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20 e 50 A4, Fh A X AR IR A R A B
FRSFIM, Hit= X EH IR AR, 80%
T ER 5 = L T A R A Y O AR U,
WK, PELE 20 42 80 ARUR I IAHE T EL
B F) 1 IO 2h . 20 4D 70 4AEAR~90 AEAR B
iR N T 2F 5 7750 1 1% b Sk 386 5 i 42 4t T
W RAYERI, 1990 45, P ES HAAME, EILARS
5 A b s L B T R 73 024 P, 1991 4~
1995 4E[A], 7EHIE MR B R 90 277 B Rk
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] L7 P 39 B T AR R TR A T o AR 1L ELAE 2018 4F
6 J1 12019 4 6 H 23 ljicim S8 i #h 25.8621 J1
A 23.2558 TS AT T 2018 AEAERY A
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X HADYE S 7 S 0 B R R T RAEY,
DARSE FL I G TICRRT 11 SR A 15 1l 1 352 4% 2 52 il
55 5 0 7S O IS 1 5 T S8 N 1Y SRR 5 48 00 v 45
() F SR BRI AF AE— 8 R a4 22 5 . Kitadal ™55 58 iof
WAE WSS G 40 a B AGHaE R, PP TR IR
T GH T H AR JEE L 5% VS ) L 6 B AR R R ) /N A
WAL Z R VRIS B SE ), LA AT A B, B TSI
0T 2 b EC RN Y 351 Z AR, (H R A B A R
FUBLAIE A, LR B HT S, R4, BRIERIK
AR B0 it A A 5 B T B AR R b, A5 U B
KL A, oy insim AR B0 AT 00 3 GE O Y
Y004 BR . Gonzalez! 25 @ s W5 1B 78 5 M
JBY B (Acanthopagrus schlegelii) /& B, % = iR
5E 85 b e PR R A B D AR BRI HL S o 3 A
b 3B R ARG A o0 Ak 2, R WIBG B T I
PR 1 35 4% Z AR PE T R T SRR . ShanPUSE R T
SRR AR w1 XA P B 6 BR VT 1T I B G 498 A O
17 TWE5E, 45 W B0 S 3RV DR B9 it 1% 2 4
AT T A B A PR, S 1% IR P BE S I T R YT
1 A BB 14 388 £ Z2FE 1 o AH R, Katalinas™ 55 F]
BT RS 1999 4F~2011 4F ] 75 i - 2 S AN 247 9 5%
[E| £1 1 (Sciaenops ocellatus)WIGFE R HEAT T VAL,
45 B W R RO I AR X 5% [ 21 £ W A B AR G 26
PEP= A 5200 . Ozerov* 45t Fi FH 4 1A Al SNPs 1T
i T 16 a ] BRI 58 500 J5 =2 V8 R 2 8 ¥ 1) K P

x1 HYPERHRER

e (Salmo  salar)'BF = FpRERGB AL 2, 453K
WY R G 35 fi: £ 1 398 7 00U 3G T R AR DR 1) A
B S RE, B 7 HAREE A o 58 2= ot Al
DLHS B R0t S FPRE AT AL T SRR 9 i B R R
AN, B RIREEROR S E B, Wt
X B A AR HE AT 350 A W, LA Sy el A5 HL RN 34 5
it A HERL 2 AR
MURDEZ0Mm . SEdE, 284

o, BLE &R — Rk Tz Y o i i 4%
ALA201 A 5T A DR R SR R 4y FARiE, Xt
FE B 3005 VR 5 38 T R (%) L 09 1 B 0 AT 5 AT
I, LS e WO A 35t % 22 M N a5t A5 45 A BIR,
Sk A 118 0 DR AR 0 B A B Y I & BRI A T L AR
KR

1 MRS 7%

1.1 #HeRXE

B SRR 0 TG I O T 95 E S
AR (AR S B R IR B R R AR R AL
2017 4% 5 H, 1657 W 15 17 1 380(108°05'E, 21°55'N)
PEATHE RO, IR A R 3.7~5.8 em Y ELER T
Pl 12.27 TR, BtfA, T 20174F 9 A~20184F 1 A
PEATREEJAAS, [l EHARE (R 1), Fra st
GRS, BAKEHILNALT 95%
HRAE, DA IR SLsi .

Tab.1 Information on the catch of Pagrus major
] (4. 1) Hb A B (%) 4K (mm) K57 4 (g)
2017.09 YTV 16 (108°22'E, 21°58'N) 51 120~156 37.9~72.1
2017.10 ZRK24TT FE(108°17'E, 21°52'N) 71 114~170 30.4~93.1
2017.11 K247 FE(108°19'E, 21°51'N) 70 122~228 40.8~210.7
2017.12 2K 247 FE(108°08'E, 21°53'N) 60 128~240 48.8~242.1
2018.01 K247 FE(108°13'E, 21°52'N) 67 136~261 55.2~285.5

1.2 A F 4 DNA £

B 276 RAEBHEA . 98 BB & 294 &
]9 LR RE UL IR 2 2L, ™A 4 BRI T Sl P 2 41U
20 DNA $2BGRH] & (AR LR A R A F], b
SO P UL ERAE D BRI 4T DNA $2H0.
1.3 PCR ¥ ¥AMF LR

P Z BRI 7 ML RS YT,

XTSI 57343 9 F TAM . FAM il HEX 3 ¢
Jebrid, BARGIYE R ILFE 2. PCR N AR

25 uL, H.A 145 10xPCR Buffer 2.5 uL, dNTPs 2 pL,
W5 Y51 ¥4 1 ul, Taq DNA R E&R 0.15 uL,
EBF K 17.5 pL. PCR W &AM 94°C WA 7%
5 min; 94°CAE M 50 s, 7E51 ¥ i9aR JORE TR
k 50s, 72°CHEMf 1 min, {3 35 K; f/5 72°CHE
filt 10 min. #1485 1.5%BEARHEEE L (7 DuRed Y4 k})
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X PCR =¥yt 47 da ik I, 9 6 o 37 18 e o i 7=
Wik B W) w AT B A1 UK A, GeneMarker

F2 NI ESIEEFHERR

Tab. 2 Characteristics of seven microsatellite loci

2.2.0 FRAFCER A 0 A A B VBN, SRR TN
TAEIE

7 5 HEHIT SIS (5-3) FEYRKEERE b))  BAIRE(C)  ZHICHR
F-TGGGACTGGAGAGAGGAAAA

Kpm7 (GT) 178~233 57
R-GGTGCTGCTAGGGTCAGCTA
F-TTCATGTGCCTGTGTGTGTG

Kpml1 (GT) 162~216 57
R-TGCACAGCATCTCTTTGACC
F-CAGAGCTGTGTGGAGTCTGTG

Kpm23 (GT) 202~226 60 [45]
R-CCCAGTGAAACGTCCTTGAT
F-TCTCTTGGCAATCTCGGTCT

Kpm25 (CA) 143~241 57
R-TAGACTGGTGGGGGTTTCAG
F-GGGCAAAAACAAAAGGAACA

Kpm28 (CA) 189~258 58
R-GTGGGTGCGTGTGAAGTAAA
F: GTIGGCTCGGTCTAAAGTC

Pma4 (CA) 173~230 60
R: TCTCCACTCCGTATTGCFC (46]
F-TCGGATTGAGTATCTGTGGG

Pma5 (CT) 113~179 60

R-AGGTTCTCCGTCACTGTCC

1.4 XESAT

i Fl PopGene 448 114 4> il T2 A7 45 Y 466
(i HE N R(Na) . MRS (Ho) . BRI G 2 (He) |
Z 5 B A R(PIC) A RAF (LN (Ne) . i il FSTAT
2.9 .38V R R A5 A5 07 3 R = B B (Rs), T R
FEUR )35 1% 70 L8 5L For Il 1000 IR BEHLIIFE RS
K @Y. 38t GENEPOP 4.0 WG 5044 007 s J2 1545
4 Hardy-Weinberg “F-#i#5 . fd ] Micro-Checker™”
BRAAGE I 25 57 A2 T AFAE TCREE N R . A,
Population 1.2 1144 3 4~ FL SRR 22 18] () i AL I g Y

2 FERER

2.1 AREAE S AR

ARG 3 A ELEREIARTE 7 M PR A RS
A FERIE 0 R 115 115 F 151 AR (% 3), F
A fr FE R (16.429~21.571) 3 DREIRIA 204
A7 BE PR R (1.952~17.970), S [R] 78 3 b ARG T HE %ok
INE R S, BRI ER 3 AN BEIRTE 7 AL A5 ST UL 2
AN (0.778 4~0.793 0), [k B8R S5 AR RE (R AN, K
THAF W26 B, SRR R A T 46 1k
Ko BLIHSEATER S B0 R AR 0% 45 0 i R 2
(13.525 3, 16.428 6)FI M 7% 5 (0.792 7, 0.814 5)

WA B ES, RUEGFETSR D, A1
ML 2R RIS . EL RO AR RO
REBHARMII ARG (0.814 5, 0.822 8), (A
FFE(16.428 6, 16.755 S)FLL, & W ECH il i B A4 AN
O R TR A B AL T H R 8% Z e MK . B
SO AR R L8 S A AR 5331 /. Pmad {37 55 i1 Kpm7
L AR AE TCRL S FE N, [ I I TR A B AR A 3
WIS AT O LN . 3 MR Z 8B
T 0.768 8~0.805 5, KW 3 MEHA A B E Y
WAL ZFEME . ] GENEPOP4.0 X 3 MR 7 4
7 15 3% 84T Hardy-Weinberg S 46 56 (19 25 3 SR,
FLAR SR AR 5 BB AR AE 7 AT A S AT
4 Hardy-Weinberg “F-{fif, MR/ IRGHHATA 4 4
A7 5 2 O 25 -
2.2 AHRBAELM

fi#iF FSTAT 2.9.3 1T MZE R WoR, BUREIRA
TR ELOR SRARER | RO S TR A AR S B ik
T NS P e 3 N R i i N B e A
0 Fsr 0 0.016 667, 2 WGP HE {4 (8] 47 75 b 25 b ik
SR L oAk . THE BRI ) R s G TR B, 45
WoR 3 A R AR ] 5L E B 4R /N (0.265 375~
0.301 915)(F% 4).
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®3 EHEUBRHREEZHEMSH
Tab.3 Main polymorphic parameters for seven microsatellite loci applied in this study
(A=
Bk B8 FEE
Kpm25 Pma$ Pma4 Kpm28 Kpml1 Kpm23 Kpm?7

Na 12 20 28 24 7 12 12 16.429

Ho 0.761 0.877 0.942 0.971 0.616 0.819 0.565 0.793

1k 276 He 0.790 0.880 0.937 0.935 0.575 0.782 0.651 0.793
PIC 0.756 0.865 0.930 0.927 0.533 0.747 0.625 0.769

Rs 10.071 16.309 22.931 20.592 6.099 9.286 9.389 13.525

Ne 4.688 8.128 15.013 14.510 2.342 4.532 2.844 7.437

Na 12 18 23 26 7 12 17 16.429

Ho 0.755 0.857 0.837 0.980 0.612 0.714 0.694 0.778

TR 08 He 0.765 0.866 0.936 0.948 0.570 0.812 0.804 0.815
FAR PIC 0.724 0.844 0.922 0.935 0.525 0.786 0.774 0.787
Rg 12.000 18.000 23.000 26.000 7.000 12.000 17.000 16.429

Ne 4.115 7.010 13.642 16.278 2.293 5.092 4.900 7.619

Na 21 20 31 33 11 15 20 21.571

Ho 0.844 0.871 0.871 0.946 0.476 0.796 0.721 0.789

RE 204 He 0.866 0.861 0.948 0.947 0.489 0.829 0.820 0.823
LI PIC 0.848 0.845 0.942 0.941 0.458 0.807 0.798 0.806
Rg 14.757 15.540 26.617 27.178 7.095 12.001 14.101 16.756

Ne 7.273 7.041 17.970 17.778 1.952 5.767 5.461 9.035

x4 HUPEEHEKERN FrEGAZZT)FEEERR A
%)

Tab. 4 Pairwise Fgr (below diagonal) and genetic distance

(above diagonal) among Pagrus major popula-

tions
Fik B AR HERSEEALN
Fik 0.270 0.302
R AR 0.017* 0.265
HERSRIHRLN 0.017% 0.017*
* P<0.05

3

WAL Z AR OC R B FPRE IR 5 E N, YR
IBE AR 38 I R g AR AL T ) 5 R N A 2R
PR AR S RIE e, I LA AR5 0 R R 8 A A2 25 AR
il ZREHEDR W R s AL 2R e Ok Y I R AL
FEYG R BOR TG s B OCH B, PR R AR iR
BN R A (OB A 1B A A VA € X A i (et R
) B ALCY S Romol V45 F i PR A i X 4 B2
il (Verasper moseri)ft H A HAFE HUH R AT T 1F
i, S5 B RBORBER S B RBEARIE O st 2=
S, I H P O R TR AR T AR W . Kitadal®)
A3 1 P A BT R L S R A R R H AR B B K

SR (Clupea pallasi)i 0T &3, AR AE B O REIA
RS- VR A A v 35t B A S AR R B &2k, H
RO R A Xof JHE 7 £ 11 388 4% 52 W G2 28 /N T p LA 9
S PREE R R R ) 3 e, R e R
T F 3542 53 00 1) R/ I RO T o B R/ | TR
JEE R RO S AR a8 A 2 R L R R ) Y
PRI 2y, PRI a7 18 7 5 30t v AR e A Y st A 2
FEPE AR 52 A9  Katalinas!™' 45 84 F i 1L AF 55 14
B TR X R R 2 R AT 36 [ 2146 (Sciaenops ocel-
latus) W AE 520, A5 R IF A th st % Z PR PG
FAAL, RN R AR B TS S | B A AR
S NN SRR ST R PO R NN RS i 0 i &k
A A S e B — o R . AR SO, A
52 NERMETE 7 DL I 17 ANEEN R
(Kpm25 {37 5 1 4>, Pma5 i 55, 2 />, Pmad {v 55, 8 4>,
Kpm28 i &5 2 4>, Kpml1 £ 5 1 4, Kpm23 i 15
24, Kpm7 i 5 1 )ARFEFACH R, PRt 25
AAEIFAR LIRS 5 S TR A 24 DMETE
7 A B 21 AR FE P (Kpm25 {7 45 2 4~ . PmaS
£ 55 2 4~ . Pma4 i 51 4 1~ Kpm28 fii £ 4 1~ Kpml1
P8 1A Kpm23 45 2 A4S, Kpm7 37 8, 6 ) AR TE 5
A B, HEMDE T ORAR R SE A BRI
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() SR AR S OF R A B B R A, B T AR S Al 7
JE, ATDMCER B IRBH AR A% Z A 5 AR 4540
GOENFEFE . MEAGEUREZEFEES
R B S Z R EE S HCT AR
Gonzalezl 45 S AR Fl 45 50 745 1 EL W R R4 T 1 BF
FRHT 6 XHFEIR T E51Y ., £ Kpm7(0.710~
0.892, 0.565~0.721), Kpm23(0.822~0.845, 0.714~0.819),

Kpm25(0.787~0.870, 0.755~0.844), Pma5(0.891~0.92,
0.857~0.877), Kpm11(0.469~0.712, 0.476~0.616)ixX

5 AN b, AT FE A AR B XL 2 A WA
T HASEZBFRAER, (UfE Kpm28 {7 58 L& T
H A #E44(0.87~0.947, 0.946~0.980). AHF5EH 1y 3 4
FEARTE AL LA F I 2% 5 B (0.778~0.793)
S B A T (0.793~0.823) I 44145 vy B PR 8
(13.525~16.756)AX T Sawayamal®* 2575 H A 1 P
TR R AR A BT AR 140,952, 0.939, 17.4)F1 Sawayamal™!
SETE H A 2 o B IO R 4R I Y E44(0.719~0.906,
0.714~0.938, 7.0~25.3), {HEfK LGB B 255, JEM
AHESE P I BB EAR S H AL T A [ 1y a8t 1% 22
FEMEAKSY o 8w, FH T %F 1 GO A i SR AR
AR, N TZF W Rh A5 AL 220 M B AR B AR AIR,
BB 1A SR S50 T30 O 1 A ek B A B AR 2 T Y
R DRI A2 i DA T e AT BT A A ) st A% 2 RE 1, TR I
T T R AT B 0 N 5 A B AR 2 ) Y 22 57 P
Gonzalez“"“5 3 il 6 Mg D EFRCHE T 15 ik
it R 5 B A R e AR, G5 R R EOR Y
P TR 2 A 1 55 M st L 2 HEvE 22 5%, (B Fhoxt ™
A VS W A T R 28t £ A WOV A R R, (AR A
S SX 4 R P 38 A S TR A T B W A e S
FIT 13 565 Gl T B DAV 0 0 38 B T3 it 0T B8 A AR 8t %
ZREES RS, BEORTEAE ORI R M A O
BER S N T IR FE AR, (H R AR AT PR
iR Z e, HEMDE TS AR IR TRV B8
U258 ) e TR X R 4 SR A T s £
FEMEHEAT T 5081, S8R BoRmTReEH THRAMAT
W T, FECT &6 T IR AR
H, B R AR AR S B A A B S A R
(13.5253, 16.4286) M 45 F£(0.7927, 0.8145)1% A
W 1Y 22 S5, 40 AT BB AS S0 46 7 v AP B A AR il
T RSB 0 SRS, (A5 0 1 A ok A W
st ZREE R R

RER G S AR Fsr J2 R TR 15 B S et
VR Z 1R85 S A R B, BCIEL B K 3 B R4S 1] 11

AL A K B O Wright S HY AL o0 1k 15 %
FE i bR 0<Fs1<0.05 3R BH Fh B¥ 5t 1% 4 fb 5 55,
0.05<Fsr<0.15 KB R RE 1L 701k 45, 0.15<Fgr<
0.25 RUIFPFES L LR K, Fsr> 0.25 RUIFIHE G
B AR o FEASIF 5 v 1 W R R 11 38 1% Ak 48 K
Fsr (H SR BRI IR G RER S B R AR . O
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TR EXT 848 MEEAHEAT I 0, AR R
AN [) b FH A7 5 [ B 5%k — A o A7 1) RIS 344 B
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L B8 R 100 358 % I 25 0 0 M P HE DN, A BIF 5 v O
FE A I A T T30 O S VA AR A 7 A B st 2 s
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e W AR AL T FIS S 2 k4l

S Z ik

(11 SR/hse, TERf, B8, 45 b [ iy 20 5t 4% 78 57 1

ORI T FN AT D). T ARARE R, 2010, 2:
136-139.
Yue Xiaoliang, Zhang Qun, Zhao Shuang, et al. Genetic
variation of red sea bream (Pagrus major) in coastal
waters of China inferred from mitochondrial DNA con-
trol region sequence analysis[J]. Guangdong Agricul-
tural Sciences, 2010, 2: 136-139.

[2] BRKWI. sighi il B2 # M. dbat: Ml A,
1991: 302-305.

Chen Dagang. Fisheries Ecology of Yellow Sea and Bohai
Sea[M]. Beijing: China Ocean Press, 1991: 302-305.

31 ikak, gk, B30k, 5. N LEH 6T MR

TS IR ST (0] P E ML ZE R, 2010, 28(3):
94-109.
Zhang Bin, Li Jilong, Yang Wenbo, et al. Assessments
for impacts of red sea bream artificial releasing and
enhancement[J]. Chinese Fisheries Economics, 2010,
28(3): 94-109.

[4] MM, HEE, XL, % Bif(Pagrosomus major)
B R BRI OT R TE[0]. R E KRR, 1996,
3(1): 47-55.

Liu Xuezhou, Lei Jilin, Liu Zhonggqiang, et al. Studies
on seed production tcehnology of red sea bream Pagro-
somus major[J]. Journal of Fishery Sciences of China,

70 TFPERE /2020 4F / 55 44 4 /55 10 3



[12

e IRkE REPOATS

1996, 3(1): 47-55.

XIHHAR. BT R RN B B R S R
W AR H E R
25-26.

Liu Shilu. The cooperation project of “breeding and
releasing of red sea bream from Qingdao wheat island
of China and Japan” in Yellow sea fisheries research
institute was successful for the first time[J]. Fishery
Information & Strategy, 1991, 12: 25-26.

XIBk, RIE, ARAU)EE, S5, MR A W O AR
AR IR, T AR A0l B2, 2014, 41(2): 133-137.
Liu Lu, Lin Lin, Li Chunhou, et al. Effect assessment
of marine fishery stock enhancement: A review of the
literature[J]. Guangdong Agricultural Sciences, 2014,
41(2): 133-137.

R TP 5 A Ry I 20 3. RO T 1 AT f2
NTHEFERCR[I]. K= EL2#, 2005, 24: 42.

Dalian Ocean and Fishery Bureau Office. The first arti-
ficial stock enhancement of fish in Dalian[J]. Fishery
Sciences, 2005, 24: 42.

AREEME, BIRFS, EIRIT, . RIEIL AR B A
BLRWFFE[I]. ol {5 5 -5 5%, 2016, 31(3): 179-185.
Zou Jianwei, Huang Junxiu, Wang Qiangzhe, et al. Study
on fishing status of Pagrosomus major in Beibu Gulf,
South China Sea[J]. Fishery Information & Strategy, 2016,
31(3): 179-185.

ARINEEFFE SR, ARLBEE 5l R T R A
148 184 B T % Y 22 7R [EB/OL]. (2018-06-19)[2020-03-08].
http: //www.dongshandao.gov.cn/cms/html/dsxrmzf/2018-
06-19/645328494.html.

Dongshan County Marine and Fishery Bureau. Public notice
of Dongshan County Marine and Fishery Bureau on carrying
out stocking enhancement of red sea bream[EB/OL]. (2018-
06-19)[2020-03-08]. http://www.dongshandao.gov.cn/cms/
html/dsxrmz{/2018-06-19/645328494 .html.

AR Bt S vl Ry . AR B Sl R oG T
JR& L7 3% 58 U B 2N 78 [EB/OL]. (2019-06-19)[2020-
03-08]. http://www.dongshandao.gov.cn/cms/html/dsxrmzf/
2019-06-19/1762862063.html.

Dongshan County Marine and Fishery Bureau. Public notice
of Dongshan County Marine and Fishery Bureau on carrying
out stocking enhancement of red sea bream[EB/OL]. (2019-
06-19)[2020-03-08]. http://www.dongshandao.gov.cn/cms/
html/dsxrmzf/2019-06-19/1762862063.html.

i A Ve G O SRy AT 31 0 R L £
[EB/OL]. (2018-06-12)[2020-03-08]. http://hyyyj.fujian.

gov.cn/xxgk/hydt/jcdt/201806/t20180612_3161585.htm.

Fujian Provincial Marine Fishery Bureau. 310, 000 red
sea bream fry are released in Shishi City[EB/OL]. (2018-
06-12)[2020-03-08]. http://hyyyj.fujian.gov.cn/xxgk/hydt/
jcdt/201806/t20180612_3161585.htm.

1 U LA S Ol R . T BRI AT 2019 AF il B

Marine Sciences / Vol.

1. ¥l AE B 5 R, 1991, 12:

[14]

[15]

[17]

[20]

[21]

[22]

PRI TE WO X E B [EB/OL]. (2019-06-18)[2020-03-
08]. http://www.shengsi.gov.cn/art/2019/6/18/art 1452159
34693414 .html.

Shengsi County Marine and Fishery Bureau. Our county
successfully held the ceremony of fishery resources stock
enhancement in 2019[EB/OL]. (2019-06-18)[2020-03-08].
http://www.shengsi.gov.cn/art/2019/6/18/art_1452159
34693414 .html.

Norris A T, Bradley D G, Cunningham E P. Microsatellite
genetic variation between and within farmed and wild
Atlantic salmon (Salmo salar) populations[J]. Aquacul-
ture, 1999, 180(3-4): 247-264.

MR, PMVILSR. 5 I DX S VRS T R R AR
SR bat: HELOL H AL, 2019: 132-134.

Yang Changpmg, Sun Dianrong. Research and Demon-
stration on Key Technologies of Fishery Resources Stock
Enhancement in the South China Sea[M]. Beijing:
China Agriculture Press, 2019: 132-134.

Cooney R T, Brodeur R D. Carrying capacity and North
Pacific salmon production: stock-enhancement implica-
tions[J]. 1998, 62(2):
443-464.

Sekino M, Hara M, Taniguchi N. Loss of microsatellite

Bulletin of Marine Science,

and mitochondrial DNA variation in hatchery strains of
Japanese flounder Paralichthys olivaceus[J]. Aquacul-
ture, 2002, 213: 101-122.

Perez-Enriquez R, Takemura M, Tabata K, et al. Gene-
tic diversity of red sea bream Pagrus major in western
Japan in relation to stock enhancement[J]. Fisheries
Science, 2001, 67(1): 71-78.

Kitada S, Nakajima K, Hamasaki K, et al. Rigorous
monitoring of a large-scale marine stock enhancement
program demonstrates the need for comprehensive man-
agement of fisheries and nursery habitat[J]. Scientific
Reports, 2019, 9(1): 1-10.

Gonzalez B E, Umino T. Fine-scale genetic structure
derived from stocking black sea bream, Acanthopagrus
schlegelii (Bleeker, 1854), in Hiroshima Bay, Japan[J].
Journal of Applied Ichthyology, 2009, 25(4): 407-410.
Shan B, Liu Y, Song N, et al. Genetic diversity and
population structure of black sea bream (Acanthopa-
grus schlegelii) based on mitochondrial control region
sequences: The genetic effect of stock enhancement[J].
Regional Studies in Marine Science, 2020: 101-188.
Katalinas C J, Brenkert K, Darden T, et al. A genetic
assessment of a red drum, Sciaenops ocellatus, stock
enhancement program[J]. Journal of the World Aqua-
culture Society, 2018, 49(3): 523-539.

Ozerov M Y, Gross R, Bruneaux M, et al. Genomewide
introgressive hybridization patterns in wild Atlantic sal-
mon influenced by inadvertent gene flow from hatchery
releases[J]. Molecular Ecology, 2016, 25(6): 1275-1293.

44, No. 10/ 2020 71



(23]

[27]

(28]

[29]

[30]

[33]

[35]

72

e IRkE REPOATS

O’Donnell T P, Denson M R, Darden T L. Genetic
population structure of spotted seatrout Cynoscion
nebulosus along the south-eastern USA[J]. Journal of
Fish Biology, 2014, 85(2): 374-393.

Tautz D. Hypervariability of simple sequences as a
general source for polymorphic DNA markers[J]. Nu-
cleic Acid Research, 1989, 17(16): 6463-6471.

Weber J L. Human DNA polymorphisms and methods
of analysis[J]. Current Opinion in Biotechnology, 1990,
1(2): 166-171.

ZEFIAT, MEIAHE. BEDRZH IR R Y 4 B T e S
KRS R R D). B 5 KRR, 2006, 2(5):
74-80.

Li Lihao, Yu Dahui. Methods for isolating microsatel-
lite DNA loci from genomic DNA and the applications
in aquatic animals[J]. South China Fisheries Science,
2006, 2(5): 74-80.

Yeh F C, Yang R C, Boyle T B J, et al. POPGENE, the
user-friendly shareware for population genetic analy-
sis[J]. Molecular Biology and Biotechnology Centre,
University of Alberta, Canada, 1997, 10: 295-301.
Goudet J. A program to estimate and test gene diversi-
ties and fixation indices (version 2.9.3)[EB/OL]. (2002)
[2020-09-07].
softwares/fstat. html.

http://www.unil.ch/dee/home/menuinst/

Rousset F. Genepop’007.a complete re-implementation
of the genepop software for Windows and Linux[J].
Molecular Ecology Resources, 2008, 8: 103-106.

Van Oosterhout C, Hutchinson W F, Wills D P M, et al.
MICRO-CHECKER: software for identifying and cor-
recting genotyping errors in microsatellite data[J]. Mo-
lecular Ecology Notes, 2004, 4: 535-538.
Cavalli-Sforza L L, Edwards A W F. Phylogenetic
analysis: models and estimation procedures[J]. Evolu-
tion, 1967, 21(3): 550-570.

B Sr WL gL Z R ROLORAE (D], SRR AR R
1990, 2(4): 158-164.

Shi Liming. Genetic diversity and its conservation[J].
Bioscience Communication, 1990, 2(4): 158-164.
AR, BUGEY-. VAR Y 2 R DR BT 5T

I RET]. B KT BEE, 2005, 1(1): 66-70.

Li Chunhou, Jia Xiaoping. Advances and hot topics for
the marine biodiversity protection in China[J]. South
China Fisheries Science, 2005, 1(1): 66-70.

Gonzalez E B, Aritaki M, Sakurai S, et al. Inference of
potential genetic risks associated with large-scale re-
leases of red sea bream in Kanagawa prefecture, Japan
based on nuclear and mitochondrial DNA analysis[J].
Marine Biotechnology, 2013, 15(2): 206-220.

Romo M M O V, Suzuki S, Ikeda M, et al. Monitoring
of the genetic variability of the hatchery and recaptured
fish in the stock enhancement program of the rare spe-

[36]

[37]

[38]

[39]

[40]

[42]

[43]

[44]

[46]

cies barfin flounder Verasper moseri[J]. Fisheries Sci-
ence, 2005, 71(5): 1120-1130.

Kitada S, Shishidou H, Sugaya T, et al. Genetic effects
of long-term stock enhancement programs[J].
culture, 2009, 290(1-2): 69-79.

Borrell Y J, Alvarez J, Blanco G, et al. A parentage

Aqua-

study using microsatellite loci in a pilot project for
aquaculture of the European anchovy Engraulis encra-
sicolus L[J]. Aquaculture, 2011, 310(3-4): 305-311.
Sawayama E, Takagi M. Genetic diversity and structure
of domesticated strains of red sea bream, Pagrus major,
inferred from microsatellite DNA markers[J].
culture Research, 2016, 47(2): 379-389.
Sawayama E, Nakao H, Kobayashi W, et al. Identifica-

Aqua-

tion and quantification of farmed red sea bream escap-
ees from a large aquaculture area in Japan using micro-
satellite DNA markers[J]. Aquatic Living Resources,
2019, 32: 1-9.

Gonzalez E B, Nagasawa K, Umino T. Stock enhance-
ment program for black sea bream (Acanthopagrus
schlegelii) in Hiroshima Bay: monitoring the genetic
effects[J]. Aquaculture, 2008, 276(1-4): 36-43.

FhEIy, Bk, XUA0F, 4. TR RIAG R4
TBCUE 6 A Xk B A AR AL 2 REPE R 2R [D]. K™ o7
#Z, 2018, 42(1): 10-17.

Ji Xiaofen, Duan Xinbin, Liu Shaoping, et al. Genetic
effect of released brood grass carp (Ctenopharyngodon
idella) on wild population in the Yangtze River inferred
from microsatellite markers[J]. Journal of Fisheries of
China, 2018, 42(1): 10-17.

BTH, XUHEZE, R 4hts, S5, SR TRCTLE RIS f
Fr R A5 4% 22 R 1 e N TR0 e 0 1 23 BT 0], 3R
Kk, 2017, 47(1): 35-41.

Hu Xinyan, Liu Xiongjun, Zhou Youyang, et al. Genetic
diversity of Myxocyprinus asiaticus cultured population
based on microsatellite molecular marker and analysis of
the artificial release monitoring[J]. Freshwater Fisheries,
2017, 47(1): 35-41.

Wright S. Evolution and the Genetics of Popula-
tions[M]. Chicago University: Chicago Press, 1978.
Gonzalez E B, Aritaki M, Knutsen H, et al. Effects of
large-scale releases on the genetic structure of red sea
bream (Pagrus major, Temminck et Schlegel) popula-
tions in Japan[J]. PloS one, 2015, 10(5): e0125743.
Gonzalez E B, Aritaki M, Taniguchi N. Microsatellite
multiplex panels for population genetic analysis of red
sea bream Pagrus major[J]. Fisheries Science, 2012,
78(3): 603-611.

Takagi M, Taniguchi N, Cook D, et al. Isolation and
characterization of microsatellite loci from Red Sea
bream Pagrus major and detection in closely related
species[J]. Fisheries Science, 1997, 63(2): 199-204.

TEPERLF 12020 4F /2 44 45/ 45 10 3]



e IRkE REPOATS

Comparison and analysis of genetic variation between the re-
leased population and the population in the breeding area of
Pagrus major based on microsatellite markers

ZHAO Yu" 2, SUN Dian-rong?, SHAN Bin-bin?, LIU Yan?,
YANG Chang-ping?, ZHOU Wen-li’

(1. College of Fisheries, Tianjin Agricultural University, Tianjin 300384, China; 2. Key Lab of South China
Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture; South China Sea Fisheries
Research Institute, China Academy of Fishery Sciences, Guangzhou 510300, China)

Received: Nov. 18,2019
Key words: Pagrus major; genetic effect; microsatellite markers; stock enhancement

Abstract: Pagrus major is an important economic species in China’os coastal waters and stock enhancement is a
tool commonly used to restore the fish stocks. Putting large numbers of hatchery-raised fish into natural habitats can
however have some genetic effect on the natural population. Therefore, genetic monitoring should be carried con-
currently. In this study, after the release of the stock enhancement in Fangchenggang in 2017, 7 polymorphism mi-
crosatellite markers were selected to genotype the genetic differentiation among brood-stock, offspring, and the
mixed population. The findings showed that there was no significant difference in allelic richness (13.525 3, 16.428 6)
and expected heterozygosity (0.792 7, 0.814 5) between the broodstock and offspring populations, suggesting that
there was no loss of genetic diversity in the breeding process. Additionally, the expected heterozygosity (0.814 5,
0.822 8) and allelic richness (16.428 6, 16.755 5) of the offspring and the mixed population after release were
similar, suggesting that the two populations had the same genetic diversity. The three populations had a polymor-
phic information content of 0.7688-0.8055, indicating high genetic variation among the three populations. Moreover,
the results of the index of genetic differentiation (0.016 667) and the genetic distance (0.265 375-0.301 915)
showed that the genetic differentiation between populations was low and no significant genetic differentiation was
established. In summary, after publication, there was hardly any genetic effect of stock enhancement on the mixed

population.

(AX %4 85 %)

Marine Sciences / Vol. 44, No. 10/ 2020 73



