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Morphological Development of Eggs, Larvae and Juveniles of Siberian Stone Loach, Barbatula nuda
(Pisces: Nemacheilidae) in the Sangcheoncheon Stream, a Tributary of Bukhangang River, Korea by
Yeong-Ho Kwak, Mi-Young Song and Ha-Yoon Song™ (Inland Fisheries Research Institute, NIFS, Geumsan 32762,
Republic of Korea)

ABSTRACT We investigated to elucidate the early life history of siberian stone loach, Barbatula
nuda (Pisces: Nemacheilidae). Adult fish were collected using net in the Sangcheoncheon Stream,
Cheongpyeong-myeon, Gapyeong-gun, Gyeonggi-do, Korea, 26th April 2020. HCG 101U/g was injected
to female and male fish and fertilized by dry method in the laboratory. The number of eggs of B. nuda
was 1,308 +293 (TL: 70.64~79.24 mm), and the egg color was yellowish grey. Fertilized eggs measured
1.13+£0.01 mm (n=10) in diameter and showed adhesion. The fertilized eggs started hatching after
104 hours. At the time of egg development, the 15°C group showed an average hatching rate of
80.1+£1.2% and the 20°C group showed 61.5+6.8%, so the 15°C group was suitable (p <0.05). Newly
hatched larva an average were 3.12+0.06 mm (n=10) in total length. At 4 days after hatching, the total
length was 4.89+0.09 mm (n=10), and feeding began with the mouth and anus opened, and entered
to preflexion larvae stage. At 21 days after hatching, the total length was 10.98 +0.40 mm (n=10), and
the distal part of the notochord was bent to 45°, and entered to postflexion larvae stage At 26 days
after hatching, the total length was 13.47 £ 0.37 mm (n=10), and entered the juvenile stage.
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Grojie A55E 7Rt 7P oekd Ade s HuEo
YA HFRE] FEo] AEe] AFS WL ok(Duncan and
Lockwood, 2001). ZA|AAE A A (TUCN)Q] ZHMEZE (red-
lispyol @2H FFY7| A3 BE F < 30% oldo] 'l
Foln, golR Agte Ex, 3748 17 9 kol Agt
TOE Q3 SANE 2 YR EFo| oS FHt A
o2 H3EIT QITHIUCN species survival commission 2000;
Bhatt et al., 2016). ©]2|gF $|F ] TEH el Q17 &5

A 2 9): o3 (AL AR AT ), S G (HFAATA,

Sohe (FFRAATAD
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gk olafio} SHHHAE HESH= A2 vl$ FL2351tH(Cooke et
al.,2012). g0l 77t dopte s EAIE 28] s &
AL SHAEAS ofeE2E HA AT E 58 Y
o] dastn, FETFH BAZ Sl3f ol Blsta BEohd
4 T Y R nAe] R4S PP kel 2
25|37 QIth(Nel et al., 2007; Cooke et al., 2012; Hermoso et
al.,2015). B3t goli 9 B BHE gt e s
WA 2/} O, WAESH <, B 9 %),
STty W} 5o RANEIY A7) A&H o S
I Rtk (Lee et al., 2004; Han et al., 2020; Hong et al., 2021;
Souza-shibatta et al., 2022). 0] 5 o}F9] Z27|WEA A= 9

7 SR ARSI V17 B A Zae 14 9AS
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o Wy} A= 5o thekRt B, AEEH A4 52 AlSst
o ol& ET|R Fo] BEY BF FAWG ope} AR 5
ohFet Aol 71948HA| 2tk (Song and Choi, 2000). o1F9] =
RN Z017] (uvenile) 2 43R F47HA] A= B
4, 24, WFH Wk ALY Ontogeny)ol2h Bk
(Koumoundouros et al., 1999). 7JA|EHA8-2 o] tjst 7|24
HEgk ofyzt A9 IEddAE 715H 4, 8 H3E 5
= ol#fgl= ©l =0l H7| wizol oY K A EokollA S8
3t 9 BAE 7]oj8 4= It} (Fukuhara, 1992; Smialek
etal.,2021). B3t AFHA| 7|7} H]S5HA U FEjF o= [fARE 2
AZES AHEE o =2 Zth(Park er al., 2018, 2021).
£33 Barbatula nuda= <713 (Nemacheilidae) <7}

< (Barbatula)®l 43t= AARFE I olfEs A AAZL
2 & 2%, 618F0] AAsh= Aoz dEA glen, s
= SS90, £70 B. toni, B0 2] Lefua costata 3%0] 43t
t}(Nelson et al., 2016; Chae et al., 2019). o] A7}IA] hEFZ7)
£ TN A2 EFEHA ke Kottelat (2006)©] H|5-2} H]
&, A% 59 2L TN dEFMNE A5k BT 32
2 RS v} Q. BEE28A © 2 Barbatula I} Orthiass: 7¢
&do)] EA|7} 9 Zo] A7k (Banarescu et al., 1982; Kottelat,
2012), o] Nelson et al. (2016)0] Orthias$L Barbatulas:
9] F9lo](Synonym)gtil Egto] waf & =Fo]| A= Nelson
et al. (2016)9] W&o ZA3te 2 £ Barbatula nuda® %
718k eh. ol A diEF 70l Bet AF2E 7I2BH AT, &
Aot A+, E5733 ARE, 2ABEHH A7 1349
H} ¢].© ™ (Park and Kim, 2003; Byeon, 2010; An et al., 2021a,
2021b), =9ollA E73H HHE, FPETH A+, A&
F3H4 AT 5o] A=A g} (Cao et al., 2012; Zhao et al.,
2015; Han et al., 2016; Wang et al., 2018; Yang et al., 2019).

Sl EAT ol Fie] Wb 9 27T AT Bl
2 g takez & A7t YAk (Park et al., 2020; Kim e al.,
2021), F7M&0 e A= w3 E v glok mebA 2 ATl
Me & HES AT 712979 dete s s3I il
9 22| o] FedES s 27184 EAS sk 2
T3] FAT|AE vl =<5t

Mz o 2
1. ZlojetE o ARiQs

2020 49 269 A71% 7FE FHH A
AR A dEFI Ao 1074AE A8
o] 2335HA Yehts 49 4= Ads +
TEAE S8l A2 vt BE A, R R Al A

1 7Fsd AHAIE Adstol A= 2ubstgint. A A

ok
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22 42 Szel A £83YT S22 WYL
A 15+ 102 AAsHAT A S0 Badol HCG
(Human chorionic Gonadotropin) 2% 101U/g< FAIL,
15A17F Fol] AT S 2] BEE Qrubso] A 9 AL
Aoz AF3aAstEh AT Hele e 24t
&5t} =2 15+ 1°CoflA| skt

ot 4

< flo

A
d

9}:

2. LHar 9 REXIO] SER

5509 e EFEE JaEde] ¢ #HS R ¢
o] Proteinase K (GeneAll, Korea)E 10 mL2] <~&-49]| 100 mg
oz 3Aste] W #HS =9 & tAg7HH2H(PL-B873CU,
Pixelink Co., Korea)7} #&4 3|F& 0|7 (SZH-10, Olympus
Co.. Japan) ©.2 by 4. PaekoITh. Beel Heto] A}
$8 99 e AL Wel A7)k 10748 TAYZ =
AsAt. o]F ARojE 42 20+ [°CE HeFtgon Hax}
o]¢] Ho|z dHujo} fFAS FFSHTE AHx| o] FH| EEHy
& 33 {pe) ARRE Hol7|2 ofqel Ra} T 269714
Tricaine methanesulfonate (MS-222, Syndel, Canada)Z v}
F ol 1070414 AR 25eka Fe) DA b 3
Aol ®7|9} {0 Charles ef al. (1995)2 wgoH, Ax]o &
B WFabg-2 Kim er al. (2011)2] 712 Faste] Wsjzto] 7],
A717017], 5710171, 7144017, Ho}7) 2 Fehik. 47
B2 ATE ol gt AT WS, F3kes | of
g B3 A9 Wi, 7195 FaE JHAlel tigt 7130l
A Y wEe R AN £ BAE 98 72T
A o] mE Y A & 15°C9F 20°CollA] 33] R
sty on, o)A HAL SPSSO EHREE rtest2 T

1. Z2t4 o o] 53

55719 ek A Hat AA 70.64~79.24 mm (n=3)
A NA B 980~1,543 (1,308 £293)7)2 Uetytct diS
I AET2 3N Yo 77k APl ¢
0.68~0.78 (0.71 £0.03) mm (n=10)F}. AT HHO|
Estoa et AEE Fa 718 Rt AT e
2 WAL 1.11~1.15(1.13£0.01) mm (n= 10)& VEPGTH(Fig.
1A).

i

SV BS F4 5 158 wo] SEIT AJEIo2 Ha
H9lT AE o] FBIo|A ST 0] 44 T 1AKF 158



Fig. 1. The egg development of Barbatula nuda at water temperature 15+ 1°C. The scale bar indicates 1 mm. Time required for each egg devel-
opmental is shown in Table 1.

Hh(Blastodisc, 141%£71)2 A5 th(Fig. 1B). 3) ZHigM (Blastula period)
7 F oAl 128412715 B8 (Fig. 1), 4 &
2) FeHd 4 (Cleavage period) TAIZE 1580] 7] (256A1327])0 =2ttt (Fig. 17). 7%

$ T 1A 4080l FEFA dEo] Loyt 24|27 T A7 408 0ll= ZHj71E BASHRL(Fig. 1K) 7 F 134]
2 o]+ I (Fig. 1C) $4 T 247k 580 = AHTo| doju} 4 Zroll= 3l 27]00] =Este] AxZo] AEFE 87] A6
Al2715 B4tk (Fig. 1D). o] % Al&E Y&t ZeS v th(Fig. 1L).
le] 54 T 2417k 35Ro SMZVE FAFAL (Fig. 1E),

4 3 3AIZE 1580)= 16MZ7] (Fig. 1F), 748 3 4A17kell= 4) 3 M (Gastrula period)
32X 27| (Fig. 1G), 74 T 4A17t 50&00= 64A| 275 B33t T T 1947l = AlZAo] 45T 50%F Hol JHls7]
%ch(Fig. 1H). o =&AL (Fig. IM), 74 F 23417k 30&0= AEF9] 90%
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2 ol o) 57]0] ELTHFig. IN),

5) X2 (Embryoric period)

4 F 28X 17 oll= |7 A =2 v A7 A= AL (Fig.
10), 4 & 34X 3~4719] 2480] Yehgor wE &
o= ¢HE7F FAE7] AZskiTh(Fig. 1P). 78 £ 39A17 =
=<4 $71 F7Fste] 9~107]9] o]2F]t}(Fig. 1Q). =4 ¥ 46
A7t 2A Y 471 17~19712 71819 OFE FZE O 2 o]
Z, 1] 202 Kupffer’s vesicleso] A= on, a7t Al
A=Atk (Fig. 1R). 4 & 51A]7bol&= Kupffer’s vesicles©| At
gxon, 249 = 21~2370f o|2F 1 ZHEI} ZF Alo]
oA A Yol HHEUH(Fig. 1S). +4 F 5547 oll= 24
9] =7} 28700 EESIF L ol A=TF FAEGeH, 2
7} H$2 2FYLS HATh(Fig. 1T). 4 & 6247ol& 24
o] 367} oL 2 F7Istln Aol FAEN e AAEkEol
TEE . E3E QFaols S LT 2 E]T] A&shgl o
A= B2 A1 3A-52 sH3lth(Fig. 10).

6) £3t(Hatching period)

T4 F 10447 0= v AI7F FhE F3 A F37} A
ZE QI £ F 122470l 50%7F R8s on, £ &
128A17toll= B 7HA7L Ratst ok (Fig. 1V).
=1

=
= =

3.

o o] $AEL 2 15°CoA HF 95.8+3.9%
2 52 20°ColAY] B 914+55%K T Tha A eyt
I, Rt Zol 7t gllth(r(4)=1.118, p>0.05). F3&S &
15°COA B 80.1+12%2 Ve 42 20°CoA = Ht
61.5£6.8%= Ye} 2 15°C IFIA =4 Ueigter &
95t 2polE B YTh(#(2.115)=4.663, p<0.05). 7|FEL &
15°Col A B 53+13%=2 VeI, 2 20°Co s HF
10.1+2.6%=2 UJeht 422 15°C 284 W2 7|F8S Y
on o3t 2}o] &5 HATHi(4) = —2.868, p<0.05) (Fig. 2).

2

nE

n
02

2

P
4
tol

5

o
A9
4>

4. Xt x|of FEH L

1) Lt&kXI0{ 7| (Yolksac larvae)

23l 2359 Zoje HA 3.01~3.21(3.12+0.06) mm
=102 FHE off& o= Fol 1 g3 d3E 714
I e F2 FAoIth(Fig. 3A). #31 ¥ 1= A%
3.49~3.73 (3.62+0.08) mm (n=10)2 FX7} A& S A4
< 7] ARBFRAL F7, ML, AFolA S 427t #atE
2tk (Fig. 3B). £33} & 2Uo= A% 3.89~4.01 (3.96+0.04)
mm (n=10)2 &9 A7]= §3} A5 zoof Hl3| Hytoz
o 77 (cupulae)o] Aol Wshy] AP o

M Fertilization rate EHatching rate O Abnormality rate

Frequency (%)

Temperature (°C)

Fig. 2. Change in fertilization, hatching, abnormality rate of Barbat-
ula nuda eggs affected by water temperature. The vertical lines show
standard deviation (SD).

ZZA 3} Yol ¥kg-37] A1ZHTH(Fig. 3C). £33} & 3Yo= A%
445~472(4.60£0.09) mm (n=10)2 TE7} Aoz 24H3)

Kl

H
Foha o] AT Ow, obhulEAzL BesET AL

7} & AAZ ARE7) A%sHhFig. 3D).

s

2) M7|Xt0{7| (Preflexion larvae)

H3} 5 40| AA 4.73~5.00 (4.89+0.09) mm (n=10)
2 o] gelHA deulof A4S AHsH] Al
< BF Z5ktt(Fig. 3E). 3t & 5%0)= A% 4.99~5.15
(5.06+0.05) mm (n=10)Z #Z}7]3¢o] FH AY7iA] Wgst
S0 (Fig. 3F), 73 & 6ol A% 5.22~5.38(5.28+0.05)
mm (n=10)2 op7u|g77} Westo] 7t&A =gu| 7|7
ol2Hth(Fig. 3G). B3} & 7doll= AR 5.53~6.14 (5.69 %
0.19) mm (n=10)9]] ©]2§ 3L (Fig. 3H), 3} T 10¥o= A
A 6.30~7.50 (6.67+£0.45) mm (n=10)E XA Lu| s}t
of 7|27} A= AR e FA=gn] ¥7|= TR
(Fig. 31).

3) £7|Xt0{7|(Flexion larvae)

B3l & 14Y0f|= A% 8.50~8.84 (8.66+0.14) mm (n=10)
2 A gdho] = $jojx]7] AJFFetGlaL, SR =] 7|2 6
W7F A= gl em x| =aju] A7]7F FE ok (Fig. 31).

4) S7|Xt0{7](Postflexion larvae)

Hsl & 2199 A% 10.24~11.57 (10.98 £0.40) mm
=102 44 347 vix=gn] 47|17} FEEHUL FA=
2u] 7|2 770, A =u 7|2 547} st E5 gk s
2ul7} Zragtel ute} zizbe] A =gju] Yo| EoiahA| ekt
on], M Wehe 452 98] Fol R Uz we] Aol
oFflth(Fig. 3K).
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Fig. 3. Larva and Juvenile development of Barbatula nuda at water temperature 20 + 1°C. The scale bar indicates 1 mm. A: Newly hatched lar-
vae, 3.12 mm in total length (TL); B: 1 days post-hatching (DPH), 3.62 mm in TL; C: 2 DPH, 3.96 mm in TL; D: 3 DPH, 4.60 mm in TL; E: 4
DPH, 4.89 mm in TL; F: 5 DPH, 5.06 mm in TL; G: 6 DPH, 5.28 mm in TL; H: 7 DPH, 5.69 mm in TL; I: 10 DPH, 6.67 mm in TL; J: 14 DPH, 8.66

mm in TL; K: 21 DPH, 10.98 mm in TL; L: 26 DPH: 13.47 mm in TL.

5) X|0{7| (Juvenile)

B3l 3 26Y0)= A 13.10~14.10 (13.47£0.37) mm
=102 &3} TR FA47|#e o o) WA ok,
30l J4de ARE L B A =] 7|2 4= 577 &
FHEA BE A=2H] 712 $7F ol Fote] 2oj7]2 o]
Bkt (Fig. 3L).

oo

EEO) A7) 452 AT 98 (Kim and
Park, 2002), ol L3 GA] A4IA] £ 15~16°CHTt
gEE7le] e v AdoNE REe JFEN &
ok Fol7} Lpeht AkAl7] AR S 15°C7F Rojee
oz APNAT. TZE BolT EH AT AVFEE ol5
e} 45 SmolA ol UehiEe diEe] A4EE 1
sto] 322 X7} Y aslch(Park et al., 1994; Park, 2020). T
3 HCGE 0|83 ARIGE A] HelsErt 27142 7|98
o] Z7Feh=t], 8Te] HCGE ul4ehe] 442 oiRjstn

Hoj| 482 Zr} (Koo and Johnston, 1978; Cerda et al., 1997).
S F3E&E SAEN gl tha 2o, A7
o XolE Z3I7]o) ATAIZIU Hojo & Arrhs &
A%<l vl A &3} 9= HCG 101U/gE AHE37] &
ofl(Lee et al., 1992), £229] F=7} G| F3F& v AL
2 2AHY NP EL £ 20°C 2F0] 15°C 25 ]3|
A b, o7 271884 7138 gRbAel |4
o7 ZAfA 10% olskel AeE BiEx ¢lch(Klumpp and
Westernhagen, 1995). 7|82 210 9] Wao] EFFsAY -9
W3}, 222 B3 AR, SR Y 9 T2 Qs T
AJol= Aoz U4 A 3l=d| (Koo and Johnston, 1978; Bonnet
et al., 2007; Finn, 2007), & Ao &= 420] 20°CY 3%
15°Co|| B3} 7]3F&S =4 fddhs A2 Ueith

TN o7 2AFTET 27IAEAE vl B AHA
of AAlsh= EFNY st FA 77k XS YE
Wom Byeon (2010)0] 113t 3} G A TH(Table 2). T
3t Triplophysa bleekeri 32 (Li and Yan, 2009), 7 3|4 (Ko,
2017), &0 e] 34 E£= gk =X (Park et al., 2020; Kim et
al., 2021), B. oreas 3™ (Kobayasi and Moriyana, 1957)2.&
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Table 1. The time required for egg development of Barbatula nuda

Elapsed time
(hours: min.)

Period Stage Characters Fig. 1
15+1°C 20+ 1°C
Insemination 00:00 00:00 Sperm and egg are inseminated -
Zygote Swelling 00:15 00:15 Swelling A
Blastodisc (1 cells) 01:15 00:55 Blastodisc B
2 cells 01:40 01:20 2 blastodisc is cleavage C
4 cells 02:05 01:40 2-2 array of blastomeres D
8 cells 02:35 02:00 2-4 array of blastomeres E
Cleavage
16 cells 03:15 02:25 4-4 array of blastomeres F
32 cells 04:00 02:50 4-8 array of blastomeres G
64 cells 04:50 03:30 8-8 array of blastomeres H
128 cells 06:00 04:20 8-16 array of blastomeres 1
Blastula Morula (256 cells) 07:15 05:30 16 regular tiers of blastomeres J
Blastula (512 cells) 09:40 06:30 Flattening produces an elliptical shape K
Early gastrulation 13:00 - Early Gastrulation (30% epiboly) L
Gastrula Middle gastrulation 19:00 10:50 Middle gastrulation (50% epiboly) M
Late gastrulation 23:30 - Late gastrulation (90% epiboly) N
Formation of embryo 28:00 20:00 Formation of embryo O
3~4 myotomes 34:00 22:00 3~4 myotomes, formation of optic vesicles P
9~10 myotomes 39:00 25:00 9~10 myotomes Q
17~19 myotomes 46:00 27:50 17~19 myotomes, formation of auditory vesicles and R
Embryoric Kupffer’s vesicles, Tail begin to extended
21~23 myotomes 51:00 29:50 21~23 myotomes, disappear Kupffer’s vesicles, S
Myotomes begin to moved
28 myotomes 55:00 33:20 Tail begin to moved, formation of eye lens T
36 < myotomes 62:00 44:00 Formation of heart (beating), Black pigmentation in eyes U
104:00 - Hatching start
Hatching 122:00 72:50 Hatching 50% \%
128:00 77:50 Hatching 100%

=

S35/ fARSHATE QR Aolg mAr) ol2e Aol A
of7h 4415t wolgl, ol A&TAN Rpol, dalo] oz ol
3t Ao 7 A Ec}(Harris, 1984; Park et al., 2019). tE37)
9] = A AR 70.64~79.24 mm & W 980~1,5437]=
Byeon (2010)°] B3t 1,004~1,4187]} F-ARIRATH 29%
ol F/= 504~1,40671 (Ko, 2017)2 t&557He] 2} &
ARFEAL, B e % Park er al. (2020)2] GLoll Al 900~1,200
7, Kim et al. (2021)2] Aol A 574~1,752702 v|nF SA}F
SFFATE, B. oreas+= 2,0007] (Kobayasi and Moriyana, 1957)
2 g&53/hE gokth 45T ¢E2 0.71£0.03 mm=E
Byeon (2010)¢] 0.75+£0.04 mm, &1]342] 0.71 £0.02 mm (Kim
et al., 20219} FAEE 2™, 271 0.87+£0.03 mm (Ko, 2017),
B. oreas 1 mm (Kobayasi and Moriyana, 1957), T. bleekeri

0.94~1.10 mm (Li and Yan, 2009)2t} 2ottt dutxgog 4=
Zgsto] Whgsh=t| Fagh A7t 20 IA = v TA o
™ (Pauly and Pullin, 1988) &3] 422 $+A&o| H3}1= 7|7t
A Eedhs At o DI Bo] gLt (Blaxter, 1969;
Welcomme, 1985), IEZ/E & 15+ 1°CoA] B371A]
104~128A]7F0] 28 F AT & 20+ 1°Co|A] F37HA] 774
7F 5080] 22 E Yt E3F 42 13~16°Col| A 168A17F0] &
85 B. oreas (Kobayasi and Moriyana, 1957), = 9~12.8°C
oA 287A|7to] £ Q% T. bleekeri (Li and Yan, 2009)X ¢}
EA AFEHU 5 25°ColA 30~48A]7to] 28 ¥H &)
L8] (Park et al., 2020; Kim et al., 2021)Ec} =3} B3} 2}
09 7]+ 3.12+£0.06 mmZE B. oreas 4 mm (Kobayasi and
Moriyana, 1957), T. bleekeri 4.32 mm (Li and Yan, 2009), L.



Table 2. Morphological comparisons of egg, larva and juvenile stage characteristic of families Nemacheilidae fishes

Nemacheilidae species

Characters

Stage

Barbatula oreas Barbatula toni Barbatula nuda  Barbatula nuda

Lefua costata Lefua costata

Lefua torrentis

Lefua echigonia

Triplophysa bleekeri

Yellowish grey

Grey Yellow

Light green Deep yellow

Grey

Yellowish

Color

1,308 +£293
(70~79)

1,211+£207

(76~177)

955+451

(60~81)

2000

1,050+ 150

Fecundity
(mm, TL)

1,038+478

(70~90)

0.71£0.03
(1.13£0.01)

1.0
(1.26)

0.71+£0.02
(1.19+0.05)

Diameter

Egg

0.75+0.04

0.87+0.03

0.94~1.10

(1.21+0.06)

(Fertilized, mm)

104~128 h
(15+£1°C)

168 h
(13~16°C)

42~48 h
(25+1°C)

30~38h
(25°C)

287 h
(9~12.8°C)

Hatching time

(W.T)

3.12+0.06

40

35~45 3.01%0.11 2.81%0.11

2.56~2.60

4.32

Hatched larva
(mm, TL)

Larva
and

26
(1347+0.37,TL)

26 _

20

(12.37~13.09,BL) (11.40~1290,BL) (11.5+0.67,TL) (18.5+0.85,TL)

55
(14.05, TL)

Days until

Juvenile

juvenile (mm)

Moriyana, 1957 Ko, 2017 Byeon, 2010 This study

Kobayasi and

Park et al., 2020

Kim et al., 2021

Aoyama and Doi,

2011

Aoyama and Doi,

2011

Li and Yan, 2009

References
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torrentis 3.5~4.5 mm (Aoyama and Doi, 2011)2.t} Zto
o, L. echigonia 2.56~2.60 mm (Aoyama and Doi, 2011), &1]
I12] 2.81+0.11 mm (Park et al., 2020), 3.01+0.11 mm (Kim
et al., 2021) 2= Atk F3pRpoi7t 20|71 7HA] =2 sk
2640] 28 %] T. bleekeri 559 (Li and Yan, 2009)X c} %
229k, Kim er al. (2021)0] 213 Zulfe] 20Q8 Tt w3
3L Park er al. (2020)2] A3eb= FLsHT dHEZIH 2019
37]= 134712037 mmZ T. bleekeri 14.05 mm (Li and Yan,
2009), 2] 312] 18.5+0.85 mm (Park er al., 2020)2Th ZHGEO.
o, L. echigonia 12.37~13.09 mm (Aoyama and Doi, 2011), L.
torrentis 11.40~12.90 mm (Aoyama and Doi, 2011), &0]3Lg]
11.5+0.67 mm (Kim et al., 2021)2t} o} Ao|a]o] dig
SAZE ARl whE ok 2ah vk A2 A X o] HE A
2719} goloA A8H T Fpolz sf WAEZ Ao B
QIt}(Okiyama, 1989; Charles et al., 1995; Kim, 1997).

2 TN 5Nt AT 2AFE T 2788
) A, G, FalRbe o] 27] oA ApelE B, HA
o] & Folzte ATAY AR oIY Mol A=k
e} WA o] 28 5= AZbo] th2A yehylth S5 o
SN e A ERTA =To] A7) toll (Cao er
al.,2012), F7HH o2 09 A W 27| EA A7 2
a3t ol Fof TN ofol ti R FAWAE W

[<)
3t F71977 e ROz Art,

0]

OF
=

JES/HY Y E 27| IS 8 20204 49
26 53} A7l AHANA dESAE At A=t
UAT FA 9] EFYoll HCG 101U/gE FARBFAIL 1547 $of
A4 o2 LAt EFAH AA A 70.64~79.24
mm (n=3)2] E&r= 1,308 +2937F T, AL 33|19
A& 4% dE2 1.13£0.01 mm (n=10)%
I A 104A1ZF gkl Bapstgint. Y Al =2 15°C 1
£9] B3l W 80.1+12%=E Ve, 42 20°C 18
2 61.5+6.8% =2 UER} A $22 15°Col|lA A5ttt
(p<0.05). 53} FZ 9] 2ol AAF 3.124+0.06 mm (n=10)%
om 52 FHsAT £3F F 4dol= A 4.89+0.09 mm
=102 Y3t o] A Ho|&FZ A& *
o] B SEHA H7|Ao)7| 2 o]t 3l & 14U
L A% 8.66+0.14mm (n=10)E HAgo] S& 3]o]x]7] A|
Zk5f) F7]A017| 2 o Pt 3t & 21Uell= A% 1098+
0.40 mm (n=10)2 HAZtho] 45°2 HA3] 3loj ) 13l &
26d0)= A 1347+037 mm (n=10)8 BE AL&u| 7|%
7t 47t Hol Z]of7] 2 o3ttt
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