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N R A E(SPOYRIE AR ER(Liza haematocheila) ¥4 78 OR FEARR B 8y TT AT, DLRK

5cm Z A ER 4L O HE R X &, B B SR K P ST R B K E 4519 £ 50,100,200 F7 400 mg/L,
PLEKREASTTRERE N 7.9 mg/L) A3 B4, AN B RHRY & £ FE T SO B R E AR
48 h, [F B IF B WIRATIE L3 (4R 3 om 4 & B ¥E4T Sr™T B K 200 mg/L ¥k 96 h #7130, HFHK
E 5 cm 4 & B AT SR B R E 100 mg/L ¥ K 48 hARi0), L3 4 F & o~ , St & W £ 50~400 mg/L
By 3 7K 48 h AR I8 W42 H- & Sr/Ca th 35 3L — AN B 2 0y b AW B EL T o4 L8R B 8 SPARIE 17,
GAARH R R FTIE M E, WEXA STRERE N 50 mg/L W EAKHATRE S SCARIL, RIR
MBI E S SR T A A ER B Z R0 W NI, AT ILHRE F 2 41 BRI
REMTERG H AN BB BIRATIC A AR — 3, XKW E T SOARIE K BORIAT A B AU B RR

AR ATH
XEIR  #8; Ho; SCURIE; SCTRERE; IR

hESEE S953.1  ICEKERIEFE A

e KR F IR, KAETH CaCos 7EHA
U, HAb R e R A ORI E A,
FEmdegatE AR EErE, — BSR4k E
W, X AOCE B BT LA — AR ok, BohiE R
101284 75 1 AU G F5 S (elemental fingerprints)(Z255 3
45,2017), HAT, fEAISHA PO BT E R
H 50 ZFh(REERSE, 2015), H EZRIE T MIEETE K
IR RS R W) (R 5L 2545, 2015; AEBESE, 2015), /K3
BE a0 0 2 1 e AL, T AR IR A Y

XEHS  2095-9869(2022)01-0038-08

HOW B el 45 ahE DK T R UTRE B h
(Sturrock et al, 2012), {HH TR0 A,
FAA R RV P 0 2 4 oy A5 T 26 B (FF 5L 2245, 2015;
REBEAE, 2015). BASCWEN—FMERRICE, KIKIFE
HORTE A Se A R B 2 1Y IE 4 56 M (Walther
et al, 2006), K, HA Sr/Ca Hirbr— B LLSRBAE
i 2 A T o AR 2 ) R T B (T R,
2016; =i ifa 55, 2017a), FHB A 7RG TR B SR VA
TS IBFFE N (255 15 48, 2017; ) KA, 2019a).
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HAET, SEFE O a2 hnic gk, HEMARIC gk
B3 A A IR AR R A R B R LS A /N AR
itl(Waldman et al, 1990; Navarro et al, 2007; JEI#E
&, 2017), 157 F AR 10 T 225 i 0 R AR B (5 B
(B A, 2015), (H Bl E P 0 2838 FE RO 30k
SRR AN LN RRAS E R 3, O AR ROR L ik
AL AL 2 B AFAE A L 8 S E BN W O o
HA SEFRCEA A . bric ik i 5 5 Ak .
BRI . — BARICASZ AN RS, AT LIS A
B AP HEAT KA FRIC SO0 A, A& 2SR O B AR
TR — USR] KA, 2019a),

HIROK KW D H A Sr/Ca AR P
Sr/Ca L EHEAHKAIR], WK PH Sr/Ca HAJEFE M
MoK R H oA Sr/Ca b 3 2K & (Brown er al,
2009), WK 128 HA Sr/Ca H W] BE 32 21K 345 P i
Sr il Ca WUAHNIRBE | (AR REME . KR . FhEEAN
1 28 FDIRAS 9 52 I (REBE S, 2015), PRk, oK
() Sr* ik BE Xt K 2 AT Sr/Ca FLRUREM, 5 20 Fil
KIMPLIX B SE . $R(Liza haematocheila)fF Jy 3% [F 14
FE U ) 2L S A (B SCUEAE, 2009) FR LT £ 25
BRI i e R (7347.302 J7 )Ry —Adnfl, 4T . B
2 PP LI T AR, R IR RO TAE A AT
FJERR (P WSS, 2015), B A bR I A AE R B
TV Y8 MM A 0 18 B B R AR PEA 1) 32 T v O 8%
%, 2014), BFIERKBUBRR IC /NS BR8P 7 ik 2+
YA LB o ARFFEI R ARRIWE SR, R
B EARRICRUR ,, 2 HR A BoA 7 XA AR i,
PIARITR AT SrP hnic iy Al A7 AR [a) ke 3 B AR R
BRI REYE, R AIBER LA S hRic B 2 AL L Al
BHE AH R S

1 #MR5F%E
11 EhAGMRERZS

S FH A0 R T b AR BT 2 UK 7 SR B A PR A
FIEREERKN 3 em ZE4G IR fi, 3000 B4 iz
WS, B 77T RE B IR K FRH A PR O AT A 37 5E
IR 2 A FREI A, FEEEHIAS N 6.0 mx6.0 mx1.3 m,
FEASFEH M B K 29K 30 m® . ErFEAla], R A
AR 2~3 W, H¥KEN 30%, BEREMEND 1 k. B
FEMFACH A BRI, R R 21~23 , KiRN 21°C~22°C |
pH 4 7.83~8.03,

1.2 SRIGAHE
W [ K PN SrCl-6H,0 ¥iigskh Sr*t i

HHE 2 BIEE T E 50, 100, 200 F1 400 mg/L, Hrb
Sr¥* R E R 400 mg/L A TEEZK Sr* i BE A T i A
W&, WAKEILAA,

B S W K 50, 100, 200 F1 400 mg/L Y
WK RITEA 50 L BSeskigss s, AR S
W AR YL, 435l LSMS0, LSM100, L5M200
1 L5M400 K7 Al , KIS SrCly,-6H0 Y H
SRUG K BABITE A 1A 50 L BYSEEG KA, 1E R g
4, H LSMO £,

PRy 5 em ZE A i FRA S 1 500 2%, 415043
BLE] 4 MRICA R — X IR, TFLRSCEE . AR
W), Aok, BRIEFEHRWR 2~3 K., fpid48h )5,
53 PR B b B rh 4Rl f B A R 2 — A R oh
PEAT G R R o AR RIAR R 1.5 mx1.5 mx1.3 m, f§4h
MR EL 10 om 2240, BACIA NI 5 R
FHAMAE T S SRR, 55258 FH K R SR 5E
EHFE SR, BRWEG AT R, il

1.3 XOEARFRIZELIE

STUSTFRATT, K A Sr? R vk E 28 W SR A 4
BB ACP MS)MIAE , hy 7.9 mg/L. 381 [a] 7K
HIER I SrCly-6H,0 CKEE7K Hp S [ e vk JBE 40 51l 4 7
% 100 #1200 mg/L.

B SrP TR Y 200 mg/L HIMEKIEAR 2 4
50 L sk igsa v, RNk AR N 3 eom A4
AR 410 200 B, Y405 2 NSLgKiEs . St
16 ST TR EE O 200 mg/L B9 K FPARIE 96 h
BT bR icgh i R 5 2 WA P akEe BT 55 . bRic4h
A SR AR RS ) 1.2, RSB T3emirh, RI4H
SR K A, A H I K AT 5 SR T K s
e, FrRic 08 IR A5 0k ) F A 4l fr B 57 — 2. B SR
30d Ji, FRESMKE 5 em 24, TR 2 RERid,
W SrPT MR BE R 100 me/L (K TEA 2 4 50 L 1Y
SCEGUKIGRE R, FEREALINES 1 RBRIC Y 4 b Pk ik {4
K5 em ZEA@EES 100 BB, B AP —AN 505
KGR R HEAT UK 48 hbRic; RIATPRIEREK N 5 cm
e R ITARC @R 4 1 100 B, A S — L5
IKIGEAE PRI 48 ho KF 200 mg/L AMEEKARIC . XER
FRICHT 100 mg/L WHEKBRICH) 53 501 Boph 4 4% 5] —
A MIFE P Yk S 5% . 439 SL3. DL3-5 Hl SLS &R
200 mg/L BYiEEKERIE . REAFRICHT 100 mg/L (1)K
FRic e APRiC ], ARk, B K IE R S 2~3 K.
Rt K EA 0 10 cm 24, FEHLPEIE 5 B TH
AT o
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1.4 ERweNAE

141 HoHBE A A2 I EIDARAS S &N
B —xF R Ha B, SIBRA P, 430 8K
TR CEEFE, BT 48 fLah Ti&H. N—Xx
A7 AL BC— P F T Hir AL 3 AN ik 2 4 i, wiTad
S AE R 50T E . el A A Epofix
AR BEIEAT R B, 38°CHET 120 KL . R)F,
T ALHEE F AB BRI T T i3t A b, BEF 2 h
Ja . T 4 WA S %2 (1) B ) AL (Discoplan-TS #!
Struers 2~ H], FHEZ)VIFIORES . MK B 500 H4
Wb e RS 2 5 A e, e 1200 HAPAUKSEE =
HAKORZE, R HEML(Labo Pol-35, FF#
Struers A ")) LU AL AL A IOL O, =
HAaRmEHBOIE., &E, BHESBA Milli-Q /K
HOB A YE Smin J5, ARKMNIET 240, 2T
PR, B2 P HL(JEE-420, HASHL Tk 4kt
FEER I (36A, 25 5)0

142 F &ty EPMA 947 oA oy B IR 0
/T (electron probe microanalysis, EPMA)Z % r] K4
(2019a) FIMA A5 (2010) A 7 vk, FIH X B4 i 1R %t
XA ((TXA-8100 8 EPMA , H A< Bt F#k = 23 4h)
MNHEAE O AR KEETAh% S LT H
A SO EE AN ARERER ] CaCOs Al
SrTiOs, &R/ EPMA MBS EO%E  hid s 5N
15KV, HFHREBH A 2.0x10° A; RBEEEZHN 3 um,
RESGERE BTN 15 55 LA 10 pm S 004747 20000
o BT HALSNIEE, HEF R A KRR
WA PE T 20T . o EPMA il o R ATH, T o H,
WA N 15kV F1 5.0x107 A, RBEEAZ N 3 um, 4
FH 6 pmx6 pm, HAFEAEY 30 ms. HTFHA
H S F /N T Ca i, FEIRE BRI F Sr/Ca b
PRl , BIGi—H Sr & it/Ca FiEx10° 2R,

15 HiEabig

¥ Excel 2010 F1 SPSS 19.0 4k 4% Bl #4748
THAHT, SR B 35 2250 FT (one-way ANOVA)BX, i
K, P<0.05 #n2zEHWE; FIH Excel 2010 FI
SigmaPlot 1.0 FAFAER .

2 RS9

21 #EAE SHITENESH

XF 50, 100, 200 F1 400 mg/L 3= 020 Fxt BEZH Sr**
JCR R A TR AR AT AL . 4 A5

ICHREEAL L BT Y i S RRICHR” (B D).

100 mgZl

200 mgZ

ANIH] S AL B R E AT ST K I 4 A 4

!
Fig.1 Mapping analysis of Sr in the otoliths of
L. haematocheila marked with Sr solutions of
different concentrations

22 B8EA L S TELMSWER

it m AL, 50, 100, 200 1400 mg/L
R Sr/Ca HEIITEREAZ 1100 pum BiET H PR 2 o B
(1 2), LR R, Sr BN 50~400 mg/L,
FrichH A 48 h, SRIPATEIARC

WHERE A1 Sr/Ca FL 78 A 20 TR B BN i 2%
ALY B, X HAS R B B i $5 (E 2E 1 T B R 2R T 254
Mr, SFra R 1. 4 RREIFR IR E 4R B
G HEZH R F A7 1Y) St/Ca Fb & & B 35 25 5% (P>0.05) .
BRHE- A1 Sr/Ca L i AL By BEYIE 5 R B BEYI(E Y
FU A AR L LA AN Sr/Ca Fb 5k 2 AR fh B B34 1 AR fE 31
H—5; Hof, L5SM50 4 M L5SMI100 41 W # KT
L5M200 41H1 L5M400 £ (P<0.05), Sr/Ca WAE (BN
BBt Sr/Ca H)TE 4 DRIEIBRICUR B 54775 B 2
5, Sr/Ca WAH 5 VB BeME Y HUAETE 4 DA bR
ICWR 2 AT AE 1B 25 22 5:(P<0.05), HZABfE M —2,
o LSMS0 4 fefik, o KT Al b 20 (P<0.05) ;
Hr, L5M400 4 f i, W3 e T HoAth b 34
(P<0.05).L5MS50 R E- A1 % i 1 AR i 4 5 B (LA AIX
WEMLT LSMI100 41F1 L5M400 £H(P<0.05), {H5
L5M200 2H 22 5K 5 2% (P>0.05) ; L5SM400 4R H 11K
B bRIC A T8 BEE B, W S T LSMS0 4
L5M200 41 (P<0.05), {HY5 L5M100 2 5K~ %
(P>0.05).
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x1 AEAKEBAKEFR Sr/Ca b I CFIHLbRIER)
Tab.l1 Chang of Sr/Ca ratio in the marked otoliths of L. haematocheila in different treatments (Mean+SE)
. S I IX 11 Sr*
1 I BirBt Sr/Ca bt BBt Sr/Ca bt BT Sr/Ca L W@WEE JIE B SR S IE B I %
- Sr/Ca ratio of Sr/Ca ratio St/Ca ratio Wldﬂ,l of Multiples of mean Multiples of peak value
Treatments marking . P o+
stage | of stage Il of stage ll ring/pm values of high Sr°" areato  of Sr”" to average
average value of normal value of normal
L5MO 6.458 2+0.266 0
L5M50  6.330 2+0.156 8 18.029 1+1.415 5% 27.856 7+1.428 6* 54.00+10.29* 2.86+0.25% 4.42+0.27°
L5MI100 6.251 7£0.129 0 20.442 9+1.691 2° 45.420 244.000 2° 78.00+4.90™ 3.29+0.32° 7.3240.77°
L5M200 6.191 6+0.293 7 34.137 1£3.791 3° 81.842 4+5.789 7° 76.00+7.48™ 5.49+0.45" 13.29+0.99°
L5M400 6.471 1+0.307 0 29.720 8+1.214 4° 109.663 6+5.848 9 100.00+4.08° 4.65+0.39° 17.04+1.18¢
TE: 120 Sr/Ca L FEART B, 1124 Sr/Ca LR ZFZAPIE, 4 Sr/Ca AR . [Fl—FEUE AR SRR 22 57 W
F(P<0.05)

Note: I denotes stationary stage, II denotes stages of Sr/Ca ratio significantly changed in otoliths, Il denotes peak
value of Sr/Ca ratio. Different letters in the same column indicate significant differences among different treatments (P<0.05)
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The line transect analysis in the marked otoliths of
L. haematocheila in different treatments

23 WIFRIBERE A L SrP X EPMA S HTER

MRE A L SCTRMNE AR e, 7E SrP R
HHE A 200 mg/L AYIEK HFRIC 96 h (Y 3 em BRFNTE
St VR R 100 mg/L TR /K HARIC 48 h Y 5 cm 88
I B R 8 SEARMEH”, XA CER H BLZ K
SYPRIIRL “F5 SEARCER” (F 3).

LA R R, ST HRVEE K 200 mg/L,
FRicit KA 96 h, KKK 3 cm AYERA Sr/Ca LI 7ERR
¥ 550 wm BRHT HERBE G B BE KO Sem AUBRAE Sr*
FiE e 100 mg/L WK HHRICIHHC Y 48 h, Sr/Ca
FLIFERARZ 1100 wm BRI H B0EG = B B (1] 4) o XU FR
IC4H 2 WRIGAE B PR ., ORI IR]LP- 35 5

BHRE AT Sr/Ca e B AR Ak 20 LT B3 o BEFD (2 3%
AR BE, % HAS [ B B A SU(EE A7 B0. H 2  22 4%
Mr, SFras R 2, g R B Sr/Ca b,
FA LB B Sr/Ca L. Sr/Ca HIgIR BARIC IR TE B,
FEfR —A | A —hRic vk B A —FRic e R, X R
HAWAFRICHIRE- A Sr/Ca R A B EH2ER
(P>0.05) {HJ2 2 WhRiC(ERIA KA | bricd i B AR
FRiC RIS [F) AR E- AT Sr/Ca LB F 25, R K
h 3 em [ BRAE Sr* Rl 200 mg/L 43K FR AR
iC 96 h, R B Sr/Ca H . i AL B Sr/Ca L .
Sr/Ca HLIBAE FNbRIC IR 58 B 24 2 3 TR K S em (1)
BRTE S iR K 100 mg/L (13K HhFRiIC 96 h 1Y
{4 (P<0.05).

3 it

F T B A — B A R AR 1k A A 25
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x2 WIARIZEWERE A Sr/Ca b TALCP AR HEBRR)

Tab.2 Change of Sr/Ca ratio in the marked otoliths of L. haematocheila in double ring marking experiment (Mean+SE)

SL3-5
?E%IJ SL3 e Vr ) pa N/ i SLS
Treatments Eﬁ 1 U\*/]‘ i 52 U\*ﬂ‘ ic
First marking Second marking

I BB Sr/Ca H. Ratio of stage | 6.5115£0.201 1 6274 1x0.1196  6.274 1£0.1196  6.251 7£0.129 0
IT BBk Sr/Ca H Ratio of stage 1T 32.809 8+1.423 9° 32.734 8£1.934 0° 20.584 6+1.6129° 20.442 9+1.691 2°
M BBt St/Ca Fb Ratio of stage Il 97.027 8+3.514 7° 96.949 7+3.180 8° 45.340 2+3.735 8°  45.420 244.000 2°
FRICHR G B Width of Marking ring/um 225.50+13.77° 217.50+16.52° 78.00+4.90° 80.00+3.16°
Sr2 W X AIAE A 1E B S A8k 14.97+0.84* 15.61+0.82° 7.27+£0.71° 7.32+0.77°

Multiples of mean values of high S*" area
to average value of normal

St WA Ay TF (B B9 454X Multiples of peak 32.81+1.42° 32.73+1.93° 20.58+1.61° 20.44+1.69°
value of Sr** to average value of normal

1 1 Sr/Ca H-FAARTEL, 11k Sr/Ca Lo 72k Be, W24 Sr/Ca WHORAA ; W —A78UH FA R FBERR 25 0
#(P<0.05)

Note: I denotes stationary stage, Il denotes stages of Sr/Ca ratio significantly changed in otoliths, Il denotes peak value of
Sr/Ca ratio. Different letters in the same row indicate significant differences among different treatments (£<0.05)
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Fig.4 The line transect analysis in the marked otoliths of
L. haematocheila in double ring marking experiment

5 cm A BRICH

5 cm single ring marking group Sr M

(Campana et al, 1985), VIFRAEH-A h A TR BEK

H3 RURRIESIRBRE A SrInH A OHERRAE , HATAR A H i % £ 25 2 B2 19 28 5T (Elsdon
Fig.3 Sr” concentrations of mapping analysis in the et al, 2008). HIIL, B M2 A — B LK 1

marked otoliths of L. haematocheila in double

ring marking experiment — M EZENHEARTB, T a0 4 55 A R A
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FE(LEEMS, 2016, i d %, 2017a), M F#& 1%
RHUBL NS AR IC T IR IR R, B S hRic
R HARICIRK A2 (ZEF5 5 5, 2017) M bRid ik
R GRMELE, 2015; &) K25, 2019a) Kk . ABF5EH,
4 NFRCHRE AL TR BRE AT Sr/Ca HH I —A 3
() _ETHBY B, B EPMA T 43 At 0B 0 < St
FRIC R 3 1k 3 3 A 1) Vg K HR S o — 52 v B S
XHRE A PEA TR 2E AR 2 P AT o

BREAH Sr/Ca LI I B BRic K S vk BE
[XE Nz s, ULIHBREA Y Sr/Ca HL 5 KR
f) Sr/Ca LR IEMEC R, X 5H] C4(2019a)kf F F
(Paralichthys olivaceus)fN 5245 R —3 . BIRIRICIH
) D B AR B 2 AR i VK R S ik B A 84 T 34 47 34
(AR AR RS A Y Sr/Ca HLEIEA ITAS
[\ G SR B < S FRICH Y Sr/Ca Hedl KAE
Sr/Ca b It 2 A8 Ak F B35 H FIAR E 38 58 S ARic v i
B b BIAE I FRICRCR A 3 AN HEARE, I8 AR E Fric
WRE R, HARICECRE FRER, JE R ARIC R 5
JEFRCRCE P N 8 . 258 B A A R H A
B 7K AAFAEVE(Elsdon et al, 2008)F1 EPMA K5 i /& {37
PE(A]CEE, 2019b), RIEARBFFEEE R, Ah 50 mg/L
S HRIC 48 h 5 4] LA SE /N LKE BR 1 Rl K AL AR i
(A5 2R o AR T TR B A At Vi /K a1 B AR TE VR S
K MESE, 2015; &) K%, 2019a), HEARMIMEK Sr*Fn
TE VR BE S 5 (AR B A8 S 3R 8RR I L D AR e W ZE iE— 25
W5

1 25 1 B A Bl 25 1028 1 AR R TS I 2 e (X A 1l
45,2010, Bl B0 B EEOSKIE N, — SRR ER
Bihn SrhRieAE B H ULEL G R E G B AT R
Wi T B (Yamada et al, 1979; Schroder et al, 1995). i T
JELF WA 5 T (AAS) R HL R A 45 B T A T 3%
(ICP-MS) %5 K il J7 2 BB A X5 — 16 )5 19 24 1R H Ay
B (A KA, 2019b), MUAEHR 255 L Se hRic ki
AR ME RS, 52 M, EPMA nlK; i 5
MrE-f s BRI B A S S R UUARE L, A
Zhric A SRR, Tk AR R, (AR
Jr /INIAR SRR AR IC B T 1T R . 78 XUR bR S5 50
W, R SIS 4G SR B2 B R BUER,
HOSUA bR iC 48R B Ay 2 M 2 B 285 51 5 % R S AR —
o X UL T SRR C IR BOR T A [ 7 B RN
BZTTATI

AN SrPTE B N TR SR i o AR AR A A —
SE I PE(ESRAE, 2019), AS[A] A FR 1 5 90 H s
AR (E RS, 2015, &5 H 5, 2017, RS,
2019), AWFFEH, 2 SR FA 298 20d, 2 K

FRC R Z )2 43 B o (B XU ER AR I i ) 2 75 1] LAtE—
A, THEG AR IR S H AL ST
1] e At A A A B BURRAE S AH SR — 2D IR AT

L5 LITIR, HA S hRICHOAR AT SL B/ MRS R
ABARIC , o nl il i 22 PRI SE BUA R A (A A IR
B, AHRZHPR SRS, AR IS PTG 5 e
IR [ 6] o 5 2008 i b — 20 T ST 5

L % X M
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Sudy of the Feasibility of Identifying the Group of Released Liza
haematocheila by Using the Strontium Marking Method in Otoliths

WANG Shuo'?, ZHANG Bolun'?, GUO Biao'*”, JIANG Tao’,

CHEN Wei'?, YANG Jian’, GAO Yan'?, ZENG Xiangxi'”

(1. Tianjin Sea Fisheries Research Institute, Tianjin 300457, China;
2. Center for Marine Ranching Engineering Science Research of Tianjin, Tianjin 300457, China;
3. China Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi, Jiangsu 214081, China)

Abstract To study the feasibility of using the strontium marking method in otoliths to identify the
group of released Liza haematocheila, juveniles with a total length of ~5 cm were immersed in four
different concentrations (50, 100, 200, and 400 mg/L) of Sr*" for 48 h to detect the Sr*" sedimentation
effect. A double ring marking experiment was also conducted: L. haematocheila juveniles with a total
length of about 3 cm were immersed in seawater with Sr*"concentrations of 200 mg/L, for 96 h. When the
length of the first marked juveniles reached 5 cm, half of them were again immersed in seawater with Sr**
concentrations of 100 mg/L, for 48 h. A significant peak was observed in EPMA (electron probe
microanalysis) line transect analysis and a "high strontium marking ring" appeared in EPMA mapping
analysis of L. haematocheila otoliths in all the marked treatments. Based on the results of the experiment
and the marking efficiency, we suggest that a marking concentration of 50 mg/L Sr** could be used for
strontium marking on otoliths of L. haematocheila. A well-structured double marking ring was observed
in EPMA mapping analysis of L. haematocheila otoliths in double ring marking treatment, and the EPMA
line transect analysis result of each ring in double-ring marking juveniles otoliths was the same as that in
the corresponding monocyclic ring treatment. These results suggest that it is feasible to identify different
groups of released L. haematocheila by changing the strontium marking times.

Key words Liza haematocheila; Otolith; Strontium marking; Concentration of Sr2+; Double ring mark
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