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Spawning Period Characteristics and Early Life History of
the Eight Barbel Loach, Lefua costata (Pisces: Balitoridae)™

Hyeong-Su Kim’, Mee-Sook Han’, Myeong-Hun Ko"
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ABSTRACT

This study was conducted to elucidate spawning period characteristics and early life development of eight barbel
loach, Lefua costata (Balitoridae) at the Jusucheon stream, Okgye-myeon, Gangneung-si, Gangwon-do, Korea
between January and December in 2018. The spawning period was estimated to be from May to August, considering
the change in the gonad-somatic index, the appearance of young fry, and frequency distribution in egg diameter. It
was a multi-spawning type. The gender ratio was 1:0.79 with 1,117 females and 879 males collected. The egg size
was 0.24-0.93 mm, with mature and immature eggs found during the spawning period. The size of mature eggs was
0.71+0.02 mm, and the average number of fecundity was 1,786+£818 (n=31). Observation of the egg development
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showed that the fertilized eggs were the sticky, gray, segregated, and demersal type with 0.76+0.03 mm in diameter.

The hatching of the embryos began at about 34 hours (hatching rate 50%) after fertilization underwater temperature

of 25C. The average length of the newly hatched pre-larvae was 2.7+0.11 mm. The average length of pre-larvae at

4 days after hatching was 4.5+0.16 mm, and the yolk sac was completely absorbed and entered the post-larvae stage.

At 20 days after hatching, the average length of post-larvae was 11.5+0.67 mm, and their fin rays were formed before

they transitioned to the juvenile stage. At 100 days after hatching, the average length reached 49.8+2.60 mm, and the

appearance and the lateral sideband patterns were similar to those of the adult fish.

KEY WORDS: FECUNDITY, MATURE EGGS SIZE, EGG DEVELOPMENT

ME

Z 7l 2H(Balitoridae)+= &) o} =(Cypriniformes), 1]3e]A}
IHCobitoidea)ol] &3k A AJA O]l 594 590F0] HiLk]of
Q13 (Nelson et al., 2006), $-2|Letof= Ao dte)(Lefua
costata), E7W(Orthrias toni), NEFZ7N(O. nudus) 30| A
A1SFHKim et al., 2005; Kim and Park, 2007). &u]ite]<:
(Lefua) o5t A AANol Anda], L. echigonia, L.
torrentis, L. tokaiensis 4F0] 11 %911 gi}ete} A&,
S5, BAlot AlHE]ote]] A 4]8k=T](Hosoya, 2019), & A
TR A= Seuet Adut =, 2lAof Al o}
of 4e4lo] @I 427} B i} & B0 1F it
o F2 AAFIL SHTES Ak AeR AeiA Aot
(Choi, 1990; Kim et al., 2005; Kim and Park, 2007,
Hosoya, 2019; Fishbase, 2020).

S ol Telo] Yek G HREHA A7 (Yang of dl.
1991; Kim, 2001; Lee, 2011)2} 7FEFst A&ESHA EALo|
15|19 thUchida, 1937; Choi, 1990; Kim, 1997). }7]
AFES Tga Ao] WA A5k (Choi, 1990),
R R R ERC BRI ER
o] A2}z R (red list)ol A= 2011 =L HE(NT), 2019
d IHHAASLO)SE H7hE HF QITHNIBR, 2011;
2019). 1 9] ¥ 9| Z7|AWSkA} A1 T(Park et al., 2020)7}
HuE ot A gt A o] Fo|AA] T

ojsol MEjsY A7 $o 4B 54 9 ARE
7 e A A Bel7] sl == 3 E T (Kim,
1997; Moyle and Cech. 2000) X A= 3 AZ4A
B7F 2 SPHEYAI Y Fa%t 7IxdolHE gEEar 9l
th(Park et al., 2009; Choi et al., 2011; Lee and Choi, 2015;
NIER, 2019). o|F2] Z27|¥SAl A= 59 ety &
A3 TAFTel BR0H fAWAS welsl o) 2
T %% ©m(Balon, 1985; Aoyama and Doi, 2011; Ko
et al., 2017b), o= BEH7IEY dFFA 7= AT

9] AdFoF AGEI QITHME, 2006; 2009; MLTM,

2010; Ko et al., 2013; 2017a).

wep 2 Aol ok a7t 7} A2 o]FolAA) ok
o mriele] v, AR B4, 278 5 ATstel
Aot B4 us|m DA%t vlm-eolstud sheck

1, 24z
FAbs Au|te 7 v AAEEaL Qe
SAH Fde] oA 2018 14HE 12
(85 4x4 m)E ©]-85fo] miE 15U 7]
ot ARE A A Al dE 5= 2AF
Ao Zagt A7 A= 10% =T
Q] W= WA= HEE WRSEITh Adule vt
gk 1A o] AHES 71Fo R ALty on x
= &oto] AHl 10 1 945 Eelsigint vie vtk 294y
o|Fe] A} FAE 27 T~1074A1E 10% 2=
TS & AFAR A A AASE(gonadosomatic
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index, GSI=gonad weight/body weightx100)E AA5}%
om, A7l szl BaA 2o A7)
nejstel Tk Eepet U AN LS

& = 44 ARE WA A 2 ASSI=, s
o A7) AR 107145 AEste] 30~5070E 78t
At £ v 159 A% 08 7zon fAde
T A(T-250A, ASAHI, Japan)E o]&3lo] ZA3}4t}

}_,

= O

o=

A R 27} 7}

2, 7|4y
2712 2018 6Uol| ZTh(YE 4x4 m)E o1&
ko] FolE AAstglen, olF AR gulste] £

23~25CE AR BElekdh A%st oF - 5= Aol 1 kg
% Ovaprim (Syndel, Canada) 0.5 m{-2 FAFSE &, 12A|7F
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I} Zof] SFAoA stk Asetal of 7)o 3o A
2 Ao Ringer solution®] 1004} 3] A]7] & ]
2 FANAL A AREE Tigsteled, 4
271 207012 Sl BFAE Akick 1B
FATE YELYH(XF 15 am)ol] FAF 8-5fo] A
I} 2pof 715 ZPAIF AL, o] Ao whet SApH o R
Z(45%25%22 cm, 60x45%45 cn)o) <A ARSHETH &
Zwola}r| e} 92 olulr|2 o] gatol ofTtsIHOu], ALS
T2 25CE HEEIGItE Hol= &5(Rotifer) 2} AE| 7]
OWuriemia sp) $4, MFAIRE wAH o2 Bl A
%3191}, 4RIt A Aole] uhekebAl Kim (1997)3}
Charles et al. (1995)¢f wiz} L&Y, tx g7yt
(eXcope T500, China)7} F2FE sfjE&u]Z(Olympus
CX33, Japan) o 2 st B4 sIGt WA
sl Doz [0A4HE AEstel ulaA Ms-222
(Sindel, Canada)2 w33t & A4S ZAshr).

2 o
1. 4H|

195E 129702 AYE MAE SHT =4, A=
TFEEIAEH|(Table 1), T 1EA 0|42 A= 7 A
o] AL o] A= AT FEE T ZAPIE 53
ANE AR LITAA, AL 87T9A= ul(8/$)=
0.792 yeht oh47ke] Aul= o3t 2ol Kol 1 :
10] oY lth(x *=28.38, P<0.05). ¥Blz: 197} 44, 5
9, 99, 11¢, 1292 {23t 2po]& HolA] ¢kob 1 : 1
012 oK (x ’<3.84, P<0.05), 297} 3¢, 6~8Y, 1092 &
o3t Zfo]2 ®ol 1 : 10] ofQlthx *>3.84, P<0.05).

=
YHE 517 AlRkste] 1240 12.3+0.80%0] =EsH3Ict:
SHL YN 297 5.0-52%5 WQEoL} o3 ARsslo]
495 7Y 5.6~64%% =A UEREol 8o
38227%2 FAAE B, 9Y o|% thA] Alsdlo] 1149
I 1280]= 6.1~6.6%¢°] =28t 3ItKFigure 1). gl
ot G Zlol= 64 A% 1020 mn (n=8)2] 7HAI7} A
= WEEeH, 74 10~32 mn (n=33), 8Y 6~34 mn (n=103),

Table 1. The sex ratio of Lefua costata in the Jusucheon,
Okgye-myeon, Gangneung-si, Gangwon-do,
Korea, from January to December, 2018

. Sex ratio 2

Month  Juvenile Female Male (@/9)

Jan. 63 53 71 1.34 2.61
Feb. 57 71 34 0.48 13.04
Mar 41 111 62 0.56 13.88
Apr. 59 80 83 1.04 0.06
May 41 97 100 1.03 0.05
Jun. 46 146 101 0.69 8.20
Jul. 34 119 82 0.69 6.81
Aug. 103 158 108 0.68 9.40
Sep. 80 64 55 0.86 0.68
Oct. 151 90 54 0.60 9.00
Nov. 78 53 49 0.92 0.16
Dec. 96 75 80 1.07 0.16
Total 849 1,117 879 0.79 28.38

* The critical value for x goodness-of-fit test of equal numbers
of females and males (df=1) at 95% significance is 3.84.

35
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Temperature (°C)
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Figure 1. Change in temperature (A) and gonadosomatic
index (GSI, B) of Lefua costata in the Jusucheon,
Okgye-myeon, Gangneung-si, Gangwon-do, Korea,
from January to December, 2018.
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9% 16~38 mn (=80)2 7|7} 2 A%} 15m o|3}e] 7S
2 6890 shelslgla AP 69 olF 345 Z7He9)
ok whebA] AR o 4-0] AAA AT Yefels T
A Aole] F719k HRN] 5L meish SULE s
FE|gom, A9 422 142-216 T

w

HEa Lk

4ol A A A 662 me] e W SR At
4L 0.24~0.93 mn M2 LFEREAL, 0.60~0.92 (0.72) mn=
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Figure 2. Frequency distribution of egg diameter (66.2 mm
(TL), A) and total length (B), and fecundity (C)
of Lefua costata in the Jusucheon, Okgye-myeon,
Gangneung-si, Gangwon-do, Korea, April, 2018.

A&t 024~059 (0.44) m= WAASTEO R SLEESICH
(Figure 2A). 490l 7H 107§3)2] A<de] F715 =49t
A1t ARol =7)9k Amglo] 0.71£0.02 (0.68~0.75) mm
(0=10)2 H|wH FARSIGICE 490l e AgHIEREE
= & o g AR 42~55 = T 1Y, 56~65 mn= TH
284, 66~75 m= TF 31448, 78~93 = TF 44 oo R
7= Ych(Figure 2B). 47419 A4l v 1AAY oo 7)
ARE Adsstalon, e T 1A 9164412 (n=6)7H,
Tk 2148 1,548+326 (n=11)7}, 7+ 31148 1,845+366 (n=9)7},
TF 494y o2 3,2474559 (n=5)72 dFol S7IshdA &
73] AF5alel T Wit 1,786+818 (n=31)7H$tKFigure 2C).

Ovaprims AR g3t (e 12A17F ofjof] d<gto]
& vletEglon WA ek A4eke sjale) g2ty
of ol BeUATen SHoln  ARKm-8):
1,038+478 (574~1,752)7}, '¢74-2 0.76£0.03 (n=20) mn ATt
A Aty o] A B2 S5te] 107 Fof
1.1940.05 mm (n=10)2 HA5}FH T (Figure 3A). 405 o] Hj]
Hi(blastodisc, 14|Z7])o] A= 1L(Figure 3B), 24|37 =
52 $of| F==H(animal pole)o] F&to] Lofu} FA= U
M(Figure 3C), 4A|327]= 1A7F 052 Fof] A5 55}
(Figure 3D), 8A|327]= 1X]7F 185 Sof|(Figure 3E), 1643
7] 1A1ZF 302 $-of(Figure 3F), 32A4|E7|= 1AIZF 43&
Zol[(Figure 1G), 64A1227]:= 1AIZF 554 S-of|(Figure 3H) 3
=St 128X 327]= 2417 108 Fof|(Figure 31), /47|
(morula, 256A|3E7])+= 2A|17F 255 Sof] FAJ &Sl (Figure
). olF GRE Akslel 4A7 308 Fol i)
(blastula)7} /3= 1K Figure 3K). 6417t 404 $-ofl=
7|(gastrula)7} /J=|o] Ajz2Zo] AlE=(vegetal pole) %2
2 G7] AAsigl ol e] 1]3E 50%, Figure 3L), ©]%- 7TAI7
302 Sl Full F71(70%, Figure IM)=, 8AJ7F 304 F-ofl=
il W71 = 90% o) Hltk(Figure 3N). 10A]7F S-ofl=
| A(embryo) 7} /3= 3 3(Figure 30), 11A[7F 40 Fofl=
3~47]19] L& (myotomes)©] 7|1l QFE(optic vesicle)7} &
= QItkFigure 1P). 1247t 504 $-ofli= 8~97§¢] o]
(Figure 3Q), 16A|17F 3o = 18~207]12] L& o] A47]aL o3
(auditory vesicle)} Kupper’s vesicle®] &4 & IchFigure
3R). o|F ZE|7} WA 22 WEshHA g2lo]7] AJZF
S, 19417 o= 27~307]9] AR =ofl A=t P45
3 Y7} B3lE]gl o Kupper’s vesicleo] A2} tHFigure
3S). 22A17F Fofli= Aol FAdE o] F7] AlAtsleitk(Figure
3T). 30407k ) TRl o] gjo] e A Helsiola
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Figure 3. Egg development and hatching of Lefua costata
at 25°C of water temperature. The bar indicates
0.5 mm. A: 10 min, swelling; B: 40 min,
blastodisc; C: 52 min, 2 cells; D: 1 h 5 min,
4 cells; E: 1 h 18 min, 8 cells; F: 1 h 30 min,
16 cells; G: 1 h 43 min, 32 cells; H: 1 h 55
min, 64 cells; I: 2 h 10 min, 128 cells; J: 2 h
25 min, morula (256 cells); K: 4 h 30 min,
blastula; L: 6 h 40 min, early gastrulation (50%
epiboly); M: 7 h 30 min, middle gastrulation
(70% epiboly); N: 8 h 30 min, late gastrulation
(90% epiboly); O: 10 h, formation of the
embryo; P: 11 h 40 min, 3-4 myotomes,
formation of optic vesicles; Q: 12 h 50 min, 8-9
myotomes; R: 16 h, 18-20 myotomes, formation
of auditory vesicles and Kupffer’s vesicles; S:
19 h, 28-30 myotomes, disappear Kupffer’s
vesicles, formation of eye lens and specialization
of brain; T: 22 h, Formation of heart (beating).

347 Zol| 50%, 38417k Fofl 100% F&5}3ick

5. Xfoiet xjoje] &E

1) H7|Xt0{7|(pre—larva stage)
B} 5 0] A7|xfoi= AR 3.1+0.11 (2.50~3.13) mm

Figure 4. Larva and juvenile development of Lefia costata
at water temperature 25°C. The bar indicates
1 mm. L;: O day, 3.01£0.11 mm, pre-larva stage,
(TL); Ly: 1 day, 3.7+0.09 mm; Ls: 2 days,
4.2+0.13 mm; L4 3 days, 4.4+0.12 mm; Ls: 4
days, 4.5+0.16 mm, post-larva stage; Le¢: 5 days,
4.6£0.19 mm; L7: 7 days, 5.0+£0.16 mm; Lg: 10
days, 6.1+0.55 mm; Lo: 15 days, 8.0+0.45 mm;
Lio: 20 days, 11.5+0.67 mm, juvenile stage; Li;:
30 days, 15.6+1.29 mm; Li>: 50 days, 25.9+2.18
mm; Li3: 100 days, 47.1£2.60 mm.

(=10)2 B R0 o] 39| 2 ugo] 9gln
Bo] FFURAE B ey} g3t e d
217 eskrhFigure 4L)). H3} 5 107 A4 374009
mm (n—lO)E Usto| 50% ﬁ\_ﬂ”l ok4 3714 TR -

ﬁ

Xlx*H“WFlgure 4L2) —,—Q— e ZO‘RH‘,: ;‘<jxol- 4.2+0.13
mn (n=10)= F=fo] 60%0]” TRl & FIEY] wR e
ub Wolgom Sxe uel SMEL 27 st
(Figure 4Ls). 5.3} & 370l = A&} 4.4£0.12 mn (n=10)
2 d8o] 90% S4EL TR 5 Sl MR 2
FH7F EEJAL THEA =)= tﬂi‘:} ARk At
ol elHA Ao g2 G55 A4S ch(Figure 4Ls).
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Table 2. Egg diameter, gonadosomatic index and fecundity by total length of Lefita costata in the Jusucheon, Okgye-myeon,

Gangneung-si, Gangwon-do, Korea, April, 2018

Gonado

No. Total length (mm) somatic index (%) Fecundity Egg diameter (mm)
1 61.6 16.8 1,879 0.68+0.06
2 63.8 16.3 1,393 0.71+0.05
3 66.8 27.4 1,989 0.72+0.07
4 67.1 14.5 1,514 0.69+0.06
5 68.4 27.7 2,113 0.75%0.05
6 69.1 20.1 1,889 0.73+0.06
7 69.7 21.3 2,513 0.71+0.06
8 72.8 18.7 1,751 0.73+0.05
9 78.0 17.7 2,603 0.71£0.06
10 80.8 233 3,560 0.70+0.05

Average 0.71£0.02

2) £7|Xt0{7|(post—larva stage)

3} & 44 oll= A 4.540.16 mm (n=10)= F}o]
L5 ZaEo] $7)2to]7] = o]dfstglal Fafl= Qg Hok
Aflom Holg AsHA 4248k th(Figure 4Ls). £33t
55U o= AR 4.6£0.19 i (n=10)E #2] =] =2|u|o]
717 W= Y TK(Figure 4Le). §3} & 7dA o= A%
5.040.16 mm (n=10)= UEn]o} 482 dA5H7] A6l
thFigure 4L;). 3t & 10¥44o)= A% 6.1+0.55 mn
(n=10)= HMgeto] $jojz|aL Hefz|=gu] 7| 2= 8§~10
N7h BEE S om SR =gn|e} mejx|=gju] A7|7}
ZHE| }le} (Figure 4Ls). 73} 3 1547 o= A% 8.0+0.45
m (n=10)F ZE|A=Hu] 7|2 13~157), SX|=du] 7|%
4~6717} HHERL Hes F AR Yiro ] 1(Figure
4Ly), £33} = 179 Aol= HA 10.0£0.75 mn (n=10)=
A =en] 7127} 6~7T7HE F7h =i

3) x|0{7|(juvenile stage)

B3l 3 20dR ol AR 11.5+0.67 mm (n=10)2 K12] 2|
Hu|(7]24= 22~257)9F FA =Hu|(7] 242 97K), HA| =
u|(7]24 87K), WA =u](7| 24 3~47H) 9] 7R B A
$7} =0 zof7|2 o]dsieit. 2ol 14 YERFaL SA=
2jn] gkzo] ux|guli= 50% HaE o =i 9L o
Asl= fH2%o| Yeptr] A&kl thFigure 4Lig). 73t &
30 Fofli= A4 16.0£1.29 mn (n=10)= $F&9] Fol= oHd
712 Ao Rl SA=u|e}t x| ega] oF
2 ARA| L FE T Wo| SA4E QItK(Figure 4L). F3}
3 50AR0 = AR 25.942.18 mn (n=10)E 422 4%0]

TEE U gH=gul= 2 AR =3 e dEst

s g Fooll Aol AEeH

d2dE0] M4 = K Figure 4L1o).

100 ol A 47.142.60 mn (n=10)2 4442] =

o] Aol wiF-E AeJgt & HA ol A4 FH7F vEhit

o mER|=gn|e} A =] 7R HedE0] Y
U HlaA] o) mgat fAkskglth(Figure 4Lis).

nl

W] L costata®) A7) 57 W 279
wolpeld ol el A7) BEsiel dulqels) St
A H A EFtQl v]dte]zi(Cobitidae) o752} H
sl

A e)o) Aul(4/2) 0795 o] We Aoz %
AEI9ch. IRl of o] Al WA Fol o,
Tl A= F707F 0.73 2.2 (Ko, 2017) H|aL 2] Am|ite]
oF Hlzatgl ot tEE7h= 0.98 (Byeon, 2010), 39
Barbatula barbatula~= 1.09 (Erds, 2001)2 4= Z}po|7}
R A MiElol 2 F3} Aol ML), 2o BRE
o] wFE)Thof A HokEA 1.01 (Kim and Lee, 1984)9}
715E7 1.55 (Ko, 2009)5 A|L|gh tjFH£9] olFs2 &=
Antt Aol B A0 Husel BE fARRt
(Ko et al., 2016).

Wi Fele] ARl AALEE HET By
CEE0.24-093 m), A 15 m ol3te] T ol}

Rl ofN rlo
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Table 3. Comparisons of total length (TL) and body length (BL) of the genus Lefua species

Species
Stages
L. costata (TL) L. echigonia (BL) L. torrentis (BL)
Newly hatched larva (mm) 3.1+0.11 (3.0~3.1) 2.56~2.60 3.28~4.28
Post-larva (mm) 4.5+£0.19 (4.2~4.7) 4.21~4.92 5.78~6.19
Juvenile (mm) 11.5+0.67 (10.0~12.1) 12.37~13.09 11.40~12.90

References Present study

Aoyama and Doi, 2011 Aoyama and Doi, 2011

g =0

6~8-9J0ﬂ 235l 3 Sog
=]l o3 Ak k= ©f
A Aofse 2rdgay 2

dol At A= FAEEHUG. TS & &she L
echigonia’= 38 stRE 69 A<e7A|, L. nikkonis~= 5%
SHeEE 7U7MA 2 A7) 7F 2 aiE|of(Kawanabe et al.,
1989) & -t o] AFt7|7F AQlaL, A7) BjaA] L
nikkonis?} T H]Z=53iek SHAE o] FE9| thalibeh

e AR gty 2 ol &ote ST R
AF717F S0 5, e 69 HalEd & & B
o] st gt /\] 710 Abgtsh= ol & HilEo] & F
I} & x}o|E H Y rH(Byeon, 2010; Ko, 2017). E3}F )]
3} olFEL B 3 Al7lo] ARIeIAIR BREEE Aolg
Hol=d|, Niwaella delicata (Kano, 2000)2} 4=<=u]3tz]
(Kichulchoia multifasciata)+~= 4~5% (Chong, 1986), 1]t
2]4(Genus  Misgurnus) — ©Fel LEAFu]
(Koreocobitis naktongensis)+~= 5~6(Uchida, 1939; Kim
et al, 1987, Hong et al., 2011), ZZ7]|<(Genus
Tksookimia) 15, 7]2%711&(Genus Cobitis) o5&, Z44>
Z|(K. brevifasciata)= 6~THE(Ko et al., 2013; 2017a, b,
Ko and Bang, 2019)2 X 11%|¢it}

Au)dte] Adaedto] 4L 0.71+20.02 mm2 Park ef al.,
(2020)-4 1.12+0.06 b= 2po|7F AL, 22 ol &3
= 271 0.87+0.03 mn (Ko, 2017), thEZ7) 0.75+0.04 mm
(Byeon, 2010) % 2w T3}t o] 2E(Ko, 2017) Bk 2otk

EEheE 1786818702 22 k2] F7H 4,460+330 (Ko,
2017)9} BEE7) 4,119+2,416 (Byeon, 2010)51:} 9o
o, 32|} =71 koreensis) (Kim, 1978), F-QFE7)
(I. pumila) (Kim and Lee, 1984), HZZ7)(C. nalbanti)
(Ko and Park, 2011), ZZ7l(C. tetralineata) (Kim et al.,
2006) MZu) 2K, rotundicaudata) (Byeon, 2007), &

44%](Ko and Bang, 2014), 4=4~u]42](Chong, 1986) E
Ch= wWokro v SR yongdokensis) (Ko et al., 2016)
2} 927N longicorpa) (Kim and Ko, 2005), @==570(1
hugowolfeldi) (Choi, 2003), E527l(L. pacifica) (Ko and

£ o se5E YR 4

2 #JoE et A4 15 mme

e & o F3} % 20~30
Z

- E

© 3¢ oX u
J;r

Won, 2016), 7|S5E7N(C. hankugensis) (Ko, 2009), A=A|
Fu]3t(Hong ef al., 2011), v)FE|(M. anguillicaudatus)
(Uchida, 1937), vu]3L2}R|(M. mizolepis) (Kim et al., 1992)
P e

Au|g)d o]Fo] Zy|aduAgLe [ echigoniaﬂr L.
torrentis®] 27] 2RO FEA Zo)& 95]7] Yl LE-
A=)t Aoyama and Doi, 2011). &u|dtg| 9] H3}A15 }
0]9] F7]= A 3.140.11 mm= L. echigonia (2.56~2.60
mm) 2T} L. torrentis (3.28~4.28 mm)Q} B LA 77k ovt
B 7)|x}o] o]8A| 719 FA7]= 4.540.19 mm= L. torrentis
(5.78~6.19 mm)®.t} L. echigonia (4.21~4.92 mm)2} 7}7F5ch
ESE 2|o]7] o|8A|7|9] A 7|= L. echigonia (12.37~13.09
YRCE L. torrentis (11.40~12.90 mm)2} SAF5FACH Table 3).

2 AFtolA] Awmate] o] 27UEIE Park et al,
(2020)F ARSTHE] -2 23~26T -FAFSFAAITE Ay
< 2 AtollA wEA A== Kol A AFe] A
2 oo Ael A WA glof olol thgk F7149)
Qs Was Aoz Az of 2o vFelst o7 et
H WS, FSIAIZH50%)S 25T ollA] 34A17e2 AEA =
u]3t2] 38X]7KSong et al., 2009)T} v n A [ASFE O Lt
u]FL2}R|(Kim et al., 1987)Q} u] 5 Z7}(Song et al., 2008)—4
24XZHETHS 2915 1 9] R R o] elat o5 mr}
= ZQItHKo et al, 2017). FE3IZS z}o9) 37]%
2.740.11 m& u]7e)(Uchida, 1937)9} u]Fek|(Kim ef al.,
1987)9] 2.7 mme} AL] FLs oLt 1 &f njftejat oj{E
Hrhs Z9HKo ef al., 2017). T7)|xpo]7)29] o)A 7=
442 u]3g](Uchida, 1937)2} w4 2}X|(Kim et al., 1987)
1] 2 7(Song et al., 2008)9} FLsH oLk T1 9 m|dte]
ojfE Htb= AU eH(Ko er al., 2017), 2]0]7]29] o3
A71= 2092 2= (Ko et al., 2012)9} t'OP-C-,—7H(K0 et
al., 2013), 'FE7l(Ko and Bang, 2016), H&%7](Ko and
Bang, 2019), &44%|(Ko et al., 2014) Ht}= A% oL
18] mAte|a} ojfE Hrh= Z2 HoltHKo er al,
2017).
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