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rim HER: 2024-11-07; fEITHHE: 2025-01-08.
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PRl VAL K VLI 95 B B (Aristichthys nobilis) )3
FH T ACR; Wang %158 iU T DI CEMTE | it
B AF) L EXERAEAE . A AECREAR B, DL
LT X F L X SRR P R 2 AT B R b TR AL
HBSE; Knibb SEUOME ] DNA {10 47 (37 2
. mtDNA FAFE RIS S RIEE ] 41 SNP 3 FfUA R
Jrik, VALK BORAFEE 7 AR I PLAN X A
(Litopenaeus vannamei)FEA W) it 1% Z HE 4 K- .
A Y BEARICTOR 198 2 R R, 7> AR ic o g
8 S B AT RO AR A | AT R MR L
T 1A 5 B A T 0O B R L % TE A 4
YEo AT, 20 FARICHOR 2 28 MO8 H RO Al
g ERHA

L AR 2 5 1 740 8 A T S X i )
BEIX Z—, 1 AR FH o T s LR B AR X B
TR TR PP B SRR T SRS DA RO SE . A 4%
Tk, AWETE R AR 5 1 S B v O B 51X
B, SR T HE T A ok A R TR MTZR KL /R DNA
(mtDNA) 7> T PR L BORBCRIFAG BRI R, BT
JRCTR R 224 4 B T Vg ] IR R TR B 1 28 4 A B
{3 2% MR BT R Y ST E AT IR A TS, O BTV
Sl T S ) 398 B SR AV 1R G R 2 B Al
N 2R~ 8 B0 DL SRS T v G R B R
BB 2R o

1 #RETE

1.1 HEAXE

SCIGRE SRS 3 i T, B4t 2023
5 H, TEINARA T T e KA IRAF(HY)
SRS T H LT AR SR AR (2 DR 58 5 R AR ) 404 J& o
S Al 2023 4F 9 v EXSERACRIIE], AL ZR
I T R I S VR (HD) | 085 1L S (LS 1) R FH
EHY2) G iR h E XTEE 461 M5
At 2024 4 &S A, NILARE S e r s L
TFIR(LS2) & H BRI (RZ) R4 509 2 v [ % iR 2k
BE AR o A REAR UK ZRIZ 126 B, 80 C
()RR VK AR DR AE A8 T o FEAS IR R AR IRHA] | b s
KRR R 1 K 1, Hordr, 2023 ARG FE
A, T VPAS I v v X R AR A A AR
FERR; 2024 IR A FITEAE A, FHFPEAS

F1 HENIFEARRERE, MR REE
Tab.1 Time, place, and number of Fenneropenaeus

chinensis samples collected

fi [E] time Hi5 location 5 number
2023.05 HY 404
2023.09  HD(71). LS(186). HY(204) 461
2024.04 LS 110
2024.05 RZ 399

{£:RZ: HI®; HD: ¥{&; LS: Wil HY: # .
Note: RZ: Rizhao; HD: Huangdao; LS: Laoshan; HY: Haiyang.
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Fig. 1 Map of Fenneropenaeus chinensis
migration route map in China
RZ: Rizhao; HD: Huangdao; LS: Laoshan;
HY: Haiyang. Stars indicate the locations where individuals
were captured, while the triangle represents
the site where releases into nursery grounds occurred.
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JIT A A A B B DK BRI, BCHEILEN, R TR
HLE S8 07 S 7 2 3R O R 41 DNAMY, 23 5i5%
FH - 0.8% 3yt iR AHEE 152 L K B2 43 )6 0 B T T 42 i
AR DNA g, JFHKEER ddH0 JH%
% 50 ng/ul WREE, 20 CLR-AF. TEBHE ZHEME
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ST, SR 2R A EEAE R, G R
N7 5B T AR R R I AR L R R RORS A
FEREACER BH A A . A SCIARIE A5 B R 2 A7
WBIR AR, ZREAIEAR, MPENSZSE
DL REE R R s, B SCm s Z AT R 8
ML BT H PCR § 1 E I DR 5, X
BEAJEP 4] DNA Z 28 EBEAT RN 454 SSR
A7 S E 1815 9153 51 FAM . TAMRA .ROX #l HEX
DA E gk 2 — AT PRI (R 2). SSR-PCR 2
MAKZ A 25 uL ¢ 12 pLMix (Monad). [ Fii#514
£ 1 uL (10 umol/L). 1 pL #i#z DNA (50 ng/uL)
110 pL ddH,O. SSR-PCR JZ WA BT : 94 C
FiASYE 3 min, 94 CASME 20 s, 1Bk 40 s (K17 5
Xof o7 BRI KR L 2), 72 CCHEf 20 s, ASPEIR
KIEMIEER 35 e, 72 CAIEM 5 min, JRA
4 CUKFMRAEA . PCR R 525, 5ER A
1.0%B A BRI F Uk X PCR 779y ot A il A,
SRJG AT WA T AR TR A FR S /i A7
SSR-PCR j= ¥ KL K 432

W B T3 57 AR Ak, AR SR AT e ) X MR
& COT ZEH 1) PCR [ o 3X — R N 1R R IR 5
SSR-PCR & I Z&4LL, fH 5| % Ml )z L 25 14 i A

A, HEXFERZER R CO T3 PCR AR N
25 uL : 12 pLMix (Monad), b F##51#145 1 uL
(10 pmol/uL). 1 pL #itlk DNA (50 ng/uL)Fl 10 pL
ddH,O0. CO IH¢&PERIWfER LR 3. PCR )i
WAL 94 CHIZEYE 3 min, 94 CZEE 20 s, 55
CiRk 40 s, 72 CHEMH 20 s, ARPEIR K SEMHAEIR
35 W, 72 CAIEM 5 min, CO I ) PCR 77
W ZHE LA T AR BRA R T B T o 26
KR CO T HE IR P45 548 F] DN Aman! 45445
iE, ML bp RIETFIIE, #EATIFAIT
XoF o 9 T R A543 KL DR 43 TR0 B35 38 5 Gene-Mapper!'©!
B EA TR . A Aol T A7 o, 5 A7 3 TR 43 TR
HEF T Cervust A A7 2540 5 PR K (k) . WL 2%
B (Ho) . WG (He) o P - Y A4S F 1
(H-W) . JCRC A R [F(Null) | DA e 2 2545 8 &
W (PIC)FEZHM G/ hr, T RS TEA
T OLT (B3R . XGRS REGE SR HE A9 1A Rt
BRRESH A 0 2 R 2R A RN Il R A
Z R HAEIEE TR R MMEEA XS (K LOD {Hi%
TE =3.0), 5k R T ¢ R FE AR X R £ kLA
CO 15 [K SNP 3 s B Bk — Ao i Ay, e
Il AR AS v R B 00 1A

x2 /I MUAIBAMFIER. BNEBE

Tab. 2 Characteristics of eight microsatellite loci

fiL A BN AR S FIYFHI(5-3") BRI C FLHRIC YR
locus GenBank accession no. primer sequences (5'-3") annealing temperature labeled fluorescent dye
ENO0033 AY132813 F: CCTTGACACGGCATTGATTGG 64 6-FAM
R: TACGTTGTGCAAACGCCAAGC
RS0622 AY132778 F: CAGTCCGTAGTTCATACTTGG 60 HEX
R: ACATGCCTTTGTGTGAAAACG
RS1101 AY 132811 F: CGAGTGGCAGCGAGTCCT 52 ROX
R: TATTCCCACGCTCTTGTC
RS0683 AY 132823 F: CACTCACTTATGTCACACTGC 64 TAMRA
R: ACACACCAACACTCAATCTCC
ENO113 AY 132816 F: TGTCAAGAGAGCGAGAGGGAGG 65 6-FAM
R: TGTCAAGAGAGCGAGAGGGAGG
BM29561 F: AACAGACCACATACGGGAC 58 HEX
R: TTTTCGGAAGTAACATCACA
RS0916 AY132796 F: GGCTAATGATAATAATGCTG 56 ROX
R: CGTTGTTGTTGCTGTTG
RS0779 AY'132790 F: ATGACACTCAAATCAAAG 50 TAMRA

R: CAGAATAACATCATTACTAC
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K3 COIBAFISIMEERNEE

Tab.3 CO I partial sequence primers and
annealing temperature

FIHFEI(5'-3"
primer sequences (5'-3")
COI F:TTTTTGACCCTGCAGGAGGT 55
R:CCGTGGAGGGTTCCTATTCA

kR C

annealing temperature

2 HRE5HH

2.1 SSRfLmMEESHEKTE

AP0 2023 4EBE AR F B R i
Vg ¥ TR0 O MR SE AR K 2023 L 2024 4B [l 4
FEAR 1374 4~ 5 8 AT AN s 7 T A R A Hh 3L
R 350 ASEEALIER, AR SR I 2 1Y) SE AL
EHEBEMN 7~80 A&, FHEAEFEE A
31.8, /l\u,mlél’JwJ A1 Hy i 0.606~0.896,
AR 0.771; EBEZERE He A 0.619~0.972,
EEIMEN 0.872; ?ﬂjzj& SE&E PIC HN
0.856, TEFE TR T, TE—DFEATHBR
PR, 8 AN RE NS P2 AL 1 4 1A SRR HERR ik F]
0.999 LI | (5% 4).

F4 84 SSRILEMIERESHEMATSEIT

Tab. 4 Statistics on the level of genetic
diversity at eight SSR loci

AE-2P H-W F(Null)

fiisi locus &k  H, H. PIC

ENO0033 88 0.782 0.972 0.971 0.056 - 0.108
RS0622 72 0.896 0.966 0.965 0.069 NS  0.038
RS1101 54 0.749 0.905 0.897 0.190 - 0.097
RS0683 57 0.807 0.927 0.923 0.144 - 0.07

ENO113 14 0.827 0.868 0.854 0.264 NS 0.024
BM29561 37 0.876 092 0914 0.161 - 0.024
RS0916 7 0.621 0.619 0.543 0.659 NS -0.003
RS0779 12 0.606 0.797 0.777 0.370 - 0.146
SEX{E mean 43 0.771 0.872 0.856 0.239 - 0.063

ke AL BB SEEREG By WIS He BIEEZREE,
PIC: Z3(5 8 & &; AE-2P: BAIR ﬁ%zliﬁlﬂﬂ’] oL T —4
153 SR T S HEBR AR H-W: i 2 i A IR A% STl 174 B35
PE; F(Null): 4 OB RE R A%, NS: %E%%E(wo 05);
COFIRARAL WURERE T IR Y R IE I, ) 3 K
I P JEALIE.

Note: k: number of alleles at the locus; H,: observed heterozygosity;
H,: expected heterozygosity; PIC: polymorphic information content;
AE-2P: average exclusion probability for one candidate parent
given the genotype of a known parent of the opposite sex; H-W:
significance of deviation from Hardy-Weinberg equilibrium; F(Null):
estimated null allele frequency. NS: no significant difference
(P>0.05); “~” indicates unknown. The significance level includes a
Bonferroni correction, if the Bonferroni correction option was selected.

2.2 COIFF4HE

Hp [ R R COT 6 PR 25 SR 22 80 1) )
B E R 650 bp, F) H DnaSP FAAE A4 BT 4K A4 AE
FiA 1374 A EXEREEAS (AR RGN 5] 5 ) SNP
LN, XS ADEBNTA T 7 FEfER,
o, Y%7 HapOl 5 97.8%, A EEHKA, HA
Fr AT AL R 5 AR T 1%, RBCNHB— 5
£ 7Y 7 45 % Z B ER, 7 R AR LA H o B L
x5, BRI ZEEYEN 0.065, BfERIZRENE )T 22
7 0.00015, #% TR ZHEE Pi{EIIE 2,

RS HEMNGKAAEEAPRUNIIKNAER ST

Tab. 5 Statistics of haplotypes detected in
all samples of Fenneropenaeus chinensis

2023 4F-

WEgRRE 20234
PafE spawners used L/ SEUCIE AN

2024 A
sy AR
recaptured ditk

el for released recaptured spawner samples proportion
Fenneropenaeus samples . .
haplotype . ; . . inreproductive of each
chinensis for in autumn fishing T
. . migration in  haplotype
enhancement in season in 2023 2004
2023
HY LS HD HY LS RZ
Hap01 388 186 69 201 106 394 97.8%
Hap02 3 0 0 1 0 1 0.36%
Hap03 2 0 0 0 2 1 0.36%
Hap04 5 0 2 2 1 2 0.87%
Hap05 5 0 0 0 0 0 0.36%
Hap06 1 0 0 0 0 1 0.15%
Hap07 0 0 0 0 1 0 0.07%

FE:RZ: HIE; HD: #8855 LS: W51l HY: WERH. LA LXh8it 5.
Note: RZ: Rizhao; HD: Huangdao; LS: Laoshan; HY: Haiyang. All
above are locations at capture.
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Fig. 2 Nucleotide diversity (Pi) of DNA variation
region of Fenneropenaeus chinensis samples

2.3 EEERPETANEEH SR
FIF 8 LB F & 1Y SSR A 5 S5
B, M 970 BRI E] 121 B A&

B RE RN

nucleotide diversity, Pi
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XN 87 EAEARMAEEF T KR B A Rk E
TR Z 8] [ 2B AR COT HL P SNP BA% 4 564F,
BRI A 9 AN BRE B A AT (0 5% F X5 (L6
20234EHD 1 . LS4 J&;2024 4 LS 1 &, RZ3
FB), BeZf e ImAE A 112 BJE K H 2023 478
AR B e R O A . Horpr, 2023 AF BT R

WU E T 461 AN, f 56 B2k A Tl
IR 5 e R Ve TR AR, BT P SR AR B
50 J2; 2024 4F- 509 2 AR B AR AS Hh s £ 56
Bk A T AR AR B M R O AN A, 31X 56 2
ARXE I B SR AR B 37 B, HURAMAKS: HRE il
W 6,

R 6 BB R H TR ST

Tab. 6 Statistics on the detection of released individuals in recaptured samples

1 2 *E;;*?‘ Lod i 3ESMAE oMot MORt | ek %j;?‘ Lod fi JE5 04 ey Mok Bt
Z recapture 7 Lod #l shared number of released recapture 7 Lod 7! shared number of released
individual ID Saﬁ?;f:tID score  haplotype individuals detected| individual ID Saﬁ?;f:tID score haplotype individuals detected
HD-4 Q326 6.85 Hap01 5 LS-462 Q215 8.52  Hap0l 25
HD-56 Q349 5.31 Hap01 LS-467 Q195 7.45 Hap01
LS-468 Q51 7.04  Hap0l
HY-95 Q347 6.31 Hap01 18 LS-473 Q262 6.65 Hap05
HY-97 Q338 7.40 Hap01 LS-474 Q267 6.00  HapOl
HY-254 Q356 5.43 Hap01 LS-488 Q60 5.50  HapOl
HY-273 Q301 5.92 Hap01 LS-489 Q228 549  Hap0l
HY-278 Q313 5.98 Hap01 LS-500 Q89 5.38  Hap0l
LS-442 Q286 5.80 Hap05 38 RZ-237 Q338 8.11 Hap01 35
LS-445 Q367 6.26 Hap01 RZ-389 Q331 7.76  Hap0l
LS-449 Q41 9.55 Hap01 RZ-315 Qle68 6.79  Hap0l
LS-452 Q380 9.23 Hap01 RZ-273 Q347 6.57  Hap0l
LS-454 Q175 9.02 Hap01 RZ-155 Q313 6.35 Hap01
LS-456 Q31 8.19 Hap01 RZ-133 Q301 5.83 Hap01
LS-457 Q196 8.00 Hap01 RZ-203 Q116 5.45 Hap01
LS-460 Q331 7.44 Hap01 RZ-213 Q133 5.44  Hap0l
LS-461 Q168 6.49 Hap01
SBEL total 121

TE: RI A AR A o 1 B ORSA. RZ: B IR HD: 2505 LS: Wil HY: B, LB s
Note: Not all detection of released individuals from recaptured sampled are listed. RZ: Rizhao; HD: Huangdao; LS: Laoshan; HY: Haiyang.

All above are fishing locations.

3 itig

3.1 HEXERREEEE S ENE

TEVIAE BT, W58 2200 FI R IR T 4% 3
F8 Bl T2 IR PR T SR R L TR B SNIP AR i T
Hh [ o R AR AR i A% 2 A 1 R T IR AT, X
T 73T 0 ) et 2 R ik A B e S ) gt A% 2 AR K
W5 5o ANIFFTAEARIN 5 BT A I X IR AS Y 22
KR COI JE A 81, B BAA% Y 2o e A%

TR 2 REVEST WAL R 0.065 F1 0.00033, s 4L
R 2R, BLR R BN o — A5 RIS R A
Fidg b YRt 2 80(% 5). Sun ZUSTRIH
SSR #l mtDNA 341 H [ 56 SRl it B A Xt b Fe
A 1 BT R B 32 BE AR 1) 35t 4% 22 1 1 ke B 1 FH 4
& DNA (mtDNA)FF 2] 1) HA5 5 2 FE 1 R 17 R
ZREPESY R 0.265 F1 0.00058, o gL Ak
PEAROPRAR, WESEARMF R R . SR UEFLobitk
COI £ SNP i s Z A MEAH L, SRR T A% LA
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(A T3 A DU B 4t 1 B Sy 3 i 1 35 A5 A8 S K-
(3 4). 226 FEAE M B FE S AL Z R ) 24
Bi, SO SER A7 e BE A T i Z A ) A
5, 8 A~ SSR A7 5 ¥ 7w Hh 8 i K-8 Ho F1l
He, W 1LZR 2 1 B 70 1 1 v 60 o 0 BB 24 A L
AR KO8 AG 2R, R AU 24
V5 4 B A A R T e A0, U P RO A AR A T gt
RSP, Wang Z52IF ] SSR 43 FARic sy
T T A5 e D %o 0 A A A 3 A A R T
BRI IR AL 2 RENE, K IUHOR A H, F1 H, 3
Mt 0.5, RUHBAREEA £ & Mg 25
PE, SASLIG 45 A

FESE TR A, R FARicisfe 20
PR B B AR BLIE DR 8 T AR iC RE IS HE AL 10 1A
SYPERE KT . ARWFIE R, ik 8 NEEMEE
B (PIC fHM 0.543 3] 0.971 A5 T R,
FEROEEV TS LR, REs SR AL SR 4y Wik
F] 0.9999 L FAKF (K 4). 7EH EXTEFE A WS
Hr, SRR R SNP AV A T4 AR ) st A% 2 Bk
KB LR Z IR, 3P 1 AMEETOR
SR URAEARIT 4 4 vl [0 % B [ 9l B0F A 4 28 B R DNA
P DX 90 HEAT B A BT K BR, RS AR A IR
BAT IR 22 RE B (845 ZREMERE S0 AW 5T, B
BREARLGRA COT FEHFH /i )a, Az 7
PR AL, T REHR AL A MAHERR R AN 7.43 %,
Hh ] X R 27 (R COT & P SNP v/ i 2 745 PR 7K %
%, 7E 227 Liu Z2H Yang 22 g9 bt 7] 15
FIHGHIE
3.2 HRE X ER AR AN AR 5 AT

ST W PBRC R B0 2 R IR, RS TR
TCHEAT Fp S R SR B A A R AR R 2
TFRE, ERaF%UH A SSR 4 FHRic /T T it
S T v ) X AR A T AR 1) A T B R AR B
Wang ZEU2IFI ] SSR 4 FAric BIF 5 i 15 it
[ % R AT 20 A1 5 Sun 2518145 4 SSR Il mtDNA
(3B N R TS TR0t R 19/ @ e RN ES DA B G s R QU
Wi R R A A IO i S B B YR B Y ST RR R T T 40
Bro SSR A Fhric Y H B4 M 2 — 7 T HAEZ L E
A RENS r= A R I AR S, M RE S 7E

EF IR Hr SR A R 8 AR R ), B
1 — B LA SR WA A 2 7 0 R o B 1) = 245 F A
0. — Bk, HE TR BRI R H b, Hif
5T A) AR S KT e (H N 2 B 5 AR 8 Y AR
SAKEMEE 3. 4. 5 BRFRMAE R K5 (HFHH
REL )P A EE AR, A4S H
F SSR-PCR b i H B L A5 T | 1 8h 45 T B e
PR 3 2 235 TR v S 67 S RS2 ) P A AR 22, 5 SR
TUIREE R e PE, ML ER, 3. 4. 5
B 3 B AR 1A% 2 S RS A BRAIR, (H S L R 174 )
PLFNALIE B R, XSRS ERE 8 4~ SSR i
NAZDHEGIFIIEMEZ Ny 3. 4 F1 5 B EM
JEA

B SSR J3FARICAl, LAy 51 /4 G+
OB AL AR CY, IR TE B AT W IR AT 1 4
Fhridz—, T g b B R34 5 5
ROR PRSP (B LR A 91 38t 15 78 3K 3K,
REAE 2 (LA R o HR A 5K . [FIRT, o T3
FERE B BE R IBAL R, AWFFE s LS SSR Arid
AT E T IR AT o 76 2023 AR BRI Rl AN 4
H, L 8 > SSR A S B RE B INE] T 61
XEFRR, il EFRRBLR A COl A
SNP i s FAAE AU IR, Horp 56 X 2% X} [E] ) COI
D] SNP A7 P — 3, A 5 R 3 70t
[1Y) COT % [K] SNP £/ 5 B A5 BN — B HERR; R,
FIFH 8 AN TRV A, AN 2024 4 A 5 i [m] 4
AR E] 60 XL TR R, HpAg 4 Xk
SEF-XF ] B COIFE 1) SNP A7 s B4R AN — 2501117 4%
HEBR . X UEHH, R 8 4~ SSR v A5 L 4 B
SN ST USRS TR A v ARG B %) ) 0
BT IE 1 52 A HERR A A BN BE R 20058 01 1 iy
B R SNP 2 FARic 3 LS A HoR, it
11 R¥E M (Larimichthys crocea)E T IR #H7, AH
Lt SSR-PCR %5 {7 i PRI ) 452 2o 2 v ] B 1) 15 22,
SNP i i AN L= A iR 22, B ) e PR i,
Eb SSR Zrr B HAR S, (HELBY B, HoE s A3 IH
I BR B S T R REA i B R R0,
PR 2 W IR 5 SR A v PR DL AR S 2 T R,
PR BECR F 2251 3 & Ho 2 B 45 R BEAE A9 SSR A
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TEHEAT 3 F IR, ZERifAR COI B SNP £/ 55 B A%
RV AR i B W B R, X SSR FRic &5 i A7
FREGE, BEF> THRIC4ES SR 5 B A AP o
AN, DI PR A HE R 51

3.3 WEKRFBEEEEHEM R R TS

AWFFERAE N 2023 4F J3E Hp [ S o5 HF
FEAAN R IZAT BE LR Y- 15 i #5003 e A i 2 M
H A, T 2023 4EBERKIR 461 B R4
R, BrRo e EIE 61 BRI ARSI, Ha
400 JBA A B IZ A A 1 A H b S A i A
(A o LA I B8 0 v [ AR 0O T 9 3 ) 8
WAL, 26 2023 AR EVE 00 D IR S IR 4L
OB DS R L BT fA] e R A
FOE 10 45— B A ELE 1000 t 224 KR A RE %
5.

FE LA BTSSR VAR, W oE 24 2 NG
TR D X MR X 2 A T R T ™ 2 1Y) DT R
B, TR KAFRRE, 50 56 O X AR
Xof T A B i TR A O U i ) Bk . AR 9T IR A
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Abstract: This study used microsatellite molecular markers and mitochondrial COI gene sequence information to
investigate the effects of stock enhancement on Fenneropenaeus chinensis in the southern waters of the Shandong
Peninsula, assessing the ecological contribution of the released F. chinensis. This species is an important
economic shrimp species in China's Bohai and Yellow Sea regions, playing a key role in fishing and marine
aquaculture. However, due to issues such as overfishing, disease, and environmental pollution, there has been a
substantial decline in resources since the 1980s. To restore the dwindling resources of F. chinensis, China took the
lead in conducting stock enhancement activities in the Bohai Sea. After nearly 40 years of continuous release, F.
chinensis resources in the Bohai and Yellow Seas have been restored to some extent. The purpose of this study was
to evaluate the effectiveness of stock enhancement of F. chinensis in the southern waters of the Shandong
Peninsula using SSR (simple sequence repeats) and mitochondrial COI molecular marker technology. The
experimental sample collection was divided into three stages. In the first stage, in May 2023, 404 parental F.
chinensis were collected from Haiyang Yellow Sea Aquatic Products Co., Ltd. in the southern part of the Shandong
Peninsula after the completion of production of released seedings. In the second stage, during the autumn fishing
season of F. chinensis in September 2023, a total of 461 individual F. chinensis were recaptured in the sea areas of
Huangdao, Haiyang, and Laoshan. In the third stage, from March to April 2024, 110 and 399 migrating individuals
of P. chinensis were collected in the Laoshan and Rizhao sea areas, respectively. All the samples were frozen and
transported to the laboratory for storage. Genomic DNA was extracted using the conventional phenol-chloroform
isoamyl alcohol method, and DNA quality was detected by agarose gel electrophoresis and spectrophotometer. The
experiment used parent—offspring tracing methods based on microsatellite molecular markers and mitochondrial
COI gene sequence information to evaluate the effectiveness of stock enhancement of F. chinensis in the southern
waters of the Shandong Peninsula. Eight polymorphism-rich microsatellite loci were used for PCR amplification
and genotyping, combined with mitochondrial COI gene sequence analysis. Gene Mapper software was used to
read allele data, and Cervus software was used for statistical analysis to determine potential parent-offspring pairs.
The parentage relationship between released individuals and recaptured individuals was further verified using
partial mtDNA sequence haplotypes. The results showed that 350 alleles were detected at eight SSR loci, with the
number of alleles detected per locus ranging from 7 to 80, and the average number of alleles was 31.8. The
observed heterozygosity (H,) ranged from 0.606 to 0.896, the expected heterozygosity (H.) ranged from 0.619 to
0.972, and the average polymorphism information content (PIC) value was 0.856. A total of five SNP polymorphic
sites and seven haplotypes were detected in the COI sequence, with HapO1 accounting for 80% as the main type.
The haplotype diversity was 0.065, and the nucleotide diversity value was 0.00033. A total of 121 individuals from
stock enhancement were monitored in the recaptured samples from the autumn fishing season of 2023 and the
migratory recapture samples of 2024. Further verification with mitochondrial COI gene sequences excluded nine
unfit individuals. Among 970 recaptured individuals, 112 individuals from stock enhancement were detected,
including 56 individuals from stock enhancement out of 461 individuals recaptured during the autumn fishing
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season of 2023, accounting for 12.4% of the total recaptured individuals. 56 individuals from stock enhancement
were detected in the migratory recapture samples of 2024, accounting for 9.2% of the total recaptured individuals.
Microsatellite markers showed high levels of genetic diversity, while mitochondrial DNA detected lower
haplotype diversity. This is mainly because nuclear genes have higher levels of genetic variation. In the
traceability analysis of stock-enhanced F. chinensis, SSR markers provided sufficient individual identification
capabilities. However, the lower the number of bases in the repeat unit, the higher the level of simple sequence
repeat variation. But dinucleotide repeats can produce rich variability while often causing deviations in allele
reading results due to base mismatches and slippages during PCR, which affects the accuracy of parent—offspring
tracing results. Therefore, it is necessary to combine it with mitochondrial COI gene sequences that strictly follow
maternal inheritance for re-verification to ensure the accuracy of allele reading and correction. This study provides
a detailed assessment of the effectiveness of stock enhancement of F. chinensis in the Yellow Sea located on the
southern coast of the Shandong Peninsula. This indicates that the enhancement of F. chinensis in the southern
waters of the Shandong Peninsula had a significant contribution to the biomass of autumn in the current year and
the resources of reproductive migration in the following year. Evaluating the effectiveness of stock enhancement
of F. chinensis in the Yellow Sea and the Bohai Sea is not only of considerable importance for the conservation of
F. chinensis resources but also makes an important contribution to the local marine ecosystem. This study can
provide a scientific reference for the stock enhancement of F. chinensis in the Yellow Sea and the Bohai Sea.
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