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Multiple Spawning in Amphidromous Ayu, Plecoglossus
altivelis altivelis, from Hokkaido, Japan

Harumi Sakar*, Kazuhiko Katsura**, Tatsuyoshi HiraTa***
» ; 4 Yy
and Akira Goro****

Abstract

The possibility that female amphidromous Ayu, Plecoglossus altivelis altivelis, from
Hokkaido spawn twice per season was investigated by histological observations of ovaries of
29 females caught from the Mogusa River of southern Hokkaido during the spawning period
from August to October in 1984. Of those fish examined, 12 out of 16 individuals which had
empty follicles in their ovaries were attaining their second maturation. No individuals were
caught whose ovary eggs were all in a state of degeneration. Therefore, it was presumed that
a large part of the population spawns twice per spawning season. Ayu in the Mogusa River
and landlocked Ayu in Lake Biwa share some similar reproductive characters such as
multiple spawning and small-sized eggs. Their similarity is thought to be resulted from an
adaptive convergence of their reproductive manner. Under unfavorable environmental
conditions, both populations of Ayu must compensate for their insufficient number of eggs per
batch by attempting to spawn twice.
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LIoTHERBESIN, Thbo 7=, Yhd JBEERLLLRERL, HoiBEnnid
KEL, BRERLLBFLIRDLARI T, ZOBEELS, BAEERI LT, BE)
EO7 =212 2B HOERY THRESEL2DS & FHEIR,

B Y - T, WEOHBFWEEC L 28WERS L OBRENONHRABROTEE,ND, 0
EHBEAEGCTHZENTES (FH - F, 1981), #10 - A7 (1984a,b) % Matsuyama
and Matsuura (1985) 2%, BEME 7 20 LEERLBE L1 LD b FDOFHRICI B, £ 2T,
1984 FFICEIEIZ BUE I Qicdlc» TRBIET 22HBEL, Thbo 7 =R OB BRER
BELIUIE - EAES T -7, FORRND, BT 5 ERAIEER 7 = 0 % @I
DUREM &, FOEEYFHERCOVTRA LD THRET 5,

ARSI BB, 7a2WECEBEL (L wiciivie, MIBEFKZRICDHET 51
BERAE N EBERBRESOSMICHELET S,

8 LHE

FRERT->RE)NL, B EEELERBCMEL, ARECE CHREY 16kn o/NJlT
HhH, BEET7 =0oRRERILIh T (Fig 1),

BEZ, Fo»5# 1kn 25 2km FHOWEC, ##8 (@£ 383m, HE 12mm) ¥HVTT
W, HOREREARSE Ui, BRER TS OCEREMERIE, 198448 A 30 H 6@k, 98194 10
ik, 10 B 4 B 4@k, 10 B 17 B 6 {84k, 10 A 27 B 3 @{ko, =+ 29 {EE (140.0-183.0 mmBL)
’G‘Z@’)'f:o

BELLT =3, EHIK10% s~ ) VBERTEATEL, FRIBCEDR -, £0BT M
£ (BL), A% (BW) B X U4MBIREERE (GW) »HIE L, £HEERIEH (GSI=100 GW/BW-GW)
B IERE (K=100 BW/BL?) #k7c, ¥, HEO—FL2Ir H L, EBEE DT
77 VEBTEREE L. EBEAIIEED T 74 VIRICIWERL, ~~t+F Vv e =F
YVDIEREYKE LI, ZhERINC, BFEO—T (0.02-016g) FEHHBLTIECL, BEEE
X AMPETRLL CCHERE#C L 2RI LT, /o, 7T20RIEEI HVEE
DAEBKE D, O EOEF IR S OCHBRENRAE LR U (1« 7, 1984b) T»H
Licd, HBHE RS IOEAEE, TEOGREILE O HLLERYE VI,

Hakodate

Fig.1. Map showing the Mogusa River.
Ayu, Plecoglossus altivelis altivelis, were
N N collected at the striped area.
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HEEELR SRS AOER?D, &2 0EE0 RPN Y, #BIL-H (1982, 1984b) 124t
\», phase I-VIII @ 8 gz 43 iF7- (Fig. 2),

phase I 2:5 IV 13, BEIREOZD LA VCASIIOINE T, RIFELLIFEL LA FRE ]
WINEERI, 5 2 YRUNEEERIA, 28 3 kINEERI S L OMRBHHH 5\ - BHIWCH 5L D TH
%, phase IV Cl3, (kD IIEE (L H0FE) 7% 300-400 pm 12 F CHRE L T2y, B HIE &
CORE AR A 7o < > T i,

phase V & VIILi2 BEOptk 0 IR ¢, BEERE2BIZE S hic (Fig 3), phase V o E A3 BEINE
BThb, ERCEPIIShCERINNRD bht, i, FER EOIIFHIE 1 RIIERI-
HY, BACHs L O ERBIEAFOSKHEE L T 7o, phase VI 206 VIIT 13, /& FHBEL
OPEER TN E NG 2 IRIVEERKE, 58 3 RONEERE, MRBEIHD 5 IR B~ & R LI
T# %, phase VI T, DRBUIPisvb oo, pacie < IREF (=I0%f) 25 450-600 xm f3E i
HY, WEIORZHKE (phase IV) s IFAE L 0 A ARCREL TVWHZ LAVEHRTH -
720 753, phase VIII Tid phase IV & R B % & OINERIIB OB 2B LT,

A O EER L, HER Z L Table 1 127w Uiz, BEEHK 29 EED 5 5, EHL Eo 16
EEPBIMEA R LT\ ey, £ 55 12@40E, 2@ B 0RBUCTV-25 5 W 3BENERTIC 5
72 % phase VII, VIIL i 424 L Tu fe, $iic 10 A0 cid, Koo E M4 2 B B o BkaE
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Fig. 2. Frequency distribution of egg diame- Fig. 3. Photographs of ovulated ovaries of
ters at each maturity phase of ovary. Ayu, Plecoglossus altivelis altivelis. An
Eggs indicated by an arrow in phase V asterisk is put on an empty follicle. The
are ovulated one. scale bar indicates 300 ym.

A : the ovary just after spawning, phase
V; B: an old empty follicle at phase
VIL
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Table 1. Collected date and number of specimens of female Ayu, Plecoglossus
altwelis altivelis, used in this study

Maturity phase

I 1T 111 v v VI VIl VI
1984
Aug. 30 4 1 1
Sep. 19 1 1 1 1 1 4 1
Oct. 4 1 1 1 1
Oct. 17 1 1 1 3
Oct. 27 1 2

EHolee LML, COEORETIL, 2EEOBNE Lt &E L bh5BEEFIBREI Lk - T,
—FH, FOWDELEAEDRPEERICSH - TEPEFLTT 5 L Bbh 2FM L IR L @A
L HEIRT, HRAO RIS O T hBEGRD bRt BE i -7,

B OETICEE S GSI & KEOELY Fig 4 12/R L1z, /a3, phase V 0 1 Bkicou T,
BN X OIS ERER I B > Tl b, BEX R oD TBRA L, GSLix, #IEOEEN %
Tl phase I 26 IVie i Clrcic ER Ui, fll)y, 2 BIEORPUCEEL T, FIE&I1XRKLD,
TR T B AR Bt o phase VIII ¢ GSI 23 LR+ % H7ic, phase VI 226 VIL il C—BFET
5L 5Thot, K, EIMEIC phase VIicisu T GSI & i THET 5 LA, GSI L0 E
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Fig. 4. Changes of gonadosomatic index Fig. 5. Scatter diagram of number of matur-
(GSI) and condition factor (K} according ed eggs against body length. The open
to the maturity phase of the ovary. The circle and the solid circle represent first
lines are drawn connecting the mean maturation and second maturation,
value of individuals at each phase. respectively.
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B RTERACD 1o Thbb, FEORBCELTKHEIRTREL, 2EEORBCEL T
—BEEALTHLERICTEL 2,

phase IV 7¢ & oz VIII o B (K, BETEH LB LE - TR D, £ OINEL 570-930 gm O
BECH »Tc, hiz, FRJINEOHAERER D 7 = O JPEE 840-1,020 m (F1L-HH, 1983) X
DH L L AEEHED 7 =D 580-880 ym (FALL - #47H, 1982; Matsuyama and Matsuura, 1985)
WIEREWCIEWETH B,

phase IIT, IV, VII 3 X ot VIIL ic 317 5 KEIPPREE, BB « BRI h20PRF L E X bR D
DT, FOPEEXFE L 2 [E BT Fig b ieRrLic, #1E, 2EB & I AN L EROM
IR AR D B iuTe o 1o, ST, 2E B X h FEIOIFK DT 23 &\ EHIFEI
B o tro MEIRBUC I\ TiE, TEEIE O\ TOFHH 22,188+11271 SDETH - 7, —7, 2@
BORBUC I\ T3, 12 B TER 11,706 £ 7,798 SD il &, FIEO#EETH - 7o

= =

BENE720FEORPBRYEABRFNCHELALER, HINETTCENRIPNIZEA SR
{IrBTl, BIVENBCEIEIAFETLZ L E, B E720RPERORH (1
I #3¥E, 1982) 2oz AR I, Lavd, FIRNE 2 kIPERELEE cRETS
Enb, EEMEORRRET = (BRI - £, 1984a,b; Matsuyama and Matsuura, 1985) © X
51, ZEBEEE - EINTA L E 2 bhic, T, FMEOEIE, INEMORROKE - T\ 5E
BRI EAEBON e T Z &b, 2EBORMEY THEADOHEL, i EVLHEAIL
Bo HEBBROHBRENSTSE, ENFHOKIIGE 2EE ORBUCEL TV 3EEREL
oo T\, i ciyiEl & 2 Bl H OBEREIC D 5 BEELEERCEE SR, L2sT, 9
ALE@»5 10 BFR2FTOEFHOMIC, HEOEM,THh, Lirbhicye s 2@
By L@ mARcECibs b0 sE2 b5, 10 ATAIE, 2EEORBCH
BEGEGVBBREIRLC b, ENR 5 EEE, b2 B EoBIEEND
hBEEZLRE, LAL, LEECE T, CoBBCasAERCRELIhIELHLL
», 2AEORBUZELiz2 b, BHIEILRVEE DI 0bHNhic,

BEET =3, SEENTHEEFTRL, Lo ohoBEHEE T, BEM
E72rxtwadldcBbhns, BEHE7 20RBIRE, BMAERER7=20Zh X H/pE
S, EEHOBRE » EZOBMEER 7 2 N TH—r AR (E, 1973), WAIEER
CHLEENDO7 20PRIFEEHE7 = LBERACTHY, TLEFHIEENOAA 720
% h (Matsuyama and Matsuura, 1985) /i —H L €, 9 FORNORVEHICIA E - 7o, BURE
O GSI &, HBJIET =TRYETEH 172, 2EHECFEH 135 LKL, BEHE=7=0%h
(WEFH 19.1, 2 B HFH 16.1; BRIl « B, 1984b) L v B LALLEVEETH -1,

JIBRES (1973, 1976) i1, BEEHET7 20 ebiX o oM X %, KO BEBE CIL AWML L
L2, RS s Wbkl Ew I S tiiind, D L%, BEET I EEVE
T2 SR EZELARRTHA 5,

Lo L, EEFesiut, bBEE 7 =3 Zcgmt smAlEER 7 207/ v - 7B L,
BENET=L37 522 —#HE L (B85, 1988), LictisT, RENET = L EEHE
7 2 OB OELNL, MEORMER LR TLo Tk, BEEOBIEHINELEEE
zbhb,

BEHE7 =0 £EEIC>\TiX, 210« 2 (1984b) & Matsuyama and Matsuura (1985)
i3, BMSAECHEGREECLSCL ), BEHET ~ORBIIENKESEBT 5 THRELSD
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D, FEAERCHTANKOEEAFCEVERBLEWCEND, SRIENRY L T2 TOIM
BMrPELRLSTI L), BEEOHMAYEBL TV A0 TRV HERRT 5,

KBEDOKREINET 2B\ Th, REEED GSTXEEME 7 = (BL-7, 1984b) it
NRTHEVEYREL T, BERE7 = tARCSEENTI Lt~ TThieMELT
WBDTRINEA S b, LEETIR, 7aO5MPLHchE L THE7 =0 EHEL, L
Db EIIAR L (FE, 1989), XHIEEMCRIAEHMIIARLEL, ABEL VT
THb, LENoT, L0 7 =3, HTHIREAOEEREOEFM4 T CEPBICRL
R bbb Th B, £ 2T, YRIOFINCEVTL OB LT HOoMWEEIL, 2EH
OB CE Y OIERYELRS T X b ERROBINEEY, LTLEAE T2
BEAMECHEG L TWADTREVLWAEELLRD,

i 2 B B OBBUCEE LTI, phase VI i\ W C—E GSI A F 35 —H T, KB ER LT
oo BB E 7 =1, RO EIOEBICER Lic= 2 ¥ — %, BEIIBRBEWETOTRZR, s
FABRCEALCELLE, O TEPRCIZRAIRS L 5EbI b,

FEo A ¥ Xizo\-Tid, Nishida (1986) %, BEMOMHE VR L v OBER TR, B0%
BERBRR TEAECHABZRSI LS oM ERBE TS v 7 F vEDE T EXII/ N KIZE
BLTWBDOREAD EHEILE, SIAPRTHILZ b, ZRPWCIHEOHERKICHFLL TV 5T
Bet: 235 5, Nikolsky (1963) 1=k b, SEM LB IR I, EHRLOIOEXKREL< TS
Tk, HEENTAZE, BIUWEEXD RS TS, Thbbix/ BT sz to=>07
ERSD, REET 205, GSILOLE,L LM L TEBERIZAIBEXRESREELRV, L
feisT, ZhUADZSDOHE, ThbbEENKSEENTSZ L, BIUOTKRKHIIZ
Bt asz itk b, HSERYEAIRTCSLELLNS,

B 3|

LB E R E )\ T, 1984 £ 8 H 30 H 2% 10 A 27 Hichlke » THEL M7 = 29 @
EOIEOEBLNBE LT, KFAJIET = 0L EEINO TN & T ORHEEWFHIBRIC D
WU L,

1 SV OMMBIES X OINRMR, D, #E 4D BUE% phase I-VIII » 8 B X 5 L1
##, phase V-VIII & % @25 16 Eix R I hiz,

2. 05 bHbo 12@4EE, 2EE OBBUCEN 225 5\ I BEINERTICH 72 % phase VI & VIII
OB RL T,

3. Ff, ThbHI6EGEDFTI, MOELASIBIGERICS ZEEANEZFERTRD -
fez &b, BEIEMT =0 % X —FRHIC 2 B EBIN « BT 5 LATR IR,

4. KFAJIET =3, ZEERTS RPN ELZ LR E, W OhOBREEIC ST
BEHE7 = CEUL TV,

5. ZoBELN, RFEMAREGR YR L0 TR, BFLIEM L RG R VCRESEHT
TOENROETHMET 5000, FHEAOBISHEHAOERTHL LE LD,

X 73

HoEk (1973). bkt sBRHEE 7 20 BRECET AR I FEFRCET 2 REE
2, FIEH B I OCHENSECoWT, AAERREE 23, 147-159.
BE B IFRE . EIHED - SEZS - AR (1982). JtEERREOWRKR L TORE. B
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