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B2 B XV ARAOHEEEZEET 2 BT, BOEMO LS S OICE G Sr/Ca It
EIRGIRIE & DBIFRIZ OV TNz, ZOMR, AEOFAEMIIHME THL 2L, BLUHA
Sr/Ca Y\ CTREFF I EA§ 2 2 L 2R L7ze SNHOMRE S L2, SARmELHIls &
ORI TERE L 72 <~ F ) i oMl R 23 L7z & 25, MKk 5 BRANOBITHIL, v
FTNOMNNIBWTHIA L EHEE SNz,

F—U—N <Xy, BEEilebEs, 8 g, B4 St/Ca tt

&

ekl “#ﬁ?‘%f]/iﬂém@@ ZDIFEAEIMINI A2 RT A, HAENEBT S0 D H 87 L
TR AR, AR, RE AL &SRR AR A D (FRIE, 1989 1 B, 1994), A=) Cottus
kazika \%, 71T HIE\ET HIAEE A OBKATH Y (FH, 1947 KH - %, 1997), #HEDFEO
HARHER 3 X O 41 DL O A CAE BSiERE S LT b (IR - KEF, 1996) o ATEDELZE 0

WM L 724K DGR D ), ZOFTHO L1855 L) RS, BEMLO “H~F1)7 0
HkbZoTnb, T2, 7aHh7, TIVLAD, Hr 7y, 350y, 7FH<EE0r=—r M)y
e, BBEELE ), HEXLZCOGHAEOEM L LTOBESNS (IR, 1994),

AFEOWEKINEZ L L, B EOMIITAEWOBREICL ) ERBEPES CHIRSNS, (R 50
1992 : &= A - JEH, 1997 T 5, 2004). 07z, W4, HAERPEEGICESLTEY (B,
1995), BHEADED DL v K5 — 71i@ﬁhﬁn@ WA SN, M) 2L TR T, B
ILAL 7L CHEB G T, PR 7 CHE G IR E S b 2 &, SR EFNLIREL - T
Wb,

—J, EHEB L OENE T, AREOEGRESY B L2 EERROMErRASRTEY, 3
K, AT, BLFRofEEFICET2EM2 M ShooH 5 (85K - ILH, 1990 AR5,
1994 ; E¥F5, 1998 5 B, 2001 ; HE - A4, 2007)s LA L7Zad s, HKBIZKLAREC BT 5 R RN
LWz, RN OREIZIEZH > T2V orBIRTH %,

B~ X OEINE, 120 ~3H I ENIESRE OB WO Tirhn s (Mil, 1988). Wi ki, =%
PLPU )1 38 & OSRUER IR BT s Cld L A T ~2H a) & S, AT f0d 3 3 i B S s o ek
WORELZOBAEKL, AGHE AWM ELNERITT 25 (EHS, 1999 ; Kinoshita ef al., 1999), AL
filE T ClE, BLIZKIRIOCHI R CEREH21~300 2 2 L, WU AU /72 %, 2K16.2mm (2
FELZ50H BIZIEHEET S (BH - ILH, 1995). F72, AEOREERAD, BEAA NI Y FIL/ AV
L (LUF, Sr/Calh) OEBy/Y — L ICXDHEESNTEY, BETEREGE 2 RS 2 & AR ST
% (Goto and Arai, 2006)s L72*L 7235, FHIEMUBEOAETEIZE L TEIFZEFA» D72, mMHEL TOR
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LIRDCEED &, DUTHICoM FBAGEIX3 A 8 (Kinoshita et al., 1999), LUHRIFHH BT oM 19 1
ZI3AE30mm Fith (H#ESOH i) CHEEINTWAIZT ELR W (FHS, 1999), mido sy, AT

TEH BT 2 ARROM EPHEND bDEEZ 5L,
Z 2T, RWFETIE, ARHATEE D SIS E AT HREHO s 2 HEE 3 4 720, RINTIITHREL

A= F) YA EET LI LT,
720 EHI2, ITNHORERE L LI,
H D 2 3l A7z

#Hita
MR, U IO 2 58
10km 5O PTG I BT
20024E3 H29 F 1230f A ((FIfkE =
w2, 30.2mm £3.1), WERII O
20 & #y4km _F 5T O Py &8
12 B v T20004:7H27H £ 200246 H
18 H 2 Z LN T5ME A (65.4mm *5.7)
L3R (52.9mm +9.3) &, ¥ EiE
FHOTHETRELZ (Fig. Do 20
AL, WERNID20004EFREHED & HEE
FV I L 72 10fE4R 2 B A RHLo H
PEDOMERRIZ, 48MAMk % B I A
L 72e F 2 WA oWTIE
10ME4ER, WrEBI1Z 2 TIZ20024E 0%
HERED O 20K & AR A S L, B
F Sr/Ca LD ATzt L7z,

EAHmOBEMORER

YO HE A % alizarin complexone (LLF
ALC, BRASHFA) X D Eigt LT
fE L, @A OHGERE A BE L CHEY
FWEER U720 SEBRIZ, IR B RS A A
OB Rk NI BT TV, ftatfiofH
K% 20024E11 28 H O 4FEiOKE &, 12 12H
FRSIRED2FE 12 A 72 1) S0ppm ALC & H1 IS
4R L, 12H2H £ THE L TRY -
O, SRS BRI L7 (Fig 2A).
HAd, IO L 22 IR CRIR @R L,
Bns G4 % £ T #220-2400D i KB HEHL T
WHE L7z kI, WHE A 27 A4 N7 7 A2
B L, B, IS RO i
WP LT, fEWIE % 572 (Fig. 2B)e 2O
BEARZ, Gl 7 4 vy — 2L ke L 72
HOGHAMEE T CBIZ L, 20 ALC Yl

HAEHO 0 RS & ORI IRE L BHA St/Ca b Btk e 52012 L
AL ) E I CRE L 727 ~ %) oM LRGIREIZ BT %

MR EFHE

130°E
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Fig.1. Location of collection sites. Circles on the detailed map

represent sites at which up-stream Cottus kazika migrants
were collected for the life-history scan in the Simanto (10 km
from the mouth, March 29 2002) and Monobe Rivers (4 km
from the mouth, Jun 18 2002).
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Fig.2. Whole sagittal otolith (A) and vertical plane (B) used
for the life- history scan of juvenile Cottus kazika.
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X2 HBBRO MO Z L 72,

Ef Sr/Ca lh BB EE DBEGR

M 2 RO R AFEKTHE L, Hi Sr/Ca b L5 & OB Z A, EBRIT, SR
WKLY & —OFEERRMNICB VTV, 3Kk (0.0psw), FifEk (15.0psu) B & O4iEk (30.2psu)
w7z L7205t 78 5 A AKIE3HIC S 16MEA 2 NEE LTl ABIEE L7z EBICiE, Rty s —ofidh
P& DHURFT 5 5 s BT 72 FARBSR DMK &, FHERRORTE (FHEHEEE) 2 5 EERK
L7z gsiigka vy, 2PRlpkiEmE 2 Ra L CHE L7z, MERBRTH XL 0 EREEZI H1F, B
11 St/Ca Lot 24T o 720 M SR LB AOWE 2, ko iEic X Wi L, kb % 572, &%
SNZWHEMIZIum B L 005um D A YE Y F_— R b T4 T LT, REESEL, EESWHNE
F#i~A4 a7+ 74%— (EPMA, JXA-733, HARET) 2 HWT, FHMEEOH T Sr/Ca & i Hr & 5l
SR EDIE L2 SNEDSHIT DL, 184 > P %720 ORERR 21080, ¥ — A5S5um, EiE
10nA, JIEFEE1Sky & L, $OHTIC OV I E A HGED SARAENIC AT CSum MFE TRl EL HIE L7z (S
5, 2001)0 ANTYF T LGEEE YT AEEOERIZIE, CaSiOh & O SITIO, # EHEYHE & L CTHw
oo F2, HOMIIOVTIE, AERBRICIER SN2 E L O Sr/Ca b ik 2 BT, #HT & [F
U4t CHEAR D B AR DO W TS I x llE L7z,

filH K DOTCRSHNNLEE LR 77 A~ EN T E (SHIMADZU ICPQ 1012W, BB % Fwv
BRBROFAGRKEON VY 7 LEEL A Ny F
DR R IE L 72,

HA Sr/Ca ttatr

TN EYTNTRE LA ~F ) I2OWT, #f
ST & T & % H A Sr/Ca Wit 247 - 72, #45
WrZOWTIE, il FdIc# Uz, F72, HHIC
DVTlR, BFAERHBOANT Y FILEHDNT T LD
IRFE A & LER Y A HIWC, IEELSKY, HEHE
TLMESONA, IERERO0.1FS, WiFE10um O M TllE
o7 (S, 2001)0 SN DGHART L7z
HHIZOWTIE, HHEEZlum DY 4 YV E Y F_—
A MY FHEMEL, KHZ0INZFLI7T 3
CVUBEER S NV 7 A TR ELEE L 72, JuABEmEE
T oA R L 72,

ERmOBREY

2ED ALC Jeft % it L 720 ~ 1) LA O H A 121,
2RO 7 Yot BEAHERE S 7z (Fig 3A). 72, 2
KOG TR [ O PR + B R 13.21 £0.5
=10) &4y, FEiTo7HETHLI3HE L —

HL7 (Fig3B)o CHOOEENS, H<F) OHFA Fig.3. Sagittal oFolth of Cottus k'azzl.ca after being
marked twice in a 50 ppm alizarin complexone

PO S N AU HRAR TH 2 L E X S, (ALC) freshwater solution for 24 h. (A) Otolith
photographed under UV light illustrating two
HA Sr/Ca e mstanie consecutive fluorescent bands (bar=5um). (B)

SKIK. KK B £ 04X 1o B 2 Sk Close up of _the same otolith photographed
PRAME ! - U A under a white light. There are 13 daily

EWFNB21.5~245COHPHTHER L, XMTKRE increments between the two ALC marks.
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BEFEL o7 LAL, 17 ABROBREBE TN BT 52 SlKXOAERRIZ313% L, EEHLN
o IO RTEH L R EZ IR L7,

AN OFER, BKIXOEEOE L Sr/Ca T Wb TR AORNECTHER L7223, FilikX B L 0e
KX DOE AT Sr/Ca Heid, FFERBRGE,SE LS AL, WFN L4RiHOMETLRISEL 2 (Fig. 4)o
F72, HOMORR, BXOBMEOH LFLMIZBIT S Sr/Ca DIl + BH#F 21, FlkX B L 04
WKXTIE, Zh2N44+02 (n=16), 45+04 (n=5) LWXTERIIZDO SN L7720, Wl
PKXD12%04 (n=16) IZINTEWEEZR L7 (Fig. 5)o

WIRD SRS OBATREZ BT 5 H A Sr/Ca OB FMEZ FET 5720, 1L (2006) OHEIZL D,
HERIX O ADE L LA SBELE E TOEGHEICOWTE A 7T AZER L, K E KO I
M BIEMOH 7T 7 DFEED Sr/Ca le# Ko 724EF, 2.1& %72 (Fig. 6A) .

POKIX, PHEARIXB L OEKXIZBIT LT RTOANV 7 ZEEE A by T LREEOER 1T-
TR, KX OH IV AJREEIXZNZ26.8 ppm, 188.0 ppm, 3573 ppm, BL A b1 v F 7 AR
ZNZN0.13 ppm, 3.15ppm, 6.29 ppm &, FEMEEAE VT EHWEER R L 72,
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Fig.4. Changes in otolith Sr/Ca ratios in juvenile Cottus kazika reared for a month in ambient salinity, freshwater
(0 psu), mixohaline water (15.0 psu), and seawater (30.2 psu). Horizontal arrows above the line represent the
response period following changes in ambient salinity. The ratios were multiplied by 10° for visualization.
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Fig.5. Point analysis of Sr/Ca ratios on the sagittal edge verses ambient salinity of
juvenile Cottus kazika. Data for each individual represent the mean value of
five points.
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Fig.6. Frequency distribution of the points at which the Sr/Ca ratio was measured in the sagittal otolith of Cottus
kazika held in mixohaline water (15.0 psu), the Shimanto River, or the Monobe River. The solid curves
represent the estimated normal distribution based on the frequency distributions. Vertical arrows represent
the cross points among fresh water and seawater phases.

YN B XOLUBHIIEATFUDESR Sr/Catt

HEOFER, WWHN (0=10) B LW (n=20) OLZMEERD Sr/Ca 1%, HAH LA H400~700um
fHETIE, 3~5ORPATHER L7255, TN LRI GROENEZ R L7 (Figs. 7,8)0 & 512, HAH DRSS,
WWHHINB LW OEEAOEAREDO A IV 7 LEEIE, WINbIEIFY—Tho77s, AburF
7 N PERE MR T L, B TIRWEER R L TB Y (Fig. 9), MO ofER L XL {—F L7z, Lzdts
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Fig.7. Changes in the Sr/Ca ratio between the core and the edge of the sagittal otolith
of Cottus kazika from the Shimanto River.
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Wb o LSz,
ZZC, W (2006) DYFEIZE Y, K EHEROMIZHYA T S H A Sr/Ca OB fHE 2 Kb 7246 R,

HIICLY, WAEH)T2.0L % -7 (Fig. 6B,C).
51, ZOMBEERKNOBITHE AL L CHERE OREE B o 2R, HUH»LBITE T
O EHNI Y T105.9% (80~108%, n=6), PUH+)IIT20.4% (15~33#H, n=6) &% ->7

Sr/Ca ratio
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Fig.8. Changes in the Sr/Ca ratio between the core and the edge of the sagittal
otolith of Cottus kazika from the Monobe River.
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Fig.9. X-ray intensity of strontium (upper) and calcium (below) in Cottus kazika from the Monobe River (A) and
Shimanto River (B).
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z =B

= F ) OFAENEE, EREEEVHBEERT I ERHME SN TWASA (JFEHS, 1999 ; Kinoshita et
al.,1999), Z o HEMEICOWTIFEI 2B 1% S Twivy, 72, @ LEfoREREREOfEIC, F
fiSt/CalbiprzEHAT LA, AEIEIZZOREZIEREL TBLENNDH S A (Secor and
Rooker,2000; Kraus and Secor,2004), AFEClL, B/ Sr/Ca kb & 35711 & OB AYFEERIY | AEE S 7241
e, 22°C, RIFETHE, 377 ~F) SRAOTATMOAGEIE LB L, ZOWLHHERHTH
LI L ERMER L, 72, AMEOEA Sr/Ca L, RKFAE ClE—EDOMNETHER L7225, WKEEICE
TTHZEICEVEER FAPR O N2 &, KD SHAISEAT L2 H 50 Sr/Ca Lo FEEREIE, 1T+
B L PRI L R oENf S L =Lz, ZRLDFEELS, H~F)TIE, BAHEK:
St/Ca b AT 22 LI L D, A S RASBANOBAITHO 04 % IEFEICHEE T 5 2 LM ETH L L%
bz,

—fgl, EEOFARICE/T LA MO U F 7 AIF90% T BBREKA LMY ATND L ENTWEY
(Farrell and Campana,1996), Bath et al. (2000) (%, fFHOHE A H O Sr/Ca lWIITRBEKFOZ b v 57 4
OHFFETIE AR, A MDY FILEN N T AOWEFEILA S L WTREME 2 7RI L7z, AWfgECld, P
WK OYE I FE DI, 4k IX k7] UG E V722 225, FR50 Sr/Ca jkfErix, Z#heh
1.675%10°B L U'1.760% 107 £ 1EIF—ETH o720 T2, TNOHZRIPWTHF LA ~F) OF4 Sr/Ca lt
EWFNL4FIHE 2 ), MEETREIBOON Loz TRODOKEHEIE, H~F) 0BG Si/Ca lbiz,
BRSO Sr/Ca JEFEILAS KM S A Z & ZRIELCHB Y, Bath et al. (2000) OHLEZESITLbDLEE
Aoz, Lehio T, AMOHESA G O 5B % BA Sr/Ca JIC X W HEET 2 720121F, E RO
IROEFIEFE L St/Calb OBIRZE KD DL LEN D Lo S HIC, @HKIXIZBIT 2R B TR O A5 1T
313% &, MO2RKICHRTHE L E o722 L s, kXTI, S0 EDOZILI MR EE R
Beh#% EiloTwizbnbZz ol (B85, 2003a). TD70, ffkoEHIRIEICEE R 5 2 2wl
SIEERIPIC BT, BEKH O St/Ca O W SH A Sr/Ca 2 EOREERME S NG & RARTEB L LE
&b E#EZ 5z (Gallahar and Kingsford, 1996; Proctor and Thresher, 1998; Chang et al., 2004) .

HRhOo S E TCOEGHED OHEE L7z, Rk bk, & L AZHKD S RANOBITHIZE
VT % #ABED Sr/Ca O3, ALK T2.1, RIMIITLY i) ~2.0 (WAEH)I) &
WENBIFIZFE L LNV ER L. TIUSK LT, IWBEASBIITRE SN2~ %) o B R NMERO Sr/
Ca lbi324~3 208 Z MR L, ZOVHEII2.T7TH 722 EDHESINTE DY (Goto and Arai, 2006),
ARBFZELZ B\ THRARBATII & HIT L 72 MBI R TRREm WA Z R LT b 2D OFF R, AHEOM 1
ING = VICHISEDSGAET H LA RIET SO T, FRELZAKBOREKTIZBIT A MEITREOMK, K
7 & OWBAESR, MIEARH ORI RIZOW T MBI 2 L8 B H L L2 b,

P77 HIB L ORI CHRE L 72T XRCTOEEKICB T, BFAFELEIZBIT A Sr/Ca DS 2K T H552
OOLNIZZ NS, TNHIET TITHRAKBUSRBIT LK TH 5 LS. 22C, HES & B St/
CalbtDMEMEEBE L, WKANOBITIHZIE L2 2 A, WENRL3H EAICHS L, Kinoshita ef al. (1999)
DL L= L7ze L LARDS, WRKEBITHROEL St/Ca 20w Tid, Fiftll (FE+scmg s
HXH) OWRAEAN/290 & 258 T d 5 Wi OERICHA, 1/1,200~1/2,200FE & #2259 C, LW {EK
HWaRFOIUAHNOMET, L) EMIUET T 2EANRRO 5N, 512, RKENOBITHKZEEZ S
WA PN OMEEOFIEEEZEIZ302mm &, ATHE T CHRAHEIEATEEE S5 2RK17.5mm (GEHED
2003b) R E L Lo TWiz, SRS DFERIE, 7<) OM D, 9 L b REERBRLESIREARIZH -
TITHNDEHDTIE VT ERRIELTWD,

REOBEF G, WA OEEL >3 Y ) RYVFR, TR THL2IIE->TE ) (FA - &1
1992 T 5, 2004), M LIEOjiE, Hi#E,e SICKECEELZTLEEZOND, ZD72D, KWIFED
R E LM HINEWEINO N < F ) I2oWThH, WIHRICILA 21K SO E (Kinoshita er al.,
1999) <, WML OWIEMBRBEOE NI LY, WM EXY — R E Lo LRSS,
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FeIARRIE L v 7 —, AT 727w R BREAHG R v 5 — OSRHBEEE, L OITKE ST
W TI A7 72 N TR A BN T O E SR S R 7E0T O A HAC I L (WFFE i) 1SR RS L £57. 72,
71 %) ORGAH I 222207 RS R B B RSO X DL £
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Reconstruction of the migratory history of the catadromous fourspine sculpin
Cottus kazika from the Monobe and Shimanto River, Kochi prefecture in
southern Shikoku, using otolith Sr/Ca concentration ratios

Masaya OkaBe" Akira Sanexi”, Kenji Akutacawa®, Satoru SEike” and Tetsuya Umivo”

Y Kochi Prefectural Freshwater Fisheries Center, Tosayamada, Kami, Kochi 782-0016, Japan.
? Graduate School of Biosphere Sciences, Hiroshima University, 1-4-1 Kagamiyama, Higashi-Hiroshima,

Hiroshima 739-8528, Japan.

Abstract The fourspine sculpin (Cottus kazika) is a catadromous member of the family Cottidae that is
endemic to Japan. Our objective was to evaluate the utility of using sagittal otolith Sr/Ca concentration
ratios to document the movement of juvenile sculpin between the estuarine areas and freshwater of the
Shimanto and Monobe Rivers in southern Shikoku. We confirmed the daily periodicity of increment
formation and the correlation between the otolith Sr/Ca ratio and ambient salinity at laboratory condition.
Otolith profiles suggested that juveniles tended to move from seawater to freshwater at the beginning of
March in both river systems.
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