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Distribution patterns and population abundance estimates of
Indo-Pacific bottlenose dolphins (Tursiops aduncus) off the Jeju

Island, Korea, in the early 2000s

Hyun Woo Kim

Department of Marine Biology, The Graduate School
Pukyong National University

Abstract

The bottlenose dolphins (Tursiops spp.) commonly-.inhabit Korean waters,
including the coastal waters of the Jeju Island. They are one of the most widely
studied species in marine mammalogy field. However, its taxonomic position was
unclear because of the validity of this genus. The genus Tursiops has recently
been determined to comprise two species: common bottlenose dolphin (Tursiops
truncatus) and Indo-Pacific bottlenose dolphin (Tursiops aduncus). Both Tursiops
species look'very similar. However, Tursiops aduncus is relatively smaller and
slender than Tursiops truncatus. Tursiops sp. off the Jeju Island shows several
distinct features can be identified as T. aduncus.

To confirm the taxonomic_position of bottlenose-dolphins frequenting the coastal
waters of Jeju Island, the external morphology and osteology of the specimen
from the Jeju Island were examined. The photographs of free-swimming
individuals were also used for determining external morphological characters.
The cranial and meristic measurements fell within the ranges of T. aduncus.
Osteological ratios were also satisfied with those of T. aduncus. The presence of

prominent ventral spot was observed among some individuals. The genetic data

vi



agreed with morphological classifications. As results, the dolphins mainly
distributed in the coastal waters off the Jeju Island were identified as Indo-Pacific
bottlenose dolphins (7. aduncus) in terms of their cranial characters and ventral
spotting. | propose its new Korean name, “Nam-bang-keun-dol-go-rae”.
Indo-Pacific bottlenose dolphins are mid-sized marine mammals distribute in
warm temperate to tropical Indo-Pacific Ocean. The social structure is
characterized by a typical fission-fusion type of society, where individuals show
flexible grouping patterns. The group size commonly consists between 30~100
individuals.
Identification of individuals has become one of standard tools to the study of
animal behavior and ecology. Numerous photographic identification works have
been successfully conducted for studying various species of marine mammal
populations. In this study, the validity of photo-identification method for the Indo-
Pacific bottlenose dolphin was attempted from November 2007 to December
2009 sighting surveys. The residency patterns of Indo-Pacific bottlenose
dolphins were also investigated using image data. During the 32 sighting surveys,
a total of 12 pods were observed. The most frequently sighted size of dolphin
pod was 40~50 individuals. The overall sighting rate was 0.01 pod/n.m. Most of
Indo-Pacific bottlenose dolphins were sighted within 500 m from the coast line of
northern part of the Jeju Island. During the 11 photo-identification surveys, a total
of 2,381 dolphin images were taken. Scars and nicks on their dorsal fin as
natural markers-were: constant or gradually changed in .shape and location
throughout time. These characteristics-gave.the opportunity to identify individuals
within a population for a long-survey period. The use of photo-identification has
great potential for mark-recapture studies. 89 individuals were photographically
identified by natural markers. Ninety four percent of them were re-sighted more
than twice during the surveys. Such high percentages of re-sighting rate indicate
that the Indo-Pacific bottlenose dolphins are resident stock off the Jeju Island.
Population abundance was calculated using mark-recapture methods applied to

photo-identification data during a 2-year-study period. Using program CAPTURE,
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total population of 124 individuals (95% CI = 104-143) in 2008 and 114
individuals (95% CI = 109-133) in 2009 were estimated. Their population size is
relatively lower compared with the other dolphin populations reported around the
world.

A population assessment of the Indo-Pacific bottlenose dolphins off the Jeju
Island was conducted using the photo-identification data and several published
demographic parameters. In order to assess the anthropogenic threats, bycatch
events of the animals in the study area between 2009 and 2010 were
investigated. The annual bycatch rate was estimated at 7.9%. Most of bycaught
individuals were found in pound nets. The annual growth rate of the population
was 3.4%. If present bycatch mortality do not change, the population would be
drastically decreased. 85.7% of bycaught individuals in pound nets were found
alive. If it is possible to release all of them, gradual population increase is
expected. Fisheries bycatch, and where possible other anthropogenic impacts,
need to be eliminated to allow population recovery. This is.critical if the negative
impact on the species is to be minimized and the dolphins are to continue to
represent a socioeconomic.resource in the region.

This study provides the data on distribution patterns, abundance estimates,
population projection and status of Indo-Pacific bottlenose dolphins off the Jeju
Island, Korea. However, little is known about the demographic parameters for
these animals. To conserve resident dolphins off the Jeju Island, long term
survey is required to monitor their population fluctuations and changes in age

structure.
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Fig. 1-1. External feature of an Indo-Pacific bottlenose dolphin, Tursiops aduncus.
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E2EAE, FZYU Yol FHLSHA +xESoH(Fig. 1-2; Wang and
Yang, 2009). o]l diFgol Exae A st F9o sl
AMA g ol A= AlFEdd A Al EAE A glon AFEet QS
ol= T HEEAH dE gfr el EEsS= lowm dEA
A THZhou and Qian, 1985; Shirakihara et al., 2003; Nanbu et. al., 2006).
AR5 AT BEHAT F2E FH A7 FA4HH KolE e o=
welth A7z oF 12709 71k, E4F F ol f7)7ke oF 18~24714
Aot 124 ¥ Aol 230~235 cmoll o]2W Aoz A4eA Huh
AABEIL Qi Foe] BEste ugd TR oFY eAdFE =4
Adoletdt 7k Aok ZFE2 R RE V13 dem Aol (Cockeroft and
Ross, 1990; Kakuda et al., 2002; Amir et al., 2005). GHEE1yg=
sAStE EAARE WAoty] - WiAkole e ¥ AolFe Hadrt
dH A 2tk (Cockeroft etal., 1989; Mann and Barnett, 1999).
FEEandge  S@FHE 30" | ZFEY FEE FA8ske Ao
Ak ol 7k5 1007k o] 2|7k AR 7] = $ktk(Shirakihara et al.,
2002; Nanbu et. al., 2006). Al el Ats]2d Fx2= bl Al el
o FE7F ooz olgd—Fat(fission—fusion)= ¥WHESI= FHZ di
2214 JtH(Connor. et al, 72000). SHay - =319 - F=aep 2
& = e EAste e E olF = A% thH(Wang and Yang,
2009).
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et al, 2005; Natoli et al, 2008). Z=]@7Fet SILUlAje} FAl A=
Agoln} WA z]g o2 ¥3H 7%= o (Leatherwood et al., 1984).
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1. AFEd Ayste diasady 971%5%F 2o

AE

T

SE3 W (genus  Tursiops)= AAA ddF2 =2ty Alo]
MAstE, Flde =8 B HEV|E3 SARAE Fd T8 B AFE
Tl Mt Aom delA] AtH(An et al, 2004; Kim et al., 2005;
Kim et al, 2007). ol&< <QIgtate] HEHE gvahr] &= A& SAH0=
LT T 7PE e dAarE ERT T shdbolth. 2y Aol wet
O dEety 5A4e Ho o8 ERIH dddes I S #2
Zto] gt A B2 &
(Dall, 1873), Tursiops nuuanu (Andrews, 1911);. Tursiops gephyreus
(Lahille, 1908) & 20F ©°]/9] v&d WA o= 5733 21 (Hershkovitz
1966; Ross, 1977; Ricey 1998) FH:7}AL o] o= Tursiops truncatus

(Montagu, '1821) 3F Fwlo] =gt ¥ YA += FFo|How IHF3e=

lo,
re
rO
S

2]
Sxl 50| ®B&o] EuHF{FE Tursiops gillii

£
3)

7 ko] th s tH(Tomilin, 1957; Ross and Cockeroft, 1990; Jefferson et al.,
1993; Gao et al., 1995; Mead and Potter, 1995).
FHtol o]2d Aok Fm I Eolgh Abolddl A Adte &

A%t - YU A B A ATE E3) SF

it
i

ANRE hFow

u

3 -4

h8s

Jpx

o= T. truncatus
9} T. aduncus (Ehrenberg, 1832) F+ 7}A Fo] &gt Ao
e At (Wang et al., 1999; 2000a; 2000b). o] F FEareje] A4 ol A
ol & dqtge] o FAE sl SEsith(Hale et al., 2000;
Moller and Beheregaray, 2001; Yang et al.,, 2005). 3 T. aduncust i<

&9 T. truncatus® ot 239 2 3 W9 Stenella spp. %2 Delphinus
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spp.9t AR v FAlsltE FHE A7]E vk gl (LeDuc et al., 1999;
Natoli et al., 2004) &% 734 AHE7}F F s},

FE0YE5S FWAl &4 T. truncatus ¥+ FTFo] HaEo] Qi) ¥y
Kim et al. (2007)2 AFE <At AMAste ZEade] <|FJert
AWl FEnHEY FErt ¥ Aa AYPe] rhevhe FE AASGIh
olelst LFE-FHe EAL T. aduncus® HAFAH 5
MAsks Fe7F T aduncus® 7hs/dol wmuhal ddsio] oWl AT E
AgPstRdet. o AFe EAHS AFEd AMAsE ZEaYrt T
aduncus}S SHste] THE Foste Ay o]5e =ATA R E A

P vt ARE AFsk= H AU

rlj
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71 E(Toyobo Co. Ltd)E &3l MagExtractor MEX—6100 (Toyobo Co. Ltd)E
ol-gste]  CRI-001¢ IHxFO=FE  FE8AH. 4= 96
nEF=go} DNA (mtDNA)®] cytochrome ¢ oxidase I (COXI)E direct
sequencingd}t$th. COX 1 HFH#2& VF1_tl; 5'-TGT AAA ACG ACG GCC
AGT TCT CAA CCA ACC ACA AAG ACA TTG G-3' (Invanova et al.,
2006)9} FishR2_tl; 5'-CAG GAA ACA GCT ATG ACA CTT CAG GGT
GAC CGA AGA ATC AGA A-3" (Ward et al., 2005) primerg &3l
S ZH AT

10X reaction buffer 5.0 uL, 2.5 mM dNTPs 4.0 uL, VF1_tl; 5" primer
2.5 uL, FishR2_t1; 5' primer 2.5 uL (Z+Z} 10 uM), DNA template 5.0 uL,
ExTaqg DNA polymerase (Takara) 0.25 pLE& 412 =N THTE
50 uL7F 2 w7tA SRS YAk o ATl AMSE TF 272 initial
denaturation 95Cel A 113%; PCR reaction 35 cycles (denaturation 94 C ol 4|
1%; annealing 65 Coll Al 14; extension 72CollA 15); final extension step
72CelA 5322 3tk

4 A= PCR Purification Kits (Qiagen Co. Ltd) & ©]-&3t31 o, d71M gL
ABI3100 Prism automatic DNA sequencer (Applied Biosystems Inc.)<lA]

BigDye 3.1 "Termination system (Applied Biosystems Inc.)ES ©]&3}9]
LA

A7 de] AEL Bioeditvver 7.0. (Hall, 1999)S E3}o] o] Fo] ]t}
oy e  AAHAS &3 Holz— DNA  sequence:™ U]
= P A 3} 8+ B A E (National Center for Biotechnology Information, NCBI) 2]

A7 GHME=F2l BLAST  program  (Altschul et al., 1997,
http://www.ncbi.nlm.nih.gov/Blast.cgi)S ©]83to] Genbankd] =% t}&
=3 Y752 DNA sequence®} H| 3} t},
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—Survey line
@ Dolphins observed 2007 to 2009
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126° a 126.5° 127°
1 | 1

Fig. 2-1. Sighting'positions from vessel surveys 2007 to 2009 and sampling site of the
CRI-001 specimen (Zursiops aduncus) off Jeju Island; Korea:
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Fig. 2-2. Measurements of Tursiops aduncus.
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Fig. 2-2. (continued). 1: Condylobasal length; 2: Length of rostrum; 3: Width of rostrum
at base; 4: Width of rostrum at 60mm from base; 5: Width of rostrum at midlength; 6:
Width of premaxillaries at midlength of rostrum; 7: Width of rostrum at 3/4 length; 8:
Distance from tip of rostrum to external nares; 9: Distance from tip of rostrum to internal
nares; 10: Greatest preorbital width; 11: Greatest postorbital width; 12: Least supraorbital
width; 13: Greatest width of external nares; 14: Greatest width across zygomatic
processes of squamosal; 15: Greatest width of premaxillaries; 16: Greatest parietal width;
17: Greatest length of left posttemporal fossa; 18: Greatest width of left posttemporal
fossa; 19: Length of left orbit; 20: Length of antorbital process of left lacrimal; 21:
Greatest width of internal nares; 22: Greatest length of left pterygoid; 23: Length of
upper left tooth row; 24: Length of lower left tooth row; 25: Greatest length of left ramus;
26: Greatest height of left ramus; 27: Length of left mandibular fossa.
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SYSTEMATIC ACCOUNT

Phylum Chordata #2t& &t
Class Mammalia 327
Order Cetacea L2
Family Delphinidae & 3123}
Tursiops aduncus Ehrenberg, 1832
(58214 FZ=ae) (Fig. 2—3, 2—4; Table 2—1)
Delphinus aduncus Ehrenberg, 1832 (type locality: Belhosse Island, Dahlak
Archipelago, Ethiophia).
Tursiops truncatus: Ross and Cockeroft, 1990: 329 (Australian waters); Gao
et al., 1995:121(China)
Tursiops aduncus: Pilleri and Gihr, 1972: 95 (Pakistan); Ross, 1977: 135
(South African waters); Zhou and Qian, 1985: 16 (China); Wang et al.,2000a:
147, 2000b: 1157 (Penghu Islands, ‘Taiwan) Shirakihara et al., 2003: 654

(Amakusa—Shimoshima Island, Japan)



ofxlth. FEols EEIHAA EEHW, oidE2 Y EFIEt
Aol ek JhEA =R da a0 Eo] mEIT SA-HuE @
R e AAgelw, 5o Jhed A X =eue sy
A Fo1A glom itkae] AN F3 EA ol Aol LA HY.
AT TS, mEH=eue] TR jbRoR ==mA Qlvh
nE A=) FetRole T3 WA st $FE(Fig. 2-3A). AFF

A BRol= e wbgo] AAls 9lvh(Fig. 2-3B),

2y 34 54

AZSHAY 2 - mgA=e] WzZe]) 2150 cm, FEo] ol 13.0
cm, T°le & 85 cm, 918 ¥ - Y4F 23.1 cm, 918 ¥ - LVF TIHF
30.2 cm, 918 € - £ FLF 32.0 cm, 918 E= AT 405 cm, 19 £
- 7ksA=en 71 585 om, 1Y € - SA=#E ¥ 1325 cm, $H

2 - HEF ¢ 908 cm, 8 B Q47 M5 cm, HE F -
PR F4H165.3 cm, BA=2H] HHE 46.3 cm, TA =" Eo] 23.2
cm, 7FEA=ET] A Zo] 39.0 cm, ZFEA=2n T Zo] 27.5 cm,
ZpEA =] Ho % 14.0 cm, ZFPA=HE F 494 cm, AR =Y
w714 - 714 18.9 cm, BE9A HFE=d 125.6 cm, WiH AR HEEd
92.3 cm.

CRI-001¢] FH&E" S4A% AP AL Table 2-1° YERHAT
SWolA BSw, ZFRENA2/3 AR Adotm FIHE
§717F FEEkA #EEAT. T SHoA RS w Td A
% FopAl = Fdel vEbth(Fig. 2—4).

HFZAL (7, T12, L16, Cd24 olglom F7t= w3z 3hh-o] 1371¢]
g (chevrons)e] EAAT FF= 5 1Y 2HLS g5 AN



FAHE 74 599 v&

Aotz g7 Fa E71A9 Ao](TPC; Tip of rostrum to the
apex of the premaxillary convexity) / 77l %73 (CBL; Condylobasal length)
0.365; Adet=el F7IFAAFE Fa 7k Ael(TPC) / 9
Z1o](LR; Length of rostrum) 0.640; zetze]l F7]-olxfe g
7141 8] Aol (TPC) / &5 5 A5¢E Aol(LUTR; Length of upper left
tooth row) 0.732; &H]F2] Ho] ZH(GWEN; Greatest width of external
nares) / T4&=2 ZHdl % (GPW; Greatest parietal width) 0.304.

A4

M

CRI-001 mtDNA COXI F7xF2] 660 bp @7IAES 43 A}
Genbank datadaseo] AF=Ho] <Qli=  Tursiops- aduncus (Accession no.

EU557092; Xiong-et al., 2009)¢] 7193} 99% L =A)stS ).

Bk 2t 2 dof dAQtHel X
ozt A e did et L AE Ao} HR7AZ; O A A Holth
Syt FHA = A9 Kagoshima Bay, Amami Islands ¢} Amakusa—
Shimoshima Island @l A2Alst= Ao=m dHA Jom(Miyazaki and
Nakayama, 1989; Nanbu etral., 2006; -Shirakihara et al., 2003) E}o]<t
ol = FHE st A2k (Wang et-al., 1999, 2000a, 2000b).

AUEE 4
CRI-001& &fe7F=HE 100 m 7FF Hojzx 3o AAE Ao
Y. B e F2 oMy st BE¥sE Aoz dyA

2J T} (Shirakihara et al., 2002; Kogi et al., 2004). YUHEE ZAE 93l
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Fig. 2-3. Indo-Pacific bottlenose dolphin, Tursiops aduncus, illustrating morphological

and color pattern.(A) Lateral view; (B) Dark spotting on the front ventral region.
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Fig. 2-4. Skull of Tursiops aduncus (CRI-001) bycaught off the Jeju Island. (A) dorsal

view; (B) ventral view; and (C) lateral view.
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g AR AANAE olvk & Al AE WIMe o

s ]
Atk EE itk 4% 1A BRels wdel AAlsiev)

and Cockcroft, 1990; Wang et al., 2000b; Shirakihara et al., 2003).
Wang et al. (2000b) T. aduncus 9} T. truncatus Ate]9] <|5-FE| Z}ol&
WAE =, A (TBL; total body length) t©H] F%o]¢ Zo](RL;
rostrum length) 9} A& thv] F5ololA =749 ZAo](SEY; snout to eye
length)e] W&ol F Tt HAA wevs de 3 RL/TBLIY
RL/SEY H|&o] T. aduncus® 7% 6.0% 40.3= YERIL T. trucatus®]
49 3.9 ¢ 2885 YERURAG CRI=001°] RL/TBL2 6.0, RL/SEY&
40.85 YERN O] T. aduncus ©] ¥|&3 A=A 33T
CRI-0019] T/ Ede WA EBYS o Zof=
#H2EQal(premaxillary convexity), AHolA HES W Aol FIHE7L
Folxx= %At (narrowing in  the premaxillae)S  YEMAIEH o=
otz gtel T dsle] T, aduncus®] AFAze} RISt Sl
S44 et A d 3 otz kel T Adlol M4k T. aduncus?
Ao} A 3FF(Ross, 1977, 1984; Wang et al., 2000a; Table 2—1).
External nares/Greatest parietal widthE A HE FAHS 93 F45H2

2]
H] &2 Wang et al. (2000a; Table 2—2)°ll e}sll AA|H T. aduncus®] ¥|&3}

L

CRI-001¢] mtDNA COXI ##=}+= Genbank datadaseol] A& E o] A=
tpekst w#fF29 DNA sequence < Tursiops aduncus 9+ 99% & *]3}o]
71 =& S YehllemE DNA B4 Ay 3k E s 33

=
=454 @4 BHCA BoAle= SAY A AFEAAA dEE=

24
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Table 2-1. Skeletal measurements and meristics of the Tursiops aduncus bycaught off the Jeju Island compared with other

stocks (%CBL means percentage of condylobasal length)

Jeju Island (Present study) South African waters (Ross, 1977, 1984) Chinese waters (Wang et al., 2000a)

CRI-001 %CBL n Mean (Range) %CBL n Mean (Range) %CBL
(a) Cranial characters (mm)
Condylobasal length 473.1 33 472.7 (433.0-507.1) 18 485.1 (450.7-529.1)
Length of rostrum 270.1 57.1 33 271.9 (250.0-297.0) 57.5 18 282 (258.0-317.4) 58
Width of rostrum at base 103.98 22 33 112.3 (100.9-125.0) 23.8 19 115.8 (103.4-134.0) 23.9
Width of rostrum at 60mm from base 70.07 14.8
Width of rostrum at midlength 58.91 125 32 64.9 (56.0-74.9) 13.8 18 64.2 (56.3-71.3) 13.3
Width of premaxillaries at midlength of rostrum 30.38 6.4
Width of rostrum at 3/4 length 44.42 9.4 33 48.8(34.0-59.8) 10.3 17 50.3 (41.0-60.6) 10.5
Distance from tip of rostrum to external nares 319.45 67.5 33 316.9 (294.0-343.0) 67 14 328.5 (298.4-366.1) 66.9
Distance from tip of rostrum to internal nares 314.1 66.4
Greatest preorbital width 194.89 41.2 32 203.4 (180.1-219.8) 43 18 201.9 (177.0-230.1) 416
Greatest postorbital width 217.29 45.9 32 230.2 (202.2-251.0) 48.7 14 223.4 (200.0-245.3) 46
Least supraorbital width 196.8 41.6 33 207.3 (187.1-225.0) 43.9 18 199.5 (175.3-226.3) 411
Greatest width of external nares 56.52 11.9 33 54.4 (50.0-61.0) 11.5 18 58.7 (54.0-70.3) 121
Greatest width across zygomatic processes of squamosal 218.66 46.2 30 229.6 (197.9-251.0) 48.5 13 230.6 (209.0-251-3) 47
Greatest width of premaxillaries 81.55 17.2 33 83.4 (76.8-90.1) 17.7 18 86.2 (77.1-100.0) 17.8
Greatest parietal width 186.04 39.3
Greatest length of left posttemporal fossa 102.31 21.6
Greatest width of left posttemporal fossa 75.77 16
Length of left orbit 59.45 12.6
Length of antorbital process of left lacrimal 43.66 9.2 21 44.8 (38.1-52.8) 9.52 14 46.1 (40.1-51.2) 9.4
Greatest width of internal nares 52.46 .1
Greatest length of left pterygoid 61.52 13
Length of upper left tooth row 236.3 49.9 31 224.8/(208.0-245.0) 47.6 19 236.9 (209.4-265.9) 48.7
Length of lower left tooth row 234.15 49.5 30 226.9 (212.0-248.0) 48.2 18 243.9 (228.2-267.6) 50
Greatest length of left ramus 400.25 84.6 30 399.6 (372.8-422.0) 84.8 17 416 (385.9-460.9) 85.1
Greatest height of left ramus 81.42 17.2 30 83.2(71.9-90.2) 17.7 17 82.6 (76.9-92.7) 16.9
Length of left mandibular fossa 141.27 29.9
(b) Meristic characters
No. teeth-upper left 26 33 25.8 (24-28) 20 25.2 (23-27)
No. teeth-upper right 26 33 25.3 (24-28) 20 25.4 (24-28)
No. teeth-lower left 27 29 25.9 (23-28) 19 25.7 (23-28)
No. teeth-lower right 27 30 26.1 (23-29) 19 25.6 (24-28)
Total No. teeth 106 29 102.9 (97-111) 19 102 (96-111)
No. vertebrae 59 9 61 (59-62) 19 60.2 (59-62)
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Table 2-2. Osteological keys to the identification of Tursiops spp. (Wang et al., 2000a)

Osteological key CRI-001 T. aduncus T. truncatus
Greatest width of external nares/Greatest parietal width 0.304 20.313 <0.306
Tip of rostrum to the apex of the premaxillary convexity/Condylobasal length 0.365 20.352 <0.346
Tip of rostrum to the apex of the premaxillary convexity/Length of upper left tooth row 0.732 20.723 <0.719
Tip of rostrum to the apex of the premaxillary convexity/Length of rostrum 0.640 20.607 <0.606
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AAE Al AAEAN G AAE AdskE Ee AR
ArhEelAn  WASAT. olF  1970ddl  EMPE  nefol
FYARA o5 AHE stetals] A% Fa

ZApERo R ARE S JRAIAERe] ART] Aty 2716l =

fiu)
rot

EREX E R R

H 312 (Balcomb et al., 1982; Bigg, 1982), =5 &38| (Saayman and Tayler,
1973, 1979), =31 (Shane, 1977, 1980; Wirsig and Wirsig, 1977) =9

DA FI AALEEE B AT delde BEEAR A9F F3
A7 FAAAL. olF AT FH AMAEEE  uAF A7 99

HAA] ZAPEH stu= A don, dAA= AY diF-E
ZFol A AjAAEe] Jbed AP oes Hyl v Qv (Wirsig  and
Jefferson, 1990).

FEEaH Y ARG AAYE IR Tt Aol EY AHATE
3l APE F3F AAAEE S o] &8t Ao AL SAE - AIGE T
2o APy WpE F8Fal th(Shirakihara et al., 2002; Chilvers and
Corkeron, 2003; Kogi et al., 2004; Stensland et al., 2006). |2} dlx=2 o
2 AT At dF Fdstes dEZEad Aol deids obF 1 A
7F AFd wprp =EY gHty HIEZA] Al @il EE 313 (Tursiops
aduncus) A #AAR BE AFAA B FE& FELHW(T. truncatus) =
rFstal A7F o] ol A of=e] AEE olslst= H Slo] f3E BHde
Z 247k 9dAth Song et al. (2008) AlFwe] I HE Ut
NAAE A5 A= o 57RAIS] R A9l AR A maks o] &3 L
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EAlE AR gl e P APEZ T3 (ACD Systems Ltd.,, ACDsee 10)S
AHEE Zdd ZF SAYE JEete] 3 o]FS tA] FA35ESlT).

Ead AR F =3 dRR FAHAAY e EE5YH, 29
Bgx)d] s 2jHo] B/ ALY Alxe BEA A AbAskich
o]F Qg TS AAAFoR Fepdle] NAAEES 9 V|2 AER
o] &3 th(Fig. 3—1). AL¥ el EXIF wEldlo]e o] 75 vdy, FGA7,
d-AxE "HxE gdm  FEH31 olE A Excel 2003
232 Y EA E(Microsoft Corp.)oll Al A Eslo] &7 Fops 25t

AAAAEA - o] & 5= A= ol AR Aol AZko] | Adel]  we
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Table 3-1. Results of sighting surveys for the Indo-Pacific bottlenose dolphins off the

Jeju Island
Date Dolphins Roughly estimated Surve;y effqrts Sighting rate
observed (pod) no. of dolphins (nautical mile) (pod/n.m.)
13-Nov-07 33.78
14-Nov-07 1 40 56.76 0.018
15-Nov-07 1 40 42.40 0.024
28-Feb-08 43.24
29-Feb-08 29.75
1-Apr-08 41.27
2-Apr-08 13.62
3-Apr-08 1 50 30.55 0.033
4-Apr-08 1 50 42.25 0.024
23-Jun-08 39.47
25-Jun-08 37.10
26-Jun-08 1 5 47.30 0.021
12-Aug-08 29.74
13-Aug-08 67.12
14-Aug-08 1 40 55.14 0.018
6-Oct-08 51.26
7-Oct-08 27.81
8-Oct-08 73.62
9-Oct-08 1 30 39.08 0.026
02-Feb-09 50.52
05-Feb-09 25.70
06-Feb-09 1 45 9.23 0.108
31-Mar-09 36.27
02-Apr-09 16.50
03-Apr-09 1 50 24.79 0.040
20-Jul-09 19.75
22-Jul-09 61.24
23-Jul-09 1 60 50.38 0.020
24-Aug-09 59.50
25-Aug-09 1 75 18.31 0.055
27-Aug-09 38.07
22-Dec-09 1 50 39.49 0.025
Total 12 535 1251.03 0.010
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Fig. 3-2. Locations of Indo-Pacific dolphin pods sighted from the Photo-Identification

Surveys.
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A=Y (FG" AR o] gessE AdE A ¢ Ed
Z7}std ek (Table 3—2; r = 0.824, n = 11, P < 0.05). &A% g9 4
FAMNAT T 68.0%7F AlE Fall A¥E Zow yegod, 20084
109 9Y FAlAM= FAMNAS7E 30ute]del = B st AS 53
4671A7F A Ee]  FAVNAFRT o we AATE EAEhe Ro®
vebsth 20099 29 29 FAbA AT FEE 45
AL A AR 44A7E AEEAeH, #ZFEJod A=A
Aol HeE FHIE glo] Aol HA ¥ 4~5
ARzl 288 AR 4 FAE NAFE 29T

ARA WEs AAEE 13X FE 937tA] oAl dERewH
697HA7F 23] o] o] ARAES Ko ARl AEE AA A T 943%E
A8k, olF 33 AdAE JNAe] F7F 23niE|R AA AEAA

26.1%= A ZHE wekTh ol ATHE Sl SutEes AAee

.|_4

=2 Table 3=33 dH B2 o] /RA| =0l A A7) 3t

2x sz Edsier AR Sle7E S7MEe s AEA SEHE

AAF7E Eol=s A&S dERIH ZAAAEd e 31 3292

k! 93l 2 7Hd Wi elA BEE AT (Fig. 3-4).

Alzro] 7 atetel weh A5 JRACNAM AAEF A FA = n] e GA )
FEHH MBS EolzE sl oy Aol B e A F4%

WMel= A A FdoH(Fig-3=5).
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Table 3-2. The photo-identification survey efforts during all field seasons

Date Number of photos  Dolphins identified  Success rate (%)
14-Nov-07 292 25 8.6
3-Apr-08 144 21 14.6
4-Apr-08 206 34 16.5
26-Jun-08 17 4 23.5
14-Aug-08 171 27 15.8
9-Oct-08 307 46 15.0
6-Feb-09 288 44 15.3
3-Apr-09 252 33 13.1
23-Jul-09 160 46 28.8
25-Aug-09 402 61 15.2
22-Dec-09 142 21 14.8
Total 2,381 89* 15.2

*The number of dolphins identified includes resighting of individuals from previous

sSurveys
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Fig. 3- 4. An example of one of the most frequently re-identified individuals (ID No. 31).

40



Table 3-3. Residency patterns of 89 identified individuals off the Jeju Island. Gray cells
indicate dolphin sightings

ID No.

14-Nov 3-Apr 4-Apr 26-Jun  14-Aug 9-Oct 6-Feb 3-Apr 23-Jul  25-Aug  22-Dec
07 08 08 08 08 08 09 09 09 09 09
|

o R

s
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14th, Aug, 2008 § = 23rd Ju,2009 |- ., | 25th, Aug, 2009

Fig. 3-5. Gradual changes of scars and nicks on the dorsal fin (ID No. 46).
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2ol 2 Foll RSk ALY FAHY ewE BASH] 98 My o]
=

tFstA sl A7k Bl weEl A Ee] Wk d-9-(M: model;

Darroch, 1958), 7N FEAl ko] whe} ALALZol 2po]S Hol= (M,
model; Chao, 1987), TX % 7/MAlY d% wWslo] <] APdAEo] Wal=
7 9-(M, model; Cormack, 1989), M, 849} M, 847} B3z ow WA=

7d9-(My, model; Chao et al.,, 1992) & A9 E¥9 PFEAJ uwat
Bl

%79 mdo] gt} o] RUES CAPTURE Z &1

lly

ste] JRA| 2ol 7k Al A(AF(N)S F3FAHH(Otis et al., 1978;
Rexstad and Burnham, 1991).

AA AL Nty )= NAAE] H2] e iAot slddze =23
A 719 A HE<S Williams et al. (1993)9] 2418 #Wasl t}&o 4229

Y ste] FIEE JTH(Stensland et al., 2006):

I N
Niotar = 5/45
Niotar FAG AA AL

(1- M7= Aol o] =+ 42 7hAe] v&
¢ = A7E AL AL HEA-A W A7 HE)

Williams et al. (1993)2 a& dAxol glojdt M7= /i 2 Ho] HA ek
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Ao sl AAMAEel Bbsd AAe FHNE(1-) ZHAT
T old TN AZE FA Fdste ofvle AAAEE Ba AF

m&

7beattta ddsiiornz 9] A3 o] 479 &S R 5
FS FA45A0. A7E S 2~37/ME7HA] BlolFE (fetal folds)o]

At A A o B o5 Fa e tH(Fig. 4—1). HlolFFo] ¥EE A

gt A A7 A Aubel] mXA] HEA, ofnR FAHE

54 AAS} ALK oR A Fodste o] #FHAE 1 MAE AR

+538k tH(Barco et al., 1999; Kogi et al., 2004).

w4 Variance Ntotal)‘— Wilson et al. (1999)°l <]3] #A|A|¥ delta method&

Wsto] ALtE o gt ¢4 e 2

N 0
aNt&oml 1 N _1
6@ = é2$ — Ntotal 0
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Variance (8) = ( - )
1
~ 1-
Variance ($) = ¢( - P
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_ _ — [var(N) o0 0 ON
aNtotal aN:total aN:total

Var (Nt = |35 ~ 25 Py

=
(o}
g
/
)| =
N———

N————

= [Ntotal (%) Neotar (_ %) Neotar (_ %)]

Sl = Dl =

N———

-~

VarN (1-0 1-¢
— +( )+( ’(\l))
N? n.0 n, ¢

— . T — A\j2
= Variance N¢orqr = N mm,{

FA4E AAAAFL] 95% A IS N A Fgtel e ¥t P
7FAsFe] AAFEEATH( Chilvers and Corkeron, 2003).
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dUEERY ANLES A5 BIY F 238139 AR F 4
A

|85 FA vt F35

4 At Fol ol 1w
AR e R FFE AL, 1332 HAIAEe] E2WsAY =7t 2w oR
wREAT. mEbA ARS e AAAE " JRAe]l s e el A

APHFE 22 dA=H= MAE SoEAT. 2=AF A 1d
Qroll AHE JiAIS] 85.2%7F WAHASH, FA JHAAEFE A AF
19 o] 5B AAE7] Alztete] A FRAIF S 897/ AlCl W= TH(Fig.
4-2).

2007 11914 20089714 & 639 AL A st B 7570 A7)
AL A E AT w3 A JRAY] i 4~460 AR 7P A o] T (Table
4—1la). ZAZIZF T 13 #zE JWAZRS0AMA = 7 Bkt 23] o)A
ALAE A= 4570A=2 60.0%°] ARAES HERAE. AT STt
= eSSt (Fig.p@=3).

20090 AAHE 539 FAIS B 837/MA7F A AT w3
A8E AAEE 21~-62/0 ATk (Table 4—1b). 65/4AI7F 23] o]4
A A o], DAL 78.3%= 2008 HTE =7 velyith o]F 23
20/ A 2 ZAFA L = 7P Btk (Fig. 4—4).

T 20087 2009 EF M, B2l 1.000.2 7 =4

o|\
N
ok
&
fu
B
R,
5

wAY
Awggonz  MEDE  Bd  AAFS  FHSHATHTable  4-2).

CAPTUREZS o] &3}o] /A7) Ay Jua=yge =AY (NI 95%
A2 7S AAE A3 2008l 9871A(95% CI = 82—113), 20099l
907H A (95% CI = 86—105)% F#= Qth(Table 4—3). CAPTURE®] <3}

56



.

T 95% AFAIE AR A S
mEvE RSkl el gholth. wEbM S dAR
MAFRY AA FAHEA doy

:
2 B3} olgo] wAHYO dolFEL B AT 1349 Ao

_Zr_
FAHJTG. FIA B oviz FAHEE= A4S "uA ot ovE
sl 719 A E ] Zhs 83l

AR Ee] HA ge FWEsEade] v&Ed Aj7e] v&ES 38 shd]
Z=As HEF AYES 2008 12470A(95% CI = 104—143), 200949
114704 (95% CI = 109—-133)21 Ao & et (Table 4—2).
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Fig. 4-2. Cumulative number of identified dolphins (n=89) between November 2007 and
December 2009.
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Table 4-1. The results of identified animals from the photo-identification surveys for each study periods (a) 2008; (b) 2009

(a)
Day of surveys 14-Nov-07 3-Apr-08 4-Apr-08 26-Jun-08  14-Aug-08 9-Oct-08
No. of identified animals 25 21 34 4 27 46
No. of newly identified 25 15 15 0 8 12
Cumulative number 25 40 55 55 63 75
(b)
Day of surveys 6-Feb-09 3-Apr-09 23-Jul-09,  25-Aug-09 22-Dec-09
No. of identified animals 44 33 46 62 21
No. of newly identified 44 18 13 7 1
Cumulative number 44 62 75 82 83

61



Table 4-2. Criteria values (between 0-1, 0 = poorest fit, 1 = best fit) calculated from a
model selection procedure in program CAPTURE. Model selection criteria are based on
the linear discriminant function described by Otis et al. (1978) and Rexstad and Burnham
(1991)

Models 2008 e 2009
Mo 0.13 0.15
M, 0.00 0.40
M, 0.15 0.00
Mo 0.14 0.17
M, 0.58 0.57
M, 1.00 1.00
Me 0.56 0.18
Man 0.48 0.30
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Table 4-3. Estimates obtained in 2008 and 2009 using closed population model My,

Marked individuals

Total population
Year N SE 95% Cl Ccv Niotal SE 95% Cl Cv
2008 98 9.838 82-113 0.100 124 13.534 104-143 0.114
2009 90 4.641 86-105 0.052 114 7.531 109-133 0.072
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L

AT dyZEande FAALEFL 14MNAZ 21 AASF7E g Ao,
FEEaY T 458 SHAA FE= 100704 olsirl Y AeE

& 4 exEHdyot deo sty A (fjord)=
MAAMZ Ao dew Fg b At W 7k AgH gl
S TH(Williams et al., 1993; Moller et al., 2002; Fury and Harrison, 2008).
AT QT slgelA TAH = I Eady Ax T AF=S 7 7k
A AXAAYZ F 310 km "ol dE gfF AH9]  Amakusa—
Shimoshima®ll 4] &7 ] =t (Shirakihara et al., 2002), ©] Al 3 A|F1%=
ey A vz bR AYGIa dEo] gle AL Adelnw
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2ol 2lth(Read et al., 2006): 53] =z Fel oA e
2 & L% #&VF FEHAAL e Y= AREZE BarsEo] &8

AR A rEgE SAd AqEss R | Hoger ATl

Fo X a1 | ek (Wade, 1998; Taylor et al., 2000; Wade et al, 2007).
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FoH(Zerbini et al., 2010). 71 AgAZE 7
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dZe] FeA W Aust BodET BHYE oln dojd APH

ARE S8l B2 AG7F olFoAA o o Ay Fo #E s
nfE 3= o o] &5 11 9t (Wade et al., 2007; Bradford et al., 2008).

FAAL o] 114704 Brel  #A] %+ AlFRe HWIEEad =%
Al =8 Abdol lojgtoy HE =0 L A RIETE ofde] H] 5|
AASA =3 J+= Ao (Cetacean Research Institute, unpublished data).
ofel uwE FHAE wIWsta(Fig 5-1) o7t WA A= AL
HAEGSE dis dA 2 A3y BHoR FafaSyoRn oy
At AEAIZRY AASE FHEEHY MAF7E S7Fska ATt
IH AT eE A oA FALHATE FIEawo S vfgo =
AA HHIETEHY FAEH AMYES Fots B 28 V)5S F9
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Fig. 5-1. A bycaught Indo-Pacific bottlenose dolphin landed up on Jongdal-ri, Jeju.
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Fig. 5-2. An example of photo identification of an Indo-Pacific bottlenose dolphin (ID
No. 21) live-captured off the Jeju Island.-(A)-was photographed on 6", February, 2009
near northwest coast of the Jeju Island. (B) was photographed on 17", November, 2009

in a dolphinarium located in the Jeju Island.
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Table 5-1. The status of Indo-Pacific bottlenose dolphins bycaught off the Jeju Island in 2009

Fate

Date Latitude (N) Longitude (E) Gear type Dead Captured alive Sex ID No.
2009-03-02 33.066 126.157 Bottom trawl O
2009-05-01 33.208 126.519 Pound net O ? 23
2009-05-01 33.208 126.519 Pound net O 9
2009-05-10 33.209 126.104 Pound net O
2009-06-23 33.300 126.257 Pound net O ? 21
2009-06-24 33.269 126.175 Pound net O ? 20
2009-06-24 33.269 126.175 Pound net O d 78
2009-07-31 33.230 126.532 Pound net O d 96
Total 2 6
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Table 5-2. The status of Indo-Pacific bottlenose dolphins bycaught off the Jeju Island in 2010

Fate

Date Latitude (N) Longitude (E) Gear type Dead Captured alive Sex ID No.
2010-04-17 33.274 126.175 Pound net O
2010-04-25 33.340 126.450 Gill net O
2010-05-13 33.250 126.121 Pound net O ?
2010-05-13 33.285 126:203 Gill-net O
2010-05-15 33.259 126.132 Gill net O
2010-06-10 33.210 126.520 Pound net O ?
2010-06-11 33.250 126.550 Pound net O ? 11
2010-08-13 33.307 126.550 Pound net O ?
2010-##-## Pound net O d 48
2010-10-01 33.330 126.370 Pound net - ? 82
Total 4 6
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Fig. 5-3. Locations of the bycaught Inde-Pacific bottlenose dolphins between 2009 and
2010.
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