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Breeding and Reproductive Studies on Korean Native Loach
1. Early Embryonic Development

Lee J.Y., Yoon J.N., Lee J.H., Shin J.K., Park H.Y.

Animal Science, Kon-Kuk University

Abstract

This study was carried out to investigate the appearance time of the second polar body for producing Gynogenesis or
Triploid which could be obtained by arresting the second polar body by cold shock, and then blastoderm was used to mea-
sure fertility that revealed the nature of oogenesis, the effects of water temperature on fertility, hatchability, abnormality,
viability and growth rate, and the water temperature and the breeding methods to prevent early death of larvae in Kore-
an loach(Misgurnus anguillicaudatus) ;the results obtained in this study were summarized as follows.

The second polar body was observed on the surface of plasma disc close to micropyle within 10~40 min after fertiliza-
tion at 29°C. Artificial insemination had to be done immediately after the egg spawning because the spermatozoa of loach
lose their mobility within 2 minutes when they were exposed to water. The amount of time needed to reach at blastoderm
stage was 12 hours if fertilized eggs were incubated at 16°C, 8 hours at 19°C, 6 hours at 21°C, 5 hours at 23°C, 4 hours
at 26°C and 3 hours 30 min at 29°C showing the shorter time for development of eggs at higher temperature.

Fertilization rates in water temperatures of 19°C, 21°C, 23°C, and 26°C were higher than those of water temperatures,
16°C and 29°C. Water temperatures at 19°C, 21°C, and 23°C showed higher hatching rates than those of 16°C, 26°C,
and 29°C, while abnormal rates in 16°C, 19°C, 21°C and 23°C were lower than that of 26°C and 29°C. Water tempera-
tures at 16°C, 19°C, 21°C, 23°C and 26°C respectively, were more efficient than 29°C in survival rates.

The embryos were hatched at 72 hours after fertilization in 16°C water temperature, 48 hours in 19°C, 40 hours n 21°C,
32 hours in 23°C, 25 hours in 26°C, and 16 hours in 29°C. Within three days after hatched out, the larvae grew 3mm in
total length, the yolk granules were entirely consumed and the head and the trunk became thicker. Within 45 days after
hatched out. the larva grew 25mm at 29°C, 21mm at 26°C, 16mm at 23°C, 15mm at 21°C, 12mm at 16°C in a 30litre

glass aquarium.
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o) 32) (Misgurnus anguillicaudatus) = $-2lz} Bt
ohvel 9&, 3, diuh, 43, AdxyAo}, A& F o}
Ao} Ao Eo]dog BRI 9l oFoRA, 1
EAQS vH, $Alo] ¢ ol @lll, K & A4
A2 Az gon 49 7l ey, Fe £E4a
o] A & Ae Mt PKEREA, G519
A% ARA47E 1524 $A715l Hlste] K Rk
o] ob AN AARE FF 2% oiFoz YA
9lct.

o)ele A A BEE(2%)0] ¥ BRHE
Bo] o} mFhuA FEYoRA Sefueiet dE 5
AdA 1 F871 718k e FAolH.

u]Fe]e] #g AFE Suzuki®t Yamaguchi(1975,
1977)7} hCG(human chorionic gonadotropin)& 4%
o|ele] 3418 F o] Ak Ao WA Gl
g A7-2 sFgdon, Suzuki(1983)& v|Hele i
Rl B AT} A3 Al gt 3ufA vyl A
A 5o oj7e) Akt Ak FUE AT ATE AN
ksict.

a2z @A7HA BaE dubelRe] Az, W4 S
#g AF2AE FX)71210] (Hirose %, 1978), w54t
o)) 7] (Espinach, 1984), 334t tj7-(Rowland, 1988) %
oA, A 2o wsle wE FREdd A% A7t
F%°](Ouchi, 1969)ell 4, 2|3 o} thazk, FHb
A, mEE, s, Bk # A7 A
(Kitajima, 1988), Diplodus vulgaris(Jug-Dujakovie}
Glamuzina, 1988), ©]Z4F w|7](Espinach, 1984),
1986), Sorpaenid Fish
(Kimura, 1989), Pseudoblennius cottoides(Kimura,
1988) %ol 742 AJg 3l

2z, AFFA o8 At B2 AoiEe dAY
b AEERA SRl Z7kshe Aol vehie d,
o] Yoz A, KE % KRS f#EA, EA,
EhfEA ALgol o3 KEHRI RS HAR
Boll o3t KBHIE, AA, $739] Hstel] I @S
43l & & 5 Aok

Tkifugu chrysops(Fujita,

o B3l Foo mebA BAERRE 3 T, ¥
3%, 7184, A% 5o Ak AelE Holxm 9o
A, AZA ATHHLE AAE A Ade] £ 78
L5 Ae Pohlj= Aol 1 HAMo|n, EF 7] Ao]9
fAEKET oo B EAE HAFoRH 7] A
o A9 ABHILES WAST HEES £Y T Adk A
=5

apeba ARAA 2uA, S84 2 el A
2 At Sste] $AF A2TA ] FAANE B
Wz, 2 o]9fel ol Sk, MHLA, WA 3 &
dpol] o) AE oJ3ke AFsly] sisiA & A7 AAE
.

I. xjE ¥ 4y

1.# #

1) $EE) « EERTE

19904 2A%E 19914 SA7IA EBIASHE &EX
2 W EelA Kiflel 47 16°C, 19°C, 21°C,
23°C, 26°C % 29°Ceolx, #fiFeEe] 6.2+0.5ppm,
pH 7.2Q1 ¥t BHS W e1¥ plastics 67}
(£2F 150L) 9] Kigksrol Al NR.C. fiagifsgol %3 2
YE FARES ffste) 17097t Bigk, @A F
e & 15~30gal vlFe] oFA 50uie]e} 7
150u}e} s gtk Flmstach. & A4 o8
IR Y iRk A9 A5R u)ele T, IR 3
7L Plate 1-1, 2, 3, 4ol viehd nje} 2t}

28 &

1) B¥ ENhE

Ringer’s solution® & uH& 3|4 &S slide glassel
2% JAY T S4E el gd 2329 F AR
o] & A|%A)7ke dv| s x 400) oA A H2HC}

2) NI % Bt

QlZ Ak} $7]%= Suzuki®t Yamaguchi(1976)¢]
w2 wWalale] hCG(Serno Co., Swiss) 10 1U/g& vl
Trg] Brke] FARHA] 10A17HF Ql$iH o2 Aeke {7
AAL, o] He] $&& 25°CE A



Al obe] A e, $RE st HrzAe
BHlo e Agshs wWyo2H 3uield AHazAd
Ringer’s solution 20mle] v]&Z BiEES =2, ©
RS RS B7olA Jio] AHEE o AXolte o
ofm=g] Jio] F3bde] Fejzle AAAM FAHEHEE
Fr=3hoict.

Fopgo 2 Akl TS "3 s fio] M= A
Ae AE WA HEM A2+ plasticghe] §pe]
A7)18c} ozt 22 FF0] e #(0.5~0.7mm)E o]
43k, $go] 16°C, 19°C, 21°C, 23°C, 26°C %
29°Cql RgzoA #3185 §7]31c}

3) SHKEORS] B hiE 9 M

A4 #v]7 (Micromaniplator Microscope Co. Model
MSS-100, USA, Video Camera(Bausch & Lomb Co.,
USA)3} 33tadn] 7 (Hertel & Reuss Co., W-Germa-
ny)ol 7zt AZZ F Av|Agsteld 4L f715ke,
TR veARY Ao|HE FAsAL, £ L £H
ghe] Wy s CCTVE Fste] dashdA Zodstqd
i, e wyoes °J°17é}°*l AAE o7} a9
32 e SIS T4 AFTH 647 7R 24
7t AR, 1 ] = 6217 Ao A 71A
o} 7} &9 A E vl FAs}c)

4) A, B, £A 9 B\iA Y B

AR 3.5~124)7ke] A%t F &to 2 fpo 5
A -5 fAs Y, B vAT WA 7 R A
Fhe fefe] HE FAst AN, HfAe A
3% AE A 55 Atste Fakd)

5) KAl i

AFTAel oJal F3h5l Xo}E 5749 $2(30%x 70X
40cm)el 20L9] 28 Y& 5 16°C, 20°C, 23°C, 26°C
2 29°CE 52 ghy 4597 AL83 5 72+ L5
Ao AEE3I &S vlwsgo.

6) &1 R K (TEM)

z+ #1874 pH 7.391 0.1M phosphate buffer7} 43
% 3% glutaraldehyde el EEA7)1, 25t
1% osmium EM o2 HKEEA7]0, 1kHHEE 27}
Al o] ethanoliFiio 2 Al&aiA K220k Epon
8122 i £H# (embedding) A|7]3, HYRS (ultra-
microtome) 2 50nme] FA7|E EHEYAY] F IR

WBE vl BAR B MAESN HR197

toluidine blue2 A1, v}z YH= yranyl ac-
ctates} lead citrate® PfaA|7l ohS, EEEMEEC S
70kV 2] EEstoll A iggEgich

7) #iat EE

EE #Re e A%E 299l SAS package
£ FIHted mean+S.D.2 Jehlglx, Pearson #HE
R#0LS FIAst HERREE 27319, Quattro Pro
z2a9¢ Fifste 2o 2= g @hskdo

o gz % %

Plate 1-1, 2, 3 £ AgolA] o] &5 FIF ¢ 5H
A A=d ulre]o] fETES, T 2 BT &1
BAisARy AMAlelx, Plate I -4% #i#4)(ultramicro-
tome) 2| 7] #F%2] Fn|7 Alzlolr}.

1. ZEE

o

AR A2} Sl 2&25H0E o BT wh
A&A7H dolR 7] flsle] MRS ol o2 ARz
A& Fol HFY EHES AT 2 23 Table
lofA ¥i= upe} zFo] skifio] K679 EHEA vlxe=
AFL 79 de Aoz Jehton, & KificlA #
Fol HrmsfEle] Fe %o ulste] A ehdt).
2z} Azt %% J2 Fol =59 F 28l ¥
4?‘% 7‘1%’“"1‘*13[”] “1'11"4—4 A

2. KRT RAEHNC| SRR

FHEAIR 29°CellA wire] HEoRe) BRbES 3
& A3, $AF 5] AFFE JRell M= T Ao
ok 10~40pm A% EEfu(cortical alveolus) 7} 24
so] 9l Aol #EHeH, o5 AlA; JE(ege
membrane) ¥ chorione]g} Asled o]z g 1 #}
A A Fulg Aol o) FAHE Aolx, ofFFell=
2apatol} 3xbakg 7bw gl o) Qledl, #1719 Jpel
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Plate |. Explanation of figures, light-microscoph and ultramicroscophs of pituitary, oocyte and test is of Korean

loach(Misgur nus anguillicaudatus).

1. Details of gonadotropic cells(GTH) of rainbow trout caught in May, showing a few of secretory vesicles(SV),
a large quantity of secretory granules(SG), and globules(GL), cisternae of the granular endopalsmic reticu-
lum(GER) and nucleus. x 34,500.

2. Prevulatory follicles(about 5.7um in diameter). A Special granulosa cells as progesterone-producing cells con-
tain charateristic mitochondria with tubular cristae and dense matrix. BM:Basement membrane, C:Chorion,
D: Desmosome, GP: Projection from granulosa cell. L:Lysosome-like body, MB:Mutibody, MT :Mitochondria,
N:Nucleus, OD:Oil droplets, GP:Projection from ooplasam. X 11,000.

3. Testis showing spermatozoa in May. SC:Spermatocytes, SZ:Spermatozoa. X 400.

4. Spermatozoa. Metamorphosis of spermatids to form spermatozoa occurs within the lobule lumen. Their round-
shaped heads have a mean width of 2um. The sperm often retain their organization into parachute-shpaed
clumps due to adhesion of the sperm tails and reduced spermatogenetic activity in the lobule walls. CP:Con-
necting piece. FZ:Flazellum. H:Head, MT: Mitochondria, MP:middle piece, N:Nucleus, NM:Nuclear mem-
brane, PP Principal piece. x 23,000
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AHollA 3715l EAo|} vk ] whAakS &3 QA gt}
(Plate 11-5) 2 ¥.wslx ok (BEE3} 224£, 1989).

Table 1. Sperm motility according to various water temperature

Time ) . ) ) . . .
Imin 1.5min 2min 3min 4min 8min 10min
16°C +++ - + + - - -
20°C +++ ++ + + - - -
24°C +++ ++ - + - - -
29°C +++ ++ - + + + -

TAF 1080] Asid, Hxpe] ez FFE
F37b dojdd, AxEE @t Alole] Rt
(perivitelline space) o] ¥AQ=E A& HEE + Y%t
(Plate I1-6).

T4 20% Fol= i (blastodisc) o] ¥AH7] A%
3lod, 308740] =9 ifke] A3 YAHA, AEALS
%% (animal pole)Fo2 Role Zo] FAHT
(Plate 11-7).

F4 358 Fol uiute] 7 E¥-Eol o] Fol
AA 202 FgsAA AlEde] EA = (Plate
1-8), A2 A $4F < 108458 4027374 &
o|alA A=t

A 458F o= AlEdHd Azto 2 A2 do]
o} 44 X2 =9ich(Plate I-9). o]AL b ATHE
29} AR dXshe AFE Bl F, Suzukis 7|
FelolA $HF 88l 358737A A27AE HAst
oty ¥ syl o (Suzuki %, 1985), F7FAIA
(Siganus fuscescens)= H-35& 23.5~26°Coll4] 14
MF AAEE By & A A7kl fARHA Jet
e} (Fujita, 1986).

FAF 1A7F 20%0] 7ZAFstd, A7) (morula
stage)7} ¥ 1 (Plate 11-10), $8%F 3417t 30% 7%
3HA Ha 2ul7)7} =ik o] Eufrls AlEe 2

A4Ao| Foisly FePHol} HELS} 7= 5]*
288 o7 "l o] A7|17AAE FHEe] AR
o]8-5}4ich(Plate 11-11).

A% 5A)7¢e] 2w dul7) (gastrula) 24 Zuj<]

F717h He 3 3E A8 AAY WelAH g Ho
(Plate 1I-12), ®i%(germring)$ ¥As}A 2ot
(Plate 1I1-13).

FAF 8AZ Folle wighe] §hgle] defuha, o A]
718 A17w] ¥A(neuralation), F Al7wie} s
(Plate I1-14), 9417t ¥ He|= gt} #Ho] e}
¢ AL g 4 9gleni(Plate 11-15), 1047 Fof
£ AAo| tl$ wElz, o] A7|1FE A 9le] et
o} (Plate 11-16, 17).

A 122174 8} v|R7) EelEr] Alaste Y5t
A7](Plate 11-18), %8%7|(Plate 1I-19), %3}%7]
(Plate 11-20) wHA|2 s} qic).

dute £3 U 33 AF Hoje] Bio 3] o}
gk ZA3l= 7lo] #&stg(Plate 11-21, 22), ¥3}
3 1~290] Agstd 09| JF3}o] FE 1 MEH
melanin 4249 Ao 2 olsf 7L Mo HstE: A
o] &5 gich(Plate 11-23, 24).

weh oje] e AR F5E] JYEAR o
45 Aoz AztE7) wiol $3} 3UFE Fofo H
o2 Tl & Aoz Agdrh

&t Aol 4 FAjg 3 7] ¥kE el Ao 24
ko] Ao} 1 oje] A RE o] A
A 41 FA9 Ao (Plate I1-25), ¥4% wigke] &
&2 ALstA g I3 FejEe 7133 (Plate 1I-
26)3}, AHA7|2 g ©F o] AR 4 FA
@ (Plate 11-27)0]0}, Zuj7|2 Wk TFof G} Lt
o] $79 $xg(Plate I1-28)0|c}. 22]x A £Ao]
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Plate Il. Early embryonic developmemnt in Korean loach(Misgurnus anguillicaudatus).
. About 5 min after insemination. A:egg membrane, B:plasma membrane, C:cortical alveolus
. About 10 min.
. About 20 min:showing blastodisc.
8. 35min: 2 cell stage
9, 10:about 45min, 4 cell stage. about 1 hr 20 min, morular stage.
11, 12:3hrs 30min:blastular stage. Shrs:gastrula stage.

~N O
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13, 14:6hrs:germ ring formation. 7hrs:subsidence of germ ring.

15, 16:9hrs: somite formation. 10hrs:thicker somite.

17, 18:the other of figure 16. 12hrs:the former stage befor hatching
19, 20:14hrs:the middle stage. 16 hrs:the last stage.

21, 22:19hrs:newly hatched larva. egg membrane after hatching:
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23, 24:1 dyas after hatching. 2 days after hatching.

25, 26:1, 2hrs:suspended egg at blastodisc formation stage

27, 28:2hrs:suspended egg at morula stage.

29, 30:plasma run from egg membrane. plasma spread egg membrane
31, 32:abnormal development. abnormal larva.



oo 2 wAue 702 (Plate 1-29) % AEAe]
del HAYE FAY TL #IT F Ao
(Plate 11-30), 8]AAAQl wts- stx QlE(Plate II
-31) SAelA 23tE 71gA S G 5 AT
(Plate I1-32).

B35 16~29°Coll4) FAjake] A 494
7+e wmg A3E Fig. 1o veblich. Eej717h219) &
8A7ke] $A4%F 16°CollA 12217, 19°Celld 847,
21°Col|A] 647k, 23°CellA 5417}, 26°CellA] 4417},
29°Col|A] 34|17+ 30%-0]¢]a, Sharpnose puffer(Arai
9} Fujita, 1988} 9] 79 52 22.8~25.0°Cell4 64
7}, Bitterling(Suzuki %, 1989)+& 22°Coll4] 10417},
9w (Atherion  elymus)(Kimura and Tsukamoto,
1990) 9] 79 4& 20.5~21.4°Cell4 2047t Fe]l
t}.

wel A B ol glol, $HE B

A7l ¥t

rir

100

sEE v)Teld MY FiE- % MR 203

gl g2 Aot At Ao Art,

3. RRT7} Sk, WLE BE A &%
&0j| o|xl= I

S B rae 19°C, 21°C, 23°C % 26°Ce] &
Hr} 16°Cet 29°Ce) Aed 129 o] W3k, 7]
§go 26°C, 29°Co E& 4-20] 16°C, 19°C, 21°C
0 23°CRr} 2oted, A2&& 16°C, 19°C, 21°C,
23°C % 26°C7} 29°Cxr} 22 43S wech.(Fig. 2)

el £olFal ujFele] s, A A2
Aol A Yoty BfEAE $e LRtk 2 2%
oA Z8go] ¥gton, PEEL ¥ L&A o
A vehd Az2 B34 A5 % wRste] TS
26~29°C2 A +A Fe Aol gickx Bt

90

80
70
60
50
40
30+
20+
107

Hatchang Stage(%)

2 4 6 12 18 24 30 36 42 48 54 60 74
Time(hour)

16 NN 19T 21C
FE 237C 267 °

Fig. 1. Developmental stages of the loach(Misgurnus anguilicaudatus) at different temperatures.
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Vertical bars represent the mean+S.D.
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Fig. 4. Duration of hatching eggs of the loach at different water temperatures.
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FHLRARE A17He 16°CollA 722)7Y, 23°CellA 324]
7, 29°CollA] 16417t FolH, BHL5ET ARE 16°Cel
2 100Xz}, 23°Cell4] 37A)7F, 29°Coll4] 254|7k0] A
A o] FETE MR A7 T TR 25

+ A%E 2rh(Fig. 4).

Seriola dumerili= 5 23.1~23.7°Col| ] 4 384]
743 B3}sbed 3 (Masuma, 1990), 2713 (Scorpaena
miostoma) = 5 22~24°Col|A] A 3447k 20%8-%
B.3}5}9] o ™ (Seishi Kimura, 1989), Atherion elymus
o] 7% H3NA] Azbe] & 21~22°CollA 44 297
AlZbe R3bsigioky B vabedr} (Takita and Nakamu-
ra, 1986).

mebA] RERA) A oF 2 o] wlet Aokt
apol7h Qlgo] FAHAT JeirA] 2ol B
A7} SETHEARS AHEste 2 F3RA|zke] Al e}
o] Fol} oA F3pA7te] e K #EA

Q Fol7}h a78eT AR,

5. ACRTt BiRE

H3}A%0 Ho|2 &3, EHF, brine shrimp 52
AHEtT glont AT os digFe) XoiE e
A% ol2f¥ Ho|PEES TH=dlE oA AdxRA
o] wr2 A Hrt.

meba 2 A e ol FAE 5317 A
ol Zulgtatg el TP-13} TP-3(¥38lx7] A8, Yeaster
Co., JAPAN)E o]83}e] 19 23 Zzbgoigt Az
16°Coll4] 12mm, 20°CollA] 15mm, 23°Cejl4] 16mm,
26°Coll 4 21mm, 29°ColA= 25mm7tA] st 75
%9 HFAE A%x (Fig. 5), K5l mg4e] 4 v
ghtoi}, ko Wro} wolo) AHY 5 sty
AeEgd 9 ARE 52 A ARAEE FEAd £
Ao st ol 7p2u|E AgFozy FEAHA olF
2] o] 7T Aoz FHHch
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Fig. 5. Growth rates of the fry loach at different water temperatures.

H 8

B Ao A= v)3te](Misgurnus anguillicaudatus) |
o] el AeAelE Falo A2TA &S AT
24 Glycinogenesis % Triploid 7§&& AAkst= 34
F A2ZA 9 HEA7E B3x, ¢ wEHAE F3
o] AZo| 1o o] Rois= TujrlE A4S 3
w2 o|fdtyony ik o] hEAk, B, wifvd
g g vlAe J%E 2ABAE, A3FE 2 A
ARsA] 27)9) B2 AL WREY St AR
& 2 27] Aoje) Abgubyel A7 A7 AXEA o
3 e ARE Ao

A23Ae 29 ¢ FAe $4 F 10~40274 7HA
folatA ATk vy Aaks Zo =39 F 2
B Aod $5A4e Aslng QIFAA] o] A9
Bro 4ot FA] £ AlAck @} derhA
Loll4] Ful7] £2A|7e] 16°CollA 12417, 19°CollA

8A)7}, 21°Cel|A] 6217, 23°CellA] 5A17}, 26°CellA] 4
A7}, 29°Cell A= 3217k 304-0] &85 3ict. whehA &
g0 BRA|ZHS 13} 2o w2} 2po)7} glEo] AL
1=

ogejrhA Rapeds AL 19°C, 21°C, 23°C,
26°C7} 16°C, 29°Cxr} ¥A Jepgod, F3&2
19°C, 21°C, 23°C7} 16°C, 26°C, 29°Cxr} ¥4 1
ey, 7)842 16°C, 19°C, 21°C, 23°C7} 16°C,
26°Cv} 29°C B} A yebgz, A&82 16°C, 19°C,
21°C, 23°C, 26°C7} &1, 29°C7} 7} A vebyieh
o)ie] $AZe] E3pjAl Azke 16°CelA 72417,
19°Cel|4] 48417}, 21°CollA] 404)7F, 23°CollA] 324
7, 26°CollA] 25217k, 29°Coll 4] 164]7ke] 42 %] ¢ir}.

2| ojol| Al 4597+ TP-13} TP-3uhe- 338t 74¢
AR = 16°CollA 12mm, 21°Cell4] 15mm, 23°Cel
A 16mm, 26°CollA] 21mm, 29°Cell4] 25mme] =7]
2 ARsigdch o] ARge A% FollA AdAEE A
ole] Aggrrhe tha Goj Ak YEEo] 5% 2
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o]9] thekalgA] HAE-E Ut = 9lofA] diEabeS v} Scorpaena miostoma, reared in the laboratory. Jap-
A o2, ARRRETl ST E AREo] EA vt anese J. of Ichthyology., Vol. 35:434-439.
t}. 9. Masuma, S., M. Kanematu, and K. Teruya. 1990.
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Breeding and Reproductive Studies on Korean Native Loach
(Misgurnus anguilicaudatus)
V. Electron Microscopic Observation on Vitellogenesis
and Maturation in Oocytes

Yoon J.M., Lee J.Y., Lee K.H., Park H.Y.

Animal Science, Kon-Kuk University

Abstract

This study was carried out to investigate the histomorphological changes of ovaries obtained from 100 of 1-year-old fe-
male Korean loach(Misgurnus anguillicaudatus). The light microscopic and ultrastructural changes of ooplasm and follicu-
lar membranes of oocytes, were observed by light and transmission electron microscope during the reproductive cycle. All
data were collected from November in 1991 to May in 1992.

The results obtained in this study were as follows :

The size of the nucleoli and number of the yolk granules increased as the oocyte grown. Yolk granules were loosely de-
posited in the oocyte as crystalline granules. Due to the presence of large early and late maturing oocytes, their ovaries
were enlarged, transparent, granular and yellowish in color. The lattice was broken down at hydration, leaving the egg
transparent. As the percentages of fish in LMO and RO stage increased from March to April, mean gonadosomatic index
(GSI) values(18.49%) increased.

Zona radiata change a squamous into cuboid shape in EMO stage. Processes from the granulosa cells and from the oo-
cyte, microvilli grow make contact with each other in the pore canlas of the zona radiata during vitellogenesis, but are
withdrawn as the zona radiata becomes more compact and devoid of pore canals during oocyte maturation.

Seasonal changes in the microscopic appearance of the ovaries were well correlated with those in both GSI and macro-
Scopic appearance.

(Key Words : Korean loach, Ultrastructures, Vitellogenesis, Zona radiata, Mocrovilli, Pore canals, Yolk granule,

Gonadosomatic index)
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Fig. 1. Histomorphology of the oocyte development of Korean loach, Misqurnus anguiicaudatus, by light-
microscophic observation, 2. 5% glutaraldehyde soln-fixed, Epoxy resinembedded, and toluidine blue-
stained preparations. EPO : Early perinucleolus oocyte. Cytoplasm is basophilic.

Fig. 2. Electron microscophic observation of early perinucleolus oocyte. This oocyte(about 30~70um in diame-
ter) is observed ovary during the immature times. The major diameter of nucleus with a large nucleolus
is about 9~ 12,m. EC : Epithelial cell, EPO : early perinucleolus oocyte.
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Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Light microscophic observation of late perinucleolus oocyte. The nuclear size of this oocytes is relatively
larger than that of EPO. Cytoplasm is slightly basophilic. LPO : Late perinucleouls oocyte.

Electron microscophic observation of late perinucleolus oocyte. The major diameter of LPO is about 85~
160m. The major diameter of the nucleus is about 30m. Numerous small and large nucleoli are located
at the periphery of nuclear membrane. Early perinucleolus oocytes surrounded by the thin epithelial cell
layer. N : Nucleus, NU : Nucleolus, OP : Ooplasm.

Electron microscophic observation of late perinucleolus oocyte. The nuclear membrane(NM) is composed
of two layer. The nuclear membrane is sharply divided into nucleus and coplasm. The nuclear pores are
observed in nuclear membrane. N : Nucleus, NM : Nuclear membrane, NU : Nucleolus

Electron microscophic observation of the cortical ooplasm of late perinucleolus oocyte. Note outermost
ooplasmic inclusions such as multivesicular bodies(MVB), mitochondria(MT) and melanin granules(MG)
located at the peripheral region of oocyte. The thecal layer and granulosa layer are underdeveloped.
GCL : Granulosa cell layer, MG : Melanin granules, N : Nucleus of the thecal cell OP : Ooplasm, TC : The-
cal cell layer, ZR : Zona radiata.

Electron microscophic observation of the follicular membrane of late perinucleolus oocyte. Note outermost
‘ooplasmic inclusions such as lipid bodies(LB), multivesicular bodies(MV), and melanin granules(MG) locat-
ed at the peripheral region of oocyte. Microvili(MV) from the oocyte and granulosa cells protrude into
the zona radiata. This oocyte is composed of thick thecal cell layer(TC) composed of many nuclei. GCL :
Granulosa cell layer, LB : Lipid body, MG : Melanin granules, MV : Microvilli, N : Nucleus of the thecal
cell, OP : Ooplasm, TC : Thecal cell layer, ZR : Zona radiata.

Electron microscophic observation of late perinucleolus oocyte.
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. 9. Light microscophic observation of early maturing oocyte. The major diameter of EMO is about 520~ 750

. 10.

11.

12.

13.

14.

m in size. The major diameter of nucleus is about 150:m, and existed at the center. Cytoplasm is acido-
philic. Ooplasm is composed of numerous yolk vesicles(YV) and yolk granules(YG). Cortical alveoli(CA)
are located at the periphery of the outer ooplasm. CA : Cortical alveolus, EMO : Early maturing oocyte,
OP : Ooplasm.
Electron microscophic observation of early maturing oocyte. Note ooplasmic inclusions such as masses of
large cortical alveoli, yok vesicles(YV), and small yolk granules(YG), distinct banding of zona radiata
(ZR). Yol granules are formed from inner ooplasm to outer. OP : QOoplasm, YG : Yol granules, YV :
Yol vesicles.
Elecron microscophic observation of the follicular membrane of early maturing oocyte. A layer of zona
radiata is surrounded by a follicular epithelium consisting of flattened granulosa(GCL) tending to be-
come colummer and relatively thick thecal cell layers(TC) which are separated by a basement mem-
brane(BM). BM : Basement membrane, D : Desmosome, ZR : Zona radiata.
Magnification of the granulosa cell layer in Fig. 5-A. Microvilli(MV) from the zona radiate(ZR) protrude
in to granulosa cell layer. The granulosa cells are underdeveloped. D : Desmosome, OP : Ooplasm, ZR :
Zona radiata.
Electron microscophic observation of early maturing oocyte. Note ooplasmic inclusions such as massive
cortical alveoli, yolk vesiceles, and yolk granules(YG), distinct banding of zona radiata. The granulosa
cells are well developed. CA : Cortical alveolus, YG : Yol granules.
Electron microscophic observation of the cortical ooplasm and follicular membrane of early maturing oo-
cyte. Cortical cytoplasm of the oocyte is electron dense. Noteooplasmic inclusions such as mitochondria
(MT), multivesicular bodies(MB). Two layers of zona radiata(ZR) surrounded by a follicular epithelium
containing of the well-developed granulosa cell layer and relatively thin thecal cell layers which are sepa-
rated by a basement membrane(BM). Note the inclusions of granulosa cell such as masses of short and
long mitochondria(MT), oil lipid(OD) and Golgi apparatus(GA). BM : Basement membrane, CA : Corti-
cal alveolus, D : Desmosome, GA : Golgi apparatus, GP : Projection from granulosa cell layer, MT : Mito-
chondria, MV : Multivesicular bodies. N : Nucleus of granulosa cell, OD : Oil droplet, YG : Yolk granules.



216 KLk

Fig. 15. Light microscophic observation of the late maturing oocyte(Migrating nucleus of oocyte or peri~heral
GV stage). The major diameter of LMO is about 850~950xm in size. The major diameter of migratory
nucleus is about 140pm in size. EPO : Early perinucleolus oocyte, LPO : Late perinucleolus oocyte,
EMO : Early maturing oocyte, LMO : Late maturing oocyte.

Fig. 16. Electron microscophic observation of the follicular membrane of late maturing oocyte. BM : Basement
membrane, CIL : Zona radiata interna, COL : Zona radiata externa, D : Desmosome, LMO : Late matur-
ing oocyte, N : Nucleus of thecal cell, TC : Thecal cell.

Fig. 17. Electron microscophic observation of the follicular membrane of late maturing oocyte. Microvilli(arrow)
form the zona radiata(ZR) protrude into granulosa cell layer(GCL). BM : Basement membrane, D :
Desmosome, GCL : Granulosa cell layer, OP : ooplasm, TC : Thecal cell layer, ZR : Zona radiata.

Fig. 18. Magnification of the zona radiata of late maturing oocytes in Fig. 6-C. Microvilli(arrow) from the zona
radiata protrude into granulosa cells. CIL : Zona radiata interna, COL : Zona radiata externa D :
Desmosome, OP : Ooplasm, YG : Yok granule.



Mg e it K7t e AZ2 Jehygr). o]9} o)
IpETe] FLHA EEH 7] Wl FA Fof
o] drte} ge] Y-S A 33 & J=S FHY ¢
e AT e AgHn, £33F Yehhs og
TAELE A AL F e AR Alg €.

G GAo] AL Aol A o) &4
o] A o FAAA =] SRR et MmiFsel A
WAy Kim(1991) 2 Yoon %(1991)¢] B3t
p olck. 2] o]jt Wishe i) JF A Ao
A7g Kjesbus} Kryvi(1989)7} & §47)%5akd] )
RS olFe] FUlske] GEet AlEo} Faulel A it
A=t AFs dX3}g)

Lambert %(1978)& F27| s} Jp&mm St
of w& g EAEE| JiEHIlRY A= JgE
&2 BWINE o}71A70da w3t Fig. 16, 17, 184 1
ehd uje} zlo] EKMelE RS &, WHIAAT
(RER), t#/N2(D)E 7HAx <)o}, Fig. 16049} 7o)
B S-S Sl A7) o 1.45umel fiEzeE
(MV)7} EAslded], o] EMO9 u| 4| &7 3} o
Swf A% 71 A3E Jehlz gldh. a3 Fig. 25
o4} B whe} o] of] ©AF LMOHA oA Bkl
(GCL) ¥ Hs (ZR)7} 714 F4A Jebdeh. g8

ole{§ Zs= Lambert % (1978)c] FA7} #afar}
JEERZRE tEel JiE ZaEe] IRl Bing
o w2} 1§47 (zona radiata) = FA YA F&5HA
etk ®Ee Ao ® —HaEtgn =3 o)
Hsh= 35 (Pagrus major) 9] W} A EF MN(migra-
tory nucleus stage) ©A7HA| JpfuiES EkmES T
7} F7ketebt o] @A o] RE adte FAE Y
o3 ¥ v3 Matsuyama %(1991) 9] ZAste} A9 f4}
g A%E Jehisly, Kt KRS FAE o]
Aol #lets]= secondary yolk stage] wHA|o)| 4] 7Hax
Yohr B Aol fA 23S Jehyelc.

Zef F %H(1991)0] B T Folo] JEnt
o Wistoh= o2 FAE B Foio). ol A &
T4 oAFT BFA oF2He Zolr) ol Aoz Algd
o} 283 fgse] Wil EMO dAldl 4 e Z7}s)
7] Al&sted RO A o 44mAEE el
ch. ol2jd wWishs WS4 olFQl FAM $ol9 FA7)

WEE vlTeld MY BRE-Smes §ie 217

19.8m A=7t7] Azs) & o AJojHoz oA Jehyt
ok k2 o2 A2l SAHE R (G EA)
£ & 7 de Ao Asdd. HM8(D)E /A 9
= 3§ A2 FAA(GA)7) Ads] ddse B3
& vehlidlon, Erige KEe Bl 798 2
718 Ze FEEE(BM)o] R, 28)n HgAlE
e 7 dA=Ee & 2dE B(N)F LS
(RER)o] &=t}

Stage V (Ripe ovum)(Fig. 19, 20, 21, 22, 23, 24) :
oF 900~ 1,200um. Fig. 19, 22¢] 42} 7o) A Ao 6~
16pm <l 582 JiEEkic] IR E R A 248 A
2 EAsie, Fig. 22049} 7o) 2he fiki(LD) o]
AR JREER SRR Aol —iR fE7ERict.
ol2f& o= Yoon %(1991)¢] Rugh }ats}gle] %
YA AL Fel2 EAlske WA olF FA)
Folohs 2o Wi-E Soidt & = e AdE Yehy
32 olck oleidt wWishe ulFeje} o] 54 ojFo
E75E 54 7] (Son, 1992) | HE §AMH )2
vrebf it

Fig. 190]4{¢} zte] Acjgh o] AEA FYR2HE
B FHY-2 o] 537 wtel #Fo] RolA] @A F
%13, germinal vesicle breakdown(GVBD) o] 545}
HEZ IEERQ o] =} HER 2 ASRE THEo] o)
72 ¢ e A4 DAl 44599 metaphase 1I
BiE= e ok o] | A 13} Hi47} LA FE
I F9el dehde oz Azt

Fig. 21o14s} o] FAEA 9] 2|53l Fataly
B Akt 327)(7mm)E 711 &EH(CA)7F L9
B olFRAM BHR(ZR) sbrleldls e}
Fig. 20, 23, 24942} 7e] 27o] <} 1xme) #fazese
(1)7h BRlE AEZE g4 259 e, oA
< LMO gAlRc} 0.6u] 7t 7t4® AEE vehln
olch. o]8d A= Lambert %(1978)3 Yoon %
(1991) o] 727N #Afar} IpETiaks) oiEo] 9p BAE
o] JRRHERAC] sl 1719 tEo] BERE 34
3HA BinEe] FAYAGE A OE FAE el
k.

oL WA oFT 54 oF Alold e A
ol zo|H o2 Abg ). FhiEol= #(N), HYAAG
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Fig. 19. Light microscophic observation of ripe ovum. The major diameter of this oocyte is 900~ 1,200.m. This
oocyte has acidophilic cytoplasm. Cytoplasm in this stage is much compacter than that of any other oo-
cytes. This ovum in this stage is fertilized with spermatozoa. RO : Ripe ovum, YG : Yok granules,
YM : Yolk mass.

Fig. 20. Electron microscophic observation of the granulosa cell of ripe cocyte. Microvilli(MV) from zona radiata
protrude into granulosa cell layer. The granulosa cell is composed with nuclei(N), electron dense particles
(EDP), Golgi apparatus(GA ), and rough endoplasmic reticulum(RER). N : Nucleus, EDP : Electron dense
particles, GA : Golgi apparatus, RER : Rough endoplasmic reticulum.

Fig. 21. Electron microscophic observation of the cortical alveoli(CA). CA : Cortical alveolus, RER : Rough endo-
plasmic reticulum, YG : Yolk granules.

Fig. 22. Electron microscophic observation of yolk granules(YG) in RO stage. LD : Lipid droplets, YG : Yol gran-
ules.

Fig. 23. Electron microscophic observation of the granulosa cells of ripe ovum. Microvilli(arrow) from the zona
radiata protrude into granulosa cells. GCL : Granulosa cell layer, OP : Ooplasm, TC : Thecal cell layer,
YG : Yok granule, ZR : Zona radiata.

Fig. 24. Magnification of granulosa cell layer in Fig. 23. The granulosa cell is electron dense. A basement mem:-
brane(BM) clearly separates the granulosa and thecal layers. BM : Basement membrane, D :
Desmosome, N : Nucleus of granulosa cell, RER : Rough endoplasmic reticulum.
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Fig. 25. The changes in thickness of the ovarian follicles and zona radiata with oocyte developmental stage in Ko-
rean loach(Misgurnus anguillicaudatus). A : Changes of granulosa cell layer, thecal cell layer and base-
ment membrane. B : Changes of zona radiata. EPO, Early perinucleolus stage ; LPO, Late perinucleolus
stage ; EMO, Early maturing stage ; LMO, Late maturing stage ; RO, Ripe stage.
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(RER), ZA14(GA), &/ \M8(D)7} s AlZ7} £4)
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R (vitellogenesis) 3 f#t (maturation) 52 & B
o} FFE uX = B TR MmEES Est) S8t
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