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FhHETE 7F — 2 B (8] P9 A 36 7F — 8 [ 2R 25 0] IX 3k
NI R R A= Tl AR & o FIEAE S AR R E
WEFERMEE AR AR AL | A3 A RRAE DA SRR 5 BRI A B
KR (BIGFIHE SR ABE IR R R R DL B
HoA A=Y Z 18] B AR B AE DB —1 122 F}H(Begon et al,
1996; AL A, 2018), TEFPREA A G0N, B
R B AR L AR AH L RS H A s AR AR
Ak S5 Bl R TR 1 S AR P R A R T & el B IR ) B Ak
(Larsson et al, 2015; Arthington et al, 2016), Hf, ©
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2R R N T 0 2RI A 282 58 (Tanner
et al, 2014; Bardarson et al, 2017; Tzadik et al, 2017),
H A6 B w] F5 22 A4 K B AR 1E 1 R R
(Campana, 1999; Campana et al, 2001; Thomas et al,
2019) A= A5k 254, et AR fn MR TE L — A=
Hh i 28 D3 A L M B 85 Y £ L (Tanner et al, 2014;
Teichert et al, 2018; Watson et al, 2018), H-f1 4K
A LU H OB R EE I DI (PR “HER” )
FESE R ) RUBE |, AR A 1y 2245 AR b 3 B0
WRSCFMIL N 57 X HA S —FEch
AIEE AR IS S0 BORE, AT RAAR B AT-4) £ 3] ok £ B Be
1) H 8% /4F 1 R A K 55 A2 1) 2% 5 B (Campana et al,
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2001), HAnTRpg A K HARMEAC I RE et e T
Hof R 8 LB I 0 3R i SO CRE S i 0 R A TP
% o B B 8] r 28 07 1 A 5% 50 R 0 (Campana,
1999; Izzo et al, 2018), [Hit, HAHBA KR A2 3)
A IOk RRPE, AR AR AR BIBET Y
TR A T S A B AR A R AR o B E A IR Y A R
R AR 14 [, XA T 28 A AN O A i o3 B e
TGN T HORSE R . HAT, B ks o i EOoR ok
7 Z2 M g T 1 Y £ 28 Y 909 A TS 52 (Soeth et al,
2020) M H T8 SCRRREZS Y . Pl B 5 £ A 0 /) 1 AN
O i A P DG R M 45 £ R AR 2 25 I 97 5 (Radligan
et al, 2018; Burns et al, 2020; Swanson et al, 2020),

A SO T AR DL H A R 2 A AT O AT Y
A AR AT SE , INHA JC R B A BURAE DL B B
AICR 5EE  AEMER R OCR S HIHNH AT
A2 03 B g T 0 2 AR 282 ) e B Al 5 3 0k
NS SCHR 2334, A G B A b e o B TE g ke £ 28
(YA 16 SRR | FRE LA | R DGR e A 0 P 4
TR A 2852 (R )y T ) g e, O R B A I o A ik
77 53 BT B AR AT 5T £ SR R A 252 [R) R e
PP 5 BOCTE P2 (R,

1 BaXHATEHMBFFE

Ff e TR £ 28 ) B2 B A 0 2R 4 Ak

JCEENEHE | 2%

&, FREEH S A
Elements excretion through
salt extrusion, faeces, urine, etc

& e

ST
3 b B2 Az
Transport across gill
epithelium or gut membrane
KIS EY
Water or diet

S5k, TR ORRR T g AV A 45 I8 08 B BE (Schulz-
Mirbach et al, 2019), H-£13 % ik F45(CaCOs)(4
98%) Fl/INEB 43 A5 HLA (0.1%~2.3%)(T] 17514 A A 7] 375
PEEE I FE ) I 24 45 Fhisois o0 2 41 i (Campana, 1999;
Sturrock et al, 2012),

HAITCER F2ok A A BAREE, HA o R 4 m
o i F B A KA IR 0 AR W T Rk R R
Wy BEAL 27 e PR (A 5 B AN E ) & (Campana, 1999;
Izzo et al, 2018; Hiissy et al, 2020), H-f2HE 20
Z LAY Y, TR B S R L 7K R B
Fefh, HoA Ui o R el il 2 2 W R R R S
HEAMLHE , SR Je 8 ik bk O R A ik 2 ZEE A PRIk
EE, AFEMITRIUREA AW FERE AR, Tt
RUTRHEA T ARIEAA 3 Fl: B4 CaCO; HoA itk
P Ca™5 VR RS TR BR R 9 28 5 5 B AT 4 1 T
WA tRgs G, DUBRTEA DL 501 1)(Campana, 1999;
Izzo et al, 2016; Thomas et al, 2017; Hiissy et al, 2020),

BV S 40 25 A B 7 5 i o 40 28 A 0 s K
AR PR 3T LA 2 A AR UL : B s s 1
A SRR AR A RAE 5 W B IR A S B A T R 1)
PO HHETREAA #0159, Sr#il Ba 2 RERSTE
Hoa v HH2 R Ca W32 KF TR Izzo 55(2018)
LR R 1Y S0 2 SR AN ST I 45 R T 5B o
(meta-analysis)ZH, H-f1H Sr/Ca. Ba/Ca M{EFIJH
UKL X 2 MERIEMSC, 45, i THLEMSb

B 1 JTERFEEAA PR R 32 7R 2 &l (Campana, 1999; Hiissy et al, 2020)

Fig. 1

Schematic diagram of the main process of element accumulation in otolith (Campana, 1999; Hiissy et al, 2020)
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TERZE R HATTRWN, HA Sr/Ca. Ba/Ca 57K
A2 1 A 22 18] A DGR B AE AN [] 9 R0 AN (] BF 5 4R
B BTN R, (VA L BRRCAT S B AR K A BE H )
W, R EAERMANT, R TH AT M
(Leiostomus xanthurus)J H-47 Sr/Ca 55 Ba/Ca 5 J& [#
KRB 2 [ Y L {H 2 1 AH C (Bath et al, 2000). 747
F4MF, A G (Acanthopagrus butcheri) it B- 47
Sr/Ca 5 JE W AKAK M) Sr/Ca I % 25 15} [6] #H 2 (Elsdon
et al, 2005), FIH KK =5 (Forsterygion nigripenne)
H A Sr/Ca il Ba/Ca 5K FREEHh H & i LU (A 2 L
PEHH 5 (Taddese et al, 2019), &1# (Sperata aor)H-{1
Sr/Ca. Ba/Ca fl Zn/Ca IJCER & it bb 5 HJE [l 7K1k
2EHIN JGER )7 i U IE A & (Nazir et al, 2019).

Mo R, ML . 0 D2, /Kb Sl Ca
AV R S5 Bl 2 6 B 1 v T v, H T v R
A[F(He et al, 2016), FEA[FIAIKIEIAE T, Sr/Ca
AR, A 15T R LA (Arai et al,
2016), A Y5 EE R 5L il 28 AH & (Walther et al, 2015;
Nelson et al, 2020), LA HEIE Sr/Ca {H 7R K H
il 458 v HLASAE 5 FEIRK B B AIK, (H AR fb R FE K
(Walther et al, 2015; He et al, 2016; Nelson et al,
2020), 1T H A 5K Sr/Ca (H BA ML, Wikik
Sr/Ca {H 5458 Z 0] L HA A, B Sr/Ca {HH
PR E R AR B, 2 H
AALE IS B0 E T HoAr Sr/Ca B 5 £ B2 (1) 1E A 5%
PEo BN, Arai 55(2016)7F 5% 50 2 F5 il £ FEBR BE (0.
10, 20 A1 28)4M4 T, XL Anguilla marmorata)itt
TTFRAH S0, 45 R IE BB I H 4 v Sr/Ca (H 535
S EAOCOCR , S E dI 7 AR AR i A 1 s FR it
TRIEER S

Kb Ba ¥RIE RS Sr M, Ba fEIRKHIK
W gk psr, BEESRER BT, K Ba S EB
W T B 5 10 Ba/Ca {i RifER BE & 1M b 3 T B (He et al,
2016; Nelson et al, 2020),

T, B A TR DTS A A BT
ik, {HE2m % /N Woodcock et al, 2012; Chang et al,
2013; Doubleday et al, 2013), j#{% X & (Clarke et al,
2011; Barnes et al, 2013)#1/: # [K 2 (Sturrock et al,
2012; Grenkjzr, 2016; Grammer et al, 2017)% - 7T
RAMWA L, XEEHEAE ST HATTRHAN . 4
A ZF AR S 54 S5 b O R B 5 A T BN UL A 1A o

2 ERBNEHNES KM SRR
1 4 K P

FESE TT AR (AN St A5 )R K IR K K A [7)

gAY KRS EZES . Ao, APk
BT R & m AL AN KIS £ (Campana, 1999). 7E
B A S T R AT 3 B A K ]y 510 75 DL s AR
17, WP S22 o, Hoa sl
DAFE SO f0 2 ARG s L PPAGFPRE LS #) . PPAl DCHRPE |
A TR A A A 5 ok VR 55 7 T R #E B K IAE
(Walther et al, 2012),

21 REFFEFEHEEEMBIFREXERD M

SR S TR AR BT A R AR R [R) A 3 s
TR 110 2 3 e P A5 2 R A 2SR 9 v SR T I A
g rbric . BRERSE T IA A —SNE S ) MRER
AN e B R A2 B EE A B Ak 2 o B mT LA e 1
1 25 BT 5 7 A KO [R) O 2R I 15 SOR IR (28 A2 0
s, HEERT DU R g AR R AR 3G s, SURTEEXT
TR PN s AR EEA T BT 0 il L, e o fa S b i
(R Bl R AE 35 SRR

M Sr/Ca fEFE R /K 5 Mg K ) HAT B B IX ], i
FEIRIK S R 4 ) 2 [a) R ARt 25 5%, B
HA7 Sr/Ca 5K A4 i 4y DA £k B 25 458 R 7 22 [|) 2
BRI, P, HAT Sr/Ca FEAEUN X /rfa 284 1%
o3 YRR TR BB R FE AR, R BT S
o A 1) 28 R A R AT IR 21 R K I8 K [ I 1)
AT E, i, Msller 5(2019)F FHH-A7 Sr/Ca &
=#T A M B AR S R FDE Y H B £ (Esox
lucius) A= 1% L JE B3, HBEWERET 6% AR H
AR T S R VROK IR, T 94% B9 N AR AL T2 5K
S Wk B A A T S SR K S ek ) £ B B R YR kb 78 B
HAA b B, Avigliano 25(2018a) i FHH- 11
Sr/Ca T | H7 3 Fir 85 30 ] 11 () 24T £f1 (Odontesthes
bonariensis) i) A4 i 5, & B H R AR AE IR K RN 1T 2
K Z B, A & BE S AT K R R
RN

HAARKEEAN T . F58) 5 B Ahfkr2
(A5 A 43 AT T o R 3 2l FH S ) A 5% 1 4
B FUA ) A 8 F-Be . i, Payne Wynne %5(2015)
FIHEAAEZ OB NG TR LT, RIhEE T
5% FEI 40 PR T R AN TRINRT 38 1) 5 75 PH filE(Alosa. aestivalis)
AR TS S o LAIRZK B BEXE . A9 B A7 A2 550 1 AR5t
L R B A A2 B O B IR K A B R 2 IR 7, R BN T
T A 1 W VG SRR 0) 2 T sk B B R IR K A B A s
AT . 28 5 1 Wk R R KT IR K A5
DAL A= 305 A R 8 B 0] 5 3% K A B8 /N Bk K A= 5% 313
1AM 7K X8 B 2 52 IE A 2C . Rohtla 55(2014)F
Sr/Ca 1 Ba/Ca JZ 7 T {If%(Lota lota) i1 52, &
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PRA AR TE) ) FHIR 7K A B fp s i ] B A7 22 71 . Schoen
25(2016) 14 Jo AR 15 5 4 ' (Perca  flavescens) H- 47 11 4
A9 H A TG 2R B50H T T I VS N M T R A S b 22 T
f) Sr/Ca Fl Ba/Ca 84(, R & T H A0 —EF
G2 b 0 g — > B S B X R Y A B S A
(i F LA-ICP-MS 43HT) , 3% 252 1) 5080 o U)X g A B 4t
FHRFESEI R, DT S T 38 4 5 A6 58 IS X (the
Great Lakes)E {25 M . Walsworth 5¢(2015)%} 3%
I AT 7 3077 T b X g 300 3 75U 21 KRR M £ (Oncorhynchus
nerka)E 15 B-G LKL, J&T Mn Al Sr FiFP LR
T A0 2 AR TE R AR 3 sl B Be e B A AT Black
River il Chignik Lake P AN [A] (3R 7K A= 58 1 145 1l S
WEE I E] . Teichert 45(2018)F I H-£1 1Mk ¥ £t &
Ak 2% R AE ) 51 T AR Sk 368 IF B 0 (Sicyopterus
lagocephalus) %% it (1) 2f W5 0T g K A FH AN ] 7o) 35t 476 8
b R R TR RRALE

] PN 2 3 I H A Ak 2 43 A O 1k I T 2 R
T LA BSOS D R R R X T %
(Coilia nasus)JF J& T KA K HFFT, KIS BRI
(Jiang et al, 2014) . £J#{T.(Khumbanyiwa et al, 2018) .
VT 1 (Yang et al, 2006; Dou et al, 2012b), K ILAA]
VLB (BRIEIE5F, 2016a, b; & 55, 2017a, b). #
BHIB A5 YT S BTV 26 6 1~ BIA (Sokta et al, 2020)
T 1 CFF 4%, 2020) . 7R iR 411 X (Jiang et al,
2014). BHFIEAEE(Jiang et al, 2014) ., B 11 K 4 )
(M HZE, 2019, 2022), H ARG W R H0T = 050
JENL 7S Al(Liu et al, 2018)% , Jiang %5(2014) & 31
T 4% LR oK A B8 AR T S )RR S () S A R A A
T S0 T o LA 5 R AT A R A G o BRTAT A
kg, IR A i s R IR K AR B A R R] AR )
I T IRK R B ML (RIS A IR K A 36 58
AT LA L)), A SE I SR K A B
WA AR B PR T — A AT AL Y45 45 . Khumbanyiwa
S(2018) % T8 A A= 1% s S i A I, 7E [ — BRI VLA
AR ISR AIR K RE AT B E . A, BT
HA MBI 2R St/Ca (HALERE, KT X
fi% (Coilia mystus) (1 2:4%, 2019). &%(Mugil cephalus)
(4%, 2010) . £ K75 #(Cynoglossus joyneri) . JZ [
nY 44 £ (Johnius belengerii). #(Miichthys miiuy) R
i £t (Pseudobagrus nitidus)(X1HL i 45, 2018) LA K %
3 5 B b X Ay 30 FG 5 LAk (Triplophysa stoliczkae) . /)y
3 155 JEUk ( Triphophysa minuta )(XI L 45, 2020) . Kk
0 ¥A) 18 21 R F 4 5% (Odontamblyopus  rubicundus)
O AZR AR, 20154 a2 B A0 S0 AR 1iE to sl Dl s 4t

22 AR RSN

FREELS MR AR IR T i AE R BRI — 2 1Y
25 O] G AT 6 ey o A TR 85 4 P 1 A S TR 2 5 2 )
b BbRZ —, WA BRI P A9 LR (Collins
etal, 2013), T fif A RIIELS R AT LUK 245 BELRN
PRI A 38 28 ) ROBE A o e SR L 2205 B . B (5 B
AL DL SR VEAS a5 (0 R RS 4, (HB AL KO 1Y 22 7 75
BB, ARG R NMERR PGS, 2™
A VR AR [ 35 R 3t LB I B AL 5 R T B . R
TE—SUFp R ) AEFE AR B S R I L T, o F2E9)
2E T VX BSR4 ) DA SR S 1 PR A
b2 0 2 B R R RS A I S 4R T 1 1 S5

WF 55 B, T 9% DI 1% 3000 g Y f S B T 65 g fe
(Prochilodus mariae)f&—f Z IR A RIS, AN
B S W] A 33 ) LD R i ) 2 Y v AL A it
Z X780, Collins %5(2013) I\ i L2 8t fL 4548 F H- 47
TR A5 My TG LR R A AT TR, I i
BT AR e BB A 2540 , (B B b= T A 45 R
N, RUE A AN FEER MR B A A S S AR, X
VB 2R RO IR T AR SO 0 B R A e . Rk, AR
UE 32 0 Tl 1) ] 45 52 & Jo ol 5 2 4 %o AN [) i)
BRI /0 B, AR T RS (2016)FI Hf T2 4y
T ks 4 M K YT #OIT R B BH ) G
(Hypophthalmichthys molitrix)#t AL 458 &K B, X
SEK IR 4 AT AR BRI AL — Bk R
AN, AL AR B EREEQOI)N KT, BT
(1) 8% &)y 10 B 41 4% X JC R R BURRIE R T 0 BT i 245 5
7K, Sr/Ca. Ba/Ca, Si/Ca Fll Mg/Ca ZF 0 & H(H W] LA
A PR AR VT VT B R AR 1) A 5% T 2 48 8L (A Lk
TIFAE 90%L) ). HA il fb i 5 itk — 25 40 Wi il
I 7 R 1 DA 0 D B R T A VT | W VB B YR R R
V) 2 75 A7 7E 3 7 LA % 3 i A 8 B 4R T XA O£ L

X WA T it R £ 27T 7, A RN A AR IR K
AT, AR Y BOFE K IR T R BV R IR B
CIRG NGB S R kiR ey i) R e v - Ha o N (S E21)5%
o [ B m 1A T T 0 A N, H R A LA R U ]
VA B 1) P 2 0 i I IS R 5 ) T G B T R
(McDowall, 2001), £ EA7 [l 8R4 Ay a2
S A0 DL R AR R [l ) H AR Y P B B, B
PRAGAASE, WA TR TR ) 72 258 F BOE 8 1 B S i
25 [E) 43 A A% ey, BAT SR ZU A AR 25 49 (McDowall, 2001;
Kitanishi et al, 2018). | H-A7 4.0 2 i3 X 3814 70
R R, WA A DAE s R AR O
A58 T, X3 R T AN 6] = B 3 1) B2 I A .
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SR 20X AR A K 8l R A 2R PN I (R e ) HE A
WU ge g, i R o i A R 2 5 LA [l R
Engstedt 5£(2014)53 87 1 % ML AR g 5 AH EL I T 1Y 4 4%
T (4 AN A TF2EA48 50 km AY S Y)Y F B0 £
Ay fe A 9 R SRR ) B AR BB 2 A RAE) I B A A
JUER, REEHEA A T F—4F, AL ZI0RFHE
IE Y £ R R fff b (] 09 2 HG o A A YRT g T fh £ R
FEIE B 1 I T A FP R 254 o |h T XD [l )3 7= B A A 7
SECT B 0 AR, 25 BRI Z I T AN [R] 1 A
B, AR A — 5 Bk i R . Avigliano
ZE(2018b) M 53 72 T 11 RN L i 22 1030 37 %) 4 1 5 G g
fif (Megaleporinus obtusidens) it - £1 ¥ .0> i JC 2 18
4r, 7t Uruguay River, Parana River DL & & A 13E: ] )
71 1 Rio de la Plata Estuary %5 3 Zb Rkt 5, HEA#
DZITTRAAREER, BRI RN LB AR
FASTR] , 8 1T L Ui AT T (%) 3 /S b e () () e
451t

HoA T A2 43 A A T L5 iR 35t 4% 45 44 9 A 5T
PR R0 S 4 AEIE S B Ak AR v iR
PR AETEVE Z2 R I8 T AR R 37 1 Bt U5 A, i
FEAE 77 DN 7 R A A I [m] A ™ B 37 i i AL o A
SRATAN AT FH R AR b 5 ) R AR AR Sy W T R 4k
(population baseline)f§ 7] BEA A 5E, [H, Martin 45
(201 5)FEAH T H-A B0 JC B RAE B 28 B 004 7 D )
IR Z 5, ok B Rl — W MA R S HE— e h
—FPIEREL, KBLPUfE(Alosa alosa)s¥ B X
A IR ARG FE , FIRESSH4) L AR . SR, mif%
AT R XA AL G A B R TS . X 1T R e IE
T B A AR B BT & IR QI 7 BR b [E] 23 B
AR A JER . Hughes 45(2014) 5608 H B4 Ak
22T AN T R R IV 2 YT 3 v ) — ol 6 e
111 2% (Retropinna spp.) 4 1l i1l i (amphidromous) #Y 4
TGS AT, SRS T AR mtDNA BEARER A T
IR o BE S5 R4 1k o PRI I 1) £0 2 A &)y # B B AR TG A
8 N < 1 Y 15 3 T =2 N i R BV
AR B Sy A RTE IT U IX I AE T, 2 5 T RE BRI
(] G A b e AR R RN B, XRMR S 2 B0
% 151 JFiAk . Hughes %5(2014) % 3K R IF. 5 K 1
(Osmerus mordax) A [F] i 84 1) B 4% 0 2 JTU R FE
TEEA B K2R, H51 53 28 W] i Le 60 I #2151 1
WA, PR LAWY, iR S R A R AR
AN A2 BT 38 5 BV PR v, DT 3R £ T 43 B AN [+
AT e, JFTE BT I A 3545 oAk o 3k 46 5 45 i —
A UL B A 2 o B 7 1 5 1 st AR A T B B 4

A BE T - b A AT I £ 2 A R RRE LS A A5 M5 B

154, E N 225 R HA A 22 o0 A b 4T £ 25
BELE R BT 5 1 AN 22 . Dou %5(20122)F1 F B4 4 0 It
RIGEIGE T h EVE R T BF R RE S5 48 o S0, 1
T, BEYAL T R TAT 1 B A YT 1 45 i) ) 855 A A%
LICR PFIRN BT 25 R, 259 H ] T R IR 802
S, SRR )R A IR 72.7%, WoR T AN
I [i] 1485 b BE 1 5 (8] 2544 . Tiang %5(2016)3% T H-A #%
LICRIGBLA AT, K IRAYT 1 45 2= 4y K R 130 FH
W, MV 2R 2210 T84 0 R I8 T 55 4h AR TR
7= B3 X e85 S R TR YL 0 ) S IR 5 A
[ =R WG LR 2, HATRMEESSEH4 . Xuan 5£(2021)
A H AWMLY 50 Mt n L E s XL, fefi
FHEA AR 2= A ] SR AC A 28 8 B Al |, X B FH
3 I T I s W v ) 2 A DA OB S Y i
RIS ST AL T, AR X 2 AR
2 AT 5 AT BT A R 8% JE Al i 2
Wb PN R AR A T A A R RIR K 8 e A 258, 3 HA
il AR S 2 ] k= 3815 3 A A — RINRHE

TE— SRl NI AEAE ARG e Z R, BRI A
PBANAEAE— R B | 8 SR ALY X 43, 1 AT e &
ARG WA T A R BN R, FEX e Rh
T 0 S AT S e Tt | AR SR AR RIS S e 22
(8] A9 48 B A F (Kendall et al, 2015; Baerwald et al,
2016), KL, TG, MRS R A A
e AR R A S5 I ) B, A AT DL R B A i s T
S (Baerwald et al, 2016), — S8 a7 iz (a2 Fp B p
AL — AR A3 AT AL B T I S AR IR K B B
AN, fE—S8IERT, BT Shya Fl ] sEAR /N,
T8 F AT AR T R g Y R A 22 R T LU, HE
AT BRATS AT Bl o 3 A PR 465 44 R RR B E a5 A%
SER AT R T E R APk 110, Rodger %(2021)
Jz PR i (Salmo trutta) H []— b DX 1) 3001 i Y 5 o s A
Z A I e 22 5, 2 R ER M IR AE A [A]
B o I AT LA AT RO A4 10 1 2 B B ATARBE . B
£ (smolt ), W] 46 68 fa 3% J7 b AR BE | R EE
Hhfa B e R bR eI W AR S, IRTEAS R A 21 R AR
ST 2 AR SR, SRR IR R R A T A
#6355 2 B 1Y) potamodromy (YA 3 —7A] 37 AN K 5 1 —7e]
it — V00 i A A% )t AT e R B AR {8 (Ferguson et al,
2019), XA ATRE = A=A, M ] fE S5 BU AL 4
B TR VE o X AU ZL 5 f (Salvelinus alpinus),,
BRI 5 e 2 5 5 i A A Sl A b R R
ASTR) AR A 2 [a] 5L AT B e 9 52 4% 43 fk(Salisbury et al,
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2017; Melnik et al, 2020); 534 WF5E W AL AU 2L i fe:
(Moore €t al, 2014) Lk K 4E 36 21 5 fif: (Sal velinus malma
mal ma) 1 & B[R] 3 43 A 1% 3081 95 R Jes 7 A 3 s =X
()BT st A 22 5, T RIE S8 B 22 [ AR A A R 2SS Bl ok
% (conditional mating tactics) (Harris €t al, 2015), 5 %
HREA R, b JE BRI B AR 5 A% AL A 5T
BB e M A T 285 BR AT 114 2 71 8 I A A v g T e 1
HemEi, FiRETAESRAME B =5, TThe
N AEAN T SER AR SRS T Tk b, XA BEIE 2 R
WL R Z [BAEAEA — B R o ZE AR B iF R ek
B W BEAE VS KAy Y 5 JE A 2 [R) R R a8t A 2
ST R, B P A A AT R A S B A
AR,

2.3 Tl BT IR TR B B BE 4K K BX

0 ORI M 2 A8 7] — A FE AT | Gy fa R p £ 55
AN TR A= 3 s B B T 43 531 R P G S b A B 22 ] A I R
(Gibb et al, 2017; Pan et al, 2020), X iFL A2k,
Y. BHY . REGETES N PR ER, Wiff
| 4l BB HIOR % B A A D s A I B b 20
TR o AN IR A 305 s B B 1) 0 e e AR B8 22 ) i DG BR P
FEAE SR TR IR AN FE R T B2 o W ARAS [R) A 305 s B B AR A
B 2 ] () S I M 2 A0 845 LR SC e, TR B RE Al
TEAG AV B Gl i 2SR RUEE Tl fa b B fa s
AREE N MELUE R, BRI T H AR L @I AR SR
1B ERBORTE (S AR TG SRR R B B ) O ME R .
o A2 2 B S i — [n) R ) i D B2 4L T AT BB, th T
i 2 PR A K A R BRI TC R B AR A AE A R A
R B IR B B A s A Y, DRI, 07 A7 5 1)
B T 2 FEAE 1T BB S WA R Y A AR A K B B s 2R
3T B9 TC R K A2 AN [R) A9 A= 5% (Wrright et al, 2018).
AT OB B R AU T3, L HE0E 0 38 B A A R R
EHRXE, SR, WAV 2t AZNRA RS B4
o 8 R L [ BE A AMARYE M BIF g X &, i B4 #2000
2RI RHMED DTk T b SE R R IR R A H
SR 5 B ASTRITR A AR o i R IR 5k B KT o L il ik
AT ibass, BVaT A A5CHE T A7 a0 2 [R] 0 B AT £
KR 5 1R A Y AR K R ) Y OC B P (Wright et al,
2018),

KR T[] 7= B 37 1) %) £ 0T R AE AR K X A Ak
KIFR AR, X FIR A RN 7T 0 R IR A4 A% EE 1]
11 ff e vl IR P 5 A B B . LB B, PEAS
RA BRI AT Fl &Pl a2 K X 5
AN B BB (= B ) I B ME . Gibb 28 (2017) X 7F
IR 22U R B ST 4 I R A £ (Ammodytes  marinus) i

HAZLITGRMNBER N ERE 3 DrRer =y
PEAT IR ANTE o AL AT 220 BT B BE R E A 4 A4
AFERKK, EXEERKETR, 4 MEKXZHE
i A AR B (B A 4) B 4 KA,
R R E] 172 8P 3 5 AR K X 22 (] C B . Pan 55
QO20)% R EVE R & . B, Zil. N 4 A4
5 I #i5F (Scomberomorus niphonius) ™ B 4 % 5 £ 1) H-
FICE “FREC HATHNT, BN AR R I S A TE
T ) ) 3 Vi AR B £ sk A, FEAR KRR RIR G 7
— s ML [ — = O3 = U B R A S 24 720
AR o 7675 5 1 A 3R 10 2 #0822 n] BB SR IR T AR M
K X EARCHHE R TR TR, 4R
AN, AFERTA 3 AR, R DX B ) 5% £ DL R
AR, AEFRIX I L, 2~3 ANy I B
ST AR 11 1 A B A T a7 30 B [ Vg K 3T A 7 B
YAk R n SL R A 78, AR A IR BRI A5 B
O3B o XA A A D S vy BV Sl Y £ S
FPREOCIEME . mE Ib 7e 2 B B A 22 97 1
TR Bl A4 X R 8 £ (Mall otus vill osus) (A 47t J2:
HA A2 00 B DA £ G R IR i 481 o H A Tk
=R, R X AE R 1+ B0
AR I T TR X i B2 S S 57 e im0
F T H R PR AP X N 220 0 2l P 0 DG BR PERL £, ff O
PRAP I N A B it b R SC B 2 b 1 SCIHR M ) 22
(Lazartigues et al, 2016),

A Sy — Tl it 0 £ 28, 0 S (] K i i 764 ) 8%
frfi oo R f ] Y B R G B XE FE AR K . Jiang
SE(2016)5: T HA DI R R, g KL
2 ] 5% o) £0 B B0 JC 2R 5 0 PH I PN ) e
f5% K 3 A0 BH 90 25 1 0 5% B Y B A RO TR
ZEA A, IESE TRV 1 45 4 10 5 380 BH IS R £ 1) ¢
BerE , Som ARV — S0 ] 65 5 R 4R R R [ %0
FH5 P9 08 7 B 3 o

3 BEAERMUEFENRRERBRER

HAT A 25 0 W 7 1 BOOR A A0 28 B R e A 5%
R R 25 K B T 50 v R P E AR, (BRI RERY
JR PRI TERE

F—, A b A i sRoK IR 507 T B9 e
T R] — M5 B KRBT TR A ST RE 22 Bl
] A Aetl, HoKili . SRR SF R IN 3R At il RERY
URESI REREET T ot S S GRS WL (BVSEZ 8 i L e
SRARICY), ERG X “Rear” AR AR R — R K
PG R P 2, b S22 08 A 5 55— AN [R) K Y
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5 B S 85 E 5 F (Gillanders, 2005). A T 4 HA7
A o BT 5 R AT IR B A 152, e oA i e e
TEBIF 5T 0 2 A TG B | A () X 288 1 S 1 e
FELE A B, 5 B2 S XTI 8 /K Sk BR B b 2 FRAE A )
Fa e MR AT PRAL o Morissette 45(202 )X K& 5516
Hirin] R Ui ) SO T K AR TR A H A R TR
(Sr. Ba, Mg Fl Mn)#EATHfb 2504, & BN R] S0
KRR ITER G REA S22, HiXfh 2R A2 %
YR, RIS AR A R 2 e B AR E .
FET I, 55500 Brin] i X ) 0 25 B Tl fb 2 5o 7 =2
TR bl FH T EE A AR I s | 03 2R ek TR
FiHfh o PSS 8 SE AT

F1 T [R] — 7K SA ) A7 Ay 1 7K A0 5% A48 Ak 7] B i
AN TRVAF A5 WA 1) £0. 208 1) B Ik 2205 5 ol — e 2
S, X AT RE S SIS T RIS 14 73 Ar o 4 ] — b st
AN TRIAFEAy BRI FEAE A TR F A A YR T AN () Ay b AR AR
BLIRE G X PP B, 7T B S K I P A [ A £ i E
AW ETS S TR A IR bR 22 57, IR
KSR ) 55 o e DG I P S F 5 L RE PR FH [R]— 44y
AL I a2 Ak 384T . Pangle 25(2010)%F Erie 7K
JCE M 4 ffi(Perca flavescens) i) H-3 ik 2% o 8 WF
SR, BRI K Bt ) oA R B
FHxS, HHATERRMRENEREBER, T2
AR HE ST AN [R) b ) B e b B, DR IX
Iy 4 R R AU . Reis-Santos %5 (2012) 75 i % 4
WRIJLVNRTE T 2 AEN I RAER 3 MR R . ZH
)41k 4 Platichthys flesus 1 Dicentrarchus labrax
WA ST 538, R B H-A JC R AR AR B ] A 2
A 22 5, (RN R 2R R IR A —
&, AR SAEZ ARG EEAR R, # LA —
ERAL AR B AT RAE MR L. 25,
Reis-Santos %5 (2013)FI o] DL xE R R 1) 0 9% 4 fafE
I O H A TR B R, I H A TR
B TR 8 F% 3l B I i AR 5 04 B AR (55 DL B AR R R
1) 0 0 A — AR5k ) B 1 & i i 1 A IS
RIAS R A Ay F2 B0 b FERPRE SR I A AN [R] A9

HARE R, AU R B RS S H A1 T
RIAFEAERT 7 B ARk, E 0 Fp AR fh 376 /1N T b P 2 [7]
LR 2ESR, PRI, X b SRR ] 4 0 ) 52 A o
Martin 4£(2013b)AF5Y T ¥4 E R Adour I il iy K
PUVEEE(Salmo salar)4)) i 7E LT K 2B 1% 52 B Be ) B
AT A E FR AL AR, A LS B AN [) 45 s 19 B
JCER AR AR, (R Fh AR £b 5 3 X 5 22 S5 A0 LU AR
AN, AT gl £ A B AT Y BE T o Schaffler 5

QO15)FIFHH-A 0 oo & Al LK AL B K3 AT
T B BT 7 2 2 P fiff(Alosa. al abamae) %17 f v iff b 2] 1)
ok, BRI U RAFAEAEPRAR AL, HXTH 525 R T8
H I 520 . Aschenbrenner 55 (2016)AF 5% 1 0] I FlifE i+
f9 V55 L K 8 (Lutjanus alexandrei) i B 7 1Ak 27
Bf 23 484k, & BT 1 /Y FE £ 1Y AR (sub-adult) A9 H-
ATCEMBGES: 3 FZ AT R E S, ITFENER—
SE AR B TR AR BRI AR L, 1T 59 R Y
HATEMWBEA B E25, RUEHEATTEHA
VTSIV 3 L K R R T T S R T A B Y L )
ATATIE . B2, TR HA e 2 AT s 2 i A T
SR AR GBI A, JC R AT R S5 A O A
ZHT, EEBCE e XA [RIAE £ AR 1 £ SR AR AT Ak
SR AR PR AR E M5 S A, TR S B
%2, RRAERR 2 ST

S REHAME ST . B o M
SR [ | R o e S NG L A 7 ey S R T ]
b AR S EE R, SR A R TR 2 A
WATA R o RSl AR T G B A i AR SOE
() o RAREE i A S 32 AR AP B AT 3, XA o3 Hr 7 i
() Jy B PRI 8 B S, L6540 B £ B b IR 2544
AKGE G AT 500 o B, T — 28] DLk
BACH A 0 A AE A A R EE M E . B
L, YA SR N T R AR A 2 (E HL A R
(B bk = 5y F J 55 ) W AL 2088 R A F T i fb 24k 5
(Tzadik et al, 2017). 265 5 FIBFSE s HAE 2R
Hof 0 i 4 20000 1 o B8 % 4 217 B o i
(Scaphirhynchus platorynchus)/: i 52 H R[] A= 35 1) 4
PP 4% T B EAE F (Pracheil et al, 2019), 5%
(02 1)HFFE T T8 Mg 2 FE- G Ak “F840” (AR
P, UERA I R A T DA BoA SR A ) o A
355 068 13 45 0 T P9 o 86 R SRR L 2V S B S
FERERA M0, FE 2R G s A | RS H T
Al « b FE AR ) FAG B b DG I I S5 T TR S B )
A, (HEASH TR0, HR FHRHE
s it — AR &K (Tzadik et al, 2017).

4 [REE

H i, FE HA b i 8 RS B2 i ik — 2D 4 T
R AR (8328 20 T e, B i 2 ok i 22 b g 1
T I AR AR S 2 . B ik 2s 4 b vh— 2 3
7R N 75 A ) B DG o B YSe/*0Sr Al &
FU AR T T2 S5 e JE] K Ak 2744 7 (K ennedy et al, 2000;
Martin et al, 2013a; Avigliano et al, 2020; Heckel et al,
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2020), 1M 7K 38 PN FE 25 ) M BR Ak 2 FA) R K M R 1
W PUEME RIK P RY Sr R E L (H (Hegg et al,
2013; Martin et al, 2013a; Garcez et al, 2015), [k,
WKL YSeAoSr WE R e, AR AR LR /N
(Brennan et al, 2015a; Garcez et al, 2015), XfHiH-f7
S7Sr/*0Sr W] LR A FI B 1 2 G AR R L PEAS ARRE
LERY LA S R 2 1 B A ) T H (Brennan et al,
2015b; Garcez et al, 2015; Avigliano et al, 2020;
Heckel et al, 2020), A LIVE R B4 RIE LA E
BN T B AE 2L T Sr/8 S (i HAT P 2 25 S ) EE PR
Tl . H AT, Wang 45(2020) 2 28 T P E
BE NS — A RO M XS B Y ¥ Se/*0Sr FUAEL T 3 b
E, ARG A AR B A Wi i R AR SR A
WREMILRITER, T HBERNEA Sr [ RP
WA IEas 1, KRS A WLE MK IL2F *7Sr/%Sr [H]
fr & FAERRAE, B E AT ¥ Sr/*0Sr R | A N £ 25 b
P2, DUMEAE ST 1y s ) A s () RUBE |
T firp £ 288 19 A 0 S0 AT B b LA

RV RS, At — S G5l i A 9 9 e A 75 n ik

15455 52 ) B A T Ak 22 R 1 IR 2R A DR AT 2R
AR, 8T SR MR A A2 ) i B il
FROEEA 22 5, DLROR A5 ] Tl sk L] i 22 5 0 X
VA7 B T8 A7 2 b PR B X B Sl A 2= SRR AR 9 52 ) B
ARk BAS R0 P 2Z (8] Y L4 2 H (Nelson et al,
2019). HWk, FE43AT NS AT BE ML AERS 40 B ROEE T
BT HA A2 R, 56 AR 4 B ik 2 R
AP R AR AL RS ) 23 ) RS ) RUBE AR L

WRTSCTR,, FETFAEEIE | AR5 BORE 1Y B B
A1 (an g 45 55 )id vl DL B f2imlie > Pk . B
JE 5. HETE LR R AR f i M A

A Ayl At A By R A Y R B AR 2R T R

“FROC Y B A AR A G RITE LR A AR

TR RbRIC . TR AR, iR A
IHHKIRE PRI Sr. Ba Zou R, HH A H AL
A AN W H 5 T4y B AR il X [FAE AT RS A
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FER Y Bon oA L REIE s B AR IE 3R . XA AT
B B i 5 7 S B TR b e B A R Y A 4
YEME , X4 5 38 58 O SOCR PE T AR N 32 ] ke 1) o
BPEH

2 % X M

ARAI T, CHINO N. Influence of water salinity on the strontium:
calcium ratios in otoliths of the giant mottled eel, Anguilla
marmorata. Environmental Biology of Fishes, 2016, 100(3):
281-286

ARTHINGTON A H, DULVY N K, GLADSTONE W, et al. Fish

Status,
threats and management. Aquatic Conservation: Marine and
Freshwater Ecosystems, 2016, 26(5): 838-857

ASCHENBRENNER A, FERREIRA B P, ROOKER J R. Spatial
and temporal variability in the otolith chemistry of the
Brazilian snapper Lutjanus alexandrei from estuarine and
coastal environments. Journal of Fish Biology, 2016, 89(1):
753-769

AVIGLIANO E, MILLER N, VOLPEDO A V. Silversides
(Odontesthes bonariensis) reside within freshwater and
estuarine habitats, not marine environments. Estuarine, Coastal
and Shelf Science, 2018a, 205: 123-130

AVIGLIANO E, PISONERO J, DOMANICO A, et al. Spatial
segregation and connectivity in young and adult stages of
Megaleporinus obtusidens inferred from otolith elemental
signatures: Implications for management. Fisheries Research,
2018b, 204: 239244

AVIGLIANO E, POUILLY M, BOUCHEZ J, et al. Strontium
isotopes (*’Sr/%Sr) reveal the life history of freshwater

conservation in freshwater and marine realms:

migratory fishes in the La Plata Basin. River Research and
Applications, 2020, 36(10): 1985-2000

BAERWALD M R, MEEK M H, STEPHENS M R, et al.
Migration-related phenotypic divergence is associated with
epigenetic modifications in rainbow trout. Molecular Biology,
2016, 25(8): 1785-1800

BARDARSON H, MCADAM B J, THORSTEINSSON V, et al.
Otolith shape differences between ecotypes of Icelandic cod
(Gadus morhua) with known migratory behaviour inferred
from data storage tags. Canadian Journal of Fisheries and
Aquatic Sciences, 2017, 74(12): 2122-2130

BARNES T C, GILLANDERS B M. Combined effects of
extrinsic and intrinsic factors on otolith chemistry:
Implications for environmental reconstructions. Canadian
Journal of Fisheries and Aquatic Sciences, 2013, 70(8):
1159-1166

BATH G E, THORROLD S R, JONES C M, et al. Strontium and
barium uptake in aragonitic otoliths of marine fish.
Geochimica et Cosmochimica Acta, 2000, 64(10): 1705—
1714

BEGON M, MORTIMER M, THOMPSON D. Population
ecology: A unified study of animals and plants. Blackwell
Science, Cambridge, 1996

BRENNAN S R, FERNANDEZ D P, ZIMMERMAN C E, et al.
Strontium isotopes in otoliths of a non-migratory fish (Simy
sculpin): Implications for provenance studies. Geochimica
et Cosmochimica Acta, 2015a, 149: 32-45



CAR Y

PR A BT B AL o o A B £ R A A oA T ST 9

BRENNAN S R, ZIMMERMAN C E, FERNANDEZ D P, et al.
Strontium isotopes delineate fine-scale natal origins and
migration histories of Pacific salmon. Science advances,
2015b, 1(4): e1400124

BURNS N M, HOPKINS C R, BAILEY D M, et al. Otolith
chemoscape analysis in whiting links fishing grounds to
nursery areas. Communications Biology, 2020, 3(1): 1-12

CAMPANA S E, THORROLD S R. Otoliths, increments, and
elements: Keys to a comprehensive understanding of fish
populations? Canadian Journal of Fisheries and Aquatic
Sciences, 2001, 58(1): 30-38

CAMPANA S E. Chemistry and composition of fish otoliths:
Pathways, mechanisms and applications. Marine Ecology
Progress Series, 1999, 188: 263297

CHANG M Y, GEFFEN A J. Taxonomic and geographic
influences on fish otolith microchemistry. Fish and Fisheries,
2013, 14(4): 458492

CHEN T T, JIANG T, LIM M, et al. Inversion of habitat history
for the long-jaw ecotype Coilia nasus collected from
Nanjing section of the Yangtze River. Journal of Fisheries of
China, 2016a, 40(6): 882-892 [[lEe:, 323, 2, .
KA BT B AU AR S 08 3 ) S . 7K™ 274k, 20164,
40(6): 882-892]

CHEN T T, JIANG T, LU M J, et al. Microchemistry analysis of
otoliths of Coilia nasus and Coilia brachygnathus from the
Jingjiang section of the Yangtze River. Journal of Lake
Sciences, 2016b, 28(1): 149-155 [BRlEE:, 2, FUAZR,
45 T A SRR B R VTSR T B K A5 5 e A 5 A 5%
JB . BIIARNE, 2016b, 28(1): 149-155]

CLARKE L M, THORROLD S R, CONOVER D O. Population
differences in otolith chemistry have a genetic basis in
Menidia menidia. Canadian Journal of Fisheries and Aquatic
Sciences, 2011, 68(1): 105-114

COLLINS S M, BICKFORD N, MCINTYRE P B, et al.
Population structure of a neotropical migratory fish:

otolith
microchemistry. Transactions of the American Fisheries
Society, 2013, 142(5): 1192-1201

CONG X R, LI X Q, DONG G C, et al. Anadromous tapertail
anchovy Coilia nasus is still found in Dongping Lake.
Chinese Journal of Fisheries, 2019, 32(5): 55-59 [AJEH,
B, IR, S AR IR )6 oA 5L UE
BT, IkrFmsadeak, 2019, 32(5): 55-59]

CONG X R, LI X Q, DONG G C, et al. Preliminary
investigations on Coilia nasus from the Kenli section of the

Contrasting perspectives from genetics and

Huanghe River based on otolith microchemistry. Progress in
Fishery Sciences, 2022, 43(1): 31-37 [MAJBH, ZFHE, #
DU, 5. T H A G2 0 B B R B T8 A T s A
AW, L REE R, 2022, 43(1): 31-37]

DOU S Z, AMANO Y, YU X, et al. Elemental signature in
otolith nuclei for stock discrimination of anadromous
tapertail anchovy (Coilia nasus) using laser ablation ICPMS.

Environmental Biology of Fishes, 2012a, 95(4): 431443

DOU S Z, YOKOUCHI K, YU X, et al. The migratory history of
anadromous and non-anadromous tapertail anchovy Coilia
nasus in the Yangtze River estuary revealed by the otolith
Sr : Ca ratio. Environmental Biology of Fishes, 2012b, 95(4):
481-490

DOUBLEDAY Z A, 1ZZ0O C, WOODCOCK S H, et al. Relative
contribution of water and diet to otolith chemistry in
freshwater fish. Aquatic Biology, 2013, 18(3): 271-280

ELSDON T S, GILLANDERS B M. Strontium incorporation
into calcified structures: Separating the effects of ambient
water concentration and exposure time. Marine Ecology
Progress Series, 2005, 285: 233-243

ENGSTEDT O, ENGKVIST R, LARSSON P. Elemental
fingerprinting in otoliths reveals natal homing of
anadromous Baltic Sea pike (Esox lucius L.). Ecology of
Freshwater Fish, 2014, 23(3): 313-321

FERGUSON A, REED T E, CROSS T F, et al. Anadromy,
potamodromy and residency in brown trout Salmo trutta:
The role of genes and the environment. Journal of Fish
Biology, 2019, 95(3): 692718

GARCEZ R C S, HUMSTON R, HARBOR D, et al. Otolith
geochemistry in young-of-the-year peacock bass Cichla
temensis for investigating natal dispersal in the Rio Negro
(Amazon- Brazil) River system. Ecology of Freshwater Fish,
2015, 24(2): 242-251

GIBB F M, REGNIER T, DONALD K, et al. Connectivity in the
early life history of sandeel inferred from otolith
microchemistry. Journal of Sea Research, 2017, 119: 8-16

GILLANDERS B M. Otolith chemistry to determine movements
of diadromous and freshwater fish. Aquatic Living
Resources, 2005, 18(3): 291-300

GRAMMER G L, MORRONGIELLO J R, 1ZZO C, et al.
Coupling biogeochemical tracers with fish growth reveals

physiological and environmental controls on otolith
chemistry. Ecological Monographs, 2017, 87(3): 487-507

GRONKIZAR P. Otoliths as individual indicators: A reappraisal
of the
characteristics. Marine and Freshwater Research, 2016,
67(7): 881-888

HARRIS L N, BAINO R, GALLAGHER C P, et al. Life-history
characteristics and landscape attributes as drivers of genetic

link between fish physiology and otolith

variation, gene flow, and fine-scale population structure in
northern Dolly Varden (Salvelinus malma malma) in Canada.
Canadian Journal of Fisheries and Aquatic Sciences, 2015,
72(10): 1477-1493

HE S, XU Y J. Spatiotemporal distributions of Sr and Ba along
an estuarine river with a large salinity gradient to the Gulf of
Mexico. Water, 2016, 8(8): 323

HECKEL J W, QUIST M C, WATKINS C J, et al. Life history
structure of westslope cutthroat trout: Inferences from
otolith microchemistry. Fisheries Research, 2020, 222(2):



10 ook B

543 &

105416

HEGG J C, KENNEDY B P, FREMIER A K. Predicting
strontium isotope variation and fish location with bedrock
geology: Understanding the effects of geologic heterogeneity.
Chemical Geology, 2013, 360/361: 89-98

HUGHES ] M, SCHMIDT D J, MACDONALD J 1, et a. Low
interbasin connectivity in a facultatively diadromous fish:
Evidence from genetics and otolith chemistry. Molecular
Ecology, 2014, 23(5): 1000-1013

HUSSY K, LIMBURG K E, DE PONTUAL H, et al. Trace
element patterns in otoliths: The role of biomineralization.
Reviews in Fisheries Science and Aquaculture, 2020, 29(1):
1-33

1Z7Z0 C, DOUBLEDAY Z A, GILLANDERS B M. Where do
elements bind within the otoliths of fish? Marine and
Freshwater Research, 2016, 67(7): 1072-1076

1ZZO0 C, REIS-SANTOS P, GILLANDERS B M. Otolith
chemistry does not just reflect environmental conditions: A
meta-analytic evaluation. Fish and Fisheries, 2018, 19(3):
441454

JIANG T, LIU H, LU M, et al. A possible connectivity among
estuarine tapertail anchovy (Coilia nasus) populations in the
Yangtze River, Yellow Sea, and Poyang Lake. Estuaries and
Coasts, 2016, 39(6): 1762-1768

JIANG T, LIU H, SHEN X, et al. Life history variations among
different populations of Coilia nasus along the Chinese
coast inferred from otolith microchemistry. Journal of the
Faculty of Agriculture, Kyushu University, 2014, 59(2): 383—
389

JIANG T, LIU H B, XUAN Z Y, et al. Similarity of
microchemical “fingerprints” between the pectoral fin ray
and otolith of Coilia nasus. Progress in Fishery Sciences,
2021, 42(1): 100-107 [Z=3, XIPLYE, FFhE, 5. JI6tH
fi S RN A B2 SR SO MR PERFFE . il Bl L
2021, 42(1): 100-107]

JIANG T, YANG J, LIU H, et al. Life history of Coilia nasus
from the Yellow Sea inferred from otolith Sr : Ca ratios.
Environmental Biology of Fishes, 2012, 95(4): 503—508

KENDALL N W, MCMILLAN J R, SLOAT M R, et al.
Anadromy and residency in steelhead and rainbow trout
(Oncorhynchus mykiss): A review of the processes and
patterns. Canadian Journal of Fisheries and Aquatic Sciences,
2015, 72(3): 319-342

KENNEDY B P, BLUM J D, FOLT C L, et al. Using natural
strontium isotopic signatures as fish markers: Methodology
and application. Canadian Journal of Fisheries and Aquatic
Sciences, 2000, 57(11): 2280-2292

KHUMBANYIWA D D, LI M, JIANG T, e al
Unravelinghabitat use of Coilia nasus from Qiantang River
of China by otolith microchemistry. Regional Studies in
Marine Science, 2018, 18: 122128

KITANISHI S, YAMAMOTO T, URABE H, et al. Hierarchical

genetic structure of native masu salmon populations in
Hokkaido, Japan. Environmental Biology of Fishes, 2018,
101(5): 699-710

LARSSON P, TIBBLIN P, KOCH-SCHMIDT P, et al. Ecology,
evolution, and management strategies of northern pike
populations in the Baltic Sea. Ambio, 2015, 44(Suppl. 3):
S451-S461

LAZARTIGUES A V, PLOURDE S, DODSON J J, et al.
Determining natal sources of capelin in a boreal marine park
using otolith microchemistry. ICES Journal of Marine
Science, 2016, 73(10): 2644-2652

LI M M, JIANG T, KHUMBANYIWA D D, et al.
Reconstructing habitat history of Coilia nasus from the
Hexian section of the Yangtze River in Anhui Province by
otolith microchemistry. Acta Hydrobiologica Sinica, 2017a,
41(5): 1054-1061 [ZFH i, ZH, KHUMBANYIWA D D,
& BT HA AL AR L RO ST B 854 55 08 T
B KAAY2ER, 20173, 41(5): 1054-1061]

LIM M, JIANG T, CHEN T T, et al. Otolith microchemistry of
the estuarine tapertail anchovy Coilia nasus from the
Anqing section of the Yangtze River and its significance for
migration ecology. Acta Ecologica Sinica, 2017b, 37(8):
2788-2795 [“Edidi, £V, PRIGE:, ¢ KITZRITBU]
5% H 7 Al 7 B e 25 2 i S RS SRR, 2017,
37(8): 2788-2795]

LIU H, JIANG T, YANG J. Unravelling habitat use of Coilia
nasus from the Rokkaku River and Chikugo River estuaries
of Japan by otolith strontium and calcium. Acta
Oceanologica Sinica, 2018, 37(6): 52—-60

LIU H B, JIANG T, CHEN X B, et al. Otolith microchemistry of
two Triplophysa species in Tongtianhe River. Southwest
China Journal of Agricultural Sciences, 2020, 33(9): 2132—
2136 Xk, 22k, PRIBR, S5 38 K 2 Fh s s 5
A1 BRANES BB 2 R AE . P R A 2 4z, 2020, 33(9):
2132-2137]

LIU H B, JIANG T, QIU C, et al. Otolith microchemistry of four
fish species from the Changjiang river estuary, China.
Oceanologia et Limnologia Sinica, 2018, 49(6): 1358-1364
Cikde, 29, R, 55, RKILHKBPUR @SR HA
A2EWRSE. T 519, 2018, 49(6): 1358-1364]

LUM J, LIU H B, JIANG T, et al. Preliminary investigations on
otolith microchemistry of Odontamblyopus rubicundus in
the Daliao River estuary, China. Marine Fisheries, 2015,
37(4): 310-317 DHHAA, XNk, 2, 4. RIDW LD
TR 8RR 0 5 Sk 2= R WAL W5, TR DI, 2015,
37(4): 310-317]

MARTIN J, BAREILLE G, BERAIL S, et al. Persistence of a
southern Atlantic salmon population: Diversity of natal
origing from otolith elemental and Sr isotopic signatures.
Canadian Journal of Fisheries and Aquatic Sciences, 2013a,
70(2): 182-197

MARTIN J, BAREILLE G, BERAIL S, et al. Spatial and



CAR Y

PR A BT B AL o o A B £ R A A oA T ST 11

temporal variations in otolith chemistry and relationships
with water chemistry: A useful tool to distinguish Atlantic
salmon Salmo salar parr from different natal streams.
Journal of Fish Biology, 2013b, 82(5): 1556-1581

MARTIN J, ROUGEMONT Q, DROUINEAU H, et al.
Dispersal capacities of anadromous Allis shad population
inferred from a coupled genetic and otolith approach.
Canadian Journal of Fisheries and Aquatic Sciences, 2015,
72(7): 991-1003

MCDOWALL R M. Diadromy, diversity and divergence:
implications for speciation processes in fishes. Fish and
Fisheries, 2001, 2(3): 278-285

MELNIK N O, MARKEVICH G N, TAYLOR E B, &t al.
Evidence for divergence between sympatric stone charr and
Dolly Varden along unique environmental gradients in
Kamchatka. Journal of Zoological Systematics and
Evolutionary Research, 2020, 58(4): 1135-1150

MOLLER S, WINKLER HM, KLUGEL A, et al. Using otolith
microchemical analysis to investigate the importance of
brackish bays for pike (Esox lucius Linnaeus, 1758)
reproduction in the southern Baltic Sea. Ecology of
Freshwater Fish, 2019, 28(4): 602—610

MOORE J S, LOEWEN T N, HARRIS L N, et al. Genetic
analysis of sympatric migratory ecotypes of Arctic charr
Salvelinus  alpinus:  Alternative  mating  tactics  or
reproductively isolated strategies? Journal of Fish Biology,
2014, 84(1): 145-162

MORISSETTE O, SIROIS P. Flowing down the river: Influence
of hydrology on scale and accuracy of -elemental
composition classification in a large fluvial ecosystem.
Science of the Total Environment, 2021, 760: 143320

NAZIR A, KHAN M A. Spatial and temporal variation in otolith
chemistry and its relationship with water chemistry: Stock
discrimination of Sperata aor. Ecology of Freshwater Fish,
2019, 28(3): 499-511

NELSON T R, POWERS S P. Elemental concentrations of water
and otoliths as salinity proxies in a Northern Gulf of Mexico
estuary. Estuaries and Coasts, 2020, 43: 843-864

NELSON T R, POWERS S P. Validation of species specific
otolith chemistry and salinity relationships. Environmental
Biology of Fishes, 2019, 102(5): 801-815

PAN J, SHEN J Z, SUN L D, et al. Analysis on the otolith core
elemental fingerprint of young-of-the-year (YOY) silver
carp from Yangtze River and Ganjiang River and its application
in stock identification. Resources and Environment in the
Yangtze Basin, 2018, 27(12): 2740-2746 [#&id, b,
IVbRFY, S5, UL SRS 1 B R IX TR TR SR E S
B B HAERFAEOI A TR VTl 8 i 5 P58,
2018, 27(12): 2740-2746]

PAN X, YE Z, XU B, et al. Population connectivity in a highly
migratory fish, Japanese Spanish mackerel (Scomberomorus
niphonius), along the Chinese coast, implications from

otolith chemistry. Fisheries Research, 2020, 231(5): 105690

PANGLE K L, LUDSIN S A, FRYER B J. Otolith
microchemistry as a stock identification tool for freshwater
fishes: testing its limits in Lake Erie. Canadian Journal of
Fisheries and Aquatic Sciences, 2010, 67(9): 1475-1489

PAYNE WYNNE M L, WILSON K A, LIMBURG K E.
Retrospective examination of habitat use by blueback
herring (Alosa aestivalis) using otolith microchemical
methods. Canadian Journal of Fisheries and Aquatic Sciences,
2015, 72(7): 1073-1086

PRACHEIL B M, LYONS J, HAMANN E J, et al. Lifelong
population connectivity between large rivers and their
tributaries: A case study of shovelnose sturgeon from the
Mississippi and Wisconsin rivers. Ecology of Freshwater
Fish, 2019, 28(1): 20-32

QIU C, JIANG T, CHEN X B, et al. Characteristics of otolith
strontium marking and its time lags of larval Cyprinus
carpio. Oceanologia et Limnologia Sinica, 2019, 50(4):
903-912 [Hf/R, 2, BRiEH, 4. #1(Cyprinus carpio)
A H AR (SOPRIC SRR R AE RIS, W05 TH,
2019, 50(4): 903-912]

RADIGAN W J, CARLSON A K, KIENTZ J L, et al. Species-
and habitat-specific otolith chemistry patterns inform
riverine fisheries management. River Research and
Applications, 2018, 34(3): 279-287

REIS-SANTOS P, GILLANDERS B M, TANNER S E, et al.
Temporal variability in estuarine fish otolith elemental
fingerprints: Implications for connectivity assessments.
Estuarine, Coastal and Shelf Science, 2012, 112: 216-224

REIS-SANTOS P, TANNER S E, VASCONCELOS R P, et al.
Connectivity between estuarine and coastal fish populations:
Contributions of estuaries are not consistent over time.
Marine Ecology Progress Series, 2013, 491: 177-186

RODGER J R, HONKANEN H M, BRADLEY C R, et al.
Genetic structuring across alternative life-history tactics and
small spatial scales in brown trout (Salmo trutta). Ecology
of Freshwater Fish, 2021, 30(2): 174—-183

ROHTLA M, VETEMAA M, TAAL I, et al. Life history of
anadromous burbot (Lota lota, Linneaus) in the brackish
Baltic Sea inferred from otolith microchemistry. Ecology of
Freshwater Fish, 2014, 23(2): 141-148

SALISBURY S J, BOOKER C, MCCRACKEN G R, et al.
Genetic divergence among and within Arctic char (Salvelinus
alpinus) landlocked  and
sea-accessible sites in Labrador, Canada. Canadian Journal of
Fisheries and Aquatic Sciences, 2018, 75(8): 1256-1269

SCHAFFLER J J, YOUNG S P, HERRINGTON 8§, et al. Otolith
chemistry to determine within-river origins of Alabama
Shad in the Apalachicola-Chattahoochee-Flint River basin.
Transactions of the American Fisheries Society, 2015, 144(1):
1-10

SCHOEN L S, STUDENT J J, HOFFMAN J C, et al.

populations  inhabiting



12 ook B

543 &

Reconstructing fish movements between coastal wetland
and nearshore habitats of the Great Lakes. Limnology and
Oceanography, 2016, 61(5): 1800-1813

SCHULZ-MIRBACH T, LADICH F, PLATH M, et al.
Enigmatic ear stones: What we know about the functional
role and evolution of fish otoliths. Biological Reviews, 2019,
94(2): 457-482

ST F, WANG Q L, YU Q H, et al. Use of strontium chloride in
otolith marking of Japanese flounder. Progress in Fishery
Sciences, 2019, 40(4): 65-72 [Fl &, Tk, TiEME, 4
BE T AR M 0 OF B HoA AR IC. LR ERE, 2019,
40(4): 65-72]

SOETH M, SPACH HL, DAROS F A, et al. Use of otolith
elemental signatures to unravel lifetime movement patterns
of Atlantic spadefish, Chaetodipterus faber, in the
Southwest Atlantic Ocean. Journal of Sea Research, 2020,
158: 101873

SOKTA L, JIANG T, LIU H, et al. Loss of Coilia nasus habitats
in Chinese freshwater lakes: An otolith microchemistry
assessment. Heliyon, 2020, 6(8): e04571

STURROCK A M, TRUEMAN C N, DARNAUDE A M, et al.
Can otolith elemental chemistry retrospectively track
migrations in fully marine fishes? Journal of Fish Biology,
2012, 81(2): 766-795

SWANSON R G, GAGNON J E, MILLER L M, et al. Otolith
microchemistry of common carp reflects capture location and
differentiates nurseries in an interconnected lake system of
the North American midwest. North American Journal of
Fisheries Management, 2020, 40(5): 1100-1118

TADDESE F, REID M R, CLOSS G P. Direct relationship
between water and otolith chemistry in juvenile estuarine
triplefin Forsterygion nigripenne. Fisheries Research, 2019,
211:32-39

TANNER S E, PEREZ M, PRESA P, et al. Integrating
microsatellitt DNA markers and otolith geochemistry to
assess population structure of European hake (Merluccius
merluccius). Estuarine, Coastal and Shelf Science, 2014,
142: 68-75

TEICHERT N, TABOURET H, LAGARDE R, €t al. Site fidelity
and movements of an amphidromous goby revealed by
otolith multi-elemental signatures along a tropical watershed.
Ecology of Freshwater Fish, 2018, 27(3): 834-846

THOMAS O R, GANIO K, ROBERTS B R, et al. Trace
element-protein interactions in endolymph from the inner
ear of fish: Implications for environmental reconstructions
using fish otolith chemistry. Metallomics, 2017, 9(3): 239—
249

THOMAS O R, SWEARER S E. Otolith biochemistry: A review.
Reviews in Fisheries Science and Aquaculture, 2019, 27(4):
458-489

THORROLD S R, JONES G P, HELLBERG M E, et al.
Quantifying larval retention and connectivity in marine

populations with artificial and natural markers. Bulletin of
Marine Science, 2002, 70(1): 291-308

TZADIK O E, CURTIS J S, GRANNEMAN J E, et al. Chemical
archives in fishes beyond otoliths: A review on the use of
other body parts as chronological recorders of microchemical
constituents for expanding interpretations of environmental,
ecological, and life-history changes. Limnology and
Oceanography: Methods, 2017, 15(3): 238-263

WALSWORTH T E, SCHINDLER D E, GRIFFITHS J R, et al.
Diverse juvenile life-history behaviours contribute to the
spawning stock of an anadromous fish population. Ecology of
Freshwater Fish, 2015, 24(2): 204-213

WALTHER B D, LIMBURG K E. The use of otolith chemistry
to characterize diadromous migrations. Journal of Fish
Biology, 2012, 81(2): 796825

WALTHER B D, NIMS M K. Spatiotemporal variation of trace
elements and stable isotopes in subtropical estuaries: I.
Freshwater endmembers and mixing curves. Estuaries and
Coasts, 2015, 38(3): 754-768

WANG S, ZHANG B L, GUO B, et al. Study of the feasibility of
identifying the group of released Liza haematocheila by
using the strontium marking method in otoliths. Progress in
Fishery Sciences, 2022, 43(1): 38—45 [ /%, KIS, 5%,
8. HA BRI B O AR R AT AT RS R
HERE, 2022, 43(1): 38-45]

WANG X, TANG Z. The first large-scale bioavailable Sr isotope
map of China and its implication for provenance studies.
Earth-Science Reviews, 2020, 210: 103353

WATSON N M, PRICHARD C G, JONAS J L, et al.
Otolith-chemistry-based discrimination of wild- and
hatchery-origin steelhead across the Lake Michigan Basin.
North American Journal of Fisheries Management, 2018,
38(4): 820832

WOODCOCK S H, MUNRO A R, CROOK D A, et al.
Incorporation of magnesium into fish otoliths: Determining
contribution from water and diet.
Cosmochimica Acta, 2012, 94: 12-21

WRIGHT P J, REGNIER T, GIBB F M, et al. Identifying stock
structuring in the sandeel, Ammodytes marinus, from otolith
microchemistry. Fisheries Research, 2018, 199(1): 19-25

WU Z L, CUI X F, TANG F H, et al. Research on genecology of
benthic macroalgae. Fishery Information and Strategy, 2018,
33(1): 36-44 [RHHsr, BERK, Mg, 55 KRS
BRI AR S A AR, M5 B 5, 2018, 33(1):
36-44]

XUAN Z, JIANG T, LIU H, et al. Mitochondrial DNA and
microsatellite analyses reveal strong genetic differentiation

Geochimica et

between two types of estuarine tapertail anchovies (Coilia)
in Yangtze River Basin, China. Hydrobiologia, 2021, 848:
1409-1431

XUAN Z Y, JIANG T, LIU H B, €t al. Are there still anadromous
the estuarine tapertail anchovies Coilia nasus in Dongting



CAR Y

PR A BT B AL o o A B £ R A A oA T ST 13

Lake? Acta Hydrobiologica Sinica, 2020, 44(4): 838-843
(FFHl, 229, XUk, 4. I REl) o & A7 7E 0 o iiE
HITIE5%. KA A= 23R, 2020, 44(4): 838-843]

YANG J, ARAI T, LIU H, et al. Reconstructing habitat use of
Coilia mystus and Coilia ectenes of the Yangtze River
estuary, and of Coilia ectenes of Taihu Lake, based on
otolith strontium and calcium. Journal of Fish Biology, 2006,
69(4): 1120-1135

YANG J, LIU H B. Otolith microchemistry of grey mullet Mugil
cephalus from Chongming water in the Yangtze River
estuary, China. Journal of Fishery Sciences of China, 2010,
17(4): 853-858 [i7fd, XMk, VLIS Bk il 0 H- 7

YANG Q, ZHAO F, SONG C, et al. Habitathistory
reconstruction of Coilia mystus from the Yangtze River
estuary and its adjacent sea area. Journal of Fishery Sciences
of China, 2019, 26(6): 1175-1184 [#7%E, Mk, 48, %
VI 08 0 v S RSB A 35 i D EE . P K R
2019, 26(6): 1175-1184]

YUY, PANG M X, YU X M, et al. Population genetic structure
of silver carp from Yangtze River, Ganjiang River and
Poyang Lake based on microsatellite markers. Journal of
Huazhong Agricultural University, 2016, 35(6): 104-110
[T DESRER, a/Mi, 55, IR 2rFhric sk
1L BRTCHVRR P BERE AR R 2 . bl KAl

TLRMFES . TEAKRE, 2010, 17(4): 853-858] 2016, 35(6): 104-110]

(% 5%

Advancesin the Application of Otolith Microchemistry
Analysisin Fish Population Ecology

XUAN Zhongya', JIANG Tao®, LIU Hongbo?, CHEN Xiubao?, HU Yuhai', YANG Jian"*"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi, Jiangsu 214081, China;
2. Key Laboratory of Fishery Ecological Environment Assessment and Research Conservation in Middle and Lower Reaches of the
Yangtze River, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuixi, Jiangsu 214081, China)

Abstract

structure, habitat utilization, resource dynamics, and formulating conservation policy for natural fish

Knowledge of fish population ecology is fundamental for understanding population

resources. To date, various technologies have been used to better understand fish population ecology.
Among them, otolith microchemistry analysis is one of the most important research approaches.
Otoliths (ear bone) are biologically calcified structures in the inner ear of fish, which show
continuous growth and are metabolically inert. They usually constitute three pairs of sagittae, lapilli,
and asterisci in bony fish. As these hard tissues can record the habitat information that individual fish
experience during their lifetime, otoliths are a useful resource for reconstructing the temporal and
spatial histories of fish populations. The composition and content of otolith elements (like
“fingerprints”) are mainly related to the bioavailability of macro and trace elements (including stable
isotopes) in the ambient water and aquatic physical and chemical properties (especially salinity).
Increasing scientific evidence has demonstrated that otolith microchemical analysis is a powerful tool
to study fish population ecology, revealing the environmental conditions experienced by the
organisms and tracing the key habitats (e.g., spawning site, nursery ground, and growing area)
throughout their life cycle. Moreover, this approach offers significant advantages in assessing the
formation mechanism and spatial structure dynamics of fish stocks. As the ratios of strontium to
calcium (Sr/Ca) significantly differ between freshwater and seawater, and among different freshwater
tributaries on a fine spatial scale, otolith Sr/Ca ratios are powerful markers for distinguishing
freshwater, brackish water, and seawater habitats, and are widely used as a useful tool for revealing
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the habitat history related to spawning, hatchery, development, and migration of migratory fish. The
combined analysis of otolith microchemistry (e.g., otolith line transects of elements) and
microstructure (e.g., otolith increment of somatic growth) can be effectively used to quantify the
duration and frequency of different habitat requirements by the target fish populations. Otolith
microchemistry analysis also provides a good reference for studying population genetics. The core
element characteristics of otoliths can separate the different fish sources originating from different
spawning sites and obtain more accurate information on population structure. Notably, because of the
small size of the fish at early life stages, electronic tags and telemetry technologies are almost
impossible to use in life history studies. In contrast, the trace elements assimilated by fish during the
ontogeny and growth process are stored in the otolith microstructure, and elemental profiles of the
otoliths can indicate habitat clues of fish even at early life stages. The present review highlights the
advances in studies on the characteristics of fish otolith elements and the application of otolith
microchemistry analysis on fish population ecology, especially of natal origin reconstruction, habitat
history inversion, population structure evaluation, and stock connectivity assessment. The limitations
of otolith microchemistry analysis and possible solution routes are also discussed. Baseline
investigations are suggested to enhance the robustness and interpretability of otolith microchemistry
analysis, as several exogenous and endogenous factors may influence the spatio-temporal patterns of
otolith chemistry. Additionally, building a multiyear database of otolith chemistry and water
elemental signatures is recommended. It is noteworthy that the structure of otoliths in some
cartilaginous fish is not suitable for microchemical analysis, and collecting otoliths from endangered
or protected fish species is difficult. Alternative hard tissues (e.g., rays, scales, spines, and scutes)
can be used to study fish population ecology as non-invasive substitutes of otolith samples. As
mentioned, otolith microchemical analysis can accurately distinguish the ecological profiles of
migratory fish; if combined analysis of otolith microchemistry and genetic markers is used to reveal
the genetic structure and differentiation of fish populations, the results would become more reliable
for developing and executing effective management and conservation strategies. At present, with
improvements in the otolith microchemistry research, the analysis of otolith microchemistry has been
extended to several new fields. The *’Sr/*Sr isotope ratio of otoliths has been utilized to investigate
the life history of fish on a wider spatio-temporal scale. Furthermore, the approach of artificial otolith
marking by macro and trace elements has strong applicability in the restocking of fisheries and will
play a vital role in enhancing commercial and endangered fishery resource in the future.
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