O[SF A A} B 41 B

o4 U u|FULE o &%
& of (Oncorhynchus keta)®] AlE 2

200343 8¢

BRYotE oy

CE R

& 5 %



55 oA N FEES AZH

20037 6H 24H

N

A olgurAl A A 9] @P‘%}
9« olghupar A w4

9] 9 o|tHA} 7 & o




Abstract . - . . . .o 1
ME 3
1 11
LASS Ay 2 24 .. 000 11
. I 14
AR DM L 22
I dojxjoje] AEstx B4 . 0L 22
2. AR B4 B L L, 23
3ol W BEEE BM L. 23
4 Assh ol W BE&EE Mm, BA L L. 24
5 @ojxojg) AFRE . . ... 24
= %
1L dojxofe] Baad Ao Aol . ... ... %5
2 ANSEL BEXT L 28
300 W BEEE .. .. 32
4. Abgeeh ol W shEtE /A . ... 34
5 Qo)1 ATED . . .. 38



= AREEA L 43
S 46
Z A ) = 48
T el 50



Stock Identification of Chum Salmon (Oncorhynchus keta)

using Trace Elements in Otolith

Dong-wha Sohn

Department of Marine Biology, Graduate School

Pukyong National University, Busan 608-737, Korea

Abstract

The relationship between microchemistry of chum salmon otoliths
and their ambient waters was investigated to develop the ways to
distinguish chum salmon stocks in Korea. Ambient waters of reared
fry were collected from three major hatcheries (Yangvang, Samchuk
and Uljin} in the east coast of Korea in March 2002, October 2002
and March 2003, and the otoliths of hatchery-reard salmon fry were
also collected in March 2002. Trace element in the otoliths and
waters were analyzed using inductively coupled plasma mass

spectrometry (ICP-MS) of the Korea Basic Science Institute.



Chemical composition of ambient waters and salmon fry did not
significantly vary through the study period. Some trace elements/Ca
such as Sr/Ca and Ba/Ca in the ambient waters seemed to be well
reflected in the otoliths of salmon fry, though the absolute
concentrations were different. These two elements might be
indicators to distinguish hatcheries which have different chemical
environments. Discriminant analysis with 8 element/Ca ratios (
Na/Ca, Mg/Ca, Al/Ca, Cu/Ca, Sr/Ca, Ba/Ca, Mn/Ca, and Zn/Ca)
represented a distinct separation in accordance with natality of
stocks. The analysis of otolith chemistry would be a very effective
technique for stock separation of fish populations. In the future, the
origins of wild salmon caught in sea would be distinguished by the
examination on the core portion of adult otoliths, which might have
a similar pattern in microchemistry with salmon fry from the same

origination.
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- Pacific Ocean

Fig. 1. Figure showing the locations of three major chum salmon hatcheries in
Korea. Namdae, Maeup and Wangpi stream are located in Yangvang,

Samchuk and Uljin, respectively.
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AT (stock) & FAeol A =ikzde] #elsl &8 olgHE 7|8
SHolth AT dAE AGAHA EE27H YoM A Az <
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omE FalM T FHA E(gene poole FTHFoZHN UA
FAAZZE AW, FA8 A 5437 EA4HA £ AFe
FAg Bol= FYdolzdt & 4 AhH, 1991). 3G

(%8, species)elztn siHste, o8 AlTez Fid
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2= o)% Ao A, Advig nhF PE}EH SPE spAn 9
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Bla v, fAsd B4 a3 o)X(otolith) W A £4 F
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and Waldman, 1999). @) Ealdol e doje) AFH3E 3 xoiF
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Fig. 2. Migration pathways of released chum salmon from Korea.

@ East Sea, @ Sea of Okhotsk, @ North Pacific Ocean

Dotted line indicates the distributional boundary of Asian chum

salmon released from Korea, Japan, and Russia (KORDI, 2002).
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g olM f gtz g o] &Y ATEFL L3 H 1 Qo 1980 ©]
Aelle ol W s2dE o] 8std d478 w=Fo| 9x 63 23
stel Aol 19989 #7bA 15799 w=Fo B 1 HtHCampana, 1999).
e olith o §& dF AFEo] Budi ok o]F9 olo=
sagitta, lapillus, asteriscus#ti 2% 3%#29] ojMo] ZAsti=v,
FAAM 2717 AY & sagitta® A7 F2 ol &3 Y} o)Ag
TREEL 96%9 gitdEd 3% #7718 BE¥A 28w o 1%
A e 317FA1 ] Y4 (Campana, 19998 %zre} wbald 9314
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(natural tag) T+ A F(fingerprint)elglz ® M Campana et al.,
1895, 1999; Campana and Thorrold, 2001; Gillanders and Kingsford,

2000, Rooker, 2002; Thresher, 1999; Thorrold et al, 1997, 1998). &,
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Felve Factl A b 3AYol Huse Aojxoist 2} s
A AAste olFEe ol4e AMa] 7t A(FP, A, £ 710

L FHRT e BEEEY AlH Aol 4w A A}
549 F4559 A9 Holg @7) Yutel 2001 ol uuy

& YAk

1. Nee A7 2 84

2001 39 g, A, &9 RabgelM 27t 5 g 13vtele @
oAx]otE AFstATh AYE DojAolE shatel Al A (fork length) ¥ A
F(body weight)€ ZA3 ¥, 0|48 F23d 2552 ARo| A
AN ZE F olXe ZAE g Tl 20019 649 2z Ao
SHHQl Fd A, & 9T FHRGLGN HAPY oo
At Y FdHAME 2o(sweet smelt), 80(sea
rundance), &l(mullet)E AP FFow, HHAGo|E Rt

Aeoi(rainbow trout), Fol(trout) & 28 B2 WA HolH Bujs}

o8 AT W FHHME=  Fo], =7 (striped

rir

shinner), &At2](Korean dark sleeper), & (pale chub), &%=
(goby minnow), 2 & AA3 % Table 1). o|ZA AHAE 2=

- 11 -



Table 1. Fish collected from three areas in the east coast of Korean

Peninsula during spring 2001.

study area

species

number length(cm)

Yangyang area

hatchery chum salmon fry 5 6.1+04
Namdae stream sweet smelt 1 12.1
sea rundace 1 8.8
mullet 1 21.3
Samchuk area
hatchery chum salmon fry 9 57103
nearby fishing store sweet smelt 3 281102
Maeup stream rainbow trout 1 25.7
trout 2 22106
Uljin area
hatchery chum salmon fry 12 82108
Wangpi stream sea rundace 1 34.1
striped shinner 2 136+09
Korean dark sleeper 2 126*15
pale chub 2 124%+1.2
goby minnow 2 96%04
sweet smelt 1 10.2+0.1
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dolxolet vtastA 2 AFol AR AEL EHsgoy oML &
28t FFFE ARo]l o] TA Fol o)Xe A2 =)
TEEY Eo=vh AFEA7)(CP-MS, @272t ddTed)s
olgste] W FALE A AAHE BAARY Fo] HA 00lg
olgel sHojok d7] wWE] oiFe] FHE o)Me o] Zoly
00lg =2 NEE TE Fo 717124 239} 24d Yae)
FTE G pomt ppbell M 7 40 YAgo g e By wal
sto] BAJslow, BE57) st Q49 Cadl sEHE2 BAIY
o dojAjo] oXelA BAE dA F Sj, K Fe, U g2 9As ghe v
oAFx] R3k7) dEe] 894(Na, Mg, Al Cu, Sr, Ba, Mn, Zn)9 =%
€ ol&3sto] Btz o) Add A& mlmatgddt a8n o o
o ol W d4E 792(Na, Mg, Cu, Sr, Ba, Mn, Zn)& o] &35t9
Az HlEstE T

AbS Y Bt des A9HoR vwdly] 9ste BAE 94 v r
o Ca FxH&& AE3gTh o] SEHEEL AMIoT A4 W
gstA getn AR F, Agug E4o] e 2w ¢lojol4
o om g FARAE AHAEAE BB Aste 2001 69 ¥
B, AR ASFE AJsA. 2 e ASSE 100m
H Arstden, oA FEAFPI) FHIY]) 045m 422
Z WHd ARAE o] &3t R{EEAS AAFT F vl 5% HCL
$hoF A Fehaddo] u AN 06ml B AlE £98 A4

33 gE d¥4dE ST A4 S Fol7] A& 3 At
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o 3709 AbSS AlgE UEAT AYD AASSTE FRV 2GR Y
A7 99 ICP-MS(model: PQ3STE, FISONS)E o] &3l Fa st
YA E AR 49 949 FEOHE B wgsle ¥
At £, ol Wl Y4EF vIgHe) vnE LolstA sly] 9Jste
8¥UA(Na, Mg, Al, Cu, Sr, Ba, Mn, Zn)E 492 z3s 439
O AR 29 st AR 7 Ragds AssE A

YorEol AN Hol7t Y=AE Folns] st A= Pa/Ca

rr

TEH &S TE

2. A3

dojxlojet 71 A & 4 Ragel A AHE oAFE2 o]y
A 13% 9] 994(Ca, Na, Mg, Si, K, Al, Mn, Fe, Cu, Zn, Sr, Ba, U)7t
7+zy A HAcHAppendix ). WA, 3 2] dojxlo] o]Ae F&
T8 AR, Sr/Ca, Ba/Ca, Al/Ca, Cu/Cad) FZH &0 4 %
3 dolellA 7H¢ EA Uel e, Na/Ca, Mn/Ca, Zn/Ca¥l H&2
<7 F3d Adojd M M & g BYt 33, Mg/Caitg A9
o R dav A3 Y dojdA A @E glo] UgRh
EF, Mg/Cavl-&2 A%, 43 F3 dojelld 7 ey, &3

Fag dololA 7hE @A YeElRtH(Table 2). &, 455X v &#

=™

S YMege W AR Avdel A APL T £ GdYAW
7t Aede Aololae] setmAL Anitk Helst Yvke Ag wA
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Table 2. Molar ratios between elements and Ca in otoliths of salmon fry
collected at March 2001.

Study Na/Ca Mg/Ca Al/Ca Mn/Ca Cu/Ca Zn/Ca Sr/Ca Ba/Ca

area  mmol/mol mmol/mol umol/mol ¥umol/mol umol/mol umol/mol ¥mol/mel umol/mol
Yangyang 13.87 2.79 385.77 7.74 745 24707 153586 9.64

Samchuk 13.02 2.81 24.60 1.82 2.76 82.38 172,97 0.73

Uljin 14.55 1.29 124.24 8.62 592 25636 83030  3.63

..15_



e o,
Zhztel LY BRFE NMHe FY FuHD &4 Sy Hd A4
AW &0, Fo, $ol9 8m7), $AlE, Re|Bx), Fatn], o] o
9 ol W Bz H S Yo AEE ULrEEHEL o] gl AR
SttH(Table 3). 2+ Aol A o] FFo] wat gstz4o] o)t gA
WHMg) 2AE 2797h4 (Mn) 28] debwdth 2 2 ofFei e
HARERG-oluh wlole] Afelo) o8] FWEAL ST sy
ol W Ao ofge wel guddn Bug
E, FF FHHT 2D F9H FF F s Lojs) ol
FTRE YEHRE, 22 FTFH oFEoldr Aduz
ol Mol gtz Ado] A veldt &, 4% Fulde] AAdgd 2o
ol 2] H$& Mn/Ca(182), Sr/Ca(2392.6), Ba/Cal6.6), Cu/Ca(27.2)°]
A3, =3 FAH 2o o|Heo FHEEEE Mn/Ca(2.4), Sr/Ca(932.6),
Ba/Ca(1.9), Cu/Ca(l )Tt 18] FY¥ G o] o]Ne F&%x
€ Na/Ca(76), Mg/Ca(0.5), Sr/Ca(1481.1), Ba/Ca(6.2), Zn/Ca(58.0)=
HEb D, £ 493 gole oAelME Na/Ca(29), Mg/Ca(l.2),
Sr/Ca(386.3), Ba/Ca(0.2), Zn/Ca(255)¢1th. S oJ=Ayx B
stal A Aste A gl whet o)X W sletzAo] e A dEUE e
olAel Fstzdol AAA BAAL WAFE 7 WEQY Aoz WP
ol A2 RGN AP sbdolel $0]o] o]4 ) g3}
Fds Bt ol#d etz Hu= AFHoz 7}

%

N
oX.
flo

AR

7hE Fol 2L A§FY FHolE olgsto] WdHAY wEY Aoz
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Table 3. Concentrations of 7 elements/Ca in otolith of various fish

species collected from the east coast of Korea in June 2001.

Study species Na/Ca Mg/Ca Mn/Ca Sr/Ca BaCa Cu/Ca Zn/Ca
area of otolith mmol/mol mmol/mol umol/mol umo!/mol umol/mol zmol/mol umol/mol
Yangyang sweet smelt 12.9 0.1 18.2 23926 6.6 272 85.1
Yangyang sea rundace 7.6 0.5 4.9 1481.1 6.2 14 58.0
Yangyang mullet 12.3 0.1 94 3283.0 45.9 45 14.0
Samchuk trout 14.2 0.1 38 308.4 08 09 59.6
Samchuk rainbow trout 13.7 0.1 35 324.1 0.8 27 68.3
Samchuk sweet smelt 13.6 0.1 650 61975 264 54 308.3
Uljin  sea rundace 29 1.2 4.1 386.3 0.2 1.9 255
Uljin  striped shinner 4.7 0.8 26.1 4117 6.3 1.8 77.1
Uljin  Korean dark 13.2 0.1 8.5 1018.1 12.6 0.7 35
sleeper
Uljin  Korean dark 14.5 0.1 16.1 1010.3 8.3 0.7 8.8
sleeper
Uljin  pale chub 3.7 0.8 17.0 86.1 0.4 1.7 54.1
Uljin  sweet smelt 13.6 0.1 24 932.6 1.9 1.4 885
Uljin  goby minnow 12.3 0.0 19 772.4 8.6 1.6 7.0
Uljin  goby minnow 11.2 0.0 21 841.7 88 0.9 7.0
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AT A G AWE Loje) o]de T HezYL
the F Add P 2 Aol AR o] Mot GAH 42
g 89 etz JFe Wol Wy AU +58 2o o
X FREL, HHEAY FYGe] Wold e A £ojFe oy
W Btz olF 2 Aolg mal A RY. 2% GE ol FE )
A 2ole) Sr/Cadl FE7 UFH EE ol 2ole] WAL

Z1Eth Sole AFAE AWuw oM HadsHm BroA

it

i

dAdsted BE Sr/Cad $Et 9ndd 5o & @t
il el A AHTzeng and Tsai, 1994). 2 2ol o]4¥ Lol:
EF ZolAdA A=Ak

20013 6€ kM SolA 1594(Ca, K, Na, Mg, Si, Al, Mn, Fe, Cu,
Co, Ni, Zn, Sr, Ba, U)7} #£4dAtHAppendix II). A1 zo)2
Bl7] g f4/Cag ARSI Y Brkg wmatgoh g
B AARSZAM AHFH SR e YgEE 2L 5
g Holy w4, AR5 ASFYd FHEFEEE 2 ghe Byt
AT, Mgo AS- Al Aol 0.08~0098 FASA UElGon
Mne EZANFGFNAM 0182 AY & & Bgon Ftrsizy
AHFEAA 0082 AR ghg JEbdoh E§ o] e) etz 9
Hlwdty] f1dte] Aeg 8UA/Ca v &9 A$E A4 YRy
AGE2 Aozt U RS ¢ F AU (Table 4).

Zh A9 5o dojH o] o]43 Algye FHFEE v ado
HE d, o]} AMSFe AW Frwslsl FdsAY BL fAL
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Table 4, Concentrations of 8 element/Ca in reared water of

salmon fry collected from the east coast of Korea in June
2001,

01" June Na/Ca Mg/Ca Al/Ca Mn/Ca Cu/Ca Zn/Ca St/Ca BaCa
reared water mmol/mol mmol/mol umol/mol umol/mol umol/mol umol/mol umol/mel xmolmol

Yangyang 2784.1 4154 31647 394.1 5742 12123 48214 5752

Yangyang 2741.1 4140 25737 3766 2675 23126 51205 5546
Yangyang 2713.9 417.8  3613.1 378.8 3064 24217 51141 5619

Samchuk 169.6 103.3 627.0 91.7 65.2 563.4 12475 1351

Samchuk 163.7 102.5 848.0 88.9 71.9 568.3 1200.3 131.9
Uljin 11241 3502 847.5 745.6 2221 25412 19119 1430
Uljin 770.5 295.7 378.6 570.1 172.4 722.3 18445  102.4
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LI ! AT 58], Mn, Cu, Zn, Ba, Sr9l o)X Ul ¥xof AL
T FRE CHMEE WMASAE W, o4 e FASE Sr/Ca, Mn/Ca,
Cu/Ca®l s=v]&2) U3} RFE o|Mm Ag4on) g AFL B
o) SItHFig. 3). 181, Zn/Ca, Ba/Cad W &% UiAlg 84%
oMol FAR AFgez dEida YL & 4 UrH(Table 2,
Table 4).

AudE S T, LT HYAGE 7D HE o {4 wa
ol Wl FHFEE A7t S & F YUY, FAZNAE A2
A7 2w ol ) gdtzAge] et 2L 4 F Uitk =3
dojAof ol AbGe} Ay etz wwE g S W, Sr, Mn,
Cu #& ALZL AFFY ofFf o] Ul 2557} JBdAE 71x
T AT & 7 AdY &, ol W s EAol FE A5 dFge
NHFE Thedol es & & JAAG Wk oled daSe o3
A9EE qdojel AR AHAE FAF 5 vtz Mz, 2 o
FellM s dndd ZRE EAR st o F o]y W BstxAd A

WAE 8Qg Weln, AGWE Rolst b olF o]l sara

o

€ °l&3sly oF AT #£dF HAAs2A sYT 4 A9dr =
o 44 AR F Az, 54 SA22 2710y ojgE Aol wA T
beidol & dol& HggdFEoez g3l
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(a) water (b) otolith
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Fig. 3. Comparison of Sr/Ca, Ba/Ca and Mn/Ca ratios in ambient
reared water collected in June 2001 and otolith of salmon fry

collected from the east coast of Korea in March 2001.
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1. dojXoje] B &4

dojAeE 3X(FPNTRAT4, FHUFTANBAL L, AEAE
a7l AT AED ] Aoiagel 2002d 39l 2+ 280, 266, 303vte
€ ARsAh AP Aol YENHYE o] APAT g0
H, 4 dA stFel A em) B AF(gram)S A A 20029 3
Yol AP Ao e Z4 A9 R AAdo] 109 1092 Y
sted A1 F-3hEs dojAele AdAR wart stsetgn Hojg
A AHE Ferstr] st 20029 3€ol AR 2 Add R
oM AFse dojAde Aol AFHY ANdFA Wear
€ o]&dto] nuFIANYor FAHRAD. Holo AugdFo] Hal
FEE Aol leA Yelry] f3td FEA
A&kl

A(ANCOVA)S 4

M
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7 FaFe e AR (S BUR) BL Aer(dd 23E )
ol &3 FEE Aol Abgsta glom, 2as xo)e of Y
e FEHT 2-390) stHoz FHFIEY AHSSFE 3T dojngy
oA 2002 397 109 z2m 2003d 3€o] ztzt xS Ac. (Al
o BT BN EHe AR 1L AR AW 2 246
ol&¥ Wy Fd3g)

3. 04 W FEEE B4

2002d 399 AP Aol A%H AFE 23 F oHe
FEAQT 22 oM 283 A7l 108 £ H2 F R4z
Aol AANZAL T BAS FR5HTh o4 e vjdUs BHE s

N AZEATAL 001 gl 20-40mhele] dojxlo} o]A)g & HEo
zake] BASEh doiAe] oy ) ststzAx ouldd 1 A9
AR B BN dAWE wHoz 25 200290 AP Aol
Ao} o4 W sehxAel 7 Ralg@z Aol UeAE Bohusl el
o ¥AHEA(ANOVA)E 4AIshelt,
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4. ASst oM W FEEE Wa, 84

l

ASERZ oIz e o] g FHsE FIHILEY FTo 9P
MAE 80E WElIA 4 R3de AL&Re} dojHo] o)A y 3lgtx
el #AE M- FHET du AP APD dojxo] olAx
Abg o] d4/Casl MI&(20014 393 69)3 20029 3R AW
dojlo] ol M Abg4o statzA AuoM AMSF YA/Cag) v
FolA 23] M AR o] & FA = st Ael g
PIA A E Dotr it Azte] A7 oM ALg e} o] Mo Y
/Ca Bl &9 Bl e vmsdgom, AAgE9 oy U gtz
ol M ZduBAE JHAE d4E A B9 o] F 246 4

o

@ AARN L shach

5. ol o] 9 AZLEe

AoAFagel X e dojatgFot oy U setxAol vl&d Ao
2 UEYa, 339 dojfegvitt 533 dgxHd e Nxn ¢
W ool AR met 3A4Y AreR FE 4 glE Rojr) <o
ol Ax-s Ees7] At 3 A9 dAojAo] 014 W) 8U4/Ca vl &
€ ol&sRan, gHFEY $Y F syl ¥d ¥ (Discriminant
analysis)S TH3AT. & AFNAH ZE FALEML 99 STATIS

-TICA Z2af o2 AAHYY,
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A =

1. AojAolo) Ra3a Jugg 3ol

AH AqdE 43 Aojg AHRI) st HYH Aol A}
(W), AZ(L)e ARSI dojxole] 7o) AAe Hiw Hi:=
G, HH, 21 BspgEE 421403, 55503, 76107 eme2 e
wow, MF FIFF WAE 09402 21103, 53%13 grog =4
HAT dojxof o] FAe HWEY HAE FY, AH, £ 23
A 85404, 99+0.7, 131411 umZ el WHA| 7171 v s
33§51 dolxlo] el Atelrt MY 2R FY§ o]y
= Evstn, gadd MAsd deof ozt Ad mm FAgen,
el A Aol Aol Av|sb AU FAgivh YR AN
T3, 5 dolAod  #H  AuAdFHe  Zz
W=0.026L*%, W=0.024L"% W=0000L*"2 JehdcH(Fig. 4). Mol9) 4
A ZNA BRAs AL Zol7t UEA FEA BMEL A
Ade AGEE dojXoly A oA fFAF HolE EAY
(F=28.9, p<0.001; Table 5).
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W=0.026L 250
R2=0.93

<

W=0.024] 263
R2=0.80

Body weight(gr)
4]

- ; < Yangyang
3 B m Samchuk
=0.009L3-20 Uljin
R2=0.86
0 ' |
0 3 6 9 12|

Fork length(cm) J

Fig. 4. Relationship between fork length and body weight of chum salmon

fry collected from three study areas in March 2002
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Table 5.

ANCOVA  of relationship between fork length and
body weight of salmon frv in three study area.
Source DF  Seq SS Adj SS Adji MS F P
Fork length 1 484369  49.346 49346 500355 0.000
Study area 2 1.838 0.685 0.342 3471 0.000
Fork length*area 2 0.570 0.570 0.285 28.90 0.000
Error 843 8.314 8.314 0.010
Total 848 495041
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2. A Fge FE5EE

20029 39 A& 1294(Ca, Na, Mg, Si, A, Mn, Fe, Cu, Zn,
Sr, Ba, U)7F ¥4 5 1 L (Appendix III), 20029 109 AFS-4=9F 20034
38 AR £ 1494:(Ca, Na, Mg, Si, Al, Mn, Fe, Cu, Zn, Sr, Ba, U,
Li, K)7} &4 %ch(Appendix V9 Appendix V). 24" 9As9
TEE ppm F= ppb 9ol BEEE A@stgon, Azte] W
oA MmE AolE BALY] At AKF FoIA F9 U9 Ca
o2 yye] xEHsidn. aglm B AT s oMoy uehte
Y2 M55 gdotxgde) Hag LolstA 7] 984 8Ya(S,
Na/Ca, Mg/Ca, Al/Ca, Cu/Ca, Sr/Ca, Ba/Ca, Mn/Ca®} Zn/Ca)vt &4
off o]&3tdct.

20024 38 AS4E 894 FoM 594(Na, Sr, Ba, Mg, Mn)/Ca
FEZE A9EE @ASA Aot v AL ¢ F YUY THTable 6).
Al/Ca, Cu/Ca, Zn/Ca® 7%, Z+ A9eA vebd ge] 897 =y
e EAHes A9 Zol&F FREVZ oYy ayuz, Ad
W Aoyl A 59 5/Ca 552 B, Na/Ca, Sr/Ca, Ba/Ca: %<k
FaFOA Ad wA vetsten, Mg/Ca, Mn/Cats &3 ¥873d A
AY & @2 BT AHEHH ASFE ZnE AYsae 2F
49 davt A A AT FoAA B ¥ e Yekin

20023 1089 AAd AbSee] #exd ZAE Mn/Ca, Al/Cadl
ghol SAHA ¥ Aol glolA 694/Ca Moz 2 H2 o
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E ANESIG. dAHez G F4Y dIs} FAS Aol UN
21 Na/Ca, Mg/Ca, Cu/Cats €XRBFNN 713 £& g ngo
M, Sr/Ca, Ba/Ca, Zn/Cat F4F 3ol 718 &3t &9, 249
Yoe A FaFels 718 ¢ ghg Bglth(Table 6). E3
A9 vtAVHA R Zn/Cadl Sl 2AAY WA w2l
20039 3€¢) AR AgFY FxY AR AdEY B.7g
A7t FASATE Cu/Cag AN TU4/Cad) FEFo] Az
FatA Aolt e AS5E A2 TEE S AU 7 A9
AGd Fke 2002d 390 339 AKee eldd A Y3

X

I'IFI

A deyt=d, 48 €9, Na/Ca, Sr/Ca, Ba/Cat ¥FEsH3aA A
4 ¥4 vettoen], Mg/Ca, Mn/Cat &R 3AA ALY L e
HAd W AANEF ASrdNE RE A4 e Raa
Hlste] 7Hg e @te dEbli: gltk(Table 6).

f1el ARE EdS, 200195 200337049 3d 3 $2lvetel
3xY doiFshd Aol ARSE TASE FHEFET AgEL Ao
7E &S & AT 93 AMgSY stz e ARt §
b 2 W8S Rolx @itk 58, Si/Ca, BalCart Aozt $Fs
AZIQ) 383 adshe A7Id 1084 BFE FF FdHAAN A
€ @& UBiln, 4RGN 7bE e ghe vedel AA
He Wste] mat wxe Aole AT AHER YEhus AF e
FES FFE Aot S mAFUAY EF, 200293 2003

el WSS AWud, S/Ca, BaCadl 57 dolsl #HHE A
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7191 200297 20039 39N =% ggRstded sl xe e
e, #4398 7 Be ge dehidd &, Si/Ca,
Ba/Cafl Adls e AdAez adx vt g2 Yeiaw A
QU2 Jede w29 &9 34 23Uk
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Table 6. Concentrations of 8 element/Ca in reared water of
salmon fry collected from the east coast of Korea in March
and October 2002 and March 2003.

study  sampling Mg/Ca  Na/Ca Sr/Ca Mn/Ca CuwCa Zn/Ca Ba/Ca AliCa
area time  mmol/mol mmol/mol ¥mol/mol umol/mol umal/mol xmol/mol umol/mol wmol/mol

2002 Mar. 274.8 1161.2 45043 172.8 67.9 192.2 552.7 7134

Yangyang 2002 Qct. 3004 1066.7 2901.0 12294 325 199.6 447.1 34292
2003 Mar. 2912 1184.7 3659.1 4774 48.0 191.6 3483 218.6

2002 Mar. 993 160.5 515.4 14.3 248 590.7 30.6 101.6
Samchuk 2002 Oct.  85.9 137.5 286.4 nd 6.7 30.4 18.1 754.7
2003 Mar. 945 154.6 460.3 10.7 6.3 70.6 203 55.6

2002 Mar. 3093 938.8 1832.0 2987.7 372 122.1 132.5 164.0
Uljin 2002 Oct. 335.5 15827 1291.2 nd 355 130.2 128.1 nd
2003 Mar. 3343 1052.4 19224 22813 67.2 11298 1038 128.6
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3.0l U 3&£5%

2001 39 dojxele} qulAYH AR Z 2002 390 HH
AR dejHo) oo} Gty w AGEz Aol Wt 20024 3o
AAE dojrlo] o] Mo 16914(Ca, Na, Mg, Si, Al Mn, Fe, Cu,
Zn, Sr, Ba, U, K, Ce, Cd, Pb)7} T4 5 A HAppendix VI). o] x]o
/N9 Hetz ol AgdE EARNOE F9% Mol YrAE 4
B7] 9lsted BAHEA(ANOVAIS AAG A3 Zzhe] 2177 o) 4]
Mg/Ca, Na/Ca, Sr/Ca, Ba/Ca, Mn/Cai} g& TEHEFEAAM 27
F@ Aoz} = Hed wEgon) Zn/Ca, AlCa, Cu/Cal =7
@ Zol wof gz avtx Aoyt YEe VeT IckFig.
5. 4% V3G Aol A Sr/Ca, Ba/Cadl Fwgio] we
FEPog dofol e Fasl § 5 & Mk, F-00755,
P<0.00001; F=61565, P<0.00001). 2¥ 1, Mg/Ca & Na/Ca®] Fx &
M2 Qo)A 73 ®hon Mn/Ca, Zn/Ca, AlCash Cu/Ca 5
&7 Aojo M 7 matoh
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Fig. 5. Mean and standard deviation of 8 elements/Ca concentration ratio
in otolith of salmon fry among three study sites in March 2002,

Vertical bars denote standard deviations. N.S. denotes non-

significant.
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4. A&} o)A W] Stz BA

°l4 W Bz AEFe S8z L vuPe W, S o
YoM AGHom oy} A& FHEE HHo] Yxste AL
g 7 NG, 53], Sr/Ca, Ba/Cat Fx9 AUge 2w apgs
st Aol Ao} o4 W = #A¥xn FdaA vhebdhFig. 6). 9=
, 2002 3€el A" ASFoA Sr/Cadl HFFEs SRR
el ok 45009 g AAH Jh3 Eghon), abHRgatel A o 500
o #oz b WA dEtd. uasAEZ ddolxo] o] dox=
Sr/Ca®l HitFk7t FF Aolxo] o4elA o 14009 & HYO
W, A3 dolald o 5009 A& JEATE 20012 390l AYH Aol
el oldu} 2001d 649l MY A&S x4 2w 20029 3
Yol AT Ao} oM ALK stxy FolA 8YA/Ca Y]
9 FFgoz AALAL NSRS o, ASFd dojo) o4
Abeloll Ml 591 (Sr, Ba, Al, Zn, Cw)9l HHsEE §9d AR

Nlrt

AE HE Ae & F AAHFig. 7). 5A2NN AHS 35} dof
of ol4e) HAHHUANL olafsh 2},

[Sr/Calotiien = 0.27[Sr/Calwater + 173.9; ¥ = 0.88, n=6
[Ba/Calotortn = 0.01[Ba/Calwaer + 1.7; #* = 0.83, n=6
0.13[AVCalwaer - 22.3; 7 = 0.90, n=6

[t

[Al/Calotolitn
[Zn/Calotoitn = 0.08[Zn/Calwaer + 89.1; 72 = 0.79, n=6
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[Cu/Calowitn = 0.02[Cu/Caluarer + 1.5 7 = 0.80, n=6
Aol AFE vpgo s Alzbe] WEle] BAGC] dojxle] o] NS TA

33 e 59aE HE oWy 2ARG Aojxojrt NAsd 2
stz e 9% %ol wedn & 5 ok
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(a) water (b) otolith
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Fig. 6. Comparison of Sr/Ca, Ba/Ca and Mn/Ca ratios in reared water
and otolith of salmon fry collected in March 2002.
Vertical bars denote standard deviations.
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Fig. 7. Relationship between the mean concentration of (a) Sr (b) Ba

(¢ Al (d) Zn (e} Cu in the

water. Samples were collected

otolith of salmon fry and reared

from the three sites of the east

coast of Korea during March, June 200! and March 2002.
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5. Aol Ao 9 AF¥e
dejxle} o] TFe] MNAPRY AgFe stz e vzade
W, A9 e2 Sr/Ca, Ba/Ca¥t & Y25 Aoy 2

T TR 7 UE 47 99, 23 A9y Ao xojE TRE
Tl 2 dvde AL g £ UAUY F, o] F AR Yantews
Aol Aleizt Hold A AP F2E ol A FUFY 4

© Aelth. dojAo] o4 Y F&EEEES o] f3ld dolY AR B

ARz FE317] Yl HHEA(discriminant analysis)S A AlstY

4
T

=

a)
AN

r

o. 8¥4:Ca ¥&¥FE(F, Na/Ca, Mg/Ca, Al/Ca, Cuw/Ca, Sr/Ca,
Ba/Ca, Mn/Ca%t Zn/Ca)2 BERANE ANFaige o, 3709 o
Acos WastA Felso] FHAJAHFIg. 8). R WA g
o) FgREtde] dojXojzt AHn LRGN Ry, T
A BdFgr= AR SRR dojrt gAsA Uyl
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Fig. 8. Discriminant analysis with & elements/Ca concentration ratio
to distinguish stock and natality of chum salmon fry from

the east coast of Korea.
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k]
M,

oA ED] A Yge] nxe wetgd mal ol Fe) o4 1
Pl gEt g 40 sbedon, oiFe olqe FAIE wyda
4 sAdLe FFEEE ol &3t F A, M, YA S
B GrE0] EEA AP ok B dFANAE o4 Ul 35tz
AE ol&ste] dojAjole AEFEE JANFHAR, olox o4 )
THYELE o8 EHER 823 ANHm Yo} o W, w4y
F4oA FEFold 2AY HAzbel A ga(s Oy AA(0)ENY
2ghE& Hefst T71FYG A A A9 2%(Grossman and Ku, 1986)%
Hetg F£x glow, ofF o4 o @iy A2(sUN), 28T ALE
AdagtS o83t HolaEoA oJfel AEsA ¢ A (Sugisaki
and Tsuda, 1995), A¥AHGao and Beamish, 1999), d& 37
(Campana and Jones, 1998) 9 A7 & 37|% &} oJF o4 Wl
FEzgE o83t ddte Wde Y Yggd uhiol EA8
A E AFAME R TEHGE FH giRo] dojx|o o
AW g2 vlastes WS 935

ol W gxdS ol &% A7 MxA e A kX E 2o
T 5 dok A HAE oFY o4 ] FAHEAL 4 £ WA
detE Ao, F WAE off7t ANdte A - sEhH #79
Aozt 1 Fe] olMg FAHHE YAEY FEF Aol2 dwddnE
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RO tHGunn et al, 1992). o) Hste] FF o2 T WA 7ol A
Mg Colm g A g 0] olFe o]4g TAHB= Yio Fe mx
S7HTE T AR date WgE & & JAW $IF aAe o =
AT, oAF M4R 9 A Ao] B $AH BAL o YH¥s 7
T8 7 8lE Aoith. 28 Al WA AFE M9 o2 slx=
o ol W BEEAge ABE WERG AFyA WEo o 7ol
et At ol Ul d48F FE7 Agde dagan

Z':
Sttete ol @ Ade Alztel AUE AA WzbEx) olol gojy

2
o

rlr
2,

Aol e ol RES RPelsh: 2NEZ BEF 2 UL Aolh o
H W stz AgHoln B Holug AgHA o7 o
2ty olNg ol 8% ATRY PP FL87 D7 BEolu

¥ APolN Ay AolAo] o3} g4 satry gL @
oFoist Eojt At AFE Ber] AW ARARE A La]
Astel WA=k WA, ALY AojAol ol ) zge 24
7] Hol WA I AWz SYE AYY| = BFan
azlel QoA Aolg vtk olgF Ane 2 AW Aojuag A
o exdeld uMZAUGn AzEd S FASAT A5

S

% 23R} FHYo2 F&aA NS ol Yol o Pe
ATE T F71 ANk a, ol KA AneA gaYG Ao
Saimo salar #4718 ThFe F2olH AN o AR5 P
HelHE ned$E Rgaele) dolgae k= nuzk gudd

(Peterson et al., 1977). dojx]o] o]A 9] 3tz B2 o glojn B4
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AEel HALZF7be FAZL 001g oI07] HFel dolxo] o4l s
FEPBHANAN AATY AolE WY F& A} A9 20uta
AN A0vtelJEe] AojA ] o|de & NBE EAHS) @R A
o] o]y getxA Ao wE oA FAY 5 dm Mz
.

SERVELESEER R L EPE R

FF A, RPN AQD Aol A&} o4 o As
HF FEGS AGHEE Ao} Qi AL & £ gigow, e
g9 stz golN Aol mol: AL AAH BHL wdss] dE
o2tz AztE. 53, A9 Rage] A5E T QLT
Sr/Cast Ba/Ca¥l $=ge A9 B FEANOT, dolxolg o4
W2 & B9 A8 % 5 dA & BALe of

2% segls A2AA A8 zdsts 2R 20|} w7y

1z
o
-4
oX
o
rir

ol e A7t obr AN e ¥ a(Rooker, 2002), o4& A a}
E RE dad ALHE AL AR HP5 Hshzgd FolA
Sr/Ca, Ba/Ca, Al/Ca, Zn/Ca, Cu/Cas} & 5 717 949 v|gL o
Tl A = AojAolg o4 F wdHE AL g 4 YA
o Campana(1999)< s g2t ool B4t o]F 9 o4 ) &z
FEE HuSHE o, §& 944FA Sr, Ba, Mn, Zn, Pbe] =7}
$7A5e) 29 uEF AL ol e HIHAG B AT B

= Campana(1999)9] 94 dHex A9 fAEE Rolm ) B
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TN ol g FAsE i FFL MAE G 824 BE o
T7F #EUUI A4 Ed. 2Ade Yol WPAEE ARy u
ol AGH Aolt glejA FFE vAle 89dM AYARAN 2
E, 2EH 2, ojfo] JAGHzt o)4e daTAd HXE 9% 5L
a2fshA] 9gkv] W&o & 29 o ddo] UL ASAHE YL
Aolet AZHY, o]2 glo] #% A7 E Haddn AzEn. sz
W, SHEARE dojxo] ol¥ W Sr, Ba, Al, Zn, Cu¥} Ca2] H&&
OE 8o o3 dFguct 2o HazAe ko] A wodun
A o F2f o]y ) 3tz o] &% AT AFoA Sra Bax
QA Zolg 7H 2 e 942 982 Uoh Sr Ba: 2
b AagM BE 4286 v ol WE Cag dAstd @ %9l

Oa g4 A Campana(1999)E &o 3olgl: Sr, Zn, Mn, Ba®

#Ee SHY FHYLET o)y F wrddE AL wasgEd,
3o ARE 4714 9 F Sr3} Ba 28] Zndte] @ ubadE| Qi)

Limburg(1995)= @9 Sr2 ADATFEELE F&34 &9, s
2 zpolu 7]FdE o wEty WEden R ustgoh. Rooker(2001)&
A ¢ bulefin tuna®] ©]4 A Sr/Ca, Ba/Ca® FE{O2 A9 =
FHEFE TRAAT dojAois] ATRUES st AW APA
oL el X 55~140 kmetel YAt 309 RaAtoldn).
dog e AdYel= B7stm, 2 gy g5y 5L o

)
Rch
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7b Zlom, 7} Aol MAEe oF olAe FgtzAe @ASe) 3t
24028 gde] Hue AL ¢ £ UAh oI AFPe
Edmonds et al(1989; 1992)9} Patterson et al(1999)2 @795 FU
3t} Patterson et al(1999)2 70~180 kmAlole] FzhalA ©jAof
Nassau grouper (Epinephelus striatus)9] ©]4] W #8tzAL 243
o A4 zolz ¥,
EF, olFA Aduz Aok b dojH ool o4 uf setxol
g HAXA %3 FUsiiE AZRY vxAgE AS AL
T A Aol o] f gtzAo] AFLYY HEA 2 pe
ARZ o857 M Aol AYE FEgro] kA Ho|ojo} &H
AMA wgoly ARAFe] glojol Pl B AFdAE dolxo)g
Aot olMe) Sr/Cast Ba/Ca FZgtold AEd wel == &7}
Gh el o Mt ARATY AR A e sxie d-HdM s
AP EolY dlEL aXYstn, A dalo] o3 Aojrt Al
Aol vt A vehgy] g AT 7xARE AFSFUY o4
2] Sr/Cast Ba/Cag® 8% 4 Atz A o] & |4 ul g3
249 AT WEe B3 AT Be dFAE & A"z g
thHPatterson et al, 1999; Campana et al., 2000). 3, A}&59} <o
o] ofNeA FUEA EAS: 8 FELALE o] &F BHAEME o
oZ o7t AABY e FRAEH Foldt EAF Wyo
ATFZRE, do] Ao o]4e) etz ya a1Fo] AHsU ALg e
stz Ae BlE, BAHAL W Rt At B ezl of
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oMl setzAda FEAAE SATE AL FYY 4 Qoo
BAH Aol2 A o4 W etz Ao Aojz RgPEz ATs B
g 5 gl

FF dTolXe Fevitily ZY do] o ojMe o HES g
ol 227k ICP-MS(laser-ablation ICP-MS)2t: 74 & o] -§8to] §-4]
& F, AdojAole) etz vn BN ool A Ao oy
W AT LA} e dAE ATE Aolv, o] &S B oFox

LA 71wt
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2 o

TR dole AT S BaAse P ML) 95t doje o
N3 Aozt ANEY AgSnel vlststzge BAE ATHAG
defe] ALg e o5 Fadd HAsn Qs A Y sy
HAH, WA Zzk 20029 393 109 233 20039 39 A4w)
Aow, Fabgela A% d dojole 2002 39o] AT Ao
A5} Aol o4 g TASE GRdas) FrE #3am

LD TN FEZYIH2cbAFEAI|(ICP-MS) 2 2459

w5t Aojxo] olMolA Zhzt 14U4sh 16947} ZAHYom.
ABEE Cal EZHHAY. 4859 o4 U sezye
AT Fd folstA Watalx) Atk T, A&FN Sr/Ca
Ba/Cat HUlFEE ohxwt dojxole] ol Wz & waigye 3
& o % dgith ol 292% g B3y #AS AAE dw
Boae AW AART BE 4 A Sr/Cash BaCadl e A
A Folrth AYH Folrh o A ehdth me 8 94/Ca(E
Na/Ca, Mg/Ca, Al/Ca, Cu/Ca, Sr/Ca, Ba/Ca, Mn/Ca®t 7Zn/Ca)S o] &
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