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Basic Study about the Breeding Condition in Medaka (Oryzias latipes):

Role of Sex Ratio and Water Temperature in the Spawning Behavior

YOKOTA Hirofumi* EGUCHI Sayaka**

Abstract

We studied the breeding conditions in medaka (Oryzias latipes), in order to establish a testing
protocol for evaluating the reproductive toxicity of PPCPs (Pharmaceuticals and Personal Care
Products). Medaka at about 60—day posthatch were cultured at groups with different sex ratios for 28
days, and the days of first spawning, duration of spawning, and fecundity of each group were
investigated. It was found that medaka has the ability of reproduction at about 60—-day posthatch
under optimal environmental conditions, and the number of eggs per female increased with aging and
reached its peak at around 160-day posthatch. When a few males lived with females in one
aquarium, they often did not initiate mating behavior. Also, one male tended to mate up to three
females at a time. Furthermore, in order to examine the effect of water temperature elevation on
breeding in medaka, mating pairs (8 pairs/group) were cultured at 24°C or 28°C for 21 days, and the
spawning activity was observed. All pairs which were cultured at 23°C spawned almost every day. On
the other hand, one out of 8 pairs at 24°C did not spawn throughout the observation period, and the
day of first spawning in another pair was extremely delayed, resulting in significant variability in the
number of total eggs spawned by each pair. These results suggest that the pair—culture at 28T is
more appropriate for breeding of medaka.
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1. AROBEERUEN

W, EESRLAMRSE D /= 77 785 (Pharmaceutical and Personal Care Products;
PPCPs) IC& N ALFEWEVKEFEF S S, KBEERRNOEEIBREEIN TS,
PPCPs D H i3 #k 4 R EBIEM 2 b DS BEMRLWE DD 5705, HTHHEERANILZ OEH
R0 DAKEEY ., FICABEOBMICHER RITTHRBEITRBENRTVD, LELEND,
PPCPs D8 % ¥l § 5 AERE IR EBORN TH Y . RAICHKBREL S L., MEEEAH %L
IR &5 5 %MD PPCPs DAEREMZ M L T S LENSH BV,

A 571 (Oryzias latipes) FEPECBWTLEWEOEBLZERBROEMEL 2o THBY,
TRAFWERREOBBEIS T AFWLFMT 2720 A HVLRTWSY, LAL, £
DEFMRBRE (AEINENARE) BRIUPYEOBRBICL AR LHET 5720050
T&H Y. PPCPs ® & ) & CHEIIEW 2 RIILEWES X T H OBIBIZED &) 2 B%
FIEEITPLEFHETE L2V 2T, EH 513 PPCPs OAERBHEHIFM D720 D X ¥ 7 85
HEEZHRTAE B LT, 257 OEREMICHET 2B 2 ElL 72,

EBRENTORXF71E, BERERGT BIZIEKE25C, SLEM16KME @ 8 BEE) <
ONTBEBHEE L, EPVBEIND, —F T, BHEE1IBEZTIZTUETRTONRT
TEISALNDS L) bIT TR, BIEICIMEEOREND 2 BERSTALELOLNT
WEY, Fio, AT BT AOHEATENE, LITLIEX XADIFAICL D ZIF AR LW
BENHBLIELMONTWVAY, fEoT, ZDL)H RREELHBRET HICEERTIZX 58T
T, Fl—KERIEROMEZ HNTHE T2 HELZERONLD, X TORE, B
DFAREANTEHET 5 LA AMICHSITEHIRI Y, TR0 EHITEI~EEL RIZT LD
MESNTVDE, W - EFOI AT AOMMEKE 1 0 1, 112, 1:3,2:1%2LT3:
1DV =T5, ZTNV—TOBRTEEBRE LR, BBROAALERDOAAD Y
W—T7TiE, T AALOHTAADSETEI R 52 L2 H#EL Twb, FHKIC Grant et
aOb AT HOWATENCET A ERT, MEEENL I 1OV —7L 0 SMHEEN1 307
W—T DR, FAPBIIRDTIEEOELDENKREL Y, TR, T ABORM
FIEPENMTHILEBEL TV, TOXHIT, AT D OEFEITENC BT 5 Rl 7 MM
BHEBETHLP TR, BHMIIBITAENEOIES & 204 L, (LI EOBREICL S
IR A & EAE B ORI T 2 RBRIE R FENL T 5 LICB W TIE, BRA BMEREIL & B OREES
BENRV, KIFFRTIE, X ¥ hEfEL DML O 7V —TTHEE L. 2OEIEKH. 12
L72 ) OREFNEK O REIRRE I B IC DWW TR L 72,

AT OEFE B Y RITTERICE, ICKBPHEE Vo LBRELELET O,
Koger et al "13/KigZ25CHD—ERMHT CHEZI6RH 25 8IS s -5H6L. HE
FI6REO—E L L, KiE225THSI5CICET S84 & DWFRICB LT b EIAKIE
L. XADOFEIIBITAIBHEAIMEILET S L2 8MELTWE, —RICA Y H % Hvi-FHR
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BRTORERG L LI LEI6EEERT | 8 IR, K24+ 1 CHlRAESNTB I, Zo
HERUKBIZEEICAREL TE2WEREbNE, LBLARYL, BEDX T H % 2 54,
BEOBHEMI4 AP IATTOE~EMNTH Y, ~HICEAHOBOERARBICIZA
FELDLKBERPEETHLEVDRTWA, LoT, FURBROKBED L L THMLER
PHFI24CTHO—EKETHAE SN, REIKEUL 1 CTTIHONBE. EHEBABTICBT
BIRERIBEZTRVRETHY, COZLPEFNRDOELOERENL 2 WART 2EL &
TWAHREMDEZ bND, T72, BHTHBE SN TVIEI AT I OBIEREITHLEFORE
BEAKBRIIBEFLCBTUEEFRSR, 4TI RBKRBIZA TV T OEFEIZL > TE K
{, BBETI R WELEZ SN D, Hirshlield? 1 ZX7 DX ¥ %25C, 21CRU29CDEL S
KB THE L7254, MEKEOLA L HICRTEOERBIIENML -2 E2HE L TW5,
Lo T, AMETIIETELIICB T B KBLEFOME L BB 2 AKREZHS 2T 5720,
SMEBE—EKE 24+ 1C) THESNIMOHSOAT HERTY Y7L, 20 FOKE
THE L72RT e, X7V ZEBICHEKEZ28CIC LR SETHE LAXT LOERHZE
ARS Nl k=2 DA

2. RERMHRUGE

2.1 ZEER&EY)

AT AT ERENO—ERESRMSE CCFY ; 165:HBE @ SR, AE;24£17C) T, %
FEIND B SMLEME0H A T THET L2EGEE AV, T4bb, AT SN AV I H 5T
FEON A BREL L, AR T D BV /22121 SLEMGEE Y 7 A84% (EE ; 15.0cm, S ; 17.5
cm) L, SMET L ETHEELL, BENBREHERKEKEZEKL, PETEELZWV
LHINELIT V=V a Y &fTo7, MUFRIZIOLBAAE A T AKE~E L, HERKEK
DFEKEMETCEHE Lo SMUEKICIZI BIC2E, SMEBUBBEURNO 7 VT I 7Y%
(Artemia salina) %5 272 SAUEMRIZZOHBEREICIE U T30L A 7KMEH 5 2 13501 ZKE T
FE L7zo SHMEBEMEOB S OISR T, M250BD X 57 O RUEMEBE L, ZOhH o ki
FNENLELRTEEN L2, B, ERLzE (MMEEK0ES) Tk, M2 77 ok
L7z RBIE SN 2o T2,

2.2 EERRHY

2.2.1 MEMEN R OEIEHAR 1B B MET

MR IC DWW T ORENEA A D AZDOHA1 3,1 :4,2:2,2:3,3:2R03:
1DOHTER L2, BIILIZA YT R ZMBEL YD) 4 0D 7V —THFEITOND L5 IS
JL7ze BT L7 V=732 NENL L EMFEE A 7 AKE (B ; 16.0cm, #®E ; 17.5
cm) 2 L, BERKEKOTAEHET THE Lz, AEHMAIIAE24E1C, 168 :
MG DR & L7z, AENOFBARDMASEIT 1 HI2E & L, £EMAEICIE T HIC2 EH
DHEET, SMUBURBUAOT VT I 795+ %E BE1IREBRETOTIVT I T7H
BRAHREE) B a. FEHE»L28HME., BELS I/ NV —TOERKREFE Lz, TOBICEY
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W BTN SN N —F (AR ARNL 3L 1 ADTN—T) I2onTid, X5
& B A D S EIE180H 4 TOL20 0 IS A B HEMR L. EIRDEAIET 5 MUEH
A RO EIPEREEIE 2 0w TR,

2.2.2 fWREKRICET B

BRILZ AT HEO0 I L, KBACTHE T AHLB8CTHAETAIHENENE T %
®T 720 KT &L SLEMEH 7 ZKM (E# ; 15.0cm, S ; 17.5em) (2B L, BiiEE
AERDFARGE T CAHBEAT Lz KBIZV—FEIVF—ICX ML, 28CTHET S
BT v 7k, #0.5C/ BEOEEGTHRL. AFHBPOKRIZZRENOZRER
B LT 1 TR L, EENI16RMM © 8 BN, KN OFEBKROBARIZIHN 1B
120 & L7 BEAEICIZIBIC2E, PVFIT7OMMUMEZBARS 2 72, FAEHEHIZ,
BRIV —TOREIEE L 72,

3. HR

3.1 BRI R UTSESERARICRS I B 1%EY
3.1.1 BRUOER;BRESINIHS

AEKEACT A LEELDPVERVEE (FA 1AM 1 3RUL . 408) THE, 21
FNEBFERBL T4 BBRROCMBRICRADOENIPBE S N7z (Table 1) LA L, EHD
FAPVLEETIE, £ A3 I AA20H2REFAERGE»O4HE £ TICENIHESI L
Hofz (Table 1)o 2L T, MEMBEPH28HEETIC, A 1 XADS1 | 3OBIT4 7V —
TOTTHEREZHBEL, TR ARDL L 4DTN—TTH4 TNV —THRI I NV—TCTE
PsHbidze LrLad s, 14HB F TORBREFARICE APEEHFET A TOEINE,
A3 I AR2OHD 1 IV —TPSBE S N2 o 72 (Table 2),

Table 1. Days of first spawning in female medaka at groups with various sex ratios

Days after
Group Male: female
the initiation of breeding hatching
1:3 4 64
1:4 14 74
2:3 — —
2.2 — —
3:2 13 73
3:1 — —

—  No spawning

Table 2. Number of aquaria in which egg production was
observed until 28~day after the initiation of breeding

Group Male: female Number of aquaria (Percent)

W WMD)
RN Wk W
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3.1.2 EREOZEHE

FEORASHERE L CRERE S M7z R L AAD]L L 3RUL 4D 200F 2 THEHIR120
Hft (MMEBEHIS0HS) FTOENMEFEL/ER. MELLICHTHESEET HI12D
NI A I L Thods (Fig. 1)o £ LT, BIFED RS S5 o 7203 8T RHIEH
100B# (SHMEEH160H4) FETHD ., ZORIFELA TP L Twol, Tz, 1KEH7:
D OEIEIIF R AL I AR ADBEIHSTE AL I RA3OHOFFEr-72 (Fig. 1),
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Figure 1. Mean number of eggs spawned every 10 days per chamber throughout the breeding
period. The error bars represent the standard deviation of the mean (N=4).

3.2 EBEKEICEY D%

8CTHBE LT OEINL, ABRGE,»S SHEEFTIXTRTOXRT THASN, Z0%
BRAEKRTHI CERBEI N, —F. UCTHE L2HTIZ S T F 6 X7 25HF FGEH»
58HBEFTIZEIZBMBLAN, BY 27ON 17 (Fig. 2, No. 3) DEIIHHE X3
HEHE&EN, 17 (Fig. 2, No.8) FESZHEZE U CE&{EIR LEro72,
FRTIIBIT 521 HHOREINHIZ. 24CHAER TOFHREINKIZIME, £ DFEERZE
F173CTH o 2D LT, 28CHBRHTOFHREINFII416ME, HEEREZEIISTH o7,
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Figure 2. The effect of temperature on the fecundity of each medaka pair during 21~day spawning.

4. EE

4.1 BT OHIERRICRE Y 185
FRFFERE R, A—KERZBBOA APFEETH I LD, X T W OEIEICHE L RITT
ERWOTRLIZ, BIBD X HIT, AT I OEATENC BT 54 AMOBMSTENIIEICRE S L
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TBYSY, RFECTHEBDO T AP L7V~ TICBWCERSA RN 0o 2RI, B
Z 5 KM TOF ADO X ADENE VD 5 WIEHETEER SN S b, —KICHME
ORMBERIE, —F—3F (monogamy), —F%ZZFE (polygyny). —FE%Z K (polyandry), FLi#
(promiscuity) IZX5ENDL Z EHFLEVO, ZOEXFTHIZOWTETTHL L TRV, K
W B AR UBEAME»SHM 95 &, Grant et alOPREL TV 5B L) ICERKIC—
REETHY, HEOFTADPEETLLEAADEVE VIR Z % “scramble-competition
polygyny” LZz2 6N b, bHLEAANBEENEL 2RIEF A0 bITY) OEERE R,
MEHEIL B D & THATEIYE T NLTERIED F 2 S, & OISR DA DT 2 OB R D
ICEET 2D LR E NG, (o T, RVEKRTOX Y ) OBFERR L BT 5120d, B4
DEBT TOREREZITV., BREWIZHBRT ILEFSHS 9, L Lehb, FEEMKL
FIEIZOWTOREIE, BETON TV A 5D EHHERBR L ARORESET Tff-o
THBH., RBERARCB 2 EREEE 2 AET A L2 BN LT 2R ) Tk, ARLERIE
bz, FLT, ZORBELOL L L —HWOR AT IORERBIC AL KE (L
BT ANME) TCWCNERE (ABRERL gL VEBFKRKILUT) 2BV TiH, FA0%
B 1IROADEYTH 5 LHIW SNz,

RIZ, AR LRBITET 2 A AL THRRFA P OFHZMAPEO N, RERICE
JAFAL I AASDIN—=FEF AL AR4ADT V=T ORI E LB L1256, 8F
HHzZzBLTARAL I XAX3DITN—TDOIBEETH o7z, £/, 1 EICEMPBRE SN
AADREIE, M7V —TFHIZIBWIZLAETHY), £A1 I ARALDTV—FTIEAR4
BEDVENT LI L E o720 TORENL, AN 1EICHTEL, BB TE BREIE A
ABRBETORETH S Z LITRBENTz, €0 T, BHHITHE LML & L CIINEREIC
BfRECAA]L I AAIETHEBTH S LB SNIe L L—TF, AT ADOEPREKIZEL
TEHHEREOLEPMONTEY, ML THEEEISERTHICOoN, XA 1BHE-)OF
WEINBIIET T 2EMICH b E|E SN TWEY, fEoT, AERICBWTEHES L L X
1 XR4DTN=TEFRA]L I ARAIDTV—T L DEEROHEL, NEFEFLERTH
HUREMED HEM Sz, BIZIE, XY KBOFEAEER VS Z L TRERIIBIIAF R 1 !
AR DTN —TDONWERERZ TIT7256, —BEIZERTAXAZADKIIEDLSL ZWAH, XX 1
BEECIOHIEMT 2L dEZ 0N, DEOZhs, EBROBBELEFTICBW TR
BHEWAZMERT L1008, BICFA LRI LTARARIBUTIZTAZ LAEEYTH 5 L ¥
Wrenzds, ZONFHEEICELTELAL I AR1IOXRTIFEOTAHHL ) FHFMICHKRET LT
WS LERD B,

Fo, RBREZHET A ETOS ) 1 DOBEIE., BHICHT 2 EEL AL T 2 R R O
MThHb, AT HWSBERAL, BHELHET 5T TOAKIE, BARADELRPLFAFTRES
PRIZE Y REL BRI ETAMSNT WS, DeKoven et al PDIFEHEOENI R FH DREER
BWECRIITEEZRAEL, MBEPOTHORSFEMZRELLBEIT VT I TOY%E%
KR LB ISR TERENS D . CTORKR, BRBEESEI LI E2HMELT0D, T/, 2
T H DB % BGT A 1CiE, 20C N EoKIRD KON~ 120 LA E O BBEAW S ETH B 2 &
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DHEOPERoTWD, KR TIERA Y HICE o ThRERSEME KR ; 24T, A ; 168
B . SERRORE, BERL TVT I T OSMELE) THE Lz, ZOHR. A1 I ARA3ZDT )V —
TTIE, MEERBLTCOLBADA (Db AMEB0RMN) ICERIMEESNZ
Do, ZHEIND O BB R BB THE LA ¥ 73 SMUB60H 4 T TICERERE T 2452 C
WHZ L, REGMELTHILUTENZBBT S I EFHAL P Loz, ST, —EORE
ZHTTIIABRGEHNI008% (HMEEYI0HS) [TESEROBATH ). £0HITHELIC
WAL TWL ZEBHP L7z EgamP O|EICENIE, AT HDOAR LRI ERMKE L TE
P95 BEEBATHROHBTH Y, 1 HOZEE 218 U TR 2 851341, 0007 5
2,000 CTHorze CTOEBRTIIKERUBEABEIBREET TITo TV o0, AFEH
RE—BEICHEBIZTE 25, X ADEIFMFEAF IOV TIZZE—EHLTBY, T TR
A5 1 B O %8 L CTHINT 59880213, 5 —EOREPSHFET 500N\, Z
NHEDZ L, AFHERACTEERRBEICB W TBE~OBRE L AR T AT, EINIE
BENIHD B SEBH0E S LEIOY -2 2B 5RO SLEHIOR ST TOH 2 —%E
HEEYTHB EEZ DN,

4.2 @BKEICEHT DR

ARG R I FAF KB F D OEFCE L TREL RITT I L R2BO TR L, ABFET
BIRSN/-fBKBICE B AT A DEINNORED 1 D3, 1_XTH) DEFPKTH Y, 21
B ORIV DOFHEI OV THE L7254 TiE, 28CHBHO T 24 CHTHICHTE
X Z100f81% % - 7z, Hirshfield® (Z DA% 2 L7z A #7 0 O EINEIIFAE KIRD LA & i
THZEERELTBY, RERERIINEZIRHTHLDTH o7, Koger et alViE X 57
DAFEIR DFEE IR THABRKBOBE L TR, T AOBEEORZIIKBROEE T ZF
BWAS, A RADFIRIIKBOET & RICHHEARSSZHBE I, TP EIMAIEORRTH
BEHRL CTd, XTHOPEDOFRZEZBERFTD ), KEFEVIIEIFRESIHMT
B EBBICHONRTWEY, RIFFRTHESN28CHAEROZERIZ. 25 (24TDH
BAKIRD H28CADOKIREFIZE D, ARIPERIDFEZEL 222X D TR EWHhEE
2Nz, o T, BURBRIZB VW TERNOREZFHET 256, EFEEOEREF LY
ZVEEBRBEKLOELRE LT WO, EHEICB I 2B KIERIZ2AT L ) $28CTH%E
WThHbHEVZ D, AEIZ28TL EOKRTOERIIIT-> TB LT, IEMERREKRBIZOW
TRASBALETALENED A, 8CULTOHEBTRAT KT TOMED OB X Y12k
L. ZOERBEBWEOTHEROLENG DB, T/, KRHEFCRIBRALIE L, Riga
ALS ERTBD, {LEYEOENREBRE L LTOBAREE 2256, T VEEREK
RITHEN TR,

RIFFECEEEIND ) 1 DOBEEL BT, ENBEERHRLOZIICHEEL-BENCBT
BRTBEDEIVRDOEETH o720 8CHABH TIEERT ITRCHAEML 8 HE T TITENN
ZRIA L0 LT, 4CTHBH CTIIENRGIEE L 727 R CEIN LR WART HHE
L. R7BOEBBOELOEZ 2L LSS BERE Lo, ZOENLBZWRT OHBI,
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EgamP DEBRTHBEINTBY ., THERTEOHME, 2F ) AADBFT AR ZITANRS D
BIDPERTH B L b TwndY, RFFETOBCHABTHOAR LD ERTITBWVTIL,
FTRTEILAZE 2O MHOMAMEICETAMBEIIAONE P 072 TNIIFAFEARRLFICL
BIREFEOT S ORI L o TRT7 OMEOMBEL E L S L holzDh, T2, 208
HREDEHERABESESELTVEDODPICOWTRELFAHATH Y, SHITE T Hz
RLLUTHREL T BEDPDH 5, 8CHBHONT OERREIARESEHLTBLT, |
WML7Z2ACHBHICHERTEETH o/l L EbYTELL L, FFKRE LTIERTAR
BRI/ BELTwALEVZ B,

5. &8

A F T OEFEI BT 5 Rl 2 M R BRI RE 2 AT 5 720, SEEKI60H 5D 2
FhiFA L AAORKEEAT 13, 114, 212, 213, 3:2RU3:1L%BL)
WCEEDT L, R AROBRESNE T CTHMEAE Lz, Z0OMRE, X571 2P 5
FHERESHET CABT LSS, 1) MUBH0E S TERERIMRDoTBY ., 2 X 1RB4
O OBEPBIIAS L EDICHITHE, FORBHIISMUEIOHSHETHLZ . $72,
2) F—TKEPICEBOF ADEIRET 5 L EBEITE T L D RWIREPE N L, 61T, 3)
FAP—BIIRBTELAAORIIIBRETCTHATREIBNI EPFHLNE o7,

ST, AT D OEIEICBT 2B S EHFKEBEERAET 5720, TR, 524+ 1 CO—%
KBTHE SN TWSLBEHORESD XTI E DI L (8T /H), ML T24+1T
OKBTHETLEL, 7YY LEARBE1ICANRIRL, @FTAHL 2%, 210H
B AL L7z, ZORKE, 8CTHE LBETTORT Tk L2 BB S
5, ACTHELHETIIEENLEZWATHR I RTEEIN, 72, BIESMBRTICHh
RTFHEIELRART S 1 RTHFE L2, o T, KiR2BCTADFIRFAE DS AT HEORE
BOWESDOEWLIRL, ATIOBFEIIBTHEHYTH D I LWRE I NIz,
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