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[pomzomenmmuii B koHIe XX B. KaTacTpopHUECKUI criaf
YHCIEHHOCTH CHUBY4Ya CIOCOOCTBOBAJ IIPOBEACHHUIO CEPHU
paboT Mo MOHUTOPHHTY COCTOSIHHS €ro momymsiiuil. Crexe-
HUEC 3a HU3MCHCHHUCM YHCIICHHOCTHU BBIIIOJJIHAJIOCH I'JIAaBHBIM
00pa3oM METO/IOM BH3YaJIbHOTO IOJCYETa >KUBOTHBIX, 3aie-
ralolMXx Ha JISOKOWIIAX W HaxoMIsAIIMXCs B Bojae y Oepera
(Knymos 1957, benxun 1965, 1966, [1epnos 1970, Yennokos
1983, Beptsaukun u Huxynua 1988, Kysun 1996, u np.). Ilpu
JUTUTENIbHBIX HAOMIOACHHUAX HA OJHOM JICKOWIIE MOACYCTHI
MIPOBOAMIINCH €XKEJHEBHO MHOTA HECKOJIBKO pa3 B JeHsb. [Ipn
BCEH MPOCTOTE M SKOHOMHYHOCTH STOT METOJI UMEET CyIlle-
CTBEHHBII HETOCTATOK - €r0 IOCTOBEPHOCTH 3aBHCHUT OT OIIbI-
Ta HaOIIOJATENsl U YCIIOBHM, NPU KOTOPBIX MPOBOAUTCS MOJ-
CUET XHMBOTHBIX. [103TOMY COMOCTaBJIEHHE NPOJOIKHTEINb-
HBIX cepm‘/'l YUYCTHBIX JaHHBIX IO MU3MEHCHUIO CyTO‘IHOﬁ Ui
CE30HHOM JMHAMUKHU YHCICHHOCTH >KMBOTHBIX 0 BO3pacT-
HBIM M TIOJIOBBIM KaTEropusiM, IOJy4YEHHBIM B pe3yJbTare
paboThl HECKONBKUX HaOironarened, TpeOYIOT 3aMeTHBIX
YCHUIINH TI0 CBEpPKE U, HEPEIKO, KOPPEKTUPOBKE JTAHHBIX M3-32
BBICOKOH BapnaOeNbHOCTH PEe3yJIbTaTOB, CBA3aHHOM C MHIH-
BUAyaJIbHOM OMIMOKOH yueT4nkoB. bypHOe paszBuTne mudpo-
BOH ¢ororpaduu B mOCIEqHEE NECATHICTHE TO3BOJIAET CY-
LIECTBEHHO CHHU3UTBH TOT HEAOCTATOK U MOIYYHTh TOUHYIO
TIOJHYIO KQpTHHY PAacIIOJIOKEHHUS )KUBOTHBIX Ha JISKOUIIE 110
BO3pPAaCTHBIM U IIOJIOBBIM I'pyIiIiaM H, CaMO€ I'JIaBHOE, ITPOBEC-
CTH CEpHIO IOJCYETOB )KUBOTHBIX HA OJHHMX U TeX ke (OTo-
rpadusax Kak OZHUM, TaK U HECKOJIBKMMH HaOJIOATEeNIsIMU.
DTO0 MO3BOISAET OLCHUTH TOYHOCTH IMOJYYa€MbIX IaHHBIX.
Kpome Toro, maHopamuasi ororpadus SBISETCS LEHHBIM
APXHUBHBIM JOKYMCHTOM, IPEACTABJIAIOUINM 60]’1}31].[0171 HUHTC-
pec Juii CpPaBHHUTEIBHOTO IPOCTPAHCTBEHHO-BPEMEHHOT'O
aHaIM3a W3MEHEHMH YHCICHHOCTH M BO3PacTHO-TIOJIOBOM

A long-term monitoring program was established
for Steller sea lion populations after catastrophic
declines occurred during the late XX century. Vis-
ual counts of animals on rookeries and haulouts
and in surrounding waters were performed daily or
several times a day (Kinymos 1957, Benkun 1965,
1966, Iepnos 1970, Yennokor 1983, BepTsiakun u
Hukynun 1988, Kysun 1996). Despite the simplici-
ty and economic efficiency of this method, its va-
lidity depends on the experience of observers and
the conditions during which animals were counted.
Therefore, a comparison of long-term series of
count data derived from the datasets collected by
different observers in different conditions requires
significant effort in reconciliation of count data.
Frequently due to high variability of results associ-
ated with individual errors comparison of changes
in abundance different age and sex groups of SSL
is not reliable. Rapid development of digital pho-
tography in the last decade can significantly reduce
this drawback and be used to obtain a complete
picture of the location of animals onshore, includ-
ing the age and sex composition. Most importantly,
the accuracy of the data can be assessed because
multiple counts for the same photographs can be
conducted by one or more observers. In addition,
the archive of panoramic images taken from high
point is a valuable tool for the comparative analysis
of spatial and temporal changes in numbers and
age-sex structure of animals on the rookery over
time.

To compare the results obtained by the two meth-
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CTPYKTYPBI )KUBOTHBIX Ha ne>1<61/1me 3a pa3HbIC T'OABI.

Jns CpaBHUTENBHOTO aHANIM3a PE3YJbTATOB, IOIYYaeMbIX
JBYMSI METOJIaMH, OBUIM HCIIOJIb30BaHbl JJAHHBIE YYETOB CH-
By4eil Ha penpoayKTHBHBIX JexOumax Kypunbckux (0. AH-
udepona, ck. Joaras, o. Paiikoke, 0. bpar Yupmoes) u Ko-
MaHJOPCKUX OCTPOBOB (0. MenHbIit), BeIOIIHEHHBIX B 2007-
2009 rr. B nepuoj pa3MHOXKEHHUS CUBYYEH.

[IpsiMble BH3yaJIbHBIE ITOJICUETHI 3aJIEralomuX Ha Oepery >Ku-
BOTHBIX BBINOJHSIN €KEAHEBHO B OIHO M TO ke Bpems. Ile-
pen KaXIbIM Y4eTOM JIeJIaii ITaHOPaMHYI0 (POTOCHEMKY JIEK-
6uma ¢ nmomormeio nnppoBoil kamepsl. [logcder KUBOTHBIX
Ha (oTorpadusx BBIIOIHSIN B CIIEIHAIBFHO pa3padOTaHHOM
nporpamMHOM Moxayie MS Access. CuBydeld Ha CHHMKax
OTMEYalld Ppa3IMYHBIMH MapKepaMH, COOTBETCTBYIOLUIMMU
MOJy W BO3pPacTy >KMBOTHOTO. Mapkepbl M MaHOpaMHbIe
CHMMKH COXPaHSUIUCh B CBSI3aHHOM BHJIE MPOTPAMMOM B €JIH-
Hoit 6a3e qanubix (Altukhov and Burkanov 2008). Cratuctu-
YeCcKHH aHaJN3 MOJYyYEeHHBIX JAHHBIX BBIIOJHEH B BBIYUCIIH-
TenbHOM cpene R. Beero Obu10 mpoanamusupoBano 231 Busy-
IBHBIA 1 POTOMAHOPAMHBIHM yUYeT Ha BCEX IITH JISKOHIIIAX.
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§ B )/P:/
r ol

z Rra
g 8- L
@ © &/,
= W :
o 10
= L
o oW
Fs3 - o +
o (=R +
c v A
= . L
g'} + {/!;
Z At

g o A

o o /

T T T T T
0 200 400 600 800

BM3yanbHbIA y4eT

B cpennem KomuuecTBO XKHMBOTHBIX NPH ydeTax Ha ¢oro-
rpaduax oKa3ajJoch HUKE, YeM NP BU3YaIbHOM I10JICUETe
(puc. 1). Bennunna pa3nuuuii MOBBIIANACH IO MEPE BO3-
pacTaHMs IUNIOTHOCTH 3aJIeTaHHsl M YMCIEHHOCTH CHBYYEH
B ITOJICUMTHIBAEMbIX I'PYIMaX. DTH OTJIMYUSA MOTIH OBITh
CJIC/ICTBHEM 3aBBIIICHHS MIOACUETa BU3YalIbHBIM METOJIOM,
HeJloydeTa JKUBOTHBIX Ha (oTrorpadmsx MM BBI3BAHBI
neiictBuem obenx mpuynH. O6e ommOKky (Kak HeZOoyderT,

ods (visual counts conducted by observers in the
field vs counts from photographs) we used the
counts of SSL at the four rookeries in the Kuril
Islands (Antsferova Island, Dolgaya Rock, Ray-
koke Island, Brat Chirpoev Island) and one on the
Commander Islands (Medny Island) conducted
from 2007-2009, during the breeding season of
SSLs.

Direct visual counts of animals on shore were con-
ducted from high point located at shore overlook-
ing above hauling out animals at the same time on
a daily basis. Prior to each count, a digital camera
was used to take a panoramic photograph of the
rookery. Steller sea lions were counted in the pho-
tographs and marked with different colors corre-
sponding to sex and age of the animal using a
module developed for MS Access. The data were
saved in a bound form by the software, in a single
database (Altukhov and Burkanov 2008). Counts
were compared for 231 data sets for the five rook-
eries (R Development Core Team 2006).

Puc. 1. CpaBHUTENbHBIE JAHHBIE YYETOB YHCIEHHO-

CTH CHBYYa IByMsI METOIaMH (Bce JIexKOUIIa).

Fig. 1. Comparison of SSL count results by two

methods (all rookeries combined).

On average, the number of animals counted in the pho-
tographs was less than the number derived from visual
counts (Fig. 1). The scope of differences increased
with increasing abundance and number of sea lions
counted in groups. These differences could be due to
over-counting when using the visual method, the un-
dercount of animals in the photographs, or a combina-
tion of both factors. Both errors (such as undercount-

Mopckune mnekonutatowme MNonapktukn. 2012. Tom 1. 39



Altukhov et al. Differences in results of direct counts of Steller sea lions on rookeries and counts on panoramic...

TaK U MepeydyeT) BCETAa BO3PACTAIM C YBEIUIEHHEM UHC-
JICHHOCTH ¥ TUIOTHOCTH 3aJIeTaHUs KUBOTHBIX. [l 60ib-
HIMHCTBA JIEXKOMII XapaKTepHa OJ[Ha U Ta e KapTHHA OT-
JIMYMIA: YeM MEHbILe XMBOTHBIX B YUUTHIBAEMOI IpyIme,
TeM Oimke pe3ynbraThl (JOTO- U BU3YaJbHBIX YYETOB.
OTa 3aKOHOMEPHOCTh HapylIaeTcsl TOJIBKO Ha cK. Jlonroi,
IZle, HE3aBUCUMO OT pa3Mepa TPYIIIbI, pa3iinuue MEXIy
¢$oTo- M BU3yaNbHBIMH ydeTaMH ObUIM OOJBLIIMMH (pHC.
2). [TpuumHO# pa3u4mii SBISIOTCSI OCOOCHHOCTH penbeda
nexOuma Ha ckane Jlonrod. M3-3a HU3KOTO pacrioyoxe-
HUs HaOmroarTess Bo BpeMst yueta u ¢oTorpagupoBaHus
YacTh >KUBOTHBIX Ha (oTorpadusix OKa3pIBAacTCs BCETAA
CKpBITa OT IIOJICYETa HAarpOMOKACHUSIMHU KPYIHBIX KaM-
HEH U CKallL
ocTtpoB AHumdepoBa

ing and overcounting) always increased with an in-
crease in the number and density of animals. For the
majority of rookeries one characteristic pattern of dif-
ferences prevailed: the lower the number of the ani-
mals in the group, the closer the results of the two
methods. The exception to this are the results from
Dolgaya Rock, where regardless of the size of the
group, the difference between photographic and visual
counts were always substantial (Fig. 2), possibly due
to the features of the relief of Dolgaya Rock. Due to
the low position of the observer at the time of counts
and photographing, the animals in the photographs
always remain hidden among and behind large heaps
of stones and rocks.
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200
150 200

100

100

yyeT no doTorpadumsam
yyeT no gotorpacmsam

50

+

T T T T T T
100 150 200 250

BU3yarnbHbIA y4eT

50

T T T
100 150 200

BW3yanbHbIA y4eT

Puc. 2. Pazniuns B JaHHBIX [0JICYeTa CUBYYEH IByMs METOJaMH Ha JiexkOnmax o. Annudeposa u ckansl Jonras.
Fig. 2. Differences in count results of SSLs using two methods on Antsiferov I. and Dolgaya Rock.

To4HOCTE 000MX METOIOB HE OCTAETCS BEIWUYNHON ITOCTO-
SIHHOM. [[7s1 OLIEHKM CTENeHW BapHalMM CPaBHUJIM H3Me-
HEHHE KOJIMYECTBA CHBYUYEH Ha JEKOMINE MEXIY CMEX-
HBIMH JHSAMH. Bonee BrIicOKHE MECKCYTOYHBIC U3MCHCHUSA
YHUCJIICHHOCTHU Ha6m011am/101) Py BU3YAJIBHBIX IMOJACUCTAX
(Wilcoxon paired test, p<0,05) (puc. 3). CnemoBatenbHo,
olMOKa BU3yaJbHBIX YUYETOB BBINIE, YE€M IOJCUETHI KH-
BOTHBIX Ha (oTorpadusx. Bennmunna paznnumii 3aBucena
OT JexOHIa ¥ OCTUraja HAaUBBICIIETO 3HAUYEHHS Ha CK.
Honroi. Hanporus, Ha ocTpoBax Mennslii u bpar Yuprmo-
€B CPEIHsS BEIWYMHA PA3TMUNHA MEXKTYy CMEKHBIMH ITHS-
MH Kak 1pu (oTorpapupoBaHNH, TaK W MPU BU3YaTbHbBIX
ydeTax OKa3alach OIWHAKOBOH. Pasmumums oOBsCHSIOTCA
XapakTepoM pemnbeda JIeKOUIT U BBICOTOW TOYKH y4eTa U
MaHOPAaMHOW CBEMKH: Ha JIEKOHIAX ¢ JUHAMUYHBIM pe-
nbeoM (HarpoMOoXKJIeHUEM KaMHEH WM 0OJIOMKOB CKall)
Y HU3KOW TOYKOH HAONIOJEHHS JaHHBIE (QOTOydeTa OKa-
3bIBAIOTCS 3aHWKCHHBIMU, a JAaHHBIC BU3YaJIbHOI'O y4de€Ta
MeHee TOUHBIMH, YeM Ha JIeKOHIAaX C OTHOCUTEIBHO POB-

The accuracy of both methods did not remain constant.
To assess the degree of variation, we compared the
change in the number of SSLs at a rookery between
adjacent days. The greater number of day to day
changes were observed for visual counts (Wilcoxon
paired test, p <0.05) (Fig. 3). Consequently, the error
of visual counts was greater than the counts of animals
in the photographs. The range of differences depended
on the rookeries, and was greatest for data from Dol-
gaya Rock. In contrast, on the islands of Medny and
Brat Chirpoev the average difference between adjacent
days as when using photographs and during visual
counting were similar. The differences are explained
by the nature of the terrain of the rookeries and the
height of position of the observer and photographer: at
rookeries with dynamic relief (heaps of stones or
fragments of rocks) and a low observation point, the
count data obtained from photographs was usually
understated and visual counts were more variable (less
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HBIM penbeoM U BBICOKO PACHOJOKEHHOW TOYKOH
HaOIIOAECHUS.

accurate) than at rookeries with a relatively flat terrain
and high observation point.

Puc. 3. Paznuuus B 9UCICHHOCTH CH-
Byqei&, IMOJIYUCHHBIC IBYMS METOa-
MU B CMECXXHBIC THU.

Fig. 3. Differences in number of SSLs
obtained by two methods in adjacent
days.

8 -
Bu3ayanbHble yyeTbl
= !
Q 4 — :
8 B : .
o ' .
] . !
o ! - :
o | ‘
@ ! !
= ! !
O - !
] ! |
8 | ‘ ‘
sel =3 ——
2 ! | |
doToy4eThl
I I I | I
0. MegHbIn 0. Ckana [onras 0. bpat Yupnoes
0. AHuudpeposa o. Paiikoke

UncneHHOCTh pa3HBIX MOJOBO3PACTHBIX TPYMI CHBYYEH,
OTIpeJieTIeHHast IBYMsI METOAaMH, CYIIECTBEHHO Pa3Indanach
(tabm. 1). CoBepmieHHO OYEBHIHO, YTO HIACHTHU(HUKAIMS IO-
JIOBO3pACTHBIX T'PYIIl CHBY4YeW BBI3bIBACT Yy HaOItojaTesen
CEpbE3HbIC 3aTPyIHEHHS, OCOOCHHO MpH pabore ¢ ¢ororpa-
¢usimu. Hanbonee nokasatenbHa B 9TOM OTHOIIEHHH KaTero-
pust cekadeil. HecMoTpst Ha sSipKO BBIpa’kE€HHBII MOJIOBOM 1H-
MOp(}H3M U MPOCTOTY HACHTH(UKAIMHU, OIS HEeAOoydeTa ce-
kKaueii 1o ¢ororpadusm B cpexHeM cocraBimsier 40%
(sd=13%). Drta ommobOKa Jarie IpOSIBISIETCS B IDIOTHBIX CKOTI-
JICHUSIX J)KUBOTHBIX, B KOTOPBIX CEKadel TPYAHO WIIM HEBO3-
MOXHO BBIACINTH MO KOHTypaM M pa3MepaM, HMOCKOJbKY Ha
(oTorpaduax y HUX BHIHA TOJIBKO YacThb Tela.

TouHoCTh pe3ynbTaToB (HOTOyUYETa 3aBHCHUT OT CIIOKHOCTH
penbeda eKOWIIA W OT MOTOAbl B MOMEHT (hOTOCHEMKH
(OCBeIIEHHOCTh ¥ BUAMMOCTD HAIIPSIMYIO ONPEAEISIOT Kaue-
cTBO (hOTOCHUMKOB). IIpH 5TOM TaKue IOJIOBO3PACTHBIE KaTe-
TOPUH KUBOTHBIX KaK MOJIOJIbIE U NIEHKH HE MOJIAI0TCS TOY-
HOMY yd4eTy Ha ¢oTorpadusax, ¥ UX KOJIUYECTBO BCETIa OKa-
3BIBAETCS CHIILHO 3aHIDKEHHBIM. B cilyyae ¢ MOJOJIBIMH KH-
BOTHBIMH 3TO OOBSCHSETCS TEM, YTO MPH BU3YaJTbHOM ydeTe
B)KHBIM OTJIMYUTENILHBIM MPU3HAKOM HACHTU(DHKALUK SBIIS-
€TCsl UX MOBEJCHUE, KOTOPOE HEBO3MOXHO OIEHUTH Ha (OTO-
rpaduu. 3aiuUTHas OKpacKa MEHKOB Ha HEMOBH)KHOM CHUM-
K€ JIeNlaeT UX TPYIAHO OTIMYUMBIMH OT (hOoHa CyOcTpaTa JieK-
ownma.

The number of SSLs of various age groups deter-
mined using the two methods differed significantly
(Table 1). It is clear that the identification of gen-
der and age of sea lions is a serious problem for
observers, especially when working with photos.
Most demonstrative in this case was the category of
beach masters. In spite of the pronounced sexual
dimorphism and ease of identification, the average
percentage of beach masters undercounted in the
photos equated to 40% (sd=13%). This error oc-
curred most often with photos of dense aggrega-
tions of animals in which the beach masters were
difficult or impossible to identify via their contours
and size as the photographs only illustrated part of
the body.

Accuracy of counting results from photographs
depends on the complexity of terrain of the rook-
ery, as well as the weather at the time of photog-
raphy (e.g. lighting and visibility directly determine
the quality of photos). In addition, some age and
sex categories of animals (i.e. juveniles and pups)
are underestimated with photographs possibly due
to their behaviour or appearance. For example, the
pelage of pups on a fixed image makes it difficult
to distinguish them from the background (rocks) of
the rookery.

Mopckune mnekonutatowme MNonapktukn. 2012. Tom 1.
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Tabmn. 1. Pa3nuuust B YMCICHHOCTH Pa3HBIX MTOJIOBO3PACTHBIX TPYIII CUBYYEH, onpeaeieHHbIe IByMst MeTogaMu (%).
Table 1. Percent difference (%) in count results of different age and sex groups of SSL derived by two methods.

JlexOwnia Cexkaun [Momycexaun Camku Bcero Moioasix ¥ B3pOCibIxX Ilenkn
Rookery Bulls Half bulls Females Non-pup total Pups
0. Mensblit 29.4 26.8 79 10.4 )
Medny I. (sd=14,9) (sd=31,4) (sd=11,6) (sd=7,1)

0. Anudepona 45 50,5 8,4 14,3 17,1
Antsiferova I. (sd=12,5) (sd=37,7) (sd=16,9) (sd=16,6) (sd=14,5)
ck. Jonras 46,9 13,6 12,2 12,6 )
Dolgaya RK. (sd=14,4) (sd=49) (sd=12,3) (sd=10,5)

o. Paiikoke 42,5 -14,0* 10,4 14,2 )
Raykoke I. (sd=7,4) (sd=30,1) (sd=18,1) (sd=12,4)

o. bpar Yupmnoes 445 -8,3* 2,8 9,5 10,3
Brat Chirpoev I. (sd=6,0) (sd=35,0) (sd=7,7) (sd=4,6) (sd=4,8)
Cpennee 0 0 0 0 0
Mean 41,6% 13,7% 8,3% 12,2% 5,5%

* - OTpHUILIATENIbHBIC 3HAYEHUS [TOKA3bIBAIOT, YTO YHUCICHHOCTh, OIy4eHHas (OTOrpagueckuM METOJI0M, OKa3bIBaJIach B Cpe-
HEM BbIIIe BU3yansHOH / negative numbers shows that number derived from images was higher than visual counts;

- cpaBHeHHs He mpoBoauiKck / data not compared

Pe3ynbTaThl CpaBHUTEIBHOTO aHAIM3a ABYX METOJIOB OMpe/esie-
HUSI YUCIICHHOCTH CHBYYa HA JIEXKOHIIE MMOITBEPIMIN TONTyUYCH-
Hele paHee BeIBOIBI. Duckyc u coastopsl (Fiscus et al. 1981)
YKa3bIBAIM Ha TO, YTO YMCIIEHHOCTh JKUBOTHBIX, MOJyUCHHAS TIPH
mojcuere Ha (ororpadusx, OKa3bIBAETCS HUKE pE3yJIbTAaTOB
BU3YaJBHOTO yYeTa.

Takum oOpa3oM, HECMOTpPSI HA TO, YTO (POTOYIETHI MOTYT CITy-
KHTh HAaZEKHBIM U XOPOIIO JTOKYMEHTHPYEMBIM METOIOM OLCH-
K{ YHCIICHHOCTH CHUBYYEH, MX pe3yJbTaThl, KaK U JaHHbIC BHU3Y-
IBHBIX YYETOB, IPU CPABHHUTEIHLHOM aHAIU3E CIEIYeT HCIOJb-
30BaTh ¢ OOJIBILION OCTOPOKHOCTEIO.

ABTopsI nckpenne npusHatensHsl B.C. IpsuxoBy, J[.H. 3axapo-
o, A.I'. Kongparioky, E.I'. MamaeBy, C.B. Hukynuny, C.J.
PsaszanoBy, A. M. TpyXuHy U ApyruM ydacTHHKaM IpOEKTa 3a
aKTHBHYIO ITOMOIIb B MPOBe/eHNN HabmoaeHuit. PaboTa BbImon-
HsUTach MpH noanepxke HammonansHo# naboparopun CIHA mo
n3ydeHnto Mopckux miekonuraromux (NMML/NMFS/NOAA) n
LenTtpa Mopckoii XKusun Amnsicku (Alaska SeaLife Center).

A comparative analysis of the two methods for
calculating the number of SSLs at rookeries
confirmed the earlier findings. Fiscus et al.
(1981) indicated that the number of animals
counted on the photographs was less than the
results of visual counting. Thus, despite the fact
that photographic counting can serve as a relia-
ble method for estimating the number of SSLs,
results should be used with great caution during
comparative analyses.
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kov, D.N. Zakharova, A.G. Kondratyuk, E.G.
Mamaev, S.V. Nikulin, S.D. Ryazanov, A. M.
Trukhin and other project participants for their
active assistance in the observations. This work
was supported by the U.S. National Marine
Mammal Laboratory, AFSC, NMFS, NOAA,
and the Alaska SealL ife Center.
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