Oblma BeIOpaHa
MOJIENb ISl 3aKPBITOM MOMYJIALMKA. MBI OCTPOWIN IATh
BapHaHTOB MOJETH C Pa3HBIMHU COUCTAHUSIMH IapaMeTPOB
HEOJHOPOJHOCTEH JaHHBIX, TAKUX KaK BEpOSTHOCTH Iep-
BOI BCTPEYM KHUTOB U BEPOATHOCTb IOBTOPHOM BCTpEUU
KUTOB. M3 3THX BapHaHTOB MBI BHEIOpAJM CaMyIO IOJIXO-
JAIIYI0 MOJENb TI0 MHHHUMAJIBHOMY KPHUTEPHIO AKauke
(AIC). Camoit monxomsiueit okazanack Mmozaenb Closed
Mth, B KOTOpOIi BEepOSITHOCTH MIEPBOI BCTPEUN U3MEHSIETCS

relationship of the recapture probability for each whale
with the time interval between capture events, referred
to as the Lagged Identification Rate (Whitehead 2009).
We run the models of population stability using the
SOCPROG 2.6 program (Whitehead 2009). The results
are shown in Figure 1.

Based on the results of the preliminary study, we
selected a model for a closed population to calculate
the abundance of whales in Kresta Bay. We built five
variants of the model with different combinations
of parameters for heterogeneity of data, such as the
probability of first encounter with whales and the
probability of whales’ recapture. Among these variants,
we chose the best fitted model by the lowest Akaike
Information Criterion (AIC). Closed Mth proved to
be the best fitted model, in which the probability of
the first encounter varies with time and depends on
the individual characteristics of the whale (Otis et al.
1978). It provided an estimated value of 95 individuals
(95% CI 88-109).
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Tabmuua 1. Coaka 1o mapameTpaM BBIOOPOK, BapHaHTaM MOZENCH W pacueTy YHCICHHOCTH B 3anuBe Kpecra u
nponuBe CeHsBUHA
Table 1. Summary of sample parameters, model variants and results for abundance in the Kresta Gulf and Senyavin

Strait
Konugectso
N CraOuIbHOCTD
. JHEH KosmgecTBo KHTOB Hcmone3oBaHHas o
Paiion AGOTEL HICHTHHIIPOBAHO TOTYJISIIIH MOTEITE Uucnennocts | 95% U
Region P . P Population Abundance CI95%
Days with ID number o Best model
stability
whales
3anuB 3akpeITas
Kpecrta TIOMYJISIITHS
Kresta 10 83 Closed Closed Mth2 95 88-109
Gulf population
Iponus DMurparus-
CeHs{BHga 19 %3 pemurpanus Jolly-Seber Phi(t) 25 83-92
Senyavin Emigration- p(pent(t)
Strait reimmigration

CO BPEMCHEM U 3aBHUCHUT OT MHAUBUAYAJIBHBIX 0COOEHHO-
creii xuBotHoro (Otis et al. 1978). Pacuer no sToii Mo-
nenu cocraBui 94,97597(95% AU 88,50598 - 109,0487)
ocooeii.

UmHCIeHHOCTD CKOTUICHHA B TiponuBe CeHsBHHA MBI OTIpe-
nersta ¢ moMotnsio Mopenu Jxomu-Cebepa (Jolly-Seber)
U OTKPBITEIX oyt (Jolly 1965, Seber 1965). Mbt
BEIOMpAN CaMyl0 IMOOXOISIIYI0 MOAETh CPEAH IIECTH
BapHaHTOB C Pa3HBIMH COYCTAHUSIMH NapaMeTpPOB, BIHU-
SFOIMUX Ha HEOOHOPOTHOCTH BBIOOPKH — BEPOSTHOCTH
TIEPBOIl BCTpEUM, MOBTOPHOH BCTPEUH, IMOAXOHAa HOBBIX
>KMBOTHEIX. CaMoii moaXoAsIieii Ha OCHOBE MHHUMAJIbHO-
ro AIC oxazamace mogens POPAN — Phi(t)p(.)pent(t) — To
€CTh MOJICJh C TTIOCTOSIHHOW BEPOSTHOCTBIO ITEPBOH BCTpe-
YU ¥ 3aBUCHMBIMH OT BPEMECHH BEPOSATHOCTSIMHU IMPHUXOIA
1 yX0Ja )KUBOTHBIX. UUCICHHOCTH, PaCCUNTaHHAS IO ITOH
Mozenu ans nponusa CeHsiIBUHA, OKa3ajach paBHOH 85,13
(95% AU 83,48 - 92,53) ocobeit. MonmenupoBaHue IS
pacyera YMCIIEHHOCTEH MBI MpoBOaMIN B makete RMark
JUTS CpeNbl CTaTUCTHIECKOM 00paboTku nanHbX R 3.3.2 (R
Development Core Team 2008).

Pacrnipenenenue ropOaTeix KUTOB B paliOHaX JIETHETO HAry-
Jla MOXKET OTpaXkaTh Kak OOLIENOIyJISIUOHHbIE AeMOorpa-
(bmueckue TeHICHIUH, TaK 1 0COOEHHOCTH pacipeielieHHs
1 KOHIICHTpaluu UxX [lO6I)I‘ll/I. 3]160]) Mbl OLICHUJIU JIBa pa-
HEC HCEUCCJICAOBAHHBIX HAryJIbHbIX CKOIUICHUA F0p68.TbIX
KUTOB Y UyKoTKH. MBI MOXEM 3aKJIFOYUTH, YTO B aBryCTE
2017 rona ckomnenue B 3anuBe Kpecta (AHaabIpckuil 3a-
n1B) OBUIO OoJiee CTAOMIIBHBIM 10 CPABHEHHIO C arperamy-
el B nponuBe CeHsBHHA (CEBEPO-BOCTOYHOE MOOEPEKHE
UykoTku). AkBaropus 3anuBa Kpecra B TeueHue uccieno-

The abundance in the Senyavin Strait was determined
using the open population Jolly—Seber model (Jolly
1965; Seber 1965). We chose the best model among six
variants with different combinations of parameters that
influence the heterogeneity of the sample: the probability
of a first encounter, the recapture probability, and the
probability of new whales arrival in the aggregation.
The best fitted model, based on the minimal AIC, was
POPAN-phi(t)p(.)pent (t), a model with a constant
probability of the first encounter and time-dependent
probabilities of arrival and departure of whales.
Humpback whale abundance in the Senyavin Strait
using this model was estimated at 85 individuals (95%
CI 83-92). The models for an abundance estimates were
built in the RMark package for the R 3.3.2 statistical
processing environment (R Development Core Team
2008).

The distribution pattern of humpback whales at their
summer feeding grounds may indicate both general
population trends and the distribution and concentration
of their prey. Here we cover two humpback whales’
feeding aggregations off Chukotka that were poorly
studied before. We can conclude that in August 2017
the feeding aggregation in Kresta Bay was more stable
compared to that in Senyavin Strait. The waters of
Kresta Bay during the study period provided feeding
conditions for slightly higher number of animals than
in Senyavin Strait. Further monitoring at both grounds
can reveal the long-term dynamics of these feeding
aggregations.
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BaHHOTO TEPHOJIa CO3JaBaja yCIOBHS Ul KOPMIICHHS He-
MHOTO OOJIBIIIETO KOJIMYECTBA )KUBOTHBIX, YEM aKBaTOPHS
nponuBa CeHsBUHA. JlanpHEHIINIT MOHHUTOPHHT B 00OHMX
palioOHaX MOXET BBISIBUTH JIOJITOCPOYHYIO THHAMHKY 3THX
HaryJnbHBIX CKOIICHUH.
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