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Line transect sampling in a sighting survey is one of most widely used methods for assessing animal abundance.
This study applied distance data, collected from three sighting surveys using line transects for finless porpoise
that were conducted in 2004 and 2005 off the west coast of Korea, to four models (hazard-rate, uniform,
half-normal and exponential) that can use a variety of detection functions, g (x). The hazard-rate model,
a derived model for the detection function, should have a shoulder condition chosen using the AIC (Akaike
Information Criterion), as the most suitable model. However, it did not describe a shoulder shape for the
value of g(x) near the track line and underestimated g (x), just as the exponential model did. The hazard-rate
model showed a bias toward overestimating the densities of finless porpoises with a higher coefficient
of variation (CV) than the other models did. The uniform model underestimated the densities of finless
porpoise, but had the lowest CV. The half-normal model described a detection function with a shape similar
to that of the uniform model. The half-normal model was robust for finless porpoise data and should be
able to avoid density underestimation. The estimated abundance of finless porpoise was 3,602 individuals
(95% CI=1,251-10,371) inshore in 2005 and 33,045 individuals (95% CI=24,274-44,985) offshore in 2004.
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M =2 Z1Tt (Eberhart, 1978; Seber, 1979; Quinn and Gallucci, 1980).
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Table 1. Summary of survey effort and results of sightings for the finless porpoise, Neophocaena phocaenoides, in the

WCOK (2004) and the WCIK (2004 and 2005)

Offshore 2004

Inshore 2004 Inshore 2005

Survey area 116,870.5 km®
Survey effort 3,331.2 km
Number sighted 70

7,357.1 km? 5,642.2 km?
577.1 km 446.7 km
48 28

WCOK, Offshore of the west coast of Korea; WCIK, Inshore of the west coast of Korea.
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Table 2. Comparison of AIC (Akaike Information Criterion)
and goodness of fit 47 test probability values calculated by
model function for describing frequency distributions of
distance for sighting the finless porpoise, Neophocaena
phocaenoides, in the west coast of Korea

w7

AN

Not truncated

5% truncated

Model

(key + adjustment) AIC  Chip AIC  Chip

Inshore 2005
Cosine 2790 0474 260.1 0.192
Hazard-rate  Simple 279.0 0474 260.1 0.192
Hermite  276.7 0.713 257.3 0.778
Cosine 3107 0.104 286.6 0.033
Uniform Simple 316.5 0.003 293.2 0.003
Hermite  327.1  0.000 302.3 0.000
Cosine 3076 0.228 285.0 0.042
Half-normal  Simple 3147 0.015 2916 0.007
Hermite . 317.3  0.004 296.6 0.000
Cosine 2921 0.339 2716  0.075
Exponential ~ Simple 2921 0.339 2716 0.075
Hermite  293.8 0.358 2721 0.090

Inshore 2004
Cosine 5044 0.012 457.7 0.355
Hazard-rate  Simple 480.3 0.022 441.7  0.061
Hermite  480.3 0.022 4417  0.061
Cosine 5064 0.004 4573 0.208
Uniform Simple 510.1  0.000 468.5 0.003
Hermite  516.2  0.000 468.5 0.003
Cosine 5044 0.012 4577 0.355
Half-normal  Simple 507.3 0.004 4628 0.104
Hermite  507.3  0.004 467.0 0.014
Cosine 4933 0.089 456.2 0.186
Exponential ~ Simple 486.1 0.134 448.1  0.806
Hermite 4926 0.073 4552  0.206

Offshore 2004
Cosine 8149 0177 7248 0.137
Hazard-rate  Simple 818.9 0.165 729.7 0.125
Hermite  816.6 0.152 7282 0131
Cosine 835.7 0.000 729.3 0.090
Uniform Simple 858.5 0.000 7314 0.034
Hermite 9159  0.000 740.3 0.001
Cosine 827.1 0.026 7285 0.074
Half-normal  Simple 832.8 0.003 730.1 0.052
Hermite  841.3  0.004 737.9 0.003
Cosine 8139 0.484 7279 0.082
Exponential ~ Simple 8349 - 0.321 7339 0.079
Hermite 8302 0.368 7299 0.081

827.17} 728502 7t &A%or y’p X 0.0265 0.0742
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Fig. 1. The model fitting curves for finless porpoise,
Neophocaena phocaenoides, around inshore of the west coast
of Korea in 2005.
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Fig. 2. The model fitting curves for finless porpoise,
Neophocaena phocaenoides, around inshore of the west coast
of Korea in 2004.
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0.071), 20043 AtzALA 0.061 (B2AAF S Z-$: 0.080),
2004 T3 ZAL A 0.011 CAAAE S F$: 0.014) 2 74
Foit) 71 ¢} 9 Z Exponential 2@ o] 20053 QA A
0.023 (A2FA1 2 9] 79 0.029), 2004d AYZEALA 0.030
(A2 A2 9] 790.032), 200413 T3} RATN A 0.009 (BAHA
29 A 001002 E2 g st

ZAb o] woll 9] g P 2005 AAFAE AR}
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Fig. 3. The model fitting curves for finless porpoise,
Neophocaena phocaenoides, around offshore of the west coast
of Korea in 2004.

2004 el 2AF A E o) AE Half-normal 2o FHH
Zkel 028 (0.3NE 74 ESkt) (Table 3).
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7y zAp mdo] WE Uxe} WMEASE Table 49 2TH
20054 AUPFALS] A9, HIAAL AR )X Hazard-rate 22O
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o] 0512 ind/km 2 7} @kt A2} A8 9|4 = Hazard-rate
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Table 3. Comparison of probability density function f(0) and detection probability values P calculated by model function
for describing frequency distributions of distance for sighting the finless porpoise, Neophocaena phocaenoides, in the west

coast of Korea

Not truncated

5% truncated

Model (key + adjustment)

f(0) ESW (m) P f(0) ESW (m) P

Inshore 2005

Hazard-rate + hermite 0.058 17.24 0.04 0.071 14.08 0.05

Uniform + cosine 0.010 100.00 0.24 0.013 76.92 0.25

Half-normal + cosine 0.012 83.33 0.20 0.014 71.42 0.25

Exponential + cosine or simple 0.023 43.47 0.11 0.029 34.48 0.12
Inshore 2004

Hazard-rate + simple or hermite 0.062 16.13 0.05 0.101 9.90 0.05

Uniform + cosine 0.010 100.00 0.32 0.016 62.50 0.32

Half-normal + cosine 0.010 100.00 0.30 0.018 55.56 0.29

Exponential + simple 0.032 31.25 0.10 0.032 31.25 0.16
Offshore 2004

Hazard-rate + cosine 0.011 90.91 0.10 0.014 71.43 0.24

Uniform + cosine 0.005 200.00 0.23 0.009 111.11 0.37

Haif-normal + cosine 0.004 250.00 0.28 0.009 111.11 0.37

Exponential + cosine 0.009 11111 0.13 0.010 100.00 0.33

A2t 2} g o| AT Hazard-rate 2ol A 07812 7F8 =331
Uniform =294 0.5460.2 7} Wit

20043 AkzALe] A% vlAAL Ap5 9} HAF AFAAM B
% Hazard-rate 290 717} 4212 ind/km’$} 6.476 ind./km’ 2
N = Ixgs AP, AEASTE 4 04029
0.48020.2 7} =9kth 71 TS © 2 Exponential 2do} 84
A} Azl A AgeA 242} 2,135 ind km’e} 2,171 ind/km’
2 =4 FAstPon HEAS £ 217 0.2413 0.258%
Hazard-rate 28 TH& o2 3T} (Table 4).

20043 ZH ZANME whR A2 v -AL A g ok
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1.853 ind/km’2 7} ¥A F3391, WsAsE 2zt
0.235, 038622 714 =kth 1 U592 Exponential zdo]
1.204 ind /km’$} 1.294 ind/km’ 2 F WA Z ko w WEA
2% Z}z} 0.1603} 0.184% Hazard-rate 29 ThS2 =2 94T}
20043 23| ZATol A Half-normal 2@ o] H2atgl xpH oA
71 we dx g 4% AL AYste g 2 2

=
223 2d-& Uniform 52 0]t} (Table 4).
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20049 AAZAMAME vpIAZ 74 B A A

=

2 23 7ud& Hazard-rate @)Utk AFEE A2
Hazard-rate 2@l A 47,644 (95%CL: 19,061-119,090)7} 2] 2
A5, A2s AabstA] &2 Hazard-rate FE ol A
30,991 (95%CL: 14,224-67,523)7+2], AtE& 4 AMgt Exponential
oA 15,976 (95%CL: 9,612-26,554)v18] o2 A 73
A}k 714 He ALAFE FA4SF DL 5136 (95%CL
3,487-7,565)718) & F A& Uniform 22 o]c}. 200537 )
AR BE mdo] A8 AANAFL HIEARE
o] AAAAFRY A FF UG (Fig. 5).

20043 23| ZAV A A B S DA} Hazard-rate 2 oll A
71 Be AAMASG 108,286 (95%CL: 51,514-227,627)%}
A7) 2ARHARD, 2 o R ARE AR ¢S Hazard-
rate ZEoA 92,550 (95%CL: 58,346-146,805)7}2], A2 g
Exponential 2@ oA 75,641 (95%CI: 52,634-108,703)7}&] <=
o]tk AAkstA] 9F-8- Half-normal Zdlol| A 743 A2 33,045
(95%CI: 24,274-44,985)v}2] 7} FA = ATk (Fig. 6).
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Table 4. Summary of estimated density D and coefficient of variation CV for two truncation values W for describing frequency
distributions of distance for sighting the finless porpoise, Neophocaena phocaenoides, in the west coast of Korea

Not truncated

5% truncated

Model (key + adjustment)

D (ind./km?) cv D (ind./km?) cV
Inshore 2005
Hazard-rate + Hermite 2.771 0.725 3.212 0.781
Uniform + cosine 0.512 0.552 0.634 0.546
Half-normal + cosine 0.608 0.548 0.638 0.547
Exponential + cosine or simple 1.080 0.554 1.271 0.557
Inshore 2004
Hazard-rate + simple or hermite 4212 0.402 6.476 0.480
Uniform + cosine 0.698 0.197 1.118 0.241
Half-normal + cosine 0.756 0.197 1.247 0.235
Exponential + simple 2.135 0.241 2171 0.258
Offshore 2004
Hazard-rate + cosine 1.584 0.235 1.853 0.386
Uniform + cosine 0.565 0.157 1.167 0.179
Half-normal + cosine 0.702 0.139 1.161 0.181
Exponential + cosine 1.204 0.160 1.294 0.184
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Fig. 4. Abundance estimates and 95% confidence interval
for sighting the finless porpoise, Neophocaena phocaenoides,
around inshore of the west coast of Korea in 2005. The closed
circles and bars represent estimates and 95% confidence
interval, respectively.
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Fig. 5. Abundance estimates and 95% confidence interval
for sighting the finless porpoise, Neophocaena phocaenoides,
around inshore of the west coast of Korea in 2004. The closed
circles and bars represent estimates and 95% confidence
interval, respectively.
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Fig. 6. Abundance estimates and 95% confidence interval
for sighting the finless porpoise, Neophocaena phocaenoides,
around offshore of the west coast of Korea in 2004. The
closed circles and bars represent estimates and 95%
confidence interval, respectively.
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Exponential 223 H]5:3 Fel & BA M (Figs. 1, 2), A=
7} 707021 20043 ZEEAL AZANE WAEo] e7he] HAY
gl Ho|i Exponential EdR T F23HA AT (Fig.
3). B2 Z2Ab A 2ARKIOA 7 7k A e
229 WA [g(group 1]o] 20051 ALXZEARAA 0.18,
20043 AZALAA 025, 2005 LI ERALNA 0.612 FA|

CZAA 7HAE D Qe g (0)=1RTH ZA W g Bt
T3 o] BdoA 31 FEASES (07 7T eH
ZA} Z o QA Y EAE pE 20059 ALTALS} 2004
Aot ZAMNA 0.058 UER BAZ QL HAI7L o] FO)A A
oo Axz Bwgth uatA Hazard-rate T Lo WF
A (Cv)7t B2 2diEg gkoH, AdAAFE BE 2
duct 2.68) FoiFH =AUk (Table 3).

Hazard-rate 2o k5 Fejo] A uy Aol & 7
Ak A 200537 20049 AL ARsol A WA EH
oz FazA Hgon] 20043 T FALNME AR
A A7+e A9 2R TH0 & YA &L olf=
Az o] S=7} 7] Q) AL E ALE AT Buckland (1985
Hazard-rate 20| ag] 712 dele] A15d] AL 5 Y&
Axz gE o] meolzta 3l ot Alg7} 5070 H ook
& Aolgtx Pt AAE A5 A7t 2005 FLF<2004
Aok<2004 3] 42911 o] At E Hazard-rate Tdo] =2}
2 Bt A} Z woll M) HAE P} AN
743 A\e Adel e 2Eel LA (g (gow DIE ST
e Ag & F Ao (Figs. 1, 2, 3).

Uniform 24

7} Axd AN ZARRKINA 7 7R 2Ee
HA 8 [g (group 1)]0] A ZALNA S 7H Q] g (0=1RT =
grom wAgo] the o uls dNatA sk ©]
3 FALL AYAANFE & 48 & JeH AAE,
o] 2Y2 £ 49 AAMAFE e Bdof v} 7P
Agrar WEAS Eak 2004d ZIZALE A sta 74 Ak
o} 2 AR d9AE, A8 7 AL BFed=
WAEe FAH HaE F Uit (Fig. 1, 2, 3).

Half-normal 2&

Ao] ZARE M E 20053 AT 20043 A%k, 3
zZA R} o A 25 Half-normal + cosine Z3o] & Sigk=H)
(Table 1), ZAIEHQ o 278 717 7H7he 159 28
[g(group 1)]e] Z ZA oA 0.863F 0.80, 0.89% 712 7H4<
150 @A) FAHQAT, 2A F wol Ao BHE prt
Uniform 293} H)$=8 g-S 2ok 20051d A7 20044
ot ZA}o| A Uniform 29 T2 2 we 247N A 571
24589031, 20041 3o AE Half-normal Z& A 7+
v 27 A 57 2AHUT ARE B G et
AA S o) ©% Half-normal AN HEASFIL 7HA
27 2R} o] AL Uniform 2d¥} v} A2 2005

a AgtzALS} 2004 AtZALS} 2ol Alg 9] It 2
Agdw AL FAL F el s 8 opd A g7
e 20053 ZFAE F BEEAUS (Fig. 1, 2, 3).

Exponential 2 &l

o] e HAE 2] & 2004 3] AL=olA] AICE]
o2 wurc} 294t} Exponential ZE}A 88 ZAR)
oz2E 713 /AL 182 HAES [g(group D]°] 200513
Aokol| A 0.46, 2004 Aol A 0.38, 20043 Z3l| ALl A
0.522 Hazardrate TYET EgAT 712 71421 1B BHA
2452 ck Figs. 1, 2, 3). AR ] wollA o] HAE p= A%
ZAAE 0.10-0.152 Hazard-rate 29 Th2 02 A 334
= Q1th (Table 3). AHLAMAF FAHA AdoiAz o] Zde
hazard-rate 2@ The- 02 =& AAMAFS FHsH =,

2005 ArzANE 7,17201E], 2004 FAetFEANE 15,9767)

2], 20043 23| 2ARE 7564178 2 22 4SS, Uniform
wdo|} Halfnormal X T oF 28] B& AAMASFE
2259t MEASE Hazard-rate £ T2 2 E4Th
o] el AZ o] F7} ZAg wole 7] vt F el
o 87 wEFE o) AHgske FAIEADY (Salvage
analysis) 0.2 ARH R ¢-& Zulo|t} (Buckland et al., 1993).
stg T dtes 24817 9 98 A 2ol e, 2
Ao A ARRE 4714 Zd Tokdt e Az g
oz & ALHEs a7z Zdolt) (Buckland et al., 1993).
vl e myo] Hl&F FAHEE AEITHA 2 A=
%7 99 dart gick 2y B e 3 2N
247 A4AAF7 02 2ol FHA ALRAFS
el 23tr|= ok ek 52| X[AAAFE FAs=
H loir] ZApER olal Bde) Hele s Fasiril
& = 9t} Hazardrate 228 1 2dlo] 71X 1 Sl A8
3} BAZA} HAO] BE 9ATR wASe] $YF gHE
2% & 9lo] ket BA A A8 ARFE 2y 2
Ao A o] REE AICE 7|Fo 2 JPe RdE HEHI
Ag wdo| wrEoldl =g HaAold FPS olTE
WA LS el A Zalgth Bdo] 43 RAlelell4 ]
Hh7 go] ZAlElolA 74 7R 152 LS (g (group
15} 30 ol Eskthl 23] ghske FAE ekl
ZAERIC2ZHE 1A 7k 2FY BALS TE Fuld
v HAgr ke BAYS sedch AEe U g2
20043 ZHAZ S A9 At wis) WEATIE Ak
2 71 ke 2E9] B [g(group DT 2005E A=
A}S} 20043 AbEAN B3] FAARAD G4 ThE 2o
v S A ALAAASF7 FolFF = AT (Figs. 4, 5, 6).
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