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Molecular phylogeny and taxonomic review of the Family Chaetodontidae from Korea

Yu Jin Lee

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

Butterflyfishes are known for having high species diversity among reef fishes. Since
butterflyfishes are very sensitive to even small changes of marine environment, they have
ecologically important position and considered as ‘biological indicator’ species. According to
increase or decrease of their species diversity and population, butterflyfishes are recognized as
important taxa that can be detected changes in the surrounding marine environment. There are
134 species of Chaetodontidae in worldwide, most of them are in genus Chaetodon. Blum (1988)
divides genus Chaetodon into 10 subgenus based on osteological and anatomical morphology
characters. 14 species of butterflyfishes are reported from Korea, of which 8 species belong to
the genus Chaetodon. They are classified into three subgenus according morphological character,
but a lack of molecular phylogenetic studies to support, mainly targeting the butterflyfishes from
Korea. In this study, mtDNA COI, 16S rRNA sequences and nDNA Tmo-4C4 sequences are
analyzed for performing to molecular phylogenetic and taxonomic studies, using the directly
collected and loaned specimens of butterflyfishes. As a result, Bl and ML tree show
monophyletic group in each genus. In genus Chaetodon, subgenus Rabdophorus showing that
monophyletic group, others indicate each clade that represent monophyletic group in nDNA
region. In addition, this study presented detailed morphological characteristics and comparative
of adult and juvenile for 13 species from Korea. Therefore, our purpose is to support phylogeny

based on morphological characters, showing monophyly of Chaetodontidae. Finally, we provide

viii



species identification key of juveniles with ambiguous classification characteristic based on

actual specimen information and basic taxonomic information for accurate species identification.
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Table 1. List of the specimens in present study

Species Voucher number  Number of specimens Locality Date Standard length (mm)
Chaetodon auriga ~ HUMZ 224194 1 Okinawa, Japan - 148.73
KAUM-I 116897 1 Hirase, Japan 2020. 06. 30 23.71
KAUM-I 148104 1 Kamikatetsu, Japan 2020. 10. 04 131.95
KAUM-I 148105 1 Kamikatetsu, Japan 2020. 10. 04 87.25
C. auripes KAUM-I 104690 1 Off Ohto Beach, Japan 2017. 08. 08 40.1
KAUM-I 139068 1 Off Bandokorobana National Park, Japan 2019.11.13 75.2
KAUM-I 148107 1 Kamikatetsu, Japan 2020. 10. 04 139.5
PKU 19763 1 Namcheon port, Busan 2020. 12. 07 429
C. lineolatus PKU 51849 1 Haye-ro, Jeju-do 2014. 08. 28 20.31
KAUM-I 6888 1 Ohto Port, Japan 2007. 09. 24 59.97
KAUM-I 56135 1 Off Bandokorobana National Park, Japan 2013. 08. 14 33.07
KAUM-I 80464 1 Umabana, Japan 2015. 09. 22 207.23
C. lunula N-P95297 1 Ani-jima Island, Japan 2009.08.31. 209.06
N-P0103106 1 Tori-shima Island, Japan 2010.07.19. 183.14
N-P0103133 1 Tori-shima Island, Japan 2010.07.19. 182.58
PKU 19504 1 Namcheon port, Busan 2020. 10. 21 43.03
C. nippon KAUM-I 90800 1 Kitakame, Japan 2016. 08. 18 2491
KAUM-I 110151 1 Off Kumano, Japan 2017. 04. 28 65.43
KAUM-I 120161 1 Uchinoura Bay, Japan 2018.09. 10 40.4
KAUM-I 131676 1 Uchinoura Bay, Japan 2019. 06. 07 116.7
C. speculum PKU 62919 1 Pohang Igari port, Korea 2021. 07. 31 11.73
C. vagabundus KAUM-I 121895 1 Okidomari Port, Japan 2018.10. 21 109.71
KAUM-I 153269 1 Kaihama Beach, Japan 2020. 12. 19 32.54
NSMT-P 124212 1 Tarama Fishingport, Japan 2011. 03. 07 113.52
PKU 62617 1 Yerae-ro, Jeju-do 2013. 09. 08 27.59

10



Table 1. Continue

Species Voucher number  Number of specimens Locality Date Standard length (mm)
C. wiebeli KAUM-I 96584 1 East of Sakinoyama, Japan 2016. 11 .26 125.2
KAUM-I 109992 1 Northeast of Matsu-shima island, Japan 2017.11. 21 100.53
KAUM-I 123241 1 Off Ishidera, Japan 2018. 10. 26 157.31
PKU 19762 1 Namcheon port, Busan 2020. 12. 07 22.72
PKU 20588 1 Namcheon port, Busan 2020. 09. 30 37.74
PKU 20589 1 Namcheon port, Busan 2020. 10. 10 18.55
Coradion altivelis KAUM-I 89728 1 Off Nishizaki, Japan 2016. 06. 18 120.9
KAUM-I 129608 1 North of Kome—jima island, Japan 2019.04. 14 134.28
KAUM-I 147312 1 West of Nagahama Bay, Japan 2020. 10. 16 25.82
KAUM-I 147517 1 West of Kashima, Japan 2020. 10. 18 23.99
Heniochus acuminatus HUMZ 219136 1 Okinawa, Japan - 129.33
HUMZ 224251 1 Okinawa, Japan - 98.01
PKU 9667 1 Seongsan-eup, Jeju-do 2013. 08. 21 43.79
PKU 10089 1 Uljin Hupo-port, Gyeongsanbuk-do 2013. 11. 27 158.84
PKU 19764 1 Namcheon port, Busan 2020. 12.07 37.29
H.chrysostomus KAUM-I 101541 1 Off Shinaha Beach, Japan 2017. 06. 29 122.35
KAUM-I 139076 1 Off Bandokorobana National Park, Japan 2019. 11 53.33
KAUM-I 146645 1 Kamikatetsu, Japan 2020. 10. 03 50.83
H. diphreutes KAUM-I 114441 1 Off Kumano, Japan 2018.05. 15 93.95
KAUM-I 120204 1 Uchinoura Bay, Japan 2018. 09. 11 68.91
KAUM-I 123933 1 Off Kishira Fishing Port, Japan 2018.12. 05 33.36
KAUM-I 124918 1 Uchinoura Bay, Japan 2018.12. 11 121.71
PKU 62799 | Guryongpo-eup, Gyeongsangbuk-do 2020. 12. 26 135.06
Roa modesta PKU 1312 1 Tongyeong-si, Korea 2018.12. 11 32.13
PKU 11127 1 Jindo-gun, Jeollanam-do 2014.07. 21 71.17
PKU 19765 1 Nam-gu, Busan 2020. 12. 07 99.45

11
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< ¥ EE FA 08t (Pukyong National University) 78234 T2 o

f
ry
oy
38
=
50,
o
)
|\
ofl

A& o]g3}o] IBM SPSS Version 26.0 (IBM Corp.,
USA)E T3 X34 (Canonical discriminant  analysis; CDA)S

sl A5 Bl utek F 2 KA Aol7k YA FHastgon,

Coradion %52 =Ulel] Z+zF 1 9 EA8t2ZE Alglstglon, Ynd|ar7]

49 A9 Fo% kS vehlA ok FErls A=,
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3. 3 24

<5 40| §l= Clineloatus = A &1g 12 Foll i3] Fx2A4S A
Total genomic DNA & FE3st7] fa AAoje ZEY 8% U=

WU fol @ Aole A 0E® AS 2§ wi ALHuE wo
DNA extraction kit (accuprep genomic DNA extraction kit, Bioneer, Republic of
Korea)E ©]-&3}o] FZ3}F3Ith PCR (polymerase chain reaction)<> mtDNA ©]
COl 99 4 16S rRNA <3} nDNA ¢ Tmo-4C4 (Strielman and Karl,

1997)% 9= 5%kt Tmo-4C4 = 5 °] F(Perciformes) o] 7F2] 27|58t

9 F5eA A= flel ARSE7] A&SE single-copy nDNA locus ©]H,
RAG2 ¢ @7 o798 FAHAE A= s g2 AREEHAA L =

Fgoltt. o]d ATE T T FEAANEY AlFERTE AT FEHS
Q15331 © ™ (Sparks and Smith, 2004; Westneat and Alfaro, 2005), Fessler and
Westneat (2007)°l wkeb ymjarz|a o 7o) w7sH4 A= SRt
A S dEshetl AREE Bk vk 3 THAG e EA s 9l
ARESE ko= Table 2 o YERASITE mtDNA ¢ nDNA F&
S%st7] 913 mixture = S AkHAl A 2SS TH10X Buffer 2 pL, dNTP 1.5 L,
primer Z} 0.5 uL, Taq polymerase 0.1 pL & 41> mixture ©|] Total DNA 2 uL &
EFe $ F volume 20 pL o] E wWi7tA] 3 2 STRHTE 2ol A AFE).
Thermal cycler (Bio-rad MJ mini PCT-1148, USA)E ©]&3l3om A3
AH&-3E PCR <= U3 gol 37FA 3+ 274 38k3lth MtDNA COl 4!

16S rRNA < ®[Initial denaturation 95°C ©|A] 5 *; PCR reaction 35 cycles
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(denaturation 95°C ]| 4] 30 %, annealing 52~54 °C ©| 4] 45 %, extension 72°C ]| 4|
45 %); final extension 72°C ©l|4] 7 i&], nDNA Tmo-4C4 < ¢ [Initial denaturation
95°C ©| 4] 5 4; PCR reaction 35 cycles (denaturation 95°C °l| 4| 45 %, annealing
56~58 °C |4l 1 =%, extension 72°C 4] 1 )], nDNA Tmo-4C4 < %I[Initial
denaturation 95°C ]| 4] 5 i&; PCR reaction 35 cycles (denaturation 95°C ©| 4] 1 &,
annealing 54~60 °C ]| 4] 13- 20 %, extension 72°C ©| 4] 1+ 30 %)]. ABIPRISM
3730XL analyzer (96 capillary type, Applied Biosystems, USA)*|A4] ABI BigDye (R)
Terminator v3.1 cycle sequencing kits (Applied Biosystems, USA)S ©]-83}¢]
A7IANES FrHE o, 7|4 > National Center for Biotechnology
Information (NCBD°ll &53otqltt. &R VAL ETste] NCBI
GeneBank °l| 55% C. adiergastos (EF616942; KU944226) 2 C. lineolatus
(EF617187; EF616939; KF489525)2] 91714 AR E o] g3lo] #4319 0
JHFO 2 Microcanthus  strigatus (EF617221; EF616974), Zeus faber
(ZN3128031)5 A4} Th NCBI 4 7FA] 99 2] 17]4 <& BioEdit version 7
(Hall, 1999)94 Clustral W (Thompson et al., 1994)% o] g-3Fo] A H3FAT
A A2 = MEGA X (Kumar et al., 2018)% o] €3}y Kimura 2-parameter
(Kimura, 1980)% Pairwise distance & ZlAtstSitt. A E 7|REo =

T3} 3Fi= Neighbor joining tree (Saitou and Nei, 1987)% 2ZHAd3st3l o

-

mlo

bootstrap < 10,000 W& T3 AlSLBS T8t 918 Mgt
o] €3t ML (Maximum likelihood analysis) tree ¢} F¢ HHRE o] &3+

AP ECA RERDS A & FABAE getste] ARS-FEC] M

14



s
flo

AE&E =93k BI (Bayesian inference) tree & ZJ 3}% Th(Yang and
Rannala, 1997). jModelTest 2.1.10 S o]&ste] AIC (Akaike Information
Criterion)ye 7|¥Fe®  HZAo A3z rAS AAselct srd=
COI 992 GTR+G (Generalised time reversible with gamma distribution), 16S
rRNA & 92 GTR+I+G (Generalised time reversible with invariable site and gamma
distribution) model & ©]-83}% Th(Tavaré, 1986). TMO 4C4 <2 TN93+G

(Tamura-Nei with gamma distribution) model & ©]-8-3} 31 th(Tamura and Nei, 1993).

ML tree (Felsenstein, 1985):= MEGA X & ©]-&3d}o] 24319 ™, BI tree =
BEAST 1.7.5 (Drummond and Rambaut, 2007)& AFg3ste] 2Adekdar

bootstrap < 3,000 1 53 5} T},

T ARE o] &sto] st El s 2 sl7] $13 BEAUt (Drummond and

M

Rambaut, 2007)5 AF&st o, XstE%=E AAlst7]9l@l  Uncorrelated
relaxed clock = ©|g3lo] 1R 92 33T Markov Chain Monte Carlo
(MCMC) #4127+ dult} 1000 7+ Alth, Sampling tree = &5
1000 MtE F3sto] Y345 3L Fig Tree Ver. 1.4.4. (Rambaut, 2010)=

Abg-31o] Bltree S UER QLT
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Table 2. Showing primers and primer sequences of the three genes employed for molecular phylogenetic analysis of the butterflyfishes

Gene Primers Primer sequences References
16SarL 5'-CGCCTGTTTATCAAAAACAT-3'
16S rRNA Palumbi, 1996
16SbrH 5'-CCGGTCTGAACTCAGATCACGT-3'
FishF2 5'-TCGACTAATCATAAAGATATCGGCAC-3'
COI Ward et al., 2005
FishR2 5'-ACTTCAGGGTGACCGAAGAATCAGAA-3'
Tmo-f1-5 5'-CCTCCGGCCTTCCTAAAACCTCTC-3'
Tmo-4C4 Spark and Smith, 2004
Tmo-r1-5 5'-CATCGTGCTCCTGGGTGACAAAGT-3'

16



Predorsal

Snl| OD |POL

CPD

B Prepelvic
Preanus
Preanal

HL

Fig. 2. Diagram showing morphometric characters. TL, total length; HL, head length;
SL, standard length; Snl, snout length; OD, orbital diameter; POL, postorbital length;

DBL, Dorsal fin base length; ABL, Anal fin base length; CPD, caudal peduncle depth.
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L. F3AY ¥z 9 24 34

7zt g2 nEE =g o} DNA COI 49 600bp, 16S rRNAS S 500bp X
31 DNA Tmo-4C4 < 460bpel H7IHds FHate] Hlws3th

UHAL7] 3 ol 14F 8 FARAIE detstal fiAZE Wlawskslor,

ofN

7 Hd 4748 E Table 33 Table 4] YERAL, 3 Hf

4 A28+ Table 59 YERSITE

1) mtDNA COI 9

WA COol 9o 97| LEdS #43 A} Transition/transversions ratioi= 2.14,
variable site (V)= 1197l #}$], parsimony informative sites (Pi)i= 1137 3¢ =
el o 7)o HIES-S A (adenine) 22.65%, C (cytosine) 32.22%, G
(guanine) 17.16%, T (thymine) 27.97%= A= ATt FHI T2LS O =
4ee F AES 98 mDNA COI 999 947144 NCBIS BLASTE
olgatel S2E A7IAA} H@HAOH, NI e FERISATHFig 3).
FAARE T 2.6%29.6%2]  AolE Holal lglow, ok b
FAA S 143~18.0%, & 7+ A= Ha 18.9%, A 29.6% AHol&
Gepdnh B0 SAAE A 07% AolE molw o] Ef Mol
SEed SAUNTG. $U HF FAAYE WaANES v(Table. 3),

Uo7 &e]  &3dtE ZMAIVEINC  awriga)St  EEUHA7)(C
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vagabundus)7t 2.8%% w3 7HEAl FREACH, WHT(C. auripes)St
W EH|IL71(C. wiebeli)’} 3.1%Z A= FABAZ 7k Ao

vebstth FErtese F 3 FAAYE RlasRgke W, Euha(

=

chrysostomus)¥} T 7VFelw(H.  acuminatus)©]  11.7%= A F S O

=tlu5Y ZF2UF57 e B (H. diphreutes) Aol = Bt 12.8%, T35 7w
HedTErtEs  Alele B 107% o AelE: Holn Utk
2 E(Coradion altivelis)2} A&7 el & (Roa modesta)®] the 59 53
AAHOZ 20% olde] #FAAZE &Qlo] Hya F38 F F3E

BAFAALE 294%=2 FAWAE 7HE | Ao R e

2) mtDNA 16S rRNA 99
MDNA 16S rRNA 7|4 4S 43k A, Transition/transversions ratioi=
2.12, variable site (V)= 1347 3}2], parsimony informative sites (Pi)i= 11071
A2 YEFSE O™ $47]9 HIES-2 A (adenine) 30.60%, C (cytosine) 24.48%,
G (guanine) 22.82%, T (thymine) 22.10%= YEFSGTE F F A2 & 2.0~
122%°] #FolE Hola g om, of& b FAAZ = 5.5%~5.9%, & 3t
FAATE 84%-142%2] zolE Btk T ol col o
skl Hdl 0.7%°] ®olE Holi e wmiZiA R Fuf wo]
FEA F FHHEATHEE 4). T B FAAYE vadRgS
u(Table. 3), WH|17] £ YH|IL7|(C. auripes)?} 28] ZH]317](C.

wiebeli)7} 22%% R FAJAZE g 77k ASRE UERRS
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v 7)ot EYN|AV|(C lunula)?t  2.9%, ZHAIUHIALZI(C.  auriga)$F
ZUB|L7](C. lineolatus)?t 2.9%%= 7VAA FA=H AT FE57HaE5e $3¢F
TAAYE vuaARgS o, =sd &FSAFE7HEEH diphreutes)
Abol= HAt 4.7%, =W (H. chrysostomus)¥t &7 5 (H. acuminatus)©]
6.2%%2 FRIHon, Fertelnat #d2SlFErielE Aol Bt 4.6%
o] zpolE Kol Qlth AMu]E(Coradion altivelis)>- ThE 49 FE53}
Ht 84~104% =tolE Holm glow AE7lel S (Roa modesta)® 735

Z

-

—_—

Bt 5~122% o)A fEAY  Aolg dEdn Yo T

ofN

7€
B FAARE  9.u%elm FErEEHE ¥ 122%F dErd

FEII &Y F3e QWA HF W AOw vehg

3) nDNA Tmo-4C4 % &

Nuclear DNA Tmo-4C4 g9 2] 7] A Lol A= Transition/transversions ratioi=
2.0, variable site (V)i= 607l =}$1, parsimony informative sites (Pi)i= 367 ¢ =
Uebdth 9719 HIE&-2 A (adenine) 28.34%, C (cytosine) 18.30%, G (guanine)
27.29%, T (thymine) 26.07%= =] Slth. & b FHAYE 0~5.8%%
FHE I O (Table 4), o} 7+ 2.2~3.4%, % 3 2.5~52%% F-F = At
Ura7]1& ol F §1 ARl 13%2 JEew F57ieE ol Pt

T AYe 05%2 FJAHAUAT. vRlarEy Blad Tk S

v

M7 el & (Roa modesta)®] <3t Roa%C.Z2 YEFEO™ 25%° #7374

rlu

ztol & FRlstlt. A = (Coradion altivelis)©] 43 Coradions- Tt
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} 4 Sltk(Table. 5).
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Table 3. Mean genetic distances among 13 butterflyfishes based on mtDNA COI sequences (upper triangle) and 16S rRNA sequences (lower

triangle).

Species | 2 3 4 5 6 7. 8 9 10 11 12 13

C. auriga 0.053 0.069  0.073 0.179 0.147  0.028 0.049  0.231 0.191 0.237 0.211 0.213
C. auripes 0.051 0.068  0.057 0.182 0.130  0.055 0.031 0.258 0.213 0.244  0.237  0.208
C. lineolatus 0.029  0.034 0.082 0.191 0.135 0.058 0.065 0.267 0.203 0.228 0226  0.222
C. lunula 0.050  0.029  0.043 0.174  0.158  0.070  0.060  0.272 0.225 0.246  0.230  0.202
C. nippon 0.057  0.064  0.052  0.059 0.172  0.168 0.184  0.256 0.249 0.225 0.247  0.213
C. speculum 0.057  0.058  0.053 0.067 0.056 0.151 0.135 0.238 0.193 0.205 0.211 0.251
C. vagabundus 0.036  0.057  0.038  0.044  0.052 0.066 0.051 0.243 0.180 0222 0.207  0.216
C. wiebeli 0.032  0.022  0.029  0.022 0.047 0.053 0.040 0.252 0.217 0.248  0.231 0.203
Coradion altivelis 0.094  0.089  0.086  0.098 0.098 0.099  0.091 0.084 0.211 0.255 0.263  0.294
H. acuminatus 0.167  0.128  0.128  0.135 0.143 0.136  0.142 0.130  0.104 0.117  0.107  0.270
H. chrysostomus 0.051 0.133 0.125 0.129 0.132 0.127  0.130  0.125 0.104  0.062 0.128  0.286
H. diphreutes 0.029  0.126  0.120  0.122 0.122 0.128  0.123 0.117  0.089 0.046 0.047 0.290
Roa modesta 0.050  0.087  0.089  0.107 0.094  0.094  0.107 0.087  0.091 0.122 0.112  0.107
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Table 4. Mean genetic distances among 13 butterflyfishes based on nDNA Tmo-4C4 sequences.

Species 1 2 3 4 5 6 7 8 9 10 11 12
C. auriga

C. auripes 0.007

C. lineolatus 0.003 0.005

C. lunula 0.005 0.007  0.002

C. nippon 0.024  0.032  0.027  0.029

C. speculum 0.022  0.025 0.020  0.022  0.034

C. vagabundus 0.003 0.005 0.000  0.002 0.027  0.020

C. wiebeli 0.003 0.005 0.000. 0.002 0.027  0.020  0.000

Coradion altivelis 0.054 0.052  0.051 0.054  0.053 0.053 0.051 0.051

H. acuminatus 0.043 0.052  0.046  0.048 0.048  0.051 0.046  0.046 0.028

H. chrysostomus 0.043 0.051 0.046  0.048 0.048  0.051 0.046  0.046 0.030  0.007

H. diphreutes 0.051 0.058  0.053 0.056 0.051 0.058 0.053 0.053 0.035 0.007  0.013

Roa modesta 0.03 0.028  0.023 0.025 0.024  0.027 0.022  0.022 0.038  0.033 0.033 0.034
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Table 5. Mean genetic distances among 4 genera of butterflyfishes based on COI, 16S

rRNA, Tmo-4C4 sequences.

Based on mtDNA COI sequences

Genus 1 2 3 4
Chaetodon 0.106

Coradion 0.252 0.000

Heniochus 0.221 0.243 0.117

Roa 0.26 0.294 0.282 0.000

Based on mtDNA 16S rRNA sequences

Genus 1 2 3 4
Chaetodon 0.046

Coradion 0.092 0.000

Heniochus 0.099 0.099 0.052

Roa 0.089 0.091 0.114 0.000

Based on nDNA Tmo-4C4 sequences

Genus 1 2 3 4
Chaetodon 0.014

Coradion 0.052 0.000

Heniochus 0.050 0.031 0.009

Roa 0.025 0.038 0.033 0.000
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Fig. 3. Neighbor joining tree based on mtDNA COI sequences 320 bp of
butterflyfishes 13 species from Korea. Sequences arranged by ClusterW. NJ tree
constructed by 10,000 bootstrap replications using K2P model . Scale indicate a

genetic distance of 0.05. The tree showing relationship among butterflyfishes.
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Chaetodon auripes KAUM-1 148107
» |Chaetodon auripes PKU 19763
(Chaetodon auripes KAUM-1 104690
'Chaetodon auripes KAUM-1 139068
Chaetodon lunula NSMF-P 103133
Chaetodon lunulaNSME-P 95297 C. lunula
Chaetodon lunulaNSMF-P 103106
Chaetodon wiebeli KAUM-I 96584
Chaetodon wiebeli KAUM-1 109992
(Chacotodn wiebell KAUMA 123241 C. wiebeli
» |Chaetodon wiebeli PKU 19762
e Chaetodon wiebeli PKU 20588
'Chaetodon wiebeli PKU 20589
w0 , Chaetodon vagabundus KAUM-I 121895
w1 Chaetodon rasabmkh:s NSMF-P 124212
Chaetodon vagabundus KAUM-I 153269
— Chaetodon auriga KAUM-I 116897
Chaetodon auriga KAUM-I 148105
T | Claetodon anrigaRAUM 148104
"Chaetodon auriga HUMZ 224194
] Chaetodon specidlim PRU 62919 L
- Chaetodon nigpon KAUM-1 131676 (. nippon
s | Chaglodon nippon KAUM-1 90800
L TR Roa modesta
m | Roa modesta PRU19765 -
Coradion altivelis: KAUM-T 129608
e Coradion altivelis KAUM-1 89728 FO" ad ion al ! ive] is
2 (Coradion altivelis KAUM-I 147517
lcoradion alrivels KAUMH 147312
2| Heniochus chrysostomus KAUM-1 101541
"L{I KA H. chrysostomus
Heniochus chrysostomus KAUM-I 146645
Henlochus diphveutes KAUMAI 120204
Heniochms diplreutes PKU 62799 F-I.V
" iochus diphreutes KAUM-I 123933
Heniochus diphreutes KAUM-1 114441
\Heniochus diphreutes KAUM-1 124918

C. auripes

C. vagabundus

C. auriga

H. diphreutes

H. acuminatus

Mic hus strigatus EF616974
» Zanclus cornutus EF616980

—
(1)

Fig. 4. Neighbor joining tree based on mtDNA 16S rRNA sequences 464 bp of
butterflyfishes 13 species from Korea. Sequences arranged by ClusterW. NJ tree
constructed by 10,000 bootstrap replications using K2P model . Scale indicate a

genetic distance of 0.02. The tree showing relationship among butterflyfishes.
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Chaetodon ltomila MEMF-F 103106
Chaetodon linesiatus EF617187
ﬂ.- Chaetodon wiebeli PELT 19762
sa || Cheretodon vagabundis EAUM-T 153269
Chaetogdan muripes FEU 19763
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Heniochus chrysostomus KAUM-T 101541

Hemiochus diphreires FELT 62759

7| Hemochnus aciminatus PEU 10089

I Coradion altivelis EATUNM-T E972E
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Fig. 5. Neighbor joining tree based on nDNA Tmo-4C4 sequences 460 bp of butterflyfishes 13 species from Korea. Sequences arranged by

ClusterW. NJ tree constructed by 10,000 bootstrap replications using K2P model . The tree showing relationship among butterflyfishes.
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4) ML tree & Bayseian Inference tree

M(DNA COI, 16S tRNA &% % nDNA Tmo-4C4 gl thsto] BI tree9} ¥
ML treeS 2390 2i2te] ez FRatol AFEE 443 vhFig

6, Fig. 7). A7FA 99 RF 4701e] %(Chaetodon, Roa, Coradion,

Heniochus)2. %2 % %3l 9lom™ miDNASL nDNA 9&9 EF =2
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Fig. 6. Maximum-likelihood (ML) and Bayesian-inference (BI) consensus tree based on mtDNA 16S rRNA, COI sequences. The tree

constructed by 3,000 bootstrap replications, showing relationships among 14 species butterflyfishes from Korea. Number of branches indicate

bootstrap values (upper) and posterior probabilities (below). Color of boxes indicate one of subgenus in Genus Chaetodon (Red:

Rabdophorus; Yellow: Lepidochaetodon; Green: Tetrachaetodon).
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Fig. 7. Maximum-likelihood (ML) tree and Bayesian-inference (BI) tree based on nDNA Tmo-4C4 sequences. The tree constructed by 3,000
bootstrap replications, showing relationships among 14 species butterflyfishes from Korea. Number of branches indicate bootstrap values
(upper) and posterior probabilities (below). Color of boxes indicate one of subgenus in Genus Chaetodon (Red: Rabdophorus; Yellow:

Lepidochaetodon; Green: Tetrachaetodon).
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2. FE 714

v 7] 2 1358 Al B A5 @ A2 Table 6~ Table 116 UEFITE 54
=efrl g} s =gr] o] AFdAo s & F Fo3 2polE HolA sk
O}, A 5 (Coradion altivelis)©] 43t Coradion® 0] 735 A =¢v] =
z7F 871E 7HE A th(Table 6). 54 35 (LLp)9t 3 = (TRa) U 313
G (TRb)E V| W3tS S W], Chaetodon°| VI3 Heniochus%©] tF-i Tl

W& A0 2 UEFSTH(Tabe 8; Table 9).

Family Chaetodontidae Rafinesque, 1985 (=7': L}H] 327]3})

A w2 W@zt v SHE glew, AT Fo] daEe g
A gk g3 FEolrt #a WEate FEHo] vk FA=YR] S22
Azt FEHA oA AY ofzte] AAZF EAS. A =] Fx2e
6~1671, Ax= 15~3070Z o] FojA om JAA=vv|= 5% 3~571, 4
ZE 14~2370E o] FojA vk & AAE HlulsE2 "ol gtk folAlY]
AN TR A ddd AP g9 glon, wy 5% 9%
Aol w9 BFsHA e E2]FX] A (Tholichthys) ©HAIE AXITh (Leis,
1989; Burgess, 2003; Allen and Erdmann, 2012). UH] 1173} o] F= 52| =¢n
A oAFe A5 =Y d 9 AP wet &£ FEoE R

AMA 124 134F°] S TH(Fricke at al., 2021).
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Table 6. Comparisons of dorsal fin rays of butterflyfishes from Korea

Counts Dorsal spine Dorsal softrays

Specimens Is\;‘;‘gtrfén"sf VIl IX X XI X XII XIV 1718 19 20 21 22 23 24 25 26 27 30 3l
Chaetodon auriga 4 : : : : : 4 1 2 1

C. auripes 5 1 4 1 3

C. lineolatus 3 3 2 1

C. lunula 4 : [ . : 4 1 3

C. nippon 4 4 1 2 1

C. speculum 1 : i : : 1 d 1 1

C. vagabundus 4 4 2 2

C. wiebeli 6 5 1 2 1 1 2

Coradion altivelis 4 4 2 2
Heniochus acuminatus 5 5 2 3

H. chrysostomus 3 3 2 |

H. diphreutes 5 5 2 2 1

Roa modesta 3 3 2 1
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Table 7. Comparisons of anal fin rays of butterflyfishes from Korea

Counts Anal spine Anal softrays

Specimens I;L“elzliﬁgsf I 16 17 19 20 21 22 23 24 25 26 27 30 31
Chaetodon auriga 4 4 F.~2 1
C. auripes 5 5 3

C. lineolatus 3 3 1 2
C. lunula 4 4 2 1

C. nippon 4 4 3

C. speculum 1 1

C. vagabundus 4 4 1 1 "D
C. wiebeli 6 6 1 3
Coradion altivelis 4 4 1 1
Heniochus acuminatus 5 5 1 1

H. chrysostomus 3 3 ke

H. diphreutes 5 5 5

Roa modesta 3 3 1 1
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Table 8. Comparisons of lateral line pores (LLp) of butterflyfishes from Korea

Counts Lateral line pores

Specimens Is\rl)lggtrfernosf 24 --- 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 ?

Chaetodon auriga 1, ]l ™ 1
C. auripes
C. lineolatus
C. lunula

C. nippon

— A A W LB A
[\]
—

C. speculum

C. vagabundus

C. wiebeli

Coradion altivelis
Heniochus acuminatus
H. chrysostomus r 11

H. diphreutes

[S TNV SV U S e S N
[\]
—
—
—

Roa modesta
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Table 9. Comparisons of TRa and TRbD of butterflyfishes from Korea

Counts

TRa

TRb

Specimens

Number of
specimens

6

7

8 9101112131415 ? 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 -

35

?

Chaetodon auriga
C. auripes

C. lineolatus

C. lunula

C. nippon

C. speculum

C. vagabundus

C. wiebeli
Coradion altivelis
Heniochus acuminatus
H. chrysostomus
H. diphreutes

Roa modesta

4

5
3
4
4

W L W UL A N A

1

1
1
2
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Table 10. Comparisons of proportional measurements of 13 in standard length

Morphological characters

Chaetodon auriga

Chaetodon auripes

Chaetodon lineolatus

Chaetodon lunula

Chaetodon nippon

Number of specimens
Standard length (mm)

4
23.7~148.7 (97.9)

5
20.3 ~ 139.5 (63.6)

3
33.1~207.2 (100.1)

4

43.0 ~209.1 (154.5)

4
24.9 ~116.7 (61.9)

In SL (%)
Body depth
Head length
Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length
Predorsal length
Prepectoral length
Prepelvic length
Preanus length
Preanal length
Dorsal fin length
Pectoral fin length
Pelvic fin length
Caudal peduncle depth
Caudal fin length

63.1~66.5 (64.3)
31.1~44.2 (35.4)
4.0~7.6(5.3)
13.2 ~ 14.9 (14.0)
8.0 ~ 16.7 (10.6)
8.6~ 12.7 (9.9)
12.4 ~17.7 (14.0)
40.9 ~ 52.0 (44.6)
32.0 ~ 41.4 (36.0)
38.0 ~ 51.0 (43.0)
63.4 ~ 68.5 (66.0)
66.9 ~71.1 (68.9)
62.8 ~71.2 (68.7)
24.8 ~32.6 (27.5)
19.3 ~27.9 (23.5)
10.0 ~ 11.8 (10.7)
15.1 ~20.0 (17.7)

61.7~73.6 (68.1)
31.6~42.2 (36.1)
4.0~5.1(5.2)
11.0 ~ 13.1 (11.7)
10.9 ~ 13.1 (12.7)
11.0~ 13.3 (12.2)
13.2 ~ 162 (14.2)
42.8 ~55.5 (47.9)
32.6 ~39.1 (36.4)
41.9 ~ 47.7 (45.4)
61.1~68.8 (66.1)
68.8 ~72.5 (71.1)
65.7 ~ 68.8 (70.1)
27.4~29.3 (29.0)
13.9 ~28.5 (23.9)
10.9 ~ 11.8 (11.0)
15.8 ~ 18.4 (17.8)

67.0 ~ 68.4 (67.4)
33.0~37.9 (36.1)
44~82(6.3)
13.3 ~ 15.4 (14.6)
7.0 ~ 13.9 (11.0)
11.0 ~ 13.6 (12.5)
13.2~15.0 (14.2)
38.2 ~ 50.5 (45.3)
33.5~38.6 (36.4)
27.0 ~ 46.4 (37.8)
67.1~70.2 (68.4)
71.0 ~ 74.7 (72.8)
65.6 ~72.0 (69.2)
23.5~29.5 (27.5)
18.0 ~ 30.6 (25.0)
10.5 ~ 11.8 (11.0)
16.0 ~ 18.1 (17.1)

56.3 ~ 65.6 (63.2)
31.1~37.6 (33.7)
4.2~523(4.6)
13.3 ~14.7 (13.7)
7.2~ 11.7 (9.0)
9.6~ 11.9 (10.5)
13.6 ~ 15.2 (14.4)
37.6 ~ 48.8 (43.6)
29.7 ~38.3 (34.6)
39.6 ~ 48.8 (43.3)
65.6 ~ 70.5 (68.5)
68.6 ~73.0 (71.5)
57.9~71.1 (67.1)
21.4~27.5(25.0)
20.3 ~30.5 (23.6)
9.8~10.5 (10.2)
12.7 ~17.1 (14.6)

55.8~66.1 (61.8)
31.2~40.7 (34.9)
3.7~6.1(5.0)
9.0~ 13.8 (11.7)
8.8~ 16.4 (12.7)
10.8 ~ 13.7 (11.8)
14.0 ~17.9 (15.3)
36.7~46.9 (41.2)
31.6~43.1 (35.7)
40.4 ~ 50.0 (44.3)
61.2~73.0 (68.4)
66.9 ~77.7 (71.7)
61.1~75.0 (68.6)
25.4~28.9 (26.4)
21.9~29.1 (25.9)
10.2 ~ 11.3 (10.6)
19.1 ~22.2 (20.5)
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Table 10. Continue

Morphological characters

Chaetodon speculum

Chaetodon vagabundus

Chaetodon wiebeli

Coradion altivelis

Number of specimens
Standard length (mm)

1
11.7

4

27.6 ~ 113.5 (70.8)

6

22.7~157.3 (77.0)

4
24.0 ~ 134.3 (76.2)

In SL (%)
Body depth
Head length
Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length
Predorsal length
Prepectoral length
Prepelvic length
Preanus length
Preanal length
Dorsal fin length
Pectoral fin length
Pelvic fin length
Caudal peduncle depth
Caudal fin length

63.9
45.8
6
11.9
21.3
11.9
16.2
58.8
46.9
52.9
76.7
78.4
58
24.7
27.3
14.5
25.6

67.2 ~ 69.8 (68.3)
31.9 ~42.2 (35.4)
3.0~ 7.8 (5.6)
11.5~13.3 (12.2)
9.2~ 14.7 (11.6)
9.5~10.9 (10.1)
8.1~13.3(10.7)
40.4 ~ 55.5 (46.6)
31.6 ~40.0 (35.5)
36.9 ~ 48.0 (39.4)
63.5 ~ 65.6 (64.7)
69.0 ~72.3 (62.7)
62.5~75.3 (70.3)
26.5~30.1 (28.3)
22.0 ~28.0 (25.1)
9.5~ 11.1 (10.5)
17.4 ~19.1 (18.4)

59.2 ~ 75.4 (66.0)
31.2~43.6 (36.3)
4.8~10.1 (7.3)
11.5~13.7(11.7)
8.5~16.9 (12.7)
9.7~21.9 (13.6)
10.8 ~ 15.8 (12.7)
43.8 ~53.2(12.9)
32.1~43.4(71.8)
41.1~55.9 (36.8)

65.8~72.0 (46.4)

68.1~76.2 (47.9)
58.8 ~ 80.8 (68.3)
26.7~29.9 (28.8)
20.4 ~28.1 (25.8)
10.1 ~12.4 (11.3)
16.1 ~ 24.6 (20.4)

61.3~80.2 (71.7)
36.3 ~40.6 (37.7)
4.9~7.2(6.5)
9.0~ 14.8 (13.3)
9.8~16.5 (11.1)
9.7~10.4 (10.1)
15.3 ~17.1 (16.5)
48.0 ~53.8 (51.9)
35.8~37.6 (36.8)
42.1 ~49.3 (44.6)
63.6 ~ 67.3 (65.6)
66.7 ~ 69.4 (67.7)
79.6 ~73.9 (65.1)
26.2 ~30.2 (28.3)
33.5~38.7(35.1)
11.6 ~ 13.0 (12.1)
21.3 ~24.0 (22.8)
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Table 10. Continue

Morphological characters

Heniochus acuminatus

Heniochus chrysostomus

Heniochus diphreutes

Roa modesta

Number of specimens
Standard length (mm)

5
37.3 ~ 158.8 (93.5)

3
50.8 ~ 122.4 (75.5)

5
33.4 ~ 135.1 (90.6)

3
32.1~99.5 (67.6)

In SL (%)
Body depth
Head length
Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length
Predorsal length
Prepectoral length
Prepelvic length
Preanus length
Preanal length
Dorsal fin length
Pectoral fin length
Pelvic fin length
Caudal peduncle depth
Caudal fin length

67.4~71.9 (69.4)
33.0~41.2 (36.4)
5.1~7.7(6.2)
12.~15.9 (14.3)
8.3~ 16.1 (11.5)
9.0 ~ 12.3 (10.5)
10.3 ~ 16.5 (13.5)
48.9 ~59.1 (53.5)
33.8~42.8 (37.5)
43.1 ~47.3 (46.0)
65.6~71.1 (68.3)
69.8 ~76.1 (73.5)
68.2 ~75.3 (72.7)
29.5 ~38.0 (33.9)
32.8~41.2(36.2)
10.3 ~11.7 (11.0)
20.9 ~31.5 (24.3)

64.0 ~68.0 (66.6)
33.3~38.0 (36.3)
5.5~6.0(5.7)
11.6 ~ 13.8 (12.8)
11.3 ~13.5 (12.7)
103~ 122 (11.1)
12.6 ~ 15.1 (13.7)
41.8 ~47.3 (45.0)
33.7~36.7 (35.4)
39.3~43.2 (41.4)
60.5 ~67.9 (64.6)
66.4 ~ 69.5 (67.9)
71.5~77.7 (74.6)
36.1~37.1 (36.6)
31.1~38.4(35.7)
8.3~ 10.5 (9.5)
21.6~23.2(22.4)

58.9 ~77.6 (69.9)
29.6 ~38.3 (34.2)
3.8~5.9(5.1)
9.1~ 12.1 (11.0)
9.2~12.6(11.2)
8.8~ 12.5 (10.3)
12.9 ~ 17.5 (14.9)
42.0 ~50.8 (48.0)
31.7~35.5(33.8)
44.8 ~ 47.6 (46.2)
65.4 ~73.4 (69.9)
70.3 ~ 75.6 (73.8)
66.3 ~79.4 (75.5)
25.4 ~34.7 (30.5)
31.7~40.8 (36.4)
11.1~12.1(11.6)
19.7 ~22.8 (21.2)

69.7 ~75.5 (71.8)
33.1~39.3 (36.4)
6.7~17.5(7.0)
11.2 ~ 12.8 (12.5)
10.1 ~12.6 (11.4)
10.3 ~ 14.3 (12.3)
13.3 ~15.5 (14.4)
49.7 ~51.8 (50.4)
36.2~41.5 (38.6)
41.3 ~ 46.6 (44.0)
62.1~68.9 (66.2)
64.2 ~73.1 (69.9)
64.6 ~72.1 (68.4)
23.9~31.7(28.7)
26.2~29.7 (27.9)
11.9 ~ 13.4 (12.4)
14.6 ~23.7 (19.8)
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Table 11. Comparisons of proportional measurements of 13 Chaetodontidae in head length

Morphological characters

Chaetodon auriga

Chaetodon auripes

Chaetodon lineolatus

Chaetodon lunula

Number of specimens
Head length (mm)

4
10.5 ~ 46.2 (32.3)

5
8.6~24.9 (21.6)

3
12.5 ~ 68.3 (34.4)

4
16.2 ~ 65.1 (50.5)

In HL (%)
Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length

11.5 ~24.6 (15.5)
33.8 ~44.8 (40.2)
24.1 ~37.9 (29.0)
26.5~28.7 (27.8)
38.6 ~40.1 (39.6)

12.0 ~ 17.9 (14.6)
29.8 ~35.4 (32.6)
31.5~37.5(35.2)
26.0 ~ 38.6 (34.2)
32.1~44.4 (39.7)

13.5~21.9 (17.2)
35.7~46.0 (40.8)
21.1~36.8 (30.2)
33.5~36.0 (34.5)
37.7~40.2 (39.3)

11.1~15.9 (13.7)
39.2 ~42.8 (40.7)
23.1~31.2(26.5)
25.5~35.8 (31.4)
40.3 ~ 43.8 (42.9)

Morphological characters

Chaetodon speculum

Chaetodon vagabundus

Chaetodon wiebeli

Coradion altivelis

Number of specimens
Head length (mm)

1
54

4
8.6 ~36.2(23.7)

6
7.4~51.3 (25.9)

4
9.5~49.9 (28.3)

In HL (%)

Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length

13
26.1
46.6
26.1
354

8.5~24.3 (15.8)
29.8 ~ 41.3 (34.9)
27.4~37.9 (32.3)
25.9 ~30.8 (28.7)
26.0 ~41.5 (31.2)

12.8 ~24.1 (20.1)
22.6 ~37.6 (32.6)
26.1 ~41.5 (34.3)
27.3~55.1(35.3)
24.8 ~48.5 (38.2)

13.4~19.7 (17.2)
32.3~39.7 (35.3)
24.7~33.9 (29.4)
23.9~28.5 (26.8)
37.8 ~ 47.0 (44.0)
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Table 11. Continue

Morphological characters

Heniochus acuminatus

Heniochus chrysostomus

Heniochus diphreutes

Roa modesta

Number of specimens

Head length (mm)

5
15.4 ~ 54.1 (32.7)

3
19.3 ~40.7 (26.7)

5
12.8 ~40.0 (30.1)

3
12.6 ~ 32.9 (23.9)

In HL (%)
Upper jaw length
Snout length
Orbital diameter
Interorbital width
Postorbital length

12.4 ~22.0 (17.3)
33.2~42.4(39.3)
24.5~39.1 (31.4)
26.5 ~30.6 (28.8)
30.3 ~42.1 (37.0)

14.5 ~18.1 (15.7)
34.6 ~34.8 (35.3)
33.9 ~35.9 (35.0)
27.4~36.7 (30.8)
33.2~40.1 (37.7)

11.3 ~20.0 (15.0)
23.6 ~40.7 (32.7)
31.2~34.6 (32.8)
25.7~32.6 (30.0)
41.5 ~45.6 (43.5)

16.9 ~20.3 (19.2)
32.6 ~36.7 (34.3)
30.7~32.1 (31.2)
28.0 ~37.3 (33.9)
36.9 ~42.1 (39.8)
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1) W] 2715 (Chaetodon) 8 2] FE] 714

Genus Chaetodon Linnaeus, 1758 (= : YUH] 127]%5)
3~50A A =Yu|7E AFER don & VMEAEE SFHE A st
I ASel= 27] o] Avkst 547 EAEHA] =th(Pyle, 2000). ©]

Gol %@ olF F whHol Yt FE e e

flo
A
o

25
CH(Kelley et al., 2013). AAAIF =2 107] oF&% 87F°] & A Sl th(Fessler

and Westneat, 2007; Froese and Pauly, 2021)

Subgenus Lepidochaetodon Bleeker, 1876

AWA FA =] G7]= A

_IIN'

el £717F 3lom 5% AA 7t 719
THe UMY FHstAL v FAFAA SA=2n] 71387 9w

W7} =7 7] e o] 9l thHBlum, 1988; Ferry-Graham et al., 2001).

Subgenus Rabdophorus Swainson, 1839
TN SA =] V1A ] wrE ddR EAE del s&5E

il il

g0
R
2
o
kel
o
ofk

flo
[

3l &= Aol S54o|thBlum, 1988; Ferry-

Graham et al., 2001).

Subgenus Tetrachaetodon Weber & Beaufort, 1936

Aotz stdll E717F flow el SdE7I7F 2 dEEf 3laL 99

Aol HA] 92 o] th(Blum, 1988; Ferry-Graham et al., 2001).
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(1) Chaetodon auriga Forskal, 1775

(=7: 7kA v aL7]) (Fig. 8)

Chaetodon auriga Forskal, 1775: 60 (type locality: Ecuador)

Chaetodon auriga: Schultz, 1953: 591 (Djidda); Chyung, 1977: 618 (Korea); Allen,
1999: 148 (Indo Pacific); Allen et al., 2003: 17 (Japan); Kim et al., 2005: 348 (Korea);
Shimada, 2013: 995 (Japan); Kirschner and Bergbauer, 2015: 145 (Red sea); Tiralongo

et al., 2018: 491 (Capomiseno); Allen, 2020: 172 (Austrailia).

A 5 KAUM-I 116897 (23.7 mm SL), 9+ 7} A|vt& Hirase, 2018. 06. 30,
Hand net; KAUM-I 148104-148105 (87.25~131.95 mm SL), €& 7}aA]v}&]

Kamikatetsu Island, 2020.10.4, Hand net. HUMZ 224194 (148.7 mm SL), B

27| o}

Fig. 8. (A) Juvenile stage of C. auriga, Photo by Ichthyology lab in Pukyong National
University. ? mm. (B) Immature stage of C. auriga, PKU 19420, 54.7 mm TL,
Philippines. (C) Adult stage of C. auriga, KAUM-I 148105, 87.25 mm SL. Scale bars

indicate 1 cm.
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AA: B Ak ¥ SBPoth Y FFol: W Fu Yo

WESA EEE o} Ytk ¢ Ho] WU Dt fARE HU} Ak v el

d

Alal o Wl 2 ool S o Zhrto] flAd HE o] S

|

AL Wi ABAPE HEk e oRE s A==
TR e S | B = B i BTt . P B S S B 40
A= AxRe ARIE v AA ARE, (Al
AFHA d2th. ZhEA=Evs AR orkR SR E AEe
SAA=u|7kA] mesbA]| et FES A= Ry Six =g
7Wkel AR SIA=#ue A=Y X2 FERH AESH
neAF kAR AdEe] . wYAFEE Adgel Eo] ot =T
S ATl Al&Ete] mERFIEA] RSt FFol

AARAA ] Vg 2717 o Bol ot vlEe Bl Ao

s EASE e W Helt viele SEAM RA=elr] Wgow
wolskt AR ERHsb ol EA@th SAumevt AguE:
Qxe) vz WEHE AFT WEH 2719 Wil BB B4

T2 FYRE A9E T w=RAe o, HmevE opgow

>
o

waae] Ryl gepdth melAes maAeset B e

mul, me)A =)o) g Fystc
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Sl=-ElHeF A &l @ Fa9l A= ol A

M
f
o

= =
o, dE, 35

olrt

2] $+t}(Shimada, 2013; Kirschner and Bergbauer, 2015; Tiralongo et al., 2018;

Allen 2020).

Remarks
Rabdophorus  ©}&5°ll 43k, Chyung (1977)° &) $-guete] &
BuEch AZe] AR EFY7F FBEFoR EAEH, SA =z
AzFol ol i A wpge] wdNe] FrAHu], AR =H|,
nPA=YuE 7HHtE A 2 FFH F dAgth o A=
A=A Az dR7F AFEHA ggor % 10em AFE A =n|7}
Ao X thFig. 8). frolsh A7l BF SA=gn] Axel Hhgo] glon
el AT A5 wEdol EA|EHA] ¢ki=Th(Kuiter and Debelius, 2007;

DiBattista et al., 2015).
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(2) Chaetodon auripes Jordan and Snyder, 1901

(=7: Y1 37]) (Fig. 9)

Chaetodon auripes Jordan and Snyder, 1901: 90 (type locality: Japan)

Chaetodon auripes: Randall and Lim, 2000: 623 (South China sea); Myoung et al.,
2002 (Korea); Allen et al., 2003: 21 (West pacific); Kim et al., 2005: 349 (Korea). Allen
and Erdmann, 2012: 519 (Pacific); Shimada, 2013: 1001 (Japan); Kim et al., 2019: 334

(Korea).

Chaetodon collaris (not of Bloch): Mori and Uchida, 1934: 26 (Korea); Mori, 1952:

115 (Korea); Chyung, 1961: 436; Chyung, 1977: 393

HE A 5: KAUM-1 104690 (40.1 mm SL), €+ 7Fa2AIwF& Ohto Beach, 2017. 08.
08, Hand net; KAUM-I 139068 (75.2 mm SL), Hand net; ¥ 7}iiAvls

Bandokorobana National Park, 2019. 11. 13, Hand net; KAUM-I 148107 (139.5 mm

SL), ¥+ 7}alAlvld Kamikatetsu, 2020. 10. 04, Hand net; PKU 19763 (42.9 mm
SL), At 233, Hand net; PKU 51849 (20.31 mm SL), #|5= A #3ZA] dtels,

2014. 08. 28, Hand net.
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(A) (B)
Fig. 9. (A) Juvenile stage of C. auripes, 40.1 mm, KAUM-I 104690; (B) Immature

stage of C. auripes, PKU 19763 42.9 mm SL; (C) Adult stage of C. auriga, KAUM-I

139068, 75.2 mm SL. Scale bars indicate 1 cm.

AgAseE uhm el SR @Th . BALHEE AATE ekt
FEe A A g mAAT A ololA Atk hEAmevE AT
sz AR Agdt 3RS AmEvug siAs=eue el

gARG. RALrE SAnde] Fx FAVE A neAs

ARES] Rl AlFEke mERREA] ooty FE ol

AAF-7EA ] w2717 ZHom Fell gl Hls & vl A AT
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w
S
=
o
we)
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2
%
=2
rlr

AR ARFE AFsE AR
AZEFH7E ol ek AS "9 SH =] wbilo]l  glrh(fof
Aol AT Aol Wbl Uw). ZFeEA YR FYshy
A=, A =], SR =], meapEe agA=guls R

wdae Wl SAuevls Rxueun] ARAEs gede W

and Lim, 2000).

Remarks

Rabdophoruso}Z:ol  &abm,  AZe]  AAMAS  Amzo] YA,
e Ao Wl flod MEs A & A wBAL Wi FolA
B E3 dx@. mezdulasle W fAEd e smAsi

FRHUILY)E ool vs mElEUN Y)E Ade] HelEo] glg)el

7Y e dAA v mEEearle bR 9§Ed
T8 4= 2tk Mori and Uchida (1934)°ll 28] ¥t=toll C. collaris® &

BauEglom o] Chyung (1961)3} Chyung (1977)l 7]A1€ B 7] %=
AA] C. collaris® R.I1E ¢t} 3FATF Chyung (1977)9] St Ex el F5%

C. collaris MR AES A¥, Fo] AAXCRE wdtAs o A5
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ALY AZEFHZ Q= FelA B C auripesst AASHAL
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X 1% Myoung et al. (2002), Kim et al. (2005) =7olX = C. auripes=

A 2™ Kimetal (2019)°]4 %= o] & w231 Qlt},
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(3) Chaetodon lineolatus Cuvier, 1831

(=: =4l a7]) (Fig. 10)

Chaetodon lineolatus Cuvier in Cuvier and Valenciennes, 1831: 40 (type locality:
France)

Chaetodon lineolatus: Randall and Lim, 2000: 623 (South China sea); Myoung et al.,
2002 (Korea); Allen et al., 2003: 25 (Japan); Kuiter and Debelius, 2007: 484 (Maldives);

Kirschner and Bergbauer, 2015: 151 (Red sea); Allen, 2020: 172 (Asia).

B2 £: KAUM-I 6888 (59.97 mm SL), && 7}1A1uF& Ohto port, 2007. 09.
24, Hand net; KAUM-I 56135 (33.07 mm SL), ¥+ 7} A|v}& Bandokorobana
National Park, 2013. 08. 14, Hand net; KAUM-I 80464 (207.23 mm SL), ¥&

2 71k2}, 2015. 09. 22, Spear.

(A) (B) (€)
Fig. 10. (A) Juvenile stage of C. lineolatus, KAUM-I 56135, 33.07 mm SL; (B)

Immature stage of C. lineolatus, KAUM-I 6888, 56.97 mm SL; (C) Adult stage of C.

lineolatus, KAUM-I 80464, 207.23 mm SL. Scale bars indicate 1 cm.
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and Lim, 2000; Kuiter and Debelius, 2007; Shimada, 2013; Kirschner and Bergbauer,

2015).

Remarks
Rabdophorusotsell £ttt A Sl 7tE2E5Y7F Feol53 vleHAl

Eeeted, WEd TEEESFHZE B4 ¢ oloA e A, A=

2
BN

7N1dS wmeE H2A "ol EAske Aol wel 2 Fa dA S
AEE kel M A e C.ooxycephalus 2+ W5 ARSI oe TFRA 2=
ZFZEFYHEWI 7= BAglel ool vs C oxycephaluse= T8
rlo] ol Sle)et meAF dd@Eur s Ay AA7E
HIM vs C. oxycephalus= W AF F & A4 w7t EAoA zko] &
stolgk 4= Qlth(Allen et al., 2003). Myoung et al. (2002)°l] ]3] #|FEofA

FTEIOE Ag RuHglon, Aa] Eiol thst Rt mH|sit
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(4) Chaetodon lunula (Lacepéde, 1802)

(=1: 4] 1L7]) (Fig. 11)

Pomacentrus lunula Lacepede, 1802: 507 (type locality: Indian Ocean)

Chaetodon lunula: Chyung, 1977: 618 (Korea); Burgess, 1978: 566 (Indo-Pacific);
Allen, 1999: 148 (Australia); Allen et al., 2003: 21 (Indo-Pacific); Kim et al., 2005:
349 (Korea); Kuiter and Debelius, 2007: 483 (Japan); Shimada, 2013: 997 (Japan); Kim

et al., 2019: 334 (Korea).

A 5. N-P95297 (209.06 mm SL), Y= 7FiLA|wFEA  Ani-jima Island, 2009. 08.
31;N-P0103136 (183.14 mm SL), 9 7}31A]m}3] Tori-shima Island, 2010. 07. 19;
N-P0103133 (182.58 mm SL), & ¥ 7}32A]#}& Tori-shima Island, 2010. 07. 19;

PKU 19504, (43.03 mm SL), -4t 23 &}, 2020. 10. 21, Handnet.

(A) (B)
Fig. 11. (A) Juvenile stage of C. lunula, PKU 19504, 43.03 mm SL; (B) Adult stage

of C. lunula, N-P0103136, 183.14 mm SL. Scale bars indicate 1 cm.
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ARl EFH7E lem, sA=Euel wEgo] fivkErel  Al7lel=
SA=EE Azxe] W] S, TheA=Euls FEsiy SR =H v,
A = v, SA=u| e} me A meus B wmghAls dnh 5x =
AxHFS wet mYAF o7 A2 FH7E gEbd . S A =2 e}

Az bgAEE olFe Mg dWrh mEAneue Fure
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T4 30 m7EA] A2 Skoh(Burgess, 1978; Allen et al., 2003).

Remarks

EUB7(C lunula)=  Lacepéde  (1802)°] o AEETA
Pomacentrus% 2.2 RHI1EFRQ oY, ©]F  Burgess  (1978)°] u}z}
Chaetodon<s ©. % MHEE S o, & Al Rabdophorus©}=; ]| ERia=d

A=A, A=Y, 54 FF S Aol EF dAser

ASol R} diee] EAst:E F, ATl wHEG A
PUsb Qs A, AAAoR wasl el ARel 84 Wb Qs
HelA & F3 2 dAirh. W L7|(C lunula)v T3 ALFEOE
A3 C fasciatus®t FEHAOE w- FARIY C fasciatus A5 O
Sxo] AMHOL ofFHr A ZFUs we sk melATol
A2 Y7t EAeHA] Gevhes AelA FA3] ¥ th(Zekeria et al.,

2005; Kuiter and Debelius, 2007). Chyung (1977)°] <& $-zjutgte] A&

e

EHS O™, o]F Kim et al. (2005) ¥ Kim et al. (2019)°4 ©]& W=

.

32
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(5) Chaetodon nippon Steindachner and Doderlein, 1883
(= UH] &) (Fig. 12)
Chaetodon nippon Steindachner and Doderlein, 1883: 124 (Japan)
Chaetodon nippon: Mori, 1952: 115 (Korea); Chyung, 1961: 437 (Korea); Chyung,
1977: 394; Amaoka and Fujii, 1999: 162 (Japan); Kim et al., 2005: 350 (Korea); Zuo

and Tang, 2011: 1004 (China); Shimada, 2013: 1003 (Japan)

2] 2 KAUM-T 90800 (24.9 mm SL), ¥ 7}arAluld Kitakame, 2016. 08.
18, Hand net; KAUM-I 110151 (65.4mm SL), ¥+ 7}3A|#}& Kumano, 2017. 04.
28, Set net; KAUM-I 120161 (40.4 mm SL), ¥+ 7}3LA| 78 Uchinoura Bay, 2018.
09. 10, Set net; KAUM-I 131676, (116.7 mm SL), ¥+ 7}3LA] 78 Uchinoura Bay,

2019. 06. 07, Set net.

(A) (B) (©)
Fig. 12. (A) Juvenile stage of C. nippon, KAUM-I 90800,24.9 mm SL; (B) Immature

stage of C. nippon, KAUM-I 120161, 40.4 mm SL; (C) Adult stage of C. nippon,

KAUM-I 131676, 116.7 mm SL. Scale bars indicate 1 cm.
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FERE AARE wE AsAsen ARA olEnh AFE
E5Y7 et e SAnue] dxye] wdel sua
SERTH Rl AZlelE SAmeul dzel wrdel Rl 9.
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=R WEh A5 Fupel SAneY Az, meATE we

AALE] AP o2l W FAL wi= of F

Mo
E=Y
(T,
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°
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v
i)

WX Sy, A&, T T BAHESG dF AYe AAste Ao=E
oA 9om, =42 30 m oW A2 ETHAmaoka and Fujii, 1999; Zuo and

Tang, 2011; Shimada, 2013).

Remarks

el 4B, F 5 T Ik 2AE I 3tk Mori (1952)°
o8 AS HEOow, o]F Chyung (1961)°N1A e ol that 7] A7}

HZ2Z FE5 3k Chyung (1977) 2 Kim et al. (2005)3= ©]5 W= Qo)
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(6) Chaetodon speculum Cuvier, 1831

(= -y 7)) (Fig. 13)

Chaetodon speculum Cuvier, 1831: 73 (type locality: Indonesia)

Chaetodon speculum: Weber and Beaufort, 1936: 64 (Java); Sadovy and Cornish,
2000:169 (Hongkong); Allen et al., 2003: 20 (West Pacific); Pratchett, 2005: 375
(Australia); Hsu et al., 2007: 79 (Taiwan); Kuiter and Debelius, 2007: 480 (Indo-
Pacific); Allen and Erdmann, 2012: 531 (Indonesia); Shimada, 2013: 890 (Japan);

Yang et al., 2021: 1290 (China); Lee et al., 2021: 376 (Korea)

FEA) 5 PKU 62979(14.79 mm TL), 737355 XA o] 7121 8136°11'08.8"N,

129°23'05.1"E), 2021. 07. 31, =, AHA HG A

(A) (B)
Fig. 13. (A) Tholichthys stage of C. speculum, PKU 62919, 14.79 mm TL; (B) Adult

stage of C. speculum, PKU 20457, 68.00 mm TL, Bali, Indonesia. Photograph by Lee

et al., 2020. Scale bars indicate 1 cm.
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S AR =S o] 52 SuR gz ko Fuel
o mE AR ok g wheh SlX e Sk Rdehe S E5H7)

e

k= F8l, A&, vk, JIEdrel & JAZ=-MEE S & (Cuvier,

M

1831; Hsu et al, 2007; Shimada, 2013; Allen and Erdmann, 2012; Allen, 2020)°] -

B

ot 4] 8~30moll A2 $FTH(Allen et al., 2003).

Remarks

sA =], 7heA =], siA=ejv] AFdEo] BF dAs o vy
o} Fo] EF kmddg uH AF9 fifEs A Ads Rbgol &
Astoh= FollA SFYE| A7) (C speculum)@t & LAt SHUH| 1L
715 C. zanzibarensis 2} AFeEH, REF Ol A7[(SH UM 7= W F ovs

. . Ie) =
C. zanzibarensisv 2Y+r), =

R
10
td
o2

FEAW 7= GAFH AR vsC

£
o
rlj
|\
R
R
il

zanzibarensisi= W] %] F(ERA YN 7] 474870 vs C.
zanzibarensisi= 40~4270)1 4 8] L 4 QITh Lee etal. (2021)°] 3]
Fuo] H%2 BuFES O, Tholichthys THAIS Wolupx] 3 H-0]7]9|
AR AT Folal7lew b v 7]t ofFep g Agojgl nig 3

HE wa Q= Hol EAolt) EFEE Lee et al. (2021)0] 23] E&o A A

e VIAE AR v75Fo 2 BiaET)
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(7) Chaetodon vagabundus Linnaeus, 1758

(=8 F=unaL]) (Fig. 14)
Chaetodon vagabundus Linnaeus, 1758: 276 (type locality: India);
Chaetodon vagabundus: Kuiter, 1996: 215 (Eastern Australia); Allen et al., 2003: 17
(Indo-Pacific); Allen and Erdmann, 2012: 533 (Eastern India); Pratchett et al., 2013:
333-341 (Persian Gulf and Oman); Katd Shoichi, 2014: 154 (Southern Japan);
Motomura et al., 2017: 168 (Indo-Pacific); Kim et al., 2019: 335 (Jeju-do); Lee and

Kim, 2021: 128 (Korea)

22 5 PKU 62617(35.35 mm TL), AlF=5% AFAEZA] &%, 2013. 09. 08,
Hand net; KAUM-I 121895 (109.7 mm SL), ¥+& 7}31A|v}t& Okidomari Port, 2018.
10. 21, Hand net; KAUM-I 153269 (32.54 mm SL), &€& 7}3A|u}d Kaihama
beach, 2020. 12. 19. Hand net.; N-P 124212 (32.54 mm SL), ¥ 7} A|vld

Tarama Fishingport, 2011. 03. 07.

(A)

Fig. 14. (A) Juvenile stage of C. vagabundus, KAUM-I 32.54 mm SL; (B) Adult stage

of C. vagabundus, KAUM-I 121895, 109.7 mm SL. Scale bars indicate 1 cm.
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RE mEAT HEHS met A6 Az AGAOR PN
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gl

3L Qar, 4 30 m oy ol A 2] Stk (Pratchett et al., 2013; Kim and Lee, 2021).

Remarks

B F& Rabdophorusotio] 3kvl, fo] WALE HolA ThFd BE
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(8) Chaetodon wiebeli Kaup, 1863

(=r78: 2= aL7l) (Fig. 15)

Chaetodon wiebeli Kaup, 1863: 127 (China)

Chaetodon wiebeli: Masuda et al., 1984: 184 (Japan); Kim and Lee, 1994: 11 (Korea);
Pyle, 2000: 624 (China); Allen et al., 2003: 21 (West Pacific); Myoung et al., 2002:
153 (Korea); Kim et al., 2005: 350 (Korea); Kuiter and Debelius, 2007: 483

(Hongkong); Shimada, 2013: 1001 (Taiwan); Kim et al., 2019: 345 (Korea).

(A) (B)
Fig. 15. (A) Juvenile stage of C. wiebeli, PKU 20588 37.7 mm SL; (B) Adult stage of

C. wiebeli, 178.2 mm SL from Jeju-Island. Scale bars indicate 1 cm.

A 5 PKU 19762 (22.7 mm SL), 4t ©3d 3, 2020. 12. 07, Hand net, | 3 &}
o] f-%1; PKU 20588 (37.7 mm SL), 4t 33, 2020. 09. 30, Hand net, 5 =}
o] f-%1; PKU 20589(18.5 mm SL), -4t F3d 3}, 2020. 10. 10, Hand net, |3 =}

o] %1; KAUM-I 96584 (125.2 mm SL), ¥+ 7} A|vu}& East of Sakinoyama,

6 4



2016. 11. 26, Set net; KAUM-I 109992 (100.5 mm SL), ¥+ 7}3LA]vu}& Northeast
of Matsu-shima Island, 2017. 11. 21, Set net.; KAUM-I 123241 (157.3 mm SL), ¥+

7} A vFE Ishidera, 2018. 10. 26, Gill net.
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we, AR EE g A gk S AAo] LBE 9w e A}
A 547 ok A=Y= FEeky A BE AnYus &=
S-S Wy mERRRel YA =] 132 e s wy 23= Sy
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w3 e, AR, S, Nl 2 5 MEE

@

Aol =

B

s, 5

a

ot

A 425 m W]l A A2 gFEk(Allen et al., 2003; Kuiter and Debelius, 2007;

Shimada, 2013)

Remarks

2
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T2t} Kim and Lee (1994)¢] &3] =tu] 7| 2F o7 HuEgon 3
of thst JrR%E FFHo] 3lth o] Myoung et al. (2002), Kim et al. (2005),

Kim et al, (2019) SolA] o]& wW=1 Qlt}

66



2) Coradion & A5 19 FH 71A

Genus Coradion Kaup, 1860 (=7: =78 §l)

al

r
2
Oft
il

olrt

Coradion%2 57198 Mz 7HAH, 553 Al JEH7H A]
venl A" del 9@ wo Feeld Aol At AAAHoE

Coradion %l 3%°] Sl Tth(Ferry-Graham et al., 2001).

(1) Coradion altivelis McCulloch, 1916

(=79 &) s5) (Fig. 16)

Coradion altivelis McCulloch, 1916: 191 (Australia)

Coradion altivelis: Yoo et al.; 1995: 113 (Korea); Allen et al., 2003: 29 (Indonesia);
Kim et al., 2005: 350 (Korea); Kuiter and Debelius, 2007: 488 (Austraila); Shimada,

2013: 993 (South China Sea); Allen, 2020: 172 (West Pacific).

B2 7 KAUM-I 89728 (120.9 mm SL), & ¥ 7}FaA|v}& Nishizaki, 2016. 06.
18, Spear; KAUM-I 129608 (134.3 mm SL), &+ 7}3LA|v}& North of Kome—jima
island, 2019. 04. 14, Spear; KAUM-I 147312 (25.8 mm SL), ¥+ 7}32A|vF& West
of Nagahama Bay, 2020. 10. 16, Hand net; KAUM-I 147517 (24.0 mm TL), <& 7}

DA EFE West of Kashima, 2020. 10. 18, Hand net.
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(A) (B) (&)
Fig. 16. (A) Juvenile stage of Coradion altivelis, 24.0 mm SL, KAUM-I 147517; (B)

Juvenile stage of C. altivelis, KAUM-I 147312, 25.8 mm SL; (C) Adult stage of C.

altivelis, KAUM-I 129608, 134.3 mm SL. Scale bars indicate 1 cm.
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Ptk Fo B M ARIFHL} £ ARA=N SAnev
wele W& ARA o ek
A% AN FRE #4e wrh AN Axow 24 2Tz
VI oR wAS] vty AZe] Fand 43 He %o ERzt
Ul uehdeh SAuEE dze] wbgel  girk(RolAllel
AL dziel H4 sbgAel Eedel ALA we] FHa
DM R L PR 2 E S [ ECR e o R RS L
BYATE RS 2NS Wrh meAFY meA=ev] 13 =ANL

ww 2/3% AT HeA url o] yehdt)

AEAol, EF B AUAF el F=

X218 3~60 m Aol W-3Z3FTh(Shimada, 2013; Kirschner and Bergbauer,

= T2 AEz= N 7 Al Coradion el 38k, o] &Ko
o T2 3% Ak sALHR] S327F 8AelH, A =], SAY
FellM B dAshlvh. 3k mE A ] Z]H7AA] SAde] ool A= A
A5l 24 wrh VEGeR EAlshs FoR Fob & T3 dASHI

SFAI Rt Kirschner and Bergbauer (2015)°] wW=w, 71A =7] F3d§lol
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SA=EE Axel "ol lojof s, ¥ F2 EASHA o= AWAIZE

o

A%

A EES JFASOY Allen (2020)014 HTA=gn] AxH9

50
R

JI

RS Ax AT Rugth & T2 Coradion 54 T3 5257
SRR SAseE 2z Ss meld dehde slmze g
et ¥wd F&stA 7T 5 ATE Yoo et al. (1995)2] FFAFH o
o8 Hxr HuEon, o] A FE tsh YRIF P53 Kimet

al. 2005)°l 1= AP thAl AFekE ol 8% e Yuot £55o] lrk
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3) F57VFelS(Heniochus) 157 3% FH 7|4

I

Genus Heniochus Cuvier, 1816 (5 8: 735712 %)
TEHE ofFe FA=YR FZ27F 11-13700] 49 A A =en] 7}
A7 Eo] Qlrh. SA4o] mejA =eu] Z|H7HA] dAHe] Qo T ma

NRABE ARZEZYI EA8Y, T2 gl E5 9tk AAAdoR

A 8Fo] FEte&o® A4 tkdJordan, 1902).

(1) Heniochus acuminatus (Linnaeus, 1758)

(=r78: F&7He %) (Fig 17)

Chaetodon acuminatus Linnaeus, 1758: 272 (India)

Heniochus acuminatus Mori, 1952: 115 (Korea); Chyung, 1961: 438 (Korea); Chyung,
1977: 395 (Korea); Burgess, 1978: 223 (Indo-Pacific); Masuda et al. 1984: 186 (Japan);
Kim et al., 2001: 246 (Korea); Myoung et al., 2002: 155 (Korea); Allen et al., 2003: 28
(Red Sea); Zuo and Tang, 2011: 1003 (China); Choi et al., 2013: 47 (Korea); Shimada,
2013: 991 (Indo-Pacific); Kirschner and Bergbauer, 2015: 158 (Philippines); Allen,
2020: 174 (Indo- Pacific); Kim et al., 2019: 336 (Korea)

Heniochus diphreutes (not of Jordan): Mori and Uchida, 1934: 26 (Korea)

PZ A 8: PKU 9667 (43.79 mm SL), A|F% A AHS, 2013. 08. 21, Hand net; PKU
10089 (158.84 mm SL), 7475 % $33, 2013. 08. 21, Hand net; PKU 19764
(37.29 mm SL), Busan, 2020. 09. 30, Hand net; HUMZ 219136 (129.33 mm SL), &

¥ Okinawa; HUMZ 224251 (98.01 mm SL), ¥ Okinawa.
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AA: Be ZRHG9oW Anst S wE pHERPoI A e A
FFole wEskn] BEuo] vk FE 5799 oluwo] wekxo] vt
gol sl e A} ggolth FA=elv] JYRE FEolA 1
ot ool vl FAt FEhv oBe FuElolth @Yo R
wA stk ApEAmevs AR HEAA v Agste] wA e
v hgA e ok fEe] AT WA el vms A
SAzejule] Btk SAsevE AEAsdug AL wEd A
AAGA R okgh gkzo] 9 AFheh 4w A SA v A WS DA Ao

, s Plud o FHolnh A Hn = 448 dHE o

JdAS M vEA A SAL AR GERE #AAEE Hol B

27w eju] oA oloj e,

A AR W, v el Be A wpgeln AeA 2Rz} A% 2]
S WMo SERE A dgnT L E9 AL wEy

7} debdth SA=dn] Fx 340 A5 A7)

o
ot
i
o
lf
e
et
_O|Lt
2
-

Aol gemd AzErdst Qor, Agd T2 HEpY 54
wen] dzd sbg 7l RS TR G A7 G Ao EF

HA7b EAFHEAAN A FAT 7 e A7 Be). sA=EY] =

72



F5 % A% BPY A o] RE}A 4 2275 mo)

¢

] 2) $Ft}(Allen et al., 2003; Zuo and Tang, 2011; Kim et al., 2020).

Remarks
A =z27F Ao 9lal, SAlol aglx=gn] 7[H7HA] gt 4
oA FF7Fe] el &3} Linnaeus (1758)° & &l Chaetodon acuminatus =
HxE HuEST o]lF Fdst w3l 75 Heniochus macrolepidotus®}
FFol AHeH e Ero| Heniochus® 73 % ) Th(Jordan, 1903; Burgess,
1978). TE&7tew AR AT E 725 (H. diphreutes)$t -5
Abst SA=Ee] =2 FErEs7E 171 v @2dFsrtE s 1270),
Fol Pol(FE7elEe] € 7 W), AL FEENUAE 57 w HS
$710E 239, RAv] o] mow AAs] TRl shseh
AT L G4 A Fol Aw FHLe] ekt Aol o] I
H s &&& Hth FulelA Mori and Uchida (1934)e °l&l H.
diphreutes= A+ R.I1% 3 O Mori (1952)°14  H. acuminatus= 7374 B 31
319 ™, Chyung (1961), Chyung (1977), Kim et al. (2001), Myoung et al. (2002),
Kim et al. (2019) &< ©l& W23 itk A RE Kim et al. (2005)°] &]3) =
1H T3 S (H acuminatus)®] 735, AR O R ERIEE T -

Aget F4-9 AR, 50 4ol s& vdFs o FSlFerieE
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(A) % (B) / () "

() (F}

Fig. 17. All of specimens (A)~(F) identified H. acumniatus. (A): PKU 9667, 43.8 mm
SL; (B): PKU 9667 when alive, 43.8 mm; (C) PKU 19764, 37.3 mm SL; (D): HUMZ
224251, 98.0 mm SL; (E): HUMZ 219136, 129.3 mm SL; (F): PKU 10089, 158.8

mm SL. Scale bars indicate 1 cm.
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(2) Heniochus chrysostomus Cuvier, 1831

(=: =d+) (Fig. 18)

Heniochus chrysostomus Cuvier in Cuvier and Valenciennes, 1831: 99 (type locality:
Tabhiti)

Heniochus chrysostomus: Yoo et al., 1995: 113 (Korea); Allen et al., 2003: 25 (Japan);
Kim et al., 2005: 351 (Korea); Kuiter and Debelius, 2007: 484 (Maldives); Kirschner

and Bergbauer, 2015: 151 (Red sea); Allen, 2020: 172 (Asia).

2 = KAUM-I 101541 (122.35 mm SL), ¥+ 7}32Alv}& Shinaha Beach,
2017. 06. 29, Hand net; KAUM-I 139076 (53.33 mm SL), &% 7}1A|u}d

Bandokorobana National Park, 2019. 11, Hand net; KAUM-I 146645 (50.83 mm SL),

AdE 7} AntE Kamikatetsu, 2020. 10. 03, Hand net.

(A) " (B)

Fig. 18. (A) Juvenile stage of H. chrysostomus, KAUM-I 13907653.3 mm SL; (B)
Adult stage of H. chrysostomus, KAUM-I 101541, 122.4 mm SL. Scale bars indicate

1 cm.
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AA: e W HAAYe Anst Bk 9 W gm FEol:

=50l Jlom &gl FFF ool Utk wglef Hla ro] & ol
d3golrt. FAv] VHRE FHoA ] 9P BAE HohH
oEg FEHE Woh FF FHE vlwEd SRSty TbEA sevE

AR kR el AlFEE WA =Eus v & oY

Ao itk 40A A=t AA AgFe] Yk BA e

1

zo} AxE ololx ot Fx9 Az AA} FHL dxe T2

ot

&

f

Aot FAA=HE o] ol vs) dAr 7pgAe = T2
SA=vlel wdol fokFol AlZlele A =vle] AW ®hEol

%). AAHoR wmel A7 Mud Frh FHS AR Fe)

3o
NN

Azt mE A e AR s

A AT W, wg Be AAHoR B ppgoln AZe] o
244 2757} ) etk FEol okzh wetAg el edrth Fo
Zo| fed AREFU} vele] SEVE 44 o] Bnh B4 xe)
A AERE wAH o2t el g ZRUsL uHmer) A
Adom  vehdth E@, SAnen FRYE SA=duiAg)
s 9z WEE 24 Ak 2R ehdth sbed el

By SA =] Azl stEA =eus d% 2aS o
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3~45m T4l 3 $Hth(Cuvier and Valenciennes, 1831; Allen et al., 2003; Allen,

2020)

Remarks

SA=EH F27} 11~12 7] Abeloln 4 WAl Sx27) AFE o] Qo ASe
Z e EFE7E e AoA FErtel Kol FEv & Sl 3=
S Ao was] glow, AALE R e Fel W& v AA

wol vk frol A7lel= A =] dxfeo] #

rlo
2
k)
o,
(i
)
ol
Y
o
i)

A7stdA HEdo] ARERZILE Yoo et al. (19958 % ARlS Fa =
HExE HIEAOH o]F Kim et al. (2005)°] AE AL S SATH FHE

st s2sgomn, g 543 2 A

Fich.

ol
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(3) Heniohchus diphreutes Jordan, 1903

(=8 =955 7He) (Fig 19)

Heniochus diphreutes Jordan, 1903: 694 (type locality: Japan)

Heniochus diphreutes: Allen, 1999: 150 (South East Pacific), Myers, 1999: 192
(Micronesia); Allen et al., 2003: 28 (Indo Southwest Pacific); Kuiter and Debelius,
2007: 493 (Red Sea); Astakhov, 2010: 14 (Central Vietnam); Zuo and Tang, 2011: 351
(China); Allen and Erdmann, 2012: 539 (Indonesia); Shimada, 2013: 991 (Japan);
Bergbauer and Kirschner, 2014: 157 (Indo-Pacific); Daly et al, 2018: 4
(Seychelles); Psomadakis et al., 2019: 513 (Myanmar); Lee and Kim, 2021: in press
(Korea)

Heniochus macrolepidotus (not of Linnaeus): Jordan and Fowler, 1902: 542 (Japan)

Heniohcus acuminatus (not of Linnaeus): Kim et al., 2005: 351 (Korea)

22 5 KAUM-I 114441 (93.95 mm SL), ¥+ 7}a2Alul&d Kumano, 2018. 05.
15; KAUM-I 120204 (68.91 mm SL), ¥+ 7}3LA|7+ Uchinoura Bay, 2018. 09.
11, Hand net. KAUM-I 123933 (33.36 mm SL), A E 7} A]vbd Kishira Fishing
Port, 2018. 12. 05; KAUM-I 124918 (121.71 mm SL), ¥+ 7}32A|w}& Uchinoura
Bay, 2018. 12. 11; PKU 62799 (135.06 mm SL), &/ % XA 583, 2020.

12. 26.

ANA: v S8 dom A onl At Eoh e wi$ Za

oS 2~34% o]F
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SAseu ARAA FEolAe GTae At FEhe, AR
WA= A4 oz FRAb U wEHe Yk SAmenle
HEAL okzh o)A Mgk BAnE WA Gz QA
Al ek F29 Azt REYA ololA Qom meAT FEAA

Aol vk AAEAsen wee HAeuA £EEA it

S e AH7hgoln 2ol okzk FE/ Zto] A mekolth meAFE
e wolth, meAeuls Augoly HgAelst ok BaTh SHL
AR Zel A ARstel meAzejr] NEAX BAA % olofA
Atk SHE NEow AR MES FEeL 0 2Ush o mEe
2 Hold}

AW AT W, e B AAHOE AN vigoln Az HeA
£R7L Qrkh melsl FEHPE A4 R wswE B ges
FRH7 vebdnh S G2 3anARE Ay Fers
TPl AR dese] ARETUsL glor, AR Gz
A%RE SA=e] Az A 2 RRS E@HE A ded
ARe ERH} EART AsAndE,  SAnEn Az

YA =Y = e S W

BE: @ B, AR, F7, ARl a5 A% o

B el

w3 5~30 m 4ol A2 $krh(Kuiter and Debelius, 2007; Zuo and Tang,
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2011; Allen and Erdmann, 2012)

Remarks

A= 4lA Sx27F ARE Qe A, sA=EN Sx27F 127190 A,
Aol 2789 2 7t2 S5FH7F EAske A, Feol7k Wl gl
g7 st A, Aol 37 olskel Held  FErbe S5
HUFs7 el w(H diphreutes)®t DA|skA Tt B2 T35 752 Jordan
and Fowler (1902)°ll Sl&ll H. macrolepidotus®] g0z 7] A %O,
A =en] sfedo] V& ZAE FE@H 2olE By AHE F Jordan
(1903)°ll &3l H. diphreutes@® A& R 118k tE U ol 4] = Mori and Uchida
(1934l o8 Hx=Z RuH o, Mori (19527 FE5AT5 T3 H
acuminatus= 797 Rk 2 AFolA ARgst mES dAEIE A,
AA v "2 H diphreutes®] FAT AA A = HES HAE
A8kl oy,  sA=R =2 Fa2rhek Ad -390 H
diphreutes®t ¢+ 3] LA Th ESH Kim et al. (2005)°] T5¥E H
acuminatus 2] A& vt Ay SA=Hul =SF F7F 12710 A,

TR} me wdsly FZol7 e A Zx-#ujo] moko] ZkA

b

l

Aol H. diphreutes7} 25 74%¥ Z S F HIT} Leeand Kim (2021)8] A&
s}

ol 2FelA AE BT EES ol &5t v E5FS Haskith
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Fig. 19. All of specimens (A)~(E) identified H. diphreutes. (A): KAUM-I 114441,

94.0 mm SL; (B): KAUM-I 120204, 68.9 mm SL; (C) KAUM-I 124918, 121.7 mm
SL; (D): PKU 62799, 135.1 mm SL; (E): KAUM-I 123933, 33.4 mm SL. Scale bars

indicate 1 cm.
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4) Roa S o7 152 | 714

Genus Roa Jordan, 1923 (=573: =4 % +&)

SA=EY 14l 52 o7 g FEel wisl 1 ol e
Akell Aol EAS Az A= Apolo] gr|Ade] gle Ao
574 o] th(Ferry-Graham et al., 2001). 4%°] &3t ¢loH, =2 212 4

30~150 m <ol A2 gkoh(Kuiter, 2004).

Roa modesta (Temminck and Schlegel, 1844)

(= A&7 ) (Fig. 20)

Chaetodon modestus Temminck and Schlegel, 1844: 80 (type locality: Japan)

Roa modestus Parin et al., 2014: 376 (Russia)

Roa modesta: Mori and Uchida, 1934: 26 (Korea); Mori, 1952: 115 (Korea); Chyung,
1961: 436 (Korea); Chyung, 1977: 394 (Korea); Kim et al., 2001: 246 (Korea); Myoung
et al., 2002: 154 (Korea); Kuiter, 2004: 167 (Australia); Kim et al., 2005: 349 (Korea);
Allen and Erdmann, 2012: 527 (North-western Pacific); Shimada, 2013: 998 (Japan);
Rocha et al., 2017: 130 (Japan); Kimura et al., 2018: 210 (Vietnam); Kim et al., 2019:

336 (Korea)

WA E: PKU 1312 (32.13 mm SL), 7H % <, 2018. 12. 11; PKU 11127
(71.17 mm SL), Azbd® &=, 2014, 07. 21; PKU 19765 (99.45 mm SL),

FAbg Al 9 WEE, 2020. 12. 07,
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(A)
Fig. 20. (A) Juvenile stage of Roa modesta, PKU 1312, 32.13 mm SL; (B) Adult stage

of Roa modesta, PKU 11127, 71.17 mm SL. Scale bars indicate 1 cm.

gt HA-v= BEsdu ST meAodus go  Ei
ol e AR AERE  Addel maAAE 71EA

ofojAm ofx ko w Fof Aot WY wiE, A=eul AT vE=
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&
BN
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ol
X
M
=4
ol
A
el
1o
s
il
flo

lu
)
o
=

oot 28 AzEpdst QoM. Ze 4w
A NEEe JFeE deler ARETHe AS Foiel
nAT dme weh dEer AEEvd A Ul @A
HeAnEE Yt WAndrs FEE AN UiA dxvt
24 Wk SALN dxel HA ARzt dr HeA Wil

ZAACHROAS ol BAR). v BE:RE b PG Fo

o|

Zo ged ARETUZ ushdd medT FgREe 442 o

nHA=Hn] 132 =T FGE 23 T

RE W, QR B, MEW, BFE 2w 8B el A4e
T2 4L F49l 40~250 m7FA] - 3ESHCHKim et al., 2005; Allen and Erdmann,

2012; Shimada, 2013).

Remarks
1~AA 52 dol7F nlud 71 A, SA=gn et AA=gn] AFgPAo]
AAst= H, ASel At 48 JtEE5FH7F e A, sA=dv|

A

BN

ol Hbgo] Qle AelA AlE7Fe] 5 (Roa modesta)l. % 57d3FSI T &

ofN

2 Roa jayakari®}t FEZAHOZ  uj§  {FASHY,  Aollls w=

8 4



AFADES Aol B @7] WEe] el HA FRo| frh wa

oA SAze 2 meld FHsbl FRol s A¥tEe

A

A5

4R SA=er)e] o] F Bl R jayakari®] A% £

ool Aol 2 5 SATH(Bhera et al, 2015).

=
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1Iv. 1%

1 @4 JH I3 Ry BAATHE 2AB

2 AT E sh=elA EdsbeE WA ofRF 14 & ddowR
mtDNA COI 99 9! 16S rRNA %493} nDNA Tmo-4C4 H 2] HAEA S
S wAAE 2 ERTEH AREE FIAC U oFE
nDNA = X33l Ccol 993} 16S rRNA FAoAE & 49 £ FFo7
s # FFHI 5S YUEFTHFigs. 3, 4, and 5). X3RS 28514

¥ sl FRAYE ol &t THAATFONNE AAEAE Wo16S

dAEAH S AA s oy, col JYFoME AlE7HelE(Roa modesta) T}

U S(C. nippon)©] e ZHo|=E FAsta o] HAETES A5

rlo

Za9ith 3 714 delol ohsiel ML W Bl wee & AT A3,
AFEEE kS Hol & FEo® WEs] FEE Al 9lo] Burgess (1978),
Blum (1988)2] &7 AAle} & dAsth A3 FAEHE node & 7|+ o®
A U] 31 7] (Chaetodon) <5 2} Roa = Coradion 43}

o

R4

sk

57Vl (Heniochus)% 2.2 U¥l+= A& T Ay H3F HA

okt

FAAYE AL S w, Un 7153 Roa 45 16S rRNA &l A
8.9%, COI YAolA 21.6%, Tmo-4C4 FAoA 25% =folE& HFOHW,
Coradion 53 T35 745 16S rRNA ¥ 9o A 9.9%, COI & Aol A 24.3%,

Tmo-4C4 FA A 3.1% #FolE Hth ofE Fof ula Zhzhe] F 9]
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(A) (B)

Fig. 21. Showing pattern of anal fin, (A) morphology of H. acuminatus, (B)

morphology of H. diphreutes.
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Fig. 22. Enlargement of H. diphreutes anal fin, 148 mm SL. Showing morphological

characteristic of H. acuminatus.
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FAdew,  wEAuEY @
&7 e S (Heniochus)®l A5 FHAS ol&sto]  AAls] A

FE7kesE 5 AL =dE 3 8A, @&SdFErtelss 3 RAe 4 iAl E

& & 2% WEsto] CDA w415 F3l v w3 th(Fig 23). X+3}
AR FATE FASAS ul, function 1 M= ZEANF FHo]
7R 2 Adigks vEblleH, o]ola Arebdat Adellx] Adigkel AAl
e function 2 oA T, FEAA 7SR =en] Zo], Hjx|=g]n
dojolld & Adgs Btk FxFHolME function 1 oM EF3}

Aot function 2 oM = 7h&A melu] Aolsl GRAGAN FuHow &

AAgs e o™ (Table 12), AEF&> 100%= YERST =059
A FolY HlEo]l ¢ w7 wiEe A™s] I S AT
Tk s

I FedFErheE delAe wWeEs] FEEHdAn o] F
Aol gt F4, &4, detdel disl BlE de vusEsks d,
T FE7le s (H acuminatus) 33.0~34.9%, =UlE(H. chrysostomus)
33.3~37.7%, H2AFE57VeEH  diphreutes)  29.6~33.8%, 7ol A
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Canoncial Discriminant Analysis (CDA)
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Fig. 23. Plots of canonical discriminant scores on the first and second canonical

functions based on 10 morphometric characters.
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Table 12. Structure matrix and standardized canonical coefficients based on 10
morphometric characters. Bold values have larger absolute values in the structural

matrix standardized canonical coefficients

Standard canonical discriminant

. . Structure matrix
function coefficients

Measurements Function 1 Function 2 Function 1 Function 2
Standard length -19.511 -0.703 -0.009 0.076
Body depth 1.147 6.321 -0.010 0.092
Head length 18.479 -4.397 0.011 0.074
Upper jaw length 4.195 -0.038 0.046 0.073
Snout length 5.186 10.003 0.062 0.077
Orbital diameter -3.531 5.655 -0.005 0.018
Pectoral fin length -2.021 10.134 -0.018 0.110
Pelvic fin length 0.429 -17.632 0.024 0.015
Preanus length -4.243 -9.241 -0.013 0.100
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Fig. 24. Diagram showing teeth rows of morphological identification key.

(A) indicates 5~7 teeth rows; H. acuminatus, (B) indicates 1~3 teeth rows; H.

diphreutes.
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