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Fig. 1 The sampling sites in Sansha Bay
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Tab.1 Theinformation of recaptured Larimichthys crocea samples

T KA i) SRAF b B PR K/em  SE¥KE/g W T H

serial number sampling time sampling site n body length body weigth fishing tool
SSW2019071601-120 2019/7/16 T L5 Y 3 120 11.00 21.60 FEE M set net
YCSS2019072963-70 2019/7/29 PLYNIIFES/ R 8 10.24 19.35 FEE M set net
YCSS2019073101-62 2019/7/30 1L 62 11.21 20.10 FEE M set net
PLYNIIFEE R 24 9.41 15.42 FEE ¥ set net
YCSS2019081501-58 2019/8/15 Kb 11 9.55 16.15 E'E M set net
FE R m 23 11.56 13.76 FEH ¥ set net
XS\ L 8 2R A 16 10.49 19.89 FEE M set net

YCSS2019090301-47 2019/9/3 o

T Ll & 31 10.30 18.67 BB M set net

12 Ak
121 WIDEMSABEREAERSIEENNE
AWFFEE SR 100 BARCHEA N O & £ X
Bk e Y 15 A KR A g e TR A s R A T
ZAMERG ARG N i e 8 N2
NEE O TR ICEA G DA PCR 3, 8
AL R ) A B R B R AR T SR AR Y SR A
Gy RUBUIR I
1.2.2 EHEZW R 150 BEFEHRREAN
HEATBENLG S, TEAUA SR HITE R 0 A 33k 14
5 AT T AT TR A TARC Y 2 T3 A
T AR AR £ SRR R A R AR Y R b AT
Xt BE, DU S 3 ek T O 0k 1 B B S | kAT T
FRic S5 F-B U8 0 HE A R FNZ R R B A R0
1.2.3 PCR¥#EEREHESE il 15 PCRY Hik
Z 4G PCR P HEHIIRIK Taq Master Mix (Dye Plus)
12.5 pL (R RtERE AT, Bt DNA (50 ng/uL)
1.0 uL, &7 s il LA E R )R 5 1 4)(5 mmol/L)
£ 1.0 uL, KH ddH,0 9.5 pL 475 2 5 S W AR 5
25 uLo BIA T AEY TRBAG A RA A
B, AR Y W 51 5 43 B

T 4 e egekbh iy 1 gt 6-FAM,
HEX, ROX Fl TAMRA. PCR "3 {4 2 1 5 i i
¥5% Lyu %GR R . PCR Pt ABI
3730 B4 [ B BP0 G T R R, AR A
H K/ GeneScanTM-500 LIZ #5 i (ABI)i#E4 7
i, I GeneMapper™V4.1 (ABD)#EAT HIE M
B

1.2.4 HiEAE A Cervus 3.0.7M Vi1
LRSS EERIIR | G BE(H) . 2815
5 5 (PIC) St AT e it - YR AP 4% ~F- A (HWE) 43 #T
(] FsF A4 I 23 0 TG 380 56 o B R 38 00 o ]
Cervus 3.0.7 B #r il AN S EE 5 BFRHE
FRAE 100G 3R o Al R ARHERR A1l LOD {155
ZRGHATARIC R AT AR R 74T
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Tab. 2 Basicinformation of eight selected SSR loci used for the parentage analysisin Larimichthys crocea

i WM FOLSIMRC 5191751 FrBok/MbpBARIEIC
locus repeat module dye lable primer sequence size T
Lycol (CTTTT), FAM F: 5-ATGCTGACCCATGTTGGACT-3’ 197250 58
R: 5-TGCATGCAGTCAAAATACCA-3’
LYCO7 (CTTTT), ROX F: 5'-CCTGTTTTGCTCTCCTCTGG-3’ 185227 58
R: 5-GCAGCACACAATGGAAACAC-3’
LYCO013 (CTTTT)s FAM F: 5'-GAATGGCATAGAGCCCGTAA-3' 161274 56
F: 5-GAATGGCATAGAGCCCGTAA-3'
LYCO017 (CTTTT)s HEX F: 5-TTCAAGGAGCCCAGTATGGT-3' 219290 59
R: 5-CTTGAGAATGAGCGCAACAG-3'
LYCO033 (CTTTT)s ROX F: 5-TGCATGTCTCAGTCCCTGAA-3' 245285 59
R: 5-AAGTCTTCCCAGCATGCACT-3’
LYCO042 (CTTTT), FAM F: 5-ATTCAGCGCGAAGCTCTTT-3’ 210280 55
R: 5-ATTTACTTTTCGGGGCTGCT-3’
LYCO047 (CTGT), HEX F: 5-AATGTGGACGGAGTTGCTTC-3' 147220 59
R: 5'-CCCCAATCTCCCACTAATCC-3’
LYCO059 (ACAT)y TAM F: 5'-CACAGCCTTTCTTTGGAATCA-3’ 120180 59

R: 5'-CACTGTCACTTTTGCTGTATGGA-3’

22 WEEAEESBIEENAE
8 M T EALEAE 100 B E mARCHUN %
ARSI AR 1) 78 AN A HE PR HL v A 7 SE R B
/DAL R LYCO33, HA 5 AN, &2
(07 a5 R LYCOL7, RriiE] 14 A2 3EH .
I A Ho) 5 W 7 & B (He) 5 [ 4 5k
0.511~0.939 CEX{H 4 0.764)F10.643~0.897 (CF-1
BN 0.781), 8 MUDEMHLEBEESHEHN
0.587~0.883 (F#I{E N 0.751), M ERHA L HEZL
BYEPIC>0.5), LAk, M3 -RAAHE V- (HWE) K
Mi2E B SR, 75 LYC033 #3125 (P<0.001)
HWE, 1355 LYCO013 b5 HWE & 3 & (P<0.05)
(# 3),
23 MIEMSNMEHEREST
FIH Cervus 3.0.7 8, PEAGH Y 8 AN T2
7 B — S BBUNMRHEBRME R R B, 7R BE R A
LR R R A 5 F (NE-1P), 8 Mt RN A5 1)
PA—AEHERR R (non-exclusion probability, NEP) &
35.8%~77.2%, AL —A~ 506 O M5 K B A 1 0 T
(NE-2P) AR HEBRHE R N 21.7%~60.8%, MARE I
PRI #8245 €L 50 9 % B T (NE-PP) JE HE B #E %
7.4%~42.9% (F 4)o TEARNEFE R A 1 LA K

®3 IMRHIBMAHBEEZHERER
Tab.3 Theinformation of genetic diversity for eight SSR loci

R TRy e 7 ey
locus PR K ATE A pic AT
H, H. HWE

LYCO1 8 0.511 0.691 0.662 NS
LYCO7 9 0.82 0.82 0.793 NS
LYC013 10 0.653 0.795 0.766 *
LYCO17 14 0.869 0.852 0.831 NS
LYCO033 5 0.839 0.643 0.587 Ak
LYCO42 13 0.939 0.897 0.883 ND
LYCo047 9 0.77 0.771 0.739 NS
LYC059 10 0.71 0.779 0.745 NS

Tl 9.8 0.764  0.781  0.751

mean

W ND FaARTEHR; NS Fn a5 0 - A0 4% 7 A5 R b 2%
(P>0.05); *45 1535 fb B 1y 3th - R AV 4% - 15 (P<0.05); *+* /R
2 25 1A I - LAY 1URS -7 (P<0.001).

Note: ND means no results; NS means no significant deviation
from Hardy-Weinberg equilibrium (P>0.05); * means significant
deviation from Hardy-Weinberg equilibrium (P<0.05); *** means
extremely significant deviation from Hardy-Weinberg equilibrium
(P<0.001).

M SEARFER B CHI AT, 8 A0S R
HEBEME R 43550 99.43% K1 99.98%, i ¥+ A&
REEFER B E A E BT, 8 AN 5 1) R AHERRHE
%4 99.99%, EATRE I RFHRBER(E 4),
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Tab. 4 Single-locus exclusion probability and combined
exclusion probability (CEP) of eight SSR loci

N S ERARIE BB
:;Lcjs FEPH PR non-exclusion probability HE 2%
frequency of null NE-1P NE-2P NE-PP CEP
LyCo1 0.151 0.698 0.510 0.300 0.870853
LYCo7 —0.004 0.533  0.359 0.179 0.990452
LYC013 0.101 0.570  0.392  0.201 0.998491
LYC17 —0.016 0.464 0.300 0.129 0.999647
LYCO033 —0.155 0.772  0.608  0.429  0.999929
LYC042 —0.025 0.358 0.217 0.074 0.999984
LYCo47 —0.009 0.604 0.424 0.228 0.999997
LYCO059 0.044 0.602 0.423 0.234  0.999999

TE: NE-1P £ XU5% 5 P B R 0 I 50 2% A A Sl 256 AL HE B A%
NE-2P #f B 3% S R R © A 19 55 — 26 A 09 =l 2 BCHE B E 3¢
NE-PP $5 X% £ A B 2 AR A B AS B AR ACHE BRI R ; CEP 454X
BB .

Note: NE-1P means non-exclusion probability for one candidate
parent; NE-2P means non-exclusion probability for one candidate
parent given the genotype of a known parent of the opposite sex;
NE-PP means non-exclusion probability for a candidate parent pair;
CEP means combined exclusion probability.

24 BAFRAEFHRRKIE

8 AN TR AT BRI ) K ¥R A T R R
R AERf AL B RE S AR B T I0IE: K RA T A
50 BCEHAD 100 BAMAERER, T 84
B RN S X 100 BAMCHREAS Bid 150 BH
AT T BT WIS HT, BRI 47 Bk A T
TAEARRFAC, TCRCRIRE]T 94%, BRHEBRALE
99.99%L4 I,
2.5  [ElHHE A R ARAT AR A R TR R B 5 AR
WRIEM

R AT Cervus 3.0.7 XF 100 FEEARIC 25 A5 1]
Y 295 JB KB a3k PR BB s A 7 3 7 D R
WA HT o F E 45 A 95% 5 X 7] H. LOD fH 48
I FER R TR, AR A TRId BEAN T
o FAEEZR R, G 5 B K ke
AJERH T 100 B FEAE 5), X 5 Biridi
ARG e L BRI B S A S AR
e V(1 )R L B e R A AR 2 )

SRR 7 G N8 e R T (TR I 1 -V & 108
TR tp Rl Ko B e, &5 5 ek
AR IC R B B R HE A I R A ok A T

TR KRR E ORI S A R
WAL o RO AR A, “bric MA 5TR G 15 St
(300 T LA 4.33% (13/300). 7 A NE I
PR AR E 190 RBRE i, dh%E Hedn
MK 5 R, HR IR B 4.33%, Al
U P REAS RSO RO 115 &, ST,
7 H HfAEA T RO AR T & EE R 60.53%
(115/190), 8. 9 H A R BeA i pnic A
TR o FEAS YR BT VEAR v, AR 4 53 L ke 19 1]
R A v AR A (M) RS2 B 0 B (N), T
B 7 A& RS FIBOR R E A RN 0.0038%
UL AN, 22 BE R AR v 48 & O A AT o 1)
L] 60.53%, AT #ER H 2019 47 6 H R (I AT)
B RN 5 O R R R R K i e A A
R H 195.87 TR, 25 i S ot A e il
WA T BE HE R A B A LA A TR, HAUE
AT BB AFAE — 8 A B 1Y A

®5 ZWEOEEARAMIES FIRIE
XEENMHFETHRER
Tab.5 Theresultsof parentage analysisfor Larimichthys

crocea individuals marked with microsatellite
markers from recaptured samplesin Sansha bay

Trege  BERARS e OSWEFE

offspring no. ;Z?jni?it:. pair LOD score czsnof/f d}:licre
SSW2019071634 Y7/Y20 10.80 *
SSW2019071669 Y28/Y55 7.98 *
YCSS2019072964  Y35/Y95 8.54 *
YCSS2019073121  Y18/Y99 7.65 *
YCSS2019073122  Y30/Y84 7.78 *

i *3R78 LOD {HTE 95%EAF T 3%
Note: * means the significance of the LOD value with a confidence
level greater than 95%.

3 iTig
31 MIE=ASHH

Bl TR A A B A L PR H e T Hs e 2
AL EAE K, 3T BOTSEIN #iME
AP E AR EN ), ARSI TR Y 8 AN
B S PIC YIME K 0.751, A B & 2 5K
Vo SRR R RS L 2K B
bR, ARWFFEIEEIATEH 8 A T A7 A5 UL A3
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BHIGEHRT 0.5, H M L4 5 e
ZREEWTE 0.75 Ui b, RPPFTIHIER 8 A7 5 HE
g PR b PR (5 B o A Il R A RS
MZER R, BREM T AN A LYCO17 Fl LYCO1
FERICTE R AT AR o B 0 B k3 (P<0.001) Fil i 2
22 (P<0.05)/KF-4k, Hax 6 MiSRIM NS
HWE 122 A8 . (P>0.05)., /bW E HWE P-4
()7 5 TT BE 5 BT 43 B R SR A B S (AnE 7 —
FERRBEITZT), NG 36T W IR o A 45 SR v v
A U R AR ST e Y 8 AN TR
DS AERF A T R 5 1 e 2K, B
ZHASER AR IR S BB IREE, WL RS
£y N e R B/ T
32 ETFRIEHRICHETHRERME

FAHEBR R (CEP) 5 il T2 0 55 B0 BLE e,
S S S T S A R Y T AL ARBIESE
Ha i TR SRR 3 ANE, 7R AOBE 3 R A
EAIBENL T, CEP KT 99.84%, i A% 1% 8
i, CEP KF 99.99%, Vankan 25!V 350,
U S R R T HEBR R R 0.99 K DL F R H
A 98%~99% 1Y il FEME, [ HEFRHH 8 Nt TR A A5,
TE KRB A0 2 T % FMERE 50, [HRE, R
T3k SR R TR TR PCR 3 I Jo R0 A5 A6 PR S
PR 1 58 2 6 0 5 25 SR W 5 ), — D)y TG AR AJF 5 16
FHICRL AL IR BAR R 8 M TR A, R
R AR A N SR E PRAE R 2E — T AR
STHG SR AR T EE A B 404 o Tk B R A4S A %
FESLAY DNA Fr B A7 268 o Y, i 1 A2
B o RIS B KR/ NEUH R () HERf M . TR B RESE
g, FIH 8 AN RN EFEF A RIE R, M 150
BFHIE T Hdh 47 BSHUREATFAEET
KR 8 M TBEN A A B ETFRRANRIRT]
RN 94%, Frif i 47 B CH e R A
99.99% LA /K, BUE T X 8 AN TN SAEK
B AR T IR P ) HER T
3.3 HEEMRMRITM

AU SLE R, 78 7 AR EHHEEAH, ok
H T8 & PO AR S 60.53% &4, BRI
BRI R 7 H B = Vb R £ il B
A D PR E A RS . AT TEA IR

TRIEAG Y, TR I E R EL S R R R AR
0.0038%, A 5 AIK T~ 1% St 1) A i 0Tt 125 1) (o] 4 %6
RO21 3 FAMRR L Gebric A A T B i
UM AR, 1A% 5256 v ) P b b 1 ) PRI LA
308 1 PR) R 5 531) T I 8 A 8 A I A R AR R A
it AEABEGE TR M TR FARCEES
el DT R AR, ma, B B e R
KL GHEAT AR, W H A28 mAric A AR
15, R R ol T b i T 45 B T A 1 TR A
A o LR RE AR B4 G T 15 e AR 0 0 O 322 3
NEROWEE R €T
34 MAENMEEZDERNNIRSS

T R 478 23 1) o 0 Ak 5 52 B 22 R R S e
(DR L SN TRS Y/ @ LY SN CIE s B2 N I : ey
KRR i o B REU 5 1L 5 EEA
IR —45 = E (& 1), 2K E, &
)R A A0 2 A0 A B BEAE S BT, AT K 3R
TSP OK ISR, HeLLEE IR e R
R, X — DI PEAEAS = VD o 3R R B
I K TS R B AN E S, A S e
i A BRIC AN A, PR AR TR R K A
ZZ K, E— AR T i K 3 A
BT, TEFENE, 76 2019 4 7, 8 F1 9
H A, 7 A A 7 388 RO
TRAIT 5 LR 60.53%, 118 H A9 AR 0%,
PR b A B0 AT BB IR R 2 — A T RRIC A AR (13
T BN T R A AT (300 TR L
151] O I L 1147 A A 205 /0 (R ¥ U 100 4 AR ) 82 T efe
PIARAS T8 R FEAE), FEAFERAEIR2ZE . [T,
FZEE] 7 A RREA R A T E A WA
T LU A 55 153 (60.53%), 2675 A IR A AT BE 22 i
BRI O & AR BRI Bl ) 3 A2 3000 0T P At g
S o AR T ) R B A A i % 1) AE DG B Y
AT R VT 10 %) DO A 5 Ao £ I A )
Kooz, F 5 Ahas 6 AadE =1
WEIFE, 10 A, MFLEKIE TR, BN
(R4l 0 — 323 BRAE TS Bk AL, w0 A o fa e 2
Ui = VD A = DURR A 1, IR Rk &
Kt N, 8. 9 HIpH R A E &
AR IC A ) J5 DR B [ A A B /D 2 Ak, TR
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35 EFEMRAIEIL

T =V IR U D E R AR
H AL I B 2y, R R HE £ B A R X
B, FEK AT K B A0 B R X TR K
f IR A o T MO R B £
ORI T PR, MRIEAIE 5T 245 P DL
AL ()T A% 1 KB i i . JE3i
JEWE, 2019 FBE T HBUMF RE AL T8 E
Ry mI R A, HAE Wi AR > T
Fe i, DA F il A 25 i RS HES 17,
KNS . BRI EERE 2 [CR)BANHEA
UL A 7 A AR T A R R RO A
BT b7 60.53% 1 = LLBIE R, W LAHED X #4017
T B HE AT R A ek = U ¥ A o 3l A A e 4
= O AR . ()R ST SR I A, B A
ANRBCRE o JRCTR R AN 75 B 3 0 W S <2
FEA REAT B T 0 MER 0 T, A K A 5 fa 3L 1R
TRURCHE P . s B8 AR s S 37 B B 22 1
16 55 4 RIS R AL AR AKSE, T RLSEsixt e f
HOR AR ERERIR), SR EZNSEE L,
SR A AR B A0 BB RCR, O R Y A
2T Bkt B A B A L R URAIK AZ R i %) B 5T AL AT
SEMEE R

S Rk
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Application of microsatellite markersfor evaluating the effect of restock-
ing enhancement in Larimichthys crocea
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Abstract: Large yellow croaker (Larimichthys crocea) is an important commercial marine fish endemic to China.
It has long been ranked as one of four major seafood items in China. Unfortunately, overfishing, pollution of the
ocean environment, and other factors have led to a severe decline in the natural resources of large yellow croaker.
Enhancement release of large yellow croaker has been conducted since 1987 and is considered an effective fishery
management measure. Although the traditional tagged method can indirectly assess the effect of enhancement re-
lease, it has numerous disadvantages, such as high cost, complicated operation, tags easily falling off, and fish
body damage, which obstruct the effectiveness of the assessment. Furthermore, few strategies and methods have
previously been proposed to precisely assess the effect of enhancement release of large yellow croaker. Through
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mixing “labeled” individuals with a known parental origin and the released population at a certain proportion, and
identifying “labeled” individuals through parentage identification after recapturing, microsatellite marker tech-
nology calculates the rate of recapture with a higher precision, and is becoming more popular in the enhancement
release assessment. To assess the applicability of microsatellite markers in evaluating the effect of enhancement
releasing programs in Larimichthys crocea, this study used a total of 8 microsatellite loci with rich polymorphism
to conduct parentage identification for 100 parents of released offspring and 295 individuals recaptured from
Guanjingyang sea water. In addition, this study also proposed a method for evaluating the recapture effect of large
yellow croaker enhancement programs based on microsatellite molecular markers. In total, 78 alleles were de-
tected at the 8 microsatellite loci. The values of observed heterozygosity and excepted heterozygosity were
0.511-0.939 (mean 0.764) and 0.643-0.897 (mean 0.781), respectively, and the polymorphism information content
of the 8 loci was 0.587—-0.883 (mean value was 0.751). The results of simulated analysis using Cervus 3.0.7 soft-
ware showed that the combined exclusion probability of individuals at the 8 microsatellite loci reached 99.99% or
more with a confidence level greater than 95%. Among the 190 large yellow croakers recaptured from Guanjin-
gyang sea water in July, only five were identified as the offspring of the 100 released parents, accounting for
2.63% of all recaptures. This study estimated that the proportion of the large yellow croaker from released indi-
viduals to the recaptured ones should be approximately 60.53% in July. The recapture rate of large yellow croaker
released by Fufa company was around 0.0038% in July, while the marked individuals failed to be detected in the
recaptured samples in August and September. The recapture rate of 0.0038% is lower than that of the traditional
tagged release. Compared with traditional tags that have visible external-scale tags to assist with identification and
recapture by fishermen, it was difficult to include the internal markers in the statistics, as the captured individuals
were not detected by visual identification. Microsatellite markers can efficiently and “autonomously” implement
numerous permanent carrying markers based on genetic characteristics, and will not damage the marked individu-
als. Therefore, the proportion of released individuals to recaptured samples, which was calculated through the mi-
crosatellite method, is closer to the real data as opposed to traditional tagged release calculations. All the marked
individuals detected in this study were recaptured in water with a slow current on both sides of Guanjingyang,
which further confirmed that Guanjingyang is a suitable feeding ground for large yellow croaker juveniles. Nev-
ertheless, this study also found that no marked individuals were detected in August and September. This could be
attributed to the small proportion of recaptured individuals and the wider range of release of the population at that
time. This study provides a new method for assessing the effect of stock enhancement, and affirms that enhance-
ment release can restore the wild stock of large yellow croaker to a certain extent.
Key words: Larimichthys crocea; microsatellite marker; enhancement release; parentage identification
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