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Using micromill, discrete carbonate powders from the otolith of Argyrosomus argentatus were sampled along
the growth band, and high-resolution stable isotope profiles were obtained. The 'O and §"“C values are increasing
gradually from the core to the margin. However, such increases do not seem to be attributed to the envi-
ronmental property changes during the growth, but to the dominant effect of metabolic carbons during the early
growth, and then, the isotopic composition seems to be equilibrium to the environmental condition. This paper
allows the diverse applicability of high-resolution isotope research to the fish otoliths in the future.
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72 Ulo](inner ear)oll= & & &89 MeS HE A8t
=2 78S Rshe 332 ek Ede] =o] gled, o] =
& B o]X(otolithyo]2}t gttt T2 Ao R oA g
(sacculus)°ll &1 Sl 71 & Adol4] (sagittayS SJv|gict. 4=
AR e] agAe|n AAAR] BelE HeiAle o/ st v
o5 Felsh= AL wlg- T38|, HEoj{o AdHAF A= 1)

=, JFE, o9l 53 gEo] olle] Jdy] AREESITE. of
7o olAg xFeE AL AP A3 vlElste] AEHoR
2] el @43 dAsA AA el wet wskelit.
AP 07 o] M2 o] {Fe] o] whE Al7]el] EFH(opaque
zone)’} BAE 11, 2370l =AY B Al7]el T d(translucent
zone)’} BAEE o7 24l 9lo](Rhoads and Lutz, 1980),
2] ool o]Xe] R & AlFste] o174 Yol

2 Fya

ol

*Corresponding author: bkkhim@pusan.ac.kr

83

of%l o}F2] oMo tpehk= sk 1373 (Y4, daily growth
increment)sr ©]-§3to] of 2] AR W 27] A% qide 9%
w2 A7} 3] th(Lee and Lee, 1989; Lee and Hur, 1993;
Lee and Byun, 1996; Lee and Kim, 2000; %3} ©], 1999; 7 =,
2003; W3} 3]; 2004). Lee and Kim (2000)> 3528 A& A
21717 fro] TAEA] A ARSSIAA 71402 A
Fato] o)A 9 mAlF2E WEst] Kol dAFES 4
slom, 271 EAL Bt o)A ] A3} ujAlTRe] Wl of
o 919 9 A wstke} wadste] EAEIIT =2 ©](1999)=
A7 ol 2] o] Aol el nlAlTRs} daTE B
o] AgS A8t =713s Ao, 71 5(2003)y &
Ho] oMoz e AAET EEE FePgA o] FAE
glom, e )] grgolde ula o] e Tka B
SISt Aol o] 79 o)Al S o] gste] ARS W sk=t, Wt 5
(2004)= +H o] 01X 8] &S
ol AL oA 2] H2 JAAGTTT HAaths Hol 8
D7) A 13 X Pt Bt Hto| =FHFAE
(20052 -gue} sel sk /e A9S FF3] A
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sto] APPSR AR el ojs) 1sste] FElsisitt
oM FE A"S FYsk] fl ol &Eo] ARk, Htoll=
ojale] xeEle] Q= o MR, B HEel s
9 w)gdays FAEke, A9, B, 3G E, AR T, o
F7F Sk s e BA4E whelEe ddatee] Al=H A 9l
CTH(Kalish, 1989; Radtke et al., 1996; Thorrold et al., 1997;
Beggs and Weidman, 2001; Campana and Thorrold, 2001; 713}
7, 2001).

0]4 2 F7 o}l E (aragonite)Eh= ©H4FE (CaCOs) 3
=& TE0] glow, 349 g8t (of], MEs el di) X
48] Atol7t o 78] Mg Aol YERlE JE AFAR
Ae] AEks it g Bol, AR tE o]/ ol gt
Y EHAA BAL ofF TS TR TR F o,
o] ol e AR gk et 54 5 ohkst
4 Sl TthH(Radtke et al., 1996; Campana and
Thorrold, 2001). A% 23} 742001)& ©]A419] QHE)
A A4S AL Al Eel A8t 1E, ol A
TENXE HEFHLa F4 o]AS AAHE (bulk sample)
He|2 o] gato] AP A JIFE FEst=H F5¢
ol ATt

o] FelA1e] oAz uiZA| 2 Ag7gel wheba] BAFAS FAA]
719 AEs FAsh= AEE olmiu7} et ofuljs]e] #jztelx
9l e 'hke] P ESldA AolE s flste] X
g =@, Dreme)S ©]gslo] &AM E2S AF ko] gk
(e, Khim et al., 2000). Z12{1}, o]572] 0|4 Arjdoz 7 4
717} ullg- Zoba] A3l mE sl da A4S flsted X%
£ =g8 o83l 'R AR E AFs @ ErFssltt oY

gk AgHS FEBE] flste] A717F AL o)A o m e 'S A
55 A wet AFT 5 e #AFIF 7] (micromill)7b 7L

| 31tk(Dettman and Lohmann, 1995; Gao, 1999; Waurster et al.,
1999). HAIAFH71E o] 83te] o]A 9] MY EAAE Aol ot
2} 8% (high-resolution) .2 A< Z73t Aol ¢Jshd, o]
Ao FAH Y Ee1dAe] eyt o /o] AATIZE 51k d
ARl 53 Hhdsta Sl A 02 YERITH Wurster ef al.,
1999). #HZoll=, o] S FrolFe] ool tigh HdE
A8 AESY A S5 gl dist ARE g53
T Ao, sk WEX|AofA] 2FH g 04 2] Y F
B0 72 galo] 843 B35S th(Patterson, 1998; Wurster
and Patterson, 2001).

R (Argyrosomus argentatusy= 5o 31 5-E Fal|714] Bl
F3Z8l= o]Fo]th(Okamura, 1986). ©] o]FE AFE Lot
FTEoaloA B5shal ol Ao R o]Fslo] 6-78 e At

& Bt e s Stk AREEQL M A} GRS
Faljo] BHE o7 20 12°Co|A] 25°C Afolo|n], JE-o
30 psu Ul9]E oA i}, o] AFolAM= =l HEE vlA|
ANH7)E o] gste] BAX]9] o]A o mEE At e 134
o ABE AL S FHLARE st O A9 4
of M HYEH A WSS ofFo A2FE L] wiglel &
Aste] siAEF e ko m o] Qe A8 5 Q& 73
& A,

)
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o] Aol AREE HAR] o]A2 19981 7Y TARA] o)
A AFeE Ao ® AF ZEllellA] APl o]gH Aoltt, K
TR0 AZHTLYS 243.5 mmS L, AP BLYS 212.8 mmSLoH, &
FFEWWH 1859 golqlrh. BX|elA] FE% o423 e
BoRlE 7I1EES AASE F slide glass $lol &¢% 1 2]
S A T epoxy resin®E THAIZ] Fo, o] F WS
1000, 1200%-2] silicon carbide paper= 4v}st £, 1 mm alumina
powder® FEE WSITh Artagolla hajok WALAuRA 3t
A AR AP s B, vl 2 B w7lA] sagittal
H7EA] AnketAth(Fig. 1). Arkel Hellx] u|AxFH 71 o] &3t
47 umitA 0 2 RS mat o]l 2] TRgxlElelA] H FH o7 50
7Ne] ') AlEE AHFHEIITHTable 1). AlEAFH A ARE 7]
AAF 719} FdE AR FA o] gd AFEA7]E ANyt
ATVt 8l (University of Saskatchewan)2] H|E o] 431t}

A BAQF ol o]gd vHAF 7] (micromill)= Fig. 2a0l UERS
A3} o] BUE 9} AFH, 183 FEEAe} AlERgE T
AEo] itk AlgF Yol 3k o2 223 4= Qe vE
vlAl ko] A2 o] Ith(Fig. 2b). AR 29, st
AZE 0.05 pm TTEE FHo] A 5E] FAE wet Hjstew
AusHA Ao A5E AHT 5 k. A8 AFHAYS Ay
tRE7hert g2t ZuUE el TEE 4= QLo (Fig. 2¢), Al
A% 9 o]5-2 AFE Tz Mo g AojEa Q) vAAE
AFE Qe AEF=H, Wi2e Oxd 54919t o
A5l & AlsA71E ik, AEAF SHAEE AL, 18
I ERIAA RS w5 HEE Bl o FozIt) ulAlA
719 83 A5AH g2 Wurster et al.(1999)0l] ZAISHA)
71%5o] Qi

oMoz RE AFE B EES FFAFES] 200 °ColA 1
AR 71 Bl Tl QPEYAE B e da

Fig. 1. Microphotograph of Argyrosomus argentatus otolith. One
translucent zone (7r) was formed between central and opaque zone
(Op). The samples were sequentially collected using micromill sys-
tem from the outer otolith margin to the nucleus (N) indicated by an
arrow. Scale bar: 1 mm.
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Table 1. Summary of sampling distance across the otolith from the
margin to the core with §'30 and §'"°C values.

Sampling Distance from  Calibrated distance 80  &°C

spot margin (mm)  from margin (mm)  (%0)  (%o)
0 0.000
0.047 0.024 036 -0.26
2 0.094
; 0141 0.118 -0.07 -0.21
: ggi 0.212 036 -0.22
6 0.282
; 0.379 0.306 -0.97  -0.66
8 0.376
0 0.423 0.400 -1.16  -0.71
10 0.470
" 0517 0.494 133 -0.90
5 oen R — e
. Fig. 2. Micromilling system equipped in the University of
14 0.658 0.682 2193 -137 Saskatchewan.
15 0.705
16 0.752 0.776 2219 -1.58
17 0.799 EXo At Hadke] Alge oF 30 ugolARt, o149 7|7}
s 0.846 whS- A5 AR R] F7) e, 4] FiE e s
1 0-893 0.893 22 L0 gste) v R MRS BAM BAjslelnh. 53, 8 Tl A
Z? gzzg Fd A5 Aol AFRA] Hlg- Zobq up %o AR HT
2 1034 1.034 238 184 U RS T ARS REte] EAESIG: meb o]0 R A
23 1.081 HE A B A 5= E So9ANE AAE BAE E AR
24 1.128 ] 7H4= 187HSATK(Table 1). §4F3 A5 Kiel 11 ARE117
25 1.175 1.175 2,60 -1.81  A°lM 70°Ce] ik} Rkgsio] A o] 4kElekAT} Finnigan
26 1.222 MAT 252 A2A7]oM gl diet dissdaz 54
27 1.269 =9t HE s PDBY] AR tish Aulgto® x
28 1.316 1.316 -2.56  -1.72 718450 BA @ 2= £0.1%00] T}
29 1363
30 1.410
31 1.457 1.457 264 -1.66 ERE e
32 1.504 i )
3 1551 B 9] o] A2 Ghafofollx] HE FA o R ERHUE S
34 1.598 Fom A5 AQF 3 ¢F v 2 mmP oA T 84
35 1.645 1622 28 182 Arkrig 1), o] T ylell= AR o) BEEYE §
36 1.692 of qlt}. & FAo=s BRe 73t & Hale] A T
37 1.739 Qbell G, FHE A s ALl B¢ Zow At
38 1.786 1.810 208 03 red k7R =R A o] w olF Al
39 1.833 A% Aow nol
40 1.880 Fig. 3& H7%]9] o4 o 2 E] /7] whet AH % st
4 1.927 QPP 1 ko] ek WolFETh 550RS -3.23%14 0.36%
" o 1998 323 234 Alle Mk, ol4e] el 9l jea, % el )
44 2 068 2} AR 0 §%0gk> SR S §0%ke] k= o
45 3115 o] SRR 1.2 mm7HA= 2| STFsE 1 o] S EE
46 2.162 Z7Hao] F43] A43tkFig. 3a). PEIZIRAEZ BR8] o] 4o
47 2.209 2 A7l el B8 §1PCHRS -2.34% 04 -0.21%02] LIl
48 2,256 2233 D022 g, sogst fAkaiAl olAle] kel s ThRA,
49 2.303 8°C glol A or Frleh= A3 KeItk(Fig. 3b). 12,

50 2350 5°C g8l 7= 80 AW A4l Zo] ohel, 8°C kel
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Fig. 3. High resolution (a) §'®0 and (b) §"C profiles of otolith
(Argyrosomus argentatus).

S-S HoluA] dAF oz F7I3ic)

EFgEC] P FH A Aol Uity e® §U¥0%ke
9] A G, S AL Ba1A0) Aol ARl Al
AI719) ale] L9} siEe] §'f0gkell 2lato] AW ATHEpstein
et al., 1953). WebA, a4=2] §'"0gke] Ygstohd si<=2] 257}
=2 oMo ¥ FE9] 507k W S YA, L0}
e AgHds @ik §%0%ke] = vehdh dmdo s
2] §"0ak ] Az AguldEle] A BAE /A 9l
thell, Khim and Krantz, 1996). <, @&0] =2 oL} AA
ofl= 3l §"%0zke] A JERAIRE, @2 f9)o] F7kRE
Zg-oll= Hij@Ado] Yepdth, wpebr, @l §'%0ahe W
She Bk o BAEE §5%03kS Ashe &t g9l
o7 g

HIX)7F o 54 (25°C)l F-glste] o]4]e] Aol Alzt=|Qlct
o 7Pgska, el sl §'%0%kS oF 0% -1.0%.% 71g e
thH (Chung, 1998), 0|23t L5oA HHP o7 FAE B3] o]
219] 8§80k oF -3.0%0°14 -1.8%0% AlAFE CH(Epstein et al.,
1953). 38, A4S s AL (12°0)00 0]Jo] dAdE 5ol
£ oF 0%l 1.1%02] 8"03kS Hojof FHr}, B3] oA ol A
TAE §0gke] Hsl= o)A 2] FotollA] -3.23%0 Kol Hidel
o] 9] v FollX 0.36%0 7= UTHFig. 3a). Wb, BTX]
o] 9] BHitde Ho|& gl PP FAEE AoR 3|
Aok 523 507k WiskdE W oF 3.6%0 BA]9] o]Ao]
Ashe Bete) dilgee] 2xislety sl BotE A

71ZFEet oF 15°C] 2= WskE A AIEH, o]#f st Mol oA
AASE Sge] ERIskel fARI AL siAE 4= Sk, 12, o]
Ao] sk Hol= §"%0gke] HRIAR] F7hs 2= gt
Jgow A= 22 WA i QAT oA A kel
2ol &ll5=2] §"%0 #ke] Wislel A thE ofe] 7Hx] MEEe] 9
M Z=Hgc

K27} B35k o]Fof 1998 7€l AFHE wj7pA] Hojn
3t WO AeHe AWlrhal AZhsithd, o)A o] FekiolA A
Ao FAE = ek §1%0 Frol veha, v Fo g Jhd
A L7t AEshe E-o1ES 7Pgsith 1 gto] WAEo® 7
Zgllof apAnE, AAE Z4E §80 g HRZ FUHE Beltt
(Fig. 3a). WA, 257} SEHAE AN, B2 o)Al 7
ol Aol 27] A dElelM= o]4] §'%0 gkel sligrel HH
< olEttal & 5 Qik. AWkEoR o)) YA 2Tl 'k
Aol FAo] sl BEE olFA Pt HalEth(Kalish,
1989; Thorrold et al., 1997). 53], €139 a9 940l 4
ol Akas9lda ®ot g ge] avpt sk, 7] A%
Bl WEe] 715 B ofFe] A3l osk AE] ARl o]aks}
0] ks W] wiifel g v FHEAE Holx gtk
B 0] 9ol J3lE o] Fo] 27] A 717HESE §*0gke]

& & 5 o]l o] 7o) AR]AQl Dol st ojitsteka
o] s Wiy} AgAdo] AGE A BRARlo] djel HPo
PAE= Aow AyzbEn)

EHFAEEC] §15C FhE dshA]l o]l oste] o] &
ol g8l JEe = A o2 Bl EIA|THEmrich e al., 1970;
Romanek et al., 1992), &0l 23k QJgke ¢ gt} ghaledo)
8"C 3 ARHA 07 Fljrof| mol)= F718k A~ (dissolved inorganic
carbon)®] §"°C gkell &3l A== AL® 34 ¥ TH(Grossman
and Ku, 1986). o5 5o, slisrolld Anka o7 Axpagake] o)s)
7€) 2HlEE Ao or Audog AAEY] wEol
gl ell= Begl 47t A om Srkste] @] §°C ke
7V w2 AR f71Ee] EelEe A9ols vt sl
Uz AFaEe] d4=2] §°C gho] wolkin}, o]} o] dj4=2
8C 7o) Wish= sl A3 whaldgEe] §°C gk st}

KR 2] o]Aofa] B-AE §PCES Qi uigEgo g St
she 73S BRITHFig. 3b). ©149] §°Cak 3l =% sl
ool Al Gk WA 7] wiitel], ol¥st ST A7t
MR =] F7ekA2] §PCEe] S WA o wdshs
Ao FNd 4 Ut a2y, B2 AP AA sige]
Tkl §RCHE AN, UREAR 92 §1CH F 0%0
Ao, §3CEY] AMsl= 1% =2 2 W33tk (Thorrold
et al., 1997). WebA|, B-x] o] ollA] EA 8 §PCgke] M= 3
Fo] F7)ekAao] §5C 7] WstHth=E T 29l o3t Aow
AZFATE QA AkaE S Yt el o], 27 A<t
= B0 ol At v o & YeRdtt. Fig. 3bollAl
23 2= 9)50] §BC Fhol Wk s AT F o
7o) RHREEA Frletch A HAlE SeflA] oF 1.0 mm7FX] <]
Hske} 71 o] el I vk FAto] yERdTh 3 WA §ECHke]
Hsl= F71go] 22 §"%0 gkl MHel A3 F iR F
e S7VE0] AE 80 7] Wk gt wEbA, dsl
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rr
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Fig. 4. Correlation between 5'°0 and §'°C values of otolith (4rgy-
rosomus argentatus).
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= Holx glom, o]dt 5442 Aok 3 7x] Fash 2%lo]
5 749 808k 8°CEkS $AIEHA sl o= Ao 3§
AEc), obA] Araiglo] A o2 gkl §0gk dll5=2
229} 3570] §'0gkell oJsiA 2HEH, gkl §ECHE Sl
o &mof AA e v, o] Fr1ekie] gkl <8l
A, webA, o]t QIbEe] AR I 2 ITS = 7
JAGE, Hx)9] o]do] x7] A dElelA AFHEATh= A
Aok, 2] 49 o8] ARERTRs BX|2] Hag
oJgt A=Al olakslerAiTt SAEA T el FEF
Aloll 7131 Ao & A},
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