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Egg Development and Early Life History of the Endangered Species, Microphysogobio rapidus (Cypri-
nidae) by Yang-Ki Hong, Myeong-Hun Ko, Sang-Yong Park and In-Chul Bang* (Department of Life Science and
Biotechnology, Soonchunhyang University, Asan 336-745, Korea)

ABSTRACT Egg development and early life history of the endangered species, Microphysogobio
rapidus was investigated to get a basic information for biological characteristics and recovery
strategy. Eggs were obtained from females by injecting Ovaprim (0.5 mL/kg) and artificially fertilized
by dry method in the laboratory. The mature eggs were slightly adhesive and separated with light
bluish green and 0.63 £ 0.02 mm (n=20) in diameter. Number of eggs in the ovaries were 3,827 +£1,225
(2,850 ~5,916). The hatching occurred at 72 hours after fertilization under water temperature of
21+£1°C. The newly-hatched larvae were 2.79+0.04 mm (n=10) in total length. At 5 days after
hatching, they were average 4.10+£0.07 mm (n=10) in TL and their yolk sacs were completely
absorbed. 30 days after hatching, they became to juvenile stage and reached 9.74+0.24 mm (n=10)
in TL. At 100 days after hatching, the band patterns and external form were similar to those of
adults, average 27.00£1.94 mm (n=10) in TL.
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9 o}3} Cyprinidae T2 FZ] 0131} Gobioninae®l| 43= H&
FAM: Microphysogobio ©15= F2 FofA|ofof| BEFHaL 9]
o, 2g9 AHAA 12} Fo]Folth (Uchida, 1939; Cheng
and Zheng, 1987; Howes, 1991; Banarescu, 1992). %-g|u&}t
ol= w7}l M. longidorsalis, 373 52X M. jeoni, 3| FA}
M. koreensis, E9A} M. yaluensis, 920 A} M. rapidus 55|
A= Aoz &3 ok (Kim and Yang, 1999; Kim and
Park, 2007).
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T} (Chae and Yang, 1999). & &2 X A4 7ida} g7
o To& MATE S QoA BFFEE= 20129 @
7] M E 22 MFA AR BEstal glom
(ME, 2012), &=-2] EZ$]7] oM8% - A& AMAEY (Red
Data Book Endangered Fishes in Korea)ol| A& 9|5 (Critically
Endangered, CR)Z | sF = 2ol= E-5F (NIBR, 2011)
SRR HAFAASH 2A(ME, 1997 ~2008)9] £3A7|=,
BoFA% oo AZE Kim and Yang, 1999) @ 55
% AbboninaT} EAFAE olRe] BAAERY AT (Kim
and Bang, 2010) 5 2 AFEFH Ao A= s
B 27|AGARE Z3e 718 A= AR Aol
AR Z7|BEA ATE EFTHOR FHo| oL A
Foltt FARE Atold] & FEIAY FATAE A+
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sh=dl Slo] mi$ f-8&35t, 53] ZdFEY 74 44
BAE gs|=t 283 7|ZAEE A Z35ch (Blaxter, 1974;
Balon, 1985). T3+ Wo] 4 9 ¥ F dojve= F
9 £ T B=TH ARE 7HeRE 23 F HEH
3 9 =2 Sof ggo] 7153t} (Song and Choi, 2000). ©] &
g F oA = st I WA} 27| EA AFE st
A3t Hojo g A g 9 Agh B3kE RZojo 27]
AR OB ToE S T offY Ot WA 278
Atell Bigh At FE55 AAo|tt (Lee er al., 2013). 2 E
71017 Hgt 1S4 2 B A7 d¥e s 274
At gigh A7F A E o] HE7| 7Y T HdS A%
71 ZARE AFsEL gleu (ME, 2006, 2009; MLTM, 2010,
2011; Kim et al., 2012), H 2 s-A7/HT B4 2 g w2 A
A2 it AATY F47F AP Q= & FY Absta
A, 3% SOl Wit 27] At B4 gtk d+t= X8
v} gl

meha] &2 Aol BE7IF ofSukate &
Z7|BGAE 2AVSHY B R Aokt Yol LAF:
= Hago 2y T PEH EALZ Hl =%

29 9 AFFNE A 7|24 Fustug At

Mz H HH

FH7] IR E 1

A (E7HHs A
2013-2%)9] 23715 t‘éfi % 20134 59 AAEE AR
G AofA o]ZojFod, A2 BREE 3 AAEH
A YAXE HEd= Z]E‘——- FAFHA] gttt YRe =
(R, 7x7mm)Y 2 (FE, 4x4mm)S o]g3dte] A
ey 4—%‘1 z3sgon, HAE AH = FF)A BRE

& Ao AMgE oeriAs 37
S 2 AFH A7 2ol $Ed -‘%P

2 E% A&dho] A= MiEE = HolE AEstA
o F4% 2 W3l & ’\Ei‘“ 25 Hasstr] s A
W 2 SHA4E o185t 4 T F ofol At B
Sulbslch APz gukE %01% A|S 1kg g Ovaprim
(Syndel, Canada)S 0.5 mLS FARE & 12417F 33 Sof o
Ae R o s esial of7]o SRR E 42 A4
o-& Ringer solution®]] 100¥] S| XA AXHoz Qg 4=H
Al ZiTt.

SABE 7 15 em HELAC ] BAF 5830] 454
Aow Bl T 20U7A] 2&FSZ (60 x45X 45 cm), 207
o|Fole dFr= (Q) 1,800 X 800 mm)2 &7 AH&sFATh ¢
547 B Aoj= 8% (Rotifer)2 338G ©]F brine
shrimp (Artemia nauplii) A=} HH?,Z]'A]—FEL SAHoR L
Stol AFR ST AHRAL B8t T 20U Y 128 T

OiSOtXte| ok 2relf 51 R7|MEA 87

on, gPezoNE fAoR BSAT, A8S

TE SMAE A eH, A& 27 B2
ooy gl ZpRjo} wERA L SRE
u] 7 (Olympus SZXO9, Japan)s}oﬂ A TR g7} gt (Olympus
DP72, Japan)2 EYstEict. 73} 25 RE 23 £ 10097}
Azt A 222 10744 Abe T MS-222 (Syndel,
Canada)2 vHFste] Hgn A5& S48kt

Y- a

1. g=71H2) 27| & d=2tel £

et A&ute 4 (n=5)2 A 71.4~101.9 mm,
AE 3.2~10.0 golRem, R (n=5) AF 64.9~70.1
mm, A F 2.3~3.5g02 Ye} gRo] 3 v oF
b2 Ao Yegdg. 2 (n=5E BT 3,827+
1,225 (2,850 ~5,916) 1L, %39 27]& 0.63£0.02
(0.59~0.66, n=20) mmA 2™, At FE=H &2 oFgt
HAARE 7MW v B3NS | 339 B ddeldltt

2.t 2 aty

AT ue £ F 15 Fol BS 4ds §4
3o 1.15+0.03 (1.1 ~1 21)mm§ %%}'Q"*E}(Table 1, Fig.
1A). 74 F 3040] A2stA}; A2 & o] F== (animal pole)

o2 Zg gt (blastodisc, 1A1ZE7])o] FAEHN LM (Fig.
1B), 2A1Z7]= 1AIZE $-of wfigtof dako] doju} FA =S
o} (Fig. 1C) 4A1227]= 1A% 208 AEE Fsto FA4EHA
3L (Fig. 1D), 8N Z7]= 1AZF 35% $of &S &3] (Fig.
IE), 16HIZ7)% 1417k 508 Fo] A2 Folol FA=UH
(Fig. 1F). 324127 2417k 108 39| (Fig. 1G), 644 7] =
2A17F 30 ol e (Fig. 1H), /47| (morula, 256
AlZ7])= 3A1ZE 108 Fof FAE UL (Fig. 1D, o] F d3&
Adste] 42k 508 Fols Eu] (blastula)7t BHH et
(Fig. 11). 6A17F 50 o= 7] (gastrula)7h /A =o] 4]
2 (vegetal pole) 202 ©7] XZ514 0 H (Fig. 1K), 0]
9AIZE 108 Folli= 90% o= ol 'l T7lo =2E Ut
(Fig. 1L). 10A]7F 50+ Fofl= Y77} H 2= 32 viA] (embryo)
of §3po] FRACH (Fig. IM), 13417 302 Folt 23
(myotomes)©] 3 ~47§7} 7|31 QF3E (optic vesicle)7t B/ =]
oltt (Fig. IN). 15417 Fol= 8~97fe] o] WA= gict
(Fig. 10), 18X Fofl= Z-o] 14~ 1577} A7| 1 vy
H& OS2 Kupper’s vesicle®] FA = At (Fig. 1P). 19A17F 30

£ o TH 17~ 18712 SRR G AEoR
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Table 1. Embryonic development of Microphysogobio rapidus at water temperature 21 +1°C

Stage Elapsed time Characters Fig. 1

Zygote period

Insemination 00 h 00 min Sperm and egg are inseminated

Swelling 00 h 15 min Swelling A

Blastodisc 00 h 30 min Blastodisc B
Cell cleave period

2 cells 01 h 00 min 2 blastodisc is cleavage C

4 cells 01 h 20 min 2-2 array of blastomeres D

8 cells 01 h 35 min 2-4 array of blastomeres E

16 cells 01 h 50 min 4-4 array of blastomeres F

32 cells 02 h 10 min 4-8 array of blastomeres G

64 cells 02 h 30 min 8-8 array of blastomeres H
Blastula period

Morula (256 cells) 03 h 10 min 16 regular tiers of blastomeres I

Blastula 04 h 50 min Flattening produces an elliptical shape J
Gastrula period

Early gastrulation (50% epiboly) 06 h 50 min Early gastrulation K

Late gastrulation (90% epiboly) 09 h 10 min Late gastrulation L
Embryoric period

Formation of the embryo 10 h 50 min Formation of the embryo M

3-4 myotomes 13 h 30 min 3-4 myotomes, formation of optic vesicles N

8-9 myotomes 15 h 00 min 8-9 myotomes (0]

14-15 myotomes 18 h 00 min 14-15 myotomes, formation of Kupffer’s vesicles P

21-22 myotomes 22 h 00 min 21-22 myotomes, disappear Kupffer’s vesicles Q

34-40 myotomes 31 h 30 min 34-40 myotomes, formation of heart R
Hatching period 72 h 00 min Hatching (50%) S

o] 3 (auditory vesicle)7} FAE It} o]F 2247t Fo= 2
A7} 21 ~ 227§ 2 Kupper’s vesicle©] AF2FR| I =of A =7}
P o me|fio] dgro g RE Hjur] Al&sHEA
Y &5& AT (Fig. 1Q). 31417 30& Fol= A%
o] YA om, Tt g QoA A FHo|7] AR
o} (Fig. 1R). 48A17F Fofl= &0l M7t J&E L 7FEA =8
ul 94717F AU £ T 1247 o= 22 E o851
Pt (chorion)Z 31 AA 9] 50%7F F8}5+% Tk (Fig. 1S).

3. Ato1ek xofe| &

1) T17| Xto{7|

23} A3 ztol= AR 2.79+0.04 mm (n=10)E Eo] 3]o]
A QA 72 R R ¢ RS dEA] gken 59
FAT FZ I A=gu|7t FAAE A (Fig. 24). £33} 1Y
& zpoj= A 3.62+0.08mm (n=10)F2 2o] AXZ HHL
7FEA =27t b o) 158 o] F o' WrEahlar kol A
&7} oFslA FZE Qi) (Fig. 2B). 29 F& AA 3.79+0.05
mm (n=10)2 W3}o] 2/30]4 E4E 1 &A= u|7} o
729 2uf) o]Fo = Wrdsiglon FR £o07 g2 kgl

ZHA E) T (Fig. 2C). 3¢ & +0.05 mm (n=10)
2 d¥o] AY FERT gt ol A Hol (&3,

Rotifer)& Ad418}7] A|Z39th (Fig. 2D).

=

2) 7| Xto{7|

23l & 540 A 4.10+0.07 mm (n=10)2 IS
L5 F4ste] 37|20 7| 2 ol E|glon, &2 HA| 7}
&g HolgsS Bt B3 viH ofgf= AAHoE A
A 2 glon mex=gn| 47|17t BEE T (Fig. 2E).
794 Fol= A 4.49+0.06 mm (n=10)2 A3 v
ol S AMax mejA=gu|7tA] AA o]oj ot (Fig. 2F). 10
Y Zo= A 4.89+0.10mm (n=10)E 1P E o] u 27

£ B FYE mYA=u7t gL FeFen A4
Laju] 7|7 BEE YL =40 Yetr] AT (Fig.
2G). £33} & 1684+ A 536+0.29 mm (n=10)Z 3
ALeju] Y4717} debga R egu] 7]2E 10~ 1574
7b HEEg o AR =gu] 7| A 5o} nE R Sz} I
2] Qlth (Fig. 2H). £3t & 24970l AA 7.90+0.32 mm
=102 RA =] 7|2& 3~ 4747} EEg o H35
o] Fe7}t P x| 7] A2t (Fig. 21).
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Fig. 1. The egg development of Microphysogobio rapidus at 21 +1°C. Time required for each developmental stage is shown in Table 1. The bar

indicates 1 mm.

3) X[047]

o guial ztojs 23} & 30LA o AA 9.74+0.24 mm
(=102 FAL=n] 7|27} 4= (6~77M)°l =Lt 7
o712 o|yHFon, T ZI} YR Hof 3~47]9] A
I 7t 2o el SA=gn|et mejx|gu £y
7} yehyr] A&k (Fig. 20). £3F 3 45UA 0= A%
12.56+1.10 mm (n=10)2 A u]e] FFx7} o=

A VAR o2 Soi7t Ao Akt FElE Ela TR
A 2o SMEE0] o] YEYTH (Fig. 2K). 60 ol = A%
1695£1.27mm (n=10)2 75 5 ¥ % v Sz
oL Jsjxon meA=ainls $H3] 2Rt (Fig. 2L).
100¥ Foll= A 27.00+1.94mm (n=10)2 A& AA & &
HhHos @& FZANS " ASH A=ulo] yehd
Hkzol Aojet fFAri R n, of7hu] Kol dh2 3]A9 P



Fig. 2. Larva and juvenile development of Microphysogobio rapidus at 21 & 1°C. The bar indicates 1 mm. A: Newly hatched prelarva, 2.79+0.04
mm (TL); B: 1 day, 3.62+0.08 mm; C: 2 days, 3.79+0.05 mm; D: 3 days, 3.88 £0.05 mm; E: Postlarva, 5 days, 4.10 £0.07 mm; F: 7 days, 4.49 +
0.06 mm; G: 10 days, 4.89+0.10 mm; H: 16 days, 5.36 £0.29 mm; I: 24 days, 7.90 £0.32 mm; J: Juvenile, 30 days, 9.74 £0.24 mm; K: 45 days,

12.56 = 1.10 mm; L: 60 days, 16.95+1.27 mm; M: 100 days, 27.00 + 1.94 mm.
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Fig. 3. Early growth curve of total length of Microphysogobio rapidus after hatching at water temperature 21 = 1°C. The diagrams indicate the

mean (circle) and standard deviation (vertical line).
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il °l“ﬂ AT dA A= sl WA ghot ofgnpa}
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4¥; Song and Son, 2003), I} FAL (4€ ¥~59 =
al., 2012)¢ FAFSIE oW, S0k (5 F&~ 7Y ' Baek,
1978)°] H|s A= Wit o]2|gt 4tA|7] o wE 29 A
ol RN 27dE & JFS Tl 49 TRE A
S AAFE o] &npat (20 ~22°C) 9] BIAIZES 72417 =
FAH23°0) = 294171 2 59 WHE 7Y71A] AREE §
SR (22 ~25°C) 9] F3HAIZE 2041 7b0]| BB Dl on, ‘d’%
o] FaEL Aol A BaFAL 4%, ol guiayel Sot
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Table 2. Comparison of egg and larva developmental characteristics in Gobioninae fishes

References

Days until
juvenile

Days until
post larva

Hatching size
(mm, mean  SD)

Spawned eggs Time of hatching
(water temperature)

(mean = SD)

Egg diameter
(mm, mean = SD)

Species

Present study

30
20
31

2.79+£0.04
22+0.48

0.7

72 h (20-22°C)
29 h(23°C)

2,298 £ 639 (1,602-3,240)

0.63+£0.02
1.0+0.04

0.5

Microphysogobio rapidus

Kim et al., 2012

Baek, 1978

3,331+£935(2,041-4,404)
672+376(276-1,230)
7,334(5,133-8,787)

323 (250-420)

M. koreensis

11

20 h (22-25°C)

M. yaluansis

Song and Son, 2003

Han et al., 2001
Lee et al., 2002
Lee et al., 2004
Koetal., 2012

Lee et al., 2008

Son, 2000

1.03+0.07
1.86
2.1

M. longidorsalis

65

5.16
6.0
5.

183 h(15.5-18.5°C)

186 h (19°C)

Pseudorasbora parva

45

7-8

1,640 (1,400-1,860)
1,600 (1,400-1,900)
218+76(87-345)

Pungtungia herzi

44

82

189 h(18.5-19.5°C)

240 h (22-24°C)
164 h (19°C)

2.18

Pseudopungtungia nigra

10
42

8.6+0.25

1.96+0.08

P. tenuicorpa

4.61+0.83

1.98+0.19
0.43+0.06
0.89+0.04
1.24+0.07
0.74+0.08

Pseudogobio esocinus

652 (620-694)

Abbottina springeri

Koetal., 2011b

15
15
13

4.6%0.16

107 h (23°C)
120 h (23°C)
26 h (23°C)

1,271 £908 (205-3,361)
744 £401 (259-1,642)

Gobiobotia macrocephala

G. brevibarba

Koetal.,2011a
Koetal., 2013

5.5+0.29
3.4+0.07

1,015+ 199 (750-1,365)

G. naktongensis

g 5EE0 35 U e AR E a3ts Ae B gtk
(Lee, 2009; MLTM, 2010; ME, 2011). & Ao AL dAS=
9] Ovaprim 3225 o]§3F Abghf= 9 o 2y Aol A
FEUoY F5 gt A=A Oﬂ 1 TATE SR A
27} é_g_?ﬂ—;i_o__ﬁl& ok =3 AR 7)Q 59 2o AR

o QA A9 Thee Hxehy UJ 2% A vjto] of
ol A%} 3ol A019 44 e Fhe £y o
wEteE FA% G WAL Ao puEt o &

1 FZAS gt Hof &1 A] Akt }\51 7101 59 % Roi= o]
E"Vl"ﬂ ojo] Y& Jrof et Al & AF+HES
YHE B 3o JFFH FAS 8 58T AoE A}

ol

il
rﬂr
Q.

B 30| 45US o BANE M BelEATO R Sut
2} (Baek, 1978), B Z A} (Kim et al., 2012), E4F0] Gobiobo-
tia brevibarba (Shim, 1994; Choi et al., 2001; Ko et al., 2011a),
B FR] Pseudogobio esocinus (Lee et al., 2008), 78] G.
macrocephala (Ko et al., 2011b), 34=utx} G. naktongensis
(Ko et al., 2013)9] A&7t 94} EXS wol ulw upel
U =) Ateste =317 Pseudopungtungia nigra (Lee et
al., 2004), &317| Pungtungia herzi (Lee et al., 2002), 18]
Coreoleuciscus splendidus (Song and Kwon, 1993) 5-o|1} 2}
2 Eo|Lf 2o &L EBol= F89| Pseudorasbora parva
(Han et al., 2001) 59| 7% 73 A&4S wo] outxket

= AolE B3

o gt A< 7% 0.63+0.02 mmE I FokRt
0.74%0.08 mm (Ko et al., 2013), 72| 0.89+0.04 mm (Ko
et al., 2011b), 2 FA}F 1.0£0.04 mm (Kim et al., 2012), ¥ 7}
AF] 1.03£0.07 mm (Song and Son, 2003), EA4}o] 1.24+0.07
mm (Ko et al., 2011) 2 th= 29k Qul| x| Abbottina springeri
0.43+0.06 mm (Son, 2000), S04} 0.5 mm (Back, 1978)5.c}
= Ft} o3 AmTe Apol= B3} A 59| Fojar]|et I
AT Aol glon z7|HolE AHsh= AT 7|l €
o (Ko et al., 2011b). o &upALe] K3} A5 zpo]o] F7]+= A
Z 2.79+0.04 mmZ 340z} 3.4+0.07 mm (Ko et al., 2013)
o} gAY 28] 4.6+£0.16 mm (Ko et al., 2011b), &
AFo] 5.540.29 mm (Ko et al., 2011)°] H]3|AE Zol A&
o 277t 248 Bakxeld] a7E 2 AR Bert. ag
U 2e BAFAE ofRel mARAY 4T A7 o
apztof| Bl ZIA|FE F3}R}eo] F7]= 2.240.48 mm (Kim
et al., 2012)2 ZA Yebgs, Bupzte] RBajzie] F7])& 0.7
mm (Beak, 1978)2 HI1E|o] <o) 7)o H]3| H3lx}o]
9] 27|17} Y& o} Ko er al. (2013)2 33 JAE7} .74
ol =93t Bl Qo B o EmpRY] et Y2 A5
= o] ZE A o] 7l EuhAbY BhE =7 (Baek,



1978), ¥i7FAM 9] A= (Song and Son, 2003)7} 2}o]E K
of FEEQIT

ZH4E= Fd 3,827+1,225(1602 ~ 3240)71 2 E0kR} 672+
376 (276 ~ 1230)7H (Baek, 1978), BAF0] 744 £401 (259 ~ 1642)
7N (Ko et al., 2011), 402+ 1,015+ 199 (750 ~ 1365)7l] (Ko
et al., 2013), I8 1,271 +908 (205 ~3361)7 (Ko et al.,
2011b) Bt wWokom, AL 3,331 +£935 (2041 ~ 4404)
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