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INE BB AN FE BN R BE R

# R EEZD KE®R® R4 # A
(1. BN K% T8 2140815 2. HSIWERESH AR RS BR LR EMFERIAESEY
FEHGTRRINAE LI E W 2660715 3. Y EKERNADE I Bl EE K RS Al e A ER I R il T RS
ERESILERE INAREMRVERSESHEESLRE F5  266071)

WE XTI EaNMENSFE, K20 HLS505RELS—HEESV ., UEFREFES LM
BIPW T EEEAMINERE. BREMNE . FAEERITE, RAXRBAEERTERE. 2 F4EY
FHRABREMTEROESE, MR EFTEAAEDTNERTAAELENRRE, AR XARLEHE
LR g r A, o4 7 &, #hids b 5JRE &9 92 B/ # # (Larimichthys polyactis)#y 7= &
aEERE S SEC o W, FMERANEET A $PC A 80 WEHTR LM, HRET, &
E#. BT NEE R ABEET R0 4 M EE, g Eg b ma, S P as. &
HENAFMBEEEENA R LY, B RN S R 3 DR AR XL
Xt KT RIATH B 04, 15 W g g AL BB A R B R T 3y 75.9%, g A AR A Y
HFI R E R 80.0%, EEEHEFMEH IR FEN 81.0%, # i ML R HEH I Ry E Y
95.5%, SEHAFIRHEN 82.6%. BAKEEEMMBEM L h T Hilgwa % FE A E ik
FAAE, H2MEZERDAEMCHNE XL,

(@A Ha; 80C; 8%0; NEa; MEXS

FESES S931  XEARIREE A XEHRS  2095-9869(2019)05-0011-08

H A7 (Otolith) & T B S N H R BE N —  SE 51BN R % I (Schwarez et al, 1998), i
PR EGLE MR, FZM A AR AN, 3 §"0 MIHIES K 5 /K56 & 143 % Yl (Hoie et al,
HaP . ERERMEGTC M0y A ME: 2004, 225, 2015; EiAKSCE, 2011), ITAER, B
MERT, FINCR T ORMAWASHEMAL R RENH T aRPR L, a2 m)
(Gao et al, 2003; F7K L%, 2004), Hitb, 8C #iF  (Gao et al, 2010)F17= 5137 (Shiao et al, 2010), K
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A% 43 (Rooker et al, 2008), A M I i ff 3 2 T % A2
(Longmore et al, 2011; Lin et al, 2012)% . Gao %5(1999)
FI K T 4 471 (Oncorhynchus  nerka) - 7 H ik 480 F4
Ivi] 57 22 5 A1 A SRy A B L 1% 5 % ok 9 01 £ 28 b B
Thorrold % (2001) i & X} A [6] i 385 () K F £ 4
(Cynoscion regalis) -1 Hfa e v Al % 5"°C 1 8'%0
AT, BRE T 5 AR RIS G R 2 A i s A b R g¢
ERERRICI 22 5, FONIIZIE 60%~81%. BT A
B, 0 L i AN b v DT VE SR EE (Thunnus thynnus)
SHAR 8'°0 AR, b iy K P R 1
HAT 80 /v F-1.08%5-1.30%=2 [6], i findh i i)
KVG I REGA R HA A F-2.09%5-2.39%Z 1], H
I 32 5 15 98%(Rooker et al, 2004), K, HAH
81C A1 8'%0 NI LA WAt IR BE AR, AT LI H
IR bR IC P 2 A0 2SI 1) e i M R 25 S, R 31

/N # 1 (Larimichthys polyactis) J& i & ffii 40
(Osteichthyes) . % £ H (Perciformes) . f1 ¥ i £}
(Sciaendae). #ffiJ& (Larimichthys), | iz T+ [
I B RAR I L R e 5 VY R, 38 LS,
FKBGEEZ, AKEAEE 100 m, HA I &5 E
a4 (2 g 25, 2009), % I EE FiEh B 3E 1 1 6
BTG5S, 2006), 3T /INE fa Fp R 43 )
M 20 H2g 50 AR A — HAAAEGIL, BEHESE(2018)
SGE T A FPRE R 43 7 T AE /N R REDESE L S
L IFRT T 35605 4% F I T SEE AR BR M. IR
IRIFGE T, — B2z B 30 3 g /N 8 K 43R 3 A
BE, BDECIEDMGEFNRE . I AR RN AR Y PR MR 7
& 1965; SKEKTESE, 2007; BEHMEE, 1987, MHE K,
1991; GRS, 2003; J=FIF-45, 2014); 1fi ) — L
HMCHZR | B N AR AR SE 4 AR,
G TP AR RE AR, 1990; AR, 1990; 4 WAL
4, 2005; FHATt, 2012). #RIEALAE(2010)FEHT AMFFE
(R b, FEH o L T I S AN O R Y R 4 )
R, R I N AR 2 AR, IS0
T RAR Ve /N e P I il N S0 L /N o A B
AN, B (2016) 5% AN [ R AR v /N i i B T
EH I T AT, B L i A R b ST R A
Gy RN BV AR RN R R

ARBEFERTE | RSN T AR
§UC Al 80 MYMEHMEAT AT, T T IREE . i
A YRR S T, DL R T RE R AR A, DA
1R /0N o TR A DR A RN R 2 A B AR LR

1 HRETE
1.1 SRR

AHFFE B RE AR E 2006 4F 9~10 H A1 7K 7= Rl2¢
T BT 7K 7 B9 i R A 7 i Bk 2 3 S AT TR B | i
b B U R M A, JE A N 119.39°~
124.22°E . 31.30°~39.06°N, AHF¢ K FH 8 /)N i ke
mndk 02 BB, R SERIE H(120.14+£18.02) mm, H-A4
L A (73.45+24.92) mg, 454 K E B (2010)
W Y AR A gl AR AR B G &R, W] DA A 5 il
FH/INEE fRE A 34 R AR A A AR . AR 19 D ubifr,
WE 1R T HA PRI TR A, 30%BU4EK
Bt 2, AR E A A AL SOE BET
A, eJa TZEBK o se80E , METFRE , B BB
PRAF T B DT 5 20 E o

118° 119° 120° 121° 122° 123° 124° 125° E

a8 f,
41°F . -

40° _) o 4 /}/
39° '\ ~o S2 ';jf:/f?;r e
38° > N Y S/S/;\
37°F ‘ e
360 =
350 F e o e
b

s13
33°F — ,‘ [ ] L S.15
2op e

310f TN D

30°k 3 s G

K1 N R A SRR
Fig.1 Sampling sites of L. polyactis

1.2 BERAMENE

BAHAFRI 2 mg Hah T, FA AR
B 1) 35 T 25 B, A B RS R R
233, IMERHXE 8C. "0 Mg RrE ., &
WAL PR, I R IA 7 R, 7
T2CHEM RN 1 h, BERR 5 MR ER RN R
CO, TERAIARM s N ELRR/K, #id 30 m /Y
Poraplot Q (Al 5 AL MBS, /BRI
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CO, B #3E A Delta Plus Fa 72 [A] {3 2% i 1%/ (Finnigan
NEVAEFHIEFT 8PC, 80 MiRE . MRAEFRE RN E
(B E R AR 8 HERR, PV AKIHE:
8X(%0)=(R t5—R 15 )/R 5% 1000

i, X B 5 #F *o, R(ULEBRFRAER V-PDB
JEE) K BC/C B P0/°0 FHRY L., A RIE SR
g LR B FERR B, 8 COLARESRAE NS B
FRAEY) TR ] NBS19(8C: 1.95%0; 8'%0: —2.20%o0)
M IAEA-CO-8(8"C: —5.80%0; 8'°0: —22.70%0), H
o, B SAE B EE 430 R 0.10%0 11 0.20%o

1.3 #HIFEHW

PLHA 8P C 1 8"0 AEhR, X4 A 4 /)N
WO RESN . BRETERRE RESL
(Hierarchical Cluster), PAZRIE7Hr a4 45 % Hak 475
b T L= 4 e = 2 ] ) e O O B 1 = el [ETA Y= i ME
A 8C M 80 (MR T B 2 7 22 501 (One-way
ANOVA), X H] SNK (Student-Newman-Keuls)# 4,
SIATTRRRE 22 0] 2 A5 A 7E Bl 35 PR 25 57 (P<0.05) . T %K
P> ¥4k H SPSS 21.0 52 5.

25
20 |

15

2 R

2.1 AEWBMENEEERSPCHIPOMBELERN
FI 3 5

PAAS ol 7 453 R /N B # 22 R HE A HR 80 8RO 1Y
HAE A, XFad 92 B/N it it RERE, 14
AR E (B 2). 92 BB/ fa g oy il 4 25, BRIRIEA
ARG R 4200 1, 2,0 3438, Hrp, RKL
R, 92 R/NEMGEHMEBINE 4 25, HERYS
HAMRBA A XIG, 5 REMH 32K, &
JA RIS 1 JOMEE 2 2, BRI R,

W ZRISER, FT 92 B/ mE A §°C
80 FetrHIHU A K . mE 3 A, 92 B/
o By 4 26 Hir, 551 RS EEWAN
S1. S2. S3. S4 I S5; 2 KA FEEUAH S6.
S7.S8.S9 Fl S10; %% 3 R & FZ Ak S11.S13,
S14. S15 F1S16; 55 4 X A Fuifz S12. S17. S18
FS19, Z5R IR, 5 4 K 5HA 3 ABA WE Mk
P BG

! |

10 ™~ 7 — -

3 4

545 Sample number

K2 /NEfaH A §7C 1 8"0 MRI T
Fig.2 Cluster analysis tree diagram of 8'°C and 5'*0 in otolith of L. polyactis

PR ISEESLIAT RIS AT, S5k 1 R, M
10T, RPREE 1R 29 RB/hE M, Hide 22 B TIE
TR, HINBIRIIRN 75.9%; FRE 2 3L 20 B/
wfn, Hrpie BT IER RS, HAR IR N
80.0%; i 3 k21 B /hiE s, Hrh 17 BiF4T1EM
B, HHN BRI S 81.0%; FhiE 4 2t 22 B/
o, Forh 21 BHE T IR RS, R L% R 95.5%.
SRR B L) 82.6%

22 IINEEMBESPCHMICOMERSM

AR RALE R, XN &M A 57C 180 [y
R H SNK(Student-Newman-Keuls) /7 17 H R &
T 20T 2 M 3). S5 ER, 5 1 M5 4 2%
1y 81°C WA B EME 2R (P>0.05), 55 3 2854 2 2k

3 C Wik A B E M2 F(P>0.05), {HAT 2 2510 §°C 5
Ji 2 RZAF7E B 351 25 55(P<0.05); 17 4 285111
380 M H. Z A1 B 3 1 22 57(P<0.05), Hitn] i,
HAd 80 e 8°C BB E R AR,

2.3 IhNEGMEYNS

MRAERISZER, X 19 Dbk or kg 4 A Fp
TR AD R 43 X SR I (8] 4). &l 4 T T, ST, S2,
S3. S4 Fl S5 uhifi A —F, AL TS ML
#B, K HoE R e e AL ER R EE; S6. S7. S8,
S9 I S10 s N—2, KN F MG, B
T SCHEE TP ERIEE; S11. S13. S14. S15 A1 S16
S RN — 2, A T R TR X, H S i
BT, N SR O RS T S R FREE s S12. S17. S18
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. . #*3 TR INEEOMESR
1.0 .‘ ¢ _ ¢ ¢ Tab.3 The 8'80 difference of different
05 L . populations of L. polyactis
I L ]
Ve 0o o ? e B T4 Subset
or e & .....o. % o . . .0 Classification ~Number 1 2 3 4
L 1] L ]
£ o5t o WS e 4 15 -1.675°
*
Lo * %% 2 26 0.685"
—LUr e % °
° 1 32 -0.135°
-1.5} “ee®® *1
® e 02 3 19 0.670°
—20Fe ® o 3
. ., \ ° L ..4 118°  119° 120° 121° 122° 123° 124° 125°E
-2.0 -1.5 —1.0613(: -0.5 0 421:]: L ‘\ 5 ‘\:/,/ ’ ‘/\
B3 JET 81°C M1 8"°0 Hehmut AT /INg o 240 B 410} o
Fig.3 Cluster analysis of all L. polyactis : N ‘ P ) =
based on §"°C and §'*0 40° et
SR S =N iy
1: EZHEA ST, S2. S3. S4 M1 S5; 2: FEHL O o>
S6. S7. S8. S9 A1 S10; 3: FEuify S11, S13. S14, - * 03 S4
ok ® Q L]
SIS I S16; 4: uifii S12. S17. SI8 HI S19 38 b S
1: Main sites: S1, S2, S3 and S4, S5; 2: Main sites: S6, 37 -
S7, S8 and S9, S10; 3: Main sites: S11, S13, S14,
S15 and S16; 4: Sites: S12, S17, S18 and S19 60k ,ﬁ/\‘ S0
- s7
y L)
£1 TRMENEGNHIFER 3500 4 S8 S0 SI0
Tab.1 The classification results of different o —
populations of L. polyactis 340 b 3 oIl
SRR ) Fofr it R ES N " S12 | $13¢ 14
Actual Forecast population = Accuracy 33°F .
. Total o ~
population 1 2 3 4 (%) 300k - | s17 S16
1 2 6 1 0 29 759 o sise
2 316 1 0 20 80.0 31°p AN
3 2 2 17 0 21 81.0 200 L . F
4 0 1 0 21 22 95.5

TE: CXT A /N R S T Y 82.6% T T IE A 7326
Note: 82.6% of all L. polyactis samples have been
correctly classified

®2 TEWMENEECHER
Tab.2 The §"3C difference of different
populations of L. polyactis

25 Big F4E Subset
Classification Number 1 2
1 32 -1.295°
4 15 -1.212°
3 19 -0.628°
2 26 —0.594°

TE: FEPET EFRAR, FRoRdln 2R AR
(P>0.05), Il
Note: The number with the same letters in the subgroup
do not show significant difference between the groups.

(P>0.05). The same as below

K4 ATl Az /N BTt e 23 DX Ak
Fig.4 The population division of L. polyactis
at different sites

1 S19 S RN —8, A7 T B0 rg R o W3k
P ORI R R AR . FEVE R R 2 SRR E
PRI, 2 ANFhEER) A VA 38 X4

3 SHhEie

MAEBEATBCH B0 %4 A LK FBH AT T

R H AP 5°C ZZFHE MR, Eyk
U5 L BT BRSNS i 19 CHLAR (DIC) &5 . B
d3PC EEGMiRYh 8°C Ak, MEEMIRY A
AR, AR A A By B AR R AR AR, H 8 C
1, 4f X 4% £k (Jamieson et al, 2004; Sherwood et al,
2003), WFFEERM, EREEM §°C ZIRIAFAE i3 1Y IE AR

3.1
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5 % (Bastow et al, 2002; Richard et al, 2012), Gao
E(1999)F 58 &3, Bl K Dhng fa AIR K IE R 2R /K
o, WEEAZOEIZAL, §°C Bl i, ARHFoT4s
e, §UC HE E i R AN R, i L
TR A o W1 PR L AR AR 0 S 7 2 800 T I+
FE5 X, BT N6 30X W e T el £ 2 d B di 455
MAEEE Y, FEON /N A SR ssE Ay =
JERRAG, S 5 AeERe 81°C I%; R
FERNVEER S A T AN, 2 NS T4/, e
% DIC B EWMAEEE, B s7C &, 1M S17.
S18 F1 S19 shifirfr TR IT B, it TR VT 0 wikok
MIVERT, WRRIRACC A SN IX, &R Eg, A
U, AT BRI A O R RV R AR 81°C B
AN, HEr AW LS R A —2((Bastow et al, 2002).
DRI, it 5 AN ) b B DX 38 ) 7K SR AIE T 9 00 U5 S
A, MR 8"°C MEATREERIAAY T R ATy, Mk
AT 80 5B KARARBEH T4, 7l 2L Bk ik
B B BE AR fk(Hoie et al, 2004; 25, 2015; &
KA, 2011)0 ARWFFER AR 2T A, B
FBA A A R AEEE B im0 2 A AR R T Y
TR AR Ak AT DA sE it B D B kAR Y 8§10 A
ORI, ABFGER B g 19 Db /e fa
K53 H 4 AFIEE, SRS 8'%0 ML, IFAR
A8 B3R R A X B w0 2 (0] 0 8 AP R TR, A nT fEIX
B3 AR Byt B AL BRAL IR . M, At AN [H)
VI 80 AN, WA IA K X S R T
ANFE AR AL, AMEEFTT RGBS WE 3
N, ANFEMERR RN 500 AN [E HARTE W
(P<0.05)24 5%, Ui 8'°0 878 HARE 1Y 6 A BT A
REML.
W & B, HAH §°C 1 8'0 MY LB/ hE

B DX 3 DU )1 248 f0 AN [R) SR B AR R, 1T 1y —Fhil
BIRR K TR AR T BL (] 55 XA, 2017)5 7KL
ZF(2011) LA o RN i fa i HARBE SR A 4], i T
8°C T 8'°0 Y IR AT 7E R B O T K 5 2 Ik
RIVEFT ; Wang 25(2016)N FH A [R] i v /N85 £ B vp
§UC Al 80 HufEZES, K. g/ AR 4
SRR | I R R I R AR . SR
FEIETH A §°C A1 8"%0 K48 . b ik Z/NHE kb
FERER B T IR AT AT, 1 EASHIESE Hh X A R /B £
FERIEAT T 02, SCORPRAERITS AL, i R E
TEANUEIE T R EERI 2 B IR0, Xof VA 7 £ 8RR R R 20
BANLASERE .

32 MNEERPIFEEEHIS
SR T [ A 9 N B A PR Y R o — LA AE B

Ban S /N (TN N T el 151 B A 7/ B L e L
()56 R A% BL Ay B, T A e b g A PR s, AT
Fif PR 235 10 A A R T A0 S BT R A% 5 3EUR) FH AR Il 1Y
CIESS2 -3 O i e Y [(TR= I = B e S o fem B /i)
FEYIFN YA DX, SR R — e B 2 1 . A Xl ST )
TR, SRR RO M S A A7 RN TG S 1 B, RO RR
(Shen et al, 2002), ™ B E(199D)FFE &I, /N 1=
YRI5 4 HOFE it | i RIS RIS TR
M, H 8~11 H#hifs 5 ¥ /N b i E s,
B . AU 19 A3l /N f ke i
AT RUEBY B, BN AR, 0 T &l v 5
/N e R H A R 81°C 80 e, MR H2E R
PR BT | bRk /N A AN TR AR 2 R 4 A Fh
#E, Rl I ER A . O AR . O R
B AR SO R RV R R, AR S DR
a5t . RS Q016)K A A RAFE R, A /N 1 Ay
JCE SR BMEST RIS, W& /N
SRR FEREAAR K 20 SR i v A AE | B R R R R
TRREE . PTLUE Y, A 5% 38 2 X6 44 3l o7 4 R /N o
AR 813C F1 80 MME TR /T, 455R
o, T EZEEQ016)WF 5T 1Y R T8I FP 7R AT 5%
HR Bt I — 25 41140 A B I T R S D R N I R U
FERNRE, Xt i — 2 UE B T ARG 5 I e A | A
o AW mE 2 BRLFEITY, &, @i
19 AR /INEE R 4300 T 0 R AR R AR L
Vg P T R PR L IR v SR R 2 i B il A AR
B, H o4 NFhRERIL R R, MRS 2 MR
[ A7l 7 28 SO G o AR EER A 25 5L, 2] 1T n
B4 PRI EERI 43 DX AL B T 4 R i 4 A Xk
Ab, HAb AR T e /N A B IS . TR
TR PRI, nT BB A Ry R PR R A B S e R
S, FEUR ARG TR, LU R A
#A, fl4n. S11. S13. S14. S15., S16 {7 ffT)E
F14) BV T R R R A, R S R — S i R R
ANEE A, B BRR O T RE 12T N o A B ol
i, FURAEREA R, BrTER 4 s iz
A TH R

25 LRTIR, ARWRTOR L iRk RN v A U R
FERERT 43 A it S AL SR AR . B P SRR L
Vi B S g R AR R B 00 e RV R RO, T A BT
TR /NG AR 2 o T B RS R AR R S
USRI, H 2 B AR A S 7 38 XL
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Investigating the Population Structure of Larimichthys polyactis from the
Yellow Sea and Bohai Sea Using Stable Isotope Mass Spectrometry

YUAN Wei'®, WANG Yukun®, ZHANG Tingting?®, JIN Xianshi**, SUN Yao>*"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi  214081; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071
3. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and
Eco-Environment, Qingdao  266071)

Abstract The issue of population division of the small yellow croaker (Larimichthys polyactis) has
been controversial since the 1950s. Previously used methods for studying the population classification of
these marine fish populations include the mark-recapture method, catch yield statistics method, parasite
labeling method, morphometric/meristic characters method, molecular biology method, and chemical
fingerprints of the calcified structures method. Each of these techniques has its own reliability as well as
limitations. In this study, the content of delta *C (5"°C) and delta '*0 (8'%0) in the left sagittal otolith
samples of 92 Larimichthys polyactis obtained from the investigation of fishery resources in Bohai Sea
and Yellow Sea, was determined using stable isotope mass spectrometry. A cluster analysis was carried out
based on differences in the content of delta *C and delta '®0 among samples. The results showed that the
carly supplement population of Larimichthys polyactis, predominant during the autumn season, in the
Yellow Sea and Bohai Sea can be divided into four major groups, which are listed as Bohai and the
northern Yellow Sea population, the central Yellow Sea population, the offshore population of southern
Yellow Sea, and the coastal population of southern Yellow Sea. However, there was no station between
the offshore population of the southern Yellow Sea and the three other populations in the Yellow and
Bohai Sea. The discriminant and cluster analysis revealed that the successful rate of discrimination was
75.9%, 80.0%, 81.0%, and 95.6% in the Bohai and northern Yellow Sea population, the central Yellow
Sea population, the offshore population of southern Yellow Sea, and the coastal population of southern
Yellow Sea, respectively. The overall successful rate of discrimination was recorded to be 82.6%. The
population of southern Yellow Sea was subdivided into offshore and coastal populations for the first time,
and no station crossing between the two populations was recorded. With this study, we propose to
establish the basis for population classification of Larimichthys polyactis.

Key words Otolith; 8°C; §'%0; Larimichthys polyactis; Population classification
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