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(I LM, e 2 B AR AR R A B TR A B T
U AT S5 S R A R s SHAN 45 7R BR YT 1
VAT 226 (Acanthopagrus schlegelii) ¥aFa iU IS
S PAZ ] T S8 ) B A R ) AL 2R EIR T
Al e 3 ) B AR AR SR S AT O A A G B
it % B A AR T 7 A A Ry S B A S e (1) A
KR8, U JEONG 4510 %} H wif g i 114) 28 0 7
AT T G 2# 98, A48 | D FREEBEA 1A [l 4
BEAAR LA B 6 A~ BF AR HEAA 38 2 X 3 SEBF A 1 35t %
Z R RS AR Z5 R 0 53 BT, Bk s 3xX 8 - SR BRE (K
VIR E i 2R A B 2 R R
BH BB U % 2 I AT [ A A4 1) 38 A5 R A1E 7
AR E R . R R B R 22 UL, G B
YRV (Oncorhynchus tshawytscha)" £
(Ctenopharyngodon idella) "' . K I /N 4k i
(Hexagrammos otakii)'"™ F1 1 [X F fili (Sebastes
schlegelii )" S5 )AL 25 ¥4 B R 1 RTH G2 R
SR AR RN, RETF 2 E il T
RS {H X S e IR PR VA 8 A2 T R
(A AR5 LSRN B b . DL AR T R R i by
PRI 67 A NI L A SN e £ T D S
BERGHAGHEBORE BT . B 55
XoF 5 B 0B A R o R 11 35 % 22 R 1 2 S
APARgE ) ABR S AT B = 0T AR U K v b 5
T B — AR A 5 1 Z AR PR B
T Z R R AR A AR 2eAC
8L A AR 45 22 A IR 28 S [R) e 1), 7P B0

Tt B OCE R, X 2R R R AR
HENPARIIE- R i R R G VI =R (o AR O |
(Cytochrome ¢ oxidase subunit [ , CO 1 )HZ:H 2
ZRLAK DNA i g S 5L o 514 2 R
e IR R S v RS B, TR AR L e P A
BN RN S, ARBR ST LK B L)
(R LE W2 S HOE R CO T I3 4 Hr K W 1
A Rt A T A )yt AR LR A 0 SR B AR 1Y
WAL ZAEPE RIS AL 451 , IF 9020 He 7R KB a5l
JBCTE R TS R A - — AL R B v TE S
HRE AR R AR TR S,

U AR

1.1 BARRER DNARE

K [ SR FE 4 0 I B £ B AR AR i
F 2020 4 9 F 22 2021 4F 4 H X R BRI 4 > 2= 2
446 19X 36 AR, FRGE SR I F AR X FRBE P o SR Y
L Sy PP PR DO JRCHE ), L 4K 46 m, (W3
P RS R S m, e EHY RS 1.5 m, W
HK25 mm, “FIHEM K (20.00+1.57) min,}-
PIHE 1 (3.0£0.1) kno DA KRR A O 78 HE L
L B 210 AN ulh A, Bk A i 1 s o K
KENDALL"* 1l WESTERFIELD""*45 [ J7 B4 4%
fi S5 SEATE 1 I TF 4R T B R i) K] ok A £
% B 2678 w5 4 B (AR IR R B R 4 4D
5 PERRRI R RS AR 43 i fa (1 2) o
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Fig. 1 Sampling locations of L. crocea population

TEAREEN Y 3 BRI A FEAS T A B A5 L
20 25 ¥EAT DNA $2 8., DNA & B I8 136 BF 45 1k
ATHRAE SR B M 20 CW2298S 3 JH 8 A =X 4t
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Fig.2 Large yellow croaker at larval(1), juvenile(2) and adult(3) stages

1.2 ZHifk DNA F % 5

59 F:5'-TCAACCAACCACAAAGA
CATTGGCAC-3"F1R:5'-TAGACTTCTGGGTG
GCCAAAGAATCA-3'H FH ¥ K# i Cco 1 )7
F20, PCR ¥ 14 |2 i & & 4 : 10 pL 2xTaq
MasterMix, 5|4 (10 mmol/L) 4% 1 uL, 1 pL DNA
BN, foe Jo I XUZE K 8 25 B 4K 20 pL. PCR
SR AR PP AN 2 95 °C A8 ¥ 5 min; 94 °C 78
1 min, 58.1 °Cil 'k 45 s, 72 °CHEf# 90 s, 1 30 4~
&R 5 fi2 )5 72 °CHEf# 10 min. Kf PCR ¥ 3 7= 4
2238 1% BN WH e e o Dk A I i el g2 T
A W) TR ARAT BR 2 B Y UNIQ-1 42X PCR 7
Py afi Al 120 & AT 2l Ak 1T, 5 i 1 ABI3730
XL AL, #4580 o
1.3 HuRS R

HEAT I P 45 5 3 e i, £ 1] DNA Sequencing
analysis 7 U 47 % 3%, H P 40 55 Sequencing
Analysis 5.2.0 2 (http : /www.ncbi.nlm.nih. gov/
Sequin/) il Sequencher 5.1 #X /4 3 (https: //www.
genecodes.com) 47 HE X 43 #r . 1% CO T F& A
JELU6 Fe 51 9 HXS R3S U148 , R HI MEGA 7.0.26

B4 Align by clustal W ZJfE . JT DNASP v5
(Librado P, 2009) ¥ {3153 #f 14 #1455 14, DNASP
v5 B AFHEAT Tajima's D A Fu and Li's D [ H 445
5, D s AR S L4 T 9Kk R Arlequin
S IR AT B AL Z R BRI 5 O 254y
Hr(AMOVA) |5t % B 2 AR PR (N ) (E A TR
£ MEGA 7.0.26 % f # , & M Kimura-2-
parameter £ 1€ #% 7 F Neighbour-joining (NJ) 7
a3 R A [ A SRR AR ) 401 SR, T T
ST RHR Z RSB GLIE C R . G4 R
2 E MK 0=0.05

2 45

21 KESHEHEHERERKAN

KA A it FEAR I 75 B (LCA) R K
76 ] 163~217 mm ; BF A= HEL fa A A (LCI) 1 179
BB (R ), ML ECH o 359 Bk 174 Y% S5
Mg, HARKJE N 11.24~70.0 mm, SE 34K N
(33.46+12.9) mm, fLH#EAR Ky 20~49 mm (& 3),
A7 R B 1Y 81.3 % 5 FRAE K (LCC) L3t 20
B RS 203~359 mm.,

Rl ENEREARAEEHAHE

Tab. 1 Sample size of L. crocear collected during seasonal investigations

IS . % RS Gy Eff 5 b " 1k [ " il L
BT BT ﬂ}f_arvyff *flﬁdarv'ze s é}jljlverrlLi‘le B ﬁ‘ZAdljt
Sampling date ~ Total individuals Juvenile count Adult count
count percentage/% percentage/% percentage/%

2020.09 243 0 0 175.00 72.00 68.00 28.00
2020.11 3 0 0 0 0 3.00 100.00
2021.01 15 0 0 11.00 73.30 4.00 26.70
2021.04 1179 474.00 40.30 705.00 59.70 0 0

2.2 FIHHES

AWFFE LM 15 60 55751 , 438 BLAST Eb X
WisE A HERFS . FFH MEGA #4450 - iy £5
H i Beae AT 6T 8511, ARA54 B2 634 bp B[]
JF31 ., COLF3 It A . T.C Al G i1 & &
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Fig. 3 Frequency distribution of body length for L.
crocea Larvae and Juvenile individuals

x2 FRAXHERENEEARER
Tab.2 Composition of nucleotide bases from different

L. crocea populations

R/ %
BEK Population Base composition
A T C G
$F A i (LCA) 27.3 22.4 20.2 30.1
FEHH A1 (LCC) 273 222 20.4 30.1
¥ A= HEL) £ (LCT) 27.4 222 20.2 30.2
P14 Mean 273 223 203 30.1

23 BEREBEPHNSGREBEEXR

TE 60 > K B f0 R A rp 2R I 2] 12 4> B A
R H R 4SS A Ay 8 A AT LA
Kl PAf%R Hap 1, Hap 2 Fl1 Hap 4 4 3 M REKRY
= AL BRI e L 0 A T 48 MREAC
i R A B 80% , T BE A K HE £ 1Y) IR R B A
R, BB Hap 3 o8 W9 AN B4R BT 4 =2 (LCAL
LC) , i F 2 AR AR, A S A v
LCA #EK47 1/~ (Hap 5 1 Hap 6) , H:4x 64~ (Hap
7.Hap 8 .Hap 9 .Hap 10.Hap 11 f1 Hap 12) ¥}
LCTREAIA S AL (R 3) .

| FH MEGA % {4, 38 1 Kimura-2-parameter
BRI F Neighbour-joining (NJ) % #4 #: CO |
PAERI R GBI (E4) . KEMEEAR A BAfs
T o3 18 2 A 53 3, EATT R RS SURRL 43 AT, AN [
FEUR 2 ] 5 AR 0 2 ) A T A R 6 B 56 2R

*3 ET Ccol ERFINARAREEBENBERL
Tab.3 Haplotype distribution of different L. crocea
populations based on CO | gene sequence

A R Population

Haplotype LCA LCC LCJ Total

Hapl 14 18 6 38
Hap2 1 4

Hap3 1
Hap4 1
Hap5
Hap6
Hap7 -
Hap8 -
Hap9 -
Hap10 -
Hapll -
Hap12 -
Total 20 20 20 60

_ = = = N

7
2
3
1
- 1
1
2
1
1
1
2

Hap 6

N
Q?Q

Hap 12

B4 BTtk col ERFIMESERSTHUR
Fig. 4 NJ molecular phylogenetic tree based on CO |
gene sequences

FIH POPART #1134 F CO T 751 #4 £ 11
Y2 (&1 5) S o, B A% 780 Hap 9 A1, AW
G K B A0 R AR 14 BRG] ) AR S A R IR
I —FPLL 3 A BER Y I A (Hap 1)
TN U0 @RI AP VAR R AP DR R RIS TR S N
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PN
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AR ARy, B A A 1) B B 50 A E KA
ity , 22 W A BT R AT B2 R LA AR F AR
Bk . BRI AW ST TR B R (] A A
BOA T2 LSRR SRR B I AR R
BAERLZ AR 2R, 5 NT R G0k TR 45 R
FH—
24 EfEsHEMEMBEEEN

KEG 3 MR CO T TF5) 1y Bf 5 S p
Pk (Hd) A% TR ZREE (P IR 88 22 S 80
F3FR . BdE s LCABEASL 20 B, 6 B
R B RV 0.516+0.132, L R 2 FEVE
J20.001 8; LCC HERIL 20 2, 3 A FRA% A4 | LA

Hap 9

Q
Hap 6

Z A 0.195+0. 115, B 11 iR 2 £ 4 /& 0.000 65
LCTREIARIL 20 BAEEA, 10 4> B Y | B AU 2 B
PESE 0.879+0.052, B T R Z )% 0.003 7, FEAR
5T o LCI BRI 1) A5 7 Z R M (Hd) 5 B TR
ZREVE (P Y8 5 s LCC BER A B0 1 2 REE
AT R Z R S K. B AR BEAAR 1Y) 2 R M KO
2 S T IR PRI ZFE KT

K A0 3 A TR A A 56 25 S R, LCC
LCA A1 LCJ BE{A ) Tajima’s D Al Fu and Li's D1
Ry AE, Horp 3N BER 2Z 8] Tajima’s D 25734
#(P<0.05) (£ 4) ;LCC FHA S HADFEAA L Fu
and Li's D 22 5 . 3% (P<0.05) .

Hap 5

Hap 11

Hap 8

Es5 BTk col ERFTIMERNEE
Fig. 5 Network diagram of CO | gene sequences

F4 EFcol ERFIRINBERESHNE

Tab. 4 Genetic diversity of 3 populations based on CO | gene sequences

BEIR REACKK B35 R K R REYE R E RN R bR
Population N N, H, P, Tajima’s D Fuand Li's D
HF A £ (LCA) 20 6 0.51+0.13 0.0018 -1.85% -1.71
FRA I (LCC) 20 3 0.19+0.11 0.0006 -1.86* —2.62%
5 A HES) 0 (LCT) 20 10 0.87+0.05 0.0037 -1.28% -0.82
St Total 60 12 0.58+0.07 0.002 -1.85 -1.15

TE RO R AL BB 7E 0.05 B KV 25 5+ 3%

Notes: * indicate significant differences at the 0.05 probability level.

FH MEGA 7. 0. 26 # ' Data-distance 115
R 3 AN I 38 AL I S N 5% S BT BT 1Y
WAL IR B4 0.000 6~0.003 9, Horf LCC BEAA P 35t
BB fi /N, R 0.000 65 LCIHFA PN 338 4% B 25 e
K, 4 0.003 9. HF K [E] AT 35t 1% BB
0.001 2~0.002 8, H:H LCA B FI LCC Bf{A 35 %
PR B 5 /N, 2 0.001 2; LCC FEAAFI LCT BEIAK 38t 1%

http://www.shhydxxb.com

PR B A K, 0.002 8 AR ] Ay ast A% 120 B bl R )
JIMEYRZE LCI-LCA > LCJ-LCC > LCC-LCA.
Kt 3 BRI E T CO 1 B4 i 8% 71k
FERCF M }-0.025 1~0.035 4(£ 5) , G ik 36 14
AN, 3R IR R (A) A7 A 280 v st A% R) o 1, 3
o, LCA BEIA 5 LCC A LCT BEAAR Z 6] By Fo {5 N
%K TEFTA BER R LCTRAA S A RER 2 6]
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Fo B 5, LCA BER 5 FLABAHE R 1 Fo fE i K
BRI S FoAH 045 A0 1, B LCC F1 LCJI B
LR R (E Fe /N (6.814 1) ,LCA 5 LCC FILCI BE
A 35 PR (B 35 oK (Inf) o

B £ 3 /AN [ I PRI A s A% 40 fh 48 5L
IS R N U I el |51 WS I A = O N
0.001 9~0.035 4, FEPH B AIEFEH 6.814 1~00,

x5 ETFCol ERFIINARXEARFEEERS

Tab.5 Pairwise genetic distances of different L. crocea
populations based on CO | gene sequences

HEMR

Population Lea Lee L
LCA 0.001 8
LCC 0.001 2 0.000 6
LCJ 0.002 7 0.002 8 0.003 9

TE AR J5 o B SR AR )t 2 B 5 o A 2 om e e
RN RE R

Notes: The pairwise genetic distances between every two
populations of L. crocea is below the diagonal, the diagonal line
indicates the genetic distance within the population of L. crocea .

x6 ETCOl EERINARAREBEEER
(Nm) 5z L ig 4 (Fst)
Tab. 6 The values of FST and gene flow among

different populations of L. crocea

Pofﬂj:ion LCA LCC LcI
LCA - Inf Inf
LCC 0 6.814 1
LCJ 0 0.035 4

VE R FIZE R 7 RO ) F (L 3 2 17 A
Notes: The pairwise F, value is below the diagonal, and the gene
flow is above the diagonal.

MR S3 778 550 T (AMOVA) 45 5%, 3 P REIR
f AL L8 B0 0.007 1, R A T 35 2%
5 (P<0.05) . 46 K& 435t 15 48 5 (99.29% ) f-1E
TR HE A0 AR PR, T B AR 18] 1 308 A5 28 S A
AR ALK 0.71%(F£ 7).

3 it

30 ABEBASEEFEEEBEEANELT

AHIF 5 AE K 1% Tl 6 SR 42 1) K £ HE 40
1R 5T AR KR (33.46+12.90) mm, 7] 35 7 ff
SE A AR TR R o AR 0 VT COR  fr 398 B F T
ARFLAE Y B , T B b A SR /AN R T
50 mm; SCHRAR T I R B A AR R Rt R
F 50 mm, 412013—2015 4=l Sk Vi3 3 il 7 A % £
a8 A K G B 7E 93~224 mm 22 i) > Al
ARHIFFEAF: it A 5 T BEAS HEBR 0 IS 1 S A A AR
IO DT FfE 40 0 A ke 1 O K A0 K B Y
H TR

LN T K S AR T S R R R I
JF G R BUAR AR i g ST KB Ay £ R XA
S it R B £ G B O A A R . 1 2000 A L
o KRB A0 A IR B A — A i B i st (P
WOl G4 %), 1956—2022) %, WA BHF 5T 45 H
K # a4l g ok /N B i (Larimichthys
polyactis )i 15 L= AUE 5L o 8550 1) U Ak K
TR 1L Sl L BT R R A ) R B
BEIFHA MY — itk KR atkiR A {2
|18\ R - 1S 2 NG €05 @ N AN
T Vi S8 L 28 B T — RS 114 2 R
RV G i, 25 i X R A R A SR R B
{14 T B 41 T AR 2K /0 DL, o HL R AT BB S Ak
WA W0 TS E R AEIRA 5 T8
RS TS SE IS DL DG, IR PN AE X A R R
A S A A A0 R A TR TR S 2R 4 M CO 1
JF A AR AL PR e 6 56 IE , 455 57 26 I R R 1) K B A
PP HE f 9 Al S5 S Bk Mg B, LSO R UE SR
w40 W A BT BRI AR

RT KEEINTEBEENE COL FHSFERSN
Tab. 7 AMOVA results of mtDNA CO | sequences in 3 populations of L. crocea

SR it TR TP R4 Iy %2 el
Source of variation df Sum of squares Variance components Percentage of variation/%

BE{ARTE] Among populations 2 1.5 0.004 7 0.71

AEPR P Within populations 57 37.4 0.656 1 99.29

Hk Total 59 38.9 0.660 8

W15 434 5% Fixation index F;:0.007 1
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3.2 KREEAREBEFEESHFERMITLE ST

R 5 Ve 3 B A R B R v B3R e
ARBEAR , DA AR A B b P 4 BT S 3 B A A 1Y
Ja Ao itk — 20 T B T RO R ALE A AR K B
A RE A B G RN, A I T AR R CO |
JE PR B 6F BT 3R R A FEAS i st A% 2 A R A T
THEGE. 3 RB BRI R 12 Fh A A K
T WANG %521 60 Fh AL G 552 1) 34 Ff, 3X 7R
A e A2 BT RE AR SRR A [P i B 2050, )
HMIAE IR CO T 7 4 B2 1R AN ] A, 52 i) 324 46 0
S5 L S T R U A5 2 2k R CO T IR T 4]
F B LU T VL 95 U B B R e R AR AR Y
WAL 22 5 WP A R WoR  7E 3 AR 65 4N 7
G R IR T 15 B o 3 B AN
[ Z ] 5 5 AT 45 AR

e F it sh W R IR 2 ARk (P) Fl
FARRZ AR (H,) ) RPN BEIAR N 15t 15 Z FE MK
L E AR RIS 2T . R
Y A v BEURAE 80 AR UK T BT i v , AR M g
BRI A B R Z R 2R 2R
WA FE NN ST O R TE 5 B AR AR
ZE RN SR AC BT I O, B AR TR IR s 2R
P25 52 B R, DTS2 B H T 3 9 5 a2 iie
1R Y BT L E RN, 2L B an R E B 65
(Trachinotus ovatus)™ F 2 4 (Acanthopagrus
schlegelii)™ . ZSTF 58 B Az Ko 0 fE IR 8t 15 24
PEAKCE I LK 2 B0 75 A6 R F 78 DL &2 9% fa
24 (H=0.302 6~0.992, P=0.000 371~0.04) k. £
RN, KB (0 H AT RE R FF R R st % ZREPEY
Ji PRl A5 4 T4 457 16 0 268/ 1) 8- 9 g Sl o ]
T3 ) B A AR B D TR SR, T
Y A= KB £ S PR b A B I T AN R DL SR B R
DR ASE 38 B RO T S 4 A A B A K R
()35t 1 Z2 Ak o Rl Vg s R RS R IR RLABE 1 K
B AR

AHI 5T & IR AR 1 BT AR R B AR s 1S 2
PEIE L7 A T B Az HE4)) £0 0 U R SR 58 BE AR 1 2 4
PEIKF-Z 18], B AR il e AR 2 LB A HE Syt A
PR 22 1) 37 B S RS A AR, LB 2
R ALL T R G A, HLHE L) 009 35t 15 2 FF 1 B
18 3K U — 2D IR W A AR K B £ U5 T R
BN 1< B2l Su/t% £ 3 N U L s E | B s o
(F,) 5y B SRR W] 3 MR Z W Tosr ik, B RE
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A 22 R 56 PR 28> 1, gl 2 1 5 PR 38 i I A5
2 [FJE TR — A B, WRIGHT A
PRI R > B R X AR /E T, DN T A 280 il
Hy A AR 5 i 1t % Ak . BRI ARBIFGE IR
BB RO Y B R B A B R O 2 ae gl Tt [
B A, FARE i SR SR AR I Rt R A
TR AL Z AP, DRt 4R R T AR
I8 A% Z2 AR, T DL A R A o 0 D Y 8 4
PREAISRAEAER K AT ek

ARG HE T A5 AL A% [ ) 45 S 2R BT, 467
s B SRS B SR G A G AR 43, B AR BRI Y
PR RY 3 O A AR AR AR i , % W B A B AL )
Al BT L AR AR S AR BRI 10 B B AR R
MR ek B TROR s 0, B4 R
0 (1351 Z2 R AN A 32 31 W S i 52 e, AR 7T
AEIE o B o R P AR R R R L R A A FEL) £
Mg fE Z AR 2 2 TP Al f, — 2k
BT o AR A RS I ARR T R R 5t %
ZRER LS &£EmARZ BN R, RIEZ
PSS, YA R g i milfs id e e H A SR
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A preliminary comparative analysis of genetic diversity in Larimichthys
crocea progeny from Dachen Island marine waters

CAI Pengyu', ZOU QinDong', WANG Zhenhua'*, ZHANG Shouyu'?
(1.College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 2.Technology
Research Center of Marine Ranching, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To gain a deeper understanding of the recovery status of Larimichthys crocea (large yellow
croaker) resources, this study analyzed four seasons of trawl survey data collected from the Dachen Island
region at a local scale during 2020-2021. By comparing the body length parameters of captured wild
juvenile L. crocea with those of stock-enhanced individuals, we preliminarily identified whether they
belonged to wild reproductive populations. Mitochondrial CO I gene sequences were determined for wild
adult samples (LCA) , wild juvenile samples (LCJ) , and copper-net-cultured samples (LCC) from the
Dachen Island waters to preliminarily assess the impact of stock enhancement on the genetic structure and
diversity of wild L. crocea populations. The results showed that wild juvenile L. crocea in the study area
were predominantly found in spring, with body lengths ranging from 11.24 to 70.00 mm (mean: 33.46 +
12.9 mm) , significantly smaller than the minimum size standard (>5 ¢cm) of stock-enhanced individuals.
Wild adults and juveniles exhibited high haplotype diversity and moderate nucleotide diversity (H, = 0.516—
0.879, P, = 0.001 8-0.003 7). Genetic differentiation indices revealed minimal divergence among the three
populations, with gene flow values ranging from 6.8141 to «, indicating no significant genetic structure
differences. Phylogenetic and network analyses demonstrated high genetic relatedness between wild and
cultured populations. This study suggests that the wild L. crocea population in the Dachen Island waters
likely originated from stock enhancement or escapees from net pens, which have successfully reproduced
and formed a replenishment population of observable scale. Moreover, these populations exhibit an
accumulation of genetic mutations, indicating that the conditions for the recovery of L. crocea resources in
the Dachen Island waters are gradually being established.

Key words: large yellow croaker; stock enhancement; genetic diversity; mitochondrial CO I gene
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