YenuHues. Anrzopumm pacdema YucreHHocmu Genyx o 0aHHbIM asuaydyema

Yemanunes H.I'.

Anroputm pacyeTa uncneHHoctn 6enyx (Delphinapterus leucas) no

AaHHbIM aBuay4veTa

MockBa, Poccus

Chelintsev N.G.

Algorithm for white whales (Delphinapterus leucas) number estima-

tion on data of aerial survey

Moscow, Russia

B cootBerctBuM ¢ mporpammoit «benxyxa — bensiit Kum»
UIID5 PAH Obum mpoBeneHbI aBHAydeThl OelyX Ha BBI-
6opounsix MapmpyTax (Sample transects) B 5 paifonax
Benoro mops B 2005-2011 rr. (I'mazoB u gp. 2008, Como-
BbeB 1 J1p. 2012, HacT. cOopHUK) a Takxke B CaxalnHCKOM
3anuBe U AMypckoMm nuMmane Oxorckoro mops B 2009-
2010 rr. (I'mazoB u ap. 2012, HacT. cCOOPHHUK).

[Tpu pacyere YHCIEHHOCTH OENyX B KaXKIOM M3 BBIJENICH-
HBIX YYETHBIX pailoHaX HCIIONB30BAICA OAWH U TOT Ke
ITOPUTM 3KCTPAIOJISIIN, MaTeMaTHIecKoe 000CHOBaHNE
KOTOporo m3noxeno B pabore Yemmuumesa H.I'. (2000).
ApeHa SKCTpaIoJSIIMKM JJaHHBIX BBIOOPOYHOTO ydeTa Juis
Ka)XXJJOTO M3 paliOHOB OIpejersulach ero reorpadueil u
MOJIO)KEHUEM YUETHBIX MapIIPyTOB.

PacueTsl NpoBOAMIINCEH € UCIIOJIB30BAHUEM KOMITBIOTEPHOM
nporpammbl «BEJIYXA» ans manubsix yderoB B bemom
Mope u nporpammbl «BEJTYXA-2» 1 gaHHBIX y4eTOB B
OxorckoM mope. Ot nporpammbl «BEJIYXA» mporpamma
«BEJIYXA-2» oTau4aeTcst TeM, YTO B HEH JIONOJIHUTEIILHO
MPeIyCMOTpPEHa  00paboTKa  JAHHBIX  «CIUIONIHBIX)
aBHAYy4YeTOB, MPU KOTOPBIX OOCIEOBAHHIO IOJBEPTacTCs
«CIUJIOMIb» BCA IUIOIIAfb, 3aHMMaeMasl JaHHOM TIpyMNIu-
POBKOi#1 6eyX, ¥ SKCTPANOJIAIHS HE TPOBOANTCH.

Koppexuus oOucmanyuonnozo Heooyuema Ha oOnmu-
ManvHo o0zZpanuvenHoil nonoce. Eciu mpepanonaraercs,
YTO BEPOATHOCTh HAXOXKIEHHUS OeTyX Ha Pa3HBIX paccTos-
HUSAX OT OCH MapIipyTa IMEeT paBHOMEPHOE paciperere-
HHUE, ¥ B TO JK€ BpeMsI BEpPOSATHOCTh OOHAPY>KEHHS YKHBOT-
HbIX YMCHBIIACTCA C YBCJIMYCHHUEM PACCTOAHUA 10 HUX OT
OCH MapuipyTa, TO IPOBOAUTCS KOPPEKIUU AUCTAHIMOH-
HOTO HeloydYeTa 10 JaHHBIM PAcCTOSHUNA OOHapy >KeHHS
oenyx mpu yuere. llupuna obcnenyemoii ¢ kaxaoro oop-
Ta nosnockl W 1715l IaHHOTO Y4eTHOTO palioHa OIpeAeseT-
sl HAaMOOJIBILIIM PACCTOSIHUEM OOHapyKeHUst OenyX B paii-
one. Best monoca W nenurest Ha 20 paBHBIX HHTEPBAIOB U
JUIL KaXXOW TII0JIOCHI, COCTABJIEHHOH W3 | MHTEpBAJIOB,
MPOBOJIUTCS OLICHKA IIOJHOTHI OOHapyXeHus OeixyX IO
(hopMyre, OCHOBaHHOH Ha MHTETPANBLHONW JOTHOPMAITBHOM

In accordance with the program «Beluga — White
Whale» IPEE RAS aerial survey of belugas by sam-
ple transects have been made in the 5 survey regions
of White Sea in 2005-2011 (Glazov et al. 2008,
Soloviev et al. 2012, pres. Collection) and also in the
Sakhalin Bay and Amur estuary of Okhotsk Sea in
2009-2010. (Glazov et al. 2012, pres. Collection).

The same extrapolation algorithm was used for belu-
ga number estimation in each of these regions. Math-
ematical basis of the algorithm has been worked out
by Chelintsev N.G. (Yenmunnes 2000). Arena of ex-
trapolation of sample survey for each of the regions
has been determined by its geo-location and by the
position of sample transects.

Calculations were conducted using the computer
program «BEJIYXA» for survey data in the White
Sea and the program «BEJTYXA-2» for survey data
in the Sea of Okhotsk. Comparing to the
«BEJIYXA», the «BEJIYXA-2» program provides
additional data-processing of continuous aerial sur-
vey with aerial observation of the whole area occu-
pied by surveyed population, and extrapolation is not
conducted.

Correction of distance undercount for an optimal
truncated strip width. If it is assumed that the proba-
bility of beluga location at different distances from
the axis of the transect have the uniform distribution,
and at the same time, the probability of beluga detec-
tion decreases with increasing distance from the axis
of transect, the correction of the distance undercount
by the data of beluga detection distance is conducted.
Observed width on each side of the strip W for the
each region is determined by the greatest beluga de-
tection distance in this region. The whole strip W is
divided into 20 equal intervals and for each strip,
made up of t intervals, the completeness of beluga
detection is estimated by the formula based on the
integrated lognormal (LN) detection function (Ye-
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(JTH) pyuxumn oonapyxenus (Yenunues 2000).

| murues 2000).

P, =0,78G, +0,22G.*?, Gt=%\/-i

n iz

rae Py — ouenka monHotsl ydera Oenyx Ha nonoce Wy, co-
crosimer u3 t uaTepBanos mo xkaxmomy Gopry; Gt — Hop-
MMpPOBaHHAs CPEJHEKBAApPAaTHUECKas BEIMYUHA PACCTOs-
HUI 0OHApYXECHUS 0c00eii OemyX I TOH ke MoIoCk; Ni —
qpciIo GenyX, 0OHApYKEHHBIX B I-M MHTEpBAl€ PaccTOs-
mmit (I=1+t); Ny — cymmapnoe umcio ocobel Geryx, obHa-
pykeHHbIX Ha nonoce W

OTHOCHTEbHAS CTATHCTHYECKas OMIMOKA OLEHKH MOJHO-
TBI yueTa Oenyx s kaxkaon nmomocsl Wy paccunteiBaeTcs
o opmyme

(+1,21362%) c, (v?)

> (i-05)n, +

%, nt=zt:ni, (t=1+20), 1)

where Py is the estimate of the completeness of belu-
ga detection in the strip W, consisting of t intervals on
each side; G; is the normalized root-mean-square val-
ue of the individual beluga detection distances for the
same strip; n; is the number of beluga individuals de-
tected in the ith interval of the distance (i=1+t); n; is
the total number of belugas, detected in strip W, .

The relative statistical error of the estimation of the
completeness of the beluga detection for each strip W,
is calculated by the formula

1+C2(b)

°P) = 2(1+0,28263% JJL+C, (y2.b),

rae Cy (y?) — ko3 HIMEHT BapHalin KBaIpaTOB PaccTo-
sHU 0OHapyxeHHbIX Ha monoce Wi rpynm Genyx, Ci
(b) — ko3 puumenT Bapuanmm uucnaa ocobel B 0OHapy-
JKeHHbIX rpymmax 6enyx, Ci (y2,b) — orHocHTenbHAs KOBa-
pUanus KBaJpaToB pPACCTOSHUN OOHAPYKEHHBIX TPYIII
Oenyx u pasmepos rpymm, Ki — obmee ancino obHapyxkeH-
Hpix Ha nonoce W, rpymnm Gernyx.

Ecnu 3aBHCHMOCTD BEpOSITHOCTH OOHApy>KeHHs OelyX OT
UX pacCTOSHMSA IO OCH MapHIpyTa OTIHYaeTrcs 1mo ¢opme
oT MojenbHON (QyHkunu obHapyxenus (JIH), To Bo3Huka-
eT CHCTeMaTHYecKasi OIMOKa B OIEHKE ITOJHOTH OOHApY-
xeHus. UTOOBI yMEHBIIUTH 3Ty OIIMOKY, JUI1 KaXKIOTro
pailioHa POBOJHUTCS AaBTOMAaTHYECKOE ONTUMAIBEHOE Orpa-
HUYEHHE Y4YeTHOW mojochl. C 3TOU IeNnblo IS Kaxaon
nonocsr Wi, cocrosimieit u3 { wHTEpBAIOB MO KaXIOMY
GOpTY, PacCUMTHIBAETCS KpHTepHanbHOe 3Hauenue Gy,
3aBUCsIIEEe OT Yucia OOHAPY)KEHHBIX Ha JAHHOW moioce
rpynn Gemyx Ky,

Gy =1-05k2%,

HauGonsliee 4uCIo MHTEPBANOB t, 115 KOTOPOrO BBIIOJ-
HSIETCS YCIIOBUE

G, >Cyor

MIPUHUMAETCSl KaK onTHManbHoe. ONTUMAaIbHOMY YHCITY
MHTEPBANIOB C Kaka0ro 6opra lopt COOTBETCTBYET OmTH-
MaJlbHO OTpaHWYCHHAs IIMPHHA YYETHOH IOJIOCHI C KaX-
noro 6opra Wopt. CooTHoenue (3) mogo0paHo Ha OCHOBE
KOMIIBIOTEPHOT'O MOJIEIUPOBAaHUS 10 MeToxy MoHTe-
Kapno ¢ npuBieyeHneM anbTepHaTHBHBIX GopM QyHKLIUH
oOHapyxeHus. Jlsl ONTHMalbHOM INUPUHBI TIOJIOCHL C
kaxgoro 6opra Wy, monHas ommnOKa OLEHKH TMONHOTHI
yuera OeyX, COCTaBIE€HHAas U3 CTaTUCTHYECKON M cucTe-
MaTUYeCcKOW OIIUOOK, OJiH3Ka K MUHHUMYMY. ONTHMAIbHO

, (t=1+20), (2
K,

where C; (y?) is the coefficient of variation of the
squares of the distances of beluga groups detected in
the strip W;, C; (b) is the coefficient of variation of
detected beluga group sizes, C; (y°,b) is the relative
covariation of the squares of the detection distances
with the sizes of detected beluga groups, k; is the total
number of the beluga groups detected in the strip W,.

If the dependence of the beluga detection probability
from their distance to the axis of transect differs in
shape from the model of detection function (LN), a
systematical error of the completeness of detection
arises. In order to reduce this error automatic optimal
truncation of the strip width is done for each region.
With this purpose for each strip W, consisting of t
intervals on each side, the criterial value G, depend-
ing on the number of detected in this strip beluga
groups k;, is calculated

(t=1+20). (3

The greatest number of intervals t, for which meets
the condition

4)
is assumed as optimal. The optimal number of inter-
vals on each side 1o, corresponds to the optimal trun-
cated width of the survey strip Wopr. The equation (3)
was selected by computer simulation with Monte Car-
lo method, involving alternative forms of detection
function. For the optimal width of strip on each side
Wt the complete error of the estimation of the com-
pleteness of beluga detection, consisting of statistical
and systematical errors, is close to minimum. To the
optimally truncated strip width W, correspond the
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orpaHuyeHHoi mupuHe nonocsl Wop: COOTBETCTBYIOT 3HA-
YeHHeE TI0JHOTHI y4eTa Ha nonoce Py, U ee oTHOCUTEIbHAs
craructuyeckas omubka e(Pgpi), paccuntanusie no ¢op-
mynam (1) u (2) npu t=toy. 3HaueHnst Py 1 €(Popy) uc-
nonb3yercst B nporpammax «BEJIYXA» u «BEJTYXA-2»
JUI. KOPPEKIMY AWCTAHIMOHHOTO Hejoydera Oemyx (cM.
Hiwke hopmyisl (12) u (13)).

B ommmume oT ucnone3yromieiics B IporpaMMe
«BEJIYXA» monemn ¢ynkuun obHapyskenns JIH B mpo-
rpamme «DISTANCE» (Backland et al. 1993, Backland
et al. 2001) B kauecTBe «KIFOYEBBIX» MPUMEHSIOTCS MOTY-
HopmansHast (HN) u Hazard-rate (HR) mozmenn. Kak moka-
3an cpaBHuTenbHBIN aHamu3 (Yemmnmes 2010 a,0,8),
¢ynkuus obnapyxenus JIH mpu ontumansHOM ee orpa-
HUYEHUU B CPEJHEM JIydllle COOTBETCTBYET (haKTHYECKUM
JIAaHHBIM PaCIIpeeNICHUs] PacCTOSHUI 00Hapy)KeHHs OeyX
no cpasHenuro ¢ mozaemssmu HN u HR. [onyHopmansHas
mozaens (HN) m3-3a ciMIIKOM KOPOTKOTO IIATO YacTo
MPUBOJMT K 3aHIKEHUIO OLIEHKH MOJHOTHI y4eTa OenyX H
3aBBIIICHUIO OIEHKH MX YHCICHHOCTH, a Moxenb Hazard-
rate (HR) Hepenako mpuBOAUT K 3aBBIIICHUIO OIICHKHU IMOJI-
HOTBHI y4yeTa WM 3aHIDKCHUIO OICHKH UYHCICHHOCTH H3-3a
CJIMIIKOM HPOTSHKEHHOTO IUIATO.

JIOBOJBHO  4acTO TOpU  NPUMEHEHHH  MPOTPaAMMBI
«DISTANCE» BO3HHMKAalOT CHUCTEMATHYECKHE OIIMOKH B
OIICHKE MOJIHOTHI y4YeTa M3-3a HEOOOCHOBAHHOTO 100aBIIe-
HUS JOTIOJIHUTENBHBIX KOPPEKTHPYIOIIUX HICHOB (YHK-
MM OOHApPYKEHUs, BI3BAHHOTO CIIy4ailHbIM OTKIJIOHEHH-
eM (haKTUUIECKOTO PaCIpeieNiCHHs] PaCCTOSHUN 00HapyKe-
HUS OT «KIFOYEBOI» Mozaenu. [Ipu sToM nobaBiieHHE KOp-
PEKTUPYIOIIUX YJICHOB BCErJa YBEJIMYMBAET CTATUCTHYE-
CKYIO OINMOKY B OILIEHKE TOJIHOTBHI y4eTa U B HEKOTOPBIX
ciyyassix TpeOyeT «MOHOTOHHU3AIMK» PACCUMTHIBAEMOM
GbyHKIMH OOHAPYXKEHUsI, YTO TPHBOAUT K YBEIUYCHHIO
CTaTUCTUYECKOMN OIINOKHU.

Bropoe BaxkHOE OTIMYHME aNTOPUTMa  HPOTPAMMEI
«BEJIYXA» B 4acTH KOPpPEKIUU JUCTAHIIMOHHOTO HEJO-
ydue€Ta COCTOUT B TOM, YTO B HEeH OIICHKA IMOJIHOTHI Y4YCTa
Ha YYEeTHOHM MOJOCe IPOBOJHUTCS MO pacrpeieeHuio 00-
Hapy»XeHHBIX 0co0eii Oenyx mo dopmynam (1) u (2). B
nporpamme «DISTANCE» orieHka mojHOTHI y4era pac-
CUMTHIBAETCSI IO PpACIPEAEICHUI0 pacCTOSHUN OOHapy-
JKEHHBIX rpynn Oenyx. [Ipn 3ToM sKcTpanomsmus Takxke
MPOBOJNTCS 110 OOHApYXEHHBIM TPYNIIaM, B pe3yJbTaTe
Yero MOoJydYaeTcsi OLEHKA YHCIEHHOCTH rpynn Oemyx. s
HepeBoJia PACCUMTAHHON OLEHKH YHCICHHOCTH TPy B
JAHHOM YYETHOM paifioHe B OIEHKY YHCICHHOCTH 0coOei
Heo0XoMMa OLICHKA CPEIHEero pasmepa IpyIl B HOITyJs-
MU, U pacyeTa KOTOPOH IIOJIB30BATENI0 IPOTPaMMBI
«DISTANCE» npennaraercst mpuMeHATh KaKOH-1100 u3 4
pa3HBIX cO0CcO00B 0e3 YEeTKUX KPUTEpHEB BHIOOpPA JIydIIle-
ro cnocoba. Ot 4 crocoba pacuyera JalOT B HEKOTOPBIX

values of the completeness of beluga detection in the
strip Pope and its statistical errors e(Poy), calculated by
the formulas (1) and (2) at t=top.. The values of Py
and e(Pgp) are used in the «BEJIYXA» and
«BEJIYXA-2» programs to correct distance underes-
timation of belugas (see below the formulas (12) and

(13)).

In contrast to detection function model LN in the
«BEJIYXA» program, in the program «DISTANCE»
(Backland et al. 1993, Backland et al. 2001) are used
as key the half-normal (HN) and Hazard-rate (HR)
models. As demonstrated by the comparative analysis
(Yenunues 2010 a,6,8), the detection function model
LN in its optimal truncation, on average better corre-
sponds to the actual data of the distribution of beluga
detection distances compared with models HN and
HR. The half-normal model (HN) because of the too
short plateau often brings to underestimation of the
value of the completeness of beluga detection and to
overestimation of the beluga number, and the model
Hazard-rate (HR) sometimes brings to overestimation
of the value of the completeness of beluga detection
and to underestimation of the beluga number because
of a too long plateau.

Fairly frequently, when the program «DISTANCE» is
applied, appear the systematical errors in the estimate
of the completeness of the beluga detection due to an
unsubstantiated addition of adjustment terms of the
detection functions caused by random deviation of the
actual distribution of the detection distances from the
key model. In this case an addition of adjustment
terms will increase a statistical error in the estimate of
the completeness of the animal detection and in some
cases requires the «monotonization» of the estimated
detection function, that brings to increasing of statisti-
cal error.

Another difference of the algorithm of the
«BEJIYXA» program in the method of correction of
distance underestimate consists in the fact that the
estimate of the completeness of animal detection in
the survey strip is conducted directly on the distribu-
tion of the detected beluga individuals by the formu-
las (1) and (2). In the program «DISTANCE» the es-
timate of the completeness of animal detection is cal-
culated by the distribution of the distances of the de-
tected beluga groups. The extrapolation is also con-
ducted on data of the detected animal groups. In order
to transfer the estimated value of the animal group
number in the region into the number of animal indi-
viduals, it is necessary to estimate the mean size of the
animal groups in the population. In «DISTANCE»
program is proposed to apply 4 different methods
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ClIydasix CYLIECTBEHHO pazimyaromuecs (mo 1,5-2 pa3)
3HA4YEHHs OLEHOK CPEJHEro pa3Mepa rpyIil U Kak clel-
CTBHE HACTOJIBKO YK€ Pa3IMYHbIC OLCHH YUCICHHOCTH OCO-
Oeid.

Axcmpanonayua. Ilpu paBHOMEPHOM pa3MEIIECHHM IIa-
paNIenbHBIX YYETHBIX MaplIPyTOB HCIONB30BaHUE CTaH-
JapTHOU (OPMYJIBI CTATHCTHYECKOH OIIMOKH, OCHOBaHHOM
Ha MOJIEJIH CIIy4aifHOTO pa3MelleHHs YYEeTHBIX Mpo0, JaeT
3aBBIIICHHE OIIEHKH CTATHCTHYECKOW OMIMOKH 3KCTparo-
JALWH, €CIH UMEET MECTO CYIIECTBEHHBINA TPEH]I MIIOTHO-
CTH HaceleHHWs B HANpaBICHUH, NEPHEHIUKYIIPHOM
MapmpyTam. ist TOro 4ToObl HCKIIOUUTH TaKOE 3aBBIIIIE-
HHE OIICHKM CTAaTHUCTUYECKOH OMMOKHW, B IpoTrpamme
«BEJIYXA» ucnonp3yercs pasfesbHasi SKCTPAIOJALHS 110
KaXIOMy MapuipyTy. [ Kakqoro BbIIEIEHHOT0 Y4eTHO-
ro paifoHa paccUMThIBaeTCs HalOIIogaeMas IUIOTHOCTb
HaceyeHdss Ha Kaxaom wmapupyre Ds Ha omtumansHo
OrpaHUYEHHOH yueTHOM monoce mupuHoi Wog: ¢ Kaxnoro
6opta o popmyie

Ds = ns/qs v O =2LsWo

rae Ng — KoMM4YecTBO ocobeit Oenyx, 0OHapyKEHHBIX Ha S-
M MapupyTe; (s — MJIOHIagh YYETHOH IOJOCH Ha S-M
mapuipyte; Lg — mmHa S-ro mapuipyrta; ' — KOJIMY4ECTBO
YYETHBIX MapUIpyTOB B JAaHHOM paiioHe.

Ecnu mapannenbHble ydeTHBIE MaplIpyThl pa3MelleHbl B
aKBaTOPUM YYETHOTO pailoHa paBHOMEPHO (C paBHBIMHU
WHTEpBAJaMH), TO TPUMEpPHas IUIONIab CEKTOpa JKCTpa-
nossiuu Qs JUISL KasKI0TO S-ro MapIipyTa pacCUUTHIBAET-
Cs1 TI0 YIpOIIeHHOH popmyire

L m
Q5=Qf, L=SZ=1:LS,

rae Q — miom@aas AaHHOro yueTHoro paiiona, L — cymmaphas
JUIMHA BCEX YYETHBIX MapIIPyTOB B JaHHOM paiioHe, I' — KOJH-
YECTBO MapaJUIeIbHBIX PABHOMEPHO PAa3MEIEHHBIX YUYETHBIX

MapupyToB B paiioHe. CymmapHas

B Tex cmywasx, Korjga HHTEpBaIbl MEXy HNapaaeIbHBIMHU CO-
CeHNMH MapIIpyTaMH CYIIECTBEHHO pa3NUYaloTCsa, TO JUIS
KaXJIOH Tapbl COCEIHUX MapIIPYTOB MEXTy HUMU IPOBOIUTCS
paszensiomas napauieNbHas IMHUSI HA PABHOM PAacCTOSHUH OT
JUHUE MapupyToB. I KaKAOro S-ro MaplupyTa u3Mepsercs
[0 KapTe IUIOMAJb COOTBETCTBYIOLIETO CEKTOpA 3KCTPAIOs-
mnn Qs , orpannYeHHas OIKAKIIMMH Pa3ICISIONIUMA JIMHUS-

MM Y BHEIIHEW IpaHULIEH JaHHOTO YYETHOTO paiioHa.

DKCTparoIMpoOBaHHOE YUCIIO 0CO0eH OelyX Ha IUTOMmAaan CeK-
TOpa SKCTPAIOJISLMY, COOTBETCTBYIOIIETO S-My MapIpyTy,

paccumThIBaeTCs 1Mo Gpopmyiie

Ns = Dst' (S:

pt

without well-defined criteria of selecting a better
method. These methods of calculation can lead to sig-
nificantly different (up to 1.5-2 times) estimates of
mean size of animal groups and as a result to different
estimates of the animal individual numbers.

Extrapolation. If in region is applied the regular loca-
tion of parallel survey transects then the use of a
standard formula of calculation of statistical error
based on the model of random location of the sample
transects, yields an overestimation of the statistical
error of extrapolation when there is a substantial trend
of population density in the direction perpendicular to
the transects. In order to exclude such overestimated
estimates of statistical error of extrapolation in the
«BEJIYXA» program is used the separate extrapola-
tion on each transect. For each survey region and for
each transect is calculated the observed population
density Ds on the optimally truncated survey strip
width Wyt on each side by the formula

(s=1+r),

where Ny is the number of beluga individuals detected
on the sth transect, g is area of the observed strip for
the sth transect, L is length of the sth transect, r is the
number of survey transects in the region.

In case the parallel survey transects are in the water
area of the survey region regularly (with equal inter-
vals), the approximate area of the extrapolation sector
Qs for each sth transect is calculated by a simplified
formula

(s=1+r), (9

where Q is the area of the survey region, L isthe
summary length of all survey transects in the re-
gion, r is the number of regularly located survey
transects in the region.

In those cases when the intervals between the
parallel adjacent transects differ substantially, for
each pair of adjacent transects is drawn a dividing
parallel line at equal distances from the adjacent
transect lines. For each sth transect is measured
on the map the area of the corresponding sector of
extrapolation Qs, limited by dividing lines and the
external boundary of the survey region.

The extrapolated number of beluga individuals on
the area of the extrapolation sector corresponding
to the sth transect is calculated by the formula

1+ r). (7

Craructudeckas OmuoOKa SKCTPAIOJISIUK IS KaXKI0ro S- | The statistical error of extrapolation for each sth (not
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ro He KpallHero MapipyTa paccYuThiBaeTcs 1o Qopmyse
(Yemuames 2000, 2004)

first and last) transect is calculated by the formula
(Yemuuues 2000, 2004):

Poptd
N )= 1— optHs
m( s) Q [ Q.

[l IepBOro M MOCIETHEro MapIIpyTOB CTaTHCTHYECKHE
OLIMOKYU DKCTPAIONISIUHA PACCUUTHIBAIOTCSI COOTBETCTBEH-

HO 110 (hopMyJIam
P -
m(N1)=Q1 1- opth |Dl D2|

Q V2

OKCTpamoJMpoBaHHAs OIEHKAa YHCIECHHOCTH 0Oco0er
OeIyX B JaHHOM YYETHOM paifoHE M ee CTaTHCTHYeCKas
ommuoOKa pacCUUTHIBAIOTCS MO (hOpMyIaM

N =iNs, 10)  m(N

CKOppeKkTUpOBaHHAasT Ha JMCTAHI[MOHHBIA HEJ0y4eT
OIIEHKA YNCIIEHHOCTH 0co0eil Oeyx B JaHHOM yYETHOM

paﬁOHe NCOI’ N €€ OTHOCHUTCJIbHAsA CTAaTHCTUYCCKas

omuoka e(Ncor) paccuuTHIBAIOTCS 110 hopMyam

m(N

(Ds—l - Ds)z(l—s_ + Ls)+(Ds - DS+1)2(LS + Ls+1) o
][ 2L, +2L +Ly,,) ’ (S 2+1 1)- 8)

For the first and the last transects the extrapolation
statistical errors are calculated by the formulas respec-

tively
Ppd: |D,_1— D
— 1_ optHir r—1 r .
r) Qr Qr \/E

The extrapolation estimate of the number of beluga indi-
viduals in the survey region and its statistical error are
calculated by the formulas

)= /Z;:mz(Ns). (12)

Estimate of number of beluga individuals in the survey
region with correction of beluga distance undercount

Nor and its relative statistical error e(Ncor) are cal-
culated by the formulas

)

Ngor = N/Pye. (12)

rne €(N) — oTHocuTenbHas craTMCTHYECKas OIIMOKaA
OLICHKH 3KCTPATOJIMPOBAHHOM YMCICHHOCTH OClTyX B JaH-
HOM YYETHOM paiioHe.

pt’

Jitst ciydast, Korja psi MapajulelbHbIX YYSTHBIX MapIIpy-
TOB C HEPABHBIMU WHTEPBAJIAMH MEXITYy HAMH MOXHO ITO-
JICTINTh Ha TPYINBI, B KAKIOH W3 KOTOPBIX MAapIHIPyThI
pasiesieHbl PaBHBIMH HMHTEPBAAMH, TMPEIJIOKEH METO]
pa3aesbHON IKCTPANONSIUKE [0 TPYNIaM PaBHOOTCTOSI-
mux MapipytoB (Kingsley et al. 1985, Stenson et al.
1993). B 3TOM MeTO/Ie B KAYECTBE HCXOJHOM BHIOOPOUHOI
NEPEMEHHOM HCIOJIB3yeTCS HE IUIOTHOCTh HACEJTICHHs, a
YHCIIO OOHAPYKCHUI Ha KaXXIOM MapuipyTe, 4TO Hakia-
JBIBACT OrPAaHUYCHHE HA €ro MPHUMEHUMOCTh MPH 3HAYH-
TEJIBHBIX PA3IHIMSIX IJINH YISTHBIX MapIIPYTOB.

[Iprmenensstit B mporpamme «BEJIYXA» anroputm pas-
JIETIBHOM 3KCTPATONAIMA TI0 KaKIOMY W3 TapajuIebHbIX
MapIIpyTOB SABISETCS TOCTATOYHO YHHBEPCATBHBIM H MO-
’KET WCIIOIB30BAThCSA MPH HEPABHBIX THHAX MapIIPYTOB
U HEOJMHAKOBBIX HHTEPBATAX MEXIY MapauIeIbHBIMH
MapipyTamu B yuetHoM paiione (Uenuniies 2000, 2004).

W35105KEHHBII QJITOPUTM PA3ACIbHON 3KCTPANlOJIALMUA 110
OTZEIbHBIM YYacTKaM MapLIpyTa MOXET IPUMEHSATHCS
Ipy MUI000pa3HOM WM 3Ur3aroodpasHoM mapuipyre. B
9TOM Cllydae JIMHUM, Pa3AeisaIolIue OTHEIBHBIE CEKTOpa
SKCTPAIOJISLHH, IPOBOAATCS IIOCEPEIUHE MEXKIY OTHEIb-
HBIMU NPSAMOIMHENHBIMU Y4aCTKAMHU MapLIpyTa.

Ilpu cnnowtnom aguayueme Oeyx B KadeCTBE OLICHKH

e(N,, )= \/eZ(N

)+e?(P,).  e(N)=m(N)N, (13)

where e(N) is the relative statistical error of the esti-
mate of the extrapolated number of the beluga individ-
uals in the survey region.

For the case when all parallel survey transects with
unequal intervals between them can be divided into
some groups in each of which the intervals between
transects are equal, the method of separate extrapola-
tion for each group with equal intervals between tran-
sects is proposed (Kingsley et al. 1985, Stenson et al.
1993). In this method instead the population density on
each of survey transects is used the number of detected
animals, that limits the application of this method
when there is the substantial difference of the lengths
of the survey transects.

The algorithm of separate extrapolation for each of the
parallel transects applied in the program «BEJIYXA»
is enough universal and can be used if survey transect
lengths are unequal and intervals between the parallel
transects in the survey region are also unequal (Ye-
nunies 2000, 2004).

The presented algorithm of separate extrapolation on
separate sections of the survey route can be used also
for the saw-toothed or zigzag route. In this case, the
lines forming separate extrapolation sectors are con-
ducted at equal distance between separate straight sec-
tions of the survey route.

When the continuous aerial survey of belugas is con-
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YHCJIEHHOCTH B JAHHOM PalOHE MOXHO B35Thb CyMMapHOE
YHCIIO BCEX OJHOKPATHO OOHAPY>KEHHBIX KHUBOTHBIX. [Ipn
9TOM CTaTUCTHYECKas OIIMOKa OLEHKH YHCIEHHOCTH
OIIpEJIeTISIeTCSl TeM, YTO KaxJaas 0coOb, HAaXONSILAsCS B
paiioHe, IMEeeT JIMIIb HEKOTOPYIO BEPOSITHOCTh HAXOAUTh-
Csl Ha TIOBEPXHOCTH U OBITH 00HapyxeHHo#. Popmyra s
pacyera OTHOCHUTENILHOM CTAaTUCTUYECKON OMIMOKH (B 1O-
JISIX €AVHUIBI) B OLIEHKE YUCIIEHHOCTH OeyX IpH CIUIONI-
HOM yd4eTe OCHOBaHA Ha OWHOMHAJIBHOW MOJENH pacrpe-
JIeTIeHNs] Yrcia OOHapy>KeHHBIX OeIyX ¥ NMeeT BHI

ducted then as the estimation of the beluga number in
the region is assumed the total number of detected
animals. The statistical error of beluga number esti-
mate is determined by the fact that each beluga has
only a certain probability of being on the surface and
of being detected from air. The formula for calculation
of the relative statistical error of the beluga number
estimate by continuous survey (in shares of one) is
based on the binomial model of distribution of beluga
estimation and has the form

e(n)=4(L-pK/n, @4

rie P — cpedHss BEpPOSTHOCTh HAXOXKACHHS KaxIoW Oe-
JIyXH Ha TIOBEPXHOCTH MOpPSI M OBITh OOHApY>KEHHOW IpH
nonere Hajx Hel Habmomartens, K — cpemumii pasmep
rpymn OenyX, CHHXPOHHO ITOTPYXKalolHUXcsl Ha TIyOuHy, N
— obmiee ynciio 0OHAPYKEHHBIX OETyX B 30HE CIUIOIIHOTO
yuera.

B nporpamme «BEJIYXA-2» nns pacdera CTaTUCTHYe-
CKOW OLIMOKHM OIIGHKH 4HCIla «IOBEPXHOCTHBIX» OenyX
mpu crutonrHoM ydere B OXOTCKOM MOpe OBUTH TIPHHSTHI
suavenust P=0,5 u K=1, u popmyia (14) cenach k Gosee
MIPOCTOMY BUITY

where p is the mean probability of finding of beluga
on the surface of the sea and of being detected from
air, K is the average size of beluga groups, that syn-
chronously are immersed at the depth, n is the total
number of detected belugas in the area of continuous
survey.

In the program «BEJIYXA-2» to calculate statistical
error of the estimation of the «surface» beluga number
for continuous survey in the Okhotsk Sea were accept-
ed values p=0,5 and K=1, and formula (14) was re-
duced to a more simpler form

e(n)=,05/n. (15)

®opmyna (15) maer odeHb HPUONMKEHHOE 3HAUCHHE
CTaTHCTHYECKOH OMIMOKM B CHJIY HETOYHOCTH Cero-
JHALIHUX 3HaHui 0 BennuuHax P u K. Hecmotps Ha 3to0,
paccunTanubie 1o Gopmyne (15) 3HaueHus craTomrOoK
MIPUMEHSUINCh Ha TIPaKTHUKE, HAlpuMep, MpH pacueTax
OLICHOK J0MycTUMBIX KBOT (PBR).

Formula (15) gives a very approximate value of the sta-
tistical error due to inaccuracies of knowledge of values
p and K. Despite this, values of statistical errors calcu-
lated by formula (15) were applied in practice, for ex-
ample in the calculation of the estimates of allowable
quotas (PBR).
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