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Egg Development and Early Life History of the Korean Endemic Sand Spine Loach, Cobitis nalbanti
(Pisces: Cobitidae) by Myeong-Hun Ko and In-Chul Bang'* (Kosoo Ecology Institute, Seoul 07952, Republic of
Korea; 'Department of Life Sciences and Biotechnology, Soonchunhyang University, Asan 31538, Republic of Korea)

ABSTRACT Egg development and early life history of the Korean endemic sand spine loach,
Cobitis nalbanti, were investigated in the present study. Adult fish were sampled using spoon nets at
the Yeongsan River in Seongam-ri, Bukha-myeon, Jangseong-gun, Jeollanam-do, Korea, June 2011.
Eggs were obtained after injecting Ovarprim into females. Eggs were then artificially fertilized using the
dry method in the laboratory. Mature eggs were transparent and slightly adhesive with light yellowish
coloring, measured 0.99+0.03 mm (mean+SD) in diameter. And number of spawned eggs were
1,527 £410 per individual. Hatching (50%) of the embryo occurred 52 hours after fertilization a water
temperature of 25°C, and the average newly hatched larvae size was about 4.2+0.22 mm in total length.
At fifth day after hatching, the larval total length reached 6.0+ 0.34 mm on average and their yolk sac had
been completely absorbed. At fifteen day after hatching, larva entered the juvenile stage and reached
10.8+0.45 mm in total length. At 100th day after hatching, the formation of Gambetta’s zone of four
dotted line was complete and juveniles were similar in general appearance to adults, and they averaged
41.1 £2.95 mm in total length.
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C. lutheri2 AZE o0, o]% 2016 ¢Euat A2 Hx
9] AZ£ C. nalbanti®- 2 R 1 E| QT (Vasil’eva et al., 2016).
AE3N= SFEvety e 27, w37, 5307, 94t

Mo E

9o} & (Cypriniformes), B]F2] A+ (Cobitoidea) o] &3t=

u| 23t (Cobitidae) o} F+ F2HAlot (Eurasia)Q] 7t 844
o QA AAste A AFOFE 214 171F0] BuEY
I (Kottelat, 2012; Nelson ef al., 2016), $2ubatoll= 54 16
Fo] AAstal Tk (Kim, 2009). °] F 715E7NE Cobitisol
= JE3FIN Cobitis nalbanti®t £%7Y C. tetralineata, 71'5%
N C. hankugensis®} v|E 7N C. choii 4%°] AYFHLZE Y
HolA AAstY naEgNE At 35 vt /ol
T} (Bogutskaya et al., 2008; Kim, 2009; Vasil’eva et al., 2016).
HAEZ7)E= o|Ao] &L Cobitis taenia lutheri (Rendahl,
1935; Kim, 1980) = C. taeniaZ A= 22U (Mori, 1952;
Chyung, 1977) Kim and Lee (1988)2] £73t4 AEE 53|
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7B Be) AHE fUse sHEd) A4sT e
(Vasil’eva et al., 2016), F3to|&= A48 Ao 2 =L} o}
2] ZAHE vhe ok 'R Aek2 Al el A oA &
9| o] BlE&o] FolRA|H F7tF 7oA Bat davt F
Ao Yeh= A4-8-%54] (hermaphrodite) 747} 2315 ¢l on
(Kim and Park, 1992), AFd7]ofli= A4 20| @ ¢l 4=31of] Wz o]
7} Yelg AT E = (Kim and Jeong, 1988), A 237 7}
A2 (Ko et al., 2009b)2} 4337} AR (Ko and Park,
2011), g EA (Kim and Lee, 1986), Y2+ (Park and Kim,
1997), 2183 FR7 o= A7 oA dol2 &3 A2
FAT EFN-HAEN Aol E1E3 ¢lok(Kim and
Lee, 1984; Kim and Yang, 1993; Kwan et al., 2014). S}A|gt o}
A7A HEFN FEE D 27| AL A= o] FoiA]

A g3kt
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o159 A W 27AEH} ATE £ 4] 5
g 9 2} 2Jof g o] 7 A o|PA)7] B T2
H3jel QBT 54L ST TABT BRIE 4987
£ 99|=d A85o] g3l (Balon, 1985; Shimizu et al., 1998;
Ko et al.,2013,2017; Ko and Bang, 2014; Ko and Won, 2015),
2dTE BEA/IE BYUS AT ATEA s Hue)
dsto g ZuUA A1EI o1 (Tanaka, 1973; ME, 2006;
2009; MLTL, 2010, 2011; NIBR, 2013), u|#2]1} o]&F2] 27|
Aol A= A AR o what ARtA7]9F Aas 3, ek, §
AT, 371210171 9] o] PAIZE ol AolE Hole Aler H
2= Ak (Shimizu et al., 1998; Ko et al., 2017).

B ARl 32 u9E AEE)o iy 9 2} X|o] Wty
S At AESHE ERL v Syt Cobitiss o]
of 2R EolstnAt s,

E
=%

o &
Mo

Bl o?ﬂ,

o.
[ o
F

°1§ XH%‘JO}‘F«E ,olF ARAR 2ubste] =2 25°CE A}

5 -wEsigth A= o -)F ZHAlell 1 kg Ovaprim (Syndel,
Canada) 0.5 mL& AR 5, 124] J oJ"Jr ol AANA &
T AL 7)o 34 & H-& Ringer solution®]|
1008 BAAIZ] & AARoR 5 ”\l?ﬁ’x‘:}. NAF A4S
Aestgon, Aede] 37| 3070E 245t BFAES A

Attt
208 U By

Y AT =YD (15 em)ol B4 £§3}o] B

43 Aol ® ABNRL, Holr|2 AR o Sz

(60 x45x45 cm)°l] A ARSI AFSP22 25°C2 &
sttt Hol= 7ol e Rat F 309714 LElv]of
(Artemia sp.) AL FF3HL, 30¢ THELE o} &
oA AR R WASHHA ARREtaTt A =} 2] o]
o] vtk 342 Kim (1997)3} Charles et al. (1995)¢] wha} -
B39 1, T X &7bd 2k (Olympus DP72, Japan)7} F-2He a5
0|7 (Olympus SZX9, Japan)2. 2 &3ty & A9
ok 2 2)0] A7) 7 dEeAEE 229 1070415 AEE
& o}FA] MS-222 (Sindel, Canada)Z w133t A3 &3
At

1. 87K 27| | g=2te| £

A" AEZA)9 A& dAnm=7)2 A% 81~114 mm,
TR =9)2 AF 70~75 mmAtt. Ovaprime FARE A4
g AL 124)7F ool AkTho] F wjEE|Qon YAE oF

AN B Fajo|glon], A

s LT

099+

S5t AT &
(n=7)+= 1,527+410 (1,121~2,055)7}, A (n=30)
0.03 mm%th.

I

2.

e

t

AE3HY +3E2 o JAHAAAL 7= 29 I4d
ojlen, £ Fo] E& FF3t 208 Foll= 1.65£0.0
mm (n=20)2 B3¢ ch(Fig. 1A). $78 5 45& Fof vyt
(blastodisc, 14|ZZ7])0] A= (Fig. 1B), 24| E7]= 14]
7+ 3ol &= (animal pole)ol] d&ro] dojut FAJ= AL (Fig.
1C), 4M|227]= 1AIZE 158 3ol HEE &3] (Fig. 1D), 84l
E7)= 1A7F 308 || (Fig. 1E), 16X 7] = 1X]7F 458 3o
(Fig. 1F), 3241 Z7]+& 2A7F 9] (Fig. 1G), 644 E7]= 247k
58 Fof| (Fig. 2H) A= Ao, 12841 Z7]= 2417t 304 S0
5‘5‘7\312] 31 (Fig. 11), A7) (morula, 256 HJZ7])= 247t 45
£ 3ol FA=EY2H (Fig. 1)), o] F &S Al&3te] 447 30
& $oll= Zai7] (blastula)7t B/ = ok (Fig. 1K). 6A17F 404
Foll= 3l 7] (gastrula)7} A= o] A ZHo] A8 (vegetal
pole) Z2.2 H7| AZstHon (vje] 5 X 50%, Fig. 1L), 9|
3 QA7 T Gl F7](70%, Fig. IM)E, 10A]7F Tofl= )
712 90% o= |E Tk (Fig. IN). 11A17F 208 Fof= v A
(embryo)7} FA= %2 (Fig. 10), 13417t 202 Foll= 3~4
7he] &4 (myotomes)©] A7]3L F3E (optic vesicle)7} B E
AthH(Fig. 1P). 14A]7t 408 Fofl= 9~107H2] L& 0] (Fig. 1Q),
16A17E 408 o= 17~18711¢9] &&=
Kupper’s vesicle®| FA =it} (Fig. 1R). o|& T &7} W3to
A B EHEA FZ o] WEESGIAL, 19417 Tl 28~30 24
2 o] 4=y} JA =T 7l B3lE|9len Kupper’s vesicle
o] AlEHATH(Fig. 18S). 25A17F $ofl= 4l7do] FAgE| o] H7| Al
Zkstgleh (Fig. 1T). 45A17F $5E R3iA17F B2= 9, 52
AZE Tl 50%7F, 60417t F-fl 100% F-3Fst Tt (Fig. 1U).

]
0z

O] X (auditory vesicle),

3. X[o{2} x|oj2| et

g A= "7 R 7|9k Br)RFe}7], Xol7|2 FRIIPO
o (Fig. 2), Fig. 33} Zro] A3start.

1) H7|xto{7|

B3l 150 A7|ztel AR 4.2+0.22 (4.0~4.5) mm



Table 1. The bar indicates 1 mm.

Fig. 1. Egg development and hatching of Cobitis nalbanti at 25°C of water temperature. Time required for each developmental stage is shown in
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Table 1. Egg development of Cobitis nalbanti at 25°C of water temperature
Stage Elaspsed Characters Fig. 1

Insemination 00 h 00 min Sperm and egg are inseminated -
Zygote period Swelling 00h 20 min Swelling A
Blastodisc 00h 45 min Blastodisc B
2 cells 01h 00 min 2 blastodisc is cleavage C
4 cells 01h 15min 2-2 array of blastomeres D
. 8 cells 01h 30 min 2-4 array of blastomeres E
Cell cleave period 16 cells 01h 45 min 4-4 array of blastomeres F
32 cells 02h 00 min 4-8 array of blastomeres G
64 cells 02h 15min 8-8 array of blastomeres H
128 cells 02h 30 min 8-16 array of blastomeres I
Blastula period Morula (256 cells) 02h 45 min 16 regular tiers of blastomeres J
Blastula 04h 30 min Flattening produces an elliptical shape K
Early gastrulation 06 h 40 min Early gastrulation (50% epiboly) L
Gastrula period Middle gastrulation 09 h 00 min Middle gastrulation (70% epiboly) M
Late gastrulation 10 h 00 min Late gastrulation (90% epiboly) N
Formation of the embryo 11h 20 min Formation of the embryo (0]
3-4 myotomes 13 h 20 min 3-4 myotomes, formation of optic vesicles P
9-10 myotomes 14 h 40 min 9-10 myotomes Q
. . 17-18 myotomes 16 h 40 min 17-18 myotomes, formation of auditory vesicles R

Embryoric period and Kupffer’s vesicles
28-30 myotomes 19h 00 min 28-30 myotomes, disappear Kupffer’s vesicles, S

formation of eye lens, specialization of brain
Formation of heart 25h 00 min Formation of heart (beating) T
45h 00 min Hatching start
Hatching period 52h 00 min Hatching (50%) 6]
60 h 00 min Hatching complete

=162 F& FAog & Lo & o] gl &9
F3EhRols A =gu)7F Uehue it FE2 R gt
th(Fig. 2L)). £33 194= A% 522013 mm (n=10)Z ¢
A7t 520] el zo] HA ZHMEQ Y 250 S 27 3
Aot T8 o] Ukl 1/30] §4 Hglon, 7M&A =]
7} B QT (Fig. 2L,). ¥3t & 29A1= A% 544032 mm
(n=10)2 d5Fo] 2/3 o]} FE A FZ 9| wr|=gu]7} ¥
ojfom 179 £=go] Uehtr] A&kt (Fig. 2Ls). 731 &
347 AR 5.6+£026 mm (n=10)E A7} ZolR| 2 44
o] dojgom SMxz7} MA ok (Fig. 2L4). F3+ 3 44 A o]l
AA 5.6+0.15mm (n=10)2 d3o] 2 Holglgla Za)
Agu] A717F Ao 2 W= Yt o] dHA A
=22 Hol(ZHuop £33t {4)F A5kt (Fig. 2Ls).

rr

2) 27Ixt017|

23} F 594olE A% 6.0£034mm (n=10)2 dFfo] =
F FrH0 37IA7I 2 oA, A7 FotA ofrt]
FA&0R 79 Sojzt o Holg st At (Fig.
2Le). #3} T 7R = A 6.5£0.09 mm (n=10)2 ZF]A]
=2jn] 7|2 5~67Hek SA=Bv]e RA=2n] 47], =4 3%
o] FHH U (Fig. 2Ly). 3k & 12UA = AF 7.7£1.00

mm (n=10)2 ZR=gu] 7|2E 8~10717F BEEJNL 5
A=) 7127} 3~402 7t HouTh 2SS SdT ARl
SAE7L o] gbH-S PAJ35H7] AlZFSEY 3L (Gambetta’s zone 1,
4) A =2ju]o] Z3I7k vHEo] WAE $ITh(Fig. 2Ls).

3) X|0{7|

H3} 5 15489 AA 1084045 mm (n=10)8 SA=
2n] 7|2 @702 AA =] 7|27} B4 (671 E YERt 2o
712 olgstet. AS I Aol 9~12749] ®hZo] yE
Ui o Rl ¥ 3707F etk (Fig. 2Lo). £33+ $ 209
Aol AF 153£1.00mm (n=10)2 A& FY43} 5% vhE
2 "o Agaizen g =gus H4E SR =] H
Zogk YERSETH(Fig. 2Li). H3F & 304 Foll= A% 203+
124mm (n=10)2 A= A (Gambetta’s zone 1) offjol] A
9] "HE (Gambetta’s zone 2)°| o|o|A UElGton 533514 5
A=gulo] 1&, A gu|o 259 vhHEo| Yetytth(Fig.
2Ln). #3 = 604A = A% 322+£3.03mm(n=10)E A=
9] Gambetta’s zone 27} X3 H 21 Gambetta’s zone 22} 4 AF
olo] -2 =9 Gambetta’s zone 3°] YEE7] A28t
SALguol= F33 2~37) Fo|, A gjn|o= 3~47)
9] Fo] Yepyttt. 23t T 10044 0ll= A% 41.1£2.95 mm
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Fig. 2. Larva and juvenile development of Cobitis nalbanti at water temperature 25°C. The bar indicates 1 mm. L;: 0 day, prelarvae stage, 4.2+0.22
mm (TL); L»: 1 day, 5.2+0.13 mm; Ls: 2 days, 54+0.32 mm; L4: 3 days, 5.6 +0.26 mm; Ls: 4 days, 5.6+0.15 mm; Le: 5 days, postlarvae stage,
6.0%+0.34 mm; L7: 7 days, 6.5+0.09 mm; Lg: 12 days, 7.7 £1.00 mm; Lo: 15 days, juvenile stage, 10.8 £0.45 mm; Lio: 20 days, 15.3+1.00 mm;
Lii: 30 days, 20.3 = 1.24 mm; Ly2: 60 days, 32.2+3.03 mm; Li3: 100 days, 41.1 £2.95 mm.

(n=10)2 4=29] Gambetta’s zone®] FAE I SX|=guj= 3 nd
E0|, mR =u|of& 45 2] vhEo| et ASHHE 9 oY
o] Aojel v A FAFRATH(Fig. 2L13). u] 32 7} (Cobitidae)2] 71527l Cobitis<-S 1758 Linna-

[
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Fig. 3. Early growth of Cobitis nalbanti after hatching at water tem-
perature 25°C. Vertical lines show SD.

E{%Z&ngl LIHFAH Ol _7T<_7|AH§|'A|> 35
euso 93 A&oz 7AQH Lo= FMA H EAATE
e T8l OAE £o2 BUFHJY A 66F0] ZFEHT
(Kitagawa et al., 2005; Slechtovd et al., 2008; Kottelat, 2012;
Perdices et al., 2012). $-2jUg} 7|E27)E o]F= 40| A
Alst=t], =% me2|of 2Fst= (subobital spine)t 3 7HEA]
Lulo] ZARE 7HX 3L 9Ja A& §¥HE Gambetta’s zone
o glov] FEHoR mepuhet] AN glo] AEAL
Iksookimia®} 0|2 Misgurnus, M2 0] FE]< Koreocobitis,
Z245424 Kichulchoia%s ©1F9F ¥ th(Nalbant, 1993;
Kim, 1997, 2009; Kim et al., 2005; Kim and Park, 2007). ©] &
71537M& olF A W 27|BEAL A4 718 (Ko
and Park, 2012)} £%7} (Ko and Won, 2015), #] %7l (Song
et al., 2008), C. takatsuensis (Shimizu et al., 1998), C. biwae
(Okada and Seishi, 1937; Saitoh and Hosoya, 1988) 5% Tjj 3}
HuEo] glom, HEF/Ne} v SHA Table 29+ 2T},

Table 2. Comparisons of early development among genus Cobitis species in Korea and Japan

Species
Characters and stages
C. nalbanti C. hankugensis C. tetralineata C. choii C. takatsuensis C. biwae

Main bottom structure Sand Sand Sand Sand Pebble Sand
of habitat
Spawning period July July July June~July June~August May~June
Mature eggs

Number 1,527+410 2,783+1,543 2,646+916 2444 +838 150~300 668+ 176

(1,121~2,055)  (812~6474) (1,494~4,096) (923~4,202) (423~980)

Color Light yellowish  Light yellowish Light yellowish Light yellowish Yellow -

Egg size (mm) 0.99+0.03 1.29+0.07 1.04+0.03 1.0+0.08 1.5 1.1~12
Water temperature (°C) 25 23~25 25 23~25 18 23~26
Egg development

Swelling egg size (mm) 1.65+0.04 1.98+0.06 1.88+0.04 12(1.1~1.3) 2.7+02 2.11

Time until blastodisc 45 min 45 min 45 min 40 min - -

Morula (256 cell) 2h 45 min 3h 10 min 2h 45 min 2h 30 min - -

Blastula 4h 30 min 4h 30 min 4h 25 min 4h 50 min - -

Early gastrulation 6h 40 min 7h 00 min 7h 00 min 6h 30 min 19.5h -

(50% epiboly) (2/3 epiboly) ’

Formation of the embryo 11h 20 min 12 h 20 min 12h 00 min 7h 50 min 255h -

Formation of auditory 16h 40 min 19h 10 min 17h 30 min 18h 18 min 675h -

vesicles

Beginning of heart 25h 00 min 28h 00 min 26h 00 min 23h 18 min - -

(beating)

Hatching (50%) 52(45~60)h 45~52h 56 (45~65)h 24h 4~6d 2~3d
Larva and juvenile

Hatching size (mm) 424022 45+0.24 4.6+0.11 3.6 57 4.6

Outer gill filament Present Present Present Present Present Present

Days until postlarva 5 5 5 4 <16 5~6

Days until juvenile 15 25 25 35 38 -

Ko, 2009; Kim et al., 2006 Song et al., 2008; Sakgl e.t al., 1989; Okada an.d Seishi,
References Presnet study Ko and Park, Ko and Won. 2015 ME. 2011 Shimizu et al., 1937; Saitoh and
2012 ’ ’ 1998 Hosoya, 1988
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Seupelol AUER: 78B4 olRe] AL 7 E
6~TEER, AHE I Y2 3 B =@M OoE By
H2F GARIE A4 7] 0.99+£0.03 mmE 2
2£9] Z27) 1.04+0.03 mm (Ko and Won, 2015)9} ©]&

27 1.0£0.08 (Song et al., 2008)%} H|TA GAbstg oLt
C. biwae 1.1~1.2 mm (Saitoh and Hosoya, 1988)2} 7] S5 7
1.29+0.07 mm (Ko and Park, 2012), C. takatsuensis 1.5 mm
(Shimizu et al., 1998) Rt} Z9k31, u| 2|1} Yo A= dEAZ
u]3L2] Koreocobitis naktongensis 1.0 mm (Song et al., 2009)<}
vl GARBIR oYU BREAY Tksookimia pacifica 1.09+0.04

mm (Lee et al., 2011), -t 1. pumila 1.27 mm (Ko et al.,

2013), &2 I. koreensis 1.37 mm (Ko et al., 2012), 4Z7

I. longicorpa 1.5 mm (Ko et al., 2009a), £552] Kichulchoia

brevifasciata 1.5 mm (Ko and Bang, 2014), 40|32 K.

multifasciata 1.8 mm (Kim and Lee, 1995), Niwaella delicata

2.7 mm (Suzuki, 1966) 2 th= 2R Ho| @t} A= 1,527 +

4107] (A% 81~114 mm)E e} Ko and Park (2011)9] =
T4 1,127+45370 20k o7t @2 Ao 2 UEg=], Ko

and Park (2011)9] AAHS7} 67~112 mmZ &2 AR 2}

2 NAE @ol 23t 7] 2ol 237 AA Yehd Ao

2 g o3t EZE C. biwae 668+ 176 (Saitoh and

Hosoya, 1988)¥} C. takatsuensis 150~3007l| (Shimizu et al.,
1998)Hth= Wgkovt 7| 2271 2,783 +1,5437l (Ko and Park,

2012), 2270 2,646 £9167} (Ko and Won, 2015), 1|37 C.

choii 2 444 + 8387 (ME, 2011) E.t}h= 22 Holit}.

7153149 Y e HEFANY 7183, 5N,

" ZF, C. biwae7b B]LA FARRE 204 A E =T

(Table 2), HiHHEE| Gali7]| 71| =28t A7 Bl ad] {AFSHA|

Uebg o gy e ARRE47AE SEE A Zpol

£ Blon, BIAZHGE0%)S HESN7L 524170 A 71&

271 (45~52A|7F, Ko and Park, 2012), Z%7) (56417}, Ko and

Won, 2015), C. biwae (2~3%, Saitoh and Hosoya, 1988)2} H]

A FARFEo U 1| S (24A)7F, Song et al., 2008) E.ThH=

L83 C. takatsuensis (4~7%Q, Shimizu et al., 1998) 2. th= W

24 veigth 24 & £ S5te] BR% AT 2719

H3} 259 H7|zpe] A7) FY s 2719 vl vlg

sto] Uebgedl, dE370e 48 $ £ S5ste] B3 ¢

o] 7|9t B35} N3] I7|7} 22k 1.65+0.04 mm, 424022

mmZ B3 £%7] 1.88+0.04 mm, 4.6+0.11 mm (Ko and

Won, 2015)9} GARIE oY m|5E7] 1.2(1.1~1.3) mm, 3.6

mm (Song et al., 2008)E.th= Z13L C. takatsuensis 22} 2.7+

0.2 mm, 5.7 mm (Shimizu et al., 1998), 7| 2£7l+= 1.98+0.06

mm, 4.5 +0.24 mm (Ko and Park, 2012), C. biwae 2.11 mm, 4.6

mm (Saitoh and Hosoya, 1988)2.C= Attt

229 UBEat ARl FrlRel o PAIE

flo 2 rr

542 yelt 7|57l (Ko and Park, 2012)2} £27l (Ko and
Won, 2015), C. biwae (Saitoh and Hosoya, 1988)2} A2
U 0| &F 7l (Song et al., 2008)E.th= “2|3 C. takatsuensis
(Shimizu et al., 1998) R th= wWLE Hollc}. X]o]7|2 9] ]3]
A7) 1592 Yehd b2 $F5(25~38Y)E T} wE Holgl
ok A&7 A71Ae17 ol YAN7E Yebt=tl, 2713884t
w2 n Y& FEME, 71E55ME, 20, E4
FA&G B FYHA Yehhs Ao g BuEg oy g
AA8= Niwaella delicata= YEPUA] = A0 2 BT o]
(Suzuki, 1966) 2}Fo]E R AT (Ko et al., 2017). 7| 5Z7]& 9
Fe AE 4719 AE(EE ©)2 Gambetta’s zone©] YER}
=4 (Linnaeus, 1758; Kawanabe, et al., 1989; Kim, 2009), &
ZFM} 71E8E5ME 3 5F 22 Gambetta’s zone 4, 1,2,3 &2
2 W] HEEA ML 1,2,3 29 BHSAT} VA &
eroLt 1009 B370E WE0] Z2 olold A% 9
7185719 ZFolE E Y th(Ko and Park, 2012; Ko and Won,
2015).

A BB 27BN EHE H4T} 23}
Fo| Ao} 7], QY B, RIAL, T2 o]
A7) SelH e 29 BEASh Y FAFAAT AZ
Gambetta’s zone 402 7| SFNe} Hot Akt TEay
& Byt St 1 8EAE iRl WA 2} &
Ho) e DAEL HBEAL ZEAY AV AT T ke
oz 71830, vIEFN «L® HHEE, o2t 2=
Kwan et al.(2018)2] DNA @744 B4 IE AFZd=
2o} vl FARE Holgiot.

>

2 o

F2I8F HEZIN Cobitis nalbanti®) ‘TP D 27|18
AFS ZARFATE Aoj= 201148 69 FART AR A A
o 551 Aol FHE ol8ste] AR AHE A
%3 Mol BAo| OvaprimE FAFSEL, 12A17F B & &
HorEby o2 Afghetal AAg o R FFAAFT AtE A
ST RSt MRS W ¥ A9 Eejide R dHES
0.99+0.03 mmo] 1L AL 1,527+41070GTh 422 25°C
AN 74 F 5247 o 50%7F FElstgien, 27)= A%
42+022 mm%th £3} 59 Fo AR 601034 mmZ F3F
o] BE Fx|o] Ty|z}o]R oldstg o, 159 Fo AR}
108£045 mmZ A=gu] 7|27} BF H4E Eo] 2]o|7|&
o|gstqith H3l 3 100 Tol= AR 41.1£2.95 mmE 474
o] A& 0]F0]A Gambetta’s zone©] F33tL FL Ao

of vl fAsHect
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