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FEE: 15K fili(Sebastes schlegelii)EAG F5 5k B 5P G A2 SRR SRS I GE 1S F RO IE . AR BRI 56 T ER - il
Z H AR BT 40H, (H 5T 5 e 5 M £ 0 55 P9 A S A o0 A 18 A AT HRTE o AR5 2 BCES 0 5 10 0 v 12 £ S i
FISEH TG, R 6 A R 2 A B R A5 X 9 R M £ B S R G i aE L) . P L R G B A f L) 3
AR BTAREE 291 MFEAT KA. G5 R (1) 9 BRMEA A 8 FE(88.89%) K3 T L HAAM S, FiHRL
KB 3.56, Hor 4 A EEARTFARHE(50%, B>0)1 25 S A STk F A7 26 A IR BE i DAy (2) SRR R 5 2240 s R o, &
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11—12 HAEHE, AEHL I AE it A7 T DI 24 &) 16 1)
B rp RO AR 23 F O 4 it R 3RS A B
ST REON; MG 2R U0 2 50 d 24 i
W LB RAT 0, RGN e IRiG &
T ) 1 B B PN A R R o, A
Ui 406 B S e 4 7 SRR O R HAS 5 23
PR LR 1 0 ) M R s i & D (e, Ak
S TT R T K T GOF i 5 A A Y
H T8 £ R £ TP 6 Tk
FrPO2A BRI FR P, KT &
eSS BE 8 15 24 58, AT B 95 2 WA /R G- firh %2
T ACRUI R iy FL IR A8 R LS A R B T i 1
ACAKICER T, (B A G B 5 P &2 AL
(1425 8] 43 A FEAF 45 1 A DL

PRI, ST 360 35 U [ fifh 53 3 R AR 4 S F 5
X4, g TR AR IE AR M T ARG A 0P 3
AR FAR ) 22 B ACRUIR 5 R A, W12
R T MG TEME N0, DohFEET
[ fih 5 A= 1 2 0 5% P9 45 L 3L il 5 55 0
5%,

1 MEEFE

1.1 HmitiE

SEHE T 2019 4F S H 24 H W SE KT KR M AH
FRIH A G-l PR B (3t 0 R OGRIEE 7~8
FE/m?), iz B S08 %E A BT MS-222 Hit 7 R A
B Sy Hric sk A YRR (AR 2K K k),
Wi e, PERRER, THO7 0 I

K=(100W)/L*

o, KM, W R 4G (g), L MK (em).

M £ R A WLIAL T 95 % 7 A% Hh & 2 -1
20 CUKFENIRAEEH o

PRIV T filh BT B2 P 5 A e e R o, AR i
RGN SR H A A O o o =4y,
Horr, 5 3 AR L — o o S, TR A o, G
B AL —um oA e (B ). X5, [FIX PR
FREFE A F /N T 5018 A )5 B AL GRS 43 ik
BT 95%IAE e, #EahT-20 CUkKFENIRAF
LA S5 g 2 272 Y Nikon SMZ1000 25 £ 401
T X O B A A 4543 DX B il IR iR 4 B, )

EH R B W BT Imaged & ARG ALK [F)
BF, BOH M ONFRE I 14, 3 RER DAL
JE e B PR B B o e B e A B DA B
AR

1.2 DNA £H

LT R P RA B 5T T SL 8 kB, VR IR
St A7 A B B ACAU A A — B, I T 9 MM
(72 U454 X BEMLE R 12 ARG DL 4 i
N0 DNAGE: 324 MIRSR). FEN4] DNA Ag$EE
Gy PR TR IEAT o BUREAS HIL PR A 2 400 i 2R A v
STE M (A K 4l kG, MRIGE 500 E
AR R BUCRE AR SE N 4] DNA, B T/5 % DNA #
W fEF 100 uL TE i 4 CORAF#H; IR
GEL4H DNA FIH] Lysis Buffer®® (10 mmol/L
Tris-HCI pH 8.3, 50 mmol/L KCI, 0.5% Tween-20,
500 pg/mL Proteinase K)FEHL, G MR A H HX
W, I T 2 AWK S, BT 0.2 mL PCR 4%
Hr, EUMA 50 uL SRR, 7E 65 CHYZAF T E
B 1hJa, 7£95 CTHE 15 min, ZEIRFIRS
J 7E B DAL L 3000 r/min B0 2 min, WL
ISR T 4 CIRAER L
1.3 PCR¥BREREE

MEL & SCER P IR e 6 X B 2 A R T
A2 51%1(Sra.7-7, SSC12, SSC23, SSC51., SSC6H9,
KSs7)? 1 FH#EEARICE A (HEX . FAM, TAM)
&M B0 5 G R s 1. DL 9
W £ % g M £ B B2 3 3 IX REAILIE A 12 A4Sk
5 (3L 324 N IRAR)AYFE R 4 DNA A H#EFT PCR
Y3 BEMLZEER 45 DIRIREEAR LIS I Z 250, F
H Cervus 3.0 #E4T 6 X il 1922 5 | 490 ) S5 A0 5 [ K
(Na) . FUAA BE(H) PG (Ho) . 2815
B & (PIC) T S my il - IR AR 4% P i (HWE) K
MR 2),

PCR WK RMAER R 25 pL, Ho g
10xPCR Buffer 2.5 puL, 2 mmol/L dNTPs 2 pL, Taq
DNA R A& 0.15 pL, 1E1851%(10 umol/L)
& 1uL, XWFE/K 17.5 uL, PCR GRS H N 94 C
A S min, BERRNHEAT 35 MEER, BEAEER
f1F5: 94 CALPE 45s, B K 45 s (551 iR KR E
W 1), 72 CHEM 45 s, TRIRERUT 72 CASE
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10 min, #XJ5 4 CHHIRLLT

PCR =¥ 55 % Hi-Di H BERE ) N AR GS 500-1-
old size standards JE &M )5, £ ABI PRISM
3730 DNA I/ F{X(ABI, USA) b 3#E47 L 3k A 0 £
AT GeneMarker v202 132 HURH 5 13 4543 35 PR Kk
HIF I DL N TASIEJS, ARAG 25 A a2 R g B 25
o MG B X SR A R A, TR
S I R I AR LA 55 S kA T
1.4 HIESH

SIS VR U COLONY 2.0 X 3k A5 i s 12
SRR AT 2 B AU, COLONY 2.0 2 F
e KAUSR L AT RADHT . 15 R DL SCEA S
IR E AL, R TR REA S AR R 43 B 5 SR )
AZERGHTH, &E 0.02 BRI IR, 78
BERRRCHBEAT, LL 3 A E R REHLECR
FiEAT 3 R BHE T, Ead SKEW
CALCULATOR 2003 (http://www.eeb.ucla.edu/Fa-
culty/Nonacs/PLhtm) 18 — 171 =X fi 22 45 %4 B, JF:
AT A [ ACA i A st B2 Y 35 Bk
F, MFPRAFLARN BN, 25 B HA
E, WFRRAAATIA W2, & B H N, Wk
e AR AT RE S 2555 93 A1 o R SPSS19.0 #E4 T4k
WGt F 50T FHERR 3 5 25 (one-way ANOVA)
H1 Duncan 2 85 LA A ACAS TE M £ P SEAN W] 43
X(HIHR . &R B Y 22 5 0 2 1k
F ARSI E X TR ES LT
N W

P=0;/O

Kb, P RAACATERS I X AL B, O AL

TGP A3 K (F/ ) TR R, O ACA
(R Aw

LN BBy Ny K8 B o (T o N 2 13 o R Y22t
W £ B 145 A X AX AL AT B Ol o TR 7R
, Horh— R N BR R A TR £,
WCTE B3R ACAS B PR R 5 22 40 B (SCAS T Wi £ D 52
AR 53 DX AR o L) R R T 3895 43 A1 i (O £ Y
AN ] DX B AR 53 A1 A 0 ) S AL AR X R
(Fo) o M fa A 44 HE 55 PR B 12 (A OC 14 Pearson
LT ((gF 7

2 HRE5HWH

2.1 PRODE S B Y AEE

O MO PR QT il 9 AR IS S R R 3~4 i,
¥R 3.56 #E; IREE VI 840.5~1434.7 g, T
KT 4y (1059.8+177.68) g; KL/ T 30.3~
33.85 cm Z ], PR K H(32.43£1.96) cm, X}
MBI AT 93267~200249 Z ], ¥4 143363.10+
30633.98; AEWE AT 1.99~2.66 ZIa], 1N
2.250+0.23 (£ 1), [Fl—/MAKDPE N IR K& T #E 7
FH, TS FEASAR RIS & & R AR, FE
W F~Fg BEASAR YIRS A T B, Fo BEAS (A Py iR
4 F O AIAT T THT RIS 1), IR AR K A
F 3.40~5.22 mm Z[A], ¥4 (4.13£0.48) mm,
FEA L X PR BE i SR L IR B 3 IE AR DG (R K
r=0.697, P<0.05; {A: r=0.532, P<0.05).
22 ZEINGH

T Cervus 3.0 A4 XF I R 43 AU 25 b 4749

R1 REBREHEXEDFER

Tab. 1 Biological characteristics of sampled Sebastes schlegelii population

BEA K /em IRHE/g 4li /g M /g PR /g 26 XA R i A6 A%

female body length body weight net weight liver weight ovary weight  brood amount condition factor  age
F, 33.80 1198.00 815.10 22.82 249.78 163589 2.11 4°
F, 31.20 984.60 696.80 15.40 210.00 113857 2.29 3"
F; 31.70 915.10 633.00 15.40 214.29 127642 1.99 3"
F, 36.60 1434.70 1039.30 40.02 271.12 200249 2.12 47
Fs 31.20 1026.00 808.90 17.73 178.91 140034 2.66 4"
Fs 31.50 944.40 702.90 19.27 132.75 93267 2.25 37
F; 33.85 1075.90 781.90 17.73 175.91 146604 2.02 3"
Fs 30.30 840.50 625.50 9.55 175.24 157310 2.25 4"
Fo 31.70 1119.00 814.60 22.84 185.55 147716 2.56 4*
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Br, 4558 s il 1 A 0 A FE (N FE 8~17
Z 8], SRR 12 N AR A BE(Ho) 3428 0.907,
BB B (H) IR 0.844; 6 NMCTLR A A3
e 2P ZR(E B EEEPIC)TER R 0.817;

A7 78X BN IS PN

— 5 FEA T HB AR HEBR HE 2 (NE-1P)  0.173~

0.

573, 6 />3 DR E AT G I i I A A ST, R

58 B OB A R SO AT (3R 2)

K 6 X T RN ST 9 BHEYE & 324 Mk

1

LO: MEMEZEBREE, RO: MEPEATONEL. L1,

VI LGV ol o £ D B2 5 4%
a: IEWRERIONEL; b, oo BT, d: MM Fo SRR ERIINEL; e AT DAL IFTIT B Ben RS, £ R 32K 51,

L2, L3 73 5I3nZe B0 AR it S FLIX | v X 5 ek A L I

R1, R2, R3 453 /n A7 O SRR M AL IX | v IX 5 B i A L X

Fig. 1

Ovary and offspring of female Sebastes schlegelii

a: normally filled ovaries; b and c: embryos at prehatching stage; d: unfilled ovary; e: embryos at openings of the mouth and
anus stage; f: unfertilized eggs; LO: left ovary; RO: right ovary. L1, L2 and L3 represent the distal, middle and proximal
part from the cloacal orifice in left ovary, respectively; R1, R2 and R3 represent the distal, middle and proximal
part from the cloacal orifice in right ovary, respectively.

F2 WMRIAAHHMIESIMREEHKIRICER

Tab. 2 Information for 6 microsatellite loci and primers in multiple paternity study of Sebastes schlegelii
=3 L
o EE PER pjm R Moz Mo 256 I sas

o7 5 FB 51975 /INbp . " A A e . . .

. . Ere Wi BE O AE OB HE  accession
locus repeat primer sequence size
i T N, H, H. PIC  NE-1P no.
motif range

KSs7 (GT),¢ F: FAM-TGGGCAATAAATAAGAGAGGA 174-230 54 15 0.922 0909 0.897 0.192 EF109806
R: CCGTCTGCAATCTGACTCA (GenBank)
SSC  (AC), F:HEX-AACACGCTGAACAGAGAACAAA 152-238 59 10 0.984 0.793 0.754 0.404 ABO058405

12 R: GCTCCGACTATAGCTGGTCCTA (DDBJ)
SSC  (TG)s F: TAM-AGTGTCATGCCCTCTTCCAG 177-279 57 16 0.762 0.891 0.874 0.229 ABO058406

23 R: CACTCGGCATTCTCACCTCA (DDBJ)
SSC  (GT),T F: HEX-GTGCTGATGGAAAACACTACCA  168-264 57 8 0.844 0.723 0.675 0.513 AB058407

51 (TG)s R: GTGACCTTTCCCTGAACACACT (DDBJ)
SSC  (GT);; F: FAM-GGCACCGAGCTCAACCTTACTG  138-160 57 7 0.946 0.828 0.797 0.355 ABO058408

69 R: TGCTGTGACTATTTCCCTCTGGC (DDBJ)
Sra. (CA);; F: TAM-GCATGAAAGTGTATGAAAGGC 195-220 57 17 0.984 0921 0908 0.173 AF269055
-7 R: CATGTGATTCTGTGTCTAACTGAG (GenBank)

H: FAM N5 50EFRIE, TAM A5 ERRE, HEX AR A5OLRRE.

40N B4y KSs7 KT An 5B,

5145 SSC12, SSC23, SSC51. SSC69. Sra.7-7 KIE T Gao

Note: Fluorescent dye labels (ABI): FAM (blue), TAM (green), HEX (black). The sequences of primer SSC12, SSC23, SSC51, SSC69 and

Sra.7-7 were from Gao, et al.*"), the sequences of primer KSs7 was

from Anl

31]
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GHEAT TR A, R R IR (33 )
P ot LR 25 R N R B2 AR A, W g 0t
COLONY FM-AEXT 291 AR fif 3 R 43 B 25 51 K 9
M AT T SR TR T . AESCI T 9 B
FE SR AR, 8 AN TARHE(88.89%) K
M| ZHAING, H—RHEAH 1~7 AR
FEPEXS HA ik, SE34°8 3.56 HEYE(E 2, % 3).
1E 8 AN E 2 B ACKUNBEA S AR, 4 A0
(50%, B>0)1 A7 DTHR FAEAEm 7 (35 3).

e 8 MHEZE AR TR, 442
ARTEREAR GY A4 XA BTRE R 5 Ll 3 BF
No HHZFEIZ4E R ER, fERZHN
FEACH (F ~Fg), SCARTEMEMBIE 3 A0 X A48
o T 8 2 1 2 S (11 4), e ACRTE S i A B AL
— Wity A L A5 W% = T P S A 28 A B L — i o

N — 25 BRSSP B SR R A AR 3 A 1 L
KR TTEI 2 o0 Ak g, BT 4 FE M £ (F ) ~F)
G54 DX S I3 A BEA T 4B, A5 SRR AL
oA BT (K 3).

3

N

SR frequency

1 2 3 4 5 6
R ZAH number of paternity

B2 PRl AR B AU T 2 AL i 4

Fig. 2 Microsatellite parentage analysis of Sebastes schlegelii

®3 TWRTHIPEZFSIEFRINS BRI

Tab. 3 Distribution of embryos sired by different males in different regions of the ovary of Sebastes schlegelii

Bk g WETREC SR

fomale  rogion | EeODPed  number M M2 M3 M4 M5 M6 M7 B P
offspring  of sires

F, L1 12 5 4 1 2 3 2 ~0.031  0.806
1P=0999 |, 10 4 2 3 3 2 0 ~0.065  0.854

L3 1 5 4 2 2 2 1 ~0.033  0.653
F, L 33 5 10 6 7 7 3 0011 0418
F, L1 12 7 3 1 2 3 1 1 1 0034 0779
1P=0.938 5 10 5 0 | 2 1 5 1 0 0.040  0.175

L3 1 6 4 2 1 2 1 1 0 0019  0.565
F, L 33 7 7 4 5 6 7 3 1 0001  0.396
F, L1 12 4 6 4 1 1 0.062  0.091
1P=0.082 |, 10 2 2 2 0 6 0.115  0.047

L3 1 3 2 2 7 0 0.153  0.014
Fs L 33 4 10 8 8 7 ~0.018  0.883
E, L1 12 3 4 2 6 0 0.407
1 P=0.654 1, 12 3 6 5 1 0042  0.174

L3 12 3 4 5 3 ~0.042  0.624
Fu L 36 3 14 12 10 0012 0.647
Fs L1 12 4 2 3 4 3 20.049  0.794
1P=0858 12 3 7 4 0 1 0.069  0.121

L3 12 4 3 4 2 20.049  0.784
Fs L 36 4 12 10 8 6 ~0.005  0.536
Fs L1 12 3 3 5 4 ~0.042  0.624
1'P=0.580 |, 12 3 7 1 4 0.069  0.053

L3 12 3 6 5 1 0.042  0.174
Fs L 36 3 16 1 9 0001  0.349

(f$%£ to be continued)
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(8% 3 Tab. 3 continued)

S NN
fgmi r?;i%n U;ijyﬁi& rﬁjb% M1 M2 M3 M4 M5 M6 M7 B P
offspring  of sires
F; L1 12 2 9 3 0.083 0.036
LP=0.939 ) 11 2 9 2 0306  0.005
L3 12 2 11 1 0.157 0.006
F; L 35 2 29 6 0.202 0.000
Fg L1 11 3 6 3 2 0.011 0.371
1" P=0.994 L2 12 3 8 3 1 0.176 0.005
L3 11 3 8 2 1 0.125 0.030
Fy L 34 3 22 8 4 0.135 0.000
Fy L 15 1 15 NA NA

IE: L1, SEEA LA I OR EL 4 X L2, tPERORELA X L3, 0B A fL o O HE 4 X L ARRZEA R EL. MI-M7 FR A, P R oL

PRSI0 22 S

Note: L1 represents the proximal part from the cloacal orifice of ovary; L2 represents the middle part of ovary; L3 represents the distal part of
ovary; L represent the left of the ovary; M1-M7 represent the assumed sires per female; 3P represents the significance of Chi square

independent inspection.

100r =2 B e o e
Zn B M7
2D T ORI TR TR AR

g Z A | 71 M5

g 80 | [ 0 M4

:g 1 — OMm3

2 M2

H Ml

260 ||

£ I

2 |

<

(=9

S 40 <

)

-

._LH |

B

I 20 -

%

X

0 — N N — ™ — NN — N N — o — NN — N — NN
d2=2 SRR SRR §5F Dhan 888 RRE 2ms
ST < Tge [S3qS <) S Tpye Sy s ) Sy eIy el ST STy e [SSpE Iy <) ST ST

A female
B3 1RGP fil b £ B 584 DX AR 19 SCAL BT ke 43 A

L1 AQEREE I M5 AL 14 A BR S803 DX L2 ARFR P AR A2 B A3 X5 L3 A F 1 AP L 3 1) 2 O 5245 I
F1-F7 FR A M1-M7 FR LA
Fig. 3 The proportion of paternity in different ovarian regions in Sebastes schlegelii
L1 represents the proximal part from the cloacal orifice of the left ovary; L2 represents the middle part of the left ovary;
L3 represents the distal part of the left ovary; F1-F7 represents the female; M1-M7 represents the assumed sires per female.

B Ak, il A vk A — 8 M £ (Fo) iz 25
T 8 L — i 19 B L o A7 78 K o R 325 179 B9 240
X H DR SR H R R 15 AR T AU AT, 46
RBRUIET 1 ADAA sl N ZE . A7 RS iT
o XA ELEREE 6 UOHEHAF 2R, 45
TR W ME 0 (Fo) Z2 B0 5LHT . | 5 X1 324 %)
AR (96.03£1.11)% . (92.23£3.32)% . (59.37+
9.26)%, AT BB HT . . R ZAEES A

(94.94+1.13)%. (59.42+5.47)% . (27.78+3.10)%.
3 it

3.1 WRFE#hEEIN

W 5 T P 22 U S I R AR AR 3 20 R F 38
TN FRAS B 38 A BN S5 (R 45 A 55 40, ]3R5 52
REORAIE | B 57 W) B A4 AR R SR AR 55 B
2 280 APt R A 2 B R, R AU R
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—

(=3

(=]
1

oo
o
T

D
o
T

[
o
T

FAR e Hl/% proportion of offspring
~
(=]

(=

*
L1 L2 L3
43X region
Bl 4 S A M £0 B0 AN R 20 X AR L 1
L1 AR A 01 58 5 1 A8 L 14 43 X L2 AR A2 0 L i
43X 5 L3 AR O S 1 1 5 Lo 1) 43 X
Fig. 4 The ratio of paternal offspring in the different
regions of ovary in Sebastes schlegelii
L1 represents the proximal part from the cloacal orifice of the

left ovary; L2 represents the middle part of the left ovary;
L3 represents the distal part of the left ovary.

W 0 DURFRR 19 38 #1307 SR T AC IS, SS S S 2 )R
MEPERVES T, MEVE IR AR RATHEPE AR IR T s
T T 6 R 2557, M AMIF 5T K IAE 56 DN
F- i (S. melanops) 22 i i & H A7 76 4 7 1t e 30

G USRI , A2 A RAIE T Al 2 -t e 5 A
TP AR B ARAT I R 25 o AT IR 45 R o AE i
B 9 ARGl A, 8 TR (88.89%)
il 2] 2 B ACAN IS, 5 DATE XS 37 58 1 [GOF- il
K 2 B ACALI I 58 25 11(91.67% 1 88.89%)12728,
WV G- fih 22 5 ACRUHS BRAICR A B . M AR
F T 1 DO fil 44 200 g 8 3k 20 Tk, — > BR 4
e JE FRLEE AR A A7 A 285 70, IR T
KA, PR UE 85 1ORE R B2 1 G OT- il
W 5 B 22 RS L Y R A

BRKE T AE e e o, e e o AR 3 4R 0 2
UK EBA — T AT i BT fifh
SRR ER(3.56+1.64) (R T LA X/ FG T il 57 56
FF 1 01 firhy i L A £ Fofr 1) ST 2 ACBCEIC) Hi 8 (3
430272839400 3 AT Rl Sk IR R A BIF 5T SR 42 1k 1l
B R SRR AR, BEOR % B S T UL R
5 A g LAl £ o B A R A R [COT i 55 5 R A
Al £ K 38 DA B 28 BE AR A, P RE BRI S
A FCOT il P 35 A BB = -

x4 THEBESEIDAERILER

Tab. 4 The comparison of multiple paternity frequency in Sebastes fish

ok [EERETASY i AR ZEAAIR% LR BEGR R Bt
species number of marker number of parents frequency of mul- average number of opulation tvpe ;ference
P loci assayed tiple paternity sires popu yp

VELC -l ] . 45,8 356 HIBEIR AR5
Sebastes schlegelii ' ' cultured population this study
M SIZ i Y
VEIGF il - 6 12 91.67 3.08 FRALRF I . [27]
Sebastes schlegelii cultured population
N T "
VF FQF-fi ) 6 9 28.89 200 FREHREIR . (28]
Sebastes schlegelii cultured population
-l 5 66 71.20 1.90 %iﬁw ) (5]
Sebastes alutus wild population
LB LT i
SRERF B . 7 8 87.50 2.10 E’j’./:lqﬁﬁi . [6]
Sebastes atrovirens wild population
S I ST )
G 3 17 65.00 2.00 ﬁiﬁf‘ﬁx . [39]
Sebastes melanops wild population
i - fi 4 5 20.00 1.20 LR [40]

Sebastes inermis

wild population

32 FIRTHIPERNHINS T

] N AP 5 T oK AR ST AR A A3 A i AH SR
FtD, CAH M RAATER K %S . Naud )
AF 97 2 30 P A 2 W3 ok 45 ) B9 4 (O P 4> 1R A
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produced.
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Microsatellite-based parentage analysis of offspring conducted in
different regions of the black rockfish (Sebastes schlegelii) ovary
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Abstract: The black rockfish (Sebastes schlegelii) is an important economic fish species widely distributed across
the coastal areas of northern China. It has been widely studied due to its special viviparous reproductive strategy
and long-term sperm storage characteristics. Although there are some previous reports about multiple paternity in
S. schlegelii, the spatial distribution pattern of paternity in the ovary has not been studied. In this study, the multi-
ple paternity in different regions of the ovary was investigated by applying six polymorphic microsatellite markers
to genotype 9 cultured pregnant females and 291 of their offspring in different regions (the proximal part from the
cloacal orifice, the middle part, and the distal part) of the ovary in S. schlegelii. The results showed that: (1) Mul-
tiple paternity was detected in 8 of 9 (88.89%) cultured female fish, which was similar to the findings of reports of
the previous two scholars whose work focused on cultured and wild black rockfish. However, the average number
of copulations was 3.56 times, which was higher than that reported in previous studies. The reason for this phe-
nomenon might be the higher group density (7—8 fish/m?) than in previous studies. Furthermore, four broods were
significantly skewed from equal paternal contributions (50%, B>0); (2) the results of one-way ANOVA showed
that the proportions of paternal offspring did not significantly differ in the different regions of the ovary in females;
and (3) the chi-square uniform distribution test results showed that the paternal offspring in each family had no
significant bias in different ovary regions, indicating that multiple paternity in S. schlegelii is randomly distributed
in the ovary due to a degree of sperm mixing in the female’s ovaries after mating to some extent. Considering that
the ovaries of female fish are not yet mature in S. schlegelii during the mating period, the sperm from different
males may be completely mixed in the immature ovary and then stored in it. The differences in males’ sperm
number and sperm activity may be the important reasons for the bias of paternity contribution rate. These results
may provide a scientific basis for the enrichment of reproductive biology research on S. schlegelii.
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