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Induced Maturation of Female Japanese Eels (Anguilla japonica)
by Administration of Salmon Pituitaries, with Notes on
Changes of Oil Droplets in Eggs of Matured Eels*

Yoshio SuaimoTo**, Yoshio TakeEvcHr**, Kouhei YamaucHT**
b
and Hiroya TARAHASHI**

Abstract

Silver forms of female Japanese eels, 42 fish in total, were induced to be
matured through weekly injections of one or two acetone-dried, chum salmon pitu-
itaries beginning in October 1975. About 80%, of the 27 fish that survived more
than 8 injections revealed a distinet ovarian maturation and a marked increase in
their body weight. The gonadosomatic indices (GSI) of these matured eels
ranged from about 40 to 70. Among them, 5 specimens could spontaneously
spawn their eggs after 9 to 12 injections. But the eggs appeared to be overripe
except those of a specimen which could develop normally, following artificial
fertilization, to hatch and to yield pre-leptocephalus larvae.

Changes in the weight of the body, ovary and liver of the fish during the
course of induced maturation were analysed. As a result, it was presumed that
the artificial induction of ovarian maturation and ovulation might be expected
to gain a good result in cases where the treated fish did not show any notable
increase or decrease in body weight before they displayed a rapid and marked
increase in body weight during a period of one or two weeks prior to the expected
ovulation. The eggs of the fish which could not ovulate in spite of the increase in
body weight were seen to enter rather promptly into the condition of progressive
overripeness followed by a loss of their fertilizing and developing capabilities.
A necessity for the application of some effective ovulation stimulators to these
fish at the appropriate stage of maturation was considered.

The behaviour of intraooplasmic oil droplets was examined in relation to the
induced maturation of the eel eggs. The oil droplets in the eggs just prior to the
final maturation were small and relatively even in size, and were dispersed
through the ooplasm. Shortly after fertilization, they were observed to form
an aggregation, shifting slightly to the vegetable pole of the egg. As the
cleavage began and progressed, the oil droplets came to fuse together to form a
large globule with closely associated small droplets up to the morula stage at
latest. They were eventually changed into a large, prominent globule located
near the vegetable pole at the stage of embryonic body formation. In the oggs
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that were retained unovulated in the ovaries after their full maturation, and in
those that were spawned successfully but did not succeed in continuing normal
development as well, the oil droplets had already been in the process of jtheir
fusion toward the appearance of a large oil globule. Such a fusion of oil droplets
was regarded as a sign of the occurrence of egg overripeness which was responsible
for the failure of the achievement of normal fertilization and development. It
was suggested that the state of intracoplasmic oil droplets might reflect
the degree of physiological maturation of the eel eggs, and that the examina-
tion of the spawned eggs and biopsied ovarian eggs in terms of the state of their
oil droplets might be useful in evaluating the efficiency of artificial induction of
maturation in the eel.

ANVELCEREICX S =k U+ ¥ (Anguilla japonica) MED NAHIRBIGEIILHTL 58 A 50T
§T03, KE-HELD, FH . AHD, W69, B TED, BIFESLO BT H v F¥iCHA
FHEEOAREBRH#MAVEY, TULEREEAVELBITE 2 VREDHESR 2RV T 3%
BhoTEY, BRESSLD e Fx ) LARMEER VL & 2L THYZREZ DT TV
2, W b PRI s REVBR 215 5 I ES oo 1z, —F, WARLHTID 3 4D T EE
BRI ORERSIC L b, 1974 ERZERIIZHET, ISRALZEICE Y MuFRARES L LiTRY
Utz ZDHTEBAKTKERRE® B L OSRIBPKERBRGRANSE'D bRRAEI LD
EHETORIMAKRZBI LML TR b, RLBOHEY > ¥ ORRITHI 2 BEERD T 3,

ULhl, YrENTEAORECL VRRAEREINIIVFFE, ZOTLPEVHEA R 3T
N9, sHahcIbic b, EETDE - BERTFOELVIOVERICET S, ChbiZRE
EBBEOD bz, FlSEE T3 EOEE B HBEBERC, QB k5 Y 7 ¥ 0O AHERE
OB EDEEALNEY, Chd DBFIRHCIIZINTESY, YFr¥OATHEE
EERBERESIT 512, RIZEL OERMBEEVEINTV 3,

EH S ATREO LA SO ORFIC BifE VT Y ¥ ¥ D ABKNRETEE i BT 2 ERE O Mt
fFoTETUVADHS, 1975 5 1976 i THOERBEOKIFZEERL, AT2HE, sbiclk
HUTzidh, EERBERARIINCKT 2MROB Y, BICERRERS b 2RO OREIT
DWTEFOMAZEN,

FeTITH3ED, FPRICHUBLHEE 28 - LB ERRLEFHIZILAE R IRIT #A
TRH T 5o FPHEDRREZAHEEREKEEFIRU K RFAFRED BIEFHIBIER 213 U D RERAE
PO4E H A KOS FEIC DI A WARAS L LEBREV, IERFRCAVIIY 7O AFICE
U Tiz EHRE LERA iR BABRBROHER 28z, Lo DHKICEEL HBERT S,
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U F BTN UVEREZO Y o 3 O TRED 7 ¢ b U R, KE 500g i LECHE
T 0,69 K lec FTEDDHRL, B 1E, MS-222 i k hiEL BEEL 129 F FOEHRIEHL
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Table 1. Induction of maturation in female Japanese eels through
injections of salmon pituitaries.

. Date of | No. of | No. of | Body weight (g) Ll.ver Gopa,d
Fish measure- | pitui- | injec- Wesl%}:,‘kt* ggigl*l,f* Remarks
no. ments | taries* | tions | at start | at end | (HSI) (GSI)
(2) (2
Initial 75, X 20 - - 555 - | 5.4(0.98)| 9.1( 1.6) | Sampled
P p - - 650 - | 6.2(0.95)] 12.2( 1.9) ”
6-BY XI 11 1 3 415 430 | 5.6(1. 29)( 11.2( 2.6) | Dead
3-RW X1 12 1 3 480 510 | 5.7(1. 12)] 21.7( 4.3) »
3-RB XI 13 2 3 665 615 | 9.1(1.47)| 36.9( 6.0) "
4+-YR XI 15 1 3 380 375 | 4.2(1.10)] 24.3( 6.5) ”
W XI 17 1 3 450 485 | 6.4(1.32)] 18.8( 3.9) "
10-RB XI 18 2 2 910 850 | 11.7(1.38)| 18.9( 2.2) ”
W XI 20 2 2 715 630 | 9. 2(1.45)| 21.2( 3.4) ”
10-YR XI 24 2 2 995 915 | 14.1(1.54) | 55.1( 6.0) ”
L WW XI 27 2 3 716 655 | 14.0(2.13) | 29.4( 4.5) #
9-BR X1 29 2 3 1065 1050 | 18.2(1.78) | 43.6( 4.2) | Sampled
2 RY XII 2 1 6 570 510 | 7.7(1.50) | 48.9( 9.6) | Dead
9S-WY XII 9 2 5 545 470 | 9.2(1.95) | 25.8( 5.5) "
9 BB XII 10 1 5 490 520 | 7.5(1.44) | 58.4(11.9) "
9-WB XII 14 2 5 535 460 | 11.5(2.50) | 49.3(10.7) "
10-WBW ” 2 5 920 830 | 20.8(2.50) | 64.7( 7.8) ”
4 WW XII 27 1 9 455 - -( ") -( -) | Spawned
6-BB XII 30 1 10 500 490 -( =) ]62.6(12.8) | Dead
6-R 76, I 5 1 10 465 45 | 10.2(2. 30) -( -) | Spawned
1-WR 7 9 9 610 1035 | 10.9(1.05) {700 (67.6) | Sampled
3Y I9 1 1 525 605 | 21.8(3.60) ~( -) | Spawned
4+ YW » 1 8 465 785 | 13.0(1. 65) 516 (65.7) | Sampled
4-RW 113 2 12 850 1210 | 18.4(1.51) (170 (63.6) ”
2 WY 118 1 12 465 -] rna( ) -{ -) | Spawned
2-BR 120 1 13 490 730 | 16.0(2.19) {460 (63.0) | Sampled
2-WB P 1 13 480 710 13.0(1. 83) 1460 (64.8) | Dead
O-R 122 9 1 635 - - f -( -) | Spawned
2-WW 125 1 13 490 770 | 6. 3(0 81) [t55 (59.1) | Dead
3-BB 128 1 14 455 700 | 18.2(2.60) 346 (49.3) n
6-RW I 2 2 12 655 995 | 17.4(1.74) FSIO (61.3) #
6-Y P 1 14 350 570 | 5.5(0.96) [¢10 (72.0) "
4-BW P 1 14 490 760 -( - -( - "
4-YB I 3 1 156 450 516 | 14.9(2.89) 1240 (46.6) #
3-RR I 10 1 16 505 865 | 7.6(0.87) 750 (86.7) "
10-YB I 14 2 14 560 985 | 15.5(1.57) 620 (62.9) | Sampled
2-YY I 21 1 16 435 - -( -) -( ~-) | Dead
3-R II 23 1 16 510 860 | 6.3(0.72) 1860 (71.5) | Sampled
9-RY ” 2 12 520 595 | 14.8(2.48) (240 (40.3) 4
10-BW ” 9 13 535 650 7.8(1. 20) 290 (44.6) "
10-RRR III 22 1 1 515 530 | 7.7(1.44) 125 (33.6) n
6-YY IV 19 1 % 350 280 | 2.8(1.00) | 6.1(29) »
3w P 1 16 540 520 | 14.3(2.75) {110 (21.2) ”
9-BY ” 1 15 520 485 | 6.9(1.43) 135 (27.1) »

* Number of pituitary glands given intramuscularly to the respective fish at each of the
weekly injections.
** HSI, hepatosomatic index (liver weight/body weight x100).
*** GSI, gonadosomatic index (gonad weight/body weight x100).
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1o 27 fAfk 12 itk %, BxORPICKERSL, KE K5 FRER AWEBEESOINS X
UBTEDBIE 21T -1:0L, JFRIIO—% & b HU THRABEEAAEREAEKTICAR, FELT
ZOMBRORBL2EEL 72, TRHI AR AT OOTIE, FIEHHLT, v 74 Y L BED ¢
T ORAINIHEY 7 ¥ I~ BOOREEZ B, BRI L - TEEXE, 204 23°C 0¥k
2HBLU T, ZOHDINOMRORBOEL2HEL 12,

w #
ERABICHSHE, £HBER, SIUTFREROT(L

a3 RTREDOERSE % 51 108E 42 Fifi X CNEERERD 2 BEOH Y F FEOVTO R
BeRLITRL, ThH5D 55, 14EEIE 1 EO#RE 6 ELANIETL Iz, SELLLOWMES S
W 27 B, KERSDEEROEKAL - AR & AR OB DETOKE AR I2DT, 55 12{8H%
TR EZRL TAFERZ OMOBBOHERT, 2h s OBLOMEBFHRN oML 12, 72
10 fE{&42 10~15 BOHEEFET-U 2D T, HEDET: 14 B L & i, BREEREOEN D%
By, PrEDSHI%1T> CREHCMA I, SEIDRBMEDKER, KENKSVIO URBHIc X - The
FPIe AR DR SEETH -z, TROLMEL +-WW I 9EHEHFOS HE, HEE6-RiZ
W0EREFDO7 B, @A IR BIF3-Y 2 1l BHENOZRFN 3B L4 Hikic, @K
2-WY ik 12 EHAHO 6 BB - BIBe AR, INEDSL, U DO 4EED IpIERT 3
WRIPOREEAREDEEEE LT hH, ALHEEERZRERA B IDORIIEAY Ih o
b, Mo 1Bk 2-WY) OIRid BEERIINS L, ATRER I YERZ BED #RL L5
{58, ZOHFAD—EPIE bk 14 B TAEFLER®, T, hs OPIMEKIR ALK 9-R %
Bra, HERTEELEORER2 ST LDTH -1,

Bk« BUOR% A2 7 5 ARO MBS ORELLER 1 OBIRLIY, COEEEIZ 2 >DR
RAIohs, $2bb () FEDOHEMHIBOK 3 EAIT TIROMEED 2,19,23% &3 E AR
<, K 2HRIENT 8,30,33% & L PHMBAT U,  BEUNC I DAFERNT 36, 71, 599 & 1% A8
1B (EhEnfEEK 9-R, 3-Y, 4-WW), X ° (2) #EREO I 5 EEOBMBKIEXDDT
BETDHH, OISEECKT 38R PEIN Josr D BT b 23,18% Th - 12 (FhFnfEfk
2-WY, 6-R) T3, Zho6D35 ()BEOLMHEEE (2) 2O 1EEOBHL roIhid &3 e QiERA
TdhY, ) BOHIRFO WHEF DEERMS K SBMT D - I8k 5 DARBEDIIN Hohic L
EIXBURRS Bbn s, HRINiCesI D, SPRIPD AWM EAKSD o, KEOEESHEMEZ fE5 T it
LALNTHAEETH 10718, 2D (ROMEE S, HEPEMCEL WEEENE A RIZDTH
53Tk, OBEOKREREE»S bHERINE,

-, YRR ARZCERCEELE LD, LW UEBRINT § DTIRRMIEED R hif
Db, REMZIFIDEEEEZR L DARTKLI, 5D 55 1EE (& 3-RR) it 11 Blo
BEBREEDEITHZHNE A8 1258 14 EHYE5 BRI MMGAED 62~719% i > ¥ 3 b B T-LIz, B

9 28] (fafk 10-YB, 9-RY) i 7 BlEe5-E5 6 B 5 b o REMIN RS, 11, 13 EE SR Z2NFh
MPEED 84,71% #WERLUIOLEEBDP2ARIOTEZEINIZLDTH S, hdORicIisE
LTHaeNSKEIR, PIR2 AR {8FEBY 2 MABECLSR MM BS Lo Zh -1t RTH 5, T
2bb, BRPIINALNENAAGTIR, SEliciksio 1~2 BOHANK SEOLK: b s
bR HDEHBMLTIVISEDbNS,

RCEEOEERFBRBEROAFRERIM T REOR S Eic BEL TEELTL 2 4 ¥ 12
(R1BIVOK2), B OBEEDHE 100g ¥ h DAFERER (gonadosomatic index, GSI) 1%
L6KXI19 THodd, BEEBSBHRITIIEK 11,2 10EL 2, SELLLOEER LY, 3.
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Number of injections
Fig. 1. Changes in body weight in the female Japanese eels during the course of maturation
induced by weekly injections of salmon pituitaries. A) specimens showing no ovula-
tion before being sampled or before death; B) specimens displaying spontaneous
ovulation and spawning. Numerals with alphabetical symbols affixed to each line

represent the specimen numbers. The specimen 2-WY spawned normal fertile eggs
and yielded larvae.

HOMAG 2 S T 27 BED 81.5% ikdiz 5 22 KT, D GSI 55 40% Ll L &L Tz,
I8RO ERZII O BHRINI 12 EEkFH 4 HED GSLiz 27.1 LT Th o725 &b
8 EF TR/ 40.3, FK7L5T, 55 5@ (FEHERK 8~14[F) TiX 62.9~67. 6 DEEIC
o1z, FIRRZZRM Y 8 B E-LARICHI-L - ki § B 6o hdz, 72 GSI40 % #A @K T,
MR s ECERL, IBRO—EBWRAEFIL L b I BHL Th 2 flbsEh o1z, LR,
GSI %3 60~70 Td - 12 5 AFD BEREED REIXOIHEED 42~769% 18, F 72 GSI 5% 40,3, 44, 6%
Th-NI2BEOZNRZREFN14.4, 21.5% W TH - T, IN:FIBROKETLORER L 208 T
PEIMEMRD GSI OB b2 HEET 5 &, PRURON LBHNICIZIT 40 BBEE & 5 2 ¢ TIMEEDK & 75 #3in
237, BAk GSI @ 60~70 BE~DORE LI -> THRED E2 AR THIICES 4 DD L 5
T3, 23, O 5 TAMRERDOKENCE, 1HOKTEMAESREICY 321} Be@Zdony
»olz,

RROLE S 2120 7 ¥ OFFRER L KD 3L E5RL 12, 5E 100g & 72 b OFFBEER (hepato-
somatic index, HSI) (X:RHEBETI 1.0 LIz s o128, BERENI Tk TERT2HE
M2ART. (B3), LAL 11 0L 12 EfE4&icid HSI O % 49 5 BEH % { HELL 1283,
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Fig. 2. Distribution of gonadosomatic indices (gonad weight/body weight x100) of female
Japanese eels in relation to the frequency of weekly injections of one (O) or two (@)
salmon pituitaries. The mark [] indicates initial values, and the marks O and
@ in parentheses, the specimens which spawned eggs after the respective number of
injections.

CHIRESROM I ATEROFL VBRI X AEREEMEEEE b2 DLBRINS . PIMEGKD S
LERRD 2 BicB3 5 KES{LE A 81z 2 KD HSL 2, BRIIMO BREERDOEREC EZI0T
»obdr, EXNIEHDOEE 2-WY T 1.25, BRIIEHOMEE 6-R T1.85 L7235, —F, E
BEDE &AL SV L - Bk HSL iz, Hs3ikabhs ki, BTEE2ERS
DLOT1IEEEDLDX b KESBEEMNRL, BIETIREE 3~5 ETHT 2.0 LR EL T
Witflhis b iz, GSI & HSL L DGR 43 &, FEBFREDIZDEHSE» TRV, BTEE
1 EREOFTOA GSI 40~50 T TOZKFE T HSI & DIEDHEENM 5 »pddbh 3 (K4). GSI 50 £
LTo HSI OBV AHRERDOEHC L 2 HFERDIZDTHS 5,

ORREIVURECE DR S5HROE(L

PRS2 T U IEE 2IPTi, ezl k X 3o+ 4hn T SRk E O hL
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Fig. 3. Distribution of hepatosomatic indices (liver weight/body weight x 100) of female
Japanese eels in relation to the frequency of weekly injections of one (O) or two (@)
salmon pituitaries. The mark [] represents the values of initial controls, and the
mark O in parentheses those of the specimens spawned. Black dots attached on the
shoulder of the marks indicate the specimens examined shortly after their spontaneous
death.

BL T35, BB g TAEMRBESERIZONT, BREEVCEEL TEE2 WU DL
TR B CTREPET T2 5ThH 3, H5~TIIATZESR WREC L2 5H
ROZL 2RI CRRMICE S 12 b DT H 3, THEK 2 ROEBERBDOIITIE, 2 1504 A
HOEBED/NIHIRDS L PRI F-> TRAL TV 30MBBRINS (H5), Z0%LHRO
BAIRBRRICETL (R6), HHE4EHO 4 RO DT 300 4 NIOREINIR 1L 2
NICEET 3 AMREMBAONEIES ([@7) UL, TOX 5 ZHEROMAOREAKRILN®NS
Ub—RTitzsd, 16BN TS 2D X 5 2 L EOKRBHRADMEMA S 1T, LPRBO
WER & ZNicmEET A SEO DRI & O£ b oM EBI NI (K8,9) ., UL, EBL

& b REIE I EE s 3000 A OKTIMER L HeEF L ToMBRENAL A Loy, B
BRRICEE - TR 1 fHOKBMBROBI ZFOMAEEZTAOB—KBTH -1z (K10,

BRRL Iz X Sz, SEIDABBEMER L bk Bl AR5 BBD S5, 4 BEOINIATR
it X VIER S SHEEE AR VD, IRBRSBELRLIL, BREERIC NS O BIET
% &, EIOWMROHREPBIET 5 REIMROI, REEYPECH NS &5 ZXRBMF 1EE
BEO/ RS &0, Bt CFRAERRCRS NS & 5 siedic LAOKEMKRE A3 505,
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Fig. 4. Relation between gonadosomatic index and hepatosomatic index in female

Japanese eels injected weekly with one (O) or two (@) salmon pituitaries. The mark
[1 reveals the values in initial controls.

TS TRBOPBRET 2 &b ots (1), -2 OMcEE BEL L, T
DOEREDBNEIFDNUEIFBRO D ET T, IV UIEIRZER Y, HREOZHED
BOIRIZHERDIRIBC >0 b b 22 L #iAKS THTE S NEASIBE RS L RSP RE AR, TkE
IR 1 & BEO/MERR % b DI BN TR ATZFRIMHOBSBPBRE I NI, Ths OIpEi
FHAUTH->TE 4724 2OETREIL, BEEACNSDINITTEELE (K12,
BROEITE v, M1OARRLIZES 22, SIROELWEKIC X 3 EEHNE 42 2@8ED
BRI URTROINE, 3 TREBROMAIEITL T 1 HOKRIMER & BEO/MNHBR X b3 R
BZELIZAD (K13), T 1ECEMER2 TALKEMRE2ETS 40 (M149 »oHR
ATV, FREIRIZHEROBMEI I Y BAERIFTIIHIER AL NI REBILS 31 b d
Do, BRZEALLTHEBLTOAIR N (M15), T-IRED BEz e bhER
EOBETULIBBERL 12k 5 2HOREBREL TV 3BA £ o172 (M13),
INHDEBOKRED S, v FFINOMROIRIEIR 2 DIRO AR OHETOES & Hi /s MM
20D THB L ENTRING, MERORBSIZIER ZHINDH 5 DIgfins bR X ICETTE LD E
Bbnzd, FRETORBCISE, ZNEHIRXZELVAIIOFEEORED RBIZ /2 - 1ol
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Lo , L ~
Figs. 5-10. Photomicrographs of normal developing eggs of the Japanese eels, showing
progressive changes in oil droplets at the blastodisc (Fig. 5), 2-cell (Fig. 6), 4-cell
(Fig. 7), 16-cell (Figs. 8 and 9) and embryonal stage (Fig. 10). Figs. 5-7 and
Figs. 8-9 illustrate the same eggs, respectively. Diameter of eggs (chorion),

about 1.15 mm.

STHHII NI S, EE2TR  BESZINS OIS, CORETZREIENTIN
BRI 5 12000, HEROMADETL, BHE T 1 HOXMMERk 2 ET2CESN, 20X 57250
ST S THIFE R ARV D, TR BERBMGL CHPETERT 5. 775bb, Thid
Gz F OMEROREE» 5 AT, WEIITH 2 A 2L TIN I 9B bz,

£ =3

M F FDANLRBTEORAI DT HEL L L2INTETE LD, BE, (AL D=k
Y F R ANTER - SMEDEDZIIU D E LT, WL DhDEEDS ZREBALNIITES
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Figs. 11-15. Photomlcrogra.phs of eggs of matured Japanese eels. Diameter of eggs
(chorion), about 1.10 mm. Fig. 11, eggs spawned by an overripe eel shortly
after insemination, revealing quite heterogeneous aspects in the state of oil
droplets and ooplasm; Fig. 12, an overripe egg showing abnormal cleavage and
nearly complete fusion of the oil droplets; Figs. 13-15, unovulated ovarian eggs
of matured eels, with oil droplets characteristic of advanced overripeness. Arrows
in Fig. 15 show germinal vesicles remaining unbroken in the overripe eggs.

T35, v FOANLEGEERN L THRZINS ICIRERT N %0 BESEIN TS,
ZO—DR R R L FR BB L2 ORER, BEHREZY, - & b ERNSHIETH 2
— T SRR D PR D (R I3 LI IR O AEFEBRRI A v £ > (GTH) i3 85 3 hTv 219,
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O FFOEBIELTY, HEoD 2=hr U FFOTHOMIR Y F 4 Y > (Balitl X T EEA
0 GTH ORASHA) Lo /a3 Bz X533~V eREKREL T, 9IBTF 6 BIIIRORK
By HALSE, UHUNMLEERD Bt vy (LH) B X OB R AR - v
£ (HCG) B MBI MORE®D, K EBREOHFHCAEINTHI LI BELNATY
52020 %, Fontaine 522, ARS8 HRLIESIK, a4, vudrOFEEFAD MTER
BEOREREII Ho»C BYT H-T, Edl®® 3729 79+% (Anguilla rostrata) T,
Villani & Lumare®? {2 2 —1u o 09+ ¥ (Anguilla anguilla) TEhFha A DR TEFS Bl
7oit HCG FRIBRE A VEY & 280U, T2 2k 9+ Fio0T b TERAKEKERRRD
& B RUKERBRBRAWSES 9 ORTESR HVCH - I BBIEIL T 5, &b
ROBELIAILLINR IS TIZ D TH-T, 1D v o v rRTEREK 1~2 E5, #1
H, 8ELLLEDOFEREITL b L % 80% OEEONBEORIE HFEHLU Bz, 277, QABWMI LT
H Y FEDOTNTHIPROFN RIS B85 -T2 T L3, AIBPLAROIBROIRIBIC 2 DJFE %
RDED D S LALY, COMIRIEMBEOERC b & T TRNTTH 5,

ULhLzdis, hsDf0oTNTIRSOTHNE AR IEKIZEbDTHCTE S, 12, W
ALV 5 Y EFELR Y, ATSHIC 2IREORE? BEL B ORTE L & TERA
AFARD 0% LFIOAT, HER1ROMUFRRZEBIIILUTH Y, BgFicsw T BEE
RO COIORRE & W S RRICKE - TS, Tabb, JIROMRMY NS FHET L LiIEE
GOTETS 50, TEBEOTERLINEE2 L, BETIIIIRRSET RO R il
EIRB T EMHEENEN S EMIBEL BRI EbN3,

AEOINCIV T, PONEMOAHENRROETE & b CIFEKBRORESHIMMBBL Y, KR
LU THREE B HREAIC BL BT A L 2B LN TN 519718, MR IN TN Y
F X OBEOEL VR, OV U IBRORBGET BN OEE 2 BokBis & gEsEEe
LDLEALNS, LD &I, APFRCBOCHINE 2R ERDOEED #B» 5 & TS b
ABL, T, KEEBOEEHNSELISSIOBEME AL 5502 bFRRT 5, LOBEHEL
A TIRBPICREEIIO T 3 & & % - HIEEOING, AREORRMIFTC L, HEmAEIBRR
HicEL, EESRERENER) bOLEALNS, FHFE TOREULE T2 GSI 40 B O RIEH
COBWEICHT Y, CORBIRIBSIERI~12 AOMTEERE L HBLNZ LAZLTIVED
Tdh B, GSI b5 40~50 2 A T KEOTEE s #MN% A2 7205 SPIBL 5 o 12 BH QI T~ TB
BOBRIEATZIEDEBATIN,

AEOPIIO A BRI GTH B 2 bDTEH T H5 L Lid, HMEFADE T b “hypophysation”
FUTELERILINTO 2 @b Th 55, BRYFFOPIFEL Tik BMTEED ik 5hH H
PRDFEICHICE & 3FHLESY, 0K 5 ukERE, EERERHES » I3 h0o0b3H
<2, FIEDIPEREL & BN BHEOBEIEET 5 L L OKED b L sy, APFETZI NI
5 7z ERLE b PEIRHEE DT % 72 FEBHIC (T 5 » DI ERZERZ RIZL TV 5 L OHE S FIETD 5,
COAICELT, HIPHEME LT, 2,3 OAETZOEMENED SN TW 5% FRTEEOESHE
BRI v & VA v e 2 (LH/FSH-RH) 539 7 ¥ OSSFFHRIC AL 5 TV 3 FI919) 12 JBRHS
»3H, TOEPECONTRHELZTFLE,, FES b, ErOWHRITL 2 HIFE2RA LY,
cE TR B A T, Villani & Lumare®® (38 —m 5,09 7 ¥ T, #HHOCTIZED 5%
ORTEE:BEEErVEY (DOCA) DEEEV) “vq o 7B I ESFEEEBINIIE
W|UTHBY, Chb LEITOBRBCTEZV, WIFhice IFROBRBOBEMICT I n 5~ 3 HY
I AAIIBELBEORAY Y F FEEEEOSROBEEREL 255,

BOEERED—2it, ABERICE bk BIIINII0 > IR 2IiR4ER AL TiMbicE
3 b OMBEIFR L L THIN T EBHIT b5, B, AREOBRETH, B3N JOMRO
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REBIZRBRET EEDNS O BREEDNL DI TIDLDTRATH D, Thbdd b,
KM b BB A, BRARBICA S 2P ZHITE b HIPRELRET YV, BRARETRAL
12y F FOIRBIIORBIRFNTD - THERFI TR TH 545, DT &IPREHOASBHIE
EVDHLTTOHRRRAERLS, ZALDORESIREBRPE WRERZRRT 2, ChMUEOY
#, LA RHTEEORER, BRERBR L - TEBINGTHH L LREUATRIN B2 35, 4
{E bABIEDRERE» S A5 &, B 1 HHANERORE TR, MTEELES2EMEL U IEE2
HSL D BFREREMBBELNEIDODIITH S, ER, P BileA I BT 4 BUHHEOLES
50180 Tho1, IGRMTEAE2EIZEMEE LIRS, INHEAMBEOGRO ZE s
Td 5D OEEIBEMCEINT 305, hid GSIO LR & HFRY, rL ALBADRER
b, 8%, ZOMOBRREOEROREE 25 AEHEYRKTH 5, v 7 ¥OABMHTLES GSI O
EFBEEOREME PEOHEE AR A L &1}, TTRESSD HEHL TV 35, R HEEEG
T EA LEREDREI, IHLLIEDLNI, UhL, WFESD O FHIKBL TR, O
KBS T 2,4,6, I3 SBEOMTEFZEEL TEY, 4EBREDOLDOTLE, 2@R5D
LT3R - RIMAL 2B TR h, F12GSI & HSI & OO 2 EREO EETEDH
BVH2L9TH5 (AL, KER., ChoOERZ2LEDTEETI L, HTEFOREED
Prro BRSO THE - RIS IR TV EASRED b5, WAL OROL S KK TERF2ME
BEDORAKCBNTHEESINBAERITN I 2B LATN 2 LsEDE, BER, BEHBT
B9 5 R IR T TG BIARR OIPIDIRER, 375 b b AT 5 SREROBRSE R & 6F8 T Bt
TEINEBHS,

DX 5 b BEFROHEE & HBERLEDOET I, IRRINORADETOES® B—
ROV TORMIZE > TOAECHEINE S 5, FH S IZTIRINDOERORAD LU T,
SRR NI A 5 5 JEERD RIBIC BHU 7o, JRRREUCAE 5 HERD KT D W T i Stevens? 3
Roccus saxatilis T, MERDIPBBIT & & 75 TEWCEESL TRIE(LL, ZOKA3I%ZENTS L
ERBEL T3, TI2IIRAICEE S BERO I DD TR EE 23y a Y (Hemiramphus sajori)
T, JIREPEL I ONTRET 2 £RO/PHERLGKFICEMBRME~NE S C L 2REL 12, FHR
DU FFIPTOBRBTBNTH, HBENICEIEL T 58 150 ¢ BIHED/NEERDSIIREAD #ITE &
IR RHMERL hicBSL TRAZHBL, SORIFRECH > T2 TTY, B L b RER
Hiciz 1 {EOKEMER & 2 BT 5 BED/MBRIC/2 b, BREBRICHZ > T& 3000 BED 1
EORBIMERICIZ B L E b oz, 212D X 5 2 WIROBIZ, BABRIIDE L YT -
TR A B b, TEH2 b=k U FFIORAEICE 22 5 HERORRR BkE BEL T
o ALICHF L3 DPFHID 12, =<2 (Salmo gairdneri) 7 = (Plecoglossus altivelis) @
IRHSHEINE b AN BRIBKE I NS &, SIRICRBHIC ML T I NEERY BRI B 5%
ARTI~2 AORBMRCEMET A C 2 HEL, INLOLISIIORBPRUETTH L bH
EFEUT, o RIS DERZPERERLHFL, oD BRIBPLIEATNS,

AEBRICBOTE, ABERTE bEEPxI N Y F ¥IIDdie, [RERGIKALh3REE Rz
1 EOREIMER & FEO/HER & %2 d DICHATRMIC AL NS X 5 S5Ea 1EE 2o 72 KB
B 40 EEh, IhsOINCE TSRS L OIPEOREPEEZINT, Ths OIMIIRR
ATTTRBRIEL HEFS Wiz wEEMEDSRG, 448, ¥ F FUIOBRILDIER 2 L b HERITT 51D
BHL30 Bov=RT, KD B 3 Y (Misgurnus anguillicaudatus) TB#IPO—I{EE L
TWAESHTRBEORBRI OV TORMNOMSBETH L LELL, WTFhRE L, FHETOEE
b6, =52 9T FOERBEAELZHING, IFEREDOPCROU IABCHEED 33—
ZKEIDNHROEAZARS bDOTH - T, /MARYHFEPICEAET 2 R8I EHEAT RRT
DiRfE%R, F I KBIHEK L {E~ORADHETIHBMILOETERIRT 2 D LAV TIV, TDL
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BARL: WY T X OEFE BRI OHERORE

5 MBI k5T, ABBRT X HBE - BUBINIZPRRAER (biopsy) i€ X b BIH I h I PRRLIROINE
BFHIET 5 C EDEBTH 5 LB B,

E #

=&k UF ¥ (Anguilla japonica) DT H v+ Yy vy rPTEERRZ E1E 120U 2 HRS
U CHBMEE R 1 - 12, SEINLEO#E % 513 12 27 [EEDH 8096 »% GSI 40~70 iz3EL, HLH»
IBEDFER AR, db5RVHE - IR A, 201 ROIMIATEERER CHRE, At
KES1, Chd OB HE, SHRER FREROEL2FTL IR &5 10H
W4T GSI 3 40 BEFIREET 5 3 CREEOEE T NP2 L, IPLBPErEE £5 1~28
Bl b REOESM S HME AR 2 BAM b - L bREFLHRERETS EHEINRT, COXIE
EHINE & BB E & VAR ABICREVRBICA h AR BRI L EBabL NI,

BB R 52T U T 28 BP0 ek N CHIIE IS EEL T o, EF S RBERER2ZE T3 THE
HOYIOMERIT, 12T 2K E 3 THMBREOHIE  eHEEBEEL Tabhils, IIBEDH
T E bV, ThE ORI CHEMISAIC R - TRAZHBEL, ZERHEE T3 1ADX
RIMER & 7 IS T 2 SEO Nk & 25 b, RGTERIT & b o EEE S 1 ED KBRS & #
L% TAZONEEIN, TERBEEEIE 28 ZWEEOI, 20U IR TLEE 2%
ERnUEZOIITIE, B6LIREIBZEREZLRDLAKBIHER~ OMEOEITIED LN, L
N5 DM TIBBMORBIZA -1 b DTH 3 T & BRBEL I, Thb DR S, INEkORE
7 XPROABYRBOES 2 KIET 2 4D LU T, 2hiIVEFRMOMECTC S 5 ATREMEL TR
aniz,
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