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Abstract

The technique using the postovulatory follicle (POF) as a means of estimating incidences
of spawning in multiple spawning fishes is quite useful for biomass assessment when using the
“Egg Production Method”. For biomass assessment in Japanese sardine Sardinops
melanostictus, it is necessary to induce spawning of the sardine under laboratory conditions in
order to note the histological conditions of. POF on a time series basis. In the present study,
maturation and ovulation were induced in Japanese sardine with vitellogenic oocytes by using
luteinizing hormone- releasing hormone analogue (LHRH-a), des-Gly"® [ D- Ala® ] LHRH
ethylamide (50 # g/fish), and in combination with human chorionic gonadotropin (HCG, 100 1U/
fish). A single injection of LHRH-a induced maturation in one of six fish. Furthermore, two
fish of six treated with two different injections ovulated. The first on LHRH-a and the second
48 hours later on HCG. The POF after 11-19 hr after spawning showed the beginning of a

breakdown in organization. Many granulosa cells had irregular shapes, vacuoles, and pycnotic

nuclei.
1. FL&®IC
LEIIRCR VR LENRETS, wHhWY24EERA

DEIFEXBEETHI L, TORBOFMERYE
BT BbOEAERTH Y, i, BENRCIVE
BEEHTELTT - T\ 5 northern anchovy Engraulis
mordax Tt EDBETIX, ENEEE Ny FENK
( batch fecundity, 1EWEHINZIE) O HFOH
BIZESNT, PDTEFERFMATE L 2% (HUN-
TER and MEICEWICZ, 1985), HAEKC BT, =D
“RERET X R EEHEOCBIRERTEYE (Egg Produc-
tion Method)” %% D % ¥ = AV Sardinops melanos-
tictus Te EWBATAHIIFER DB Z EEH IR T
WAHR (B, 1988), EIRESS » FEIBIL, <1
7Y OBREHERIT O Y - T, b
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IS WEELAS A —-2D—D2TH5b,
SEENAOEPFEOHEL, BEDLIHZD
DHENELIEYTH D, —2k, BEEEOVREZ VR
KU, BBELAIN (BKIP ; hydrated egg) ZH-2IF
BEoHBEEE I ik (HUNTER and GOLDBERG,
1980) T, flio—2i, BEIVEDBERFRI X » THHE
IhicBEiptgyEla (postovulatory follicle ; POF) &%
ZHHREKE L 5 H# e (HUNTER and MEICEWICZ,
1985) ThHBH, B4 IEEOFECEIS =AMV DE
IEEOHEEYEE LT\ 4, POF ORI
SHEBOE(Ly B b T 5 diit, AERETEE
WTBERENY TR Z ENBETHS,
BERER, BROB » IR T A 7 VI KIER
BREINETobe RV ORTELS, RIEW
FTHEFVTHEII LTCisw, 1 EMKECHT L
<A VT, BRREBECERELIELIEDOND
28 (MATSUYAMA et al., 1991a), HER T, JRBINT
DODINBEFIETTH5L0D, NEKROBEYIEEL T
LHOEMRBERANEZ 57, BROCBIFLEZ bicw,
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B @l - AR R E 8-t

ZTORAE LT, fHE FTRINEERT TR AR
W€ v (gonadotropin ; GTH) 2MY T EfEH H 45U
BRATVWIEWI EXRTREINRTW2 (MATSUYAMA et
al., 1991b), BEDL A, <1 7 VERBOYENS
IOEZHREIFEEIN T DR, <1 7 v OEINC
HEREX HEYFNERY FDITREER T LAL
HohTELT, KERTERER®ThE% - L2\H
BRI, A EVERER L D ABKICTRE, BT
ZREIR, ThK L OBRIh NG ERYHET
BDHENEENTH S,

ARG~ A 7V OREL, BEIE ABRNZRES RS
THDOFHREE LT, WL~ v YRR, KR
DEEYR AL E v AL %V (luteinizing hormone-
releasing hormone ; LHRH) t W A BEH O & W
LHRH-a (LHRH analogue) OEMF L, BIOe + &
Bt AR IR #IE R v & v~ (human chorionic gonadotro-
pin; HCG) & DA A eHELIT\, T OMEN, HEIR
CRTHOHREYFANLLOTHSD, AERICL D, 4H
THDHVEEE LU T - RN E DR, Bl
B2 50 i BV BIR I e D T, TOKRY
BET 5.

2. MHBIUVEE '
HRERIT1990F 2 A22R, BRREEEOEEMTH
bibhie<A 7V ORAT, TORPL00BE, Sl
REMBAREERT (ERREEH) O0=v7Y -t

- BIAFBOWAR 3 t KK, FH600BX = v 2 Y — |
BB oFmAR20 t KECREL, BRABR, BAKE

T (11~13C) TH2AMEE LA, X1 H2E, <

TURANVy PEREIRBERKE L, 3A L BHR
Br 3 t AL DI D H LD DOERE L — > OB
124, MS222 (100ppm) THEEL, FIEED AL EV
2 ISERC & E Licth, ERMEBI0.5t (B v S 1 b

KEWCREL, AT, BRER, BRKECHE L,
ERFIL BT o, NBHZ8E, F20B (BET0—

120g) RV, KoK S » P 2BEL, EA

OB &L 198D 2], EIROFELHER LI,

R LKk E ViZ des-Gly® (D- Ala®] LHRH
ethylamide (LHRH ethylamide, Sigma) & HCG (=
MrEY, FEEZH T, WELH0.6% NaCl g H»
L, Th£hbs0ueg/0.1m! - B (LHRH-a), 100 IU/
0.1m (- B (HCG) #EBMHHA TREDOSETHES L
7z, 3k, LHRH-a 0 1 @S (ERX 1), BX
O'LHRH-a # 50 2 % HCG &5 (FRXI) D 2K

B— - HL EHE-ALE - BE

TITL, RBBEICIZ0.6% NaCl % 1 B 5 Ui,
FEDRNEVEENS 3 AEDO 3 A 8 B 9BICEER
KT CEHIAHEIROT, 3A 8 DIRCER
KB IUHBEOKERNOLBEELIRY LT, £HEERES
EE LRBREBYAE L, Tk, srevBEHOH
RADKBREL TS DI, 385 HIZ20 t KiEH
HEMBOEHBIBEYR Y 1, £EEXEE L, I7
EREENEE, 102 r1 <) vOCEEL, — %%
RST 4 VB LT, A mOYE RER LT~ b
FUYV AV VDOTERERTVRE L, (7
v IREIN D BB X 4513 MATSUYAMA et al. (1991
b o T, IPROBH OFHE, IR (RAKIE) %
HoE Tz, EEBER I VERBIMREEEL, R
IR SR PR,

3. # g

(1) HAROHRIRE

3HSAWR20t KE»LE D EF 7210+ 5 B2\
T, ThBOIMERBEY Table 1 wind, NERIE
12, MRACRLRELINBEORBECELL., OB
3 BT kIIEBRE] (secondary yolk stage, SY) @
nAmEbh, B O-2BOSREINIINEHBIE F—
WIIEEKHR ; primary yolk stage, PY) Th -1z,

Table 1. Maturity stage of ovary and gonado-
somatic index (GSI) in untreated females
sacrificed on March 5, 1990.

Fish No. GSI  Maturity stage*! POF*?
1 4.85 SY -
2 3.95 SY -
3 2.62 SY -
4 1.61 PY -
5 1.31 PY -

*i PY, primary yolk stage; SY, secondary yolk
stage. Refer to the histological description
on oogenesis of Japanese sardine (MATSU-
YAMA et al., 1991b) for the ovarian matu-
rity stage.

*2 Postovulatory follicles (POF) absent (—) in
the ovary.

(2) RLELOBRESHE

EEAX | TIZ, 6 EDMEDRN 1 B (Table 2, Fish
No.I-1) DOIREIABHAL LTV e, POF i388% b
nd, REIMIBER I Ric W E FBTIRESTED,
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LHRH-a I X %~ 41 7 v ORE. BEIN(RE

FfOMEBRMLEBETERC D -7, BH 5EDIH
HEIN3£TPY Thot (Table2),

Table 2. Effect of injections of LHRH-a and /
or HCG on maturation and ovulation in
Japanese sardine.

Group Fish No. GSI Maturity stage POF*!

Experimental I 1 6.15 Mature*? -
(LHRH-2) 2 1.62 PY -

3 1.38 PY -

4 0.98 PY -

5 0.93 PY -

6 0.74 PY -

Experimental II 1 3.13 Spawned*®  +
(LHRH-a+HCG) 2 3.88 Ovulating** +
3 3.01 SY -

4 1.86 PY -

5 1.59 PY -

6 1.22 PY -

Saline control 1 5.92 SY -
(0.6% NaCh 2 2.36 SY —
3 2.29 SY -

4 1.60 PY -

5 1.55 PY -

6 1.55 PY -

7 1.49 PY -

8 1.30 PY -

Postovulatory follicles (POF) present (+) or
absent (—) in the ovary.

Mature ovary contains hydrated oocytes.
Ovulated oocytes have been spawned
already and many POF present.

A part of hydrated first batch eggs was
ovulated in the ovarian cavity and some
newly formed POF present.

FBRX 1Tk, 6EOAR2E (FishNo.T-1, 1-2) ®
INEER P BEIPEIEE (POF) 2@®bhic, 1-10
REEMRCRERINIES, ERETALZLE2RLT
Wiz, =77, T-2TRIBRECEEIN S hic BRI D
BFROOh, IPERAEBRPIC D RETIORBIPRFEL T
Wiead, T ORBEIOREINE L OINRERINIE TR
TREBCH-Ic, BOOABF1RBIISYT, 3ER
PY TH -7 (Table2),

(3) Hesnsghaoik

{846 1 -10 POF 12 BEBR 7c @l (follicular lumen) %
b, ElRoMiEB EMcEl Licr—- 7 IREELT
Wiz (Fig. 1), W E» - CHEETHBNEMK

(granulosa cells) i, BESRAMICHNTELLIBEL, &
RALEFE LT\, ¥, ERCHRELHE LT
WBS DTN, &< OB RAME < Iz itk
DIMERTFAE LTz, BITMROEETF Y ALR
fed, TO—BRZOBMHEALIL, EMMELFEO
HIEAMME (thecal layer) 1 ZBHIIRTICERNE X 2L,
BN BAIRRE 2 b ElEE U CBRNEMIRE B ) BA TV
7o (Fig-2),

{8 1-20 POF %, #EXRMIRT-1& AEOHKEY
AU, T-1& BT, BEMRES 22—
BREFFILCWB L, ZRALEN WL, B
MELBER R DRIV E BRI TS - 72,

(4) EEHIROMIR

LERX 1 TE 5 R ICE HINT#24, 000 TH - 7223,
BREREIEALTEDT, ETREZBEN T 72, iz,
ThHOINC, BB HHRH LB CERE YT o
P, BRI L ik ot _

(5) MEEES S UEPNREONEEENSS

BEIIE (Fish No. [ 1), BXOEREDOIE (Fish
No.[-1) Wi} 2 MBEHEH % Fig. 3R T,

BRBINE T REINZ0.83miz € — P& & oI
BL, 0.53mm&0.35mmize— FeE OB IZFrhEh
SY EPYhot, i, REIIEIE3,370ETH -
72,

EIMEOIIE TIZ, 0.55mic D SY Jlc k% & —
FOBEIA LRI, K OINEING0. 33mmic & —
FEH DO PYIICTH -1,

4. % E2

AEENC #5\ T, LHRH-2a 0BBBER (1K) TR
BAkH 6 Bh 1 Bz, LHRH-a+ HCG #5K (1K)
THIMAGY 6 B 2 Be@Ed bhi, LL, av b
2 — VTR EEIZEbish » 7. LHRH ® HCG
TRV HIMEE BT, mrvE VEBREERMOBAD
BERBIIED CEERERTH D, —BIPEMON
EERIET LEBBICEL TV BT ENFRER S,
AREBRTIZ, RE VESERMORROBAIRIEIZINE
WBIE B (A5 — 2 PY, SY) @wh b (Table
1), s EVEERBICBCTIREERENTET LiciF4&
BOEEEDRDB e s EREL DR, Zh), KED
BB LicBGRD b 5 e Z EDRRO—2TH
A5,

AL BWCLHRH-a s < 1 7 ¥ DRBRE LD
ThHT LRI hi, BIATES 5 Ak 0k HCG
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Fig. 1.

Photomicrograph of Japanese sardine
postovulatory follicle (Fish No. I-1), showing
convoluted morphology. 11-19 hr after spawning.

ARG LEIRDOATH -, Zhik, LHRH-aD &

BRCBTAEGEELBEREDDEELDNSB, CRIM
et al. (1988) WIARBRTHAEL/d D &ML LHRH-2
PAEBOQEKRKCERL, =¥ < A Oncorhynchus
mykissICIBERR S L4, 4O LHRH-a DR EZH
S8 I RFHELRNCESEICEL, HR5E1BHETRER
higlfeh, BRI O ERBELAIR ST WS,
LicioT, sV EVEECELLEBREBOZH AR
LHRH-a #F&HGH R ER eI hidE, =14 v v K%
@ GTH OFEFIC X 0 SIREAE S - 78k, BEIRA e &
NBEZENHARINS, IBI~A UL, FOIRED
DEENLHEENEZTO> 2 ERFRERTHBHDT
(MATSUURA et al., 1991), KIENTHEEINL FES
IV, HERBETA b LvARE LW, 1ED
R VRS TRICEOBHEIHERE IS Z L NYE
FLW, DD, 5%, REHRODD 2L AT
r—_Ly e EORBIZ LT, BRANCEDRAL
EOFEREHZ LR E F h b, BEIC sea bass Lates

m

W— - B EeE- LR T -E B

Fig. 2.
latory follicle in Fig. 1.

Photomicrograph of a portion of postovu-
Note hypertrophied
granulosa cells irregularly arranged with pycno-

tic nuclei (arrowheads). G : granulosa cell
layer, T : thecal cell layer, and L : follicular
lumen.

calcarifer T3, LHRH-a®a VAT e -1,
Sy, KEREBT 2R—RROEEEINCRL L
T\ %5 (ALMENDRAS et al., 1988),
POFRIXD 2B TRD O, EIET 701X
1E (Fish No.I-1) & C#H »%, LHRH-a D EH%
48FSRI B W HCG %5 Lcat, B3 A 7 H D248
RO ® ARBOBeThbht L RETS &,
LHRH-a # 5 4453-6 1R B ICEN LT o e Z L ie 5,
ENTHER L3 A 8 HOFHE IRRCEE [ -10I Iz
BEINA DT, £ POFIXEINKI1-198MEE L1
bDEELOND, ¥4 7V ESERT, EINKED
1Z1IER U CH % Pacific sardine Sardinops sagax @
POF DJZREZ{t A GOLDBERG et al. (1984) 12 X » TH
HEINTWB, 5 12HE ECEIM Y — R IR TR
R ERETHZ Lk b, POF DRBRTERBY F/~,
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Fig. 3. Frequency distribution of oocyte diameter
of the ovaries from mature fish (Fig. 3-A, Fish

No. 1-1) and from fish just after spawning
(Fig. 3-B, Fish No. I-1).

AEEETHES I T -1DPOF DEMLISEENL, Pacific
sardine D EINE 7 -0 O T L IZERABETH - 72,
By, BREMRIRT 1 BB L T 3 AR
HET, ZRRONMEEBRE LEYRD, LV 3BT
DEF H ORBE AR L, Pacific sardine TiZ POF %
IRE R E B5FfE13, northern anchovy (HUNTER
and MEICEWICZ, 1985) 3 X ' Peruvian anchovy
Engraulis ringens (ALHEIT et al., 1984) & R#wC, B
IR A8RFE LA TH % £ vv 5 (GOLDBERG et al.,
1980, “hboDEL DEIREDCS &, B bEIE
WEHERYTTS X 5 i< XA Pagrus major (MAT-
SUYAMA et al., 1988) R v v & A Sillago japonica
(MATSUYAMA et al., 1990) 72 & TIEPOF DRI
<, 24T EE T 5. <4 7 v OPOF OBT8#
DOEFGE R L ONBITHEE X Pacific sardine @ % IR
THLDEHEEINS D, POF DBTIIEIEECKIE
LOWN, SERCERELLBERELEOBIME OB
A I NVOFRTHETTZEELLRBDT, POFDBITH
BEREILCHOMCTILERDD, =1 7B
THERER[WC POF ORITEBIVERBEIND Z ENE T h
5,

EINEEROIENTORAIMBINED £ — ik, 0.55
m (AF —SY) W -edt (Fig.3-B), Loz =
K Die, ®KEOEMBTLhBIHIE, 0.3%3mic < —
Fa 340 PY S bIEERYTT TR REL T
XBbDEELBRSD, AMBEBRDO<A 7V ERERL
o7 4 = FRETH, LIRS iz POF 3D
L BINERNOINEEFINIPYIBTH v (MATSUURA
et al., 1991), 4EDOKRBRE—BLBEREL R L, ¥
fo, BITHEE L\ POF 2 #DIRRNOR AINERINEE T
IPEERIBERTLTUR Y (B=KRITHEERY ;
tertiary yolk stage, TY) (MATSUURA et al., 1991), %
EOEIRIENZ ERR LT, LT, =4V
+ POF D847 2\ Pacific sardine S 1SR TH B &
FEETIE, EINEOINERIRT B PYIA S TY I
DINEERIBHLUACZET TS EEL NS,

NMBERED <A 72 BT By FEINKIL, 28A
CEBEE 185 mm), 3KHA (2056 mm), B IOV 4BHA
(220 nm) TEIEFh, F27,700/8, 30,400fH, »X
%38, 400/ T H - 7o (MATSUURA et al., 1991), 4 EE
IRU 7ol (65229 mm) DEIIEZ24,000 T, KR
DEFFIEASHDTHSD, LrL, ETREREMRTH
D, TR, EEBEBTE M ThAh ke, 5
Wit, BEGCEERD D THA S, i, BB
f@fk (Fish No. 1 -1) OpEIK 33,370 &, RERAD
ThEHBELTE LI ARy, AV E VI X DB
LoTELARINE, EOETRMROEA* LiEL
WHES RS DEBTREIA TV S,

LEDOFHERBIC L Y, LHRH-a k=4 7 v DREURE
ECBRTHD Z ENEH I h, BBESEIDE S 2ink
IO BRE MDD T Thhi sy, HREERHS
Piel, Flean 2V IZENFELTOCLTLDL
BE R i o ie, S8, HLED, KER
TEECLEENYFET L, AFREORH, H#HR
BORBREBOFE, A1 voREEECHRE LM
%, ¥4 Vv OEIRE, POF ORTEBZHLMICL
T &Iz,

5. B =3

EERYETTHCHID, <41 7o ORI UH
BB I A KR ERN B K EERAT O
HNEZ, REXKAEBCELS BLLELEFS,
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