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Ultrastructure and Histochemistry of Granulosa Cells of
Pre- and Post-Ovulatory Follicles in the Ovary
of the Medaka, Oryzias latipes

Hirohiko Kacawa* and Kazunori TAkaNo*

Abstract

The granulosa cells of pre- and post-ovulatory follicles in ovaries of the medaka,
Oryzias latipes, kept under constant temperature (25::1°C) and artificial light
cycle (14 hrs. light, 10 hrs. dark) were examined ultrastructurally and histochemi-
cally.

The granulosa cells of the cocytes in the tertiary yolk stage (0-8 hours
after lighting) contained rough endoplasmic reticulum arranged in parallel,
mitochondria with lamelar cristae, and well-developed Golgi apparatus. In
the granulosa cells of the cocytes which had attained the late phase of the tertiary
yolk stage and the pre-maturation stage (12-16 hours after lighting), the
mitochondria with ill-developed cristae decreased in size, and the cisternae of the
rough endoplasmic reticulum mostly assumed either a rod-shaped or a vesicular
form. In the maturation stage just before ovulation (20 hours after lighting),
most prominent alterations in the granulosa cells were a dilatation of vesicular
cisternae of the rough endoplasmic reticulum and an appearance of the mito-
chondria with tubular cristae. In addition, four types of lysosome-like bodies
with different inner structures were observed during the course of the final phase
of oocyte maturation.

In the post-ovulatory follicles, immediately after lighting, the granulosa
cells markedly hypertrophied, and possessed numerous microvilli projecting
into the follicular lumen. These cells were characterized by having many
lysosome-like bodies and lipid droplets in addition to other cell organelles.
Between 4 and 8 hours after lighting, follicular lumen was crushed, and the
granulosa cells formed an irregular clump of cells. These cells were characterized
by the presence of many cytolysomes and by a decrease in the amount of
vesicular rough endoplasmic reticulum. Thereafter, the granulosa cells rapidly
degenerated in association with an increase of lysosome-like bodies and a dis-
appearance of other cell organelles. It was difficult to detect the granulosa cells
in the ovaries examined between 16 and 20 hours after lighting.

Histochemical reaction for 45-3-hydroxysteroid dehydrogenase (35-HSD) was
detected in the granulosa cells of all of the pre-ovulatory follicles examined
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in the present study. The granulosa cells of post-ovulatory follicles also
showed 38-HSD activity. However, response for 33-HSD disappeared from the
granulosa cells of post-ovulatory follicles 8 hours after lighting.
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IEBR PR T L AEOINGM:, BIRORELZRBCL THREEKA, HBshs, cOo—&
DBRITISNT, IIEESEBESFEEZRL TV THEEC OV TR HEL»SRBEIN TR, C
NI TR SNBSS, TR E SR U TH Y, SRR 5 mR IRk,
WAECE E A0S E 0, TIRAER D, S aE s BRI s CIRRIRAMIIR Y R T BB D T,
Bl, A EREE BOIHER L > T RECHL»IINDDH BT, —F, b OIkEi
R OBE P BB R, b AT 3 2D, BEFEMEC I 2BRVENsFHELS
i phrbbd, IIEMEOK T 6 EINCE 5 BB 17 5 MR OMMEEHIILI LD
TAIZN8-8),

F 72, PEORMEOINRII BT 2 AR, ZOBOEIERCEERATH 3T OHHICEHE
REEre LB AMENTVS, UL, Chb ¥ ET 5 2 TORBHEL: RIS
WTOERLVVARIED TEZL L, bErRBONAC OV TEEN S BB INTVIRBY
7;1,\3)9)0

ARG T2, 131 24 R RAH T BRI SRRIIORE: BEINE MY BT AF W ERANT, TR
& BEIPOIBR I 3517 5 JERL, S EAIERIE O MBEO SR BEL, 3 b i TIMEEIADHRK
SERE P BRI SBIR L 12e Z 72, TS D—EODBER T, 4°5-38-hydroxysteroid dehydrogenase (38-
HSD) EMEOBFEBILEN TRIRIC L b, IFBITE 5 H v T » OEER 2 H#~, FEOIIRE,
BeiBis X O BRIMBIC 3517 B INEROBEE 2 AL P IC T A D OEBMAEH L S LI,

RS BICHRSL- T, KBTI HEEE 20 - 12 LS R B KEF SRR S B B %,

# H & & T F FE

FEBRTITILEEREREERDO BT HEL Tz 2 ¥ 4 Oryzias latipes 2V Tz, BRI
6 A TRIOFERBMARC KR 251°C, 4FAT 8 BRI BALS 463 5 14 BEIAM, 10 ReRARERIO ATR
JEAHTRB UL, R 60l OXF 5 K% 445EITHEEY, 20K 2 CHHE—FD 2 &1 2UWEL I,
oSO, EH, ARIE 1N ERL T 5 2 & 2RERL 1%, BRI
b ARRIERE CEH 6 E, FEMIRTOBEL L, LO5 L% 3RENES ICEHERIL, KOO
2 R 38-HSD DFITE% M LFENICRI T 5 12 it Az,

RFEHEO DI, FHHU IR T 7 VR TEEL . BED/F 7 4 LB X Y 10um OEIF
PEHELT, ~v b Fo Y o-2d v OZERER B, EEESAOREL LT, HHL -
BO—H% 4% /S5 7 a VA7 AVFE F-5%F N x~A 707 e FIRIRCBEER, 1% T X & v o8
TEREEL, BEOFETIEY « =¥ 5 UBIIBIREHEL 17, B 5 X+ 47 T 500~800A O
BETAEL, Y S =-o 2 0B “EER L tH, B HS-7 BIETHEME» AT
BEUI, FRE, =20 @@y s Lum IR 2/EHL, xFv o T —CHRalL TXHRIRE?
ﬁg’s_’ﬁ? 12 '

38-HSD OB LERRIIE LT OFIE T - 120 SRR S IHIL 12 Rl 2 7 0 1 | TES, F
SA7 A ATHHUIT & b U RBELUTEELI, 22 Y4 A&y AT 15~20um DI &
U, Takikawa & Matsuzawal® O FERRE T, &7t b2 (15~208H) X0 =Fre—F0
(1~2 &) CRHUBMEL, 85% W7 & b THRFL 1% ZHET 15~20 HEEERL 12, T 0%,
Rubin 5™ OHEICHEL THERML RSHECEN 2 A, 37°C T 1~2BMRIR S €1z, FRHICHR

— 192 —



B @S 27 OHSIRBIC BV 2 SN0z

PF#HE (Febfaxze7 o Faz7ay) PROIECHIGI S, KIG2HETLIZHAR 10%
FHE7 =) L THEHEL, % - Tk BIEHARITHAL CTRELIL. ZhbOLE:
WAFL T, WEGHO—ICA~ b+ ) -2 o o OTERE PRI, HBHEE» T

& 2

BEINAT D FEHRIIEAERY

AL EEXAYT, —EKETEELI &7, BH, AT T 1 RN EIRd
LA 51, DX D AKX HDOIEIIOED: 5 YINCE 2B TR 50 2 BRI O FE
BIZEbIS, BN IERIC LT O 3 BERRIC T St

AATH O~8 WM b FIEL 1 IR IRERMAG L 5 = R SRR I O B b, IR 800 um
2T IREHHIR DRSS — IO BISEER Tl SN T 243, IR R, WERDIE DTN
TEDINEEER S TEEL T o, BFHEOR T 2N, 412 Eh 6 ik 3 BT 2@ &L (pore canal)
DIEGEL, IRMNG & BURIEGHAGRE & s L T (1), BRI O BT A R DTELE
L, h5 MR EHT S D Stz UL, TERIEHIAD B AT SR TR SRR RS
Nz oite

T DFEH D BURBAMAL ORZ I3 R 2 L THOIEEFIUz 7@ L, 20A b 20 B A TREiK
RORLEAESESICHEEL T, ¢ har FY) 7RARBE IR ERT, 29 2213—5/NMERR
RRTHOLEDENIN, LHCEHREPRT 5. BREL IV o EBBOEFICEEL, LI

A N A 2

Fig. 1. Light-microscopic figure of Epon section (1 pm) of follicle layers and a peripheral
part of oocyte at the early phase of the tertiary yolk stage (immediately after light-
ing). FL, follicle layers: ZR, zona radiata. Methylene blue stain. x 885.

Fig. 2. Electron micrograph of a granulosa cell at the early phase of the tertiary yolk stage.
Note many rough endoplasmic reticulum (rER) and well-developed Golgi apparatus
(G). BM, basement membrane: Ly, lysosome-like body: M, mitochondrion: N,
nucleus: TC, theca cell: ZR, zona radiata. x 10,000.
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Fig. 3. Changes in the average numbers of lysosome-like bodies per section in the
granulosa cell during the course of final maturation. Letter symbols, a, b, ¢, and
d, indicate different types of lysosome-like bodies respectively.

AT 12~16 s COMICIPRMI 'S, ISR 252 T3 2 SOk O F 0 & B
HizEL, UPEEIL 900~1000 um 2iRd . & DEIZs 5 &, GRS & BHAD AT O D HES 058 2
BRBAROMAAME S L2 b, InLOMBREFEBEOECYWECHIZIN TS (D), ¢
Far By 7 RETORICHE~T/ L, BABE2ETL25008 24720, 29 2 22— ik
TREVEC. /MR BHRROBESZ2FELL T, S0EEL 12 /NVEIR T k2 2L T
B8 ZLDTNUETIE, TNVOEPRFEEL LY, EBTRS ERL T, 217, RO B
TTRENTZaBIDS 4V J— 2 BEVHDL, cnicfis TR EBETEEDS O WE» S
FUROD/NME (3, c &) B ons Lotz o1z,

AT 20 3R IBREMIBRIE 1100~1200um OIFE2HL, BEWIICEL T 5. ¢ ORI 2
& BRI ARG RE 2 I8 & SIBEL . IPIKOETLA IEEL T s (M6), BEEMIC b TR G &
TERICHBEL Tzl MR o CESEIC X 5 THEHL Tz, UL, FRIEHE O N
MBI AIOR L O & 3 5 ITHHRL, T2 ZOMBICFEL TOIETFEEORCWEIR, 13X AL
HEL Tore (J7). Bid—MRICHEBEMIRANCAIE T 2 L5 s. ¢ bas B Y 70E 2/NER
D&Y RAEREECHEL, KETHBZIRBEABR2RET 2. Ao fid fior 22 ¢, g7

— 194 —



FI - BEF: 27 OHEIFBIC B 5 INRROEL

d

.4 and 5. Electron micrographs of a portion of a granulosa cell at the late phase of
the tertiary yolk stage (12 hours after lighting). Microvilli (Mv) are somewhat
withdrawn from zona radiata (ZR) and intercellular space (IS) between granulosa
cells is filled with low electron-dense material (Fig. 4). Mitochondria (M) with
poor lamellar cristae decreased in size (Fig. 5). G, Golgi apparatus: N, Nucleus:
Ly. lysosome-like body. TFig. 4, x10,500; Fig. 5, x7,300.
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Fig. 6. Light-microscopic figure of Epon section (1 um) of follicle layers and a peripheral
part of oocyte at the maturation stage (20 hours after lighting). Pore canals
disappeared from zona radiata. x 885.

Figs. 7 and 8. Electron micrographs of a portion of a granulosa cell at the maturation
stage. Microvilli (Mv) are completely withdrawn from zona radiata, and many
vacuolated lysosome-like bodies (Va) are seen in the cytoplasm (Fig. 7). Mitochondria
(M) with tubular cristae and dilated rough endoplasmic reticulum (rER) filled with
low electron-dense material are seen in the cytoplasm. Intercellular space (IS)
between granulosa cells becomes markedly wide (Fig. 8). BM, basement membrane:
N, nucleus: TC, theca cell. Fig. 7. x12,600; Fig. 8, x18,000.
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EAZEF 2 RT T o B S s Tz, £70, HlE/MEERIEEL, Z OBNICETEE DK
DB R T (M8), AMIBNHBT THEIN . bEID S 4V V- LEEEN IS
DL 2D B, ¢ BIOZERGR/MRIZINA T, e C oz iz, BTREOR BRSRo 5
AT — n R (dB) pIBEHEL . (1X3).

b il 3 . : :
Figs. 9-12. Light-microscopic figures of parts of ovaries after ovulation. Hematoxylin-
eosin stain. Fig. 9, the ovary of fish immediately after lighting, containing post-
ovulatory follicles (arrows); Fig. 10, post-ovulatory follicle 8 hours after lighting;
Fig. 11, post-ovulatory follicle 12 hours after lighting, showing crushed follicular
lumen; Fig. 12, degenerated post-ovulatory follicles (arrows) 20 hours after lighting.

Figs. 9 and 12, x50; Fig. 10, x700; Fig. 11, x220.

BEIN % O FERIREHRAY

SATIERS (ORSRD : PEONGRIENLIR, B RUNEERIEIMICL T OB 5 4 £ { DUIRIIOREIT,
SR OBEH 1 % SIS A THTEL T 3 (K9). i d OPRSIRIEIRIE, 22 A EDHIBGIE
M AT L Tz, BRIEMAG I 3 18~25 um T, HRIRAMCENTEH U CIEEL, PR LR
SRR L T (18). FRIBGMAL ORI 2 ZOMIEZEES RS S0, 21, iRk
= DTEBEAE CESHIC X o THOICEA L, MERABIIE - A SHEL T RIEMBOED
WAL EERF VI HEL, 3561 COBMMITE, PRIMmITE & A S RIHE 20 5 kb B o h
Too TS OIEMIT, BEIINTIT RSN ERRO/MER ¢ = ) LGS FHEL T (K14, Y
K — A DRFED D EIEL TN O HUR A RO RS % D T 503, EHIRET
it e BERROME A BE s, Ay FY TR AEBL L CREAET ZONMIEE
FHEESE L, &) AL RHBNMERELEL T, T o FRIRBRCEAIL DR T L o B
LEED, HEOMMEIZAEL T (X15).
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Fig. 13. Light-microscopic figure of Epon section (1 um) of a part of a post-ovulatory
follicle immediately after lighting. Methylene blue stain. x 885.

Fig. 14. Electron micrograph of a portion of a post-ovulatory follicle immediately after
lighting. Hypertrophied granulosa cells with numerous microvilli (Mv) contain
lipid droplets (L) and many vacuolated lysosome-like bodies (Va) in the cytoplasm.
N, nucleus. x 3,300.

Fig. 15. Electron micrograph of a portion of a granulosa cell in the same post-ovulatory
follicle as above. Note mitochondria (M) with tubular cristae and dilated rough
endoplasmic reticulum (rER). G, Golgi apparatus: N, nucleus. x 12,800.
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Fig. 16. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle
8 hours after lighting. Many cytolysomes (Cy) and myelinated bodies (My) are
observed in the cytoplasm. N, nucleus. x 8,000.

Fig. 17. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle
12 hours after lighting. Note electron-dense granular materials (arrows) and
myelinated bodies (My) in the cytoplasm. x12,000.
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ST 4~ 8 BRMIRE PR RS BRI AL TUERARE & v, ERIBTANAL 3 AHANCEBEL 1
Mz 2L T2 (K10). EFEEE C L, o, ZEERCI ST barrITRYR
J— bz OPEI AT B O EATEE (cytolysome) 2 ED S 4 U — AEREE S HIML T, AIERKE
DIEFTL T Bk BRL Tl b, —3F, HEERL MR/ Mz (s h, Thitf- TMFIRD
INEERLEED SN L9z 51 (16).

A% 1200 PEOPRIEAR O %  RIMBOBMIEFHICERL T b, sAJ% MO DLt
AT 35BN A, EHEEISREEAIT MEL T (K1), EREMRANTE ¢ =) 58
BB ZOEL O R ED S X, BITYEL CETL TOABHEEREL Tz, MigED:
Wz b 5 TETHEEDE O BEREWENED 5 N, MPYNEE &7 OB RHRC 2,
EF B 2E1GS AL (K17,

AT 16~20ERE:  HRURTRIERD I TR L2 RERE & Wk JIROERIEFEICAEL T 505,
FOHEIEL CEAL, FAMEE OXBID Rt s 5 (K12), BEPSIEORHS L ¢ =Y LR
HEC Lo TEDLONE EHIEZh, 2 b3y FY 7Y OMIEA/NEE EL L ZOPHE T
tre Fn, ATR 2R HZ RS N E R EE OGO BRLRYE S b L Tt (K18).

Fig. 18. Electron micrograph of a portion of a granulosa cell of a post-ovulatory follicle 16
hours after lighting. Numerous myelinated bodies (My) are seen in the cytoplasm.
x12,300.

BEOPRI# (Cd(T D 38-HSD Fi4

PEOURT, 85 SR OBEERI O 1D & BN 2> 1 T, SIERR OO BURIISHIA (2 35-HSD iR R X
Ntz. 2, PROMBUENS O BhIEHINT & 35-HSD iGHEAS D b 1chs, TR S REILAMRE C DIh
RS ad ot o, WRGHILRE PRI 2 B U T L ORFIT & 3p-HSD iftE % RHT
AR S
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&A% NTHEHT, —@KE 25+£1°C) CRET AL, &0, MAROR» 53T 1 RSP E
543 X 5icieh, UBREIDRECHIIS ChZARAL TRAMCEBC 3B @mbh T3, R/
UL BERHT L0 2MEL LAROERICIO TS, JHRITS HEZ ) X & 255R9 T & 55
BWENIL, TDX57 24 OIRIBORE RES JOBRINC ££5 DB, i BRI DR
BB BRI IR R, MRS C OBEY 3 BRI sz,

TOEL BRI, RIIRI2EBEMZCT COBSIICERD 22U oI 55 3 IBERRIICS - T,
ERICINEER 21T - T 5, COBNOBEMEAR BE L BRROBEMUE, BLRELLT
WOREET D, L0 ZMERPVMIE O, TREIRS RO FBEREICH 5 XX 10 PF
¥ 2 OFNBHIE THREIN TS E LB EETE Y, IIEBEIC EEL 123G SENE M 2 R
UTW 3, 552 B3 S48 12 BeRh 5 16 Bl S ©T, C ORI IREIN 5= kIPSIRYI DRI H
LHIRBPICET 3, & ORI BRI & IR & OEEBES, TOHBATIE 1 tav FY ¥
DAL, MENIEONMPRE 12 BBR~OFEEL, SR ITVCEBOREEBRBDENS,
LD X5 sigmgE Loz, COBMICIRINIIEERZ T 75 & » b, BB
HERIC RO 3 EEOBT2RL T30 Bbhb, UL, OIS HIMBOBANE
bNBT L, BILNPEROHIRMERPS, T ORHIOIIEII KL, & U X HROEUS O HED
DOEhRAZE fT-T0BLE, FT4 4 & b AKTH 16 BT TIREBED 129 I BRI LB
TH2LL?, LEDHEENS, PEBRE R B, CORMOBRIEMKYS JIRB OB s
WTARHRD, M5 H>OFHEMNZHEZ ZU T3 0L HERING, 53 B AT 20 BTN
®T, INEOELOWE, WHRAKBOHE S HECH, 1 BREHE R, A oL
VIR, MERDOI VX2 EETAERED ba v kY OB E L kie, ZRRS 202 BEAR
D547~ MEEEOHFEM B INT, 4B FAROERELT CREINI A& TR, AQ
@ 5.5 FF AT RO BIERS S 019, 2BFIRIC 2 0 HEIRIEC 312 ¢ L 5, LEOMEEE
WAL, EERECIICRbIRMRETH 3 LMIh 3,

LD D524 OIS BINCES 3 TORR T, BRIEERO MEANYED S B, i
HE/DMEE, 4V -2 bar FY 70 EMNEEINT, SEOHRETIE, TIIMEE
RRSE T RHCHLE/ MM 20 3 CORBIRROEFI Z2ELL, MER S 1/ MNRREBL 12, COME
MEEOTBREE, RO & 5 i BERBHEIAL O SRR EREL 1 RBERREY» S, IIRBO
BB~ OBENELE RRTAL0TH S5, 0%, PIVERD AT 20 REN&ICI: BT
MEFEOEE LIEBRD bz, ChE T RIL 24 % CHRINENT O E/ MR BB 2 /R %
BT3B NATNEY Y, Z2OBHCOVTIEHHRALLIRINTOE N, —F,, 294
FBD Cichlasoma nigrofasciatum T, PEINERII RS N 5 ME/MGEOIED IS BEDE
BELBRUTHNS L1058, SIKEMAEE2 533 447 T, /M cRBEOBLLEEIN
To T L RRERTROY, FETHZOR OBBCRKRCELV VRIS RohEnl t b, ZOBEY
ERCOVWTR O BAEEERL T3,

PRSP0 BRBSIE T, 5 4 v/ - A REEOEMEE I N (M), PEERIERILITDO
T3 RTER (ORRE) »6 SHEERITCIRALNIZa b2ED T 4 VvV — s iEEEIR, TR
DRT T 5 AL 12 REFD & BEIRERTCH I THA L, Thicfs TERIRD/ME (c Bl S
LZOEZHEUI, €-Ta b2BDS5 4V~ oREE: cHOZRE RS HOEEZE>E D
EELZOND, PRINERMOBEREMILTS 1V J—~ AEEENARBYID B R EETEI LR, T
TFVF 29 P2 FH CHMbNTH Y, ZhFndhic EEEE$ 5 WEDO HEE OBEENR
BINTHS, LHL, ThEDT AV~ A RIEESRERIC BIIOBFIC ED & 5 /R 28D
DRONTR, FFRTLHLLITE LI MR o1, F, ROBR20BEEC RShiIE
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FEEOHCERIRO S 4 vV — 2 88E W B) 3, JIMRICEC 3 BRISminoBiE BET 3
BELIEAONEY, BRRO3BD S 4V~ 2B EEDHE LT, ZOBEHERTCONT
BREBOMAGHING, 12, ThEDT 4V — 2 FBEOELE FRC, IFREROK T
SHEIIRHC T, & ba v R Y 7T BESHREEMLS BD LN, IR s DL L

TharRYTOBEDNTE, ThITadbhTHsd, Z0RBRITHTH 5,

SEIOHE TR, FIIMSIEM it - T ERIEMEOMRERSIEEL, ISR TRIILNS
O 25 1L TO - BFEEDEWYES, BRINERIRIZIZE AEHEL Tni, ZOX5KE
PEUIRT RS ISR T A HEE, TTIR AL AN DEL X 38 THHEIN TS, Yamamoto
& Yamazaki® 12 % > ¥ 2 TZh & ORI 75 RO BKS WIRME OS2 5 L #EL
TW3, %17, Pendergrass & Schroeder” iRIL # % 4 CHIEMMIT D microfilament DULHE 55 PEIP
CHEZBHIZLTOWALE2RRLTEY, —FFo o v CRBEIIORRIC BEHAFRRNERL
BEZRLTOB LI, CO k5 CHIIRRCIZEL OPHE, CFHERPBEEL THE LR
HLEHTH5H, COERETHCHPEATICREBEL OHABLETH S,

— AR IR B R D IR, PERRAEIGBTLRRSNS &L BAOGNTWEY, LhITIOD
RIGETE % BRI L CBEBU T BRI LAYV, A4 ORI EEIPE 4~8 ReiE
DERFA SRR 2L, HEARRECERRIRIZE S 4 v/ — A REEOHNE B oh, &
OW 3 TICHIGEEISETL TV 3 T E 2RL TS, 2018, PEIMEIEREDS IR OEMEFHE~%
BT 5 &k biCend ORI AEICEEL, 16~20EIICIzEL L ZORERL 5, —F, KEH
oI PEIME DR IR & & & I ORE DR AR E KBIMSEEEC 2 55, T b Oy BBLBHAL &
FCEELBRI N3 »E I LRAHETH 5, WIENKE L, HIMEEROBERBERIERE B
WL, FIERTEOBDS BU L /2o 12 B AEOPIMARILO HEEH 2 ThiX, Thid JIJ%
16~20850, PEUMED < & b 24BHLINTH 5,

HBESRRIE D 4 & » PEALIC 3517 3 3p-HSD EMOFER FA~IZ & € 5, T T HRIFAIO BB
BN S L EENED bz, UL s ORI, MHSENK 27 v 4 FEEMIED
—REEE S BED BEMEE, MEROZ Y X 2ETE FarFY 7, WERSEOFER
BAFL L ED LN, U AT 3s-HSD EEB A I NV F 2 & o 9 ORIBRE O BRIE
HBCHERIL T3, €757 4 9 ¥ 20 0F U o9 Tk, FERRO S b OB RIS EETRR
BT h, BRSNS X7 04 FEEMETHS L2 BN TS, IR T REHE
fEpaic 3g-HSD 7EHD BHINB T L2, CREITHWL 2h DA THEINTHRW B T H»
pbLFE, The B 3 BRI e RIIED THIV, O X5 /% 3a-HSD iEE %2457 2 BhL
Bt 2 7 v 4 FEAEMIETH 5 C & % BAY 2 ool BEOSBRARENTESE 2R
Wiz, HLDABTOREBRNBSETHS I,

SEBERU I 24 5T, HEIME 0O BRI T b PEIRN & Rk A 3a-HSD EiEMRY 511
Yo TRETHE L OAR THINEO BB 3g-HSD FEHMS RN Tis h 902, JrIigE
BTAF 4 FOESHRIMTOR TN A TEREIRINTN S, 25 7 OYEIBRO BRIEMIEIE, ¥
BRETIC T, NMERDOZ Y R2%2HT 5§ AL FY 7RMATY £V~ 2 DRFOHT/MESE
DA, RGBT 2Y, 27 v 4 FEAMEROKEERSS, LIL, —HTHEI A4
VT — LR L A 2 ORI CRENEM 28D, ALK 8RR 38-HSD ORIEE R
R D, feo CABOEIMED EREHMIEI X7 v 4 F2EAEL THWBELTYH, ZOHMILE
B THEN,

Lam 522 i3 2% 9 ABD Gasterosteus aculeatus L., form trachurus T, PRI EEAN XA F v 4
FREASIML, THhMIELED L OESWE BT LT, JHRESOIORERICH T
BEEBATVE, 5L, ThITRELNM TSRS PEIMERE L LFETEI & DBIRIK
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DNTHRL, ¥T37 4 9 0% & 5 2 VAERTEN BB b O TII 7 v 4 FEEEERE
OHIFBEL {, Chitsl CTETFETEIEMT Cichlasoma nigrofasciatum 3> ¥ Tiz 7z O#i
FIBRNENS, UL, ThbEDRT a4 P, RISV TRL T 3 BRI ko0
TR, BEHLLIRINTRLT, PIMBIEIRICEKT 325 04 FASHRBEZD L OO L fi
T, I5TCHEZET 5 RERESHETS 5,

E #
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