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HFMD R AR EAR . 75, mEEE 6 4>
2o figs Ty 17 il FE (AR (B A7 AF A B/ IMEL I 3 st AE
fb. ER MR ILIET DNA 20 Fhric B REIA
ZER R AL ZREVERT ST IRE . Moprim U AR
BHORE ARG T R . B H A SR 68 L 1a]
il RN A3 AR O, A 3 AN DX () Sk 6 L T
gl g ) — A e . T RAEE T 1974—1989 4ETT 5
B VR N W TE AR T S 5 1 T B ) e R R, A
R ARV N A E AR IR . B0 AR H AT
BER 3 AT BRI

Zobitk DNA HA B Rifl | b fb st . #%
DR S P B N TR S AL 2 R
ARE KB . SRR b (cytochrome b,
Cyt b)5E RS Ab 3 A v, #4507 Best nl % M
ol Py 2 o ] G 2 2B ) 2 00 4 Ak s % £ B 1Y,
TR RS AE S5 . e 2 e . RSt
L% R BAE > TARie! Y, [EE, Cyt b 1R
DNA FJE45, i Bh4n i ta 38 S b i 3k 1 JE A
(CODBEf T Rp s g 121 AHIF ST RAE TR B Ui 6
MR B g i A AR, JEF Cyt b FEF AR
SEAR 03 B 3 ]V T g 6 L T il 114 35 4% 22 14 A
TSR AL 2540, A (R 3 % f68 T v fnf (7% 360 1 ¢ 42
HER 22 AR T

1 HESHE

11 HRRE&E

ST RE ST 2017 4F 3—5 R H ORI%EDL).
ZEH(QH), EHK(PL). HIRRZ). F1L(ZS)F
WISk (ST) 6 A~Hb DX I IR (3R 1), @I B4 Y
H AR IATS o WA RRE S, A 20 CIRTRE,
B% H 3k g 27 0 Oy AR S g IR BIAE R,
g A TR HLURAE T 95% L BE, —20°C R
5
1.2 DNA HI$REY, PCR ¥ & 5 F

M IR R AR A= AL B (AL 50 A BR A w7 sh
HAUEHN A DNA #2BUAH £ (TIANamp Marine
Animals DNA Kit) i ffi UL B2 L DNA. i H
NanoDrop Lite #7300 B 11l i $2 L DNA
[ S 2l F-20 CAE e H o

e ki D i Lok (A I N 41 751]*? (GenBank

x1 FEIHERFER
Tab.1 Samplinginformation of
Thamnaconus septentrionalis

LN ZEE  HEN  CRHNE FEARUE
population longitude  latitude sampling date sampling size
Ki% DL 38°43'48" 122°1124"  2017-03 29
Z R QH 39°52'48" 120°32724" 2017-03 28
3K PL 38°06'00" 121°07'12" 2017-04 30
H & RZ 35°15'00" 120°19'48" 2017-05 29
Frili ZS 29°54'36" 123°55'48" 2017-05 30
sk ST 22°48'36” 117°08'24”  2017-03 30

JF515: NC_011327), F Oligo7 (Molecular Biology
Insights Inc.)f X% 1t Cyt b KT, S14H
HERFEHPH RS AR ARG LY 38519
J9: Cyth-F: 5-GTCATAATTCTCGCCCGGAT-3';
T 51 Cyth-R: 5'-GGATTTTAACCCTC-
GGCCTC-3', A5 EERIEN A W H AR A R 2
7] 2xTSINGKE™ Master Mix X717 PCR ¥ 1%
K%, PCR RJWVARZE N 20 puL: 2xTSINGKE™
Master Mix 10 pL, Cytb-F (10 pmol/L) 0.4 pL,
Cyth-F (10 pmol/L) 0.4 pL, DNA ##z 1 pL, ddH,0
8.2 uL., S NTE Bioer LifePro Thermal Cycler (TC-
96/G/H(b)A) PCR AL (BTN H B AR A A |
BEAT, SR 94 CTIZASME 5 min; ¥ HG i FE
35 MR, 94°CAEME 30 s, S0°CiB 2k 30 s, 72°C 4E
i1 60 s; FRZ 72°CHEMH 10 min, FF 1%3 5 A 5E
JE L VKRN 14 7 ), R B R AR U A TR AR W
ARABRZSFHEAT PCR 9734 P~y a5, %5
bk GIL/ B
1.3 FIEESHIESH

fii 1] BioEdit 7.0.1 3R ZIE A, A %) B,
XA FRU . OBUE A i SR AT I I . R
SeqMan 7.1.0 XX [} il J7 25 R 5 5 A TP . A
M ClustalX 2.1 430 $RA5 19 551 34T 2 5 1
Xt, B DnaSP 5.10PH R F 528 S 5 LA K o
fERIEL . A BER I AZ T IR 2 #EPE (nucleotide di-
versity, 7). HA5 7 Z A (Haplotype diversity, Hy)
“eifb ZREMES R, L) MEGA 6.06 #1153+
P ARl B, THA LT Kimura XS4
LR R RS A5 B 2, H 28 K%L (bootstrap) i
1000 WX [Al 2R A Mega #1441 42 35 (neighbor-
joining, NI)H4 g &f fig o 1 fii 45 PR HY (8] 1) REE A&
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BRAMN, VIS Dt Thamnaconus hypargyreus)
FRAE PR (Monacanthus chinensis) WANERE, LA
Kimura WS BB, [ 2K (bootstrap)
1000 Y. I Network 4.6 451>V 2 #3575 ¥
KK,

0 Arlequin 3.5%7 34T Tajima’s D**'}% Fu’s
FPUR P86, 25T Kimura XU BB 1 fE 1A
(i) 382 12 P 8 A AL FRE AR 1) ) [ 5 8 Py, HE 0 M
Wk B 1000 YR AR AT R B, JF R
AMOVA  F3 47 PO Al 2k fif T v dl 14 B0 £ 33t 1 4%
¥ BeAk, FEATREAT BRANBOXS 2 B I A EE A BE
R RRA TR 046 18, 43 Hral LIS 3] 5 42
%, Bl SSD (the sum of squared differences). H;,
(Harpending’s raggedness indices). 6y. 6 (FiEEY”
KA 09 B: A SO MTHE) R o {5 (T %
AR RN )RR ) o BT S
Tajima’s D Fu’s F AHZS G HEWHZ A & B R Y
ko A =20 TFESEBRA YR R], H u
S IR A 7 K BE I 978 TR (u=ke, k2
FRWFSERF S BE, o 2 B AT R Y 58 A8 AR,
¢ 2 FAPEEY TR I 46 B A AR A5 R

=2
Tab. 2

1%~2.5% B0 5B A JTEVER Cyt b B pyEfk
AR i i i ) P AR 1] N 2 4,
MERE 2 AFEAE o fif B i i rr A IRH ] o e 24K
Wi T=c/uk (T AFHEEY 5K A LERYITE]; & P8
JE; w0 Ry AR S RO HE SR e A 9 sk AR AR
W AR 7=2Nu THE 588 T i i A SRR R
N AHTRZHNE, N HARBIEE RN effective
population size), u A FE R HEALHE )P4,

2 HR

753 R4FAE

WP T 176 &g 5 &G )F53 Cyt b
FE31, AR 915 bp. FFIE L% GenBank,
B 5 MG845689~MG845864, TE 6 M,
MARAGAR AT 32 4, AR SRR 3.50%. Hirf,
W5 BN 64, R BN 26 1>, ARy
A R A, TOAR I A IR ARG, B4
Z TR 2), Hi 5EH M ER 13.46, B
SR, AT .CHI G PEEISR A58 23.4%
26.5%. 33.5%F1 16.5%, FXIMHEAEIIR G Iwfrts
Fo A+T BB H 49.9%, C+G A 50.1%,

21

FEDEE Cyt  EF B ERNTRMUS
Thevariable sites of Cyt b haplotypesin Thamnaconus septentrionalis

AR 5457 5, variable site
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(823 2 Tab. 2 continued)
A5 523 14, variable site
PAfREIR 111 1 1 1 2 2 2 2 3 3 3 4 4 456 6 6 6 6 7 7 7 7 7 7 8 8
haplotype s ¢ 1 1 3 5 6 9 5 6 6 8 0 4 6 2 6 7 4 2 3 3 7 8 0 0 4 5 6 9 4 5
7 0 4 7 2 6 0 8 3 17 5 9 5 6 3 5 7 043 6 1 72 81 6 5 5 6 3
HI15 . G T . G
H16 . T . A G .
H17 c . . G . G T
HI18 Cc . T . A G
H19 A . T . . . G
H20 A G T A G
H21 A G A G
H22 . . G .
H23 T A G A
H24 .. . G
H25 G T . T A G
H26 A T . A G .
H27 . G . G . T
H28 T . A G C
H29 T . . G
H30 e . T . T C G
TE: « 23R e i B AL 52 2% 5 AR
Note: “.” indicates the nucleotide in this position is identical to the one in the reference sequence.

22 BEMNSHRBEXR

6 NEFA 176 A LAG I 3 30 4> B4 R (1A
1), H:¥h, Hap2 ., Hap3. Hapll fil Hapl14 {3 eh
f B, o505 B AR SR 11.93% . 11.93% .
10.23%7#1 13.07%. Hap2. Hap3. Hap4 #1 Hapl4
X 4 FhERAE AL 6 N RFA T2, Hap7. Hap9.
Hapl2., Hapl7~Hap 20. Hap22. Hap26~Hap 30
IR AR, AR — AP e 1 R, K%
FERIA 1 ARV R 2 (16 ), M I
PRI PR RVBUR D (11 AY) o FE A B (14 B A%
F%E T NJ (neighbor-joining) & 45 LB (& 1), 45
RBIR 30 ARG EIGFARIE A B R332, 6
BRI BAASRIZ A T NI B3 32
b TR B R S RS (1) B A X R S R
A P B AR I 245 J (] 2) S BRAR IR R 25 28, A 7E
ZA FARAAS A, At AL AR SR o A 7 AR
FAERI R, 6 ANBEMRAL S iy B A 22 8 Hh IR AE
I 28 BT 4 A3 3, TF AR £ L E AT Bk
SEIIAT S

23 BEEEESHEMETEESL

SREg Lyl 6 NREAR M BHE Z S ES T
# 3. 6 MHIERSAEMAERZEEE R, B
0.927+0.007, i #% 11 R 2 A M Ab TR AR K, H
0.0037+0.0001, #-FER ] 5% Z A K P 22 57
BN, ¥R E s 2R TR 2
FEE B HFAE o

FAE AR 5] 1) [T 7 8 B0 (G 4) TR, Rk A
V) 11 [T 52 8 B0 /N, IR R IR B B KT SR
TRER 55 L AEAR SN, 5 A5 B AR 1) 15 45 5003
TRB KO, 5 Sk A B a5t 42 40 Ak ik BB
EAF- o BRE SRR 5 H AR (B A LLAFIAR)
it A o3 Ak i 2, H 1A 2 F8 B0 /0N (0.034~0.089),
BRG] AR EE Ak

AMOVA 7 Bras 51 F 3 5.8 Fr A BRI N
— A BEIEAT AT, B B] 3 AL AR S AR
S 1.43%, BERNMSREAT S SRR
98.57%, st S EEORIR T REMAR P, FEMARE 5
oA AR Bt 3 K (Fy=0.014, P>0.05),



55 4 35 FETERAK Cyt b FEIR 3 51 i £ i T 1 fili 6 A~ TF A5 FE AR 10 38 4% 257 43 #r 831
NT A% #£& population
NJ tree K#EDL #E5 QH %3KPL AERZ FHlizs kST
Hapl6 1 5 1 6 3
Hap25 1 2
Hap18 1
Hap2 3 4 2 4 4 4
Hap7 1
Hapl4 2 1 5 5 3
Hap26 1
55 :Hap6 1 2 3 1
Hap12 1
52 |:Hap8 1 1
Hapl0 1 1 1 1 1
41 Hap22 1
55 Hap28 1
51 Hap3 4 6 6 2 2 1
90 Hap20 1
Hap21 3 2 1 2
Hap30 1
Hap24 2 2
Hap29 1
Hap5 3 2 1
100 55— Hapl 2 2
Hap13 1 2 1 3 4
Hapl7 1
454|_89_—‘:Hap27 1
Hap9 1
Hap19 1
4|  Hap23 1 1
— _4_1_|:Hap11 3 2 4 3 6
Hapl5 1 2
Hap4 2 1 1 1 3 1
Thamnaconus hypargyreus
Monacanthus chunensis
K1 gD Cyt b KL A5 NI RGM B HTE 6 M HEAA b 1973 A
Fig. 1 Neighbor-joining phylogenetic tree of Cyt b haplotypes and its distribution in 6 populations of Thamnaconus septentrionalis
Hapl9 ® Ki#/DL 24 BEHIEDS
Hap4 Hapl5 Hap23 ZFEH/QH \ ..
“ . © %%A)L 6 T b il 6 S HEAA Y Tajima’s D
< AN / ® HH/RZ
N s ‘ s AT ~ Mz
N o, ® Fil1/zS (D). Fu’s Fy (F)FIURNECX G347 46 40 i 74 2 (1 284
Hapl13:\ Hap11Hap29 @ j3L/ST " — e, > S
N ® . 455 7R, Tajima’s D & Fu’s Fy k5 (B34 R 111
N [ fH, Fy AEHRIRISE] T 03K RO M
N ‘)‘ :'I' ap e . M2 »
/] ,/,.,—f" K% % 7~ Harpending’s 15 5% (Hi,)F1 SSD Y414
| | /Hap2l B {1 35 A b 3 O 25 AR KA 7 (growth expan-

{f f/

& 2

Ly fifs Ty T B AR 1A Cyt b K DR A% L o 245 4]
I52] Fes TH R 5 FA B A A A FE .
Fig. 2 Network diagram of Cyt b haplotype in

Thamnaconus septentrionalis
The sizes of circles are corresponded to haplotype frequency.

sion model) (P>0.05); [FHf, FEAHC XS 434 B
(F 3), GEEDEEL 6 ANFHAIE KT B Y s,
JEE MR IR U A A, DL RS
9 235 RV W A B 53 1) S 0 ) TE SRR AAC g e 2 T
R IR, T o (H, HERRHARRY IR E A
42.2 J3~16.9 JTAETHT, AT EUE e . d A
K 7=2Neu T Gl 1w Bl A R KN
74000~185000.

3 iTit
31 BEhEhkEffeHM

Wl 1 i A2 0 R G A A O e Fg A
RORITHE, 45 A AR KPR BAT o Y ik
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*3 REDHEE 6 NMEEHANEESHESH
Tab. 3 Genetic diversity indices of six populationsin Thamnaconus septentrionalis

FEEH n ZHRMNES  PESH  PETIZ R H, BHREHNE 7 P32 B 2 S R ke

Ki% DL 29 23 16 0.953+0.019 0.0039+0.0003 3.601
ZEE QH 28 19 14 0.926+0.029 0.0038+0.0002 3.434
3 PL 30 17 11 0.883+0.032 0.0033+0.0004 3.000
H i RZ 29 19 14 0.931+0.024 0.0039+0.0003 3.594
FHili ZS 30 14 11 0.908+0.025 0.0032+0.0003 2.899
sk ST 30 21 14 0.922+0.026 0.0039+0.0003 3.566
BE total 176 32 30 0.927+0.007 0.0037+0.0001 3.385

*4 REEDEEL 6 MRHKEIEERE Fy

Tab.4 TheF4value of six populationsin Thamnaconus septentrionalis

BEIR population Ki# DL ZEH QH K PL H & RZ Fil ZS ik ST
K% DL -0.0179 0.0337* -0.0142 0.0007 -0.0034
Z 85 QH 0.0400* -0.0036 0.0246 0.0034
3K PL 0.0390%* 0.0213 0.0889%*
HIE RZ -0.0108 -0.0150
Sl ZS 0.0206
sk ST

7 FRIR Fo iR B 7KV (P<0.05), “**7RIR Fy BB R %7K F-(P<0.01).
Note: “*” indicates the F reaches significant level at P<0.05; “**” indicates the Fst reaches significant level at P<0.01.

+=5 FREDHE 6 NMEESTFERSMAMOVA)

Tab.5 Analysisof molecular variance (AMOVA) of all the 6 populations of Thamnaconus septentrionalis

SR o i Y ALY ST % 5 45 4
source of variation sum of squares variance component percentage of variation fixation index
—A~41B¥ one group
##{A ] among populations 5 11.965 0.024 1.43
##4A P within population 170 285.571 1.680 98.57
BT total 175 297.536 1.704 Fy=0.014

*< 6 LREEOWEES 6 MNEEHAR Tajima’'sD (D). Fu'sFg (FOMAE X D10
Tab.6 Tajima'sD (D), Fu'sF¢(Fs), mismatch distribution test (SSD), corresponding P-value and the
mismatch distribution parameter estimations for the six populations of Thamnaconus septentrionalis

Tajima’s D Fu’s F ANBEEXT 4341 K5 B mismatch distribution
6 A D P F P SSD H, T Py 0,
6 populations -1.132 0.127 —11.830%** 0.004 0.008 0.028 3.859 0.004 65.545

TE: o RIR S HUEIA B B % KT (P<0.01).

Note: “**” indicates the parameter value reaches significant level at P<0.01.

3500 [ B o f ) BSR BT R B 755, ASHEGEh 6 A0 o
g fm) PRSI, Bt 2 REREAR BRI, H 90 T RGBT,
= 52000 M AT HBARAT, ALY 8 1% Z AP RRIE IR
{Eg :(5)88 A IR W 1 WA VL85 (Trachidermus fasciatus)
508' 1 R R RERER R .. — K 7S 26 i (Hexagrammos  otakii) Fll i Sk #f 2 41
0

1’??’]%?@%3%;& pasirwiss'::6 diffe17'ences8 ’ (Collichthys lucidus)®** V45t 2 i RF5T
e ARBTG5 Ho 15 7 108 2
43 SRERE AL © 1 REIRECH BN X3 AT FERERIS, AW ATREAZAE LA 3 AT B: (1) I

Fig. 3 Mismatch distributions for the six populations of

Thamnaconus septentrionalis iﬁ]?ﬁﬁj\*ﬁ%@ AH 52% L A7 fii 7 j&%ﬁ ZYiNE ﬁjgi ¥
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g, B RLRCER B e L (H R R R A%
RS (2) 20 et 60 07 . & E 2R
JZ & PSS [ K& A (Larimichthys crocea). /Ngifh,
(Pseudosciaena polyactis) V) N i fi(Thamnaconus
lepturus)| G P IR, Tu 4 & W)l il 15 2 68 o)
T ) o B 5 S U N A S O, A R T e R T
A RS (3) Lkl B 1wl ol LA A AP HEBCER R L 6
B 3d P ok | M R AR (2 4F) AR AR E4ERE 1
SRFRE N 8 v ) AT B 2 R

it FEA 7 O BIE S 2 Mg K 1 2R5E 24
PET R A R, JCH 2 8 2 ORI /N (V)
BAR I HREAR B AL 4540 0 25 0, 3 B & 3
S HL AL SRR EDY L AHIF SR S Sk 06 1 i il A
BRI R 74000~185000, 53 [H Vi /N # £
HOA SRR/ M FAIIE KT (26172~261716) 1,
F 20 {22 70 SFAREA, FIE 7 0 Sk g 1 fi
25 TR 50 AR R BRI, BRI Hy
58 A T8 i K-, AH A BLIA N 3818 Z FEVER
Z NPT — T, Gk feg T el e AR A
K, I HAS R HE A ] 5 PR A2 i A %, T DL — s e
FE EHRIH BCE (IR AN St Hs ma i @ 3 5
—J7ifl, AW Cyt b HEFR S ML ERE R
1%~2.5% 500 5 AE T T 4E, I S B 2 g 5
T fis 5% 58 15 DR W i 3l A A A il JL 4R, X T
IR BHAEE R S, BT Cyt b BB BHE ZFE
PEACE- A Dt e B T REME . PRI, 7 S 6 1 fif i
Mr O T7 T, ATHOR T AR A5 A 5 R,
PR AP AR, B kL AR 2 R
32 BEkEfEEBMEESK

TR W AE - PR PG B S [l AL T B ) — 3
SRR, Ui 2 v AN R TS 18] 2R L T Il Ak Sk
AT, BAER. SR RREE . W0 A R
TORHEE PR LR YRR 2500 i 8 L B A e R T, R
T B Ly S BT R 1] SRR A BB 4 [T
AR FE LS R s R T8 PR AR TR AR WY
ZAEON . AR A BRI EEEE R, AR T
ENEIE RN R PN frady il 2 i o AR N
WFFEH 6 At fif L i fi AR 1) 352 4% 20 A 7R AR,
IR R ] 7 OCHEE ] o Sl I 1wl 0 O,
ZAGONERGE, WM TR A A b,

)5 SRS T AR 0 B P LR R R T R i
I [ il Y 7O A, ARG s R 6 T 1] fi
LA T AR Bh U 2012 DX 1 B30 1) AR T A i )
Ju B AT ST BRI | BV AN A A T
TRIE) RS ZS i . 9 4, o fi o v i JEL A it )
PE, R 88 I i AT 4—5 H 7R 8 10 5 i 4l
BP e, R e 2 AR AL R T R A, A& RiE
N B 1) 5 RO I B A IR Sk A A, B R UR
T A S B e g, X R P A ok A
43I0 i [ ASE T LA 8 AT 45 A A ) 1 3t A% 431
33 BKHEZHE

FOETHE I T 2 R K S Rl vk B A, T
A6V 3 g~ T e BE TR VR B, S BUL T EIN
VTR A RN A S e Ak ARBIESE
AR B T ) i FEARAE 42.2 T1~16.9 JTAETT K A Fh
FEY ok, AbFrh s P s, B X — A
1 PN ST T ) ) B0 £k T B X ok £ T i ) o R
P 5K 53 A0 A% Jr) ELAA B 2

PEBE VK T A R R, AR . TR RN
DX IRaZR 1R, R VAN H A XS AT A K K AR,
U PR AL T UK R T . 25T B R UK
AT g 11 O VA 3.1 3 R A R e a
YIREARTT DLE A BRI | 0 N TR X 380E B0 1
eI, HETTE AL B B A SR 11 Gt
T i 7 P Vi A0 H AS RS BN A o0 A, BT AHE
5 B SRR VI L 1 A 5 2 H AU X 3R, i 9 X R A
WCAE T ISk VR TR A RE AR, R TG AN BE HE W 2 58 25 g
i )& 75 HLA LR AR S A Dy s, T S AT H AR
MR Vi 2t g I o i () B DT SR S, AR
WF5E TAEFP R EmsRX 2 A X A kR S IS8 T4

S 30k

[1] SuJ X, Li C S. Fauna Sinica: Osteichthyes— Tetraodonti-
formes, Pegasiformes, Gobiesociformes, Lophiiformes[M].
Beijing: Science Press, 2002: 125-132. [JhditE, 2=H4.
PEZE: R a—GE kA R e
i H M. Jbat: BleFd b, 2002: 125-132.]
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Abstract: Genetic data have aided fishery conservation research and management by facilitating the detection of
genetically distinct populations, the measurement of genetic connectivity, and the identification of the risks asso-
ciated with demographic change and inbreeding. Thamnaconus septentrionalis is an important economic marine
fish species in China and inhabits in the Bohai Sea, Yellow Sea, East China Sea and South China Sea. T. septen-
trionalis has become an important fishing target in the East China Sea since 1974. Its annual catches were once
second only to Trichiurus lepturus. However, the resource of 7. septentrionalis has declined sharply since 1990
due to overfishing and ocean environmental change. To provide better protection and effective recovery for this
species, it is urgent to evaluate its population structure and genetic diversity. However, population surveys of 7.
septentrionalis in China’s coastal waters were rare. No population structure research based on molecular makers
was available. In this study, we amplified the partial mitochondrial Cyt b gene sequences of 176 individuals from
six populations (Dalian, Qinhuangdao, Penglai, Rizhao, Zhoushan, and Shantou). The results showed that 32 po-
lymorphic nucleotide sites and 30 haplotypes were detected among all the Cyt b sequences. The haplotype diver-
sity ranged from 0.883 to 0.953, and the nucleotide diversity was 0.0032-0.0039. This genetic diversity pattern
was probably caused by a recent demographic expansion in the Pleistocene, a rapid population growth after 1970,
and the adaptable biological characteristics of 7. septentrionalis. Although the haplotype diversity was high, the
genetic diversity is still vulnerable to overfishing. AMOVA analysis showed that the genetic differentiation of 7.
septentrionalis mainly occurred within the population variation. The genetic differentiations among populations
were weak and no groups were identified. The high gene exchange among populations is probably caused by the
seasonal migration behaviors of the adults and the long-distance transportation of juveniles by the Kuroshio (Black)
Current. Demographic history analysis showed that the six populations experienced rapid population growth 0.17—-0.42
Mya. This time point was within the middle Pleistocene. During this period, sea levels changed dramatically due to
unstable temperatures. We speculate that the sea level changes during the middle Pleistocene might have had sig-
nificant influence on the population expansion of 7. septentrionalis. To our knowledge, this is the first population
genetics research on 7. septentrionalis in China’s coastal waters based on molecular markers. This study could
deepen our understanding of how to optimize the utilization of the natural resources of T. septentrionalis.
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