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First Records of Two Mugilid Fishes, Moolgarda buchanani (Bleeker,
1853) and Osteomugil perusii (Valenciennes, 1836) (Mugiliformes: Mugi-
lidae), from Jeju-do Island, Korea

Yeon-Ju Seo and Jin-Koo Kim*
Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea

Two specimens belonging to the family Mugilidae were collected from Jeju-do Island on August 7 and September 7,
2022. Based on their mitochondrial cytochrome ¢ oxidase subunit [ (COI) sequences (612 bp), they were identified
as Moolgarda buchanani (Bleeker, 1853) and Osteomugil perusii (Valenciennes, 1836) respectively. M. buchanani
is characterized by the origin of the first dorsal fin located nearly midway between the snout tip and the base of the
caudal fin. The origin of the anal fin in directly opposite or slightly anterior to that of the second dorsal fin, and there
are 32-36 lateral line scales (mainly 33-35). O. perusii is characterized by the origin of the anal fin being located
anterior to that of the second dorsal fin. Other identifying features are the pelvic fin being shorter than the pectoral
fin, and most parts of the second dorsal and anal fins being covered with scales. The proposed Korean names for the
species are “Pa-rang-kko-ri-sung-eo” for M. buchanani and “So-mi-sung-eo” for O. perusii.
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gram, Mosaic 2.0; Fuzhou Tucsen Photonics, Fuzhou, China)
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length), 71<5-2| =2]u] Zo](pectoral fin length) 2 v | -2 0]
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W 3 A2} W] Uehygich, vaERe 2 sy
Alu} tf&tu(Kagoshima University Museum, KAUM)oj| 4]
M. buchanani 17§AH(KAUM-I 172639)%} O. perusii 27§
(KAUM-I 5229; KAUM-I 171170)E tjjojgto} EAof o] &
stk

= VS|

T'__Xl' _E__l

£ 24 913 Total DNAE 85 7M5A| =25 &
2} DNA extraction kit (accuprep genomic DNA extraction
kit; Bioneer Inc., Daejeon, Korea)E ARE-5lo] F=&3}%T)
Sgas A2HkS(polymerase chain reaction, PCR)< mi-
tochondrial DNA 2] Cytochrome ¢ oxidase subunit I (COI)
oS Ao & 435l9th. mtDNA COI 99 ZEA]7)
7] $13fl FishF1 primer (5'-TCA ACC AAC CAC AAA GAC
ATT GGC AC-3")¢} FishR1 primer (5'-TAG ACT TCT GGG
TGG CCA AAG AAT CA-3") (Ward et al., 2005)E o|-8-35}%
t}. 10X PCR buffer 2 uL, 2.5 mM dNTP 1.6 uL, forward and
reverse primer 212} | uL, Taq polymerase 0.1 uL, 32} 575
13.3 uLE 42 PCR mixture] total DNA 2 uLE £33}
Z volumeS 20 uL= Y& & Thermal cycler (Bio-Rad T100

Thermal Cycler; Bio-Rad, Hercules, CA, USA)E AM&-5}0] Tf
Sl -2 A A 35T COI % 9 [Initial denaturation
95°CoJ| 4] 5&; PCR reaction 35 cycles (denaturation 94°Cof|
A 45%, annealing 48-54°Col| A 452, extension 72°Co|| 4] 45
2); final extension 72°CoJ| 4] 75; infinite hold 4°C]. ¥F-3-0] £+
=% PCR products 255 &7] 4 E-2 ABI 3730XL sequencer
(96 capillary type; Applied Biosystems Inc., Waltham, MA,
USA)o]| 4| BigDye (R) Terminator v3.1 cycle sequencing kits
(Applied Biosystems, Foster City, CA, USA)E ©]-8-3lo]
o, B3t 971482 Bioedit v. 7.7.1 (Hall, 1999)°] 4]
Clustal W multiple alignment (Thompson et al., 1994)& o]
43to] A5kt A 2l= Kimura 2-parameter model
(Kimura, 1980) o]-8-sto] Al4lstgl om, 81 ZA3t(neigh-
bor-joining tree)= MEGA 11 (Tamura et al., 2021)& ©]-8-5}F
o bootstrap 1,000%1:& Z=3}alo] 2Hs}ich. 4ol3} ol 2%
9] ¥47] 4] €2 National Center for Biotechnology Information
(NCBI)?]| 553} accession number (Moolgarda buchanani,
PV752132; O. perusii, PV752303)2 HojuIgron], 7]
< vlasty] $istoe] NCBIo|| 554 5011} o F 45(M. bu-
chanani, MT884971; Moolgarda scheli, MT888995; Osteo-
mugil cunnesius, OR815664; O. perusii, KY130511)2} £]%]
o2 MH|EA] (Myctophum affine, KJ555425)2] mtDNA
COl @714 @ o] g3tict.

2 o

Moolgarda buchanani (Bleeker, 1853)

(New Korean Name: Pa-rang-kko-ri-sung-eo) (Fig. 1, Fig. 2, Table
1, Table 2)

Mugil buchanani Bleeker, 1853: 99 (type locality: Hooghly
River, Calcutta, India).

Valamugil buchanani: Smith and Smith, 1986: 719; Abe,
1987: 697; Allen, 1991:148; Kottelat et al., 1993: 125; Thom-
son, 1997: 500; Allen, 1997: 176; Ghasemzadeh, 1998: 294;
Harrison and Senou, 1999: 2076; Heemstra and Heemstra
2004: 369; Allen et al., 2008: 83.

Crenimugil buchanani: Durand and Borsa, 2015: 268; Du-
rand, 2016: 30; Eagderi et al., 2019: 85; Fricke et al., 2019: 74.

Moolgarda buchanani: Fricke et al., 2011: 369; Fricke et al.,
2014: 36; Shen and Durand, 2016: 78; Durand and Whitfield,
2016: 107, Fricke et al., 2018: 94; Ghasemzadeh, 2022: 320.
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Fig. 1. Photos of Moolgarda buchanani. A, MABIK P100062292,
50.7 mm SL, Seogwipo-si, Jeju-do Island, Korea; B, Adult stage of
Moolgarda buchanani, cited from Australian National Fish Collec-
tion, CSIRO. SL, Standard length. Scale bars indicate 1 cm.

Fig. 2. Photos showing the anterior part of head including the
mouth, infraorbital, and adipose eyelid. A, Moolgarda buchanani,
MABIK PI100062292, 50.7 mm SL, Seogwipo-si, Jeju-do Island,
Korea; B, Osteomugil perusii, MABIK P100062293, 44.3 mm SL,
Seogwipo-si, Jeju-do Island, Korea; SL, Standard length.
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Moolgarda buchanani: KAUM-I 172639, 17§, A% 63.3
mm (344 50.8 mm), Q= 7} A0} Suzuri River, 2022
9 3, Z= .

Mooldarda pedaraki: KAUM-I 180842, 17§A), A4} 202.6
mm (FEFAA 158.6 mm), YE 27|19} Kawamitsu-upuka,
2023 2 23, o g AF.
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Table 1. Comparison of the counts and measurements of Moolgarda buchanani and Osteomugil perusii among the present study and the

other authors

Moolgarda buchanani Osteomugil perusii
Morphological character MABIK KAUM-I  Thomson MABIK KAUM-l  KAUM-I Rahman et al.
P100062292 172639  (1997) P100062293 5229 171170 (2014)

Total length (mm) 62.2 63.3 - 53.4 36.7 256.9 -
Standard length (mm) 50.7 50.8 88.0-415 443 27.9 202.9 105-128
Counts

Dorsal fin rays IV-I, 8 V-9 IV-I, 8 IV-9 V-9 V-9 IV-8
Anal fin rays 1, 9 I, 9 I, 9 I, 9 I, 8 1,9 I, 9
Pectoral fin rays 18 17 18 15 16 17 -
Vertebrae 24 23 - 23 24 23 -
Lateral line scales 33 36 32-35 31 32 31 31-33
Transverse scales 1" 13 12 1" 1 1 10-11
In % of SL

Head length 28.0 29.1 25.0-26.0 26.6 27.6 23.2 29.8
Body depth 25.0 299  29.1-31.0 26.2 29.7 24.5 257
First predorsal length 54.6 53.7 - 51.9 541 50.5 60.1
Second predorsal length 75.9 73.6 - 74.0 76.7 75 82.7
Prepelvic length 43.2 42.9 - 38.8 441 37.2 39.2
Prepectoral length 29.2 35.5 - 28.9 34.1 23.4 -
Preanal length 724 722 - 64.3 72.0 74.6 82.0
Caudal peduncle depth 12.2 13.2 - 1.3 104 1.2 144
In % of HL

Head width 62.0 59.5 72.2-82.1 60.2 55.8 70.6 73.9
Snout length 21.8 20.9 19.5-23.5 24.6 23.4 20 20.7
Interorbital width 46.5 446  46.3-48.0 42.4 45.5 48.3 40.2
Eye diameter 28.2 27.0 23.0-285 314 351 247 43.7
Pectoral fin length 65.5 62.8 91.0-96.0 79.7 76.6 101.9 73.9
Upper lip height 9.9 9.9 5.4-7.0 6.8 6.5 3.6 -
In % of PL

Pectoral fin base length 37.6 37.9 27.0-29.0 27.7 33.9 34.0 -

Pectoral fin axillary scale length 18.3 32.0 30.0-33.0 29.8 22 42.8 -

Pelvic fin length 96.8 86.4 74.0-77.0 79.8 76.3 60.1 -
In % of VL

Pelvic fin axillary scale length 50.0 27.0 38.0-48.0 17.3 40.0 72.9 -

SL, Standard length; HL, Head length; PL, Pectoral fin length; VL, Pelvic fin length.

perusii, KY130511)eb= 22 5217 €] 0.176, 0.1802 = -7
%o} Moolgarda<;oll EA1 717k TAIE B otk el A
H| 52| (Myctophum affine, KJ555425)2}= ¢ 78] 0.223 2
2 7P e -3 = Slok(Fig. 3).
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9] A2 Zf 100 cmo| ™, B5-2 35 cmO|L}(Smith

and Smith, 1986; Eccles, 1992; Ghasemzadeh, 2022), & &1L
ol A= A% 6.2 cm2] frolE AT A =2n], SR =
ju], 7hEA = n] 7| 2 poF SA HE 55 Al ol 71E
A 2 dAsklon, ol B8 o Adote] HE £o] k=
SEA 9L, 7HEAI =] 7] o] Aol of & RS 7HA]
= Aol Al M. buchananiz 573 = 1 tH(Bleeker, 1853; Thom-
son, 1997; Ghasemzadeh, 2022). 97|71} o] EH 2] A
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100 Moolgarda buchanani (MT884971)
(PV752 1 32)MAB\K PI100062292

99 Moolgarda buchanani

Moolgarda seheli (MT888995)

Osteomugil cunnesius (OR815664)
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1 00|

Osteomugil perusii (PV752303)MABIK Pi00062293

Myctophum affine (KJ555425)
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Fig. 3. Neighbor-joining tree based on mitochondrial DNA COI
sequences, showing the relationships among species of Mugilidae
and one outgroup Myctophum affine. The NJ tree was constructed
using the kimura 2-parameter model and bootstrap values from
1,000 replications. The letters in parentheses and superscripts in-
dicate NCBI accession number and voucher specimen number, re-
spectively. Scale bar indicates a genetic distance of 0.02.

Leju] 7]z =7} oF o] Zpo| & Holi=H], Thomson (1997)°]
Bleeker (1853)7} 7|9t WA 25 TG 7] wzol, ol=
7|27 =20 A2 E S5 A o8 2T 2 Fol
£ FHA SAQ ARG A =g n], 7FEA =], SIA| =g n] o]
Ut BFE frojEth= Aol B F-5I5HA] LR th(Taki et
al., 2021) (Fig. 1). & &2 24 M. tade (Fabricius, 1775), M.
pedaraki (Valenciennes, 1836), M. malabarica (Shaw, 1804)
S} 5 w0 9kon, 2] Bogorodsky et al. (2024)2 2 £
I} M. pedaraki, M. malabarica 52 M. tade®| 319 50|
o 715a}9ic}. Y712} T4 o] T2 M. tade= 5}
Qo] nlAl HEE Hol i, A4S B ] Aete) H%
2ol leEHH, 7h5A| =g u]of Rkl glar, Slx|=ejn|e} 1
A =gn)7} Ak oletar A|AE o] ek (Ben-Tuvia, 1975;
Fabricius, 1775). ZL&{L} 2 A 5tof A 2H2et B 2231 M. pedar-
aki 322 S19) o] miEsh, 7RG A| =i n] Aftho] Wi o] &
AstaL, SR =eful= b meFoleh= oA ehs] FRE
B3}, M. malabarica®h= Al F A2 frAtoh, 754 =2
Ado|(& T2 AllsA=2ln 7|3< d& vs. M. malabarica=
s@o] A15A|2]n] 7] 5ol o] 24] g0l A] 2ol & Kol
(Fukuchi et al., 2021), M. pedaraki®}= QHHZ0] Mok &
< Jare] BoA o=kl FE o R 2R ok vs. M.
pedarakii= 25514 a1 FA 7 AR THO A FLEETE 12
L2 A9 32 7 AR 0] 7] wize] o] 3F9] WA= 5
T Y B2 £E 55 FHsto] FEehy, 2A4 E40] e
g Ao AR gk 3HH, Chyung (1977)0] &40l 2 K13t
Mugil japonicus A& HESE A3}, Bfo] 2l A2 52 =8

Fig. 4. Photo of Osteomugil perusii, MABIK P100062293, 44.3
mm SL, Seogwipo-si, Jeju-do Island, Korea. SL, Standard length.
Scale bar indicates 1 cm.

o] e} SR fu|7p ok mekel oA ©Eut fAlskoATt 18
U Chyung (1977)9] &g-o9} Ee] 252 vz =aju] 7] 59
A2 S 7HA] A] grom, Al P oA Y 2o 7k 27
SEoATE 2 T2 T2 &of| k= 571 U501l (M. crenilabis)@}
e B7] FHE T2 8l vs. BTl )= #
TEREE, 25w e]5o|(M. sehel)2b= 24 Hls 43(E 22
33-367) vs. 25T %0l 37-417))2 2 FEE t(Senou,
2002) (Table 1, Table 2). & 2] =78 & 2= Ao} 912 uff 212
A =efu)7t st = P S0 oJsf %] Gl
‘bluetail mullet'S w}e} ‘ole} w30’ S #|olstc},

Osteomugil perusii (Valenciennes, 1836)

(Korean Name: So-mi-sung-eo) (Fig. 2, Fig. 4, Table 1, Table 2)

Mugil perusii: Valenciennes, 1836: 116 (type locality: Van-
ikoro Island, Santa Cruz Islands, southwestern Pacific).

Valamugil perusii: Ghasemzadeh, 1998: 316; Harrison and
Senou, 1999: 2076; Larson et al., 2013: 59.

Moolgarda perusii: Sato et al., 1998: 40; Senou, 2000: 541;
Randall and Lim 2000: 625; Sakai et al., 2001: 104; Senou,
2002: 541; Motomura et al., 2010: 80; Kottelat, 2013: 279;
Fricke et al., 2014: 36; Psomadakis et al., 2015: 296; Shen and
Durand, 2016: 79; Motomura et al., 2017: 62; Fricke et al.,
2018: 94; Hasan and Siddiqui, 2020: 137; Psomadakis et al.,
2019: 519; Taki et al., 2021: 314.

Osteomugil perusii: Durand et al., 2012a: 694; Rahman et
al., 2014: 1; Durand and Borsa, 2015: 268; Durand, 2016:
34; Xia et al., 2016: 168; Fricke et al., 2018: 94; Fricke et al.,
2019: 76; Han et al., 2022: 360; Yoshigou, 2022: 15; Bogoro-
dsky et al., 2024: 3.
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FEH T MABIK PI00062293 (o] A %: PKU 63233), 174
dl, A%} 53.4 mm (FEZAHA 44.3 mm), A2 AFEA] SFE
H(33°14'57.2"N, 126°37'14.0"E), 2022 8 74, =2
A, A o] f2l.
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HZEE 7|5
Osteomugil perusii: KAUM-I 5229, 17§A], A% 36.7 mm ( A 9 AlS ZF2 Table 19 YeY AL 52 25| F749
EEAAF 27.9 mm), Y& 7FLA]0F Minato River, 2007 8 H A7} =0 PR o0 7 4R 7HEo X1l S HE L HE
1, EA = 23 KAUM-T 171170, 1704, 217 256.9 mm (3£ © WAL 552 HEsh A2 W9 9ol YAIsh 0]
234 202.9 mm), U= njokx}7] lorigawa, 20109 19202, &= &1 o FESH, 4 oHHTE Ak QY& vla
| T3 oW} G BV EASHA] ghth Qg o FE B
Table 2. Comparison of the counts and measurements among three species of Moolgarda and two species of Osteomugil from Korea
|
Morphological character -
MABIK Kwun and My- Kwun et al. MABIK Seo and Kim
P100062292 oung (2019) (2012b) P100062293 (2023)
Number of specimens 1 1 3 1 1
Total length (mm) 62.2 - - 53.4 29.8
Standard length (mm) 50.7 61.0 26.8-34.5 44.3 24.5
Counts
Dorsal fin rays IV-I, 8 V-9 IV-9 V-9 IV-I, 8
Anal fin rays I, 9 I, 9 1, 8-9 1,9 I, 10
Pectoral fin rays 18 - 18 15 15
Vertebrae 24 24 24-25 23 -
Lateral line scales 33 36 39 (n=1) 31 -
Transverse scales 1 - - 1" -
In % of SL
Head length 28.0 28.0 31.3-32.5 (31.8) 26.6 26.4
Body depth 25.0 27.2 25.4-25.5 (25.5) 26.2 19.5
First predorsal length 54.6 52.0 53.0-60.8 (56.9) 51.9 44.9
Second predorsal length 75.9 - - 74.0 66.0
Prepelvic length 43.2 41.8 - 38.8 38.2
Prepectoral length 29.2 - - 28.9 27.7
Preanal length 72.4 721 - 64.3 67.4
Caudal peduncle depth 12.2 - 10.7-12.1 (11.6) 1.3 10.7
In % of HL
Head width 62.0 - - 60.2 49.9
Snout length 21.8 19.9 - 24.6 19.0
Interorbital width 46.5 45.6 - 424 30.4
Eye diameter 28.2 28.1 - 314 345
Pectoral fin length 65.5 - - 79.7 -
Upper lip height 9.9 - - 6.8 49
In % of PL
Pectoral fin base length 37.6 - - 271.7 -
Pectoral fin axillary scale length 18.3 - - 29.8 -
Pelvic fin length 96.8 - - 79.8 -
In % of VL
Pelvic fin axillary scale length 50.0 - - 17.3 -

SL, Standard length; HL, Head length; PL, Pectoral fin length; VL, Pelvic fin length.
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Feluet AlFEGE A, okZEPh Lk, LRI T
tiut, o] Alof, Ql:=uAlol, Bejd, =y of, ufefof
U Ak 5 Qe HF X Yo F sl (Rahman et al., 2014;
Hutagalung and Leiodonald, 2021), Q] ofFo= Aot
Soim} ool 4] 28 ol o] AlAlgHth(Psomadakis e al,
2015).

SN

HI

MtDNA COI ¥ 9] ¥7]A ¥ 612 bpE NCBIo|| 554 %
olx} o} 7} Blagt A3, O. perusii®] H714A(KY130511)
I} 100% Y5k & F-2 miegie]gol(M. buchanani,
MT884971), 2511 2]%-0|(Moolgarda seheli, MT888995)%}
Z¥7F 4272 0.1807} 0.1898 97 =] glom, 718450](Os-
teomugil cunnesius, OR815664)2}+= 472 0.1002.2
F=o] Osteomugiloll BA1 717k BAE H ek -l
M| =] (Myctophum affine, KJ555425)2= 372172 0.241
= 7P e = )ltk(Fig. 3).

o
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i}

2 59 A2 Hdf 25 cmo| ™, 2-3-2 15 cmO]UH(Psoma-
dakis et al., 2019), & Lol A= A% 5.3 cm 9| f-0] & &S
ek A =2jn] 7|2 o HlE = 5 Alg F o] 71E w3t
Z AR AL, F=5o7F AL &Sk, A2s A =dn] 7|3
o] SA| =gu] 7] H} " Fof A|staL, A25A| =2{u] e}
SIA =ejn| 7L 72 Bl R 9o Sl HollA] Osteomugil pe-
rusii= 57 = ¥ th(Valenciennes, 1836; Rahman et al., 2014).
B 220 ojg| AlE2F34 A H(Durand et al., 2012a, 2012b;
Xia et al., 2016; Bogorodsky et al., 2024)°]| ©}2} Osteomugil
(Liither, 1977)&0.% 7he¥lth 2 52 QU= A e ool 32
3= FARSQ] Osteomugil engeli (Bleeker, 1858)2t= A2
A =efn|of S| =en] o] Hl5 H ol Fr(E 2 o] H]
=2 59U vs. O. engeli= &5 7| AT 2 2hE &
25 (Harrison and Senou, 1999; Psomadakis et al., 2019),
Osteomugil speigleri (Bleeker, 1858)2t= &4 vl (& £
2 3770 v|9t vs. O. speiglerie= 377} o]Ahol|A 2 FLEHCH
(Thomson, 1984; Harrison and Senou, 1999). T3}, €2 S
2 7P FARE thE &9 25He]5ol(M. seheli)2t= A2
Al=efn] 71419 §17) (2 & A =en] 7|3 e 2 o
AT vs. 25 A Gl HA=n] 7|3 2] Ao Auttio
AAEH= & FEHL}. O. perusii= Lee et al. (1999), NFRDI
(2010), Han et al. (2022) SollA] ‘Aulso’s2 7|75 o] Q1o
o, Aot Qle uf x| =gjn|7} SlAof| x| Afoplolet= el
2 EAof| whet 2ojzl Ao g FAE webA, & 59 =18
O 7 Ao wpet ‘An|gol' s wEch

o F
2 AT oA AFEA A SUH Foft o 201715

ci)|
Zoll thgt AIet Fel E 24} R E AAISHTE s 7HA]
S AT AHEA| ol 52 stadtolA 22 Sof B A
= AHE Fol=, A7]7} Zrot Aof7] o] 2 &7 FE | A
o] o] EAHEAlE Bl & 57d0] 7Fsslt o5 2%
2 SRSt A R T E £0 8 BREL gL, |, £4F, A
B, £3 5= U o2 EA5k] £ A E A5 AET
37} it} 3] 257185014 Moolgarda;, Whitley, 1945)
2 9; 7|17k 59 Valamugil (Smith, 1948)4; = £7]¢%
014 Crenimugil;, Schultz, 1946)2] 319 540|102 75|
o] 9Fth(Thomson, 1997; Durand et al., 2012a). 121} X
Bogorodsky et al. (2024)2 1 £52] W A)5£Q1 Moolgarda pura
(Whitley, 1945)7} Western Australia®] Point Cloatesof| 4 A
W 9 1IAS 2AR Waks] eiso] 900, Whitley
(1945)2] 4113} 17] el 225712)4:0] FEE(AMS IB.1568)
2 DA% M. pura 257|019 319] FFolH 0.2 5
stel 2omelsolso] AL ASASAT, olo] ute}
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71910143} ValamugiFs & B 251250149 519] 5
ol 0.2 A3,

Osteomugil (Luther, 1977) 42| =2 Han et al. (2022)
o ‘AnlFolE o0& A ARbElaL, & A-tolA= olE w
2o} Aujgols Eak 0 J7 Bk 25WelGol4 EX
Valamugil (Smith, 1948)2] 319 F<0]H 0.2 7FEE o] ¢
(Thomson, 1997; Ghasemzadeh, 2022). 18|y}, =+ Al5E
F354 d94(Durand et al., 2012b; Xia et al., 2016; Bogorod-
sky et al., 2024)0]| 2J5}H, Am]Eoj &2 FAE B3 A125A]
o] 917, 717 E W o, B 72 SN 2%
ne|gol&at PEke] LRt SHE £08 Eoh 7
Aol A e 7 &2 AT A =2n] Y] YX|(2FAEFolES
SR =ejn] 7130 2] A o] Autrol 1A%} vs. xm|ol52 5
Al=efn] 7|15 Eok R ol 9]27h & Heks] 1HEE /AL, o]
OF -2 Apol = frofol| A = B sHAl ekttt e, 7|5
AES] W A= A9 A, A, 2 Foll et ¥
3} 7Fs/d 0] 222 (Smith, 1948; Wallace and Elst, 1975; Lu-
ther, 1977; Thomson, 1997; Taki et al., 2021), &7 J2AZ2 =
AlFeHA AE 2 a7t et 3, 71850]= Seo and Kim
(2023)0f] ofsf AlFIoll A A E 170AE LA &2 Moolgarda
cunnesius® 2. 11%| %1 91} Durand et al. (2012a, 2012b), Xia
etal. (2016), Bogorodsky et al. (2024)2 7185015 4|50
%02 BRel], T AR FolT olF ML oz
AAE W E5ekA A Es} Hasit,

o] Aol A ZRIE Foj it 252 B Al Akl A A
frofolm, 2| HaH ol of 7o 7| &5 JA| thi
Al Aboll A frof TA = A= o= Al =1 sf
o] o]} o] 7] F a3 S AT ShaL S-S AlARRE
Al A2 2Rt 2t SRS HolAk S
I Qlo] & iAol o thefel o 7o) Ak 3 A
9] 7% Y 3HH(Kim et al., 2002; Lee et al., 2006; Kwun
etal, 2017). A1 AAetol 2] %ol3t o] AL olelet 77
4 B43} 7| plste] Jahg wrelsls Ao ajHE 4 ot
A Aol A ol frol7t 71a= oAl AdAsiet =1 At
I 9k SR &= Ak = A gFo] Bk It (McDonough and
Wenner, 2003; Lemos et al., 2021). uw2bx] A A¢ke] 0]
I frol e Aol wheh ek e Sk Thedol w2 Ao R
Azt AAR S8lssolo] B, Al i AQkelA &
of7}, FAtel A Adof7F AR o n7| 5F o2 HAlE v Qlok
(Kwun et al., 2012a). 3F% A5 QoA HA E= S0l &
o]7} ojtjol| Al Akt 3lE|o] ofH HRE Fol TtE=AE
TEE7| el Hotk A Aol A7 A Q] mUE Y AP

asit},
AF A}

12 Ar i

Al Aol mas FAL ol A= HeAtteke), o]

(2025) AFQ 2] A 91S ol =3 =] 5 o).
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