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MeToauka pacyeta umcneHHoctn 6enyx (Delphinapterus leucas) no

AaHHbIM aBuay4veToB

MockBa, Poccus

Chelintsev N.G.

Estimation of beluga (Delphinapterus leucas) numbers based on aeri-

al survey data

Moscow, Russia

B 2005-2007 rr. 6pUH IPOBEIEHBI BEIOOPOYHBIE aBHAYIETHI
6exyx B bermom mMope ¢ pa3MenieHHeM yYeTHBIX MapLIpyTOB
B BHJIe apaiuienbHbIX ranco (['masos u mp. 2008). Ha puc.
1 mpencraBieHa KapTocxeMa pPa3MEIICHHS YYETHBIX Map-
HIPYTOB B IISITU BBIACNCHHBIX paiiOHaX NPH aBHAydyeTe B
utoze 2005 r. [IpumepHO Takoe e pa3MeIIeHHe yYETHBIX
MapIIpyTOB B paiioHax coxpansutock B 2006 1 2007 rr.

[Ipu perynspHoM (C paBHBIMH HHTEpBaJlaMM) pa3MeLICHUU
YUETHBIX T'aJICOB B pallOHE CTAaTHCTHYECKas OIMIMOKa DKCT-
parossiMy  OKa3bIBaeTCs MEHBIIE, YeM IIpH CIIydalHOM
pa3MeIleHNH TajcoB, MOCKOIBKY MCKIIOYaeTCsl COCTaB-
JISIOIIAsl CTATUCTUYECKON OIMMOKM, BOZHHMKAIONIAs 32 CYET
CITy4alHOTO PACTPEICIICHNs] YHCEN TAJIICOB B YACTSIX pailoHa
C pa3sHOM IJIOTHOCTBIO HaceJeHus OemyX. [l omeHKH dmc-
JICHHOCTH WCIOJb30Bajlach CIENHAIBHO pa3paboTaHHAS
nporpamma BEJIYXA, cocraBieHHas Ha OCHOBE NPUIIOXKE-
Hust MS Excel . B kaxaom paiioHe npuMeHsUiach pasJelib-
Hasl SKCTPAIOJISALUS MO BBIAEIECHHBIM PAaCUETHBIM CEKTOpaM
(10 OTHOMY CEKTOPY Ha KaXKIbIi Tajic) U ¢ pacueToM ajieK-

In 2005-2007, sam pling bel uga aerial sur veys were
carried out in the White Sea with the location of cen-
sus routes as parallel transects (I'mazoB u ap. 2008).
In fig. 1 you can see a chart of routes in five marked
areas during the aerial survey in July 2005. The aeri-
al routes remained approx imately the same in 2006
and 2007.

With a regular (with equal intervals) location of sur-
vey transects in the area, the statistical ex trapolation
error is less t han with a rand om lo cation of survey
transects. This is beca use we excluded the compo-
nent of statistical error as it relates to th e rando m
distribution of tr ansect nu mbers int he a reas with
different population density of belugas. A speci ally
developed program BELUKHA based on MS Excel
application was used to estimate b eluga numbers. In
every area separate extrapolations were used for t he
marked c ount sectors (one sector for eac h transect)
and with calculation of adequate statistical extrapola-
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BAaTHOHN CTaTUCTUYECKOM OMIMOKH SKCTPATOJSAIMN Ha OCHO-
BE PAa3HOCTEW IUIOTHOCTH HACEJICHHS Ha CMEXHBIX rajcax
(Yenuures 2000, 2004).

VYuer Oemyx Bencsi 0e3 OrpaHHYCHHS YYETHOW MOJIOCHI C
M3MEpPEeHHEM TIePHCHANKYISIPHBIX (OT OCH MapuipyTa)
paccTosHUN 10 KaXI0W M3 0OHAPYKEHHBIX TPyl OesyX.
BeposTHOCTE 0OHapyKeHHUS OeTyX CyIIECTBEHHO CHHKa-
JIach C YBEJIMUYEHUEM PACCTOSHUM JI0 HUX OT OCH Mapuipy-
Ta, TO €CTh, UMCJI MCCTO TaK Ha3bIBACMBIM «JIUCTAHIIMOH-
HBII HeoydeT». Iy OLleHKH MoKa3aTess JUCTaHIMOHHO-
ro Hefoyueta B nporpamMe BEJIYXA ucnons3yercs amn-
npoKcuManus GpakTHUECKOTro pactpeieieHusl PacCTOSHUM
oOHapyxeHUs OenyXx MonenbHOW (yHKIHMerH oOHapyxe-
HUSI, B KaUeCTBE KOTOPOH HCIOJIB3YETCSl OHONIapaMeTpH-
Yyeckasl JIOTHOpMalbHasi Mojenb (cokpameHHo JIH) na
ONTUMANBHO orpanndeHHor monoce (Yemunmes 2 000).
OnTumanbHOE OIpaHUYEHHE NMPOBOJUTCS aBTOMATHYECKH
U OHO TEM CHJIbHEE, YeM OOJIbIlIe TPy KUBOTHBIX OOHa-
PY’XK€HO B yYETHOM paifoHe. 3a c4eT OrpaHUYeHUs OJIOCHI
YMEHBIIIAETCSl CUCTeMAaTH4ecKasl OIIMOKa OLIEHKH HeMO-
yueTa, KOTopasi BO3HUKAET IPH HECOOTBETCTBUH TEOPETH-
4eCKOW MozeinH (YHKIMH OOHapYKEHHs 3MIHPHUYECKOI.
OnTuMyM JOCTHTaeTcsi 3a CYeT MHHUMH3AIMK TOJHOM
OomKOKY B OLICHKE [TOKa3aTellsi AUCTAHIIMOHHOTO HeJloyde-
Ta MPH YPaBHOBEIIMBAHWU €€ COCTABIIAIOIINX — CHCTEMa-
THUYECKON M CTATHCTHYECKOH OLIMOOK.

Ha puc. 2 moka3ana noctpoerHas mporpammoii BEJTY XA
JIUarpamMMa, MJUTIOCTPHPYIOIIAsi ONTHMAaJIbHOE OrpaHHde-

tion error based on the difference of population den-
sities 0 n n eighboring tran sects ( Yenmamnes 2 000,
2004).

Puc. 1. Pa3memenue
YYETHBIX MapIIPYTOB B
ntoze 2005 r. B 5 paii-
onax benoro mops: 1 -
Kanpamakmickuii 3a-
B, 2 — OHEXKCKas
ry0a, 3 — [IBUHCKHI
3anuB, 4 — 'opio, 5 —
Boponka.

Fig. 1. Distribution of
count transects in July
2005 in 5 regions of
White Sea: 1 — Kanda-
laksha, 2 -
Onezhskaya bay, 3 —
Dvinsky bay, 4 — Gor-
lo, 5 — Voronka

The beluga survey was carried out without limiting of
the coun t stri p with m easuring of th e p erpendicular
(from the axis of the route)  distances to e ach of the
detected groups of belugas. The probability to detec-
tion of belugas decreased significantly because of the
increase of the distance from them to the axis of the
route, i.e. so -called “d istance u nderestimation” took
place. T o esti mate distance unde restimation index,
BELUKHA-program uses approximation of the actual
distribution of the distances of bel uga det ection with
using o ne-parametric | ogarithmic-normal model ( fur-
ther LN) as the m odel d etection function for the op-
timal truncation of strip (Hemmnanes 2000). The optim-
al truncation of strip is carried out in automatic mode
and the higher it is, the m ore animal groups are de-
tected in the surv ey area. Due to strip truncation the
probability of the systematic error in the estimation of
distance underestimation is reduced, which takes place
under i rrelevance bet ween theoretical and practical
models of detection function. The optim um is reached
by means of the total error minimization in estimation
of t he di stance un derestimation i ndex. Herewith t he
systematic and statistical components of this error are
counterbalanced.

Figure 2 showsadi agram made by B ELUKHA-
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HHUE TOJIOCH B paiioHe «OHexckas ryba» IpH ydere B

2005 r.

program that demonstrates the optimal strip truncation
in Onega Bay area during the survey in 2005.

80

mm K-Bo oOHapyx. ocodeit / Number of detected belugas
=—O— Ammpoxcumanus JIH / Approximation LN

Puc. 2. T'ucrorpamMma o6Ha-
PYKEHHI OelyX U anrnpoKCcH-
MUpyomas ee GyHKIHs 00-
HAPYKEHHUSI HA ONITUMATBEHO

OFpaHPI‘-ICHHOﬁ noJjioce mupu-

70
60

HOi 1483 M.

50

Fig. 1. Histogram of detected

40

belugas and its approximating
detection function on optimum

30

truncated strip of width 1483

20

m.

10

belugas in interval

0 ‘
1 23 45 6 7 8 910111213

Yucno ocobeii B untepsane / Number of

Ne unTepBana Ha nonoce 4945 m/Ne of interval on strip 4945 m

-\
14 15 16 17 18 19 20

Jns mpoBeseHHs pacdera YUCICHHOCTH OelyX B JaHHOM
yuyeTHOM paiione B nporpamme BEJIYXA 3anonusercs
«Tabmuma oOHapyXeHHH Oenmyx» ¢ yKa3aHHEeM HoMepa
rajuca, yucyia OelmyX B KaxJIoH OOHapyKEHHOH Tpymme u
paccTosiHUA A0 TPYNIBI OT ocH MapuipyTa. Ilo maHHBIM
TaOMUIBl OOHAPYXKEHWH MporpaMMma ONpeneNsieT ONTH-
MaJIbHOE OTPaHMYCHUE YYETHOW IIOJIOCHI AJISI JAHHOTO
palioHa M TMONHOTY ydyeTa Ha ONTHMAaJbHOH monoce. B
«Tabnuiy pacyera YUCICHHOCTH OEIyX» BHOCSTCS ILIO-
maab paﬁOHa, HUHTCpBAJI MEXKIAY rajicCaMu U JJIMHBI raJiCOB
B TOpsJIKE MX pa3MmenieHus. Bce ocTajbHbIE 3HAYCHHUS
pacCUMTHIBAIOTCS aBTOMAaTHYECKH. B KkadecTBe mpumepa
HIDKE TIPUBOAMTCS TabjiMIa pacueTa YMCIEHHOCTH Oeryx
B Onexckoii rybe B 2005 T.

st cpaBHEHMS] OBUTM MPOBEACHBI PacyeThl YHCICHHOCTH
O6emyx c¢ wucmonb3oBanueMm nporpamMMmbel DIST ANCE
(Buckland et al. 1993), npenna3naueHHoit a1t 00paboTKU
JaHHBIX y4YeTa pasHbIX BUIOB XXKUBOTHBIX. BBUIN BBIABIIE-
HBI HEKOTOPBIE 0COOCHHOCTHU MPOrpaMMBl, 3aTPYAHAIONIHNE
MOJy4Y€HHE OJHO3HAYHBIX OLIEHOK YUCICHHOCTH W CHH-
JKAIOLIME TOYHOCTD TI0JTy4aeMbIX OLICHOK.

To estimate the number of beluga whales in the speci-
fied survey area, on e should fill in the table “Belu ga
detection t able” i n B ELUKHA-program indi cating a
transect number, number of individuals in each group
and distances from the group to the route axis. Accord-
ing to the table of detection, the program indicates the
optimal truncation of the survey strip for the specifie d
area and com pleteness of t he anim al detection i n the
optimal strip. In the  “Bel uga detection table”, one

should en ter area o fth e territory, in terval b etween
transects and 1 engths of tra nsects in the order of t heir
placement. Other values are calculated aut omatically.
As an example, below you can see a table of the esti-
mation of beluga number in Onega Bay in 2005.

For comparison, the beluga estimation were carried out
with the help of the program DISTANCE (Buckland et
al. 1993) meant to process count data of different spe-
cies of a nimals. We found some specific features of
the program that prevented us to obtain definite num-
ber estim ations and re duced precisene ss of the ob-
tained estimation.
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Tab. 1. Pacuer uncnennoctu Gemyx B paiione «OHex)CKas rybay
Table 1. Estimation of beluga number in region Onezhskaya bay.

IInomans pgﬁOHa, 21<M2 12426 I/IHTepBa_JI MEXy Tajcamu, KM 1632
Area of region, km Interval inter transects, km
Ne Jna [Tnomans | Kox-Bo Oemyx, 06H-X ITnoTH. Iupuna | ITnomane | Oxcrpamn-s | CtaTuct-s
rajica rajica, y4. JIE€HTHI Ha ONTHUM-H I10JI0Ce Hacen-4, CcexTopa, CEKTOpa, | 4YHMCI-CTh omnoKa
MNe of KM KM Number of belugas de- | oc./xm” KM KM B CEK-pe | akcTp-1un
tran- | Transect | Areaof | tected on optim. strip |Population| Width of | Areaof |Extrapol-d | Statistical
sect | length, km count " density, sector, sector, number error of
strip, km? ocobeit TPYII - ind./km? km km? in sector | extrapol-n
individ-s groups
1 41,98 124,6/0 0 0,000 16,32 685 0f6
2 46,61 138,312 2 0,014 16,32 761 11 87
3 68,23 202,4(50 30 0,247 16,32 1113 275 138
4 65,00 192,9[20 15 0,104 16,32 1061 110[86
5 54,92 162,91 1 0,006 16,32 896 6 57
6 51,85 153,816 12 0,104 16,32 846 88|77
7 58,76 174,3[48 25 0,275 16,32 959 264 146
8 55,78 165,592 51 0,556 16,32 910 506 235
9 79,74 236,6]20 16 0,085 16,32 1301 110 263
10 137,04 406,6]87 38 0,214 16,32 2236 479 203
11 66,62 197,713 8 0,066 16,32 1087 72(87
12 34,88 103,5}4 3 0,039 16,32 569 22 10
?g?[;f 761,41 2259113 532 01 0,156 195,84 12426 19424 87
3KCTpaIIOJII/IpOBaHHa$[ OIICHKA YHUCJICHHOCTH N €€ OTHOCHUTCIIbHAA CTaTOIINOKA
A i . S 19420 ,251
Extrapolated number estimation and its relative statistical error
ITosmHOTa y9era Oexyx Ha ONTHMANBHOM MOJIOCE M €€ OTHOCHTEIbHAS CTATOIINOKA
. . . . . o 0,821 0, 075
Completeness of beluga detection on optimum strip and its relative statistical error
OreHKa YHCICHHOCTH OeTyX ¢ KOppeKIuneil HeoyJeTa U €€ OTHOCUT-A CTaTOIHOKa
X d R : . . - 23640 ,262
Beluga number estimate with omission correction and its relative statistical error
I[OBe_pHTe_anHﬁ (95.%) MHTEPBAJI OIEHKH YHCIICHHOCTH 6_enyx B parione 1381 3 787
Confidential (95%) interval of beluga number estimation in region

1) Oxcrpanossius B nporpamme DI STANCE nmpoBogutcst
HE TI0 JaHHBIM OOHapy)XeHus ocoleil, a Mo JTaHHBIM OOHa-
PY)KEHHUS TPYII XHUBOTHBIX C IOCIEAYIOLIMM IepecyeToM
YUCJICHHOCTU TPYIIl B YHUCJICHHOCTDH OCO6eI>i IMyTEM YMHO-
JKEHMS Ha OLICHKY CPEOHEro pasMepa IpyIll B HOIYJISLNAHN.
Jlnist oLieHKM TI0 BBIOOPKE CpPEHEro pasMepa Ipymil B MOMy-
JSIIUY TIPEJUIOKEHBI 4 pas3HBIX criocoba pacyera O6e3 aBTO-
MaTH4ecKkoro oroopa Jryumero criocoba. Itu 4 crocoba Ha
MIPaKTHKE JTAI0T pasyinyaromuecs (B HEKOTOPBIX CIydasX J10
2-X pa3) OLEHKM CpeJHero pasMepa rpymnm. Eciu oneHka
CpelHero pasMepa rpymil B KakoM-JInu0o paifoHe oka3bIBaeT-
sl JIOCTOBEPHO MEHBIIIE 1, TO HET aBTOMATHYECKOH 3aMEHBI
e¢ Ha 1. B mporpamme DISTANCE He ucmons3yroTcs, BO3-
MOJKHO, 00JIee TOYHBIE CIIOCOOBI OIICHKH CPeIHEro pa3mepa
rpymin, paspaboraHHbie npyrumu aBropamu ( Quinn 1985,
Drummer an d McDo nald 1987). Pacuer cratuctuyeckoii
omnbku sxcrpanoisiiuu B nporpamme DISTANCE niposo-
JIUTCSL HA OCHOBE (pOpMYIIbI, MpeIoararomei ciydaiiHoe

1) Extrapolation in the program DIST ANCE is not
carried out according to data on detection of the in-
dividuals, but according to data on detection of the
groups of an imals through multiplication to average
group size in the population. There are offered 4 dif-
ferent methods of cal culation wi thout aut omatic se-
lection of the best method to estimate through selec-
tion of the a verage size of group in the population.
These 4 methods give us different values of the aver-
age group size (som etimes up to 2 tim es). If the val-
ue of the a verage group size in some particular area
is less than 1, it is not a utomatically replaced by 1.
The program DISTANCE probably doesn’t use more
accurate methods to estim ate the a verage group size
developed by other authors (Quinn 1985, Drummer
and M cDonald 1 987). Ext rapolation st atistic error
estimation in the program DISTANCE is carried out
based on a formula assum ing random al location of
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pa3mMereHue npod Ha TeppuTopun ydera. [Ipu peryisipHom
pa3MeIIeHNH TajcoB MCIONB30BAaHUE TaKOW (opMyisl MO-
JKET IIPUBECTU K HENIPaBUIbHOM, KaK IIPABUJIO, 3aBBILICHHON
OIIEHKE CTATUCTUYECKOMN OIIUOKH.

2) OueHKa AMCTaHIMOHHOTO HEJIOy4YeTa C HCHOJIb30BaHUEM
JIByXIIapaMeTpUYecKOW Mojenu (QYHKIMH OOHapy>KeHUS
"Hazard-rate" B OOJBIIMHCTBE CITy4aeB NPHBOAUT K 3aHH-
JKEHUIO OLEHKHU YHCJIEHHOCTH M3-3a CIUIIKOM HNPOTSKEHHO-
ro miaro Takod QyHkuuu. Vcrmonp3oBaHHE OJHOTApAMET-
pudaeckoit momenu "H alf-normal" mu3-3a o4eHB KOPOTKOTO
IUTATO 3TOM MOJIENH, HA000pOT, MPUBOANUT K 3aBBIIICHHIO
OLIEHKH YHCJIEHHOCTH. bornee Onm3kas K SMIUPUYECKUM
JAHHBIM MOJeNIb (DYHKIMH OOHApyXEHUS! C YMEPEHHBIM
IJ1aTO, HapUMep, MpUMeHeHHas HaMu mojenb JIH wm xe
SKCIIOHEHIMANbHas (YHKIMA ¢ Ooyiee BBHICOKMM IIOKa3arte-
nem creniean B nporpamme DISTANCE He ucmnonb3yroTcs.
Koppexkuust popmbl pacueTHOH QyHKINH OOHAPYKEHUS TIPH
MIOMOIIY JONOJHUTENBHBIX YJICHOB HEPEAKO MPHUBOAHUT K
HapyUIEHUI0 MOHOTOHHOCTH WJIM K JIByXCTyleH4aToi ¢op-
M€ pacyeTHOW (QyHKIHNU OOHAPYKEHHS M, KPOME TOTO, yBe-
JMYUBAET CTAaTUCTUYECKYI0 OIIMOKY B OIICHKE ITOJIHOTHI
ydeTa. ABTOMaTH3UPOBAHHBIN 0TOOP Moaenn QyHKIHUU 00-
Hapy>XEHHUS] U KOJMUYECTBA KOPPEKTUPYIOLIUX WICHOB pa3-
HOTO MOPSIZIKA C MTOMOIIBI0 (POPMAIIBHOTO KPUTEPHST MAKCH-
MaJIbHOTO MPaBAONON00H 4acTO MPUBOJHUT K OTCIIEKHBA-
HUIO CIIyYaifHOT'O OTKJIOHEHHs HaOJII0JaeMOro pacupesere-
HUSI PacCTOSTHUN OOHApy>KeHUs! OT 0XKHAaeMON (GOpMBI U B
pe3ysbTrare K CyIeCTBEHHOH OIMOKE B OL[CHKE [OKa3aTels
JUCTAHIIMOHHOTO HEJ0y4eTa.

3) OrpanuueHne y4eTHOH MOJIOCHI MPOBOAUTCS IO YCMOT-
peHHUIO Tosb30BaTeNs 0e3 YeTKHX KpUTEpueB BbIOOpa TOM
WY WHOH CTETICHH OTPaHUYEHUS U MMO3BOJIIET MPOU3BOIBHO
U3MEHATh pe3ynbTaThl pacdera. lllupuHa orpaHmYeHHOU
MIOJIOCHI ONIPEAEIIAETCS 110 BCEMY MACCHBY JAaHHBIX M OAU-
HAaKoOBa ISl BCEX YYETHBIX PallOHOB HE3aBUCHMO OT OCO-
O6eHHOCTell OOHAPYKEHHS KUBOTHBIX B Pa3HBIC JAHU B pas-
HBIX paﬁOHaX, BbI3BAHHBIX M3MCHCHHUAMMU IOTOJABI U YCJIO-
BUSIMH HaOIOZICHUSL.

B Ta0. 2 npuBeseHbl CpaBHUTENBHBIE OLIEHKH YHUCICHHOCTH
OelyX, paccuMTaHHBIE C HCIIOJIB30BAaHHEM IPOrpaMM
BEJIVXA u DISTANCE, ucxo/s u3 npeaocTaBlIeHHbIX HaM
TIEPBUYHBIX JAaHHBIX. JTH OLEHKH HE SIBIISIOTCS O(UIINAIb-
HBIMH U TIPUBOJIATCS JIMIIb JJISI SN UX CPaBHEHHS JPYT C
JIpyroM IIpHM TIPUMEHEHHWH pPa3HbIX AJITOPUTMOB pacueTa.
OdunnanbHpIe OLEHKH, OMYyOJIMKOBAHHBIE MPOBOAWBIINMHU
yuersl cnenmanuctamu (I'masoB u map. 2008 ), ornmuaroTcs
OT 3Ha4YCHUH B Ta0. 2 3a CUET HCIOIb30BAHUS YTOUHEHHBIX
MEPBUYHBIX JAHHBIX, a TaKXKe BBIOOpPAa HHBIX PACUCTHBIX
anroputMoB B nporpamme DISTANCE.

JlaHHble Tab. 2 MOKAa3bIBAIOT, YTO TPH HCIOJIB30BAHUH MO-
nenu pyskiuu obHapyskeHus "Hazard-ra te" orieHka ymc-
nenHocTH 6exxyx Ha 10-12% Hipke, 4eM IpH KCIIOIb30BaHUU

samples on the su rvey territory. When tran sects are
located regula rly, application o f this fo rmula can
lead to the incorrect, as a rule, over-estimating value
of the statistic error.

2) Evaluation of distance underestimation with usage
of the two-parametric detection function model "Ha-
zard-rate" leads in most cases to underestimation of
population number due to too extended plateau o f
such a function. Usa ge of one -parametric model
"Half-normal" leads to ov er-estimating the p opula-
tion number because of a short plateau of this model.
The program DISTANCE doesn’t use the detection
function m odel wi th t he m edium pl ateau, whichis
much closert o em pirical data, ort he L N m odel
which w e u se, o r th e expon ential f unction w ith a
higher ex ponent. Adjusting the form of the calcu-
lated d etection function done w iththehelpofthe
additive members often leads to the break of the mo-
notony orto thetwo-stage form of't he ca lculated
detection function and ad ditionally, it i ncreases the
statistic error in esti mation o f co mpleteness o fth e
count. An automatic selection of the detection func-
tion model and quantity of adjusting member of var-
ious degree with the help of the formal criteria of the
maximum likelihood often leads to tracing of random
deviate of the observed distribution of detection dis-
tances from the expecte d form and as are sult to an
significant error in estimation of t he distance unde-
restimation index.

3) Truncation of the survey strip is done according to
user’s discretion without any precise criteria of se -
lection of this or that extent of truncation and allows
changing th e results of th e survey on a arb itrarily
basis. The width of the t runcated strip is set accord-
ing to all the data and is the same for all the su rvey
areas irrespective to the peculiarities of animal detec-
tion on different day si n d ifferent area s t hat are
caused by the weather cha nge and cha nges of the
observation conditions.

Table 2 demonstrates the comparative estimations of
the b eluga po pulation cal culated withh elpo f
BELUKHA and DISTANCE programs basing on the
primary data given to us. These values are not offi-
cial and are given here only to be ¢ ompared with
each othe r us ing different calculation algorithms.
Official values published by the specialists who had
carried out t he survey (ImazoB u ap. 20 08) differ
from the values given in the table 2 because of usage
of m ore exact pri mary data and sel ection of ot her
calculation algorithms in the program DISTANCE.

The data from the table show that usage of the model
detection function "Haza rd-rate" pr ovides a bel uga
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mozenu "Half-normal" npu omHOM U TOM K€ Crocode pac-
yera cpenHero pasmepa rpymm. Hambompmmii pazépoc de-
THIPEX OIICHOK YHCJIEHHOCTH OelyX NpH NPUMEHEHHH 4e-
THIPEX CIIOCOOOB pacyera CpeJHEero pasmepa Trpymm s
OoIHOM W Toi xe monenu Hazard-rate nocruraer 10 % B
2007 r. MakcumanbHOE pa3nuyue § OLEHOK YHCIEHHOCTU
no nporpamme DIST ANCE, o0ycnoBieHHOe B COBOKYITHO-
CTH NPUMEHEHHEM DPa3HBIX MoJieNiel (DYHKIMH OOHapysxe-
HUSI ¥ Pa3HBIX CIIOCOOOB pacdeTa CpeJHEro pasMepa rpyi,
nocruraet 24% B 2005 r.

OImeHKN YUCICHHOCTH OeNyX, MOJYYCHHBIE C HCIOIB30Ba-
HueM nporpammsel BEJIVXA, HaxonaTcst MexXIy KpaltHUMA
OIIGHKaMH YHCJICHHOCTH, IIONyYEHHBIMH II0 IpOTpaMMe
DISTANCE, u uMeroT mpUMEpHO TaKylo e CTaTHCTHYe-
CKyI0 TOYHOCTb, HECMOTpPSI Ha OIpaHHUYEHHE IOJIOCHI U CO-
KpalllcCHHEe pacueTHOTO YHMClIa OOHApyKEHHBIX Oenyx. B
LIEJIOM, MO’KHO TOBOPHUTH O OOJIBIIEH YCTOHYMBOCTH OLIEHOK
YHCIIEHHOCTH, TTOJIy4aeMbIX C UCIIOJIb30BAHHEM HPOTPaMMEI
BEJIYXA, koTopast JaeT JOCTaTOYHO HaJEXKHbIE OJJHO3HAY-
HBIC PE3yNbTaThl M K TOMY ke OoJiee HarJIsIgHa U TPOCTa B
npuMeHeHnd. boiee monpoOHOE onmMcaHWe METOTUKH pac-
yeTa 4YHCIeHHOCTH Oenyx B berom Mope u pe3ynbTarsl
CpaBHEHHS pas3HBIX TmporpamMm pacdera BEJIVXA wu
DISTANCE wu3nosxens! B AByX pabortax (Yenmnres, 2010a,
201006).

B 3akmroueHue nepeyrciIuM HEKOTOphIE BO3MOXKHBIE Ha-
MIPaBJICHHs JAIBHENIIEro COBEPIICHCTBOBAHUSI METOUKH U
TMOBBIMICHUA TOYHOCTH Y4U€Ta YUCJICHHOCTHU 6eﬂyx B benom
Mope. 1) IlernecooOpa3HO COKpPATHUTH MO BO3MOXKHOCTH XO-
JIOCTBIE TIEpeJIeTHl OT MeCTa 0a3MpOBaHUSI aBHATEXHHUKU 0
TOYKH Hayaja ydyeTa M OT TOUYKH OKOHYaHHUS ydera /10 0asbl,
a TaKXKe XOJIOCThIE IEPEeJeThl C OJHOTO Trajca Ha IPYroil.
Jlomns TakuX XOJIOCTBIX HEPETETOB OT OOIIei MPOTSHKEHHO-
CTH TIOJIETOB JIOCTHTaeT B MpPOBEICHHBIX ydeTax 3 0-40%.
Uro6bl CyIIECTBEHHO YMEHBIIUTH XOJIOCTBIE TIEPEIETHI C
rajgca Ha rajic MOXXHO NPHMEHUTHb 3UI3aroo0pasHble ydeT-
Hble MapuIpyThl. 2) UToObl yMEHBIIUTh OIIMOKY B OLIEHKE
YHCJIEHHOCTH OeyX, BO3HUKAIOIIYI0 M3-32 3HAYUTEIBHBIX
©)XKEeIHEBHBIX IIepeMellleHni OenyX U3 OHUX PaiOHOB MOPSI
B JIpyTHe, MOKHO NMPHUMEHUTH CIIOCO0 MOBTOPHBIX (10 2-3
pa3) y4eToB ¢ 00CiIeIoBaHUEM B OJIMH JICHb Oosiee PeAKUMHU
rajcaMy cpasy NpHMEpHO IOJIOBHHBI BCeW 00cCieryeMoi
akBaTopuu. 3) JIONMOJTHWUTENBHOE MOBBIIMIEHHE TOYHOCTH
ydeTa MOXET OBITh JOCTUTHYTO ONTHMAJIBHBIM pacIpese-
JICHUEM TYCTOTHI TaJICOB B YACTAX aKBATOPUH C BBICOKOW M
HU3KOH TUIOTHOCTBIO HaceieHus Oemyx. 4) Jlns ompenere-
HUS TIOJTHOM YHCICHHOCTH OENyX B y4YETHOH aKBaTOPUH
Benoro mops HeoOxommma oOLieHKa cpemHed momu Oemyx,
HAXOMSAIIMXCS MOJ BOJOW M HEBHIUMBIX C OOpTa mpoJe-
TAIOIETO HaJ HUMH caMmoJeTa, Kak 3To, HallpuMep, JenaeT-
¢ IIpY y4eTe NOIyJISILUMY MOpKel B bepuHroBoM Mope.

PaGoTel mo aBmaydery M CTaTHCTHUYECKOH 0OpadOTKe BBHI-

population value 10-12% lower than the value o b-
tained with "Half-normal" model when we calculated
an ave rage group size using the sam ¢ calculation

methods. The biggest difference of the 4 estimations
of the beluga population achieves 10% in 2007 when
4 methods of cal culation of t he average group size
for the sam e model Hazard-rate. T he highest differ-
ence of 8 p opulation val ues done by the pr ogram
DISTANCE which is caused altogether with usage of
different det ection f unction models an d di fferent
methods o f ca Iculation of t he ave rage g roup si ze,
reaches 24% in 2005.

Estimations of the beluga population o btained with
help of't he program BELUKHA are between e x-
treme popul ation values o btained with help o fthe
program DIS TANCE an d have a pproximately t he
same statistic accuracy despite truncation of the strip
and reduction of the census number of the observed
belugas. In general, we can speak of a greater stabili-
ty o f the population esti mations obtained with help
of the program BELUKHA which gives sufficiently
reliable unambiguous results and is easier in ap plica-
tion and demonstrative. More detailed description of
the m ethods of bel uga number est imation i nt he
White Sea and the results of com parison of two cal-
culation programs B ELUKHA and DISTANCE are
stated in two studies (Yenunres, 2010a, 20100).

In conclusion we would like to specify some ways to
development the method further and to increase ac-
curacy of the beluga estimations in the White Sea. 1)
It i s w orthwhile reduci ng, if p ossible, t he em pty
flights from the aircraft base to the starting point of
the survey and from the end point ofthe survey to
the base as well as empty flights from one transect to
another one. The share of such empty flights reaches
up to 30-40% o fthe total flight length in the con -
ducted su rveys. Tore duce am ount o ft he em pty
flights from one transect to another one, one can use
zigzag-like census routes. 2) To re duce the error i n
the estimations of the beluga number caused by sig-
nificant shifts of belugas from one area of the sea to
another every day, one can use the method of recur-
ring (up to 2-3 times) surveys exploring about half of
all explored water zone with more rare transects in 1
day. 3) Additional im provement of the survey accu-
racy can be reached by opt imal distribution of tran-
sects density in parts of the water area wit h low and
high beluga population density. 4) T o determine the
absolute number o f belugas in the census waters of
the White Sea, one should estimate the percentage of
time belugas are underwater and not seen from the
aircraft as i s done w hen est imating n umber of wa-
Iruses in the Bering Sea.
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MOJIHEHBI 1TpH (uHaHCOBOH moaaepkke OO0 «YTpurickuit
nenshuHAPUID.

The res earch on t he aerial surveys and processing
statistical d ata were carried out with fin ancial su p-
port from the Utrish Dolphinarium Ltd.

Ta6. 2. OueHKH YHCIEHHOCTH OelyX, IOJyYeHHbIE Pa3HbIMU METOZaMH pacyera.
Table 2. Estimations of beluga numbers obtained by different methods.

[Iporpamma Monens Merton pac- dyera 2005 2 006 2007
pacuera ¢byHkym 00- | cpennero pas-
TMCITEHHOCTH HapyKeHHS Mepa TPy OreHka CTaTI/ICT—oH OrneHka CTaTI/ICT—oSI Orenka CTaTI/ICT—OH
Program Model of Method of mean | 34C-TH omn_61<:a, %| unci-tu omn(_ixg, %| umci-tu 0u114_61<§1, %
. . Number | Statistical | Number | Statistical | Number | Statistical
of numb_er detect_lon group size calcu- estimate | error, % | estimate | error, % | estimate | error, %
calculation function lation
BEJIVXA JIH/LN - 6768 15,0 51061 4,6 4 5271 4,1
1 6251 14,7 4574 1 6,84 4101 3,0
Hazard-rate + 2 6871 16,7 4877 1 8,04 736 1 4,0
cos 3 6117 14,6 4591 1 724 4801 3,0
4 6461 19,0 4803 2 0,74 857 1 4,2
DISTANCE 1 7010 14,5 51131 8,14 8151 2,4
Half-normal + 2 7558 18,0 5418 1 9,75 2141 3,5
cos 3 6954 14,5 5100 1 824 8421 2,4
4 7361 19,1 53352 1,35 2411 3,5
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