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Use of otolith Sr:Ca concentration ratios to estimate individual
history of environmental experience of the Japanese medaka

Oryzias latipes in the brackish area

Tsuyoshi Takuwa' , Keiko Yamaguchi” and Akira Takasu®

Abstract: A school of freshwater fish medaka, Oryzias latipes, is sometimes found in brackish
area of Hii River system. There is no study to clarify whether these individuals are from the
adjacent freshwater area or grown up in the brackish water area. In order to estimate the individual
history of environmental experience of the Japanese medaka in the brackish area, changes of Sr:Ca
concentration ratio in the otolith were studied with an electron probe micro analyzer (EPMA) .
The level of Sr:Ca ratios of the otolith in the body collected from brackish water area (L. Shinji,
around 7.4 ; L. Nakaumi, around 5.1) was higher than that from freshwater area (Hii River, around
3.5) . There appeared no appreciable change of the level associated with growth for each otolith. In
contrast, the level of Sr:Ca ratios in the otolith apparently became high after a transfer experiment
from freshwater area to artificial brackish pond. These results indicate that the individuals collected
in brackish water area in this study are estimated to have spent their life in the brackish water area.
This study also revealed that the difference of salinity level within the brackish water area was not

necessarily reflected to the Sr:Ca concentration ratios of the otolith of medaka.
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I+ AKX J (Oryzias latipes) (LLF, {HEINICAZ
NeT3) 1, AVHAXHFHIOEENSAE 3em
FEOHBHTHS GEFE , 2013). MDOTUIE TR
D—DThol AL, BifE, REEZEDL Y RT—X
T B OTHEP A T EVU) IGEEINTED,
ZOMRENRDENTVS (BREEE HRERE fo 4
WA DR HERESS | 2015).

AR, FEFEOM)PMAE, IKHZEEBIKE T
OEREMNKIFENE TS, DHITIEH 2D, BERD
58 e 32 ) B M M SO R & W S TR BRI T
DEREMEETNTVS WS - . 1957; LA - {7
B, 1961a 72 8).  FEBXC, HORE Nt EEn]
BEL T B WSt ZE DT EEHALNEESTY
% (MNESs , 1957; {4 K « R, 1961b 75 L) . Inoue and
Takei (2002) &, /KA CTOREIIDMME, KD
IKIE NS DNT, D Oryzias J& 3 Fi& & &1 g 5E
Bz TV, AR BRSBTS I /KICH
LTV BDITTIRIRNDD, D500 EESTZLTH
MUK SIS GE IS D R RETH B T &, FTARET
X B ZH MK TORZRELIIFAELIRER E, K
BWISEEZ A T WA T LM LIz, Z LT, &
AHNIRIKFETH B AR IDBIE, JES AL T VS
—{ELT, WBEBELIEBENEETH>T2n5T
BV EHER LT, BIE, FICBUKETRLNTY
HZAMETIZH D, ORI HILKICENTA
KIS RS S REME DD B T e D, Al
DFEEIEHEKIBOHEET, FUKBICEERTS
RENRH D, AXINEDFEEVUKEREZFIFHL T
%7, TOHEEZET S LIEAFEOMHE R RS
EZ23FCEEETHS. LrL, NHOAREICTON
T, JRWTRIKIE TR Z Rk i Ic 8t - B35 C
CIFHEL L, UKD AR H DEHEIC DWTOHIRIZ
VIR, HARBEOFEKINTH 255810 - Wil 7z B
TEEMBNKRICBOTHIRKIKIZT THL, Rk
WICE AL ANERT S GBI, 1985; HAY VISR
AT, 2007 728). THE THENICHBIFZEKED AL
AWM T, LEROBIREREONEL EEHICE
MR DM 21T ST WFSE (WIS « £ L 1957) %, 77
i« A78 « B - EIN WV S TR BRI T B R0 B
BEHT IS A X A OHEKGE IR IS D572 T o T 5%
(ERAR - GHR , 1961a) REMTONTEZ. UL,
FUKE DA X BRI B FUTE =D, K
WTHTRERZ R SR 20N E, FHEICEIMNAE
B 2RI DNT, UK TOA R4 BIEREED

JE IR B 2 AR IR G R AT R,
ORI IASMIT S HE0—DE LT,
MR EST2WHM THE2EHICHDIAENS R
BEIKH R DAL 2RI IED 73 Hi hid % (Campana,
1999; #iH:, 2002 7% &). EHhTEHAHOD Sr/Ca [t
RTE, TKHD SriBEMNHIKE ELE L THEKIZ B WD
TRICEWMiEZ LB T EZFHUT, Bk R
WS TR D LIS 2 /KK DR B > R BRER FE D
EICHHENT WS (Otake and Uchida, 1998; #gEF S |
2001; Tsukamoto and Arai, 2001 7% &). TOFHEIZLE
A NEO DA + T (Arai et al., 2003) I /R
U4 (Ohara et al., 2009) ZEICEHANENTID, &
FICEJSHTEAAREMDN T RIcE 56N 5.

ZTT, ARWIFETIZERIIIKRDIRIKFED AR T
DFEBRERE RIS N T 728, HAH O Sr/Ca Lt
D T oz, ZEFKZROBKEF X TTRKEIC
IR BE N B EREE LT fEAR BFAMEA) 1DV,
BROBIKDSTUKICEAE T Z G250 721 1> TAfk
(BRI 12OV, ZNThoHLHO S/
Ca [botiefrv, RS EOREBRIRERHETL, £
DY DOWTHET L.

B E

AER S

BRI O L7z R & UTHARMICESZEF
IKFR (PR ERIE 1= 153 km) Z &t Uiz, %
PIIKRD FFREBICIE, SREM &P IEL, W
IKEE RGN Z N UCEE L, HiEEsKEZN L
THABICHEK LT WS, EKiEZ @ LT i iE
IKDRAL, TRAMKEHRIEGZZ I ENEEZ
D—FIF KGN Z @ UTREIITEL TS (A,
2001). HEPESREW LET3IMNG 5 RE, i
JEIZ 10520 FEETH S (35K, 2001). 2014 4E 5
HSBNAEZITV, AXHDOBEND R TET:
EINTHE O35 3 gz E S e Uiz (K D).
B ST, 2014 4E 7 A D 2015 4 6 i ThE
ARPNCH 1l (%ZRE 2 7 Al 1 A) OBEET, B
PBEEFMLUIZ. AXHOSAIRN R LIz0b,
AR A RO RBKOZEEH 2 T 5728, KR
(HORIBA ff, WATER CHECKER U-10) X U5
(YSILtl, =)VFTa—T 2 AT L 556MPS) &l LTz,

HFNEEOERDH
TR E LT, BEAHO Sr/Ca ttaotricfit L7z
AR K OFEBRE R 11573, A1 (St. 1) D
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Table 1 Aquatic characteristics of sampling sites and sample data of wild individuals

of medaka used for otolith microchemistry analysis.

Total length (mm)

Locality code Locality Aquatic characteristics Sampling date Number of samples Mean+SD Range
St. 1 Hii River Freshwater 2014/5/22 3 30.28+3.29 27.03-33.61
St. 2 L. Shinji Brackish water 2014/9/29 3 23.78+1.09 22.59-24.74
St. 3 L. Nakaumi Brackish water 2014/7/1 3 21.63+1.29 20.17-22.60

2014 4F 5 AR HEREERE, S8 (St.2) D 2014 4F
9 AR HERERE, g (St.3) D 2014447 AFH
PREERED 5, HHRITR OfEZ 5O, ST
EMWzEnNzN 3 @Az Uz, SEMEAD S
MUEMOBEA (i) DOME (Suleus) AL
BB EIICATA RHT A LEOTRFUEIR CK
E)V—R « Xba - 7aX 7wl XhaRdy
154) Il s, T A 5 AWHEN & HFER (L - —
H, 7R LA#000E LLIEH—RYTUE L
C#3000) ZHWTHAXRBE CTHELZ. Z01%,
WFpE 7 11 2 LRI 3 umPAS S&iEK (7 A LT 4 —
£t, W605AS#3POLYSTD) # F\\C H A H R
WEHT 22X THIEL, 70X LRE 1lumPAS
SRR (7 A LT« —*%E, W605AS#1POLYSTD)
ZHONTHARODERT % X THmE{E LIF L.
H2ERAEE (HARE L, JEE420) ZHWTC
DB OEXMICIKZARE ML, ETR~ 170
7oA Y— (HARETF, JXA-8530F) ZHW\T
Ca & St DEEZE SN LTz, EEDHZ, CaSio, &
SrSO, 7 fZHER Rl & U C, hm#H#EE 15kV, E—L

& 1um, FRAFEERT 10 BT, BAH.oh b EAkRI
D> TT AV 72 S RBE 3 um Tobr L7z,
AZHOEAWEmICIZBHEN LIELIEETTE
D, HEICKREEE=3 128, ThEBITEED
SAVERBEAE. BAO Callhid % Srirtt (Sr/
Ca) 73R, AKX TlEThZE 1000 (5 L8 D%,
[St/Catt) & U, Fiz, LEEOFETERILE
Sr/Ca LD FIEZ A S L1k, ThEEEHL
THHEDOWEE (n = 3) THI>72E DZEFHILD
FaEe Uk,

B EREEDERD

A XTI OB Sr/Ca bt (LUREAD) A4 EHE DY
WKISUTEILT 2 E SN ERAT S 128, K
M BIKNOBHEE G217 7. BE A,
201546 H 22 HIC St. 1 X D150 m il T
LU AZ A 39 itk CHE2E + B R ZE, 1737
mm + 1.19) D55, §5- =itk K CHIHEHIE
DT=H DU EAZ 5 < 31 ik Z VWi, Had
WKBITBBMEDZA IV TRHNNT 50, TFE



FHAAKIRISE « LIETRE 7« w2 52

X2 HamMscEnc OB B kOBt ik E L V> TV T — &

Table 2 Aquatic characteristics of experimental site and sample data of individuals of medaka used

for otolith microchemistry analysis of transport experiment.

Code Locality

Aquatic characteristics Sampling date Number of samples

Total length (mm)
Mean=®SD Range

Hii River =  Freshwater —

Experiment )
L. Nakaumi

Brackish water

2015/7/30 3

29.26+0.88 28.27-29.95

F RO TEAERE L THOL SN TV S alizarin
complexone (DT, ALC) I X2 HAREHEEE (K
ZAE, BRI, 1999 ; f)Il 5, 2007) Zfro>7z. St
1 OEREIK 2 LIC, ALC CREERL T 2L, A0440)
60mg ZMAT, TNEZAR—F— (7 RINVT v
7%k, SR100) %MW TIAME ¥z, T 0O ALCA
7w 2 AME(F L, B OBTRTPANZNZN 15 [
&, 16 AAZINA L, 24 B2 U CH G @i
WEiTole. ik, BERA VFa—&2— (TR
INV T 74, 18-3300) NOBEFTIC T, $REEH
DIKIRITIE 25 °C RESFRM T TITo 72 IRIERD
A%, 2l 25 °C 2614 7T St. 1 OEREIK (5 0)
ZiE > e T Ak (315 cm x 18.5 cm x 244 cm)
2 ElCZNF N 15 ik, 16 EAZINA L, B
DOERBEIK 57229 ZHWT 1 H 1 BIEHEKED
13 28Ok L, Thze 4 HRERT, TRABIEE
Bl &6, HIBIARF R EN KN X O
S o3y b (HEWS0 um) ZHWTEHEL
T INE ZAGEE U Tz, BB/ A T ik 7z, 2015
6 H 28 AN SI[AEIME 7 H 30 HE TOWIM, BEX
EEOKE R 22— (B BIRKZEZRAF 27
U—Wget > 2—) hignE (KD Fra ohigE
JEKEER A EFTHFHR LTV SRR (F
/K& 733 L/min,, 27V —F8&, HE6mx 10 m
xIKEE 04 m) WICikizhd HE1Imx1mx1
m, HEW3mm) ICBA LKL BrEEDE,
WOFEIC KD, WEKIR, Hozitildsesd
IZ, BA% 12 HED S JNICEXIEER T —
zZufi— CKEA Yty harv¥a—x4t, U24-
002-C) 7k U, 7Kild, S0 7% HEEH (1 [\ /1 B
) L7z, CcoiEh, Z2HHKER (HYDROLAB
tt, DS5) ZHWWT, KEFOKE, Hozatiilt
7o, BRERARIRE, BAhEcRmA\OE 2
31, NLfRNIAEEET, ByVKEECRA, &
B3 2480 KB E Ul B E IR 714,
A5 U 7k 3 ik Z B R o Sr/Ca ELorric it L
Tz (R2). BHAWmE{ERKICHETLE, ALCIC K% H

YRR MR B T8, HUCBAMER (OLYMPUS #L,
BXSDZ AW, &SP FTGlgic K DB L.
B QW% & St/Ca LLOMIE R, B MEL
DrEmt e L.

EREOmoHh

FRDT A ETEED LIH A Sr/Ca Lt
DEALHNREICLES DL TH B ZHEN O %
=, ERDIZOREZHWTEADHE D Z
f1ofz. WA TIE, BAMIHOILREM 2y T
RiCEFTceBPTELZCT LD, HOLHIRICED
ZIETNEKEICHESI LI TH S T EWERRTE
B AMEDZAT B XA 2T OB RFARD 1=,
FA V&7 T\ TR Z vz, ki
X, SEM (St 2) BRUBHEEREAN S ZNE
NUAKEEMR L. 72 b2 (B E4E, 01026-
70) BFBXUWEYZ O A LRI 0.3 um 7))V 2 R
(BAIKOWSKI ff, Baikalox0.3CR) # TR ZE#&
BZREERE Uz BT, g7 1 X &R 1 pmPAS
SRR (7 A T LT « —+4t, W605AS#1POLYSTD)
EHOTEESWICE > THEUEE—LENHEZ S
Ko gmt B Uiz, 2ok, BEZZEEMEE (HA
T4, JEE-420) %W\ T OO E M IC R HE
EKEREL, BTy r7a7 o4 — (HAE
Ffk, TXA-8800M) 7 HW\TC, WHEHEM D Ca &
Sr D X fRaREE & 08 Uz, motid, h#EeEE 15
kV, E=Lf 1um &L, KEH (St.2) O7Hr&
E7 VYA X2 um, 1555720 OIRSHIERFZ 0.1
B, BHEGREREA DO DHTIIE 7))Ly A4 X 1.5 pm,
1 72 b OMGIEZ 02 & Uik,

w R

AE R EDKEDIER

P SO Sy, AKIEOMMZK 2 1CRT. ER
D53 1E, St. 1 TO, St. 2 T 3.3, St. 3 T 106 T
HY, St. 1 h5 St. 3IEH2ICONT, HoldE<Ak
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Fig.2 Seasonal change of water quality at sampling sites.
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FNMEEDERD Sr/Ca

A RS E O AMER (n = 3) DfEZX 3 1T7RT.
HAMEARDE HDE B DHTICIITS Sr/Ca [hid, 2
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+048, Hiyg (St.3) O 3L TZENZFIN 507 +0.95,
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N7z, BEKICETS Sr/Ca FEOFEHEF T, St. 3
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Fig. 3 Otolith Sr:Ca ratio by quantitative analysis for
wild individuals. A, freshwater area Hii River (St. 1). B,
brackish water area L. Shinji (St. 2). C, brackish water
area L. Nakaumi (St. 3).

ZOH— DR BERIZK 25°C hEHEOREE L EIC
FEMEAD A BN, e ElZH34°C TH 1. BIR T,
25 6°CIREAF L. 7535, 2015 FEEEASE 11 5
WEEE Lz 7 A 16 HAGEIA 17 HIZMF T, 2D
WETHLKEDIK RO ERADBAS N, K
W DSy, KR GRIEZDR) ICDOWVWTiE, EXEh
BIKET, 5, KEEBIT T Tz, FERIKT
RRCAEFR Uz DiE 31 EAH 3 (EADAT, EFHIE
103% L{RNMETH 5T, 1ZEALIHZRINTET,
DD Im o TEBIHIC DWW TR TH 5.
AR OE 2 L (WHERT, St mM e G
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Fig. 4 Water quality at the artificial brackish pond with
data logger and portable checker.

ihtd) TEIRLETA, BANICOENAHEKE
o TWABGIMEELIYD, Thi ALCIZL %
FEREREHIWT LTz (X 5). BAERABREIADE 17 St/
Ca i, BHERTOVIKAETEICHI=2HAHDITIC
IO EFTTIEEME L, BRI OTKEEINCSH 72
BN W EATIEED @ o7z (K 6). X5 O
A ATRUTEEOOEBOLEL, ERONTIA
RICHELIZa7 B ACEWT, arh»bik
Z 200 um OEEETH B EHEESNZ. —F, K6D
WS IC B 2 E B MG R T, fikADaY
MHETTIEAN 210 pm OALE T, Sr/Ca LEAY EH LT
fo. oD 2 fH{KTH ZEA B LA C THIFRRICHE
ARNIE L Sr/Ca LEDY R A EIXIEIEF B LTV,
SERETE COMEIE 3 ROV ETHER LAY, 2
kB OMEX, 6 5 8 HiTEZRL, fHOBHI R SN
HAENTz.

FAEGSIUBEAREEICEIT2ER ST D
X {@REDTEmAH

TAHPHMEACSE. 2) 35 KU AE AL B (A (Sample
A, X5 EFRCHETHSD, EADKIELIZIREED
E£0) OEHADOWERERICHITS Sr D X FR58ES
17279 St. 2 DFLEFE CIEE AW O X #iom
ENFLLD SRGAE THE THZDICHL, BhEa
BRAEA TUXELOFIRICEDZ LA SN, NHITHE
MEL, SMAICEN STz, B ALC I X5 OS5
EHIT U= (&2 Bl X SRes DA m < &k L T
Wl e, TOMDRLOFPROZIZ, WKkhE
FUKBREBEABEI LIz LI KD BTz HIrEn gz

Sample A

X5 BB RO AICB TSI & W L
i,

Fig. 5 ALC marking in the otolith of experiment
individual (Sample A).
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Fig. 6 Otolith Sr:Ca ratio by quantitative analysis for

experiment individuals.

£z ¥

A MEARDE £ Sr/Ca [hiZ, St. 1 DRKIEE Tl
W 3.5 FRIE, St. 2 DFGEM (GR/K) FETIET 74
FREE, St. 3 Ol RUK) FETIEFFEE 51 RREL R0,
BIKEIC LEERTHRIKE T L T & hRE N Tz,
oA ik B8 A D Sr/Ca Fhld, WKAEEHTH a7
WSEWEFTCIEAE A 3 Bitg LKL, HUKEREEIC
Rtk & FI U7z Ml O R Tl E A AR ERL,
a6 s 8 Dtz kL. ThbDT ks, gt
JIIZKZRD AR HDOE £ Sr/Ca i a5 /KK T 3 12
JELRL, KT S H D 8 B L mW T EAH S
Cixolz. iz, WAMEAKISOWTIIREICHES S



H15 Sr/Ca HZz W TP UKIE X 7 S A X7 ORFBREISE OHEE

Sample A

7 AT KB B A i & B R B E (A D H 4
Sr FE .

Fig. 7 Sr concentration distribution in the otolith by area
analysis for a wild individual (St. 2) and an experiment
individual (Sample A).

Ca LM G ZLIZA D NIE>T-—5 T, Bhbad
BRI DWTIERR K EREE D BYUKERBIN OB BT
X0, Hf Sr/Ca LN EFL, Z{b BT EhVRENT.
INHDOTEND, ARWZHICHITBUKE CRiEs
KOHE) CTERELL 72 AR AR L ki 38 JE 3 0D ¢ 7K
MHE LD TIE7EL, FHKETEENEG ST L
MG IR ST,

LG IKRICBIBMAFEOE 1D St/Ca Lt 2H %
&, THYF Hypomesus nipponensis TR KE (7z
Hi) DEEFBRZ1INE4RRETHSDITHL,
SRIEW & i T I N TR ETIE I 6 5 8
DHEEFADIEEZ>TVS (K115 ,2014). oI/

RV Rhinogobius sp. OR TlE, VA/KIM Gl 1k
FULIZEHEE LTREATCIIR 7 5 10 TH S DIC
FU, KBS EUTz e HEE LRI Tld a1
54 OHIFHE2->TED, Xz, FfEOPERMEE #HEE
ENTVABKICBOTEMA 1 D 4 DHiIHE 75>
T 5(Ohara et al., 2009). 7L Plecoglossus altivelis
@D Sr/Ca [k DF v — 32— OMABIBITIE, k-
UK COATER DO E 6 D 8 FEfE, M g E
Z3IMHARELELTWS GBS ,2005). DX
g, ZHIDKRICBI2EBOMAMTE, BEHOD
St/Ca FEODEIX, WK T1IME 4FRETHD, Thic
W UTHRIKD S KIS TOfEIZEL 55 10 74
JETHY, KO REBENTHS. TNHDT
ENBE, AEEROBEIKFED St. 1 EVIKFED St.2 35
KU St. 3 DEDEVE, HRIKETUKDEN 2L
TWABZEIZHSNTHS.

—4, S RIOMHEEARORIER KNS, BIKTE
Sr/Ca Fb/0 3 B TIRIE—E THEHDITHL, JRidi
D St.2(8i57 3FRE) TV 74 125, HhifEd St. 30
S 10 RETEMEBIR) T 511, Wik
JE k72 MR UTETE Uik Gy 20 2E) Tl
R6M5 8 Lx->THY, HAHD Sr/Ca HHIZTUKT
WEIES OERZ ML T Wi o7z, BRE/KDEE S
EHAD Sr/Ca LLDBIRIEICDOWTIE, ThETWVLD
W DJLEEEMEORE CRIBRERC X->THEMDEN TN S.
Wl Z X, 75V F Hypomesus nipponensis (Katayama
et al., 2007), - 57 Hucho perryi (Arai, 2010), # %
Y7 Anguilla marmorata (Arai and Chino, 2017) 7%
ETlE, BAO SCathd flld 5 & iE R RIS
HBEMERINTWS. —J, ARXF Lateolabrax
japonicus (Secor et al., 1998), R T Mugil cephalus
(Chang et al., 2004), I & F 4 I VU Zenarchopterus
dunckeri (Kanai et al., 2014) 7% £ Tl, HGD Sr/Ca
LEDEAME /7 ERRBERICIZ > TWRL. TDOXIIC
ERBE/KD Sri g & HANOHDAAH DRI, FHIC
FoTERWHIHALNS.

INHDMRICENT, —fRITIKEFHHOD Sr/Ca
FEDfEIE—EE T, 1ZEAEDEE, K- #KICEH
FZE 4D Sr/Ca DELDEIX, BRBI/KDELDE K
DEAS IR, HEEFS (2005) 1RSI 17K
FROIKD Sr/Ca Lt LM DR ZH B E, KD Sr/Ca
[t (x1000) 1%, BOKTIX8FEETHYD, RIEMEE
D5 DIRKMD SHFKITING THFIF—E T 19 FLE
ThHolz. TOMELIKRLTE, KEAXHDE
@ Sr/Ca LEDffIF—EET, HAallBWLTRWTeHn
HATH 5. 2 (19949 &, HAD Srid, EREK
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CIKD St EEE LML TWSD, TNSDORICE
BERIRIZ7RL, St IRBUKD SIMRICAB RS T, &
SIS EAICIE T 2B T, ThETh&EiE
FERITHIRIEN ALY R (vital effect) DMEANTUW
HTEEREHLTVS. EYrhidiE, oAk, H
BNIEREAIEICK-oTE AL ENEZILN
%. RO faE R e Ul ERORFEZED BT,
EPIhFRICIE, FFEIC KB 2 NH B L HERZEND,
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