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Line transect data from sighting surveys conducted in the East Sea, Korea in 2000, 2002, 2003, 2005
and 2006 were analysed to estimate densities and numbers of minke whale. The half-normal model was
fit to the survey in 2000 and the uniform model was the most fitable to the survey in 2002 and 2006,
and the surveys in 2003 and 2005 were fit by the hazard-rate model The estimated density of mlnke
whale in the survey in 2000 was estimated as 0.026 individuals/km® (CV 0.409; 95% CI 0.011-0.065)
and was higher than the survey in 2002 estimated as 0.018 individuals/km® (CV=0.329; 95% CI: 0.009- O 034).
The estimated density of minke whale in the survey in 2003 was estimated as 0.033 individuals/km® (95%
CI: 0.008-0.139) with the hlghest CV 0.760. The highest density was estimated in the survey in 2005
with 0.053 individuals/km® (95% CI: 0.020-0.141). The Lowest CV (0.306) was estimated in the survey
in 2006 with 0.025 individuals/km® (95% CI: 0.014-0.046). A total of 500 bootstrap samples were generated
within each stratum. Density, CV and 95% CI of each surveys were increased than analytic results except
the survey in 2003. There were no increasing or decreasing annual trends in the density of minke whales
observed during the study period. A long-term monitor and survey is needed to assess project minke whale
abundance in the East Sea.
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Fig. 1. Completed survey lines (solid lines) and the sighting locations (circles) of minke whale in the East Sea in the

surveys in 2000, 2002, 2003, 2005 and 2006.
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Table 1. Summary of survey effort and sightings for the minke
whales, Balaenoptera acutorostrata, in the East Sea, Korea.
Standard deviation is provided in parentheses. Encounter
rate in clusters each km

Perpendicular
Vear Survey, Survey  Number of _ distance (km)  Encounter
area (km°) line (km)  sightings ) rate (n/km)
Mean Maximum
0.344
2000 279712 1,313.6 25 (0°506) 2.189 0.019
0.291
2002 242628 2,165.5 30 (0:291) 1.354 0.014
0.267
2003 27,655.0 2,003.1 16 (0:400) 1.604 0.008
0.274
2005 22,989.3 1,927.6 28 (0:309) 1.219 0.015
2006 513398 19813 20 0152 0424 0010
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UET(2TL,L-) vEr{f(O)i} UET(S_i)
2 + 7 2 + 2 } N
A;=z221319 WA (Nautical mile square)
95% 212 77FS Burnham et al. (1987)] whe} N 9} D=
FATFREATGI 7T A (V- O s (W Or%
FA AT

C= exp [1.96 y/var (log. N ) | (8)

o374 war(log. N) = log. [1 _9_% o]t}

i

var(N) = N2 |

TEgl, H| RS54 Bootstrap & AR&3] 7 Ak HE
= ABERSL A AT, Tt A7 4
3}t (Efron and Tibshirani, 1993). AAZ 7 & 72} Aol A

= E9olAM F 5003]¢ll A4 Bootstrap HZS A

Al Aol wAEe 12 9Asgn 73S

32
o

24 3

Z} AxH ZAL A3 Table 139 2o ZAAS W3y
2o WA= Fig 13 2o} 2APA A& 2000391 27,9712
km?, 20029 24,262.8 km®, 2003l 27,655.0 km® 2005 ]|
22,989.3 km® 200611 ] 51,339.8 km’= ZtZ} ZAFE I Th 12}
H A= 200000 1,313.6 km, 2002 A7} 2,165.5 km,
2003 A7) 2,003.1 km, 20051 A7} 1,927.6 km, 200613
ZAF 1,981.3 km.o] At} WS4+ 20021 A7} 303 =
74 ol ALY 1 TS o= 20054 A7} 283, 2000
W A 253], 20061 2AR7E 2038] 2003 AR 163
ol Atk AN A AT 7K o A A EA (Ea
HzhH)S 20000 d A} 0.344 km (0.506)% 7 WYl 1
o2 2002 ZAFF 0.291 km (0.291), 2005 FAM7F
0.274 km (0.309), 2003 A7} 0.267 km (0.400) <=0]%] 2™

Table 2. Sighting data after right-truncation at 5% of the
observation and estimated expected mean cluster size.
Coefficient variation is shown in parentheses. r = correlation
coefficient, p = p-value of a t-test of the regression estimates
of loge cluster-size against detection function

Number of Encounter rate Mean cluster
sightings (n/km) size

2000 24 0018 (37.86) 1.083 (5.32) 1.117 (4.19) [=0.198, p=0.823]
2002 28 0013 (3092) 1.071 (463) 1.102 (359) [=0.178, p=0817]
2003 15 0007 (28.19) 1.067 (6.25) 1.160 (5.29) [=0.262, p=0.827]
2005 27 0014 (2570) 1.037 (357) 1.127 (269) [=0.335, p=0.956]
2006 19 0010 (2543) 1.158 (7.42) 1.244 (624 )[=0.303, p=0.897]
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Fig. 2. Histograms of perpendicular distance and fitted
detection functions for best AIC (akaike information
Criterion) selected model of the surveys in 2000, 2002, 2003,
2005 and 2006.
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Table 3. Parameter estimates of each model used to fit the
perpendicular distance data for minke whale. AIC = akaike
information criterion, ESW = effective strip width. f(0) =
probability density function at zero. P = detection probability

Year  Model AIC ESW f(0) P
Half-normal  -9.20 0.386 2.56 0.30
2000 Hazard N/A N/A N/A N/A
Uniform -7.58 0.356 2.78 0.28
Half-normal  -28.73 0.386 2.59 0.58
2002 Hazard -29.50 0.334 3.00 0.50
Uniform -29.51 0.396 2.53 0.59
Half-normal  -17.69 0.328 3.05 0.49
2003 Hazard -20.25 0.130 7.71 0.19
Uniform -18.05 0.285 3.51 043
Half-normal  -14.64 0.362 2.76 0.39
2005 Hazard -18.19 0.149 6.71 0.16
Uniform -17.73 0.420 2.38 0.45
Half-normal -38.75 0.245 4.08 0.66
2006 Hazard -38.41 0.190 5.26 0.51
Uniform -39.58 0.238 4.20 0.64

Table 4. Summary of density (D = individuals/ka) and
abundance (N) estimates of minke whale in the East Sea
from 2000 to 2006. CV = Coeffient Variance, CI =
Confidential Interval

Point 95% ClI

Year Parameter . CV%
estimate Lower Upper
D 0.026 0.011 0.065

2000 40.9
N 738 299 1,824
D 0.018 0.009 0.034

2002 329
N 437 230 830
D 0.033 0.008 0.139

2003 76.0
N 926 223 3,843
D 0.053 0.020 0.141

2005 52.4
N 1,349 500 3,640
D 0.025 0.014 0.046

2006 30.6
N 1,286 707 2,340

7y ZA AR A-8-% Half-normal =2 ¥ Hazard-rate =4,
Uniform 5.219] AIC#-2 Table 33 72t} 20001 Z=AFS] 4%,
Half-normal Z@ol| A AIC7} 714 We 92008 AU
™, Hazard-rate =22 37 o] F A &k} 2002\ d ZA ol A
= Uniform 22 0] 29512 AIC7} 7} ZHA FA =G o,
2003 %A+Y] 79 Hazard-rate 2ol A AIC7} 20255 7}
Z}F 2Fokt}. 20051 ZAFS] 7 9- Hazard-rate . @lo 4 AIC7}
-18.19% 714 Aekom, 20061 F Aol A= Unifom = 2ol A
AIC7} -39.58 2.2 713 2ottt whebA] 20001 d AR A =
Half-normal 2o A 859 0 m2002'd 22412} 20060 A}
£ Uniform 29, 20033 FA}Fe} 2005 FA}E= Hazard-rate
mdo] zpzh MdeEsEich 2 Edd o F4gE ESW
(Effective strip width : F-EZZAFE )2} £(0) [AE 0014 <]
F = g ) BAAE el A el B EP)
£ Table 33} Zt} ESWE 2002d ZAM7F 242 0.396 km =
74 Egkom 1tk o & 20006 ZAMF 0386, 20061 FAL
7} 0238, 2005 ZAF7} 0.149, 2003 ZAF7} 0.130 <=0] ).
WA 20061 A} 0.640. 5 71 E=9kaL 2002 FAV}
0.59, 200051 ZAH7F 0.30, 2003 Z=AH7E 0.19, 20051 %A}
0.16 <=0l AT}k FEH =3 f0)E 20033 ZAMF 1712 7F
2 =9k, 2005 A 6.71, 2006 FALTE 4.20, 2000
ZA7Y 256019001, 20029 ZAM}F 25302 71 Wkt

Ao} A

7h z2ApE Bdof] - WX} /A4, WE AlG = Table
49} 2k 20008 2AFe] S, W7 0.026 ind./km” (95%
CL: 0.011-0.065), ¥EATE 4097 FAFAL. MAFE
738 (95% CI: 299-1,824)v}2] 2 FA = v} 20021 A1)
749 D=7} 0.018 ind./km’® (95% CI: 0.009-0.034) % FA} 3
71 9 FAEN oW, MEASTE 3292 7 WA
Atk webA ohE AL HlE] 95%41 2] -7ke] ZHE F3kth
(Fig. 3). /WA= 437 (95% CIL: 230-830)7}2] 2 T2 F A}l
w3 7hg WAl FAE AT 20039 FZAK] A9 =7} 0.033
ind./km’ (95% CI: 0.008-0.139)% FA ¥l on] HEAF=
760205 71 Tt whEbA] thE ZAtel] gl 95%2] = 1E
T 7P B ARSE 926 (95% CI: 223-3,843)hE] 2
A5tk 20059 %= FAL A= D=7} 0.053 ind.km” (95%
CL 0.020-0.141)Z th2 Axe] Hl3) 714 £k HEsATe
T HAAR 5 5242 FAHJT MAFE 7S B 1,349
(95% CI: 500-3,640)7}2] 2 F4 ¥ ATt 20061 =AM -,
D=7} 0.025 ind/km” (95% CI: 0.014-0.046), 5 A= 30.6
o2 71 WA FAHHAG AMASTE 1,286 (95% CL
707-2,340)vt2] 2 =4 = Ao}
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Fig. 3. Annual variations in the density estimates
(1nd1v1duals/km) and 95% confidence interval for minke
whale in the East Sea.
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Fig. 4. Annual variations in the abundance estimates
(individuals) and 95% confidence interval for minke whale
in the East Sea.

Table 5. Summary of density (D = individuals/km®) and
abundance (N = individuals) estimated by the non-parametric
by the non-parametric bootstrap resampling (n = 500) from
2000 to 2006. CV = Coefficient Variance, CI = Confidential
Interval

95% ClI

Year Parameter Point estimate CV%
Lower  Upper
D 0.032 0.009 0.110

2000 58.95
N 890 256 3,093
D 0.021 0.009 0.048

2002 42.55
N 511 227 1,154
D 0.033 0.012 0.096

2003 52.55
N 919 319 2,650
D 0.083 0.019 0.364

2005 84.16
N 1,907 434 8,370
D 0.026 0.010 0.063

2006 46.76
N 1,329 541 3,261

O, 95% A 7R 2003\ 2AVF 7 B FAE A
AEof| A= o] SAAT MAGAX = S8k A
Bl

7t zA}e] A8 S H| 244 Bootstrap M 2 50071 <]
Az AL BAe A= Table 594 2ok 20004
Z Aol A W57} 0,032 ind./km® (95% CIL: 0.009-0.110), 357

O
=
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7} s8. 95i A= o A= 890 (256-3,093)rHE] =
F4E A AREY A4 FEEHAT 20029 EAE Wz
7}x]z W57} 0.021 ind./km? (95% CI: 0.009-0.048), ¥ 575
B 42552 Y AsRg =24 FAEAG AASEE 511
(227-1,154)u}a§ olArh 121} 20031 ALY A9
%7} 0.033 ind/km® (95% CI: 0.012-0.096), 7HA|<5=7} 919 (95%
CL: 319-2,650)u}2] 2 ¥ AR} Frtslg oy HEAS
Q37 52558 A FAHJT 2005 A E9t 7Hxﬂ
7 9 AR R A FAE ] U7} 0.083 ind/km” (95%
CI: 0.019-0.364), 7HA =7} 1,907 (434-8,370)v}2] o} W5
A7t A Z7vele] 84.160.% 71 =kt 20061 59}01]
A& WE7}0.026 ind./km® (95% CI: 0.010-0.063), 71 24
1,329 (95% CIL: 541-326)7F] 2 ) AR BT} =7 Zﬂlﬂ
o WEASLE 467622 =4 FAHJY (Fig. 5).
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Fig. 5. Annual variations in the density (individuals/km®) and
95% confidence interval estimated by 500 bootstrap
resampled method (n=500).

LA AR SR WY
*‘“«1 A% FA ] A
FO)E dFEY] ZAPE Aol wE WS vigE F4st
71 Sl 7%31 AL 8] "ol AglE FAsk=dl oA
Ao T3l Alg o] EA7} x5 AZFHT} (Cook, 1985).
ol= A3ty 98] o7 A An 7} AALE PR

=372 Adste] HASHE st} wmak B sts Ae =
Azkoll )3 JaFe Zol7] 98 F=A4H Aget 4EE §A}

ooz‘s

3 OFO0R Hie U T EY (Smearing)S AFE-3H7| %= ST}
2 Ao SH Aol et Hriel md g E o] ALE-E X
BUAIRE AL AT A} 7Ho] HIAES) RxgH|o] o]fo 2
A2 HAas) sl al =23519 21, Chen (1998)2 E-A| A}
ol A SAHLAZE WS- A &2 s ALMAF F=H gk
Hole AyPA o= At a3t

20003 F-E] Al 2HE Fa A9t HAIZARE 200613714 Hot
(EFH2}) 30,843.6 km” (11,656.7)2] HA S ZAMSIITH %
APH AL 2005 ZAF7F 22,989.3 km’E 7Y 29k 2002
ZAE 2 oE o8 AgkEd olF F RAME THE Z2AR
HlEl =g &S Z A7) YIATE (P>0.05). WERA TS FALe]
Hl3l) 2Rl WEr) 7 =gkl A% 2002
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ZA7} 303, 2005 FAL7E 283 2 2 ALl BlE] =dTh
AP o] golAH WA ST} Frleke RS A
Aol ARt WAL R B RA ko] Zh 22 20001
ZA7F 00192 7H8 3295t} (Table 1). Fig. 1914 AL 423
f A9 W Aokl A W HA] AT Tl A
2ahelo] Al ARttt whebd A £AP|7ke] WaLm
go] el Bt B2 WA A MAFE 83171 HaiA
v Ao HEE wFo] AL WS Haof & JoR
Ay 7yt

Aol BAETF g0)S 12 7HES o wA
5 g0)= SHEAA A5l &l FAFoof gt} 1
3 Aol A 20025 FHSUE w2 AX|ste] gt
S REAFUZ ARSI WA Fo] 91y ANESE
grsly] fete] SHEAIE FAsHA FUTh SYPEAIE
T g0F FAY 5 UANE Table 22 8-S ) EAg
A= AEo] 207 o]FFE FoE 7ol HIS- =k g0)
FAsid w83k seE gle] A71ARE dAe] AE
TAA AEFo] FolEW AT FHo] of#YAAY
QA7 AXA Ak AAR FA] ALEE Aol 15712
2003d FAME v AL vlE] "B AG7E 76.00.2 A A
=7 AR AFFUAE AL Ak g0)=12 7Hgshd
seprel US4 o] AR A Ao
W7,

7y Ak zbgol b A e 2R 2000 =ARE
Half-normal =9, 200233} 20063 ZA}7} Uniform 24,
20031} 2005\ ZAl= Hazard-rate @ o] A E1% 1T} Park
et al. (2007)> *F33o] (Finless porpoise, Neophocaena
phocaenoides) S A ZAF AR A4S 53 Hazard-rate =2 0]
th2 2o Hls FAMA FAgke] =3 Uniform 222
A FAega sk AAl 2 e FAFo| A Hazard-rate
welo] f(0) FAgke] i REE B} Eok=d, 200397
2005 FAFS] A9 e RERT Ak 2uf o] E3ke
W, WEASIE T 2l vla) 5 S4B, Fig 2014
2003 ZAFS}F 2005 ZAF A3} 3| ~E 1ol Hazard-rate
A5 AREE] HAES RS EY], dAEo] A
oA 5472 oF 005 ki BAL 454 Eaha 77
Al Fraske A3s Btk o2 sk 9912 Fewster et al.
(2005)3} Melville and Welsh (2001)9] Ao Ao} o]
Hazard-rate 22 zA) o] EA o] AL 2 A9 HA|RR 9]

BAY S5 gl

Ho

ot

4 o
o T

wEZbA] s7hde] 2AME Sl R E ARV EES i
st MZE 2 FHEdeA dEAESS FEeAl,
95% AN TS AFE A|EY oS Ea A48l Hlws
7] 918] Bootstrap *HS AME3F] 7 ZAPAE 5003] o] 2=
S Ad3te] AT Bootstrap WOl o) gk o} WHE
ATE 2003 ZALE Al9sta A4 ol ot A3
B} =4 AEE AT 20039 AP A B So1ed x| vk
HEAGTE 238 FA3QITy £44 Wl o) 44
WA FE 2003 FAR) 20051 FARTE 500 08 A Y]

Ao}, Bootstrap el o3l FAH Aol A= 20000 2=
Abe]l MEAFE 589572 18.05 S7F8tTE Falw) Eo)d
AL 7H He A AT} 95% AF S B 20039
ZAE QAT AR E B3 B M= 238 gty
20051 AR T Yol th= Alo|th 20051 AR WEAlF
= 84.160.2 AA TSR 95% AF T THE ZAL|
Ha] A S7F8FAT (Fig 4, 5). 23A 02 200313 FA}ol A
THE AEZTE O Akl vlE 71 2R W Bootstrap
Az} Aol7p A ekgrow 2005 FARE MES] 71 2002
Q2 O o BRI AR7F AYrt s Ao A
o} 20033 A9} 20051 AL Al 414 WFH I} Bootstrap
W ol Ayl & Aol g HolE o) fldlA e A
o] wrgo] 7o F3kste] WA o] thE Aol HEA]
A F%7] WE] Ao AZbET (Fig 2; Table 3). g
2003\ RS EARAF7E A AR RE 200510 FARE EA N
A7 F AR Bl Bago] /g A FEEAL
FaZAE ] BSW)E 7247} 0.13 kmo} 0.15 kmZ FAHEHAE
t, Bootstrap 'S B3 WES AMASHEA dAE WA
o] AR AL AHA o R W 20053 FAFIAE AF T
Zrol AA F7ysta AT 7HAE 20039 2ARE 21
TFbo] ZHAS FoRE Ay7hE)

2 ATE S8l 7d Bk slde] WA AN A
FAE A= 20029 AR} 200610 FAF Ak Aol 7k SIS
ARE (P<0.05) 3% S o] Ade HelA= ekt
(R=0.349; Fig. 3). WA e] =42 Hd] 604 7pA o] H
A& 3317 Wl (Jefferson et al., 2003) W A2 2]
o] et /A Wsks FA Hrksl] Al A
Ho] dm} 2A|HE 28] ZAMEA S Wil T

thdzke] zape} mUE P & ojof & Aol

AF AR

W AT TEEAAE AT a0 FadARl «a
g7 A 2 AJEZAL, RP-2009-FR-035” A 7}e] o Holn,
o Ak Fold agd A ATLEY AREERA S

o[, 483, oF, L PaIKH, thizk A £Fo

A FTE A AARES) gAEgy,
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