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Reproductive behavior of wild medaka in an outdoor pond

MaKITO KOBAYASHI, ™ TomMmoHIsA YORITSUNE,! SHOHE! SUZUKI,! Avami SHIMIZU,!
Mika KOIDO,! YUTARO KAWAGUCHI,! YoUuicHI HAYAKAWA,! SAvaka EGUCHI,2
HIirorFuMI YOKOTAZ AND YOSHIKAZU YAMAMOTO?

1 Department of Life Science, International Christian University, Mitaka, Tokyo 181-8585, 2Department of
Biosphere Sciences, School of Human Sciences, Kobe College, Nishinomiya, Hyogo 662-8505, Japan

The population of Japanese medaka Oryzias latipes has decreased in size because of recent changes in the
aquatic environment, and medaka are now recognized as an endangered species. For the efficient conservation of
medaka, information on the reproductive ecology of medaka is essential. However, there have been no reports on
how wild medaka spawn in nature. In the present study, in order to clarify the spawning behavior and the environ-
ment appropriate for such behavior, we observed the spawning behavior of wild Japanese medaka which have
been reproducing naturally for several generations in an outdoor pond. During the spawning period, the courtship
behavior of males to females started early in the morning and spawning (egg release and sperm release) was ob-
served in the morning. No special substrate was necessary for spawning behavior. After spawning, females held
the fertilized eggs on their abdomen and deposited the eggs on aquatic plants growing near the surface of the
water. This egg deposition was observed from the morning until the afternoon. For the successful conservation of
wild medaka, it is important to collect such information on environmental conditions where medaka reproduce

naturally.

BAROE L A X0 Oryzias latipes v, STED KR
DEALITHEY, T DEFEEAEA L, 1999 FICITBE
FFOVy FURMC THREERIHE (VO] &LTH
#ans (http://www.env.go.jp/press/press.php?serial
=818, 2011 11 B 26 H), & BT 2003 F IS
EBDOVy FFr—27 9 ZICBWTCIHRAERITIE (VU)
ELTHRESNILY ZORER, BROZHMTATAD
FEFEHPTHONE LD k- TELLY =, Th
ETDATHOWGEL, L AXAEETNVEE L CH
W gk, AR, BEESPLTHD, SO EEA
FAOERBIZERT HHIEE D e 05 BRI F A A X h
DENERBIZOWTOMEEIHEN TN TELT, H

EATHBGD, YT, FOXDCENTEHYL T
B0, EHLILEDLSTREAENCHEL THWAED
, HOHPCENTWY, LRI AT TOERE
BT D1, AFABPEFTCELBRELRET LR
ICitel, AFAPEETCELRERYRET A EH
BHETHD, TODIKRBFEAFTABARED L D7
BHRTEHEZT > TO202B ML TR LERD
Bo T INETIHBFAMATTONI AF HOEM
TEHC DWW TIRERSD L5, 151D Th 6 OfTE» EA
RETIC BT 28E AL AOFE ERAFENE DD, ZTL
TREDDOMA L UTERME»E S, LS
ERHLNPICL TR 2 ELNETH S, AR TH,

* Tel : 81-422-33-3132. Fax : 81-422-33-1449. Email : makito@icu.ac.jp
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B A X HOREIEENCHELEBNMR B85 b %
Ry & L CB/MNBIC BT 254 A X 1 OSBRI OBE
T 7,

HE &L UFHE

et AUETIE, M LRERE(EEBEET)
v VNARICH B FHEER EFEEN S AT ORMIZ W T
AL NDBEEFT - /e TOMIT 1940 F 2 5 1941 F
i CEREINZSDT (Fig. 1),® Jtfk 34 FE 45
4, WEISBE21HICHEL, AEH3B8mOKkES
DEKOMTH 5, MAKIZH TR LUFKT, #TF
KiZtbodefl (Fig. 1 FEEAM) »HWAL, Mtk
F o oKD SHREN TS, KETKER LU
AKDEFIC L DT 50, WmOILAIOERM» &g
FETH10~35 cm BET, BHAUOEEA 40~55cm T
H5, MmOIM»OMAREIADEL, KOWARLEN
ERHE KA TR DL LHOFDKRIFIZITEA Ex
W, ORIIAETED LI TED, KRRETHS, 4
@, MwOKOBFHE, pHIK DWTHEERY L vk
W, COWMICRITAAEOHEEYEE L L TR T
%, MOKEMEDOBHFEEL, BIE3.9mg/L (9
H), BE11.77mg/L (4 B) TH-7z (200645 B
520074 4 BE 4R 1HE, EFR#ICEE), pH
i3, ®IK6.90 (128), &&E7.92 (9A) Thoic
(20104E4 A 612 <TEALIE, EFHEIICH
E)o (LA, RFEHE),

DO RE B LTI AEE T 5B ERIIC SR
THHH, 2006 FIC A X W EHET HBICHEE AT ER
MCEF L TWicA A4 7 F %€ Egeria densa 3 J U
HF %% Elodea nuttallii PEREBC LV MAICBEX
N, TOBEFLTWh, WORBEOBES IIC>WT
i, B, REABELBEUS MEWHT ) X TROH
WWHETL, BESREE LS BEN] E TEDOAD ]
Blinhn, WOREIE«DERICEHEN TEE DL
Bice, JOMmTE, TRBY] RBEEROWThOR
HCHL HOHORKH LiFIF—& L TWwic, —77, THE
N, TEDOAD ) ORI & FE—8 L T,

AP COBEHMTF, A X AOMICHDOFITITRE ~
DEMBBESINIH, BEBHIT ANTAEY
Cynops pyrrhogaster D HBRE I N,

AN EPEECEEL /2 A X H Onyzias latipes D
FrdTO®mY Th b, 1988 EICHETH RO TE 4
AR D EEETBESHEL, RESEREM &L
EMREFEY R v —ICCATEEABAL 2.
20056 EHEDOUVEVDLURABINLD AT %
1,500 BEEYD X, M LEREAFEF v VN ANOTTHE
M EiTHO 3 2O THE KL 72, 200646 A,
108, 11 AKINLOWMTHE L T AF hEFE

MIZHE L, 2007 &5 b EMIC B 5 BRSBTS
REND LD o T, HEMUADOWMTIE AKX H DB
FEO/-DBHEEB T > T 55, FEMTIIEOHE
mEOREERE, ERNICHELT> Ty, O
DARZ R, Fv /N AROMOMD A X A &R
D, BEORDICADPEINEEZICHERDTE- T
BT &L, BBETHETRLI, SHICIOMDME
AEBRELAONIBA D BEEIN TSRS, A
EBD AT ANDEETTEA Y W EEZ NS, B
WBITEIC b o TnaB EBbND AX O EHEL TE
E (&) #MELAECA, Ml L ST 33 mm Fikk
THo7 (2009@8)%)0 &E%@ﬁ%%ﬁof&ﬁ%@
DA X OBEFEL, B-VII subclade'TH 5 T 248
BEINTWS (BRE, BB

BEAZEZ BHTH»ORAENEE T, WWoORBARB X
CHOFRICHETZ2HEO L2 BRS XUWRE
(Papilio 8.5 21, PENTAX #0) # \\C A ¥ 7 OFF
BEREYIT-72 (Fig. 1), #8BZH (Table 1) O
B, HRFE7TRI,OEENRET, BEVIRIE
FOrLEENECT, 2HEUBEIRHET»BENE
T, BRBRERATLOEFETTH S, REFTHIH
BEhBOBELEET- /5B, ZOB, HIRTHETE
LW B S OWRT, BRETE BV, hERETIC
FEFFR OV EHFE S OEAWCR, EREO
BETHLrONVERTREVWLOERFERL T, vt

Table 1 Dates of observation, time of sunrise and sunset,
and water temperature of Man-yo Ike Pond on obser-

vation days

Observation date  Sunrise Sunset Water t?%? erature
2009
*August 3-7 5:10 19:00 24.5

September 10-12 5:38 18:14 21.0

November 28-30 6:45 16:49 10.5
2010

February 24-26 6:35 17:50 7.5
*June 8-10 4:46 19:11 19.0
*July 19-21 5:00 19:11 24.6
*August 5-7 5:12 15:58 26.3

September 23, 27  5:47 17:56 20.0

November 29-30 6:46 18:58 8.5
2011

January 7-8 7:07 17:04 4.2
*May 19-21 4:54 18:58 18.2
*Tune 22-25 4:47 19:16 22.5
*July 21-23 5:00 19:11 24.0
2012

April 6-7 5:40 18:24 10.0

* Spawning was confirmed in these months.
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LNV EFER IS OB FERLIBE & AL DO
EREVWPRONLP DT, TOH, EaNvEf
b ORER L 72, £BPEITOMRL, B
DEOKFTOME, TEHOEEOERDOLIZHERL,
MR TEEEICT AW o o, B8, TEERO
TRHDIKEERPICET Y20 A5 (4830, OLYM-
PUS ##k LU CX4, RICOH #84) Z A\, Y'F 4
i, 54445 (DCR-TRV70K & L U DCR-
TRV33K, SONY ##) %MW TfT- 7, AR, WX
BOKROE) TRBRZEWVWEER, BEXTbEL-
72

AZHOFTENZ — v ORERIL, FEARNIC Ono and
Uematsul®18 35 JUEIRMI N K » TREBMENTWHE A
L AOTEZ & LT -2, SEEFTHOMEIZ W
TR T 5 LD, FaHAEOREBETY, HER
WWENLORBELHERL

AXHOTHEES TR /cFEAR, UTosLksY T
BHB. 20094 8,9, 11 A, 20104 2, 6, 7, 8, 11 A,
20114£1,5,6,7 B, 201244 B (Table 1), F/-4&E
ZHOWHOEEROHOH, BOAYD OBAL Table
1OEBNTHS (EXKELAP—LN—V LD, hitp:
/[www.nao.ac.jp/). TEBER, EINHMOBMETE %
R AT - 7o, O 7o DI IREI I OTEIEZE L 1T
> 70, WMOFEHEAROBEL, BEMMPOEFIIHIC
Tolze MBI OMITKITAAXHOEINML4L AT
oI AMEETTHS (UK, EKRE)

AP CRE, MEEOKIP « BoSBRICThbh 5, MEHRE
WO Rx A O QIEBEICAE 8 2778 (E AT 1TE))
DEB LT o0, EIMRED X DB L ELMTIT
EHLTHWADOMPELPICT S72012, MEHELAFITT
BafT-» TWIcHROWEY R, SHMOAEOH
E|EMR LI, WOMRI N/ B O—FIC >V TITHE
WEAERL, fFL CO5ZRIOHH 2, FIL
TP OWMBERELZWE L/ T L THYBEEHLOVOD
Dpfa sk, EEOBFUOEESL L, SHICEARM
TITE AR S N TWR WHEDIC DWW TS B O »
B, ZHNOMEOFEZR~N, KEEL TCOEHA
DHETERL 72,

AT NOREETEG S UEORE AL W OEHETE
D/ %—/ & L TiE, Ono and Uematsu!®1® k5 L (M 5
BINIHEKEATOL AL HOEETHZERDO LD
ICEZEL TWB,

ML, ME2RATHEMICERL (brJE : ap
proaching), H\WOEHENH 5 cm IR 5 & —ED
HEE b 2B OEENERT S (L follow-
ing), T, HEMPHEDTHPRBHICLINEL Y 55T
Bk bV CGREEAL : courting orientation), <725 Tif
W& 30 EERe L BIF A58 (BB T - head up I)

R &, HEHIREEMOME N SCHEEFOMEME &S
MOYEE TOH0 ] L2 THTHER XDICHKWT
BULOMBIKES (REME : courting round
dance), TORFBMHEOH (BHVIEEIEHKVTTD
NBHITEREFELENYORK) I, MEPK60E (FGE
& Tk 45~90 ) OHE CHE % 2781 R
bhn (JEEJI :headup II), AT, REERLD
FEFIET AMICS L THEHIW - < D L AIE»HELEL
T (#LAY : floating up) MEZILZ/TREBIC B, HE
BRI ML D A TIC L CHE L REECHER 2, WK
AT OO B T ST S (R : crossing), %
U THE i & BRI L <Bid & &b, MEsEL/D
R EERH T - < D LHEFZ T, POl
(BEDN : spawning) &HFOlkH (B : ejaculation)
BfTbh s (AR : copulation), Z D, MEHEIITRH
FHWIRBEIELIDCTRVICHKEZLE, BT
5< D EFE LTS (T7ch : separating), FHz D &
EMEDOIEEFICHD D, METBEFRABRIC I A JEH D O FEl =
¥5, BHEF (head up III) i, MEAIIZIER LS
TND%E L TBICTONATEO— LI M5,

L2, Ono and Uematsu!16) k5 & UM #8170 ) 208§
wERIC L7 HEHED Y A X DS IR « BREICE
LR OBIE ThH 5, AP T LR A2 IC&THO
HEXT->72 L2LINSDHAEDHFEVWEE, &H9L
b AFHOBRTHOME L L THEIICEREL Tw5b L
BFELh WL DRBELDT, &, EFELITEFED A
H A OITEIPFe2020 % 4 LT, BT & EEE 2D B ok
FRBTIREL, KX TR TR LU Table 2 1279 A
EEREENNCER L/, T OTH, EAMICERL, M
HEDHRIE « BRI X AZHPREID, HELMEN OEENS
ETO—EOfTE % [EIR] (spawning), FOH, W
DB ELBICABE S 5 —EOTE % [ LM
(egg deposition) sE4 L7z, £/ Tbho&] 25
Mg LAY | $C% [REFTEL (courtship behavior)
LG THIELRRETH B, T, —HEOEN
TBO—ME LI, ZOfh, HR-EDOTE% [ HE ]
(aggression) & K4 L7, Ono and Uematsul® 5 L U°
ERICE B BAREBEORE L SERET SHEAZEOH
BONBIILTOLBD TH L,
HARZECOEEDIL VLD ¢
LpIE, Lhy, REEAM, LTI, HLEJT,
BRI, SREME, FLXD, X, idah, 49
D UREKEIZZ T 2T 558,

AABORREOEEZRBETHHD ¢

R - faE
EEDN -
4 - K
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23 Dol - ffF NEEBCAEE5T
)

SESDEBELL — ShBEL
LSEHHIITMAEB D ¢
SHHE

DO E

CNOHBOEBICHUTORBIBDTONS, [EF
Bl 3EFCB W THERZRB TRV TH 5 WidfEko
FEEIL L VEORNKEERTF AV ADTALTEHEI
N (EWFFERE AR, AEEE, EWFRR, B
EZERN), EHNZHELTO AXNCHERTHORIFE
L7\, MEHED A X AR BE IR, HIAFELE
ECHZ A2 XD fTh%E (REPDH0E TR
B LIEEIERE D, (558 IO KOS
B L b, ERPVSTCAREPICEFERHL, £
OREF R MEREPICID ANS L7 THERE] I
X o THEAZEETOEPOERBTAHCEDLNBBEN
B\ (i, BEribERA, 88%9), —5 g
TMERED M A BE S CEED & O TR SR 21T
DERTAICHER SN A (TR, ERAEFERA
INLOEMMLD, BELE AT NOZREOIDHOMKE
OFTHEL, 18] L+ 508 HY EE 2, KT,
MR, T8 Cide, THa8 L WO BETH W,

T TEIN] WO BHER, MELEML LIkt
% & (egg release, oviposition) 5\ IditEkED A
WO e AT O LDO—BOTERHET I &
(spawning) (EEREME AR, BEEE, LW%HF
, WREAFERAAN) REEROBERE L OO, R
T, MERINEEINCBRET 5T %% TR &L,
TEESR] W SHEED BB - B %275 D0 —EDTT
BOEBRTHEAL 72,

MHE ) EEE U UHAEOIC S W TER L cBE
PORBEPHEINAHBICHNONDT, I TRE
WHEABFAEMCRET2T8 0T BB
(sperm release, sperm emission) & U7- (AEMySefeiy,
FHHRALFERA) .

AF AT, SR, HEOCRIEZELSDLY, K
o, Mk, TOERILTOZEIE IS, Onoand
Uematsu!519 33 UMD TlE, COFEELE21TH
% [ZR] OFICEDTNAS, §E, IOTEHIICOW
TREMBBOV E2OFEBHE LT IS %5bH]
(quivering) 202225 -3/ i 2 7= (Table 2),

U AZ I T OREDIER, MEIEEE, ZREIie A
FARIC & - TIEMICHEET 2,50 2 L CRF AR T
i, REACZRENAESRAEELDHBHE, WT
EEEREODE, ZTOBREEEDY LN LEROZH

EEBICAEIR DS, E/KBEPNCEER T WEE,
HEIIESR 2 KOEIC 2§ 0 20 55, rEHICE-
TH %D HE)) B9, Ono and Uematsu® 3 L U5
WIDTIE, FRIE S - HPEED L W KEOR
CEREZ 30205845 28EOTHAY [ 290
i) (rubbing-on) & L TwWw% (Table 2 CiE, #
HHYIZ rubbing-on 1 & rubbing-on 2 IZXHIL 72), &ABF
FeCIL, ZTRINE b - 7R A B OB I LTIl
HECTODOTTNEBEERHDO—EDOTE (0D&
picking & f3 attaching) % [ AffiF] (egg deposi-
tion) &L, SHREINEFOMSKEICERE 4000
THREER B EE2ERED 240200 (rub-
bing-on) & L CEHIL /= (Table 2), & BICAKMPIC
FRNLAESEAEEI VWSS, I EEICE
> TERBWOHER % /T> 2 L 9% %5, Onoand
Uematsu® £ LU BB, COTHY [508& L
(sigmoid) XL T\W\5H, AP CEZOREERLYH
AFEOERICH S S8 C shedding & L7, FOff, W
OPDOAKBORHBORERIZIC OV TLFFED AL
A DFTHHF2020% § LITEE % FT -7z (Table 2),

] e

AT NOETEITE BEROWMOERKIEL Table 1
2R3, 20004£8 AR5 201244 AL TIfTx -7z
AZHOTHEE (Table 1) ITBWT, BHETHIT
200948 A, 20104:6,7,8 A % X U 201145,6,7
RiCHERR I N/, HERINCEHAHONZ—v L LT
iE, OIS T o& ], TLAEBW], REE
fr), ToREME), TFH LB, T8 ], T (Figs.
2,3a), MHED 5504 (Fig. 2), faBEOHEOHE
o0 Nidin] (Fig. 3b) BEER 3N/,

FEREIN RIS TEATT] (o0&
LfHE) BEEINh., TOFENT, IR RELA
HESIZ L OICYCTEHE (EAFTEE) 2HESOE,
ZTOBREERDLE LD OERREEHED L WIEAEL T,
JEIROZ R HEIC 20 D TRHE X/, EARA
FEENFEE (v XI5 Amblystegium viparium % 5
WiEiR A o> 1 #E Fissidens sp.) OB4&, a7 o
EEIEH L LTI EfFE SR (Figs. 4,5 ;
EF A video_4, video_5: https://www.jstage.jst.go.jp
[article/suisan/78/5/78_5_922/ _article/supplement/
-char/ja/)e BEGSATIFEE B KEMBOBE (XA KT
FEDHAHNMIaANFTHE), CThOHDKEDEKIH->T
BEHENICKEOEOMZBIHT S IS5 L TIHEHE
SR, AMFEOBETE, 1EOEAMT (0o&d
) TIXNCOZRMWPEAMNTERCAET S L
3L, EAFTEEIELITOR TV, £ 0%
&, R 1E»SHE T22E ] #1T- THr LRI
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Table 2 Newly proposed terminology for reproductive behavior of medaka Onyzias latipes

" Ono and Uematsu®1® Iwamatsul?

Proposed terminology

Brief description

English Japanese English Japanese
SPAWNING SANRAN Actions by male and female for fertilization
Approaching Chikazuki Approaching Chikazuki Access of male to female
Following Shitagai Following Shitagai Male swims behind female.
Courting orientation Kyu—ai Teii Positioning Kyu—ai Teii Male keeps distance near female.
Head~up I Atama Age | Head-up I Atama Age 1 Rejection of female to male
Courting round dance Kyu~ai Enbu Quick circle Kyu-ai Enbu Male swims in a circle in front of female.
Head—up II Atama Age II Head~up II Atama Age II Rejection of female to male
Floating-up Ukiagari Floating Ukiagari Male floats up from beneath female.
Crossing Kousa Contact Kousa Contact of urogenital pore of male and female
Copulation Koubi Wrapping Housetsu Male wraps female with dorsal and anal fins.
Quivering Furuwase Male and female quiver their bodies to release
gametes.
Spawning Sanran Egg release Hou~ran
Ejaculation Shasei Sperm release Hou-sei
Fertilization Jusei Fertilization Jusei
Separating Hanare Leaving Hanare Male leaves female.
Sneaking Sunitkingu Sperm release of non-pair male to pairing-female
EGG DEPOSITION UMITSUKE Actions by female for attaching eggs to substrate
Picking Tsutsuki Picking substrate by the snout
Rubbing-on 1 Kosuritsuke 1 Attaching Fuchaku Attachment of fertilized eggs to substrate
OTHERS
Rubbing-on 2 Kosuritsuke 2 Rubbing—on Kosuritsuke Rubbing eggs against bottom of tank
Head—up III Atama Age 111 Head—up III Atama Age II1 Shedding eggs by shaking body
Sigmoid S~Gata Furi~otoshi Shedding Furi~otoshi Shedding eggs by shaking body
AGGRESSION KOUGEKI Actions by male to male
Chasing Otharai Chasing other males
Fighting Tatakai Fighting Tatakai Butting and hitting with tail
Disrupting Bougar Disruption of spawning by non—pair male

Italicized terms, newly proposed terms

D THRE] BT o728, 20X rdTRABERTOES
babhic, EhBEHOBRIZL-> Tk, [22o&] %
BOELIT-> THBHEIETELRVWESEbADNT,
L RBMED A XA PERTHMBTRTCERE LT ERE
SHEFFERL Twin b, O TIRETINCEREIT & iE
ST LW LT, MED TEE LA ] TR TiThh,
SKHER WD EBHWVITHEPERLL TS &, oD% |
o Ch [F] ETELRVWT LB LIELITBEEX
N7z,

(bhd& ] b [Ehah] £TE, HHzEXEE2N0
BlrEd, BEOKBETTI Lo lAmRALNh
> 7z, TEAT JICREERLEE L, &< OBE,
KN K DEWKETT b,

SE, [bh3&] »6 [REME] T TOTHES
BE, Mbhro&] Mo IER] T @EHECEVWAES
) OFENEONI5E, bhdx ] 6 Mdkh]
TCOTE (¥, 55b8E&E) 0N 12 [FER
U7zco F7z TERMT] BON48 ERER L 72, Inisk

DT 5 TREME] SHIETOMEZ T T, B
ISR FOHICH L ChfThh Twie, ]
i3, EBE, PETHbh THEDORBRELLS, thob
OPF T OIBERE O, EMOBREITEP 1
HICERETHLh OISR L, T8 13 1 HEEOMER
1H1EL 2 fThi\wicdd, T EEBICIIEET
Eheholo, FOMl, 1EITRB S, KIN, Kk,
HEMMED DTN B, FIOMEDS RN A 1 5l
K LT, B 2EIZEEMmIrs [A—FV
7428 L B LN BTEIBEE I N,

Ono and Uematsu®® 5 L UH BN & Y, WHEAKE
P OMED ZREIR A KEEIC T30 21 TR E# 2 5510
B 29020 EWSTEIREIhTHS, O
18 & B LB a2 hOKEI 29 0 20 378585
B GRET S A LN, JOTEITEEIICS VT
bABN, §H, MTALNAERE 230 D0 578
ITMEEICBOITEN Ch - oo

Fo4HE, FHEWELOMCLS T5082L B0
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Fig. 1 Man-yo Ike Pond. The reproductive behavior of
wild medaka Oryzias latipes was observed in this pond.
The distance between white marks of a black bar indi-
cates 50 cm. Photographed in July 2011.

Fig. 2 Spawning behavior of wild medaka Oryzias latipes.
A male (blue arrow) is wrapping a female (red
arrow); they are quivering and releasing gametes. The
male adopts an S-shaped posture during the early
phase of spawning. Photograph taken from a video-
tape at 10:28 on June 9, 2010.

Fig. 3 Spawning behavior of wild medaka Oryzias latipes. a. A male (blue arrow) is wrapping a female (red arrow); they are
quivering and releasing gametes. The male and female place some distance between their heads during the later phase of
spawning. b. After quivering for gamete release, the male left the female (leaving) . The female is holding fertilized eggs (white
arrow). Photographs taken from a videotape at 9:33 on June 9, 2010.

RHERINLD o7, LAF AT, PBONEDIDD
HEEOLWKERICIIZREEL 1otz AN D &, JIOfF
BARPMERL, IIAMEOED CHEN, EARTHEASS
SRS ITRRBICR B LB H, TD KD ILRBORRIC
[50B&L ] PEEICALNLD (UMK, RER), &
B, B TIIAEROMR L 72 REBTEIN 2 R
BT A DN 5 7,

EATTEE MABEINZEA T 5 EEOERS
JUBFEEZHAN LD, THRELEFEOFRCL S
ZREWONEOHRET > 7o MEDEANTTEIZTT-
7oK OEMIL, MOROEREICAET S AYFFI7
(Fig. 6) BXUBUAUIrO1HE, tOFRICET

T ea&FhIse (BigT), GHFTFECHsiks T
DA, B EHEY DX & Dryopteris erythrosora (Fig.
8), 7 5 M1 Quercus glauca DKL B K PICEN T H
D, ZTOF P MU BIECKH L TOEAMTFTITEINHE
INT, TR EEMORNE, (ERE) Abickb,
C OMNEITHR - BEE AT TR A A BN (Fig. 9),
INOOEWEERL /MR, THIBMAEL TWBT
EEER Lo CThHOIEBEICK L TOEAMTIE, K
HE < OKE1~3cm) Tirbhicd, g, 474
FHXENDERFTI, MOFBTHT>HEGIALN
Too YIFFIrO%E, MOBRDORICET L TWeh,
KL K DY FF I I EBOZRENPEESI N0
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Fig. 4 Egg deposition behavior of female medaka Oryzias latipes. a, b. The female holding fertilized eggs is attaching the eggs to
aquatic moss Amblystegium riparium. c, d. The female is leaving the aquatic moss. Arrows indicate the direction of movement of
the fish. Photographs are taken from videotape #4 at 9:32 on June 10, 2010.

Fig. 5 Egg deposition behavior of female medaka Oryzias latipes. a, A female holding fertilized eggs is approaching the aquatic
moss (species unidentified). b, c. The female is attaching the eggs to the aquatic moss. d, e. The female is leaving the aquatic
moss. Arrows indicate the position of the head of the fish. Photographs are taken from videotape #5 at 10:17 on July 20, 2010.
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Fig. 6 Eggs of medaka Oryzias latipes deposited on aquat-
ic moss Amblystegium riparium. White circles indicate
the deposited eggs.

Fig. 7 An egg of medaka Oryzias latipes deposited on
aquatic plant Egeria densa. A white circle indicates the
deposited egg.
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Fig. 8 Eggs of medaka Oryzias latipes deposited on a
dead leaf of fern Dryopteris erythrosora which was
hanging in the water of the pond. White circles indi-
cate the deposited eggs.

Fig. 9 Eggs of medaka Oryzias latipes deposited on a
dead branch which had fallen into the pond. White cir-
cles indicate the deposited eggs.
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Fig. 10 An egg of medaka Oryzias latipes deposited on
aquatic moss Amblystegium riparium. The egg was ex-
posed to the air because the water level of the pond
fell. The upper part of the photograph shows the water
surface of the pond and the lower part shows a stone
with aquatic moss exposed to the air at the edge of the
pond. A blue arrow indicates the deposited egg. The
inset is a close-up photo of the egg taken from a differ-
ent angle with a plastic ruler, with graduation marks of
1 mm. It is unknown when the egg was deposited and
for how long it had been exposed to the air. Pho-
tographed on July 21, 2011.

Fig. 11 Aggregation of medaka Oryzias latipes. Male and
female medaka aggregate near the surface of the
water above Spirogyra sp. Photographed at 10:31 on
June 9, 2010.
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