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FEE: NRICT 50 R 4 B W (Sepia esculenta) BIHTEIREEH S HLAETEDT I o 77 01 H D9 S35 ARG 326 Do 1) 25 THE L 42,
i B ERINEE M T RS FARCHEAR, X H SR SEREN. T 5 3 AN 4 5 0 % 58 R A
(TE A R AE RN 3845 S K HEAT GE T o0, SR HOoR O RO Ak 22 Ko . BRI WA F 5 /b
(PCAYZE IR IR, B 3 A E RS0 BRBTTHRR R 60.067%, 18T 85%; FIAI4rHr (DAL R IR, 3 4 S A B )
FIREREA T 66.7%~82.1%, P WHU ELE R 2 B8R 3 AT I 8 b 58 ASAH 3 8 09 IO i A bRl
ZERF, 3 I BT R BB AL IR RS DA AT 0.12~0.16, #EAEE - LIEHH 0.0014~0.0064, F ] Structure
Wi B AR R 1, RAHCEGOCREGE o L3-8 HTINh, BT 13 300 6 S ) 00 it i 30 4 1 T S 30 T AR 1 R A 2 5
BR, HESESHERBUN, BB EOE Hae 2K 3K (Fe<0.05), A2 B A A S,

KEER: & DM R BRER MUA,; A
hE S S931 WERARERD: A
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i, B, 575, ESWAP I EEATM, W
S R U O IS 2 B (B K A 2 T HOE A
TAERRMAR . BURFBRA B ) T R A B
G0, F i 4 W P IR A RE I 5
Aotz 7 A b4y, Pilkik 2 A 2 AP g
FERAP, BfET ] AHERS, Bl 220 iE 28 0 15 10 2R R
N e SN SN SR b I B N G LN
AR AR W E A BT Y 2~3 501, SEA eIk,
TEAR . WA R & SR 3 A, &
A4 H B0, (08 R 7 IR B 23 28 X
e,

T2 T Mo A ic BOR B2 W
TR 25 . Hr, JBARSBE NPh
AW Tk, JHLAE S AN R AR AR Y

SRS, BB IR A HOIR A 8 2 AR R

kS B HA: 2018-05-15; 1&1T HHA: 2018-07-22.
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FEHNA 22 5, 3 B3 53 A R ) 43 4 85 22 o0 0 i
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W, KB RA(E 1), RIEE 3 FH BERD
VTV 4 S I A A AR B0, &5 24 b it R A A T A
) O R RBITISCHK, BB T 5 4 B WO
PRI IRESHEI (S A ai—7 A a), 2960 d).
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BN, % SR A MO8 I ¥ AR A, A SR A () 0 i
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Fig. 1 The sampling stations of Sepia esculenta
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Fig.2 Change trend of average body weight of Sepia

esculenta spawning stock in coastal waters of
Xuejia Island in 2014, 2015 and 2017

1.2 EEEHAR
1.2.1 ESNEREENSEIT RHESEEY
W i, X 4 SIAEAS ) 4 (ML) . Sk (HL).
L FEHW), JATEMW) | iiF K (DML), i (FL).
HEFE(FW). 4 1 Bl (TLR1). 45 2 Bk (TLR2).
47 3 BiA(TLR3). 47 4 Bt (TLR4) . fillfi £ (TL).
B (TCL)SE 13 NMESFESEAT BN &, K
F 0.1 mm. 46X 25 1 SR B H ik
HCHENLRECOIAL 3~4 g (BRELRT . . JEEEIRL
RE), gt HAEGEIFEE 6 0 58 H s it i L4
ARG PO YT DA
1.2.2 EIEAIE R T F 8T
RRHTRRE T 5 22001 4 FhZ a8 it o b r
25, XPAS[A] I 0 4 B WORE AR B TR 28 2R 48 i A T 43
BT, REIEREA AR 22 T X R B2 S50 A 5,
¥ 12 MRS FREIR AR UK, 153 12 A&
JERRAEAE, 19 FH SPSS 19.0 3414750 #r o

(1) EWA53H7. i2H SPSS 19.0 #EX} 12
£ 5 FE AR {H #E 4T 3 BLS3 43 BT (principal compo-
nent analysis), 1524 A5 B9 RRAE(E A DT R,
FEARIEEE — . 5 E M a2 LR EL

(2) BAHMr. i8] SPSS 19.0 FAFX} 12 41
i B RRE 1T R 2850 (cluster analysis), R
PR RE T %, WESE T )5 Euclidean fE
BRBINRE LR,

(3) FIH M. 38 SPSS 19.0 #fFXT 12 4H
i PR AR AE 547 20 53] 43 AT (discriminant  analysis),
T AN R TR A 110 0 50 e A 3 I 2 5 ME A SR I A 7
N T FR K, IR A3 T 1 A ) 551 o 1 4 o
MK Hrh

A A 2R (Yo) = 31 L At A A B30/ R AR A
R%0D*100%

%ﬁﬂ%@%@%ﬁi& izmm%

i=1 i=1

Horb, n FoR AR FHIHER I (n=3), R FmRE i A0

e SRR A ) LE A AR, T 5 i e
R SRR

(4) BT Z500r i SPSS 19.0 4%

12 HIL S48 bR 2E 17 B8 X 7 J7 22 70 17 (one-way

ANOVA), HJ5 2555 R LSD &%, AR
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75 2255 #9728 2 K i Tamhane’s T2 087, 25%
BE MK 0=0.05,

1.3 HIEHRiE

1.3.1 #HAEFEZH DNA BB HEAKEHE Y DNA
i FH 2 o S O A R PR B, B —20°C kAR AR
e .

1.3.2 PCRA#T  ASEER LS AN B 2 A1
TR 172, U639 Secu1137 | Secull 77,
Secul64P™) (35 D)X} AT 4R B 42 2 IR AL 21 DNA
4T PCR 7 34 .PCR [ WA R 25 uL, ffE Tag
fif} 0.15 uL, DNA #&#) 1 uL, 1E 859145 1 uL,
dNTP 2 uL, 10xPCR buffer 2.5 pL 1257 /K

17.5 uL.AF41 PCR 3L B FAPEXTRE, BRI DNA
TAEWAN, HoAth 55145 15 R ARTR], AR DU
BTG PCR G SN 95 CAEM: S min,
Bl HEAT 40 DER, G ALEE: 94°CAR
45, Bk 45 s (51 PHR IR 1), 72°CE
145 s, PEFR5ERLE 72°C ZEAH 10 min, 2R 4°CIH
TRIRAT

PCR =W &SRB RS R IKAR I 5, 3642
ISR, ] GeneMarker v202 BFiS2EL
FHC N FE B, AN TACIE)S, 1580407 5 %k
o halE RO BT LR A5, T A SR
VeI R S8 A S B 55 1 b 7 64T

R1 AFRERAN S HHIERLSIMER

Tab. 1 Information for 5 microsatellite loci and primers in multiple paternity study of Sepia esculenta
(DALY CEVR U EK SIHF5 (53" S5 R4 /bp RO EE/C
locus repeat motif primer sequence size range annealing temperature
J17 (TG)ys F: HEX-ATTGGAAATCGGTGAGCT 217-260 55
R: GATGGGAGTTGGGAAATG
J63 (AC)s(AC)i3 F: FAM-GAAAACGATACAAGGAGT 260-309 55
R: GTGCAAGAAACAAAGACA
Secull3 (CA)7(TA), F: TAM-ACTCACAACCAAGCATAAA 229-301 52
R: ACACGGATAAGCAAATAAA
Secull? (CA)s4 F: HEX-GGTGGGGGTCAACTAAGT 218-281 52
R: TATGGTCTTCCTGCCTCGTGTAT
Secul64 (GT)a4 F: FAM-TTTACTCATTGCATCGTGTG 220-273 49

R: CCCAAATTGCTCTACAGT

{E: FAM N GFO0FRL, TAM A& GFOEIRE, HEX Jy R @25ORL.

Note: Fluorescent dye labels (ABI): FAM, blue; TAM, green; HEX, black.

1.3.3 HiRAE M PopGene 32 HPFUEATHE
W 0R, 3518 GBIV, A7
BN . TRIZ & 5 () R 52 & B (HL) o R MS
tools T4 k#2515 B % 8 (PIC) . GENEPOP
4.0 17 Hardy-Weinberg “F-#7 #6556, a7 x5, i & I
FEA Wiz - Micro-Checker i =& 75 7775 T
RN o AL o AR E(Fo) Hi FSTAT {4t
40, 32 F ARLEQUIN HEATHE 4R 8] 43 F 7 2243
HF(AMOVA), I STRUCTURE 447 8 it {45
4, POPULATION 1.2 Hfh3 55 ek ] 8t 14 i gy
(Dx), i8] GENETIX ${FHEFT = 4k R 7% B 43
Hr(3D-FCA).

2 ZERESWH
2.1 EEZER
2.1.1 ERBHNELSWMEERER 2017 FR4E

(YA [ B 30 4 5 URE AR B N 3R 2 P o B[]
W, &SRR DF MK AR E S 2T
W e HEL I 25 22 59 (P<0.05) B REAAR A 4 o) 25
FA I T SRR, 3 B R 0 E
JEZESFBN,
212 ERDHSHT O ONFEIRH 4 SRR D) 3%
SRR BN, B3 A FE R B R B AR R
) 36.139%. 15.110%F1 8.818%, RFTTHkEK N
60.067%, 18T 85%. “H—FEWaH, 4 1 Wik
JEHC(TLRI/ML) . 47 2 i/ (TLR2/ML) . £7
3 Wik /M (TLR3/ML) ) A B3R, EEARE
HskFB &R, 6 M = T, ITE/ Rk
(MW/ML) . Jid# 4/l (DML/ML) . & 58 /i K
(FW/ML)# K, FZR I H 2 5 (38 3).

R A 575 — 055 = 32 B0 A5 4 22 il s T (1
3), 455 R e AT I 4 5 WA R 28000 A T L
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Tab. 2 Sample information of Sepia esculenta and the water temperature in each period
Tt A 3 SFAE I [H] KR/ C Bt F- 2B K /mm TRk /g FXFIESI(R) BB/ %
date sampling time temperature number average mantle length average body weight absolute fecundity relative fatness
TiY early stage 2017.06.10 19.5 28(Q: 16) 167.0+14.6* 734.5+178.4° 2940.6+648.9° 15.6+2.0°
ti middle stage 2017.06.28 21.4 27(%: 13) 158.4+20.3° 575.5+184.8" 1802.1+386.9° 14.3+2.5°
JG later stage 2017.07.16 22.3 33(Q: 14) 145.3+16.8° 455.2+148.5° 1593.6+476.0° 14.6+2.2°
T B =R (g)/ K *(em)x100%7Y, [l SN EHRE J5 A [F 19 /NG R 3R R — I 8] 22 5 . 35 (P<0.05).
Note: relative fatness=weight(g)/mantle length’(cm)x100%, different letters in the same column mean significant difference at 0.05 level.
®3 RIS SHBHEER D DR 3
Tab.3 Results of principal component analysis of 2t o o % &
breeding populations of Sepia esculenta in 5 . 8o i o oR
different migratory periods é. éi‘ %2‘%??;‘ oA
g 0 K FORE S A
- F 4> principal component o o o ?;Q o YN
5 p p p & 1 o4 o.@ Baap A A
variable | N 3 £ o o 0 ma
H -2 a0 4
oy 1] O Wi early stage
xi: Sk K/AHK (HL/ML) 0.578 0.118 -0.328 ® 3 R o 1 middle stage
xS/ K (HW/ML) 0.474 0109 0359 4 A & JE% later stage
-4 -3 -2 -1 0 1 2 3 4
x3: MRS/ 4 (MW/ML) 0.539 0599 —0.160 45— E RS> component 1
xq: I A/ (DML/ML) 0.559  0.618 -0.010 B3 S[R3 4 1 I e AR A —
xs: BEC /B (FL/ML) 0.584  0.549  0.103 5 A HUSE
vor BEE /K (FW/ML) 0253 —0.005 0.741 Fig. 3  Scatter plots of scores on the .fll’St two pr.mc1pal
components of breeding populations of Sepia
x7: Wi 1/ (TLR1/ML) 0.758 —0.351 0.016 esculenta in different migratory periods
xg: W& 2/f 4 (TLR2/ML) 0.706  —0.487 —0.023 0 5 10 15 20 25
L 1 1 L 1 |
xo: JiIE 3/ (TLR3/ML) 0.768  —0.398 0.107 -
x10: it 4/ (TLR4/ML) 0.601 -0.405 —0.140 early stage
i 1 I e G ]
xR/ K (TL/ML) 0.690  -0.099 -0.036 middle stage
x12: HH/ M (TCL/ML) 0.520  0.231 0.451 JEHA
P later stage
FFIEE eigenvalue 4.337 1.813 1.058

Tk % /% contribution ratio 36.139  15.110 8.818

K4 & O IHARIESE AN

Fig. 4 Dendrogram showing the relationship of

ZRTTER /% 36.139  51.249  60.067 Sepia esculenta populations
cumulatlve contribution ratio

AMREE I S REAAS, 2 ARSI T REA, )

AR B, PR Z 0 A T MR O BERRCh 82.1%; TIRFATA 5 MARESE

DX, s AR Z A TAMAM M, = BOREA, 4 SRR S R, IER RN
H HAI R i E A X 66.7%:; JEWIREAR AT 4 DREEFUNHTRAA, 3

213 BESH AFES DWEEBHANE AR R IR, IR 78.8% (% 4), £RE

RO EREY], 3 AR SRR LI R R

Horh 2 A, HARETHR R AR e R — 3, HIT

a5 AR 2 —EJE 4), Y =116x, +70x, —112x; + 628x,4 +97x5 —19x, —
2.1.4  FIBISHT  dm 58T R R AN TR s 4 90x, +88xg +141xy +32x;) — 23x;, —85x,, —429
G DWW E TR AT 00, S5 REW, 3 AEHIEY i

LA HIERE N 76.1%., Hrh, BIRHA DG 3 Y =77x +103x, —107x; + 61 1x, +88x5 —17x, —
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Tab. 4 Discriminant results of breeding populations of Sepia esculenta in different migratory periods

5 o i 2%/% 4325 predicted species membership
variable size accuracy HiH] early stage ] middle stage JG ] later stage
A early stage 28 82.1 23 3 2
Hii middle stage 27 66.7 5 18 4
JG A later stage 33 78.8 4 3 26

AN TR 93 4 5 AR AR 19 40 ) e A R P 4
7, A e S A A S Ok 0 T A T A ZE
Je SRR 22 o0 A T RO R A, 25 AR IR B

o7 AN AH E S 1 X B(E 5)
o HHA o Hif s JEH e HL
early stage middle stage later stage  centroid
4
o
21 o A
° gl [%% D?ﬁ VN
0 o & EI;QPDDDA OAAA A.A3 Aﬁ A
2 A
&O.®§S) gbgo R
ol o [o) . N
0 ©
_4 1 1 1 1
26 -4 -2 0 2 4 6

5 TR 53 ek S B 4
1o Hi; 20 s 30 JE .
Scatter plot based on the first two
discriminant functions
1: early stage; 2: middle stage; 3: later stage.

Fig. 5

215 BEZEFEST BHAHETFHFZESNT
PRI I 4 WA 12 A R IE A
i, g5 moR, 0T A R R
JE WRHASBIETE 6 M Ehn2E 57 10 35 (P<0.05), il
BEAR S JE WBHATEAE 5 MR 25 8.3 (P<0.05)
(3 5),

22 WIERICER

22,1 WIEMABEREEEESHEE MD
BEAMCE R BoR, 5 X ES WHE 3 MR
RBP4 3 )T Hos B 2 B (PIC>0.5), #51
MY R LR 6, H, HAILEEW) N
13~25, ARENIEL KB (V)R 5.68~14.46, WL
A TEH)NT 0.73~0.89 6], WIFFZA B (H,)

4T 0.83~0.94 ZZ ], Shannon 548 (1)M 1.97~2.87,
Hardy-Weinberg V- i 46 %6 5. 75 Hif 191 0 ¢ 1 14 76
Secul64 {7 wi i 3 I 25 °F- 11 (P<0.01), £ Micro-
Checker 6 A7 7E TCRL S50 B

x5 ATEIEHFFEAESWEAERE
BEFHRESRER
Tab.5 One-way ANOVA results of breeding populations

of Sepia esculenta in different migratory periods

X£SE

AR A1 (n=28) i (n=27) JE W (n=33)

variable early stage middle stage later stage
x| 0.402+0.005°  0.367£0.007°  0.403+0.005
X2 0.433+0.006°  0.453+0.008"  0.465+0.007°
X3 0.666+0.007°  0.655+0.059°  0.642+0.008"
x4 1.150+0.005° 1.126£0.008"  1.133£0.009™
Xs 1.116+0.008° 1.074£0.014°  1.093£0.012%
X6 0.15740.003°  0.148+0.005°  0.212+0.022
x7 0.489+0.008°  0.459+0.011°  0.496+0.011°
xg 0.496+0.007°  0.470+0.010°  0.531+0.010"
X9 0.487+0.008°  0.465+0.010°  0.513+0.009"
X10 0.624+0.010°  0.566+0.023°  0.661+0.012°
X1 1.648+0.445"  1.694+0.031°  1.863+0.032
X12 0.289+0.008°  0.293+0.006°  0.314+0.006"

W WXFER bR —HRIRRERALE, LR ARRRE
5t % (P<0.05).

Note: Different superscripts indicate significant difference, and
other situations indicate non-significant difference (P<0.05).

2 B 0 4 5 W AR 1) 15 A% 2 RE M S B0 LR
7, o, T HARE R BRI A B B (HL) Fh 45 T 45 21
By deimn, OO A Y S 6 S B (V) AR, TS
IR A RF AL B (Ve) . Shannon F8%5(1)
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Tab. 6 Number of alleles, heterozygosity and polymorphic information content of 5 microsatellite loci of Sepia esculenta
i 55 locus ENIEHB N, AREFENVIERE N, Shannon $8%k 1 WA AE H, BIfERGE H  Z8FEESE PIC

J17 24 9.50 2.61 0.82 0.90 0.86
J63 13 5.68 1.97 0.78 0.83 0.79
Secull3 19 11.69 2.62 0.89 0.92 0.90
Secull7 23 10.43 2.62 0.73 0.91 0.88
Secul64 25 14.46 2.87 0.77 0.94 0.91
YIE mean 20.8 10.35 2.54 0.80 0.90 0.87

®7 AEEHAESWEBERFRERSHEN

Tab. 7 Genetic diversity of breeding populations of Sepia esculenta in different migratory periods
MEAS Y] migration period  AE(IFENEL N, ARLHEMIFENE N, Shannon 353X 1 WML AE H, WMHEHEE Ho 25 B & E PIC

A early stage 16.20 9.90 2.42 0.77 0.90 0.87
1 middle stage 15.00 9.50 2.40 0.80 0.90 0.87
JE 381 later stage 15.20 8.72 2.37 0.81 0.89 0.86
¥ mean 15.47 9.37 2.40 0.80 0.90 0.87

222 BEESUSH  OREIS IS SWEHARR R, AEOE K DBSARE, AN A
Nei’s BAEHE (DN T 0.12~0.16 Z[H], BiAN A2 2] K A4

EP% WV Dy @JT‘?(O'{G)’ %gﬁnﬁﬁﬁ %%1¢%LDA #*8 TREIMMATHSE M SR IEMNIBGERD,, X
JE(0.12). 3 AMHEIRIFD 9 3 £ 03 A R 2O R AR B )RR 5 AR R (Fy, XTREMT)
(0.0014~0.0064), 18 % A A K O 55 i (F<0.05)H. Tab. 8 Genetic distance (D4, above diagonal) and pairwise
%E‘AKE%(WOOS) (%% 8)0 ﬁ’?ﬁ%ﬁ’*ﬁ(AMOVA) Fs estimates (F, below diagonal) of breeding populations of

Sepia esculenta in different migratory periods

LRI 9 R, WK 3 AT REGE OB R o T
[7] iy %}Eﬁfu oy gﬁé,ﬁg [&] A4 iﬁ/ﬁ%ﬂ’l‘ %5 0. 16%, variable early stage middle stage later stage
RECKIRGI (65 0y 99.84%, HM#RFAmE 10 ey ouee o o1
P>0.05 f1 middle stage 0.0022 - 0.12
(P>0.05)- JE later stage 0.0064 0.0014 -
223 BELEHWSHTS FCA 54 FIH Structure

2.3.1 $47 1~3 MBI K {8, B4 K [HEE R 3D-FCA s R iR, 55— F oM —

10 IR, 4 K A Er, AL e F 53l i R R A A EE@ 47.35%F1 52.65%,
Bk 1, B o6 ME 7 FiaRsasal et k=2 fl k=3 3 AN [R]30 3 Ak 399 0 B A A7 AE 38 £ 1) B2 8 [Xda
AF R 4 55 A [) 3 i Bt 0 AL e a1, Hegb e (1 8).

®9 AEEHHESWEBEREY FHRESN
Tab.9 AMOVA analysis of breeding populations of Sepia esculenta in different migratory periods

AR HKIR source of variation [ df FJ7 Ml sum of squares  AEF4H4) variance component A5 57 L 44l/% percentage of variation

BER[E] among populations 2 4.506 0.00336 V, 0.16
REMR P within populations 173 355.880 2.05711 1, 99.84
it total 175 360.386 2.06047
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Fig. 6 Cluster analysis for Sepia esculenta
from structure (K=2)

HiHH early stage  H'3 middle stage JE#H later stage

7 K=3 4 5 WA ] 30013 P 30 £ 38 4% 445 44 ]
Fig. 7 Cluster analysis for Sepia esculenta
from structure (K=3)

5—E 4 component 1 (47.35%)

P8 AN [l e 1 4 L IACRE 1A 3D-FCA 734
Lot mrl; W il e R
Fig. 8 3D-FCA analysis of breeding populations of
Sepia esculenta in different migratory periods
red: early stage; blue: middle stage; yellow: later stage.
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Abstract: Population differentiation and structure are important topics of evolutionary biology, and morphology
and genetics are the main methods of researching these topics. Sepia esculenta migrates annually from the over-
wintering field to the spawning ground, and for a long time, it has been thought that the breeding period of its in-
shore populations was as long as two months. In addition, during the grouping period, the specification of S. es-
culenta arriving in different stages showed a decreasing trend with arrival time. Thus, the objectives of this study
were to characterize the population structure and clustering phenomenon in S. esculenta over time, and discover
why the parental specification diminished during spawning of the mature animals in Qingdao. The morphological
characteristics and genetic differentiation during three different migratory periods (early, middle, and late) of S.
esculenta inhabiting the coastal waters of Xuejia Island were analyzed using morphology and DNA markers. The
results showed that the cumulative contribution rate of the first three principal components was 60.067% in the
principal component analysis (PCA), which was lower than 85%. The discrimination accuracy ranged from 66.7%
to 82.1% in the discriminant analysis (DA). The scatter plots of PCA and DA showed a similar result, which is the
species was not clearly dispersed among these three migratory periods. Analysis based on microsatellite markers
indicated that genetic distances (D,) ranged from 0.12 to 0.16 and the genetic differentiation index (F) ranged
from 0.0014 to 0.0064 in S. esculenta from the three different migratory periods. The optimal number of theoreti-
cal groups was 1 according to the genetic structural analysis. These findings suggested that there was no obvious
population differentiation among early, middle, and late migratory periods of S. esculenta in Qingdao, owing to the
low values of morphological differences, genetic distances, and genetic differentiation, although the population
showed a large difference in mantle length and body weight in specifications. The differences in the swimming
ability of small and large individuals may be the main reason behind the long period of S. esculenta’s clustering
and the decrease of its specification over time. It is undeniable that the differences in morphology and genetics
among populations of marine cephalopods populations of fish are unpredictable yet significant. Macroscopic iden-
tification methods, such as morphological studies, are vulnerable to the influence of living environment, and at the
same time, marine fish with good dispersal ability usually exhibit very low genetic differentiation within a wide
geographic range. Therefore, the strong athletic ability of Sepia esculenta may also lead to a similar genetic
structure of its populations.
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