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X BT AR A 1 e B, Ay B B PR BE 4 s o 3R I J
il 14 5 Bk
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1.1 HRAREREXEHRERE

201241 H24 H2 H9H.3H22 HHl4
H 19 H 5 KT8 T B (31°55'N,120°09'E) , 43
SN IETEAT 5 P b ) © T3 i 112217 R AR 4 it
B FTARAS o [ I ok IO SR A AR T K AR SR A 20
BE L B Ik I W e

88 17 SR 4 ) Sz RV AT kR 1 XU B E R
BEAR PN, A [0 SE B S AR A AR e K B
Tesch % X F A 8 5 VA 2 €0, 3% 10 9 40 s of , 26
E R R E T AL AR AT HAh T~1V R
THIH 68V, ~ VI 08 5 68 VI, )0y 2B,
VIL A SR B B o AR S50 245 I A 6 i
F e (4 415 A0 O 3 4 R B4 0 R R
Hilt o 2858, W TLBCR B H R 68 %)y 1 ¥y 4k
3 % o B, BEMLRE I S R AR o B4 Ak 2 o
MIREAR (R 1),

1 BEEEREANBEIRZEH.BR.2K.

i 5L = 70 SR FE R i)

Tab.1 The pigmentation stages,daily age,total length,

body weight and sampling date of Japanese glass eels

collected in Jingjiang section of the Yangtze River

G5 OREEWE GREEHH H#R/d 2K/mm g/ mg

sample  sampling pigmentation daily total body
code date stages age length weight
1J-1 2012-1-24 VB, 167 59.73 134.5
1J-2 2012-1-24 VA 145 59.73 126.2
11-3 201229 VA 160 59. 46 131.1
14 2012-3-22 VIA, 162 56.53 122.2
-5 2012-4-19 VIA, 160 57.26 123.0

1.2 HER#HAHE

g8 — 3k A2 M 2k B A0 4 Sy B A oAk 2 3 A
ME. BagBEEER TREEREDN, TR
AR e )5, /2 000 HAb 48T BE = H 41
PR A% 0 2438 WA AT L O b, BB JRE B 24 100 pum

B f5 1 8 000 H b6 90 , Fc 5 T8 75 Uk 25 2
TR T, TG REERLHECE D
&M
1.3 HATEMWNE

FE 16U (SSRE) (A X G 48 1w 23R £ 4
(BL15UL) 2R H W5 48 4 X R 98k e &
BT (SRXRF) Jll 5 B 47 JC 1 % o 8 8 5@ 78
01 H B R RO W O R R (R
1), TE56 SUIE M &6 A7, %6 BUM B4 o0 (core, C)
FEih% (edge B) {242, LA 3 wm 7] f5 k47
el M oC R AR . R 2
ANE A3 LRI T R . EAE, B
f147 0] 8 B ] A 100 s, £ BICE 7 B 5 AT X 2
(& i1 Sk 45° B 2% K S ] 5 A 2R I f
90°, MEA T RS A, A S X STk i A
A Si(111) e gR ik B 17. 0 keV Y X Sk,
2 K-B R 2.4 x2.0 um JLBE, ] Si W
BITHRM SRR TR NAFIE X W& G5 HEiHE
BT R IE SR o

K F PyMca 54443 B B8 , F 3% 11 5 05
JAy (NIST) (14 3% 38 3L JK 1 70 R AR FE (SRM 611 ) iF
1T hs 2, AT 3R 15 4 DI i A5 o0 &R 19 48 5 =
(pg/g) HEER 0.1 pg/g, 048N L fif 3 Rt
WEN15% .
1.4 BEHEZERENRE

H 12 SRXRF il & 5 , | 5% EDTA b3,
7 OLYMPUS BX-41 %45 T, SRXRF $1#
20 M RAEARN B o TR AR FR AT A Y
SENT R R R I AR AT A R R R A A
X0 (1) - 5P B 4 4 ((yolk-sac stage ) HA
Bl 2 WK B 4 ik 68 1] (leptocephalus
WU AR 50 3 AR A RS B 5 M0 - 68 AR
AR R I B 4
AR LR R

stage)

A4 ( metamorphosis stage )
o Ik R 68 1] (glass eel stage)
Hahs,

EICOP B S (a) (M 68 B (b) A0 68
Wadh) (o) M it 8 708 28 B () A9 - 4888 718 28 e
(&) FB 568 4 (£) 55 6 > H-A7 Xf iz X 3, I 5E TT
Ko, B SRTR S Rl 3 FEMLN
PE R A, A A DI X R H % 0 I at  0
%2,

L5 KETEEREVNEMEERYTE
It 7€ J5 f9 7K FE R ] PES300DV B i G 5 45
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50 um

Bl HARUFNEARETEE
C. HAi# 4 ; FFC. W48 ; MC. A& I e BE. Bl
Ghs 1 ~3.3 ZEMMIAL; a~ £ R oA B B
Fig.1 Schematic diagram of analysis of
otolith microchemistry
C. core; FFC. first feeding check; MC. metamorphosis check;
E. otolith edge; 1 — 3. three scanning line; a — f. six early life

phases on the scanning line

x2 WEERMREMBEXNEHEZINKSE ()
Tab.2 Scanning point number and corresponding daily
age range of six early life phases.

=

w5 a b c d e f

code

- 0~5 20~30 50~60 99 ~109 113 ~123 157 ~167
(n=9) (n=9) (n=6) (n=9) (n=9) (n=6)

m 0~5 20~30 50~60 95~105 110~120 135 ~145
(n=9) (n=9) (n=6) (n=6) (n=9) (n=6)

3 0~5 20 ~30 50~60 90 ~100 100 ~110 150 ~160
(n=9) (n=9) (n=6) (n=6) (n=9) (n=6)

W 0~5 20 ~30 50~60 97 ~107 107 ~117 152 ~162
(n=9) (n=9) (n=6) (n=6) (n=9) (n=6)

75 0~5 20 ~30 50 ~60 100 ~110 110 ~120 150 ~ 160

(n=9) (n=9) (n=6) (n=6) (n=9) (n=6)

BT ORI, A 4 UOKRE 9 I 2 2 {EAF O K
L LBIR K AT R 15 S, oo K & /5l A
SCHR[34 -38](33) .

R3 BAMKITHAKGEFTERSESS

Tab.3 The comparison of element mean concentrations in the seawater and freshwater pneg/L

TE Ca Sr Ba Fe Zn Ni Se Co Cu
element

# My 400 000 8 080 5.76 18.1 0.41 8.2 3.0 0.08 0. 048 1.17

My v 101 000 240 49 620 5.87 20 0.22 0.22 0.92

o kP CagCZE Akl | Li* ;Sr.Ba Se JE & f ht 40751 B Nagaya 257" Esser 45 ) il Sugimur % °7' ;Fe Mn ,Zn \Ni Co fll Cu

JEE 4 B| [ Yabutani %3]

Notes: * The element concentrations in the seawater were drawn from reference

PO BB (a) A0 68 LI (b)) A 68
B (c) M 68 A7 25 HLHE (d) M 68 A5 25 1 10
(e) FIBk 55 68 ) (£) 6 A H- 7 %k W7 X B 1) o0 R &
B0 B LA 7 B T BOK R i e 2 e, 15
BN EBFENMEANEYEE R
(' bioconcentration factors, BCF)

BCF = M,/ M, x1000 (1)
A My, RHE AR N E & ( pe/g) M oy
K HZIT R S B (ne/L) .

JuE M & E R R $ ( coefficient  of
variation, CV) giT & A .

Cv =S/M x100 (2)
A, My B 2 41 4 4k R S = 0 e
(ng/g) ;S Hy 2l & i A AR il 25

JCE T 122 5 Mt Kruskal-Wallis 43 #7 K5
By 4 ERECE % H Microsoft Excel 2007 %X {4 Fil
SPSS 16. 0 ST 4K #EAT ST

[34-38]

2 gk

2.1 EATEANRESEREN

H1 T SRXRF i 1 40 5 o 25 <0, I 7 BT
19 DLF A Na K 55505, B LI Ok i FRAE X 55
LR RN, ASREAE A A . 4 BT DU A B
WAEH 41 &4 Ca,Sr.Ba Fe Mn, Zn, Cr Hg,
Ni.Se.Co.Cu.Au.V % 14 f 50 %, B Hg LL4h,
HoA 13 Fhoc R r4ax] & il K4 SRM 611 frkf
HEATHRE o AHH FAS I A VA& # AL TR
MR O. 1 pg/g, AN G ZE5HT .

X5 ANRE AL 3 KL R, KA 12
FPoCcZ B3 & RO AR R R4, Ca 19 & & 5
=, 4 8 (262 880.0 +21556.16) peg/g; Sr ik
Z XY (2 330.51 £684.41) pg/g, X P FI G
RYBETAY S EME ‘IR, KR 10 FooE
& AR/ B RO T R, & R R 2K K
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39 &

>4 Ba . Fe Mn.Zn Cr Ni Se Co Cu, Au, Hr,
Ba .Fe Mn . Zn - FE¥&8ETE 1 ~10 pg/g,Cr Ni,
Se.Co.Cu,Au7E0.1~1 pg/g,

A ERI R OT R E i R S R BOME E =R
WA Ca.Ni,Cu . Mn.Cr.Co.Zn, Sr . Fe Ba. Au,
Se, Hrp,Ca B RZEALN 8. 2% , &K H At
A E B ICE ;Se Ml Au 1978 S R ¥ K, 73 3l ok
75.0% F1 55.9% ; Ba Fll Fe 43 5l Ky 41.8% Fi
40.8% ;Ni ,Cu Mn Cr Co . .Zn Sr ZE 1745 J R EL
i 12 19.3% ~30. 1% , XKW, Ca 1 & & A
A HARRS AE 1M Se F1 Au By & &R H AR
E(E2) .

Kruskal-Wallis 22 SR 56 T 78, B Fe 19 & =
TEAE S E MR MR 22 5 LLAN (P =0. 007 <0.05) , H:
4> Sr . Ba Mn . Zn Cr Ni Se.Co.Cu,Au & =14
ANAEAE B AR 25 S (P >0.05)

o A\ { \ K
g LI
0.1 L L L L .ﬂ.ﬂ.ﬂ.ﬁ.l‘l.ﬂ.;o
" Ca Sr Ba FeMnZn Cr Ni Se Co CuAu
Ju#% elements

1 000 000 N 80
o 100000 o=
22 Yo ] s
33 4043 O
~ = 100 N
i S ox
4 =

B2 BEASBWMHEEATERIERTREREHY
Tab.2 The otolith elements concentrations and
coefficient of variation of A. japonica larval
eels collected from Jingjiang section of

the Yangtze River Estuary

2.2 EATEAESAEREANSETUREE
WAL

Kruskal-Wallis ¥ 4 2 7~ ,Fe . Mn ,Zn ,Cr ,Cu ,
Au P SRS A B LR E 2R (P>
0.05) ,1M Ca.Sr.Se.Ba Co Ni Y- & 8 N 11
B2 R (P <0.05), Ca 76 M) 68 45 25k 16
W(d) Z AT — B RS, EW 6828 2505 1 (e )
TR s m, H 2B e (f) k8 |, h
(343 100.0 +54 518.73) ne/g, J& M nf- 8 ) 5 &
f9 1.4 £% 5 Sr A2 GP B 41 (a) 3K, R (2 171.6
190.66) pg/g, ) it 6% e 11 (c) ¥ & KN
(2916.8 £167.77) pg/g,BEIT A G &= TR,
I 68 ) (£) [ 3 A% (1 086.9 = 378.33)
ne/ g, B B8 e AR T 62. 7% (1 3)

Se 5 Sr il —5, KU NI E KW (a)

VI AR, B (b - ) B BT, RS
W (d) BHE B s sl R o L, S
JE A (e ) B DGR T R, 22 0 B 680 (f) [ 2 I
i ;1M Ba Co Ni 45 4FAH S, R I My BR BT 4 ()
R BRI 8 (b - o) BAIR, AR A I
WGP HR, RPN () B, WA, &
TR AL B Y & B8 A, DAAI 68 15 (b - ) 1Y
PR 22 fie /) B 08 40 () AR v 22 fe K BN ER B
TR AT B B, A & TR S BB N E,
MK A B LRSS A& TR
SRR (K 3) .

H 7 68 5] A= 3% sl B By 5 i K T R
ARG F . Mn > Co > Se >Ba >Zn > Fe > Sr
>Cu > Ni, Hth , Mn Se . Co.Ba Jif & % L &
(BCF,_,>1000),Sr.Fe . Zn Ni Cu N 555 4E
JGE (BCF,_,7£ 100 ~1 000) , [ Sr.Ba #1 Se
S KRB B (a-e) WH AR ERBOFT LR E
225 (P >0.05) ,{HEI 2 FE ] (a) H £ % Ba Fe,
Mn . Zn, Ni, Co, Cu 1y & £ W& 58 T #) nf- 68 1]
(b-c), &M (d-e)H A% Ba Mn Ni & 4
W58 T M 68 1) (b - c) , Xf Sr.Fe.Zn JLR K&
R (£ 4) .

HoA R K K A 0 2 19 & 4R 98 55 T« St
>Co>Se >Zn>Cu> Ba>Mn>Ni>Fe, Hr,
Sr F1 Co b5 & # 6 & (BCF, > 1000 ) , Se . Zn ,
Cu.Ba, Mn J i % i 4 5t % ( BCF, £ 100 ~
1 000) ,Ni Fe 1% 5 4 JC % ( BCF, 7£ 10 ~ 100)
(£4)., SiE/AKMLI, B4 *XRK T Fe Ba Mn,
Se .Co Ni 1 & £ £ 2 S0 ok 55 , 107 % Sr.Zn |
Cu & A BT K.

2.4 HAMWMWREITRERAWESHF

FHOGAE 4y B R W, B 45 o0 R 5 M0 it 68 46
(b —c) 73 B 68 109 (£) A N 9 2E 3% s K A, XoF
IR TV St - el T (B3 B A = T 1 B S S
(B 4), | IH J7 # S #6835,
0.7331gM ,, +2.313. (R* =0.819) , B 5 8 1 .
1gM . =0.7291gM ;. +1.965,(R* =0.622),
RAB Y K/ FE BT L, 490 i 488 301 B 4 5 7K A3 T
R BYLRNE S R L] 07 T 305 68 By B, S 0 i
KT R & S BRIR KRR E , R B R
A0 e 588 B ) A IR 950, B MR TR 1T ) 3 3 il 1
TRGAE , 2 WY B e 080 7 phy g 9 T 3 3R K 1Y) o
HIES 1 — F 50 A R R

IgM . =
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Fig.3 Comparison of sagittal otolith elemental concentrations in Japanese eel larvae six early life stages

a:yolk-sac stage; b:pre-leptocephalus stage; c:post-leptocephalus stage; d:pre-metamorphosis stage; e:post-metamorphosis stage;

f.glass eel stage

He# 7w, St Zn (Cu JT R LEW K P2 &
BHRKF%AK(HIE >1),Ba . Fe Mn . Ni,Co.Se Jlj
S CELS) o T H- A g T R34 & &, (L Sr
1 Se Mt B8 (b — o) & T B RS 68 ) () , HoAt
JCER 1 Oy B 5 8 U e O o 0

AR Fla W - 58 3] (b — o) T3¢ 5 68 9] () B A7 o0
FR0 S O L A T KA X T 2R 9 LA (T
5), P HANITER I N 3 2. 1 KNI
WA NG ER L RRAE DN 2 BAETE St B A U R R
PRI S W 17 G A 7 K B I3 FR R TG 3R A R R A
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Fig.4 Bioconcentration factors of elements in otolith from Japanese eel larvae early life stage
AR T HERK JLZ element
life stages  bioconcentration factor Sr Ba Fe Mn Zn Ni Se Co Cu
bRES BCF, 268. 8 1 406. 3 375.17 11 463.4  439.0 233.3 2500.0 8333.3 256. 4
ocean BCF, 353.9 1243.1 327.1 10 000. 0 292.7 206. 7 2750.0 6250.0 205.1
BCF, 361.0 1253.5 327.1 10 536.6 382.9 206. 7 6 500.0 5833.3 222.2
BCF, 334.3 1 649.3 392.3 10 243.9 353.7 200.0 7500.0 6 250.0 256. 4
BCF, 278.0 1475.7 320.4 12 682.9 304.9 233.3 6250.0 6250.0 256. 4
SF-14 mean 319.2 1405.58 348.52 10985.4 354.6 216.0 5100.0 6583.3 239.3
K
BCF, 4528.8 285.7 13.2 170.0 562.2 40.0 909. 1 1818.2 326. 1
freshwater
or M-8 (b-c) leptocephalus 4r BHEEEBI (D) glass eel AS
r
3L A Sr 2r MnBa
g AFe
§ £ oF Co Zn g
0F o0 Se
2+
_3 1 1 1 | | 1 J | 1 1 1 ]
-5 -4 3 -2 -1 0 1 2 -4 -3 -2 -1 0 1
lgMii lgMyi
(a) (b)

B4 SEHIRTES (b -c) FIINIHEBH (f) EF A E-EAPELETHEENHEXRE

Fig.4 Linear correlation diagram of elements in otolith and water corresponded to

leptocephalus and glass eel life phases

AL, 42 4E Sr.Ba Ni Co, Hrfr, Sr7E 2 B L
IR R A i 22 S K K S % R R IR
Ky 33,7 4%, HoAq rh A 68 4] St oF- 155 i Ol
DI AB Y 2.7 % ;Ba Co Ml Ni 7 2 BrA: i sk
P25l 4.6 ~8.5 £, HAah 2 71k
1.3 ~1.9, XA fE KT MM R ITE .

552 AN IREL G N UG R KRR 2 B
s e H T0ER R A A e 1 A 3 K R A
AHI G R VR BE A2 AL, 24 Fe F1 M, RILNIR
K 2 JTTER & & A K 34.3 F1 73,2 £,
B2 B A4 52 Ho A vh Fe F1 Mn F- 2 & & 2% 57
RN,

B3N MEE A MmN TR, B 2 B A s s
HoA 02 O i A8 A0 RN H AR T 7K BB Aok B T 3R Y
We B 2 S ) A2 4k, AL 4% Zn (Cu fI Se JuER . H
H,Zn fil Cu STRAEW KF & FIRK 1.3 ~ 1.4

F AELAE B A b B SF 3 5 BT D IR K D i T
g K JB 13 5 10 Se 13 4 A S, FEAE K A 3 IR
TIRIK AEAE B A NI E 1 5 O IROK B DT Y
1.9,

LA D03 10 RT3 114 W oz I (6] A 2
B, B PR R IROK B T, 56 R 58 e 1 T 3 A A8 W
ARSI ARONE o L St oG 2R O AR Y B B 5 1 1 0
o won (B 6), H& i 28 38R ih 1y
(2915.5 +£449.41) png/g, EATTERN A (F 6 Hi
Sk TR 7R ) (2 244.7 £383.73) pg/g, il f
K& (1053.9+ 450.90) ng/g, Al 5 BEAR T
63.9% . WS ZE I B 2 B AR, A R R R Ak
PSR T R A, A 2 S B T R L A
KIS ARl . R 55 0 T &R (Fe \Mn) Al
TN NG E (Zn, Cu Se) ££ B A7 #Y H [8] 7 12 37 )
BER Wi B ke = AL o
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O K AL BOK e & iz L

ratio of elemental concentrations between sea and

Jingjiang river water

100 - m WIS RIS A e RS E

ratio of otolith elemental concentration between the

10+ leptocephalus and glass eel life phase

AH  ratio

Sr Ba Fe Mn Zn Cr Ni Se Co Cu Au

TLER

elements

5 BARERAEFEMHEAMKESRHEFKGEHPEEERETERZL

Fig.5 Comparison of elemental concentrations in water and otolith between the

leptocephalus and glass eel life phases

3 3t
3.1 H 845 E A Xt 3RS T % K 5L
R HEH AP EE 30 ZFO0E, HAm C.Ca,

O H4 JH- A7 1Y ik 5 ik iR 45 ( CaCOy ) , R R Z
MEAERICEY  Fah o E EEREFM
FAETE ORISR W, [8) I 52 % & B B A A
R 2R A 207 52 W, 2 — 8 4% 19 A Wy st Al i 2
( biogeochemical process) . H-f1 i) 0 X UL R 45
3ERCT S A R AR K R R
T 2R WM I 5 4 A6 T8 0o 109 40 L ) % 3, o
LR P B E; Je 58 5 45 S AE K T R
TIRTEH A, Bl Too R A, A K&
KRB H A G, A SRR, wmH A
Sr/Ca & it 2 Jy K A b 3% 519 50% ,Ba/Ca & &
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Hi% o 141 d, 5 ElFsg L BOR M H AR 884k H
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Analysis of otolith microchemistry and screening of
environmental indicator elements in early life history of

Japanese eels( Anguilla japonica)

GUO Hongyi, ZHANG Ya, TANG Wengiao~ , LIU Dong, ZHANG Xuguang, WU Jiamin
(Laboratory of Fishes,Shanghai Key Laboratory of Marine Animal System evolution and Classification ,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract: Japanese eel ( Anguilla japonica) larvae were collected from the Jingjiang Section in the lower
reaches of the Yangtze River from January to April of 2012. The concentrations of fourteen elements were
measured using synchrotron radiation X-ray fluorescence ( SRXRF) to analyze the characteristics of otolith
microchemistry in early life phase of the eels in ocean and freshwater. The results showed that Ca and Sr
were macroelements in otolith. The contents of other elements ranged from 1 to 10 wg/g(such as Sr,Ba,Fe,
Mn and Zn) , or were below 1pg/g(such as Cr,Ni, Se,Co,Cu and Au). Ni, Cu,Mn, Cr, Co,Zn and Sr
were relatively stable in content and the coefficients of variation( CV) were less than 30% . While Se, Au,Ba
and Fe were low and extremely unstable( CV = 40. 8% -75.0% ). Kruskal-Wallis analysis indicated that the
content of Fe significantly varied among individuals( P =0. 007 <0. 05). For eels in seawater life stage,Mn,
Se,Co and Ba were highly enriched,and BCF, was higher than 1 000; whilst Sr,Fe,Zn,Ni and Cu were
moderately enriched (100 < BCF, , <1 000). Except for Sr,Ba and Se,there were no significant differences
in enrichment coefficients of otolith between yolksac phase and leptocephalus life phases( P >0. 05). For eels
in freshwater life stage,Sr and Co were highly enriched (BCF, >1 000) ,while Se,Zn,Cu,Ba and Mn were
moderately enriched,under which circumstance , BCF, ranged from 100 to 1 000. In addition,Ni and Fe were
slightly enriched(10 <BCF, , <100). Compared with seawater life stage,the enrichment of Fe,Ba, Mn,
Se,Co and Ni in otolith drastically decreased in freshwater. These results indicate that Sr,Ba,Ni and Co are
highly responsive to environmental conditions, while Fe and Mn are rarely responsive,and Zn,Cu and Se are
negatively responsive. Because environmental high response elements required time lag to pass through
physiological barriers before being incorporated into otoliths during migration from seawater to freshwater
and because the contents of environmental weak response and negative response elements fluctuated greatly
and lacked regular rules to respond to environmental conditions changes, we propose that the following
characteristics could be used as the element indicator to reflect fish’ s migratory behaviors or monitor
environmental hydrochemistry : high enrichments in otoliths, weak time-lag responsive to environmental
changes, high concentration gradient between different water environment, stability of content and non-
essentials and so on. Obviously, Sr and Ba conform to these conditions and could be used as the indicator
elements.

Key words: Anguilla japonica; sagitta; microchemistry; synchrotron radiation X-ray fluorescence analysis;
early life history; Yangtze River Estuary
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