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EERM, KEE, BRA, KFE
(1. KEHEREAEAN M ML T ST, 15 K 11603,
2. AR RIS SR, 1K 1 266003)

HE: 788 30 AUKIR 20 CHRAT, 2MHESE T (Ca® ) FiE W E N 200 mg-L™" (A 44) . 400 mg-L™' (B
4, XtHE). 800 mg-L~'(C#H). 1600 mg-L~" (D) #3000 mg-L™' (E &) MATHAK, BF5E T KK p(Ca")
X486 ZF 81 ( Paralichthys olivaceus ) 48 S RF B AT R BRI HIE N, 4 60 d F£5H & PR T BT ik 45 (Ca) . 4F
(Zn) F14d (Cu) REAMBHERABZE (P >0.05); AAPBE(P). #(Na). 8 (Mg). 8(Sr). #(Fe). 4i(Mn)
AR (Ni) T B S BBtk 1 p(Ca® ) I INTT T FE . R p(Ca ) XWBFSE4hmE A&, 55, KEWMEARE
HMBE(P<0.05), fEE AHBAKMEARRENTBAMCAH, AUEAKTEII(L/W)BEMRT DA,
AHAMEARESEMT B4M D4 (P <0.05), H w(Sr)bfip(Ca®") Ml & 2 T, 5/45(S/Ca) L,
B/45 (Mg/Ca) HLBf p( Ca® " ) HEINTH T M. SEREW, KIK p(Ca®" ) SHE F oAl o, BA T R A 537
B, p(Ca’") BB AR AT E I 2R,

X BT BET; Ak, BA; oo
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Effects of Ca** concentrations in seawater on element content
of fish body and otolith of juvenile Paralichthys olivaceus

WANG Maolin', ZHANG Xiumei’, GAO Tianxiang”, ZHANG Peidong’
(1. Key Lab. of Mariculture, Ministry Agriculture, Dalian Ocean University, Dalian 116023, China;
2. Key Lab. of Mariculture, Minisiry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: We investigated the effects of Ca™ concentrations on element content of fish body and otolith of juvenile Paralichthys oli-
vaceus that were raised at 20°C in artificial seawater for 60 more days. Five groups of seawater with Ca® concentrations 200 mg-L ™"
(group A), 400 mg-L™" (group B, control), 800 mg-L ™' (group C), 1600 mg-L~"(group D), and 3 000 mg-L™" (group E) ,
were used for raise. It was found that with the increase of Ca’* concentration, the contents of P, Na, Mg, Sr, Fe, Mn and Ni in
fish body decreased, and that Ca’* concentrations significantly influenced the otolith length, width, L/W and weight. Specifically,
otolith length and width of juvenile P. olivaceus group A were significantly lower than that of group B and C; L/W was significantly
lower than that of group D; and otolith weight was significantly lower than that of group B and D. Sr content of otolith, significantly,

2* . The results indicate that Ca’* concentrations

and the ratio of Sr/Ca and Mg/Ca also decreased with increasing concentration of Ca
affect juvenile P. olivaceus significantly in terms of its body and otolith element content formation, composition and accumulation.
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Ek

BRESINR B HITY R, HEh
HIAL2E O R R BT R A A, 38 I A 28 i T I
G RBEAMMB, FEaKNZET—FR 5 AR BE
ER, RAVIRBEIEA, AERMEATERS
(Ca), $R(AL), £H(Sr), #k(Fe), H4(Na), #
(K). & (CH, A(N) Fm(S) F LMLt
21U EEA AR P, RS (CaCo,)
596.2% , HETEL0.7%, AHEL 3. 1% .
HATEE B2 b i SOE S 4540 5 12 4 B A
LRE, iR TaRMAERIBRYEBENEY-
WER-AL2EIRRAE R, BT, BAERAH A LI
2 i A T S R HL T 2 T M BR AR AR B
REW, KEHE, ge¥b SrEaR,. £KME
P A TE R A B R R Y AT REE T R
BAPRHRUTRE ™ M. oK W 2 28 g K
AR KSR KA MK G HAH Cay Sr 45T
EWUIRROESARB AR, BEHEY
me & B i 8/4%5 (Sr/Ca) He 3, JFH —RE
XA Sr/Ca R EA B FEEmER" . —
BINA B ALK TR R SR P Z TR
AAARU BRI A X0 1wHh, B
APETENTIRE - MRS R, 5FER
BhERE R, REFEUINITEA
b ST R WUT A A B T 28 A4 1% 52 m B
U B B IR TR PRI K
BWRE Y., Ca XMW EBEPLEE A & EEAEH,
RMBEAE . 5. BEERRHNFERIT. CaTEHR
H2 RS, MRER. At BEk
PAT . B LOEE RO LA R 4 B R P 56 K M R 7
PER RS AR TR . KSR T (Ca®" ) R
J3E N ) RE R Wi K A A i PR BRREA T R AR
_&[14—16]0

& F &L ( Paralichthys olivaceus) , {58 F H« 1R
. [lWHfA, 2ARNRIRE. KIBE-25al,

WRPEI R EEAEKEREARZ —. B
i, ERISCTF Ca®* Jrb vk BE X8 oF 6F R A
TRMBFEPIFL . AT Ca* ik
Xof e o AR AR 2 o3 R B A7 B B, SR R e
BT AR R AL R HL o

U RPRS

L1 K584

R TF 2008 4E 5 A 29 HIWH ILARE OB
INWEFRIEY, TEREAKIERE 20 d, BRI
M, 7KJE (20 £0.5)°C, pH(7.80 +0.40), hpF
30, FELERSR, BREERRILARF-RE T FEHRL
FARE 2 ¥k (08 :00 #118:00)
1.2 REZiITAiEKEERE

R HERR H AR F B T, i K DL
JKE B RAKBCHI . WK R N B R 2= 1K
R RITRIT A LSRR, RIEEAE
TR S EREE (30) AN, 55 B & s
(CaCly) . BRBREE(MgSO, -6H,0) LA BE (MgCL,

TH,O0) BEARAIE IN Ca, Mg i, ThEZEFI

MG KEMTE, Ca®' . BEEF (M) R
& EDTA 4547 3 0 2 o 78 B Ie F Al 1%
BT S MAEEAE, #p(C® ) RFEE A AL B,
C. DFEIS5 4, H BAHHIE)Fp(Ca’")
HNIEFBWKEERLD) ., BRERGREAES 24
h, MHHEE 600 BR/NEE). (R K (4. 06 +
0.04) g W48 F B4 fa VRIS . A T fafk
FoKsy, MRS 0.01 g, #HIEAH 3 4F
1T, BAKIER (120 L) R4 40 B, BX
B, BRARM 1 KR(8:30 F118:00), 56 0
60 d, 55 HA R R AAE A PR (LR AR
BRI AR ) o
1.3 HEE®E
BRAFEFWERIBFZEFER R WK R, B

#1 ZAEAATHADEEFRE(X £SD)

Tab.1 Ca’* concentration in different artificial seawater treatments

AbFRZH/mg-L™"  treatments
200 400 ( % & control ) 800 1 600 3 000
A C D E
BE/BE Catt /Mg 1/5. 80 1/2.82 1/1.41 1/0.71 1/0.37
p(BEEF)/mg-L™" Ca** 194 +15 418 £24 780 =37 1567 £52 2935+73
p(BEBEF)/mg-L™" Mg®* 1 126 +46 1179 £52 1097 £53 1117 +44 1080 +63
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B 1 AEFEERESY T FEATESNE R
a~e REMHA~E; FR 50 pm

Fig. 1 The effects of different calcium concentrations on P. olivaceus otalith morphology

a~e. group A ~E; baris 50 um

5~7 d HoKERE 173 ~ 172 B fe— KK (RhK Rk
IR ARG K, RIS RRA p(Ca® ). p
(Mg®* )R, RIS AL BE [ DB AR (L) : B
(D) ]14L : 10D, pH % 7.80 +0.40, p(DO) % (7.30
+0.41)mg-L™", 2% (NH,-N) Ji & ¥ &% F 0. 05
mg-L™", JRERETE(20 £0.50)°C,
1.4 HRLEMSH

RIGLEH G AL AW T Aok ok, H
HAETE 70 CHTRESTR, B, HALBRaEBEm
R, TBUES 60 CHtE 24 h, TTHRSHRA)E,
FFREFRETR, K692 0.01 mg, BUBRIKEM
MHEARES D PIAEARMMBRELE", SRR
A SBEFIREF RS EEY (Tep-Oes;  Vista-Mpx,
Varian ) Ul EHE 5 B4 . B MRIHEC LS B, &
AFERIE 3 K, BOF¥IE. 7TEMRE T WEHEA
A MEEKMTE(um) "), HEB(E 1),
L5 HEtEMEIToH

XA RIS B R AT R O 22400, SR
FRE, H—XEABHIFT Duncan’s ZH L
B, UP<0.05 fERERBEMIREE. BN
TH43 >k A SPSS 13. 0 #47.

2 4ij

2.1 Jkfk Ca’ REIREX &k 5 B0
AR AR &R LMHTR, HP Ca, B
(P). Na, 8(Mg) LR Bt /- B siiiid | mg
g, BIUREAEKFIUFH w(P) >w(Ca) >w
(Na) >w(Mg) >w(Sr) (£2), w(Ca) FEFHFE

AARZE(P>0.05), KM w(Ca), w(P), w
(Na), w(Mg) ZF¥BE(P<0.05), HH E
Hw(P)BEKT AR BH, 575K 66.24% Fi
65.13% (P <0.05); C 41 w(Na) BZ{LF A f1 B
4, 4351k 70.19% F167.85% (P <0.05); E 4H w
(Mg) BE{XT A 1B 4H, 4 68.53% Fl 66.67%
(P<0.05); AF1BZ w(Sr)WERTHAMALEP
<0.05), Fptfafkh &R EZMMETER, FEAK
HRIF R w(Fe) >w(FE) (Zn) >w () (Mn) >w
(4) (Cu) >w(%}) (Ni), ZLHIA w(Zn)Fl w(Cu)
ZRABE(P>0.05); A w(Fe), w(Mn)Flw
(N)BE®HTB. C. DMEMH(P<0.05), A4H
w(Mn) BEEFCHEH(P<0.05), A4 w(Ni)
BE®FC. DMEH(P<0.05)(F3),
2.2 HAEMRERSHT

SHABAKRK, KAEEERHYALBE (P>
0.05)(%4), AHHAKEE|RT BAHAMCH, 47
%% B 410 C ZH 19 92.38% F190.77% (P <0.05);
AFAHEARBBEM/RTBAMCH, 25K
90.10% #195.71% (P <0.05); A HEA KL L/
W RBEMT DA, HDAHMNM.77% (P <0.05); A
HMBAFREREMRTFBAMDH, 25K
89.69% F190.16% (P <0.05) . @it & E 5 & 4H
WA HARKMBARENXRSAN AHyY =
0.648 2e** R =0.565 8; B 4 y =2.2758
™ R =0.276 6; C4 y=1.084 4¢*™*% R* =
0.2812; D4y =0.766 8", R*=0.4813; E4H
y=0.523 9¢* %> R* =0.721 8([&2),
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2.3 Jkfk Ca** RERENERTERSHIRIE

WAFHAPEEEZMTLER, FETRAEMAK
FFFE R w(Ca) >w(Na) >w(Sr) >w(Mg) >w
(Fe)(£5), Hph&MBMAF AT w(Ca) ZRY
ARBEP>0.05), w(Sr)Bip(Ca’" )N BET
F%(P<0.05); KAbFEHEA w(Na)fl w(Fe) 2R
AEE(P>0.05); DHw(Mg) BEKT BAHMC
H, H82.61% F161.29% (P <0.05), B-AHfF
HEEZMHRTE, w(P) >w(Cu) >w(Mn) >w
(45) (Pb) >w(Ni), ZALHELH w(Mn)Fl w(Ni) 2
SEAREEP>0.05), AFMCHw(P)Mw(Pb) R
ERTHAMA(P <0.05); CHw(Cu) BERTH
& H(P <0.05) (K 6), /¥ H-AMERD X
B, Sr/Ca, Mg/Ca B/KI&K p(Ca®" ) 3 HIT B3 T
Fé; E 4 Cu/Ca BE(LF BAMC 4,

$£9%
6 #15) group
5 *A
L B 2
$E4l AL 5 & % the
~ e &
AT
i = o ToX
£
> 1l
0 " N N N
200 250 300 350 400
HAK/pm
otolith lengths

K2 ARSHTFRERETHTHEAK
MEAFRERXR
Fig.2 Correlation between otolith length and weight of P. olivaceus

in the artificial seawater with different Ca’* concentrations

4381% B, C [ 87.5% F187.5% (P <0.05) ; %
AbHEAH Fe/Ca ZRAREE(P>0.05)(F7),

#2 FRASEFRERETETNEETETERSHEN(X£SD, n=3)

Tab.2 Main element content of P. olivaceus in the artificial seawater with different Ca’* concentrations mg-g~"

UL w(B%) w(%5) w( ) w( k) w(58)
treatments P Ca Na Mg Sr
A 21. 18 £0.99" 12. 44 £0. 56" 4,63 +0. 32" 1.43 +0.06" 0.27 +0.01¢
B 21.54 £2. 10" 12.52 +0. 99* 4.79 0. 34° 1.47 £0. 14" 0.14 +0. 02"
C 16.32 +2.62* 11.58 +0. 87° 3.25 +0. 60° 1.12 £0. 16* 0.07 £0.01*
D 18.32 +1.25% 12.91 +1.01° 4.00 £0. 15 1.25 +0.08* 0.07 £0.01*
E 14.03 + 1. 48* 11. 50 +0. 50° 3.44 £0.41" 0.98 +0. 11* 0.04 +0. 00"

I R—THFAR AR FRRR 2R B3 (P <0.05); JFRFL

Note: Values with different superscripts within the same line are singnificantly different( P <0. 05). The same case in the following tables.

#3 FRASEFRERETETHEEHBTERSHEN(X£SD, n=3)

Tab.3 Microelement content of P. olivaceus in the artificial seawater with different Ca’>* concentrations pg-g™'

UL w(EK) w(BE) w() w( ) w( %)
treatments Fe Zn Mn Cu Ni
A 60. 14 + 4. 54" 56.97 + 1. 14* 47.46 +4. 40" 9.29 +2.47° 5.41 £1.93"
B 32.11 +1.63* 58.84 +0.39* 41.85 +4. 64" 8.35 +1.35° 2.67 £0.11*
C 31.13 +4.37° 42. 80 +4. 00 30. 84 +3. 60" 3.99 +0. 40° 0.97 +0. 30°
D 35.87 +5.89° 48.68 +11. 42° 34.64 £3.59* 6.79 +1.94° 0.73 +0. 48°
E 32.09 £3.29° 48.23 +3.71° 32.36 +£3.54* 4.19 +0.25* 1.20 £0.24*

%4 FTASEFRERETETFHERNLSISETNTL(X £SD)

Tab.4 The variation of otolith morphology of P. olivaceus in the artificial seawaterwith different Ca’* concentrations

AbPEZH NGy K/ em HAK/ um BA%/uvm  HAK/EW(LW) BHAKRE/mg
treatments body weight body length otolith length otolith width length/width otolith weight
A 23.18 +1.28*  13.78 £0.29*  297.30 +4.60*  205.57 +3. 02" 1.45 +0.02* 3.48 +0. 12°

B 24.99+1.27*  14.41 £0.21*  321.83 £8.26" 216.17 £2.41° 1.49 0. 03* 3.88 £0. 10"

C 22.53 +0. 86" 13.73 £0.18*  309.54 +3.20®  209.25 +2. 62" 1.48 £0.02* 3.63 £0.08*

D 25.05 +1.01° 14.24 £0.17*  327.52+£3.31°  214.79 +2.28" 1.53 +0.02" 3.86 £0. 09"

E 22.48 +0. 84* 13.80 +0.17*  308.06 +4.58" 206. 88 +3.32* 1.49 +0.01* 3.59 0. 12*
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Tab.5 Main element content in otolith of P. olivaceus in the artificial seawater with different Ca’>* concentrations mg-g~'

#5 FRASEFRERETOTFEATETERSHEL(X £SD)

AbFRZH w(£5) w(4H) w(58) w(8E) w( k)
treatments Ca Na Sr Mg Fe
A 26.05 £0. 13* 3.47 +£0. 05* 2.54 +0.03° 0.21 +0. 02* 0.08 +£0.01*
B 24.25 0. 84* 3.52 £0. 04" 1.16 £0.01° 0.23 +0.01° 0.08 +0.01*
C 27.44 +0.31* 3.54 +0.03* 0.88 +0.01" 0.31 £0.01° 0.10 £0.01*
D 24.44 £0.41* 3. 60 +0. 00* 0.70 £0.01* 0.19 £0.01* 0.08 +£0.01*
E 27.77 +1. 14* 3.64 +0. 16* 0.73 £0.03* 0.21 +0.01* 0.09 £0.01*

%6 FTAGEFRERETETFHERMBTERSMENL(X £SD)

Tab.6 Microelement content in otolith of P. olivaceus in the artificial seawater with different Ca’* concentrations pg-g

-1

Lk w(B%) w(4) w(5h) w(4) w(8)
treatments P Cu Mn Pb Ni
A 51.18 £2.39" 29.50 +2.11° 19. 09 +0. 52° 8.87 +1.12 1.81 0. 40*
B 44.41 £3.37° 29.19 +1.35° 21.45 £3.33" 4.74 £1.04* 1.02 £0.21*
C 55.44 £1.52° 36.84 +1.72" 18.01 = 1. 02* 7.69 +0. 82° 0.83 +0. 42*
D 42.49 +0.78" 27.57 £1.31* 20.27 £1.92* 4.63 +0.78" 1.27 £0.33*
E 38.78 +2.31° 30. 46 +2. 24" 15.77 2. 53" 4.13 £0.62* 1.01 £0.37*

#7 FRAGSEFRERETBINERTETELHMHEL(X £SD)

Tab.7 Element ratio in otolith of P. olivaceus in the artificial seawater with different Ca>* concentrations

AbFRA Ve B/5 R/ /55
treatments Sr/Ca Mg/Ca Fe/Ca Cu/Ca

A 44. 68 +0.32° 13.59 +1. 02" 2.24 +0.25" 0.72 +0.05*

B 21.82+0.13¢ 15.71 £0.11° 2.40 +0. 08" 0.75 +0. 00"

C 14. 62 +0.39° 18.42 +0.27° 2.60 +0. 09" 0. 85 +0. 03°

D 13.01 +0. 18" 12.91 +0. 10* 2.34 0. 15 0.71 £0.01*

E 12.11 +0. 25" 12.41 +0. 28" 2.24 +0.09* 0.66 +0.01*

3 R BLEEN TR T op E YR Mk K BA WA

3.1 HEAEES
BMRHAMIES. KA. DIBEFITA SRR B
FhRMIfEEZE R, Hit, @EEARNMUTERFH
KRIMFHEZ —, T E AR S e A K
MIRTRES P2 Rk M, kiR, BB, BT
J S T] RS Wt 28 A T R R R I
A1 prax T 2 Fhiifha ( Lateolabrax sp. ) A TEA I
HPRAR 7, & & (Lateolabrax japonicus) 5 1 #f
(L. maculates) A, HARER-BAKHRXR
ZRBE; IFAAHENDEA RIS LS H A E
AIATTE B E 2% F, STRANSKY ™ i it B
A T Ffih ( Sebastes marinus ) F142 W) - i
(S. mentella) HHB IR 2E 53, ARAGFHE G B H 2, 3K

fiE, RINHFK PSR A 1 A A K Fh e i R H-
A B R IR K R S B K AR T R 30 45 g
%, BENEMg/KAERE BB R HATTR WU
BRTEBKAEEH B I HINAEAIESE
UEZAN A 5 7 T B A B4 N AT Rt KATAYA-
MA 71 ISSHIKI'* B9 T 48 28 60 B B A5 R AiF LLIX
SAFRFEMET A, KMEAEAEAEBTHHE, 1
FH A H A NGHREANEW, BARMBE SR
HARARAYH. RXEEP BT HEM
(Bahaba flavolabiata ) . X % ff ( Pseudosciaena cro-
cea) Ff 3k A ZE £ ( Collichthys lucidus ) B-A HE &
FHERGSEH, B4 T X)L akBE AR R
B HVRE o

HBEH p(Ca" ) MCAE th i) BB SY I 2R B Y
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Ek

RE. EHERBEI, Kikp(Ca® ) Ab)5 ik
AN ZBIBERH(E L), Fp(Ca )HH
AR/ HAGERERTIRp(Ca® ) AR LA, &
UG R, KRBAS T A KMEARER
RRAREATEHRBKER, Kk p(Ca®" ) X HA X
PRI . Z5RBEBIKIK p(Ca® ") BB 4B F 6F
HAWEMR, fRESEE: BEEL,

3.2 afRS

RPERZMITER, XETREEMTESF
RERERZEM. BEMA 26 FouR NahWAaK T
Wi, MESEAS =K, m(C), A (H),
H(0). N ZREITTE, WEIIEWAE DY R;
Ca, P, Mg, Na, K, ClMI S AHEHYILER, 4
SRR TTHLY) FE R 60% ~80% ; Fe, Cu. Mn., Zn
1 Ni 78 3 1k 9 R B 3 BOR 3 50 mg-kg ™',
PR ITE, BF — S EERMMK AR
R, XML RERT kb hffe, Basig
e LRge, PRRM, KELYRRE KK
HELSEETF, °LAER RN KIS YL O T8
F522°®) . LAROCQUE 1 RASMUSSEN"*! g & T
Ca, Cu, Fe, Mg, Pb fil Zn SRS NKFFH A
&k, BalANESESETATFRKEFSE, E
Wk By FRAE A E &£, Bk, LIAO Al
LING g 180 F 2 % 1, 72 2 HJE £81 ( Oreochromis mossa-
mbicus ) YEA W MK 4475 e 8 Ao — AT JIE N &8
PSR EEES TIRFHEE,

EHRB LM, WA HakbETHELZMITER,
7ER p(Ca®* )40 Mg, Sr, Fe, Mn, Ni JR/r5H
i, DEBARS p(Ca®" ) RRIR T —2e 4 BB FLER NI
B, KRR p(Ca®" ) AT LI HAl B F 19 A
A, tEHESBEE TSN, FEEIhY¥E
e MW N B H P B IR A, PER-
SCHBACHER H1 WURTS™ 42 % Ca-Mg fifi BE ¥ /i1
FEARBL IR 5 ( CuSO, ) XTI 5 X B ( Ictalurus puncta-
ws) M, 76 1.25 mg-L™' CuSO, ¥k 2% 48
hJ&, 10 mg-L™" CaCO, 7K A H1 5 45 X R 8 g JET=
ZH 90% , i 400 mg-L ™" CaCO, K&K 5%,
EH R LE R WIESLE p(Ca" ) KIKATRERRH T —
W FEAKKEER, HRRAEMKN Ca B
BRIk p(Ca®" ) RIEHE, N Ca fEfafkl R
R Z AR E M m, T2 — B 5L
g1

3.3 HEAaHS

RTFEAPAZETTROTIRAE, ALK
ZHIE . BATRANZIMBEZRENEN, £
FARE-ABRER (EKE, Wb MEAESE)
HERE GRE. HhEMKPE TSRS,
WRIHGT 2% %o} o 74 ¥ fek: ( Salmo salar) WIBRST &
W, HA L Ca WIAZ MK+ Ca & & KT,
M3 Ca FEIGE, BAAKMWHEERMR, &
S EABAEES T, ATLLT R R T e A
TS . 1 WROKIE: a2 AT K AR
KEMRAKHFEANMGKIG, BAH Ca, SrHFTERR
TR SA ALY, AIEERFRKR BRI $
FILT KBRS £ ( Oncorhychus nerkas) H-fq H i) Sr &
RO A e B NG SR TvE et e o A
TZENG"™ % BUFEMEPEAE TR W By, H A 888 ] ( Anguil-
la iaponica) H-A4 - Sr By & A WG N, 2978w
MWERT 1A A B8 E W, #AREJE Sr & & 208
TR KIS EBATK . ARAL %)@ i #F 5%
LR F . ( Hucho perryi) B4 1) St/Ca, #RitHAE
TR AR R, INHEA Sr/Ca HA] IVE R M
TR R, F84 3t E W 8 N AR
55 83 j% 1 ( Synechogobius ommaturus ) H-47 ) 10 55
RAT THFSE, LASrHree e 2 M fa A 16 /K A4 i A
IEE, 458 8/~ Sr. Co. Ba, Pb, K. Mn F1 St/
CaFREMER,

EEXR RN, FABTTFYaE AT w
(Ca)ZFARZE, A, Ca EH AP EZEL
CaCO, JEAFTE, BA—EEETRATUEN, H
S EREAR, MEAF w(Ca) EWAK,
5—J5H, RBAKE p(Ca’ ) RE, T
ARKREEMRE, FHit, FARXRAHEA w(Ca)
BARBEXES, BHMEFHRESHA BEE
B, —HRITTR MR EREE p(Ca®" ) HHE N
TR, Hiw(Sr)Bip(Ca® ) HMBETHE, B
Bt p(Ca®" )3 Sr/Ca L, Mg/Ca L B35 T/, BF
SRR, PGS O SR E B4 Sr/Ca
Hoz R TR o BROWN S04 T 0l s 8k ( Plew-
ronectes vetulus ) FNHR 35 B I &F ( Citharichthys stigmae-
us) BATTRAREN OMGRFHER, RUS
MR, WMOXaREAS St WEERER,
(L) & ERIK, FIREAZMTRAG AR
ERBEM T RTE 80% . EHIRBE p(Ca®" ) K
PRI H Ay St/Ca t. Mg/Ca HiRTRE, BLBA
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Kk p(Ca®" ) MBUETEE-Ah B T BRI, B
A BT AL AR o FRAE K AR o B T R AR 4
3o
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