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Effect of Starvation and Unilateral Castration in Male Goldfish,
Carassius auratus, and a Design of Bioassay for Fish
Gonadotropin Using Starved Goldfish

Yuichi Sasavama* and Hiroya TakaHAsHI*

Abstract

1) Maturing male goldfish, Carassius auratus, which had been raised at a
water temperature of 7-14°C, were unilaterally castrated or sham-operated, and
kept in a fed or a completely starved condition at a temperature of 20-23°C in each
of the months of December, January and May. After periods of 15 to 60 days,
changes in the unilateral gonosomatic index (hGSI) and testicular histology were
examined in each of the groups.

2) The elevation of rearing temperature clearly accelerated the maturation
of testes of the fed goldfish. Hemicastration caused a significant increase in
hGSI associated with an uniform stimulation of whole spermatogenetic phases.
Thirty days after the operation, the hGSI of the hemicastrated fish fairly exceeded
that of sham-operated ones. A similar acceleration of testicular development,
including the compensatory hypertrophy of the remaining testis following hemicas-
tration, was noticed also in starved fish at least during an early period of the
treatment. However, the fish that suffered complete starvation lasting for about
45, 30 and 15 days in December, January and May, respectively, came to have
their testes with testicular lobules packed with a large amount of spermatozoa in
the lumina surrounded by a very thinned wall retaining only a small number of
spermatogonia. Concurrently with the full maturation of the testis, the starved
fish became to lose spermiation by hand-stripping, which was considered to reflect
an inhibition of endogenous gonadotropin in the fish. Starvation lasting longer
than those periods of days resulted in progressive loss of accumulated spermatozoa
and prominent shrinkage of testicular lobules in the treated fish.

3) In an attempt to quantify the potency of gonadotropic hormones, groups
of starved goldfish, which had just started to show a disappearance of spermiation
associated with the full maturation of the testis, were intraperitoneally injected
with some gonadotropic substances, and the resulting spermiation response was
estimated quantitatively 24 hours after single injection. HCG at dosages of 20,
60 and 100 TU per fish induced a spermiation response which was dependent in
degree on the dosage administered. HCG at the dosage of 100 TU caused the
evident response in nearly 1009, of assay fish. Injection of homogenates of
acetone-dried pituitaries of male and female goldfish, collected at January, and
May to July, was also effective in eliciting the dose-dependent response in the
range of dosages from 1/4 to 1 pituitary per fish. The effectiveness of one pitui-
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tary was assessed to be equivalent to a little more than that of 50 IU of HCG,
showing no detectable difference in the effect according to the sex. PMS at
dosages of 50 and 100 IU caused a slightly positive response, but the response was
not dose-dependent. Thus the possible use of the starvation effect for quantitative
bioassay of fish gonadotropin is suggested by the present study.

A D ATEIR DREBOBER - YRk s & D ATAIRENDS, WRLEIB I A LA L, BT EFD LR
WEgrrver (GTH) OXBETRIZ CERELBD LTS (Pickford & Atz, 1957, i LT¥
Yamamoto & Yamazaki, 1967, £HR), 25ic, =, =DOEBRMIFEIABICII 5 GTH QWb T
1z, EMEBROSWT s L OFHE 5115 L& 2FRHL T3 (Robertson, 1958; Egami &
Hyodo-Taguchi, 1967; Goswami & Sundararaj, 1968; Sage & Bromage, 1970), LU 54
B MTEAE—EFRRO O &5 SEEMHEED L DABENER2HAL picT 5, HEREBC4E
FADBERRICAES GTH s OBRMHEERERICE 5 2 3 %END 5,

AMHD GTH 22 TDILD X5 xRk Aicid, Fontaine & Chauvel (1961), Barr & Hobson
(1964), Blanc & Abraham (1968) 7z & WERMAMEOVFEHENR 2O THRKD 55k 25T T
W3, Ll, HABHGLEY ELTO GTH OBERB&EM (Pickford & Atz, 1957, ¥ ¥ Hoar,
1969, £) »EZB T2, AFHO GTH BiEORERARILA NS GTH RN 2RI e BE
ELTZANSTENE L bZBEEZ 5N S, Robertson & Rinfret (1957) ¥ £¢° Schmidt ez
al. (1965) 13, SR TEED B KR -~ ADORRERZ HNI ¥ 3 L6, ChE
GTH D4Rty 5 3 R[EEME%RU 12, F 72 Clemens & Grant (1964, 1965) i34~
D2 ADBE B IORHEDO KSEEMVEE GTH CBHER b - THMNT 3 & %2R, 36
Yamazaki & Donaldson (1968 a, b) XM TEMAZHEERL IS > ¥ 2 OPERERUE® GTH £9R
BizHNTWS, UL oERIME L TORKSHELIN T LW AREZROCTOEYRBRT
i, FRIINS Z2OBROKMIBEREELEZZ TEEOEES, Uh bTEOREICHNS 2 L0
EFL, LORMMDS TS E EEOBEILTL S FFEL VAL,

Clemens & Reed (1967) i3 17 Bogenschutz & Clemens (1967 a,b) &, #¥> ¥ 1 OBMHEAZ
HURLEEO BB i B U TTEERRICLIIDREBR $ 25T %2R0, COHREHNT
HED kv E L ORBTFEREEORNRERITLV S 5 AlEER2RRL T 3, AL, &8
@ GTH DEMPHEE % EkL > L H BRI 5 FEZRWIZTENT, BRBELOX ¥ 2
ORI JIZTHIBOME»EHRL, 252+ ¥ - OFOHERIcE I GTH OE&ELY
RA1ZBDTH 3,

ReED 2ickar b, ARFEI U RIS 5 5 HBNE 2D - 1odblE R I E—R g
FHEHZIHERRT S,

HHEEIVHE

ERFgEic it bic d 2 AR 4.8~7.8cm, fAHE 3.8~18.8g DHED* L ¥ 1, Carassius
auratus, BT, ChBidAER 6~10°C (12~1 B) » 5 13~15°C (55) OkLTHEHEL
TWIZbDTH 2, 19694128 BIN197048 1 H, 5 HiC, HROMBHMREREEC & 1wkl T
3D EAREBRERITLV, BN BENOEBMIBROMA &LV L - THEERMNL, Kl
20~23°C OFEABIcBL TRAE ¢ (HGx-S &), 15~60 FEIKBHRL, HRIEOEPHEHE
Utzo 2 CORMBELT 1 ARREMSRBEDHBERZHL 1ERE ShC-SH) &, FHIHE
UL ERBRRE S FORBRENEHL, »oT0aleE 208 (HGx-F# L ShC-F#) %23
EL, HGx-S#E & A SEMAET 30 HEAEL 12, (6 EHOFETIRARNEGT CITLn, 12
L CRTROEAME 2 A,
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FEREREFHIZ MS-222 TR BFErL 72 AIC DWW T, Hansen (1931) OFHEICHEL T 510, &
FWMOB AR ENERIFAODO S, BRI FED 2HEAL 12, FHE 2 BRUNTE OIS
THROL, PRI LAEALNE» 5T,

EROBMRL JORTRICEEEDEE, KE, BREERHE, HMIED I Bouin KK CHE
EL, BHEILED 8u OHIF & L Delafield’s hematoxylin-eosin 4uf8 % i U TRKE SO BIS L 12,
7z, MBREHEL2ERNICE 5 2 5120, BERUFO—~EERBORIETFD 5D 3 HHEOE
£ FIIEFRO FBREOMIED 5 5 WHEOBA 2 WEMEEIC X Y BEL 1, 1 RER
EEOHECHT 3EA %KD, hemi-gonosomatic index (hGSI) L ThobL 1T, i, &8
@ ShC-F B DOWTIREEERE2ELADICHIEL, £4D hGSI it oW TELRIK I 3EBEDIN
LERFENDI,

GTH OERMBREOBRIHIE, WRERMAL LR EAL T HEHEL o 7z - 1 HURAICHL T 1
b 1o b AR RN v £ (HCG; Gonatropin, #FEIE) 20~100 IU, 4EHE g flk
&V (PMS; Serotropin, #EEES) 50, 1001U, I3+ ¥ D7 & b BB TERK /4~
185 % 0.6 % £FAMK 0.2ml KEL X 5TNL LR EBRIKESNL, R 24 REROIER
DRI RPHBRU T, HREL TIREHESIRS D ¥ 2T 3 0.6 9% AW AHK 0.2ml OBEEN
HH 2 AT, BEEANES I MS-222 T BRERL 121267220, A~ DR 2 BAE & X 5 5
Uizo BUSDE AL 2 Yamazaki & Donaldson (1968a) D F:ic#ELY, HEEOBEL 5 2 HNES
B X T, —, £, +, ++ O 4BERENL 12,

2B R R
HERF ¥ IORMRCHONBIELL

12 B, 1 HOFERMMBE I THEKEBETHEINTOIIEX S & a TIRIEVEORELFEE T L,
IEMERIC I 3PE LA N L 5T, CORBTTORBEOREIILHTEBTH T, 12
A, 1 ADFERMERFD hGSI i Z M FhEH0.80 5 X078 0.95 & REMs L, TEBEC LR
SNBARIZIINEOEFBALNB3DATH 512 (Figs. 1, 2), 5 B DOEERBIEICIZATAED E
FCE A VBOERRHREVA SN AMEE LD b hGSI i 1.68 LM% s, HHBRFREROR
BELDTHICEATRO VAR DEREL i3 512 (Fig. 3),

B HKIR 20~23°C OAE~B 3Nz ShC-F B TIEROBBMBHL Hit[EEIN, BOED
PREBRO B E & biz, hGSI O, REBTFOEEZ b 5B IEOIESEDshi:
(Figs. 4, 6), HGx-F B § AR RBVEENSA N5 & & biv, EHRERIREICHE S BEEEOV
DWW IHEERSRE Bbh 3 HEMBBE 3N, T/4b5 HGx-F Bd hGSI DNz ShC-F &
DENIIL TR ADIKTH b (Text-fig. 1), FHRBEREHNTATIHREMI1ZH, 1B I
5 BitzhFh 51, 142, 4% Td -zl THF IR #NFh 200, 290, 143 % i 3L T
T2 FIRBETEOEM, HR/IEOIELEL» -7 (Figs.5,7) 5, HIEROZBRIED LM
KD EMILRIZ ShC-F BHOZh i ZW s, HFUROSEBEOETH—RIZHEINhTHN3 T
& BRL Tz (Text-fig. 2) o

—%, HWERBiZE»hiz HGx-S HTi, s AL { 20~23°C OXB~OBITES b2 B
WEOHACHED Btk A 81z, 1 ADMIE 15 0 BOREETI2, B/ RIS EDE
FHEOEND ), REEF~OLENTTATNE LR LNz (Fig. 8), A% 30 HEKIZE
BRIBRZEORBEFRIEL TEL CHREL T b, /NEEEICId /N BEAE & Bk i
ERETHREODEVEET20AT, dbDTH#HITH, BERTRI L AbREh 1
SERCEIORBICET 5 £ & g, WBAOKEOVERELIC X 282 R Y2 2 -1 (Fig. 9),
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Text-fig. 1. Changes in the hemi-gonosomatic indices (hGSI) of hemicastrated goldfish
fed for 30 days in December, January and May. Numerals affixed to each line in the
figure indicate the individual number of each fish. The values on each O day represent
hGSI of the left testes removed at the start, and those on each 30th day that of the remain-
ing right testes examined at the end of the experiment. The values represented by the

mark, o, show those of the right testes of sham-operated fish fed for 30 days in each experi-
ment.

AR (ShC-S #) D 30 ARMEANE & KBELICS { Rk BLeEEL 12, BRI TIcD L5
ZHYBIRIINBOBRIIC» LD b L (B 5hs, S ERIEIRBICET 2 3 TO A
RRIC X S TG A ES2AR 12 HiKiz 46 HRZEL 12 (Fig. 11) #, 5 Hitiz 15 B+ ThH o1t
(Fig.12), 2% A D HGx-S BOMBROHEBRTIA (20 THRAIL 1M B N BN O 2K B TE
g 5 R, COMBFNSBERRE L IVTLIE2A 8 (Text-fig.3), S5k LD
AL e B 2G5 &, RBETORY, NEEECARTET 2 AR OB L, B
HEBEDIER I ¥ OBITHELHIRERE LS 3 L L b » 61z (Fig. 10), UL, ZOHBL
b8 1 RN LB RE SRR & & 3 5 Tz,

HGx-S D hGSI ix, 5822 EBRUMOMMICEL VMNP AR (Text-fig. 4), HRIC F
SHE, FROMAE 30 BETZhFNTEY 24.48%, 3.92% Td b, HiCHBOIDEED N
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Text-fig. 2. Percentage composition of different stages of spermatogenesis in the
testes. of initial control, hemicastrated (30 days) and sham-operated (30 days) goldfish.

respective groups. S’gonia, spermatogonia; 1 S’cytes, primary spermatocytes; 2 Scytes,

secondary spermatocytes; S’tids, spermatids; S’zoa, spermatozos.

Vertical lines on top of each column represent the standard error of the mean.
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Text-fig. 3. Changes in the relative ratio of testicular luminal area and in the pond-
eral index in hemicastrated goldfish starved for 15-60 days in December, January and
May. Numerals in parentheses on top of each column represent the number of fish
examined.

MBEETH T, ZOHEHAIE Text-fig. 3 IRL LIEREDOEL»S & 5 »dbhic, HGx-S D
hGSI DOEMIZ—EPL DL 5 L BER VI I Z DL EA LN, BROZEBDEL S hGSI ©
EREFTLCH D, 12 A1 ATRAREOEERO V-HIZKBRBMIFIC 90.3mg, 15 HRK
214,5mg, 30 HHIC 185.8mg LMMBBEAETH -7, CHIZFAOERMED 30 BEOHERE
BOFH 337.6 mg (ShC-F #), 542.5mg (HGx-F ) L THSLLI/ITH 1M, BAD
ShC-S BOK KB ERII30 HETHEY 103.6mg Tdh T, HGx-S #Hix b HGx-F HTa 5
Nt AR HRIEROBESD 2 L E¥bhb o,

1 A1) 5 30 HEL LOSUARAE R, FRROREOBITHESE KERL T hGSI, HEEZERDOHE
fhic X 2R T 2EMMSED S Iz (Text-fig. 4), 58 TOYURLEIR, EREBHIORERE
ED MO BD Izl TE» - 22D 15 B B T TrREicBiIRBIZEL, £ OEAET
hGSI OB A NIz, 21z, 12 21T Text-fig. 4 RL 12 1 A O 15 B HOMEE No. 13 ©
& EBREMAHIO hGSI Hcibl T 0.42 L FEL L /A Th 3HF QKB & 3 OHURME T
&5 hGSI O#MZ 0,63 & FHE T3/l MR LFE/ I RNBEEOSHEITE Ic 3 5 R
1 27% TH 2 BRI ORI 3o T, H2RBFMRo nEBEREEL, BHY
BAHOBRBEEL T, b 0HEER COBDOEBREROE— S ERMEHORBOE %
BT AEBRTH 3 2 & 2 HRIX R,

R+ ¥slck? GTH 0L

LD L5 IBEKBRBOCTHEBEOERIHIL 2% ¥ 2 % 20~23°C OABRIBL »SHBOIR
Bitisd r, NBABSBEORBIET 2 b 2B PIIRIBOBRSY DB S & & bic, WRAM
FLOLMPEL T HER T IN B2 Hbhol, COPEKEDEILE “HUEH” OigEL L
T, 1970 4£3 A~ 7THBL 197148 B, 9 BREN190BOX L ¥ 5 (5 4.3~7.2cm, &
3.7~14.5g) % 20~23°C THRRBICEK 2 THOEL 2L D IBRERICH N, 38, 4A%
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Text-fig. 4. Changes in the hemi-gonosomatic indices (hGSI) of hemicastrated goldfish
starved completely for 15-60 days in December, Janusry and May. Numerals affixed
to each line in the figure indicate the individual number of each fish. The values on each
O days represent those of the left testes removed at the start, and those on other days
those of the remaining right testes examined on those days. The mark, e, shows the hGSI
of the right testis of sham-operated fish starved for 30 days in January.

5 BO—MOEBICEN T £ ¥ 2 000 TIAYIRINE BRGARHC ERRRIRE 21720, EBRH
R OBEDORBOBR % 17/2 512, PHEOEIEIR 3 Bizid B BrKkE 35~420 B, 4~THIKIZ12~
16 HE, 8~9 Aitiz9~15 BRIKAL M E L 512,

FI—ER—RED GTH £E5ORICIBIC I AIFRLENA SN - It O TERER IS
RCEIL—IEL T Text-fig.5 WiRL T2, W E L TOEHARARE Tz 11% i £ PLED
P e Moo ¥eb o258, 20, 50 3X0° 1001U @ HCG #54k 24 B5flfgic 2h Fh 39,
70, 9496 ORBACHSL L IPHEREEFE LI, I ++ ORIGOHBERIZ, HRBETIT 4% 5B
ThH-oBHCGHTIIZNENY, 37,94% L BERITITILMLI2HME AR 1, 50 X0 1001U
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Text-fig. 5. Spermiation response of starved goldfish administered with various
doses of HCG, PMS and goldfish pituitary homogenates. Numerals on top of each column
indicate the number of assay fish used, and those below the bottom show the dose of the
samples administered. The mark, C, means the groups of control fish injected with saline
only.

O PMS £5DH AR £ BLEORKIED HBRRIE ZNFN 43, 80% & HEEHGK 3 ERITRHK
DHETHEAERUIY, ++ KRERUELBEERZNAETN 14, 10% Tdh-T, HCG BEDBEL &I
Ris3 LEHHEPD SN,

212 HCG 501U @ 1EEEIRE b +4 ORib% R U IEEKI 3)511;1 7H, 58Tt 14H, 7
ATi3 13 BRICEUIEREDOELL 248, Chbicxd 5 HCG O#E3 L5t U1z & R lE icikTE
T3P OMBR 2 A1z, HCG H—EHEOTENED Rt Lot R0 Bl & 3308
fICESSPRAETOE CAHLH TRV, JUEBAZHEOTO LD GTH 1RO EMRRIZERS
OPEREIEEY 2 E b 2EORBMTRTH 5 ¢ Bbh 3,

NBADPR UGB ABEO TEMSYE GTH KX - T RIEZBEE~DEELRTHE 5 b 2Rt
TBIZDIE, 19704F, 1 BRI 5~7 BCH 27 BORMME S ¥ « ((KE 4.7~8.2cm, {KES. 6~
22.08) BIVHTRORBHES V¥ 2 (KE5.9~7.1cm, 4E7.1~13,7g) OB TFTEEE7 € +
CEBUILLORMEEC LT LY, BHEMIC 0.6 % AEAHEK 0.2ml »12H B TFEED 1/4,
/2% 1AS 28 & 5B ¥, LEL RS T2 OBEBEME 2 30212 (Text-fig. 5) o
Mk ¥ s OBTEE 1/4 HL2ORE 17% ORBRAR £ ORIGZELIRIDATH 5125,
172 @ L 1S TR + L LOREBZENFN63% 8L 91% OEISTAh, HCG OBEE L
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RU { GTH BEBBVIEERIGHME 5 12, FHRZHEMIZBOR T EFREOERIC S S hibh
120 HEREE T EMA 1ESO R HESESRIL HCG 501U ORT2he LiboTn iz, it
R T EBEORBEEL DDA DRER L OO0, BT EAED GTH EEOMHEEERED 5
TEMNTAGDL ST,

% ®

EFERICA LN IR edR e T3 GCTH REIRE I LW E LTR, RESHOEFEORE
EREGENZL, Lh bEICERIRBICD B 0L, - THEEOBHMCRBRET VI35 L, B
UROH—ITRIBORESMZ 2 522 CEDBER LT E, BIUNEHRD GTH OPR2REIC L
LABIDICREBMERED > GTH OPRZEBRT A 2RBItHL LEREMNI T bN S, GTH
OEBEHEG 2 ER L TRAEZRESYICHE - 12 GTH OAEMREER, ThI TV O2hRER
NTV3EY, VTN AEPRED Fiki & GTH O—jkih/s £HRERiEs LT #A% 42,
1E ALK = o v 2ientT 3 GTH 5t L 3 A ERDEM% % 5 Robertson & Rinfret (1957)
% Schmidt ez al, (1965) DF#iL, R 55O ERBZBETARAND S, 34, *vFa, &
12id =¥ < 2% flvT GTH BERORER PBIROKSISEDOMM%E A 3 Clemens & Grant (1964,
1965). DAL, BRERDTHIRBIZ L - THEREREL T, INAEESCCRETZRILL
PdH 3, 4, Yamazaki & Donaldson (1968a,b) I3 FEMALIEIRL IIBEESF > ¥ aiT? R/ &Y
Oncorhynchus tschawytscha & h i Utz GTH 251, &8¢ LU TEC 2 #8EEL S GTH
DRICEKTFT 5 C & 2WRBL, #Hick GTH O4Eiks LTHL TV 3, LOHEE TEKRER
ko> THRED GTH 28T 3 5 ROBROUENEH TH 3 K Ll b o8, RIH
TEEPHRUSES SREOREALZEREZS A3 LV IFHELOREI RS,

PEED GTH 2K 38 3R LTI, ARBBREDSINCERRIR ZO/BZMA 3 HEL D
%, Clemens & Reed (1967) 2% > ¥ s B~ DBRMHE 2 HHEED 196 HBR LT, BENSOR
BICBWIZEE, LEAOHRIZYYO 2~3 BRI TOROHFMIL : SRORBET 2 a RN
e b2k 51T b (complete maturity stage), KW THFORD & /NEEDOHEP % A8 (degenera-
tion or sperm elimination stage), #J4 % HZiITi3DBOEFEMIANIT E AL REBEERIBELIE
ARBOBRIALNEDAD, DD TEITUIRE (regressed stage) i€/25 L & 27U, bk
DL D SHEBOEVB TEREBRERAONIFNE LTI L 2BML, RIRZESH
B2 5042 % 2 DM TRIATOFHEEMMIBORBE (Bogenschutz & Clemens, 1967 a), BTE
HEAOEIKBIIC B 32, ZOKEOHEELLFHEKISEENED b 41T & GTH HiED
{ET (Bogenschutz & Clemens, 1967 b) & 28i¥ T, EHRFOMNESEL GTH LT pseudo-
hypophysectomy DIRER% 126 T ERBL T3,

BRETIRF S BSLOWELFEE UTHEHRRIC ) 2 TERER2BAIY, WHEFX X a0

HMERAONIE(IZEE Clemens 5 DB L I —BUBEERI Y 517, ERIMHRORE?
AIEELRY —EKT 21D 6L DEKEREAT L THFBROET 2R 58+ ¥ a %,
L O RVIKED ERKEI 50T LRFERIZARBEINI, DX SLRRIE XD Oryzias
latipes D¥ETTERREEEH KR 15°C & b b 25°C KRBV THEHEKIRBED 6513 &5 Egami & Hyodo-
Taguchi (1967) DAL, % F =« ORFRRVFEBKECKEINS LWV H UKL (1966) DL
KHRAINTNE, FHEDRERS® S, KB LAKFMIEOLED O HETERCE IR TEROL
TOBEBRE—RICEET 3 CEMTRINTY, JBLBOTHICA S h I MERBROREL LD L
SEEMRIEB LD TH S5, Clemens & Reed (1967) D4 & ZBRAR MM S 26°C DK
~BLTWEDT, FRSKBREAORELZEA TINS5,
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PRAHOMT ®BEAEREIZ, —BAICIAE 2 JORMFRHEROSE DE SRR~ OBIT & MIEMEO2E
L%y 2 (Dodd & Wiebe, 1968), Poecilia reticulata THXNT BAREIRIC & » THRERIIGD 5
L X O 2 ORI A~OBITSEILT 508, FHNFFICD - THFREMIE R THROKE F~ DRk
B3I A 5 hicwy (Pandey, 1969), [EIRR/TEEHRIE Pleuronectes platessa (Barr, 1963) &% ¥ 4
(Yamazaki & Donaldson, 1968a,b) T4 LS H T 5, AKFFE COYRME ix WS CRT
FEEDO GTH Oty EE, I RZOBRFEMHL, R UV OHRHEOSBEOEENBT Y,
ML FOKE EFC & b S BB AHEILEOBMEIC A o 1o ETEMRT IR 20 F THRERRY T
BTelkh, BRLUTOBORFMR L SEORIFT 2 b OBR2EL b0 L Bbh 3, fF
HIRR DS AR DR %A 1T 3 & & 13 E3RD Clemens & Reed (1967) § §TIBIEL TV 3 E L
5TH3, UL, —RsziucEll: C OREOREIR, EII0EBURE IR -2 GTH KRERiC
FEOERBROMMRE LTEL A 3DOMRZYUTH B,

I o PURADREEY, COLds “ER” ORBIGET AL & bir, HEERICS > THIEE
BRI BLENMENT, YADETEH, »3YEOHMc X bigEsELL, HCG ik
BOWHHB A Ve OB E S THET S L WV5HEH S (Carlisle, 1954), F> % 2 OPRE
LENTHREERETAOLIELEL GTH 05tk s THET 3 b b, BHb,ic GTH X
BETd58%E3Nn3 (Yamazaki & Yamamoto, 1967; Yamazaki & Donaldson 1968a,b), #- T
HURADPES IR, PNEMK GTH OER2EEL 5 28, T0bb 44BN TEANBROREL X
T3 bDEERS S, FHETRIOMAITETNT, PEFELEARIZU DIHBAD TR
BR2LL, SAME GTH ik 2P9EFEIIC KL 5 3 ABRFENERZ2 2D L HELI,. LD
L5 ZHBA~D HCG ORF I hHLbicHkE»FEIN, Ld b esw5@E&DHLRI
HCG B#EBRISL THT 3 CEDmbDoNT, I51dy FHRTEHERE (++ KK 2485
BHEOLRZAFEL T L, COHEMBISRKEEZETH -1, FLFC ¥ ORMTERE2HREG LIS
B bFIRIC, BRERCEKFTIERICE, BRRALEBD )T ES LESLUTO®WENTAR
rze ik, JUBAREHVTO GTH ORMREDCHAEZTT IO LER 5. PMS BEOFERIZH
EH+2TLOOTEIE LECY, COREOBHORREZSLT L REELFTEYT, PMS 10
LH BERYEORET L 30 & L/, UL Yamazaki & Donaldson (1968a) iz & 3 F
AR+ ¥ 2 Tid HCG REEEHREIC AR M FSH $ 12 LHREY TH B L INTVAEDT,
LD PMS ORIV TIRAB—BORMNLZET 3,

A OHESNE S RIC S FH B P B JIIT L idSREA I S T, i & - TEM
U B/ Bl GTH it d 3 K2 b5 T & 12 Robertson (1958) % Clemens & Reed
(1967) XX o> ThiELDENTV B, PHEFECERT HCG OBREL» 6T 5L, FRFAOKR
{2 Yamazaki & Donaldson (1968a) ®Zhicl: U TRESETE L, HHEOETI®EDLNS,
RERCANTY, HUAICE 2 GTH BEHIZIE LAY E—ORIBORKE S § o2 5@ %
e, HORBCBNACENTAZETHEHEVA LS,

EBFFEDORERD 6 LT, SEM GTH ~ORKEOESI IFEMEN VL Sc@Bbhs, kio
s WERIZ RS 2 TORKIR12, 1 iz 30~45H, 5 itk 15 BEERARI, BENS
REBICHZFL ¥ 2D GSI OB, HBI HOEEDOBBSLLEELI. FHEZARSIIER
Bogenschutz & Clemens (1967 a,b) HS7RBEL T35, AFETH, EARFAEPOFL ¥ D&
BRI EOERZRD 3 C EBRYED X SicBbh3, & A THRLERBRFORES X W
ESEORBOKHEGORIZS A LD 312, LARIDDTHEET, (hI¥BIROER 2L
(BRBZ—HE bEAONDG, TNANECORRFAT M TROBKEFIALIZID, EFiclhd
STOKBRERRIVENT, ®-T5ADERUPOMERBAFZD DL UTETEANRE
TRLTWI, LD D 2 ERBEHOBERE D MBHROFREE B L2 TLBDNL
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5, PUBSIRORMIC L3 LD S uERB/MRCL YD 3L L 4 HOBED—-2OTH 55, 35
i, REHROBRSBOGEDH ) OBEL JOPERED & b EReFED HES ERDVT b,
REFROMEGERZ L HY/MCT B HEE L TRNZPEALAZNIEETH 3,

HUSSLE R DR BLDIRIBO L % 13 h> 3 12D ICFT /s o 12 - AHS BB, AW BE: L
1GTH RECRVBELMBE TRV, L L AUBEBRRRHC 3 b TREZEE % b DRI IUSRLE
KX BHRD “SZR” (L2HIF TRV 8D o 2D T, BEEOMEMREOSE 4 2R T 512
DOERREIVOFERLBbN S, FIBRBIED GSI M, SRV ThORBIBNT b
FHRHOZNHU THERRATH - T, BEEEORBIERBES X ¥ 1T ALNE L L 2H
BT al, FIRZSHGUE Salmo gairdnerii B (Robertson, 1958) % Heteropneustes fossilis W
(Goswami & Sundararaj, 1967) THHEIN TV 3, BIZHE T, BEIRROBEERDLIFEM
RADHEHE & IPRHROIERORSIE I bDOTHB L EHBHELHIRAINT 30, FHIZET bigH
DORMBIERHEFRIEOEHEE S FEROLSTOEESHE— AR EI NI BRETHZ L L
Shbdbhits, L0 5 uMEIERSESR, WHLBEOHHED FUEERERICALNE LD EFED
AFER S v & o ORPREIETicE 5 GTH OAWENICERE T 3 & 34 (Davidson, 1966, BR),
LOHBRAFDOKT BE—4AFERFOBEREOBITC I DDENH» b 2523 DTH 55, T
ho ORI VWTIRBED 2 6 K 2ED T 2,

= #

1. K 7~14°C CREL T I BR LOBEY » & 5, Carassius auratus, %128, 1A%
L5 Bir, RONERIRERFN T 21k 2 DBFH 2R L AR 20~23°C OEBRKGICHEL T 15~60H
FiEA I QL EEBL 128 2 o0 T, FRIAEEROBEREE (hGSI) LREROMEETRIC
AN BELEREL 12,

2. BEHHEROBTHRIIKBER L > THLbIBEEINT, 35 ANEREREROHE
30 H HDOARTFHHRD hGSI ZAFHRHOZhic kLU THER KR Th - 17, COMBIEXDRSRIZ, B
FREAD BFMIROERE2 SR THROSTOBREY — BRI (BEINIBRETH 3 LEHELD
bz, BAFTIR, NEOVMMIHEICL 3 & R SETFERIBESA b, 7 AR
BRic J A RTASROMMEIER B 6 hizhs, JNEEBRAATE 45 B (12 B), 30A (1 8), 15H(5A)i
2, FERZOBORBFEMEE SRORBEFZ b2/ EL Y BRINZZRICPIRBERT S L 2
LREMEECE 382 AR 200RBE 2o, 25 BRI YURUBISEE RO 5 b /238 %
i (A} A

3. COBRBIPIREBOBEY L5, »OIHEOBIER AW HlE A HCG 20~1001U %M
BPEHL 128 05, 24 R A 5 n 3 PEERIGOM 2 12 2 DR GRICGEREL TAT 2 T L H35E
Yoz, HCG 100 1U O#EI2iFE A Y 100% OEAECEE D PHER S 2 BREL 17, 1Mk
PEAOBTEERO7 v o ERME LRI LY 1/4~1 BEEL 128481 § R BERED BHR
25 3PREEIESB T o1, MTERE 1ESORE T L 3 HERGOE St HCG 501U 3Rickay
ULTh, It 3@EOEIED LT 512, PMS 50, 101U OfEZbITH» 2ZRGE
BREL 120, BRIEOESOBERFERHL L TE» o1z, ThE DR S, AREDERMR AV
L DERBMO—FELLUT, U L ¥ s OVEFEAYELFR T3 2 EMELD SR,
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Explanation of Plates

PLATE I

All photomicrographs show sections through testes of the goldfish, x130.

Fig. 1. A testis of a fish at the start of experiment in December. A small amount
of mature spermatozoa are present in the narrow lumina of the seminal lobules.

Fig. 2. A testis of a fish at the start of experiment in January. Seminal lobules
contain a lot of cysts of spermatogonia.

Fig. 3. A testis of fish at the start of experiment in May. Spermatogenesis seemingly
advanced but only slightly as compared with that of the winter months.

Fig. 4. A testis of a fish of the sham-operated and fed (ShC-F) group in January on
30th day of experiment.

Fig. 5. A testis of a fish of the hemicastrated and fed (HGx-F) group in January on
30th day of experiment.

Fig. 6. A testis of a fish of ShC-F group in May on 30th day of experiment.
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PLATE II

All photomicrographs show sections through testes of the goldfish, x130.

Fig. 7. A testis of a fish of the hemicastrated and fed (HGx-F) group in May on 30th
day of experiment.

Fig. 8. A testis of a fish of the hemicastrated and starved (HGx-S) group in January
on 15th day of experiment.

Fig. 9. A testis of a fish of HGx-S group in January on 30th day of experiment.
Thinned lobule wall contains a few spermatocytes and spermatogonia.

Fig. 10. A testis of a fish of HGx-8 group in January on 60th day of experiment.
Note the diminished amount of spermatozoa in the lobule lumina accompanied by dis-
tinet shrinkage of the lobules.

Fig. 11. A testis of a fish of HGx-S group in December on 45th day of experiment.
Serinal lobules are markedly expanded by accumulation of a large amount of spermatozoa
in the lumen.

Fig. 12. A testis of a fish of HGx-S group in May on 15th day of experiment, indicat-
ing a state similar to full testicular maturation.
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