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Ontogenetic changes of trace elements in otoliths and their spatial variations in
rabbitfish, Siganus fuscescens

Hideaki YAMADA'" and Koij BABA?

In order to search for appropriate tracers of migration, ontogenetic changes of trace elements in the otoliths of the rab-
bitfish, Siganus fuscescens collected from four sites around Ishigaki island were examined by means of laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). Concentrations of Sr and Mg in the seawater samples
were high in exposed areas, while those of Ba and Mn were high in embayment areas located in the vicinity of river
mouths. However, ontogenetic changes of otolith Sr, Ba and Mg concentrations were not different among sampling
sites. The otolith Sr and Ba concentrations reached the maximum values after settlement. The otolith Mg concentration
decreased along the life history transect with a rapid decline during the pelagic larval stage. In contrast, the otolith Mn
concentration was always higher in embayment areas than in exposed areas. These results suggest that the otolith Mn
concentration can be used as an indicator of the migration pattern related to water chemistry.

Key words: rabbitfish, LA-ICP-MS, otolith chemistry
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5 Z & TRBCROMFEHE 2 PR T 2 & ThE TRS
#ZZ 5N T/ (Warner and Cowen, 2002). L» L, EFE
120, B U W UK BE ST (Stobutzki and Bellwood,
1997; Fisher et al., 2000; Leis, 2002) & J¢3E L 72 &HH'E
(Atema et al., 2002; Kingsford et al., 2002; Lala, 2008) % f L
THH, ~HOBMOIFfIL, T 20 TIEEL, SMb
U 72 R > THIET 2 WTREMEAVRIE STy b (Jones
et al., 1999; Swearer et al., 1999; Sandin et al., 2005).

& % ILRDEEUK P ORE & HAWIRE & ORIZ—ED
BHIZERY 5N B350, HAITRMHIC X 0 i EREO 4
ENBETH 5. HAICRAINE, ARG LIS 5 T oy
MR TEDZEVIRADENITHD, v XYkl
L s g e LEE -7~ 42075 54 #ic
FHOZA by F Y 2O MnENLEDTHS (i
I, 2002). EAEICE ST, 9T AVT L, NYT L, T
YA VEO XD WE SR E RS U2JF# U oz fo o]
WBREOWIZE M THN D LDk, W REX ORE X
CICnBEE SN2 EBELMALE SN TS (Swearer et
al., 1999; Thorrold et al., 2001). Zh 5 DICEITH LN D
ERZtaryFo LD KRB, L—HF—T7T
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Figure 1.

Collection sites of Siganus fitscescens and the seawater samples. Closed and open circles indicate locations

of seawater and fish sampling areas, respectively. Fish were not collected at IN and FU (right figure). FD-a is lo-
cated near the mouth of the Fukidou River and FD-b in the mangrove estuary in the Fukidou River. Fish of AR
were collected both outside and inside of Ishigaki fishing port. FD: Fukidou, AK: Akaishi, IN: Inoda, NA: Nagura,

FU: Fusaki, AR: Arakawa

V=¥ g VBEREA T 7 XY E RS (LA-ICP-MS) & &
DEDBEOFHNTEEHVIRLERH S, 72, HAN
BT BEITLHRDOIREL, AKiEPIES (Elsdon and Gillan-
ders, 2002; Martin and Thorrold, 2005), FEH RS (Stransky et
al., 2005), SERHEPIOITCHEMAK (Sanchez-Jerez et al., 2002;
Buckel et al., 2004) 2k > CREHT 57280, HLOohr
RO IR A ET 5.
TATOHFICEIZOWUE, B Fua—-—T~v4 a7
FIAFICKBMEG DD (LUH - ¥EF, 2007), &S
HIZARMOERICE D HLG A ba Yy F 9 A8 RT3
ZLEDRBINTNEY, 2 hayF o PAoMEITER
ERGE Lamblidan, AFETIE, 74 30F773
3 AR N E S B O AR A X R 12, LA-ICP-MS
EEHOTREICES HATRREDOZ 5 5 N2 Z D
IR K B AE AT U InlEEiE RO HEE T E O fifi &
HigL 7.

THEEFE
REBKDD R
BREARDICHRIRE & AL RIRE & OBREIHL 221295
728, 7TA TREREGOEBOWIR (Fig. 1) 2B W5
BRI OICRIRE 2 ME L 7.

W@ (FD-a), WOEJ (FD-b), PG (AK), H¥FH]
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BT, 20048 13H, 10H12H, 20054-1H28H,
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TEEMEE AT\, BRI EL 72, WEIE, A by Fy L,
INY L YA VIZOWTRBERE T 5 X~ R
JEIE (Platform ICP, Micromass), ~¥ 2 % ¥ W A3 E ARG
EE (z-5010, HYL) Tir-7z., ~ v ik, BEUEYH
CRM SLEW-3 ¥ & UF CRM NASS-5 (\»§ #1 & National Re-
WZOWTCHlE L, FREEED 95%
EHEXEACHEEA H 5 Z & 2R L 728, wARGRNS
ODOWTHIE L2, kRIS, 2 tayFoa, N)TL, <
73T AIZDWTIL, CRM SLRS-4 (National Research
Council of Canada) & FEHEMIE & L CHIW=. &k, vV H
VAZO W T, KICIE A (2006) 1 HEVy, NOBIAS
CHELATE-PAl (HVNA T2 /avY—) ZHWTHFL —
N TR & 1T > 728, WlEicfit L 7=,
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WGEI, W, AR AT, B0 4 97 i ls ds v TV

EEMH 5P TERE I N T A I E SR &
L7z (Table 1). ZH5E4HFTDS 5, BGEIIMIE, FRAKE
FTH AU 2 58 500m A IZhiE LT3 A,
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Table 1. Collection site, analysis date, sample size (N) and av-
erage standard length (SL) of Siganus fuscescens analyzed
for otolith chemistry.

Site Date* N SL*SE (cm)
AK 1 4 14.7+0.7
2 3 12.1+0.9 "
3 6 14.0+0.8 ¥
AR 1 3 13.6£0.9 ¥
2 6 10.2+0.7"%
3 11 15.1+0.5
FD 2 3 12.9+0.6¥
NA 4 3 14.5+0.9"

* Same numeral indicates that they were analyzed on the same
day.

a) 2003-year-class fish collected during April to June 2004

b) 2004-year-class fish collected in October 2004

D 3 A TR ER EZEF B Ch 5. HHEICE
57 A TOEREEF AN ILEIES (2006) 12Xk B &, BE
JHEsH» S 6 HIZHEM LT3, Z0#%, 81, AMO
TR AR T, W TR AR I U, PN BMER R
(P RER) 150mmuiffzicE T 5. SMEE 14T, KRR
200mmAEE L 50, £ < OIRSERNIZHEEAT 5. K
RCHWET 4 Tk, 4~6 HIZERE S N2 0THE £ hofd
EREXCI0HICIRES N YEATH 5 (Table 1), /)
fE AL, 2004410 HIZHI THRE X M 72 AR 85mm (H
FER 600 um) DA TH 72, I, HIID 2010 KD
5 B O ISEERIE, Frm R A E 3 5 A E s ik
RAMITHREL 723 D TH D, 5RO FEPGHESE N TR
HELZEDTH BN (Fig. 1), Mk CHRE SN T74 T
DOHOAHHRERIZIIHESBD ENEr 572D T, Thb
DFEARIZX B3I 72,

REMER, WEEAVBL, 75274 v 28KV vy
FEHWTHA (FP4) 26t L7z. I) QATHIL
HA%E, SNy ) — v 7 — AT X =%, e
{L#thE (72 7 € v b 7200VLC, Heraeus Kulzer) T/l
U, MiAKWPERCE FIO TR A 85 & 2 7= B AR A 2
fEL7z, #AVEVF T 9 ¥V T 4 L LATH ETWHE
Eiro72%, 3V QAKEZAZ LR FTuL VDR
N TSR & AT > 72, HARICERSTE, B o Kl
HIZH - TR (BAEoumEs) » 5 B A1 600 um
FTIZOWT, 100umfElbE (7w — 7% 50um) T, Plat-
form ICP-MS (Micromass) & LV —#—=7 7L —Y g3 V¥ A
7 4 UP-213 (New Wave Research) & FAWTHr -7z, 44Tl
B U Cid, BEOToRIT 40%, WEATHERISHY, 230v Z [k 10
Hz CHV T TV =¥ 3 VaEIiTo 28k, HAEE80%,
SR SEY, 730 ZRFE20HZ2 T, 2 Mo v F T A (%S,

ISY YL (BBa), v R YT L (PMg), ¥V H Y (PMn) B
KA L4 (BCa) DE— v FEERD =, By
Y AURBE IR A DB D A AR T 728 (Sev-
erin et al., 1995), HAAMODRILROIREIZ AL > T LAYRE
IZHT R HRTERTON N TH S, 22T, AWIET
&, ThZhotEOPCalixtd 5 ¥ — 2 gl E Hal
BWEOREEE L2, X510, HALEREOTF - 213,
Elsdon and Gillanders (2003) Z126E - T, xR (Ln
(x+1) ZiT->720b, DUFISRSHaEHricfk L2,
LA-ICP-MS £ T3 AT IS SR IZE L T 2 720,
o7l & BICEHI 5 22 0120F, ke H iR
AR5 BB D B . AL TIEERMEYE & FlV 7208
WL a2 5725, 3WE HIZ5H T TRk D JIE %
T 72k L OHID 7 4 TIZDWTIE (Table 1), [dl—
WEH IS BT 2HHFFEFELVE VRS0 T, HEHH
IR HSHALE RN OB TR 2 RO T, 4T0ER LN Th
ERCBAR L Uik & AV E 2 SR R L L 72 two-way
ANOVA %171 - 7z, WGl & &0 7 4 T12D0
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JEDENIFFIZREVRE LRI TH - 72, SRR 25 Z=H
ZElbaABE, AL I0AE, 1HE4HIZHNRTY Y
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oz,

WAri330 % BA 12 ME AL 0 5 7208, WGE), £
MECHEIZ200IE & & - 220 Eh, Wi, S, #r
JITY, BN & > TiE30% THl» 7% (Fig. 3). o &%
JCHRURIE & OBIRIC OV THBI T 247 - 7245, e
2 b\ Y F LA (N=26, r=0.697, p<0.001) B X Ui &~
3 b (N=26, r=0.747, p<0.001) & DORIZIZHE 5 IE
OMBANRD 50T LT, i E/N) 7L (N=26,
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Figure 2. Concentrations of trace elements in seawater collected on 13 August 2004, 12 October 2004, 28 January
2005 and 27 April 2005. Concentrations of Mn are expressed using a logarithmic axis. Asterisks indicate no data.
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Figure 3. Salinity of the bottom layer at each station. Measure-

ments were performed on the day of the seawater sampling.

0.860, p<<0.001) & DENZIFHEE L ADOHB Y 5 e
BaAxx

HEHROZ by F oo, WYL, 225309 ADRE
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HA{Z400 um Al CRAMICSEL 2., v 72 ¥ T 4130
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DU, ZOH%EWMERNC D 572, ~ v F ¥ TIEEREK
IZk > TEFHSE =V RRESTED, HATREAEO
um 2> 5 100 um 12 TR < Z DRI Lti) 72D izxt L

NV LG R PayF LML ZERERL,

T, FITIE400 um £ CTEMEA R L 72, T ICHLE K
BMEIT 7282 5A, vV H VBN TORBEICHRE
MR b7z (Table 2). HKEIIES>ZEIE, vV H VT
BHETIE AL, i3 TR THEENAL N,

TENE AT 2 AT o 72 WGE) T ds KO8R TR 1 O SR %
Fig. 5IZ8¢. A a v F o A Tideffkhafifknr, /vy
T AT AETOMEL, HA1200 um~400 um #ij 4 T i
Kt &R U Z OBMHLC 72, <27 3 v A HEKED
FEFITNE L, BRTOMEKTREIC > TWALTED,
Rz, BHARE100 umA 5 300 um 22 ) TEF L P L
2. =, U H VBB TRHRSEEESH D, WOl
JIPCIERFIZE S TR LT =0z LT, &
FICIFRE IS Z2LEAE T, R 3 ke 8 5
Fat o SUN NG CTSY (Bl

z =

BRI O ICRIEE L1 L OXEBE®R» S, 2 ta v T
TLET AT LBIFEKICEETHD, N)vLEY
VHATMINAKIZEETH B LM Eh, v/ Lx v T L
FWEAROFEZICHRTH D (FFH, 1995), A turFo L

L ARIZZ N (idFE, 2002). —h, NV LABKUvY
H AT AR LD SWIIKIZZ W (PlEs,
1995 5 HAHIEA, 2006). ThEDZ 25, Kiffos
B O 4TEROBEE ZKENIZ I 5 A 2 X8 &R L
723DEEFELZENS.

RERC, A & NS, WGR) I & 2l
MENEWET - AR IS 2 h Eh i s i, RO 5T
WRIEZOpE U, —J7, WG, Eorid
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Figure 4. Concentrations of elements estimated by LA-ICPMS analysis along the life history transect in the otoliths
of S. fuscescens collected at AK (solid line) and AR (dashed line). Measurements on the transverse plane of the
sagittal otolith were carried out at 100 um intervals and a beam size of 50 um between the core and 600 um from
the core along the longest axis. Circles indicate average values and vertical bars SE, calculated from average val-
ues of each analysis day (N=3, Table 1). Concentrations are expressed as peak area ratios of Sr, Ba, Mg and Mn to
Ca. The otolith radius at the settlement mark is around 230 ym (Yamada and Shibuno, 2007).

Table 2. Results of two-way ANOVA testing the influence of collection site, ontogenetic change, and interactive effects on the concentra-
tions of elements in otoliths of Siganus fitscescens collected at AK and AR.

Element Treatment Degrees of freedom Sum of squares F-values P-values

Sr Site 1 0.1044315 3.0777 0.0903
Ontogenetic 6 1.8906655 9.2867 <0.0001
Interaction 6 0.1970710 0.9680 0.4647
Error 28 0.9500804

Ba Site 1 0.00126038 1.8685 0.1825
Ontogenetic 6 0.03016760 7.4537 <0.0001
Interaction 6 0.00372395 0.9201 0.4954
Error 28 0.01888746

Mg Site 1 0.00000931 0.1596 0.6925
Ontogenetic 6 0.00108517 3.0994 0.0187
Interaction 6 0.00002214 0.0632 0.9988
Error 28 0.00163390

Mn Site 1 0.00004583 21.0649 <0.0001
Ontogenetic 6 0.00001782 1.3653 0.2628
Interaction 6 0.00000622 0.4768 0.8197
Error 28 0.00006092

ZIUFEML &<, BRILRDURIE & SRR I ISR < (IB#RIE A, 1992) , I REA G BRBR V) 25 Mo BE RS %
ZARNL7z, 510, WGEJIBTODMAIZAET 5 7 4 Tk BELTWAZERETLENS., ZD720, W TR
FEROWUGREL, KLYV THERTERENTTED KOFHEII/NEWEELZO5ND, UL T, FEilgeH
(Nakamura et al., 2008), STy 7 b ek 72 & W2 5. JITik, 2 EBEERERTE2R S TN D ARES EL &
WGEI T & 2 DRRAASEO R & LT, Wl A IR I Motz DO, v VITHRNERE Th 72, vV
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Figure 5. Concentrations of elements estimated by LA-ICPMS analysis along the life history transect in the otoliths
of S. fuscescens collected at FD (solid line) and NA (dashed line). Data are shown individually. Concentrations are

expressed as peak area ratios as described in Fig. 4.

ik, MIKISHELE U 72 IRBE TR E I 5 721 Tk
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57z (Fig. 4, Table 2). 40l Hfs 5 4 i sk i ¢
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WL DO2fG 5T B (Forrester, 2005; Warner et al., 2005;
Arai and Hirata, 2006; Miller, 2007). %7z, < ¥ 7 VIXVATT
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BENLWEDHES H BT LN 5 (Pentreath, 1976; Sanchez-
Jerez et al., 2002), 74 TOHE & AYRERHAB L T~ v W
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otz —F, 200 VFILELON) T LDO8AR,
HA8£300 umAil#: T AMEIZ3E L 72 (Fig. 4, 5). 2O
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2006 ; HIH, KFEE), HEBr AROEZFH 6 FKFICH
W45, DLE3TTHERORE IS BT, REKpO
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