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Table 1 Sample details for five populations of O. minor
O E] iy 35 A B S A 1 ] A%/ B PHLEKIREE/ mm
Populations Abbreviation Location Collecting time Sample Average total length®SD
Kt Tianjing TJ 39°03'N,117°58'E 2018-12-15 22 455.63+106.11
7% B 19 Qinghuangdao QHD 39°33'N,119°37'E 2018-10-31 24 450.76499.51
#}+ 4% Dandong DD 39°51'N,124°18'E 2018-11-15 29 513.06462.86
A Mokpo(Korea) MP 34°28'N,126°09'E 2018-02-02 23 484.65487.15
1 Kunsan(Korea) KS 35°59'N,126°36'E 2019-04-28 18 692.50£92.73
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Fig.2 The Box-Plot of total length for five populations of O. minor
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Table 2 The phenotypic correlation coefficient of traits

TW, ML, ML, MW HW PA FL FFL AlL-1 AL-2 AL-3 Al
TW, 1 0.771%*  0.676** 0.008  0.425** 0.765** 0.256* 0.633** —0.131 0.464** 0.542** 0.606**
ML, 0.771%* 1 0.802** 0.096  0.433** 0.793** 0.189 0.647** —0.161 0.441** 0.558** 0.596**
ML, 0.676** 0.802** 1 0.17 0.601** 0.749** 0.245* 0.673** —0.034 0.494** 0.608** 0.671**
MW 0.008 0.096 0.17 1 0.242* 0.072 0.125 0.176 0.043 0.113 0.193 0.181
HW 0.425** 0.433"*  0.601** 0.242% 1 0.507** 0.679"* 0.661*~ 0.185 0.443** 0.538** 0.572**
PA 0.765** 0.793**  0.749** 0.072  0.507** 1 0.077 0.634** —0.107 0.491** 0.621** 0.726**
FL 0.256* 0.189 0.245* 0.125  0.679** 0.077 1 0.565"* 0.181 0.191 0.201 0.193
FFL 0.633** 0.647** 0.673** 0.176  0.661** 0.634** 0.565** 1 0.118 0.456** 0.598** 0.668**
Al-1 —0.131 —0.161 —0.034 0.043  0.185 —0.107 0.181 0.118 1 0.285** 0.15 0.159
AlL-2 0.4647*  0.4417*  0.494** 0.113  0.443** 0.491** 0.191 0.456** 0.285* "1 0.757** 0.678**
AlL-3 0.542** 0.558"*  0.608** 0.193  0.538** 0.621** 0.201 0.598* * 0.15  0.757** 1 0.794**
Al 0.606** 0.596** 0.671** 0.181 0.572** 0.726** 0.193 0.668** 0.159 0.678** 0.794** 1
TE:* 38 P<<0. 05 B, ** FR P<<0. 0L B EM G, TW, RERMAHE ML, LRI K ML, RERE K MW (0L IFHF 5% HW R5£ 3k 5% . PA

REFEMRIIT O FL ARSI 3} K FFL AR MR ] 1 AL-1,2.3 4 ERE— B = S =M k.

** mean highly significant correlation (P<C0. 01).TW, represents body weight, MLy represents dorsal

Note: * mean significant correlation (P <Z0. 05),

mantle length, ML, represents ventral mantle length, MW represents mantle width, HW represents head length, PA represents pallial aperture, FL re-

presents funnel length, FFL represents free funnel length, AL-1, 2, 3 and 4 represent the first, second, third and fourth pair of arm lengths.
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TEFIRAIF 5% (0 M TR v A7 7 S 35 A0 56 M 14 B 4 b 7
M 5 R AR R (P <20, 01) , JR A3 1 4R 5 1 <1 Hotk
8] (P<C0. 01) PA K45 X i 4 6] (P <<0. 01) , Hirp I 5
K 5 R B AH 56 R B0 K. A% X g IR T 7 A i
FEAHIE(P<C0. 01) , Horf 58 =X g 55 55 DU % f 1 4 G &
B R A S 2 IR g I AR R M R 5 Sk 3 R R T
SR o DA B 2% X WA 2 () AN AE Dy g b A ELRC A T
HAEE PR FABAFAE — & IR A G
2.3 EH S

XF5AREAR R 8 MR S $ i 1T Kaiser-Meyer-
Olkin (KMO) Il Bartlett # I , KMO {f & 0. 727 >
0. 6, BP AT 3% & % N 743 7. Bartlett {44 637. 725, H.
B EPE P<T0. 01, 1 32 W R4l mT LG o 3 B 43 43 i i
TR0 0. A5 T 8 APk 28008 3 S A~ 3
Sy EM LS ERS 2, EMS 1 KRN
54. 69920, EAA 2 BITTHRER 17. 34200, Bt simk R H
72. 041 %, BT LAIX W5 A 32 o) AR 06 M B 5 A Ky B A4
EARZESW 72 041% , ERS 1 MBTHRER 54 699 %
(A Je R 52 M AN TR B AR TR 85 22 R 48 bl TW,
ML, ML, . HW PA FFL, ¥ 3 4 2 52 m K iy i
PRPEAR 22 R A 484 FLOWLER 3D,

R3 KEESHBEEERSINATEARTE#®E
Table 3 Contributory ratios and loading values of principal

components on morphological characteristics of O. minor

A 1 faf {H Loading value
Variable o — A RO
TW,/TL 0.744% —0.363
ML,/TL 0.871* —0.273
ML, /TL 0.877* —0.215
MW/TL 0.208 0.385
HW/TL 0.747% 0.469
PA/TL 0.859* —0.336
FL/TL 0.453 0.774%
FFL/TL 0.865* 0.235

E Wi 4.376 1.387
TR /% 54.699 17.342

Zit 5tk ER /% 72.041

e FoR M KT 0.700,* mean loading value is greater than 0.700.

(DPrincipal component 1; @ Principal component 2; @ Principal compo-

nents value; @ Contributory ratio; @ Cumulative contributory ratio.

2.4 BEHIR S
K HZ A A B W ITE AR B LR 5 A1 2 1A A9 1)
VA

KB, Yy = — 18 056A, + 130. 655A, +
341, 227A, — 10, 197A, + 768 602A; +170. 069A; —
171, 562A,+34. 314A;—55. 663;

LRI Yqmn = —35 209 A, +67. 460 A, +
420, 596 Ay —2 979 A, +878 182 A, +95 718 A; —
199. 386 A, —19. 167 Ay —44. 651;

FF R BEAR: Yoo = 28 063 A, + 56 546 A, +
336, 741 A, —7. 264 A, +647. 727 A, +203 811 A;—
127. 952 A, 478 351 Ay —60. 517;

AV BEAR: Yyp = — 39 819 A, + 140. 139 A, +
321. 446 A, — 3. 500 A, +670. 773 A; +3. 314 A; +
288 701 A, —320. 892 A;—39. 009;

B BEIR. Yis = — 9. 761 A, + 238 121 A, +
239. 415 A, —2 414 A, +193 168 A, +81 965 A; —
21. 927 A, —280. 387 Ay —34 344,

X116 AN () e R R AE A E 7 328 25 100 43 BT
A 22 SV 2 0 R AR R AR AR Sy 0 A T B AR 18 5 E 48
bro BAFINEGE ALLAL A VALLASVAGVAL
Ay At #E TW,/TL.ML,/TL.ML,/TL.MW/TL,
HW/TL.PA/TL.FL/TL #1 FFL/TL 8 AR 4845 .
b (N 1 K AN o 2 17 N 0 = N F I SR G [
LU 352 RR IR 1 /D o 5 0 30l B A AR g T ok B0(E B K Y
I 590 o ESC T X 7 P AR AR

IBTEE R BN T X 5 BRI 90, 500 AR i
1T TIERG M 20 25 HI B MER % Py ol 69. 626 ~100%,
P, 2y 80 0%~100% , o AT HER 5 8 L BE R (1 4]
)8 e R 2% W 3 A A A A A T Ol R A 1 25 S
3 (P <0, 05) ot SREEHEAA (%) 4 0] o 1 30 eI, I
W22 SRR 3 AP N 2 R SRR 2
AN 0 B P AR BEAA S 1A 0 0 0 LA AR AR R
Z 5 R HI R AR (LR D,

DA 50 B A P RT R A B e % ) ) e A 1
L ZE BB R R R R P AR AR Y B A X
W2, ML nT DAAS I 3 A b BB AR 1R PRI 22 S R
Ko Bl LR a0 7R AR 5 LR A AR LE T A R
M R o A X S B v, B A T ] TR
B DX LB 3) i B e [0 1 R A 1 3 L 40 A 1
SRR S EA N BN ESR.

25 RBHBEREUEZEEEZERESH

e Ol S &% G B N R A N O & = v B
E — XTI OB 202, 5415, 62) £ FF AR BEAR 19 %,
FBHAES X B CF 2 188, 43 116, 35) 45 = XF i
CF¥7 180, 14 4 30. 51) F1 26 U X g (SF 14 177, 94 +
19. 25) e 2. %5 5L I AF U 1 IR 45 0 B AE 58— % i CF
1190, 44211 43) B =X CE¥ 172 02£11. 02)
S DU CE4 151 11011 44) /b, K BEAR 0o 0t 4%
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Table 4 Discriminant results of five populations of O. minor
‘ o 0 590 e % T4 K
RER FEAKH Discriminant accuracy Predicted classification
Populations Numbers P P, ] QHD oD MP KS
T]J 22 69.6 80.0 16 3 2 0 1
QHD 24 95.8 88.5 0 23 0 0 1
DD 29 86.2 92.6 4 0 25 0 0
MP 23 100 100 0 0 0 23 0
KS 18 100 90.0 0 0 0 0 18
1t Total 116 90.5 20 26 27 23 20
BHETES = X CF 9 154 31 £17. 08) /b, #E 47
ANOVA R 2 J5 2243 ¥ Ml Duncan’s £ & /& 4 70 #7
N AL A LA 0 4 X I 9 0 £ KA B T K v
; %R RRZ LA B E2% R (P<0.05), KI5 % i
2 o o SRR Z I 00 4 X B AR 200 25 R 3% (P>
E 53{1} 0.05), FEHER 3 AHEA T, PEARBEAAR 4 X7 i W 4% %%
£ ooy 5 Db 5% 5 5 FUR VR UK A77E 535 25 52 (P <0, 05) it
c EEN A B ARE 5 PR 5 R % (P >0 05) B
i Growpeentroid 2 B4 H B B 1) 725 Al T 47 45 3% 2% 5 CL/R3
= CL/LL B by L S A5 ) 3 S 0 1 5 A i
-0 R T B 2 5 (P>0, 05) (W& 5).
50 25 00 25 5.0 2.6 RESTH
o JmE 5 5 A BRI IO PR R PO SR T B E IR T S
TR AW 5 DR AP S, R 28 &2
Pl 3 AR A 530 53 T ok BRI SRR R T — X, B S PEARHARR T — 3 R fEE L

Fig.3 Canonical discriminant scatter plots of

O. minor populations

FERBBER T — 30, fy R ISAE R m] s [ A 5 o [
N A R AR R A TR S 22 3 LA 4),

x5 KEFARMEHEZHERNESELR
Table 5 Multiple comparisons for multiple characters of different populations of O. minor
IR SC1 SC2 SC3 SC4 SC3(H) CL/LI CL/R3
Populations ’ : ’ v o
TJ] 191.22416.95"  177.794+16.34" 154.31+£17.08° 154.59+15.92¢ 57.90+4.15° 0.1440.04"  0.018*
QHD 190.44+11.43" 172.02411.02¢ 156.48+12.26° 151.11411.44°¢ 53.40+£3.24" 0.2140.02* 0.017°
DD 198.53+17.67"  188.43+16.35" 180.14+30.51" 177.94+19.25° 58.1044.45" 0.1440.06" 0.018"
MP 202.54+15.62° 184.16+£16.06* 167.57+£14,24"  157.27£17.77" 56.134+3.61° 0.184£0.04" 0.017*
KS 201.5745.10 185.79+21.45" 169.21+£18.10" 164.324£15.45" 53.6045.10° 0.1740.03"  0.020*

TE A R R AR (7] 55 B R A M0 18] 6 S 35 22 57 (P =>0. 05) AR AN [l 57 B R R 4 e 1] 22 e 1 12 25 (P <20, 05) . SC1 AR AR — o Jga W 4 4. SC2 ALK 2R
0 g I %, SC3 AR B = 0o i R 4k 2, SC4 AR 22 55 DU X J M 24 %50, SC3 CHD AR SR A M A7 = i W 3% %50, CL/LL 7R 25 A0 I 58 e e 5 25 A & iR 1y

FfEL - CL/R3 R 22 Al i S H B K S5 MM AT = I K 9 LU

Notes: The same letters among populations mean no significant difference (P >>0. 05), and the different letters among populations mean significant

difference (P<C0. 05).SC1 represents the number of suckers in the first pair of arms, SC2 represents the number of suckers in second pair of arms,SC3

represents the number of suckers in third pair of arms, SC4 represents the number of suckers in fourth pair of arms, SC3(H) represents the number of

suckers on hectocotylised arm, CL/LL represents the ratio of calamus length to ligula length, CL/R3 represents the ratio of calamus length to length of

male right three arms.
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Fig.4 Diagram of cluster analysis of five

populations of O. minor
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5 HATERTE B A8 B 25 R B2 (P <<0. 05) . Rt S
Z 5 B PSR 18] W 5 8 H 22 5 3 (P >0, 05) . T
CL/LL HErE 2510 s W 2 8 A & CL/R3 22 5% AN 3%
(P=>0. 05) , X5 i WERE 457 1 43 M 45 SR AH AL, B0 4
ZE A W 58 R LA R 2 Al i 5 e R K T AN [] M B AR
R RE » AT T X 0 A [6) ) Foft (99 25 22 AR » 1T B =25 16 i
LA £ 25 1 W8 2 802 A DU AT A9 Sy DX 2 S [ B ) O 25
FIEAR .

YiFp I s 25 5 BB R B AR, T A
(7 78 DX A 35 B9 L E 3 B L 9B UL A 1 AR A AE — E 22
Y AT AN [ R 18] £ 6 S o R B2 A el 2 BRSO T 7
A A B AL KOF BB R — 5 22 5 AR R
A4 A 3 2T 2 PR AT R 0 ) LS R A 3 L RO
W] 5 B A 47 180 T A ) 56 K1 5 7 930 40 0l 2 5 BT 7 A=
—EZESE . RN R HE R ZE B 6 T = 1 Bl A T
PIARBEAAASL T 28 U A 3 o b [ A il AR L R A T
i VT 0 BT T 9 AR AR (0] 0 B TR R AR 4 A
2 8 IR 2 TF M 8 75 Bl s b v R . S
H I Y 9 2K JBRAH EL 30 BRI IR A S EE A X A 88 L AR D
NV VS PN R A 3 T AN [ A AR T R B
A AAR L AT BT AR 5 e v R R B WD R R 2

2E5 . HUERAR AR P 2 T A it 14 B RS 5 M B 1) 1 A
DR BT Re I AT BT UG R A R AR SR L RY
PRLL R ity R HERE AR S 28 5 B T AR 22 S v/ (L TR 3
AR JEIA . TR R AR ISR 25 5 0 M ¥ 3R W] 4%
b PR A 27 M PR L B 5 0 B AT B AR I A A B
KES L KA © A W9 3R W1 e T AR A A T
AEE 2 AL B A K A SO AR T — 52 B 7S
ARG A o (P ] B O T S R B A B A —
A SRR AT TR AT

B BB LERRKRFTENEERET &
R HEAE R, PREFRFFARAEFRE. S
) N T AR S AL TR IR AR T S B 4 ok R,

o pd

[1] Jereb P, Roper C F E, Norman M D, et al. Cephalopods of the
world[C]// An Annotated and Illustrated Catalogue of Cephalopod
Species Known to Date, Volume 3. Octopods and Vampire Squids.
FAO Species Catalogue for Fishery Purposes. Rome: FAO, 2013.
200.

(2] RMEZR. A/A, TR, S RGN E 55 5o 0050 0 A
[J]. 3R, 2010, 34(12): 14-18.

Qian Y S, Zheng X D, Wang P L, et al. Analysis and evaluation of
nutritive composition of Octopus minor in Lake Swan[ ]J]. Marine
Sciences, 2010, 34(12) . 14-18.

[3] Zheng X D, Qian Y S, Liu C, et al. Octopus minor[ C]//lIglesias
J. Fuentes L, Villanueva R, et al. Cephalopod Culture. New
York: Springer, 2014 415-426.

[4] Seol DW, LeeJ, Im S Y. Clove oil as an anesthetic for common
octopus ( Octopus minor, Sasaki) [ J]. Aquaculture Research.
2007, 38(1): 45-49.

[5] Wang ] H, Zheng X D. Comparison of the genetic relationship be-
tween nine cephalopod species based on cluster analysis of karyo-
type evolutionary distance[ J ]. Comparative Cytogenetics, 2017, 11
(3): 477-494.

[6] Song M P, Wang J] H, Zheng X D. Prey preference of the common
long-armed octopus Octopus minor (Cephalopoda: Octopodidae)
on three different species of bivalves[J]. Journal of Oceanology and
Limnology, 2019, 37(5): 1595-1603.

[7] wWers, vrsk, skamn, . hEWE R R SER02ZER
[J0. 7K 2E4) . 2019(7) : 1593-1602.

Gao X L, Xu R, Zhang Z X, et al. Morphological variation analysis
of Octopus minor in the coastal waters of China[J]. Journal of
Fisheries of China, 2019(7); 1593-1602.

[8] wmom, /K, LA, %, KW (Octopus variabilis) H IR FEM L

it A T 58 LI 1. g v KR 2 i CH AR MO, 2009, 39
(6): 1193-1197.
Gao Q, Zheng X D, Kong L F, et al. Biochemical genetic analysis
of wild populations of Octopus variabilis[]]. Periodical of Ocean
University of China, 2009, 39(6): 1193-1197.

[9] Xu R, Bo Q K, Zheng X D. A divergent lineage among Octopus

minor (Sasaki, 1920) populations in the Northwest Pacific suppor-



o

(SN

#

EE 20214

[10]

[11]

[12]

[13]

[14]

[16]

ted by DNA barcoding[ ] ]. Marine Biology Research, 2018, 14
(4) . 335-349.
Kang ] H, Kim Y K, Park J Y, et al. Development of microsatel-
lite markers to genetically differentiate populations of Octopus
minor from Korea and China[J]. Molecular Biology Reports,
2012, 39(8) . 8277-8286.
Gao X, Zheng X, Bo Q. et al. Population genetics of the common
long-armed Octopus minor (Sasaki, 1920) (Cephalopoda: Oc-
topoda) in Chinese waters based on microsatellite analysis[J]. Bi-
ochemical Systematics & Ecology, 2016(66) . 129-136.
XV, SRR, FhRBE. T E AR 5 DS AR (Paphia
undulata) WK LB 2Z R0 M1 LT ], S #IE . 2010(D) .
114-120.
Liu] Y, Wu J X, Sun C B. Morphological variations of different
geographic populations of Paphia undulata off southeast China
[J]. Oceanologia Et Limnologia Sinica, 2010(1): 114-120.
PR A, XN, A T E U E AR 4 A BB IAGRL
ZREPER RAPD 407 (1], b 7 R 2% i, 2011(5): 655~
660.
Luo F G, SuX]J, QuXL, et al. RAPD analysis on Hemi fusus
tuba (Gmelin) of four different natural populations in Chinal J].
Journal of Shanghai Ocean University, 2011(5); 655-660.
A, /AN, A3, A5 o U KA (Rapana venosa) Ji&
RERCE MRS A2 Z AT TR D], W8 ER 5 #IE . 2006(5) « 385-392.
Yang J] M, Zheng X D, Li Q, et al. Quantitative study on pheno-
typic genetic diversity of Rapana venosa in China's coastal waters
[J]. Oceanologia Et Limnologia Sinica, 2006(5); 385-392.
Liao J X,Lu C C. A new species of Cistopus (Cephalopoda: Oc-
topodidae) from Taiwan and morphology of mucous pouches[J].
Journal of Molluscan Studies, 2009, 75(3): 269-278.
Sin Y W, Yau C, Chu K H. Morphological and genetic differenti-
ation of two loliginid squids Uroteuthis ( Photololigo) chinensis
and Uroteuthis (Photololigo) edulis (Cephalopoda: Loliginidae) ,

in AsialJ]. Journal of Experimental Marine Biology and Ecology,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

2009, 369(1) . 22-30.

Roper C F E, Voss G L. Guidelines for taxonomic descriptions of
cephalopod species[ J]. Early Medieval Europe, 1983, 20(1); 39-
69.

Norman M D, Sweeney M J. The shallow-water Octopuses
(Cephalopoda: Octopodidae) of the Philippines[]J]. Invertebrate
Systematics, 1997, 11(1); 89-140.

Brzeski V J, Doyle R W. Morphometric criterion for sex discrimi-
nation in tilapia, 1988 CJ]. ICLARM;: Department of Fisheries,
1988, 439-444.

1o ST R T I AR A 2 WP R (D] B S MR
K=, 2014, 24-26.

Gao X L. Studies on Population Genetics of Octopus minor Loca-
ted in the Waters of China[ D]. Qingdao: Fisheries College of O-
cean University of China, 2014, 24-26.

VFRW DR, R, . RIBAEMARGENIES 2 548 %
WEELT]. ¥ 2eak . 2008 , 43(4): T7-84.

Xu X H. Yan B L, Zheng J S, et al. Morphology and histology of
the reproductive system in Octopus wvariabilis[J]. Chinese Journal
of Zoology, 2008, 43(4) . 77-84.

BRoRME, BRUR, AR, S b E IR = MR S 22 R
BRI, WG 5 WR . 2003(4) : 436-443.

Qian Y H, LiJ L, Dong Z G, et al. Morphological variations a-
nalysis among populations of Hyriopsis cumingii in five large
lakes of China[ J]. Oceanologia Et Limnologia Sinica, 2003(4):
436-443.

Pang I C, Kim K H. Seasonal variation of water mass distribu-
tions in the eastern Yellow Sea and the Yellow Sea warm current
[J]. Journal of the Korean Society of Oceanography, 1998, 33
(3): 41-52.

Scribner K T, Evans J E, Morreale S J, et al. Genetic divergence
among populations of the yellow-bellied slider turtle ( Pseudemys
scripta) separated by aquatic and terrestrial habitats[ J]. Copeia,
1986(3): 691-700.

http:// www.cnki.net



BT 1

BRI A5 BN IR IR A S Z R

w

A Morphological Analysis of Octopus minor Populations
Inhabiting in the Bohai Sea and the Yellow Sea

Huo Lili', Nan Ze'?, Hou Chungiang®, Mou Zongbao', Zheng Xiaodong'**
(1. Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China; 2. The Key
Laboratory of Mariculture(Ocean University of China), Ministry of Education, Qingdao 266003, China; 3. Tianjin Fisheries
Research Institute, Tianjin 300457, China; 4. Zhangzidao Group Co. Ltd., Dalian 116000, China)

Abstract: To investigate the morphological difference among populations and intraspecies
morphological diversity of Octopus minor, a total of 116 individuals of 5 natural populations (Tianjin,
Qinhuangdao, Dandong, Mokpo and Kunsan) distributed in Bohai Sea and Yellow Sea were collected. A
multi-variate analysis method was used to comprehensively analyze the 15 morphological indexes of them
and a population discriminant function was established. The results showed that the arm formula of
O. minor was 1>>2>3>4 and the web formula was A—>B>C>D>E. (Arabic numerals represent four
pairs of arm lengths. English alphabet represent the five groups of web lengths) The correlation analysis
of traits showed that there is a significant correlation between weight and mantle, mantle and head and
funnel (P<C0. 01). Principal component analysis showed that two principal components are constructed
with a cumulative contributory ratio of 72 041%, indicating that it is suitable for O. minor to explain
difference between different populations with several independent factors. The result of stepwise
discriminant analysis revealed that the five populations differe significantly in morphology (P <C0. 01).
The discriminant functions of five populations were established, and the discriminant accuracy ranged
from 69. 6% to 100% for P,and from 80. 0% to 100% for P,. The average discriminant accuracy was
90. 5%. The Korean populations (Mokpo and Kunsan) can be clearly separated from the Chinese
populations (Tianjin, Qinhuangdao and Dandong) based on the scatter plots of discriminant functions.
One-way analysis of variance (ANOVA) showed that there are significant differences between the
number of suckers in the arms of Chinese populations (Tianjin, Qinhuangdao and Dandong) and the
Korean populations (Mokpo and Kunsan), and Tianjin and Qinhuangdao populations have the closest
number of suckers in the arms. The cluster analysis revealed that five populations are clustered into two
categories. Qinhuangdao population and Tianjin population grouped together at first, then clustered with
Dandong while Mokpo and Kunsan formed a separated group. In summary, five O. minor populations in
Bohai Sea and Yellow Sea exhibited a significant morphological divergence.

Key words: Octopus minor; geographical population; morphological diversity; population variation;

multi-variant analysis
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