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BEA HASI= ZEDE Rhinogobius giurinus®
LR T

Morphological of Development Eggs, Larvae and Juveniles Rhinogobius giurinus in Botongcheon
Stream by Jae-Min Park and Kyeong Ho-Han'* (Gyeongsangbuk-Do Freshwater Aquarium Fishes Business Center,
Sangju 37251, Republic of Korea; 'Fishery Science Chonnam National University, Yeosu 59626, Republic of Korea)

ABSTRACT This study investigated the early life history of Rhinogobius giurinus in the Botongcheon
stream and compared the differences with related species. The fertilized egg size (long x short) of
the 3.46 x1.17 mm (n=30) on average. The time required for hatching at the water temperature of
22.5+1°C was 213 hours and 30 mins. Immediately after hatching, the egg yolk had an average
total length of 2.34+0.05 mm (n=230), and the mouth and anus were not opened, and the number of
myotomes was 23~25. 3 days after hatching (DAH), the preflexion larvae had an average total length
of 2.70+£0.09 mm (n=30), and live food intake began as the mouth and anus were opened. 22 DAH,
the flexion larvae had an average total length of 5.26 +0.16 mm (n=230), and the tip of the vertebrae
began to bend upward. 48 DAH, the postflexion larvae had an average total length of 11.1 £0.53 mm
(n=30), and the tip of the vertebrae was completely bent 45° upward. 60 DAH the juveniles had an
average total length of 14.9+0.69 mm (n=_30) was reached to the integer with 6 first dorsal fins, 8~10
second dorsal fins, 9 anal fins, 15 caudal fins, and 5 ventral fins for each fin. As a result of the study,
the melanophore differed from other postflexion larvae of the Gobiidae fishes in that it was deposited
above the gill lid, on the back and body, and the xanthophore was deposited on the head and body.
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oJRE 394 76302 4A QUTH(NIBR, 2018). ZELE

ool 27 MBAF ATE +HAANN AHTE 1§ Rhinogobius giurinuss $2teke] AFE TR W9 of
o AL 279 1§ FATY VI YT SO oFd B o S A%Ae] Bud 2ol S30 A2 9 )
5, A AL ALy o)l EYE £o HEF HT Fo| = B3 (Kim ef al., 2005; Chae et al., 2019). FEo]
A8t opu g} ookt ﬁ‘_r"oﬂE 71938ttt (Song and Choi, T o] 7o 27|AWGA A= EYS Gymnogobius breunigii
2000). T=3F X o]F9] AL FH|7} GARSE F AlooA = ¢ (Dotu, 1954), B4Y5 Acanthogobius flavimanus (Dotu and
A o]3A]7]9] R}o]|& EOI 71%= 3 (Kim et al., 2011), ] Mito, 1955), ZOFE-% Luciogobius koma (Shigaki and Dotsu,
gt EA2 Fe7t FEsA FRl=EE 2o)7] o]xe] A YA 1974), AYS Chasmichthys dolichognathus (Kim, 1975), A+

Z A 483 g2Ao] H7|x= 3t (Kim et al., 2021). T W% G. heptacanthus (Dotsu, 1984), FE2L5 Tridentiger
trigonocephalus (Kim and Han, 1990), 2X%5 Mugilogobius

AR 29 B (AAD, 2 (I abei (Kim and Han, 1991), 0295 L. gurtatus (Kim et al.,
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Fax: 82-61-659-7169, E-mail: aqua05@jnu.ac kr 1992), Y7WB= Favionigobius gymnauchen (Jin et al., 2003), 7
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ALE T. obscurus (Hwang et al., 2006), 20| 2UE L. grandis
(Yun et al., 2008), B Rhinogobius brunneus (Han et al., 1998a;
Park and Han, 2023a), D EHAYYS T. brevispinis (Park and
Han, 2023b), =A< G. urotaenia (Park and Han, 2023d), &%
o] Boleophthalmus pectinirostris (Park et al., 2024) So| ¢itE
ek Kim et al. (1997)9] A7 W2 22052 AqE2 5
M| EQle 2 iroj R, FeHHozE 34 meR| =g
7IRERY R (ESA A= 7IEEFY U)ol et 2789
ERRle g Wroljglon, iAo zs 5709 Bl F 3719 B
A2 YA 2709 B 2ol 7} vEht thekRt A7t 3714
o2 4% Aoz Hr webA o] AfoAs HEH A
Alote ZHEEEY I 9 Ao FEdES st 27
At £ e At gt

Mz W 4

1.

r2

of 2=

Aol AREE e H7IE AZA el HAIE S/l
HEHAA S (FE 3x3mm)S o3l 251t 28
o] 271 3 AH 65~70 (B 68+2.16, n=10) mm,
A AR 50~58 (B 54+3.36, n=20) mmct. A7LAZ
3k ol ARZF R2]422 (60 X 45 X 45 cm)ol] $28-3F0] AW
A7) E 0|83 &Tojati o7 ALSETE Hol YWEAF
T3 (Blood warm, Hikari, China)& 1% 33| 333t} A+

FA=E Yol =2 WHA= A (Spawning nest)S @olF

=]

N oo 0@ o

2. T by 3 XEX|Of e

AT Aol A FARIZ 30715 AFiste] AAERA
(Nikon SMZ18, Japan)2 & Z7|Z 0.01 mm7HA| &33}ich
iy g g Y8 AAER Ao REE FYFAE AL
A2F3 SAGAE JReTh £A3T el AT 24
AS 9o =Y $8AE EF 20 ppm 7|22 1Y 2
5] oFaSi, ka3 FE 9l olofalol g ofelAl A3
o} A 3 St 2 HOE 22~23°C(FHt 2252 1°0)F
o Aol AL W B4 o] P RE UM REHE mLt
5~10744] B= FFFRL, o] F LEnjotet 7] n|PA} AlR
£ sHos FE5HAT. ARo] FEf #ERL 1~5Y 7HE S
2 3070412 23k} u}2)A| (MS-222, Ethyl 3-aminobenzoate
methanesulfonate, Sigma Aldrich Co., St. Louis, USA)Z 1}
T AA Aol A TE L ARRIZGHTE AR o] P V)
Z2 Ji et al. (2020)9]] wEiTk.

LEYSO| i 3 XR|of HEHEE 221

4 i,
1. ARrs
ZEGE SRS A A AW T 992 olRglw, 3
MO ol 02 S-S FHSIIT £AE ARkl A
ZYATL VHESLI, AR AEY o] o X S ol

1=}

=
SALejule} fA=n) 71
S W, PAE B B A4
2 wh2lstsic(Fig. 1B). 31 AlRHY
o] A% AR Tt A 2 Wea SA e}
A =ejuE WA HEA PARES BeTHFig. 10). AL
AFRHE QEo R Solghal, Ak 1% HRlo] Aleke AlZtsige.
o, Flojo] $700] WHE STt Fig. 1D). AS vk e
ARAE WL, SRS RS 92 Ui ek 2 ¢
2 BESHE P52 BYThFig. 1B). 2R 71eA=en)e 1
A=) E SHoluA e ALTRE HFEYen, BE

WA 9] B2t = e A 48] o|Estith(Fig. 1F).

O:

A7t Jgon, el el AL Aha FAeldit W
o RV ERCIET T 2
(Mean*SD, 3.21~4.06) mm

1.29) mm (n=30)%T}.

ZEYEY AsHE o4 T S gtk AR o1F F
==l Hivto] FQH T (Fig. 2A4). 74 302 Fofl= vt
o] dojupA 27119 T7} FAE o] 24| E7| = o] SR
th(Fig. 2B). =7 1A ol 270] St7h A= WA 442
712 o]Ystgirh(Fig. 20). 74 1AI7F 30& Foll= 22 Ale
2 8A|Z7]o ZFSAL(Fig. 2D), 4 2417 Folls 164127
of @412 (Fig. 2E), 77 2417t 3082 Zofl= 32A4|Z7]o] &
5ATH(Fig. 2F). =3 3A17F 3082 $o||l= 644 7)o ot
(Fig. 2G), =74 4AI7t 308 Tl &) 27]71 ZolA|H A
4719 Sttt (Fig. 2H). 74 3 7A17E 30&0= Zil7]of
28l (Fig. 21), 74 1047t 308 Fojl= 7l FA = o
A E=9] 30%5 Hol W euA 27dui7ol Zotsitt (Fig.
21). =7 13X7E 30% Foll= AE=9 90%E Hol Wl eHA
D71ul7]ol 2kt (Fig. 2K). 578 16A17F 308 Fofl=
3} Qo] wliA|7F WEEHH I (Fig. 2L), 374 21A17F 308 Zojl=
ujA| o} Zej7t syl on mejofl= okt FAE AT o] A
719 23 S 5~87 AT (Fig. 2M). 224 37A17F 308 o=
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Fig. 1. Spawning behavior stages of Rhinogobius giurinus. A: Male; B: Female; C: The male lures the female to the spawning ground; D: Eggs

laid at a spawning ground; E: An egg-protecting male; F: Hatched larva.

10~1570¢] Zdo] Westiar, ] Zdol= Loz en, vijA|
o] £A¢)o] AE| QT (Fig. 2N). $7 61A17F 308 Fojl= &
of =7} dgstr] AzsAaL, Adse] ElE . e
ole gA=u|7t Testr] Azkskginh(Fig. 20). 78 77417
307 Foll= ol SMAETF JFE L, mejo] ol 59
SRR 7HA] skt (Fig. 2P). =4 111A13F 302 Foll= 2
o2 g 7kEA=gn § Ao] wastga, 2 = 17~2570
2 Z718dth(Fig. 2Q). 7% 207417t 308 Fojl= ST}
R RelL BF $Y el Ak, 1e9] Zozt wejzt
A drdsta A F3} 21 - o] o] =3I th(Fig. 2R). 78 213417} 30
# Solle w7t ks 3 e A B3t AR E QL (Fig.
28), 74 224X Foll= AA| AT 50% H=7t F3kst

o, $4 235X7F Folli= thi] Syl Fatstelct.

4. XIXI0f Fefuer

1) H&HXt07| (Yolk-sac larva)
B3} 250 dEtol A% 2.25~2.41 (B 2.34£0.05,
n=30)mm Y3 o] AeiA] YT P 2T AL

H @3} Qo= 2~3709] f17F ISt B o]Fojz] A=
gulz v FH 5 E& ARORE meE A EF o ¢S}
2 AR7IA 2= o] et W] §Fog= woR g 149
7REA =07t Qi SAA T G ol &t skt B
ng R ofgZof 2tE o] QUglTt. o] AJ719] - = 23~25
(10 +13~15)t}(Fig. 3A).

B3 3 294 A3 A 2.39~2.56 (2.49£0.05,
n=30)mm= YT} o] de|7] AR G2 5| &
FEA] gorom Hol A S wEEA It 1A =g
n= Yo F3str] AlFsTh ¢ f1Zol= 171 R
7HEESHR AL, f e F5E o] 17071 BEE itk (Fig. 3B).

2) T7|Xt0{7|(Preflexion larva)

B3l & 394 A7|RojE= AR 2.56~2.86 (2.70£0.09,
n=30) mm& {7 d¥o] A3 FEHA 7| 7|E
olgiateict. Hol AF &0l W=, A3 U P
oA T FeiE HAE Ut PR} A3k Htof bl
d SHAETE YRR B s Ut A5k ol & &
Foll= MEA a7t J2BsHgich(Fig. 30).



Fig. 2. Egg development stages of Rhinogobius giurinus. A: blastodisc; B: 2 cells; C: 4 cells; D: 8 cells; E: 16 cells; F: 32 cells; G: 64 cells; H:
morula stage; I: blastula stage; J: early gastrula stage; K: middle gastrula stage; L: formation of embryo; M: development of optic vesicle; N:
development of tail and primordial fin; O: move the embryo; P: appearance of melanophore in eyes; Q: development of pectoral fin; R: before of
hatching; S: hatching larvae. Scale bars =1.00 mm.

Bl & 745 A7|Aoj= HAA 2.80~3.22 (3.07+0.15,
n=30)mm2 ve] EHol olgelzt HFIt AAEE BB
o] oo 2 WES WAL o] HEols FMLLI} 3
2hsioich Werh) mopo R AREE SHARL 20k of
o] BEE whe} u]yRo|q me] TREAR A Bofom
o]o]# Wik (Fig. 3D).

H3l & 13UA A7)|ztol= AR 4.21~5.02 (4.56+0.28,
n=30)mm S| =2ju]e} KK eju)7} B5jal7] AR,
TR ejuls RAER YT B o Kol n)H R}
A AAEAY SHAEE G4 moko 2 Ut Fig. 3E).

3) £7|Xt0{7| (Flexion larva)

B3l F 2094 Z7|Roj= AA 4.97~5.47 (5.26+0.16,
n=30) mmZ 12| ZFEE n]RFHTL JF R Foj7]7]
A&t A F7]AH017| 2 o] 5gitt. el x| gju| ofgiZol=
stu|EZo| WdstHA 979 7|71 ddetgal Sx=gule
£ 19 E717F wEEilth SMAEE TSR =] 4o
&SGR wg ol M= YA FA BFe SHLEE THA]
A2 AAE gt B2l FiY shu|SE ol Sz
Z5}9iTh(Fig. 3F).

B3l 5 2544 57|l HA 5.49~6.07 (5.67+0.20,
n=30)mm= 7} £ A=gu] £7| = FA=0 7H, 1
A =2n] 13706+ 72 57153, RA=gu]= 777 g

SHTh S AEE ofybn] F7 9 ol Ref| abekgla, e
HEO| st EZof AT S E7] RS gt £
H97E S71eksth(Fig. 3G).

3l & 3544 7R A 6.23~7.31 (6.99+£0.43,
n=30)mm=z Z} £ Agfn| 7|2 £ FA =] 87, A
A=) 870, IR =] 15708 +7)2 F7IsteH, H
& 5% otlol: wiA=gu)7t B3lsr] AlRskget. 7HEA]
Laju] &l A SMAEE TS I8, B
Leju] BREY AT offolls WY =k SAaET}
st o] Al7lole vHE 5 J3 meR=gn| £7] A
2o g2z} 2T (Fig. 3H).

B3t 3 39UR Z7|&oj= AR 7.87~9.02 (8.52+0.41,
n=30)mm& A|1FA=n|7} B3lat7] A&, zH 29d
Axgu] 7|2 = A=Y 9, RAx=en] 9742 F7}st
Aot = 915 Y 7E, vERoe FMLE AR
(Fig. 31).

4) £7|X10{7| (Postflexion larva)

13t & 48R 7)Aol HAF 10.1~11.8 (11.1£0.53,
n=30)mmz 12| E u|R5A4Z0] Y& 45°2 FoXHA &
7170712 o|3stATt. 7 B A=gju] 712 = A1GA
L] 570, A2 A=) 1042 715kt SHATE of
7H] 57 $1Ze 3712 JFeE L, 5 3 5ol e
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Fig. 3. Morphological development of larvae and juveniles of Rhinogobius giurinus. A: newly hatched larvae, mean 2.34 mm in total length (TL);
B: 2 days after hatching (dJAH), mean 2.49 mm in TL; C: 3 dAH, mean 2.70 mm in TL; D: 7 dAH, mean 3.07 mm in TL; E: 18 dAH, mean 4.56
mm in TL; F: 22 dAH, mean 526 mm in TL; G: 25 dAH, mean 5.67 mm in TL; H: 35 dAH, mean 6.99 mm in TL; I: 39 dAH, mean 8.52 mm in
TL; J: 48 dAH, mean 11.1 mm in TL; K: 52 dAH, mean 13.0 mm in TL; L: 60 dAH, mean 14.9 mm in TL; M: 133 dAH, mean 36.3 mm in TL.

Scale bars =1.00 mm.

ov], me] Zo| SulEE ofefo] Watel W mope] ZHAE
L 2AIEGIT FAAEL vleloh B Y255t Fig. 31),

25t F 5297 F7)Ael: AF 12.0~13.8 (13.0£0.54,
=30 mm AUSALLNS /12 £ 671 SASislck A
25AeArlef S s120k SALEA YA, o
o BBl F5o| U3} Ayt B, Bol A
WHo2 AT AL, of AZlols S5l $3aHE
A5 vieel) Feteolet Tl $4571S WHE ST (Fig.
3K).

5) X1047| (Juvenile)
B3l 3 6044 2ol AR 13.9~16.0 (14.94+0.69, n=30)
mmE Z 59 A=gu] 712 = A1sA =] 67, A2F

A=2u] 8~107], RA=n] 97, Z|A|=2n] 157}, vjx]=
2] ST Aol DA Aoj7]2 o]t SHLxE
w9 ool W mFo = FojA HAH UL, FE Bl

€ Hleo] HA EEs] Akt AllSA =2 u]ek A25A]

L], mejx=gju], AR =u] ST SMaxTt 26t
Ft}. o] A7)0l 3| AMABBE o] Y5} ATH(Fig. 3L).

23l 3 13394 Hoj= AF 30.6~41.8(36.3+4.32, n=30)
mmZ A1 FA=gn|et A2 =guldls 7PgAE e 7hed|
259 A2A w7k YL, RA=eju|et mejx=guldl= 7}
A7 A2AE Vel A =gnle 7k 259 A
24 Wzt It #F AAlele dEFH7 HRE AL #iA =
Aol o A=2n|et g Mol Yeutb] dtth(Fig. 3M).



(Table 1).

BEREY NABFS AL 3} 230) A
Mg AR 5 270] Wob ¥345h] WA e Hashe 24
o BTt BrolRel ol2lt ARBES ol ATt 7
] (Han et al., 1998b), ZA7] (Han et al., 2000), 5 =
oi}o] £3H= Woj (Park and Han, 2023a), WEA L= (Park
and Han, 2023b), AAYS (Hwang et al., 2006), AL (Park
and Han, 2023d), SAF2]|d}ol| &£3= £F7=X] (Park and Han,
2023c), A (Lee et al., 2018), BE-5A] (Park et al., 2017)
SolA Bag u Qlck. vieju §2b7)d e 4k 3 aFlo] g
ERE Y52 At T AT A3t Aag gyt B3lstr)| 7t
A EEE =o17] 23t o] Y AHY EA LR H

ZELE & 271 (37 718 346 mmE L FEO|H
o]&9] Y=L 4.10 mm (Dotu, 1954), =AW= 5.00~5.80
mm (Dotu and Mito, 1955)2 Z-EYER T} 2742 3717} 111,
AL 3.21 mm (Park and Han, 2023d)¢} F-ASIG ™, Hoj
2.20 mm (Park and Han, 2023a), &AW 1.30 mm (Park
and Han, 2023b), AAE% 0.97 mm (Hwang et al., 2006), 7=
W= 1.46 mm (Kim and Han, 1990), ¥7}%4<= 1.50 mm (Jin et
al., 2003), ZXW% 0.94 mm (Kim and Han, 1991), Zwv|&%
£ 2,06 mm (Yun et al., 2008), B[ &LE 2.75 mm (Kim et al.,
1992), Zobg-% 2.71~2.89 mm (Shigaki and Dotsu, 1974)}X.Ck
ZELEY & 2717 FHo

Y 3 F SNAZ SEA7]E AFAG7] o] %4l 5
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A7 3020k BF Fa vgRo] WAk BAT Pk
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A5kl om, AAYE (Hwang ef al., 2006y 7 F 57A17F 50
£ me] FEo) J&8Hgnh "ol (Park and Han, 2023a)= 371
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B
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o2 Hugt F 7heH ZEE=Y R3] 7MY gol &8

=it

fof

e et
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ZEYS0 L ol XpX|of FElLE 225
F3kato] 27)= ZEUSE B¢ A% 234 mmE 22 P50
1} o]FQl BAYE 2.04~2.10 mm (Kim and Han, 1991)E.c}
2717} A3, AEAAYE 2.51 mm (Park and Han, 2023b), &
ALE 2.83 mm (Hwang et al., 2006), F5F% 2.96 mm (Kim
and Han, 1990), €7]%@% 2.37 mm (Jin et al., 2003)2} -S-AFSH
Fony Do 371 mm (Park and Han, 2023a), A 4.10 mm
(Park and Han, 2023d), 945 7.8 mm (Dotu, 1954), &%=
4.6~5.0 mm (Dotu and Mito, 1955), £0]Z%% 3.30 mm (Yun
et al., 2008), | 2L%E 3.90 mm (Kim et al., 1992), Zupg-E
3.55~3.90 mm (Shigaki and Dotsu, 1974)E.t} 37|17} 29ttt
R3pRjo] o7k AR BRI olel WY 59 v
W AN ZEEES vERY 58 Sl 279 STt
UL, A =] w2 FHHRAEE d $EF7HA] oo
A ik WEAALE (Park and Han, 2023b)¢] 23} 2135 =}
oft Ashp BREI ugY ofgZo] LR mopo = H3
AL, FEU5 (Kim and Han, 1990) |3 offj&%3} &,
2o 945 9 A7 9ymo] BEeigion, 1o Hrel F4 1Y
Azjol] 7R BopeR WEo] Ytk AHWE (Hwang
et al., 2006)> & ¥, F53 12| Fio| U7 Bge
2 & @S (Jin er al., 2003)& 23R4 Y%7} 0]y
Fof Sz M2, BRI =ue HEY FE 7SR
Hu] E5Y AFRAA AlFFsto] d8) FE7R] o)A §lSit)
ZEE5ES Hug YR ol f5T B W 2ok S
Z7h a7 JAE| glo] SAZ] FEel J2HE Yol

F717e] olYPA7] E F7] vlae APATA o|FA7|E
AR T5 o= vusigtt. 28452 &2 225°C ¥
3+ 3 2244 A 526 mm, ol =2 18.9°C H3F 3 124
A AA 6.50 mm (Park and Han, 2023a), ZA]4 2 19.0°C &
3t & 1344 AA 6.77 mm (Park and Han, 2023¢)2 Z-E24=%
< Wol, BAFHET} o|PA|7|7F =L, AR A7)= 7P Ak
o} 2o WE F7]Ato] o|PA7 = AEF=0] TP =2
204 o]FPA7|17} 7P =HoeH, dojet BAG= ZEYE
o} W2 =204 WE o]PA|7|E BTt

T717p0] o]ggAl7] A Z7|E v A ZAEYES 2
22.5°C B3} 3 4847 AR 11.1 mmYL, Yol 3= 18.9°C &
3t & 2744 A% 11.8 mm (Park and Han, 2023a), A3YSE 4
£ 21.2°C 23} % 3844 %% 9.10 mm (Hwang et al., 2006),
HNEARLE 2 24.0°C B3} £ 3594 A% 6.04 mm (Park
and Han, 2023b), $&%5 42 22.5°C 23} & 2094 A
7} 7.47 mm (Kim and Han, 1990), 0|45 2 22.7°C 23}
% 18944 A 6.60 mm (Kim et al., 1992), 20| ELE 2
19.4°C ¥3} 3 2597 A4 9.52 mm (Yun et al., 2008), 2|
E 5L 245~255°C B3t T 2594 AA 7.00 mm (Kim and
Han, 1991), /%% $£& 24.7°C B3 & 1497 A% 6.21
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mm (Jin et al., 2003), 8% £2 10~15°C A% 9.7 mm (Dotu,
1954), EA%E & 13°C & 16.1 mm (Dotu and Mito,
1955), BAGL £ 19°C H3} & 1594 A& 7.81 mm (Park
and Han, 2023c)fth. 27]= EAYSET 29, Wojet §A}
stglon, U] Hlwgh P51 o|FEi Yt 2250l 3]
Zto] o|8Y A] Hat 2717} 71 Fth. 20 wE 7] 7to] o] F
A7 2 16~20°C Mol A= Eo] 27, FEAF 15Y, 1
BLE 2590 22 EQUAL, 52 21~25°C HeloA= SEE
144, 0|8YE 18Y, FE95 20¢, 2XYS 259, WEHA
U5 359, AAYE 38Y, ZEYS 48Yo] 28F ot

F717 01719 e EAL ZETEY F¢ SMLET) of
7 74 9%, 5 F3 55l Mg, L7 we|e}
3ol A&ttt o2 AZd o] JE Aguls BF &
o AL, FAL= = 272 FEE ] WG on, uix
L= gstgit.

o (Park and Han, 2023a)= o 29 K9] Aot} o}
g 3o}, 9] ol F, TR AT B, opyin] £ SRR #
FHoR SMAZTL MRS, HEES wet BEA=gu]
712 A2 ARG7HA], A2EA =] 9] 7|2 [FE, BER =Y
0] 7|2 QIFE] JAstglon, & AAols FAaxrF BE
Aoz ztstit. @5 (Dotu, 1954) &5 5 &l 471,
v Za} R ofgfjof 4749 ¥k meF SAMAET} Qi om,
HEol= Q89 F50] ERED oty stof, AxToll A Bzt
ek A WS (Hwang er al., 2006) v x| =2{n] AJZF 2|4,
ng R} me| R =gu] 9] 7|2 AJZF Aol S AzTE Bt
T 9t} FA 5L (Park and Han, 2023d)+= B3 A=ok9] 7|12
AlZF ol Bzt ek, e EREQ uHE &

A2 A5 FA=HR] AHA] T B AR o] A

b

Hejgon, 250 BREA Adeld H22L net Y2
3 SALELE 2T V|EoR oz Aoz AR
ju |

H ok ZAYE(Kim and Han, 1991)& A& S47 3

R, nHE S FEG E5 ofgiEo= wEE Y. 24
% (Dotu and Mito, 1955) #2| H&31} 559 5 &, 0 &, &
o] FEEQ AF SN SMLx7F HFAE A, 2| ETSE
(Yun et al., 2008)2 =9] SHE3} K9] QHE7tA] YR7HA]
moFo] B4 27 HAE AT FEUE(Kim and Han, 1990)
2 B8 ofeiFa} njE Hof W27 meFe SAAxT)
ZE AL, GINE=(Jin er al., 2003) oFf & stof Fi&E, F59
B ol &, njH R W ma] HREO| F Hoj 7R Bk &
Aax7t JHEE G 2RSS Hud 5ol olFER &
AAE BE QA OA zfolE BT, §3] F7]xto] A|7]9] °
olol FeH o2 A, ZEYEL 5E T4 Fu AT

A=gu] 7120 SALZTE AGEEA] F2 oA Loio $7]
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AR H A 149 mm= o] 13} F 4094 A7 18.5mm
(Park and Han, 2023a), 445 23} & 4594 A& 134mm
(Hwang et al., 2006), FE2TE B3} T 45~50U44] A% 16.3
mm (Kim and Han, 1990), WEARYE 23} & 5094 A%
8.48 mm (Park and Han, 2023b), &AL £3} & 3044 A%
18.4 mm (Park and Han, 2023d), 9| 245 £33} & 3894 A
%} 10.0mm (Kim et al., 1992), 20|85 123} & 36 U4 A3
122 mm (Yun ef al., 2008), 2 4% 23} & 33~3547 A%
10.3 mm (Kim and Han, 1991), @714% £3} & 2497 A%+
8.87 mm (Jin ef al., 2003), ol FE B3} & 14~26UA A3
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(Dotu, 1954), @Y% A% 18.1 mm (Dotu and Mito, 1955)&
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