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Comparison of the maturation characteristics of the Medaka,

Oryzias latipes, between freshwater and brackish water areas

Yukako Okamoto', Retsushi Matsuda'’, Taiki Usui’, Keiko Yamaguchi'

Abstract: In numerous fish species, the maturation of the gonad is triggered by seasonal changes
in water temperature and photoperiod. Besides these factors, changes in salinity in brackish water
areas also have an effect. The purpose of this study was to clarify the spawning characteristics of
medaka (Oryzias latipes) that live in brackish waters. We observed the development of the tissue
structure of the ovaries and the temporal changes in the gonadosomatic index (GSI) in brackish
water (BW) and freshwater (FW) areas. Between April and July, the GSI was lower in medaka
living in BW compared with the GSI of medaka in FW. Yolk spheres and/or follicles were observed
from late April to August in many individuals living in FW and some individuals living in BW.
Furthermore, many individuals living in estuarine areas had developed yolk spheres and follicles
between July and August, when rainfall reduced the salinity. This indicates that the spawning
characteristics of medaka living in estuarine areas are influenced by environmental factors,

including salinity.
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2 { OFFHICBT 25RO KENE, FHEIZALIC
fES KR HER EOZKIC K-> TR 5. HlAE
JKIBICDWTIX, 774 3 Siganus fuscescens 13T
IKIRAN 25°C 2t 2 % L SN BAMG S 5 T L HHS
MCENTVS (LEIED, 2006). FHEIKKDW
TlE, >aF X Sillago japonica | FB W THEINORE T
9% HERFHIA 12 K 5 13 K ORICH 5 &
MIREENTWS (EFRRIED, 2014). TDEXS
WK HEDZIE, 2 < OfJHIcB VT
DR E R NFT T AN EIN TN S.

RIKEK & RO TR ICALE 3 A VUK TIX, 7K
> HEOFHZA(RICA, Wi OZELHE
CoTWV%. Thicky, FHUKEIERTZELL
E—REIC R 2 CIRKEPHEWRMA, HH9
IZDWT & AFARRD BRI AT 5 I D58 e 5. 2 T
LAHEMENE Z BB, BIAIX, VRKkD BilEKICE
A9 % 70KV 2 &ZA Scatophagus argus 1.,
Y85 5%o, 15%0, 25%c, 35%c CEIET % &, HEHED
A HE R EE B IR 80 (LUK GSI : Gonadosomatic Index)
357 25% TRt @ R ADHLMTENT NS
(Suetal,2019). ZHITHA, Suetal. (2019) &,
HE TSy 25%0 DA TR L, Z DD, T
FHERENCES o7 &, METIRINHEB IR
DOFGEZIZEA RS T2h, W57 25%0 LIS T
3R & IR TR O SEMBR R S N2 T & 2
Tl D0, Kz aEETEZ2RHT %
T, B K> TERMERO BEADHIT S 5 7]
REMEN D 5. L LG, Bokzead i RE iR
BRI 2 R8T, HEoVETEIRO KEIC IE

SABICDWVWTIR E A EHETEN TV,

Z T TARMIZETIE 25 2 A X J7 Oryzias latipes I
EHUK., I AZHEREERITI S TR
DUrE, HAEH TR LLE O 2 E & oo
R 0BH 72 IR U TV IRk fi
HTHA. —HTIFTIAZAEZ, FHKEICEAER
MHERENTEHD, Mk ukEZzZRIH L, ik
HZHRL WA EMMEINTVS (HAMIZ
7, 2018 ;2024). WK TH S IFIAZTHMNR
IKIEClaRRE 2 R T 2TBEZHE L TV A ERKE L
Tid, VAKEZEN UIERMDILAAH T 5NS.
AZINIFKE R EDE N RBICERT A2 kic K
D, WOERBICIEGL, YUKEQE ISRz T LTz
IR ZIKIEAN\OBEIN T Z B 0[HEMEN B 5 & i &
N T3 (Inoue and Takei, 2002). IF I AKX HD

AW

FESNE, BYNOHKTHE TNzt X X 7 OE5ElR
DOBIZENS 4 AN 10 HEHEEZSNTED, %
DOFIRICIEIHEIED 5T, /KEDPBEFRLTVWSC
EMHSEMTENT WS (Awaji and Hanyu, 1988).
—J5C, FKBICAERT % 2 I AR Ot
ZOWVWTE, MEOEHFICB N THES O R
T B HEREHNCEIIA K C 5 T EPMEETNTWVD
W (W - #&, 1957), $70h GSI DZLLIIHE D
REGBFRIC G2 BB OV IO TN TWY
B, T TTOARBIEE, BARB AT OBKIE & UK
HMICBWTIF I AKX HOMEZ AL, GSI ORER}
ZAb L SN DR A R B H D &, kI
BRI D IS I AKX OFEINEIAIC B B I DR
PBHHEICOVWTHBMNCT ST ERHNE L.

MEEHE

1. BNRBLCICH > T IVDHh
THRER, I I AXADBRGNCER LT
W5 T EDHEREN TV B EREHE OB KD
/NI (BUR FW) - &K D Rkt (U BW) I
BWT2023FE2H~8 HIZHITH 1 ~2[Efr>
Tz, RBARTIE, AEOEERZENTE D S
IAESGER T T YRR T, WAL, 2023
E2H17TH, 3H3H, 382H, 4H7H, 4
H21H, sAH12H, 5H23H, 6 H9H, 6 H23
H, 7H14H, 8 H17HICHE L. ZThZTho
PETIE, KEEN GHEET o« — 77— — ket
MM-42DP) 7z W Tkl G 3o 2 & U Tz,
T i, Wit BT B KIEIZKIR T A — (Onset
1, MX2202), BW D3 14— (Onset #,
U24-002-C) CTHIE L7z, SHRBISHDOIF I AKX
A&, HEW 3 mm Oz flZzHWTT X LI,
L7 T, BHUIBO TN 2T, 2
NZN N EEEEZEEMERICH B - 7.
FolR-o72IF I A, FHELHD 16 100 ~
18 : 00 DMICTE Yy MY R CHElERE L.
TEY MY VIRTHEELIZIF I AZAE, K
®E, k&, HKigicOVWT/FATHEL, 2ER
ZHGE LT, 20, B FlcshTcer ey +
EROWTINEEZRO L, ZOEEEHEL, 155
NTAEICIED ZZNFNDMEAD GSTIZDWT (B
HOER (g £H&E (g x100 TEHB L. ki,
fRENC X 0B S NZIIRIE, HETEY FYVIRT
EERIE L, YR OrERIC Wz,

EHARR ORI T OIERK T, £ T FREICBL
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Fig.1 Changes in the daily mean water temperature in both water areas.

TEREL U Tz 5 ~ 9 ERDINE 2 Fikic X O Bk Z21T
WV, NI T I EX->TCa Lz, Z0%, aiL
TN B DO IRERIC 3BT 7~ 10 um O EE Y] 7%
e U7z, TR L 7o) g, AV —~< 3+
Y UREW, AT URAEREHWT ERE
L7ztglc, EYSEaMEEIc X B85 (Y VoS24,
BX51) Wi NS BEEEE 21T 2.

2. HE#YIA OFTi

GN B D 7852 BR B D FTAM X, Twamatsu et al. (1988)
DINEDFGERFED K 3 2B HEIC L, 5B (Stage
11 RZAY, Stage 2 @ HifHNEEIZ B, Stage 3 @ PN
JERH, Stage 4 © GFEEEKIF, Stage 5 JBITHD ICIX
UM, TOFIiTlE, Stage 4 Hi & FiE L 720K
ETHO, JHRICBOTINEBRD 585G
WZ &R Y. —75, FEINEATOMILTH %I
BRPUNIN D > T IR T b 5 JEfd 2 (R 59 S ik,
Stage 2 %P Stage 3 IC X7 ENTAKICE R T NS.
I b B, Stage 2 ¥ Stage 3 IZ X5 & N fHAD T
HERE U B Z REF L TV e B, Thb
DX DARIC BN T & FEIIZTT > TV % ATRETED
H5B. T RGO OFHE T, IPBER
NIRRT DOWTHER L, kL 7z,

BB, UNHEOFEEEFEOFNIEZNZND AT —
O EDBEFITHEDINT VBT, FEA
EREDIZNHERTI A Z T 2 080D 5. —T7
T, JIEERE L IFEROMREFHC OV T, Thb
ORIfADEHICE D T &5, MY/ O8I
RIEDD - TG EICE D AETH % T DI,

AWFZETIZIN RO FEEEFE DR & JHEERE U <1
TN DRFFOMARBAD FIZ > T 5.

3. fRETERAR

TR AICIH T B FW & BW IC B W TERELE
NIEIFIAXHDGSIIE, ol @D %
TV, A H & Ao FRh R I s HAEIC
DWNWTHiF L. ZFD#%, Tukey-Kramer fE D%
HEILEZ 1T, FW & BW O TOHAEHLED
GSI DEWVICDWTHGET LTz, &d5, fifrid, R
(version 4.2.2) 2 FHWTHEME L 7=,

m R

FW 3 TR BW I 51 % H KR O 2 EIC
DVWTK LITRT. ZRZNoHiIcE I SEA
K&, FW TIiZ 8 H 13 H D 24.3+2.7°C, BW T
Z7H29HD33.6+1.6°C Th->7z. £z, BWIiE
AR 2@ LT FW B EEER L, KA O e
WHot. ROT, FWILTIC BWIZEBI B0 L
BW I 351 % H 77 OFREFFA(LIC DWW TR 2 1
/RY. FW O IEFAEIRM 28 LT 0.1 psu LU
TH-Tz (K2a). BW O HEHEESE 3 A Fah
54 H EaZERE, KBICBOWTEWMEZRLTE
D, TR ZE U T4 4 psu DL ETHERE LT (X
2b). EKEOHFEFEUIX U 1 psu LA R7ZRL
7eh, EBICBWT 1psu A TZRUIEDIETHIH
D 0T psu DA TH-oTz.
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Fig. 2 Salinity on survey days in both water areas (a) and changes in daily mean salinity in BW (b).
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Fig. 3 Changes in
dicated. Error bars

GSI in both water areas. n, the number of individuals, is 10 unless otherwise in-

indicate standard deviation. * indicates a significant difference between medaka

in FW and BW (p < 0.05).



PRI NS KIS % X 7 3 A X7 DGR D L

7 A OStage 1 DOStage2 BStage 3 DStage4 mStage 5

6 - S

Number of individuals

L

Early | Late
Apr.

Early | Late
Mar.

Feb.

—
O
~

OStage 1

Early ‘ Late

Early | Late

May Jun. Jul. | Aug. ‘

OStage 2 @ Stage 3 O Stage4 mStage S

[
e
) fesesd
= oo
e Fosed
3 e
2
[ )
= ko]
[ eded
2 [ = Fr] T
= Bececd B iised e
‘6 i s e 5
o i date e Loz
- Koot Pl [ faoais
[ Fadrs B0 KR X
o fesesd b ties b
o] edesd e e i
£ 2 o] [ e f5ese]
[ Eosz K p{CH
e plol [~ e
S oo g pat o]
= s hs st pas
i ]
Fesesd 1] e B
14 fesesd vt I e I 5
Koot peatae] fetets
el s Fe
[ Fo - P
s N.A. EE s
0 5] . Eo] e e
Early | Late | Early | Late | Early ‘ Late | Early | Late
Feb. Mar. Apr. May Jun. Jul. | Aug.

B4 FW (a) MiUNC BW (b) IC 3513 2 AL F TR D F 52 B Bl OO R LA
Fig. 4 Evaluation of gonad developmental stages in fish from FW (a) and BW (b).

D GSI OFREFFZILIC DOV T 3 ITIRT. &5, X
IC Tukey-Kramer #iE D ZELIGIC K > TIE BN
2TCOMBPEDLEDOERELZ/RT T EHARETH >
felz, FFBEHBOFR UK. —oeE & B
OFER, FAEH, FAEtSoFR, HEN LHRE
S DX HAEH AR 57z (Two-Way ANOVA: p
<005). FW D GSLiZ, 2 HHAaHS 4 H FAICH
JT28% W5 44% KM EFH LTz, ZD14iE,
SHFICHITI137% £TEAL, THRAET
9.6% LI FTHERB L1%Ic, 8 HHAICIZ3.6% X T
K FL7. BWDGSIIZ, 2 Hdah 5 3 H FAajc
MFTIADS40% X T LER L. ZO%IE4HT
fIZFRE, 4 H FAHh 5 8 HHANISHIT T 2.8% H

545% THRR LTz, £/, 4 H MM S T HIEHD
JTBW D GSIiE, FW &g L THEI(RWMET
¥ -7z (Tukey-Kramer test: p <0.05).

FW i THC BW ICBWTHRIENTZ I F I AL
DAEFERR DO FEEEPE OFN Z X 4 1IC/RS. FW 133
H EAJIC Stage 4 DAY S THIZL, 4 H FA)
M5 8 HHENC T T Stage 4 DEAEDTHTLTH -
7o (K 4a). BWIE2 HHa)n5 3 A MNISHITT
Stage 1 & U < & Stage 3 DE{AMNHFLTH D, Stage
4 OffkiE 4 H LAY THEI L (X 4b). %
Di&lE, 5 H LAND 8 APANCHIT T Stage 2 5
Stage 4 DAKNHIR LTz, 7B FW I N BW T,
P HARY 7238 U C Stage 5 DEMAIZHEI L Zah - 2.
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Fig.5 Changes in the proportion of individuals retaining yolk spheres and/or follicles in both water

areas: (a) FW, (b) BW.

FW i T BW ICBWTHRIE NI F I AL A
DOYNEEERE L < IZIEROAHEICOWVTKI S ITRT.
FW 1%, 3 H FANCOREEERE U < 3 iEa % Fro ik
WS THERE N (K 52). ZD%i, 3 A KA
54 H EAICHITTIRRICERL, 4 A TMES
8 A A E T 80% LL EDEUAIC BN TIRFFDEED 5
N7z, BWIZ, 3 H NANCHIEERE L < 13I8+
DA HID THER I Nz (K 5h). ZDkiE, 4

HEADNS 5 A FAICHT T 60%E TIRLZIC ERL
7eigic 6 A PRI TR R L, 6 A FaNCIEipsg
BkE U RIERZF DA R S Nisho 7z, X
Tz, BHTHS 7 Adhrse 8 AdAnicid, 70% LLE
DRI BN TINEERE U I3 IEaZ REDED 5
Niz. PHBERFICIBOT FW TlEEIEERE L <1
TERIDRFFRD 100% ICFE L T2DHY 5 [FH - TzDI
L, BW TIE—EE 100% ICE LS > T,
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AWFZEE, FUKBICAERT 2 I+ I AR O
RN BT 2 9D AFFIEIC DWW TS MCT %
TERHEAME L, EW & BWICBWTHREZTT
VY, GSI ORI & SR O A G BE 21T -
fz. —/T, AWIZEORENSRIIE, I FIAXH
MMER @B U TR %2 C LW A[ETH - 120, i
DMTIA, KOV TEEVWARONZ. 22T
ARFZE TR, KiREEMCEHL, FukictERT %
2SI AL S OINEDOKAFFEIC DN TELET 5.

FW i TFlC BW O GSI I, RS 2 B0
ICRKEIZEON R 5N 7. Awaji and Hanyu (1988 ;
1989) &, HED X X A IZ/KIED 12°C 0 5 14°C T
DAY % T &2 Lic. m/kiic sV TH
SEEIKIRAY 12°C 2 X T DX, FW Tk 2 H3 H,
BW TlE2 H 28 HTh-o7%. DFH, FWTIE2H
4], BW TlE 3 H Eah S EAD NG LTz L H#EE
ENB. BRI, ZO1HhA%DO3 A AL 4HE
ANCiE, ZNZFNOIKEICIBNTHID T Stage 4 D
AN Uz, Lo T, I FIAZAHIRER
I ZIKIBICE D 59, KA 12°C H 5 14°C 1T
U TeReHAD S lEAMBARA U, Z DR 1 7 A4 FESH
AREAMANHIIT 2 Z EAHE M IR 5 T2,

KWNTGSID FRICDOWTHRS &, FW Tldkii
WI12°C ZREATHI 2 MA%D 4 A BRI GHEEC D,
BW CIEFAEHEZE LTS I N TR LT, %
7z, WiZKIKIC U T Stage 4 DEAD HIBIBHGE L 7z
4 H EAILR#IE, FW TIiEZ < DAL Stage 4 TH
D, EIRHHOINEERE U < EIEROARRHZZ < Off
KTHERE NI, — /T, 4 A NAIHS 8 AhAaID
BW Tl Stage 2 /"5 Stage 4 F THEA IR FEEEERED
AL, SEEERE U < I3IEHaZ (R 2 Mk
%, FW &L, 4 H b5 6 A FAITIED 7R
<, TAWAINS 8 AR TRFERETH 7. C
noocehn, 4 A LAILE, FW TIEZ < Off
B EIIEBI 21T > TV IAY, BW Tld 4 H Fah
5 6 H NaZPDEOME, 7 Ahah 5 8 Adaik
2 DA PEINEE 217> TVt Bbhs. D
£0, BWICEBIT% 4 HTMaHS 6 A M, JIO
AR FEDNM S DR ZZ T TV EZ BN
%. WS - &% (1957) &, HHHERICAERT 2 AKX
A&, 4 A5 HICEINDEC 59, 6 HHA O
IIME R UT2BRIC, —FFICHEIT % T L 2RE L.
AWEICEBNTE BWIZBWT 70% UL EOfEKAD
IREEERE U < IEIEZ R L7z 7 Adbfin s 8 A

A%, 7H 8 HIC 151.5mm, 7 H 9 HIC 40.5 mm, 7
H 13 HIZ 50.5 mm DfEKDH O (KT, 2025),
ZFIUTHES> TBW DS 1 psu L FETIK LT
(X 2b). Ak s, BWICERTEIFIA
ZAE, O RIS TINDMEAA #2175
AL, 7 DS 8 HITHIT TABIAE R FESH
M > TWeT QR E N -,

AWFE L FIRRIC, 2 F 3 XX HD GSIREFERRD
R Bl 2T > T Ffl & LTI, JRIIRAA
T DOHAEEADHKD KB ER T 2 ERICEE
I BW5EH % % (Awaji and Hanyu, 1987). Awaji and
Hanyu (1987) (&, AL OHIKDHIKERICA
BRI 50 GS1IE, 4 HhS ERHL, 5 HIC 1% X
TE#EL, 6 HECRREETHR LRI, 7THICK
T%ETKFT A EME L. iz, MEOESME
BROFAREAI B TIX, 3 HITIZIIEEERD R
g, 4 Arpdgin S O BREH O SN RN > HEIN %
HaD R S Nk, FEIIDBHMRT ST &, 5 AN D
7 HiE 4 AR O & [RRR 7R AERERR O FEEELRE Y
RN LM EN TS (Awaji and Hanyu,
1987). AWFZEIC 35T FW 1 Awaji and Hanyu (1987)
L, GSID REFHIEFRIEHTH - 720,
GSI D KMl E <, Stage 4 DEAD BT 2 I
HINEWNTH T, DFD, AHETHSRE LK
FW (%, Awaji and Hanyu (1987) D48 A D%
IKDRKEEX D & 2 F I AX A OREIISR R EH L
REETHZ EHRENS. FWIZEBARED 1 #i
JNTH BN SRFKDFRIVAATED, FW
OKIE DA B & Fblig U TN S, B
WARWMEICH B, ZDT=8, FW TlI/KIEOZH
EEHVNE N 2ITKD, I FIAXHDFEIIRK
U I BN T2 r[REMEN D 5. — 5T BW T,
Awaji and Hanyu (1987) ® FW D X 5 % HEZF D2
7% GSI D FRITR 5N, 5% LUTF KWl THE
Bl D%, BWICERTZIFIAXHOME
YNEEHAD GSIIE, FW 7213 C7x <, Awaji and Hanyu
(1987) OFERE > TEHD, GSIO LR
FlEN TV ki, 3 HLR%, REAEBIAT %
KR D 12°C Z 4 2 TH D (Awaji and Hanyu,
1988; 1989), AFHARDNFAT ZEREEICH D, JKIED
EHERR OB E L 72 & 13 2. Z 0728,
GSI O L F 28| L7z EHRD—D & L TIEI N
Z 54 5. Mandal et al. (2017) &Sk ICAEE S
%I8— VAR Y b Etroplus suratensis 27K (1 ppt),
Bk (15 ppt), HEZk (30 ppt) THEIG L, ZOfEHR
60 FRICIETUK & bElig U Tk g/ K THE LTz
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WeED GSI, TRA NI VA=), 1I-7 b T A KRR
Ty, TANATAYMEWERRL, D%
LD AEFERROFEIC 59 2 MBEER 704 RLAX
WICB R GA B el L. 2TDTEND,
JRYEVEFE CIIAORE BT 2 Bl & x4
Bire L RBEEEEE, X704 RRLE
VIR EDWEMNZEILL, FESE LT GSIDLRA
T ehEZLNZ. S FIAXTHEF EALE
K 2 ITHUKERIC & kT AE R U T B EREED N
BH (HAKIS, 2018 ;2024), AEO4 L%
KETHS. DFD, AROERGHTTLERWIUK
HICERT AMATIR, chboEXTaA RKRV
TV OWEMRKIBICAER L TV S AL gL
TIKL, GSI O EAMIGIE NIAREEN D 5. 2
DI=D5%IE, TUKBICERT 2 IFIAX DN
AT0A RRIVEYDRWERZRHND T LICXD,
K O FE7ZZ FESNRFEDH S 7R % L b 5.

¥ & B

D EDfERK D, EREREBICAIE T 5 UK
WERT B, Bk AR T 2k & Ehik
L, BNSEZFICHTTGSIO ERDIIHENT
We. Fiz, FEIVEIHOINEERE U < 13I8z (R ES
T AMEEDEGICKETENNDH D, BW TltED
DK Rz & OBREIATNC)S U TINEBRD A p 7 & 7%
ZIEEHTVWB T ENREEINTZ. —FTARIIZT
i, FWIZEWTEM D S DRFIKDHIVAFIIC
X0, KEFENSFW & BW THEZ-> T\,
DIz, SEEIKIREED LN LWk &
st Z2fro T Lic kb, FHKBICAERT S35
2 AR F DIIRD HAEFEIC DWW T X O FHIICIH S
MciEB b 5.

B

AR ZEITOICHIZD, TNTNORERICE
B EBEN ICEE D)5 R THfRE S h
Zneliniz, iz, BRENSGEN EIREEO A
TR -ICE, AR LA SIS 20
el fdUCHEZRLULET.
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