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TR LA E AR S “is5r” HEOUERFR
2 #' xtw! wEE? o @

(1. FEDK=R2ATF R BER KL R s G KD iR A SN 5
WIRFRPE S E Y 214081; 2. Bt KRBl B8 214081)

WE HoMuFEWS ZNATELERESFHR, BEFENHIE R K& Nt i
7, HFRTURE ., FRABERF D HTMAFTIHRBREEL, Hlk, KFRLKT A
%t (Coilia nasus) i #% 4 fn B & i b B9 A8 L AR AE o B 7 B 48 45t fE(St/Ca)fn St & B i AL £ R
ARVARSF G BL T et R e AL RACE AR R A B A ME, AN FEERE R, #
A A 2 KR R L AAOE BV 1K Sr/Ca B [(1.38+0.52)~(2.04£0.74)77(1.40£0.32)~(1.81£0.66)] 5
T] 65 B 5 4 R 8 — T B AR AE AR ) A [(2.0620.64)~(2.26+0.29)], X B R MR T 3k A A EedR a0
BFRAE. IS st 4% St & BRI ME AL, EROEHLT O NAEN 3 ARE, 2503 ET
AR AL ERCER LTS, K6, EeZ MMt FERmsOn T, TN, JIH 84T
DAE N B A ey soe . B REMB, AT REEIN. ERBHEHE, AR, bTHE
FEABAMA A E AR, X2 X RREIAERRTINHARE, TULFEUAMELREER

KIF A5
KA

FESZES Q176;S917.4  XEkFRIRAZ A

J1#5%(Coilia nasus)fE h R [ 44 st fa sk =z —,
HGEJE IR TANIG 4 & % ] BRI  ZI AN %5
Z% o AN ARFTEE201 8455 54538 45 b o 457 1k & il T 5%
(KL )3 LI E5 /v E, 25 (h HORIRBEUR
AR . FRE ST A S AR R A4, B
W TR] 0 g A Y 0 B SOR IR K E TR R Y
(C. brachygnathus)FIfitids 54145 (C. nasus taihuensis).
Horfr, DSBS IERBEN AR S, AR, i

Mieg 4, B A, JIE; Hsr; A, tE
XEHE  2095-9869(2021)01-0100-08

2Nz 40 A TR LR A S B, #55r
RIS RIE AL TR (EAF RS, D32k
TS RRE R H 2 R A TR IR R (L5, 2013; BRIGHE
&, 2016), INZAMEAIMLL, —LeWF o84l (RN A A,
2014; 25 2%, 2017; Chen et al, 2017)EEEHER T
FI b a0 2 DX 1) T B0 5 AR AR R, il
o B P A A 0 i 7 T 685 %) 0 D BRCBR B RS A r
WE R B SR ( “ =g —liE” I TR
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J& o DRI, R TR b R IO 5% g A e DT L AR
DX 531 A ) 5% Jeg 32 A A LR 1 T B R H AT
AR A R P DG B ) R

Wil 22 SRR R TR, HoAfiks: el H
AN B R B 22 (4 A 9 IE S SRy A S £ 20 i )
P RSB DT . BEARSCIME 19A 8007 15 (Yang et al,
2006; Jiang et al, 2012, 2016, 2019; Khumbanyiwa
etal,2018). ARMTEETFENZE, HFHANMFALE
WH RSN, WS RECMAIET:, JFBIR L
WY, FHR—A AP EAEEOE) R, A RO
REA A REEAT OGO R OB B A T E N
Mo B TFHE AR YE, BCE SR A
AR IEAT R TE , BUmAR 2 192 R 8 45 ik
SRR AT . BEAR A ORRAIE S5 5T (Allen
et al, 2009, 2018; Phelps et al, 2012, 2017), 524
XFIE, AR R £ 28 A A DG AIE 98 8 DL B A VR S ST
PG, AR 2 (B IR ST, i 5% S A 2L AT
FHT MW A 2557058 . Rude 55 (2014)F1| ] 6§ 2%
AL 27 R R 8 T S 0] T A RN TR Ak b 56 A £
(Esox masquinongy)fEik, [RINF, ik & BLEE &N 5k
A b A L (St/Ca) T3 & H 2 IEA X C R, IF
658 Z5 A% 0o b O 7 T 24 3) St/Ca R 1iE P AR B4 28 /1
7 LA F . Tzadik Z£(2017a) e T 9 Fh a2 B 7 Flfig
A, KB MR 1 TR (Sr. Ba 45) Al I
JCE (Fe. Co SF)mE—5. UL UL, #52MpE
fafk— B 22—, H5H A RN ) B I %
FE R E BB CRAEZE, 1978), RANRERA S5H
A ALY SR 22 R A

L, ASHFSEIEE TRk B LR TT 8% | 8% Fn Ja i
i 3 2 A AN TR B TR AN AR (1 i B 2 RN B A 2L, [A)25 O
AL HR B LU 5E . — 7 I, SRR g R S
o A2 R e i AR UM, T AT VR s 3 B Ak Rt
FHFWF5E IS5 > e AR B Iy s o — v, kA
JE IR AT . AR A R SR L TE 28 35 | TR
MFARITIE

1 HREH®
L1 HmREMATLE

3T 2018 4E 5. 7 F1 9 H FRILHE L . HFFH
WAL LT L T = 10 J AR SRR B T 8855 | A A 08 5
%5 . PRACREESGR HRIZ M LY, AT, EH
WALYHE RGR DE, MM 1 Mk sm i
R H A AT AR L3S (FR 1)

xz1 H#FmER
Tab.1 Sample details

He A R ENS R
Ecotype Sample Total length Body weight

code (mm) (2)

J1t% CEO01 357 135.1

C. nasus CE02 285 68.7

CE03 291 63.4

CE04 303 69.7

CEO05 298 72.8

TR % CETO1 203 18.5

C. nasus CET02 208 20.1

taihuensis CETO3 199 16.8

CET04 203 19.9

CETO05 202 18.2

S fo % CBO1 234 33.2

C. brachygnathus B2 222 29.1

CB03 223 26.0

CB04 231 31.1

CBO05 240 28.2

H A LHEQI6) T, G—IkIUk
RTEAE IR I, HARAL BRI RS % Lin 55(2018)1)
Jrik: B, BHAMHA ARG, K5, fHH
BL& A 4 WA R PR EEHL(Discoplan-TS, HAIFE/RA
Al, FHEOITEE R AORTE; &, MRS %
A5 956 £ 1 G AL (LaboPol-35, "l /RAH), FHE)
HEATHLOE, A 2 U I R

G — UM 2R 1 W fig 2%, (A SR R 1A T 40
L RER R EE 5 DI BCEE L SRR AY 500 um H A, IF
i AB B HORE IS TR0 A L, AT TEE A .
ke s R M L B RUR S, XA R AT R
Veo FESEVES, T 38 CHAE T RMET .

1.2 MUFESH

i H IR BT T X A BT (X A-8100, HASHL
B a4k, HA) S Hr g A E A LRSS . £5(Ca)
JCRAGBURFIE o LIBR FR A5 FEK R 4853 BIAE R Ca 1 Sr
TCE MR MERE S o B AT 2 50S % Jiang %
(017 5k : B g & A s i A 15 kv, HL
FHRAEF 210 A, RBEEEAR NS um, 4347 E A
10 pmy 1843 AT N R 15 KV, B AR N
5x107 A, HRBEHAE NS pm, JEE S S % H
AT . Forh, TS B B SR A
PPN AR 1S KV, B PR 2310 A, (HE% 83
ik & 254 HA R TR/, ARBE ELARE 2 pm ;T84 A 43
Mri B i RS kv, [FE, A T AR i 4 6 1
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2 R 542 %

AT, FEBR PR RESS AR AR T N ST E W IR, H
T R AR 2)3.6x 107 A, SREBE E A2 262 pm.

SFitFSW

REET AT I, #m, APFRETIR “Sr/Ca
FCAE” S IRl Bp S 20 %) St Al Ca TG R & 1 1 Fu i 3fe L
1000 J&i FI%fE, BY “Sr/Cax1000”,

WAL, Ry 7 S LB H A e o A A R PR
[FIBr B Sr/Ca $RIERYEEAL , ZH4 04 (2017)5 1A
STARS 4347 (Sequential t-test analysis of regime shifts)
(Rodionov, 2004; Rodionov et al, 2005), H:H', Huber
K BRI E R 1M 0.1, [FiF, i SPSS
20.0 A MR BE Sr/Ca B HA B EMES
(P<0.05, Mann-Whitney U-test).

2 #R

kg 8 2% 22 FT B s T UL 2 280 B B AR AR S A0
SER(E 1) EREZ AT A SR W (B 2), 8% R
5% () g 58 25 AL A7 Sr/Ca #RESE . HiMIEE 4% Sr/Ca
{845 50 47 (1.3840.52)~(2.04+0.74) Fl (1.40+0.32)~
(1.81+0.66), HH-f7Sr/Caftisr M (1.46+0.82)~
(2.00+0.63)F1(1.37+0.51)~(2.35+0.87), I JJ 155% Jfq & 2%
FEA U ] WS E 45 B A3 B, b, g
B B MAZ 00 umZEE48~212 um, H:Sr/Caff

1.3

(2.06+0.64)~(2.26+0.29); 55 2B Be A A #%.0048~212 pm
#152~428 pm, Sr/Caffi}(3.17+0.38)~(4.20+0.85);
55 3B B 1) 11 2% b Sr/Caff 4y (2.1540.82)~(2.48+0.53)
(P<0.05) [RIEF, B3 %5 B 10 34 B B 51 A 38 1 B B
MAZ 0 pmZE 630~830 um, Sr/Cafd }y(1.34+0.70)~
(1.80£0.91); %528 Bt 630~830 pmZ 1420~2080 um,
Sr/Cafl 47 (4.01+0.98)~(5.17+1.45) ; 5 3 Bt 1) 31 2 ik
Sr/Cafti (1.51£1.31)~(2.88+0.81)(%2).

1

Section of pectoral fin ray of C. nasus

3 5% iy % ) T
Fig.1

Wik B oSS —AERY, LD RO
The arrow showed the first annulus,
and the red circle showed the core
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Fig.2 Fluctuation of Sr/Ca ratio from the core to the edge in the sagittal plane of pectoral fin ray and
otolith of C. nasus, C. nasus taihuensis and C. brachygnathus

A JIEHtESR; A’ JIBFHA B WMABTINEES; B, WIBYHECA; C. EEETHOsESc; C. ST HA
A: Pectoral fin ray of C. nasus; A": Otolith of C. nasus; B: Pectoral fin ray of C. nasus taihuensis;
B’: Otolith of C. nasus taihuensis; C: Pectoral fin ray of C. brachygnathus; C’": Otolith of C. brachygnathus
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Tab.2 Fluctuation of Sr/Ca ratio along line transects from the core (0 pm) to the edge in the pectoral fin ray and
otolith of C. nasus, C. nasus taihuensis and C. brachygnathus
HAa
P AR e Sr/Ca {HZAS{L Y B Pectoral fin ray Otolith
Ecotype Sample code Sr/C.a r.atio (3 S (3 S
variation Distance from Sr/Cax10’ Distance from Sr/Cax10°
the core(pm) the core(pm)
J1f% C. nasus CEO1 1? 0~92 2.07+0.27 0~630 1.51+0.74
2° 92~152 3.714£0.32 630~1420 4.17+£0.93
3? 152 2.27+0.00 1420~1640 1.76£1.25
CE02 1* 0~156 2.26+0.29 0~710 1.34+0.70
2° 156~428 3.17+0.38 710~2080 5.00+1.29
3? 428~532 2.48+0.53 2080~2100 1.55+1.39
CEO03 1? 0~52 2.23+0.43 0~710 1.80+0.91
2b 52~192 3.80+1.29 710~1880 4.99+1.28
3? 192~244 2.28+0.79 1880~1990 2.88+0.81
CE04 1? 0~216 2.13+0.85 0~830 1.77+0.83
2° 216~332 3.5840.95 830~1600 4.01+£0.98
3? 332~380 2.15+0.82 1600~1640 1.51£1.31
CEO05 1* 0~76 2.06+0.64 0~800 1.49+0.73
2° 76~188 4.20+0.85 800~1800 5.17£1.45
3? 188~208 2.30+0.29 1800~1860 2.08+0.47
% CETO1 1 0~272 2.04+0.74 0~710 2.00+0.63
C. nasustaihuensis  CETO02 1 0~312 1.38+0.52 0~1860 1.46+0.82
CETO03 1 0~212 1.514£0.73 0~1960 1.56+0.80
CETO04 1 0~276 1.75+0.62 0~1870 1.73+£0.65
CETO05 1 0~196 1.49+0.51 0~1810 1.80+0.79
Ao A CBO1 1 0~124 1.72+0.72 0~930 1.37+0.51
C. brachygnathus CBO02 1 0~116 1.49+0.36 0~1330 2.35+0.87
CBO03 1 0~132 1.81£0.66 0~1630 1.71+0.88
CB04 1 0~132 1.50+0.59 0~1730 2.35+0.74
CBO05 1 0~144 1.40+0.32 0~1740 2.224+0.76

H e Rl —HE S HOR R AR R 22 57 .3 (P<0.05)

Note: Different letters indicate significant difference (P<0.05) in one sample

& 3 WoR T I I R AR i £ A5 AN HA |
St TR M AR, S HTIAN , H 5 Mg 5 FE A 1)
Sr/Ca FfEAIVCHL . (HAFEREAE, Mg 25 M E A Sr
R ) THT 43 A7 R At AT B X H I A D 5 A 1A
(M fiE 2 M H A0 X R Se & AR 6, 4ME N
Sr FEE R SR I, TZRER S W A B RAT ) RN
TR K i dF 78/ R R 3 5% / e AT 1 R (e £ 2% R HE:
AR E—B Sr F R ).

3 itig
3.0 TR SR E A AL S A8 B0 IS 1T b
M TF A AL 880 BF5T, Mg % “4840”

W LR, B DV RE bt £ . T ReE a2k,
L fi (Acipenser gueldenstaeditii), -0 45 k) 14 ¢ Bk Pk
(Arai et al, 2002), ML TAEZ B T Mg %
(Phelps et al, 2012,2017; Willmes et al, 2016; Sellheim
etal,2017; Allen et al, 2018)., 52 HLt, i a2
KB AXF D . Smith F(2010)WITESE T /)N 11 HA
(Micropterus dolomieu)fiffi 55t Sr/Ca FHIES H IR LS
FAAF; Rude S 2014)WF0 R, 2R A AR X AL 360
i (Esox masquinongy)fig 2cH ) Sr/Ca 543k MK B
43 W) 4 ; Tzadik 55(2017b) A I g £ A0 A 2= 45
807 HFE,  BLEDTEON Tk F AN [ Ak A7 ) A [ A B £
(Epinephelus itajara)ffid . SR, 124X FmiER
R EE SR A AR AR B =
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C. nasus taihuensis and C. brachygnathus

EN IS REZE ST i} o I VTR Y i NE
EIHONFEIR TR FRAE, A3l Sk R f i i AR
RKGE JE BRIl B HLA A (Yang et al, 2006; 22455,
2013), FRNEAT Mg S5 “F5E80” FRAE AT AT LA
YR S AT] =2 T8 A3 i > e R A B R T ) 25 5% o
o, W R A S AR E A IK Sr/Ca (L, H 57T
i Mo 15 25 55 1 B BEARAEAH) A 03X 28 Sr/Ca {H Y s Bt
TIRKAEBEE DT IE(E 2). BeAh, AT I8
it 25 FNE A —FE, A RO BG4 B A 3 4
By B, o I T oA B A D B G RE SR
Wz R RIS A L, AT, R e T % A M A
IRAKIFAL | 2F2 AR JEL DL K i 2 [m] B3R 7K A 858 18 ) T
WA TG S 3 A B R

X HE I 25 FE-AT Sr/Ca AXER IR, W3 MALE
e ki K A= 455 g g v i € 4% Sr/Ca RS T EH-A ;MR
IK A 35 8 [ v i g 5% Sr/Ca BLm& = T-Hofq o XoF T 5%
R e T, HBEE &M E A St/Ca, A ART
FHETJR# N CETO1, CET04. CBO1 1 CB03), H
AR ET K T 5 # (1 CET02. CETO03. CETO5,
CB02. CB04 fil CB05)., FMCAI WL, JI&% . 965 F1%E
AT 71 69 6 4% R 5] Sr/Ca {83 2 137 B 48 1 56
oo XA REJE H oo F A R XK R Rk
(Gillanders, 2001), {HIX f SR AN 25 5% 1 Jig i 25 A0 -
AR I BRI AL A A T A R, R, T
ik 858 £ FVE AT PO Ak 2 “HR 80 FRAFAIVCHD , HREE

WA V56 1t S T R 7K i B4 A 58 o
3.2 TISFMEEEALE “IEL8” MARMB

AR T HA M5, M 55 53 A i SR 0 X S 4
B FEAEBBE S S BRILZ A, il AR 5T & B,
THEEARZ I HAMAEEAR . B, MRS IR R
B, MREASNEHREA, BB 214
Xt i, HMsg A Vv 2 n T BT EE 6 1,
et 12 M), B, SRS CER TS, MEE A TR
AERZ THA, HK, WEERTTGHEES, it
JE M E AN A, YT T | ST G AL
P, IANFERZ, HalREChERG, miER, W
U, TR AT S B0 70 2R e, RITEE ER0 K
WU B4 | O ¥ TOvk AT Ja B2 Ak 2 A o R
HAFREG A, SZHIL, BigSARELEX R
[, MIREE SR KB RAE , ERLTE ARG,
Fy i AME R RS SE, 2015), X S N R AL R %E(1978)
JIT 25 1 i g Sk e s sl T IR . R, g 4%
43 BT A H AT AT B A I 2 B9 R 5 (Rude et al,
2014; Tzadik et al, 2017b) % 2 [ JC B B RIJE 4 57 if B
Al TR, Mg sc— 5wy It e b B, 55— i AE
o W BRI 43 1 (i LA-ICPMS)f5, H R
T AT IS BB R o v] LISRAS BT Y L A
Fm, MNIMEA T HAR AT 5T . 1 B e 03R4
e, R ol ] DRI 4, JLF Tk R
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AT

MR, g S AR SO ST A N, A B sk ]
DIORER A48, (A TR B — R LR 2 R 5 T 4 H
FAFAE, MRIFE— 2 FR B L BRI T HAE £ i A 2
2 LT RS ZEG T B 2 BoR, Sl
Moy MG, Watg 2 R B A 29N, 1 H-A R AR
B 28R G LR, 8 4% 0T b R 25 4 B DL T 28
8% (Gillanders, 2001), R, AS[E T SCA 450 1) H
BB T 52 T8 ZI A 43 M B R AL i 4R iz, T
5% B o S A EL A ik 2 “HR 80 B R B AL
A HIREERSEUE | K847 . B AR 2) M 35
bR TR RAEALER) ERYOLHE, AT CHA”
T3z T A A i AR A2 Y

A TG WEFE b, A Bk D 5% i 6 S A% 0 20T
RHMEHATIRAT, LRI R R T LS5 H A —
FEAE A SR UN R E A R}, BRILZ AN, SR
W5 ) 5% M g 4 ik 2 “ 4880 S IRAER 1, 4b
F& Sr/Ca W71k 23 [RI A B 8 A5 FH- A 1 B R ERIE..
P, AT Ul 2R AR O T, B T R IF R
HAMAZERARFIC RS, 2019) A ThRIL(A &
&, 2019), AT LI R L i A% AR B A R TR K
Feo — 7T AT B E T AR M ABA 5y — Ty i
A 3R G S 50 B R A i R i BB AR BE T B 4L 2

HAZ A

2 £ X #
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Similarity of Microchemical “Fingerprints” Between
the Pectoral Fin Ray and Otolith of Coilia nasus

JIANG Tao', LIU Hongbo', XUAN Zhongya”, YANG Jian'*"

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

Abstract Otolith microchemistry are widely applied in the field of fish migration ecology. However,
the extraction of otoliths always results in damage to tissue and the death of the fish. Therefore, it is of
great importance to discover an alternative material as a nonlethal substitute for otoliths for effective
microchemical “fingerprint” analysis. Consequently, the similarities of microchemical characteristics
between the pectoral fin ray and otolith of Coilia hasus were compared in this study. The ratio of Sr/Ca
and classification of Sr concentration mapping results in the otolith matched the typical patterns of
anadromous, freshwater, and land-locked ecotypes well. Of note, the results of the pectoral fin rays
showed that C. nasus taihuensis and C. brachygnathus had consistently low Sr/Ca ratios [(1.38+0.52)~
(2.04+0.74) and (1.40%0.32)~(1.81+0.66), respectively], which coincided with the first stage of C. nasus
[(2.06+£0.64)~(2.26+0.29), i.e., freshwater phase], which reflected the characteristics of the freshwater
habitat “fingerprints.” Furthermore, the C. nasus pectoral fin ray, like the otolith, could be divided into
three distinct phases from the core to the edge, corresponding to the bluish, greenish, and bluish
“fingerprint” changes in the results of mapping analysis. The present study strongly suggested that
pectoral fin rays are a nonlethal and low-damage substitute for otoliths to investigate the migratory habit
and conduct life history research using microchemical “fingerprint” analysis. In addition, considering the
advantages of sample collection and pre-treatment, pectoral fin rays could play a role in the future as an
alternative material for accurate assessment of Coilia resources and the effectiveness of artificial fish
release using microchemical marking approaches.

Key words Pectoral fin ray; Otolith; Coilia nasus, C. nasus taihuensis, C. brachygnathus;
Microchemistry
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