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Egg Development and Early Life History of the Endangered Korean Spine Loach, lksookimia pumila
(Pisces: Cobitidae) by Myeong-Hun Ko, Sang-Yong Park and In-Chul Bang* (Department of Life Sciences and Bio-

technology, Soonchunhyang University, Asan 336-745, Korea)

ABSTRACT

Egg development and early life history of the Korean spine loach, lksookimia pumila was

investigated to provide basic information regarding biological characteristics and restoration. Adult fish
were sampled using spoon net in the Baek Stream, Sangseo-myeon, Buan-gun, Jeollabuk-do, Korea, 7
July 2010. Eggs and sperms were obtained from the females and male with Ovaprim injecting (0.5 mL/
kg) and then fertilized using the dry method in the laboratory. Number of spawned eggs were 1,107
(352~ 1,440). Spawned eggs were slightly adhesive, light yellowish coloring and measured 1.3+ 0.04
mm (mean= SD) in diameter. Spawned eggs hatched out 52 (47 ~ 55) hours after fertilization at water
temperature of 23°C, and newly hatched larvae an average were 4.7+ 0.14 mm in total length. At 5
days after hatching, larvae averaged 7.1+ 0.20 mm in total length and their yolk sacs had been com-
pletely absorbed. Beginning at 17 days after hatching, fish entered the juvenile stage and reached
11.0£0.50 mm in total length. At 100 days after hatching, the band patterns and external form of
juvenile fish were similar to those of adults, and they averaged 31.3 +3.98 mm in total length.
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Fig. 1. Number of spawned eggs according to total length of 1ksoo-
kimia pumila.
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A= gle} (Fig. 2F). 324 £7]= 2A]7F 258 34 (Fig. 2G),
64412713 2417F 453 Foll HAE 9o (Fig. 2H), A4
7] (morula)ql 1284 £7]= 37k 58, 2564 £7])= 3A17F

0% Fol AR (Fig 21), ol F FTE Adsto] 44
7& 103 Fol= 7] (blastula)7h =g} (Fig. 2J). 7413
40% Fol= 7] (gastrula)7h Aol A% (vegetd

pole) Zo =z wl7] Alztsigl e (Fig. 2K), o] 5 104]7F 40
B Foll Bl T, 1247 Fell= 90% oS Hel
W @7)el] =slodet (Fig. 2L). 14417 402 Foll= o
(blastopore) 7} #|sj = o] ulj (embryo)7} 4= %1em (Fig.
2M), 16A]7F 2082 Zo|= A (myotomes)o] 3~4717} A
7131 <k (optic vesicle)7} &A= i}k (Fig. 2N). 18417 40
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Table 1. Egg and embryonic development of Iksookimia pumila at water temperature 23°C
Stage Elaspsed time Characters Fig. 2

Zygote period

Insemination 0h00min Sperm and egg are inseminated

Swelling 0h15min Swelling A

Blastodisc 0h45min Blastodisc B
Cell cleave period

2cels 1h05min 2 blastodisc is cleavage C

4 cells 1h25min 2-2 array of blastomeres D

8cells 1h45min 2-4 array of blastomeres E

16 cells 2h05min 4-4 array of blastomeres F

32 céls 2h25min 4-8 array of blastomeres G

64 cells 2h45min 8-8 array of blastomeres H
Blastula period

128 cells 3h05min 8~ 16 array of blastomeres

Morula (256 cells) 3h20min 16 regular tiers of blastomeres |

Blastula 4h10min Flattening produces an elliptical shape J
Gastrula period

Early gastrulation (50% epiboly) 7h40min Early gastrulation K

Middle gastrulation (75% epiboly) 10h40min Middle gastrulation

L ate gastrulation (90% epiboly) 12h 00min Late gastrulation L
Embryoric period

Formation of the embryo 14h 40min Formation of the embryo M

3~4 myotomes 16h20min 3 ~4 myotomes, formation of optic vesicles N

9~ 10 myotomes 18h 40min 9~ 10 myotomes (0]

20~21 myotomes 21h30min 17 ~18 myotomes, formation of auditory vesicles and Kupffer's vesicles P

34 ~40 myotomes 24h00min 28 ~30 myotomes, disappear Kupffer's vesicles, formation of eye lens, Q

specialization of brain

Beginning of heart beating 33h00min Beginning of heart beating R
Hatching period

Start hatching 47h00min Start hatching

50% hatching 52h 00min 50% hatching S

100% hatching 55h 00min 100% hatching
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Foli o] 9~10717} §A4H e (Fig. 20), 214
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Fig. 2. Egg development and hatching of Iksookimia pumila at water temperature 23°C. Time required for each developmental stage is shown in
Table 1. The bar indicates 1 mm.

Aru] 7|xE 7~10707F FA= R om 9] ZA A 7} =ik (Fig. 3H).
A=) g)e} (Fig. 3G). 23} & 104 o= AA 8.9+0.21mm

(n=10)2 FA =" 7|7} 2~} veptz me]x] =z 3) X017
v Z1&2E 12~ 1577 $2F A 13 5 1594l A 53t & 1794 9= A7 11.0+£050mm (n=10)= 57|
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Fig. 3. Larval and juvenile development of lksookimia pumila. The bars indicate 1 mm. A: O day, Total length 4.7+0.14 mm (mean+SD); B: 1
day, 5.7£0.12mm; C: 2 days, 6.0+0.0.24 mm; D: 3 days, 6.3+0.28 mm; E: 4 days, 6.6+0.26 mm; F: 5 days, 7.1+0.20 mm; G: 8 days, 8.8+
0.0.33mm; H: 15 days, 9.9+0.70mm; |: 17 days, 11.04+0.50 mm; J: 30 days, 16.3+1.62 mm; K: 50 days, 21.4+1.79 mm,; L: 100 days, 31.3+
3.98 mm.

w3 A S Folel] FA wbdEo] He WS 345 B3} ¥ 50 Fele A 214+£1.79mm (n=10)= 4%}
Al2ksted et (Fig. 31). #3F 3 309 Flol= A7 16.3+£1.62 st whEo] M}k Felsllon] A =giu|d 1%, e
mm(n=10)2 A= AFHs} Fo}Hol 7~107]2] =4 npz A=ulel] 2&¢] vhEo] yehtr] Azbslede (Fig. 3K).
o] vehta wigie] FElgh A2 el vebddtt(Fig. 3). ¥3F F 1009 Hel= A% 31.3+£3.98mm(n=10)= A=
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Fig. 4. Growth of total length and body weight during the culture
period of Iksookimia pumila. Vertical lines show standard deviation.

g5l 10~ 127), A SFekel 9~1DHe] whge] i3}
A vehda A einle) melA menle] 229 e &

F7h ehton wze eulae wo] Aojsl Ao
o} (Fig. 3L).

B3}l A% zlo]= A2} 4.7+0.14 mm, 0.0001ge] 3 ©)
T FAsE AL Bed 109 %A 8.9+0.21 mm, 0.003
+0.0001 ¢, 30 A 16.3+1.62 mm, 0.03+0.007 g, 50
o] AR} 22.441.79 mm, 0.06+0.014 g, 80U o= A+ 29.1
+3.48mm, 0.12+0.036 g¢] gl o™ 100 = zﬂ} 333+
3.98mm, 0.18+0.064g2.2 AAslich 7] AAAAAlL
Y =—0.0015X?+0.4332X +4.6027 (R?=0.9988) o] ) 2 (Flg
4A), 7] AZAAAL Y =1E —0.5X2+0.0006X —0.0027
(R?=0.9978) o = Jepytt}(Fig. 4B).
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u)7z2] 3} (Cobitidae) o]§ = Hol&/M= =83t |kso
74_

kimia<-2 1993 Nalbante]] 23 Al&o =2 7|AEY ‘J]

2 ApukRe] FEFHE 73 Fodel
o] I} 7l mBnl e Aje] o] moke 3
S 7FAm #=7) |ksookimia koreensise} H-eFE 1. pu-
mila, &+71 1. longicorpa, 3437 1. hugowolfeldi, 1}z
7§ 1. yongdokensis, ¥4v}=7) |. pacifica 6%°] =3t} (Nal-
bant, 1993; 7], 1997; Kim, 2009). ¢] & %=7|A&A} dAF=
gz e} FE7), BulEs) 3%Fo] BT e (Koetal., 2009;
Leeet al., 2011; Ko et al., 2012) o] =3} Hb=7)2] iy
I 27|48 54 vlwsld Table29} 7 & ATl
AREE JRAIE 7Y Tl A sk, AREe 3HA] ok
Bl ge] 30.7%z Hlad vhol AlRly] W)z s gle
norEsle] A7) GSMde Edle] 542 uud
u} gle] (713} o], 1984; 73, 1994) vl wA AR7|7}F 7 Ao
= PR 453 grle] APEsE 67~110mme|x
2= (n=16)= 1,017+334.37} (1 ¢] 352~ 1,4407}) = 1}
e} 73} o] (1984)2] HAF 61~85mmol| EEk4: 3297
(9] 142~8787), 7} (1994)2] A 60~ 74mmel| E2k4
50470 (1] 246~9137/)me} AR Welst W1 E2hpot
woreh ey g N L koreen%«l Zope gt
A7} A ko] 1,1387) (H$) 811~2,0237); 71, 1978), 5217}
At 1,5797) (4¢] 1,260~1,8807); 713} o], 1984), A7}
At 2,0207) (9] 1,339~ 2,6357); Ko et al., 2012) ¥ o} =
BlwA AHelon], w3t 225 I longicorpa 1,9927] (*1¢]
717~ 3,8627l]; Ko et al., 2009), ¥-4}=7) |. pacifica 2,968}
(Leeetal., 2011)xc} =i}

ALt gke wapbile ulo] FEs) (Koetal., 2012) %
457N (Koetal, 2009) 9} fAket ot o2 S we
2ulzs) (Leeet al., 2011)9k= x}o] & Wk W17 1.27
+0.02(1.21~1.36) mm= /|A| zte] & z}elr} glgled,
FE (A7 A=) 1.4mm (Ko et al., 2012)¢} <=7 15
mm (Ko et al., 2009)¥.c} <kzF zkgror}) Bxkzs) 1.1mm
(Leeetal, 2011)¥cte Ziot. F-abE7He] A5 (A
zaadld 14 F At A2 st o] (1984)7}
1.35+0.08 mm, 7} (1994)-2 1.30+0.06 mm=, #=7]2] A
SR> 5417 Awhe] 1.10+0.08mm (712} e, 1984), BH7
74 Aere 1.11+0.05mm (7}, 1994) 2 B uspHA Holkx
M7d o 2 Aoz e shARE & Ao 27|48}
of Hgk Aol M= Fekglet 5 (A7 Aol sl
Z ztols HolA] g3 e8| FFN7t ozt o Z e

2 Jehgt(Table 2). dutbs oz mjxe| of 7o 72
AZ e Z7|e} Abgle]l #Yd Ao HiEI glov
(7}, 1994; =], 2003; 713} 32, 2005; 71 %, 2006; a2} #,
2011; Ko et al., 2012), t}& o] FollMx 3¢l W ¥
o whel W] FekA: Aoz wug wp gl (Pitman,
1979; Johnston and Leggett, 2002; Abdoli et al., 2005), *]2]
A zlelel] £Jgt = i Fr} qlot whebA FEAN

FHkEo] v L=

g



Table 2. Comparisons of early life historical characteristics of the genus Iksookimia species

Bt

Species
Stages — ; ; ; —
Iksookimia pumila |. koreensis I. longicorpa |. pacifica
Matured egg
Number of spawned eggs 1,017+334 2,020+518 1,992+ 925 2,968+ 502
(352 ~1,440) (1,339~2,635) (717 ~3,862)
Egg size(mm) 1.3+0.02 14+0.02 1.5+0.07 1.09+0.04
(1.2~1.4) (1.3~1.5) (14~1.7)
Color of eggs light yellowish light yellowish light yellow faint white
Egg development
Water temperature 23°C 23°C 23~25°C 21~24°C
Time until blastodisc 45min 50 min 40 min 45 min
Time until morula(256 cell) 3h20min 3h 3h 3h30min
Time until blastula 4h10min 4h5min 4h 4h30min
Time until early gastrulation (50% epiboly) 7h40min 7h5min 7h 10 min 8h30min
Time until formation of the embryo 14h 40min 13 h 40 min 15h 15h 10 min
Time until formation of auditory vesicles 21h30min 20h 20h 17 h 50 min
Time of beginning of heart beating 33h 31lh 30h 30h
Time of hatching (mean) 47~55(52) h 45~60 (50)h 50~72h 48h
Larvaand juvenile
Hatching size(mm) 45~49(4.7) 4.6~5.0(4.7) 48~52(5.1) 28~29(29)
Apparence period (day) of outer gill filament 1~5 1~5 2~5 2~7
Days until postlarva 5 5 4 7
Days until juvenile 17 17 25 26
References Present study Koetal., 2012 Ko et al., 2009 Leeetal., 2011
W A W7 R A% AR 2 A Aelg e (Suzuki, 1966)F A|elskae wE Aol ]el 2)4) (extemd
o=, FF FAEE A5 FENE dAteE Al A gill)7} vehh= Aoz w3t glEd (Uchida, 1939;
B/F7]e) "t GAE vadls 345 d37 L3 e Okada, 1959~ 1960; 71 %, 1987; Saitoh and Hosoya, 1988;
=2 IgEoh 713} o], 1995; Shimizu et al., 1998; &+ %, 2008; &+ %,

whibde] ZF A A7E 3l (Koetal, 2012) 9} <}
Z7) (Ko et al., 2009), BHFE7) (Lee et al., 2011)¢} »]wa}
™, v ke Al (blastodisc) 2} AFA 7] (morula), 324l 7] (blastula)
5= Z7F 458, 3A|ZF 202, 4A|ZF 10302 Eukgl e}
2N, ek vy fARskel e, w27 7AIZE
40307 N} sl RoE AR B o
wsket. vl (embryo) A A7) gl el HukEl el B
A fARld o FEARgE AR =33, o F o
(auditory vesicles) A A1719} AAA (HHs) A7l 2
2177t 304, 33x|7ter o FHT ot 3o =
F-3PA| 72 B2 (47~55) A1tz gshel Hukgslel H)
oA fARskol ot Skl B whE Hol i)

53 A% o] 27 Asate] =709 v EAs #
Hel sde=dl, FbEHe] Abe] =)= 4.7(45~4.9) mmz
yeht Asate] =717 vlsdt F50 (Ko et al, 2012) ¢}
Zokar, As=te] Z77F oz 2 g9l 5.1mm (Ko et
al,, 2009 Bop= zhgtow, Fukgslole Asdt =7] (11
mm)est ohje} 33t A% Ao} =7] 29mmurh e}
(Leeetal., 2011).

o 32g)3 o] F F dEe| A2]sl= Niwaella delicata

[
]

f

SR

2009; Ko et al., 2009; Lee et al., 2011; Ko et al., 2012), 2o}
= 33} F 1URE] 5Y71A] LAz} 5%o] A o]
A o} 23 7|7Tel| Qle] N (Koetal, 2012) H &5
7N (Koetal., 2009) 9} v] 3 f-AFsHl o} B1k7) (Lee et
al., 20119} = A = TRt Ed7|TTe] 2~7d=
zlo] & HoH

o Fo] Ao H7|Apef e} F7)Afejo] FH-E
3}o] gz Foksli=d (7], 1997; 7 5, 2005), RoFEs
53} & 59 whol dEE mF Fidte] Aot 5
ot 43N 4dRehs mElw $UEl 7R wE
Holgleh w3t x|of7| 29 oA 7= 17U =2 Yept} A3
7| (Ko et al., 2012) ¢} §-AFshsd ot <27 (Ko et al., 2009)
2591, Bul27) (Leeet al., 2011) 269 Hh= whshc},

Febgpe] v 9 27|18 548 Iksookimiady
o] F<} wla - gofsle] mm, RekEilE F3N, 3,
N o fARE EAS By, 53 AENee
Z3pol FA ATt 2lol2 By B G i oA
g AIZE BEAZE B3 A E =27), oA 23717 A - A
o]7] ol A]7] Fo] AR fAsled wig- LA FAH
A 7M1 Aoz sl

(N (9
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Zke] Ovaprim (0.5 mL/kg)S FA}sled 12417+ 7

oo w Alkele] AARNLE AL
2 1,107 (352~ 1,440 = ofF7ke] AFAES W g2
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