43 % T
2019 47 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 43, No. 7
July, 2019

X EHS: 1000-0615(2019)07-1593-10

DOI: 10.11964/jfc.20181111521

PEIGE RIS ERNESR

wmRE, AV, KIFFH, ALK

(L R, R E R S IR, IR % 5% 266003

2 P EER Y, KRR AR E, LR 266003
3.l AR B T T P S 0L LR B 264300)
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He Mg, HEHERBIBHARR R, Wi,
AL R R A R SR RES
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(A R PR (AL B

1 MRS T

1.1 SRR

KL TREMDL)., IWAEEMLZ). 1ILEMA
BYT). IHAREMRC), {LHFEM(GY). Wil
WI(SS). WiVl R JEE 5 (NID) . &A% VI(LY). &gt

RUEQG). AWEHIPH) . A H =YL 114
K [ AR B A BEAR GE 3440408, L2

23°~39°Z 1604 i, KRG EILEL, &
SR A T A, DAAREEAR E O AL

FEUR, BLAERIE . RN, A R, Bl
RO LIFgROBRIN . MIRES) . JEVL. SRR

TE SR TR o E B 2 AR R S X ) T
FIALITREA . BREEZRERSN, X AR 4210~49

M, MRS 0% P BEEE, e85
TG 2 75% MRS PR O, B L BRI = A
b A G PR AR S

1.2 FESiEiRNE

DS H PR A AT VR IR, 7RI NI
AR B0 7 1 2 B Roper?$ !, Norman 5!
72 TDE SR A KK (TL) . Il H K
ML), A& FEMW), JiEH (VML) HR[EFEHW),
T2k A (FL) . 2k R (FFL) . 25— X i
K(L1/RD), 5 X B (L2/R2) 28 =X i <
(L3/R3, MEPER3MZEALME). 2 PUXT i< (L4/R4) .
224k v s A LL(BEYE ) . 251k i s i P SR A G
CL(MEME) . Wilal i (WD-A, B. C. D, E. F,
G. H), H*', AFI/RRI~L1, BE/RLI~L2, C&
/RL2~L3, DFI/RL3~L4, EF/RL4~R4, FFER
R4~R3, G#/RR3~R2, HE/RR2~R1,

FH W K 4K A W e T oK T Js . R F
N A I (TWt) o 7 Fiff 300 B8 1 3 2o 08 P i ) 41
XoF B — X i 22 25 DU X6 g P W 25 55 1 (SC1~SC4)ite
17 UERA T BSOS AR DG IE 5%

1.3 HIFEAIBERAREN

TE i 0 B4 B0 il b, S B AN ME B A9 K He
(W fi % P A= ), FHExcelifF AT HEA AL B, 1153 i

DA, RURATEEERMAA, REHETE L PR, RAISPSS 19.0% TL, TWt, ML,
F1 KENMHEHEEESREERER
Tab.1 Sample details for 11 populations of O. minor in China
FEAA 45 HiF AL bR PREai| BARK R SF K bR fE 22 /mm

population abbr. location collecting time sample average body length+SD
K%  Dalian DL 121°44'E, 39°01'N 2013-10 36 518.0669.55
M Laizhou LZ 119°76'E, 37°14'N 2013-10 36 630.55+98.07
MHE  Yantai YT 121°39'E, 37°52'N 2013-10 36 692.59+78.81
3% Rongcheng RC 122°42'E, 37°17'N 2013-11 36 701.06=117.70
ik Ganyu GY 119°19'E, 34°83'N 2013-11 32 641.48+117.05
UMY Shengsi SS 122°45'E, 30°72'N 2012-04 28 667.44+101.65
MBS Nanjidao NJD 121°05'E, 27°27'N 2012-04 42 679.24+107.36
YT Lianjiang LJ 119°53'E, 26°20'N 201207 24 836.32+:178.90
SR Quangang QG 118°58'E, 24°93'N 201205 49 682.27+106.41
B2 Yilan YL 121°72'E, 24°69'N 2013-08 18 424.29+102.24*
B Penghu PH 119°35'E, 23°35'N 2017-03 11 218.30+£34.09

e B SO B O [ E R (10% K FE [ 52 18 IS B LA75 %I04 TR A7)

Notes: *. the measurement data of Yilan population was obtained with fixed samples (fixed with 10% seawater formalin and then preserved in 75%

ethanol)
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VML, MW, k9E(HW). FL. FFL. 4% K (W1,
W2, W3, WaZE 12 PERFEPRiHETT T 2705087 .

ERASAHMH ¥TWt, ML, VML, MW,
HW . I=}FaT# < (FL) . 6 -=F 5 #84 (FFL) 74> 1
RFE AR 530 B AR AT 2 bR i fb Sl J5 , 64T
F AT BT o TS LA AR v 3 e R R
A2 R SCBCARY RS o A TR R AN
ST 5TER A 15 2 I Brzeski & M) s

F| 3] 4 Hr SR 32 A5 F0 000 08 J5 v 6 BT
FE SR IEAT RV 38T o K 7T A T8 b 43 501 B3 LA AR
KAEN BN RRAEAE, 7 VLSRR 9 30 500 eR 5K
FIFHR3.5. 255 4 22 il Tir 4 A ) 531) o 550 3R 51
B, TR 53095 %0 (B B A7 DX ) o ) i) M 2 1
HEAR:

HIBMEFIEPT (%) —
I IEBRAY KIS E/ SE K IEEL x 100%
FIBIAH P2 (%) =
) 3) TE AR A S 2/ ) B S 2 < 100%
ij A4
SRl = 2L
>.B;
i=1

A, AFB A 5 R 5 A AR ) S5 IE A A
BRI BRFDN RS, R RFIA%L

BREFESH AR i
Bl AT A, R FHSPSS 19.05%F < M 4%6F i 116 1%
SRR A5 A7 =) S CL/LL(CE Ak i it 1 i T ¢
HRKZEAR I 2 1) . CL/R3(CEAL i i o HE T 98
A =R AR R R T 22500, IR HiBon-
ferroni ¥ 74T 55 J5 K5 56 (post hoc test),  Fb %5 B X i
W A5 H0 M CL/LL . CL/R3 - 34 (B 78 A [ B A ] £
ERREGRDE ., PENTOOSTERFEREEESR.

KRSV BBEANEHANTWL ML, VML,
MW, HW. FL. FFL, 4% (W1, W2, W3, W4)
LIASPER BB BR DR 5153 30114 F vk, B
BABEARE 1A Lo MR A 0 - B AT R 2 00
B, SRR T5 75 34 O R TG IR 2 1) e 4 R 40
BRI,

2 HEiH

2.1 BHKRARR

IR ISR A Y R 1>2>3>4, SHEZ™
SR —E KA A R A B lF A>B>C>D>E,

A>H>G>F>EM AL, il B) B84 e R HH R E A,
ZE—(LDFA—ROBEE ; HF/MEHREE, £
DU 6 (L4)5 45 DU g (R4) 22 8] o AfE K F ol He 5 4%
B, AR T ARA BN B i I R 25
SANE 7 BEAAR AR T 275 R Sl 78.07~136.48 g5 41
i RN RN G O (= Ty N e | A = NI/l
$51190.62~248.03 g, % WA T 1A (14 1A Jo 2 349 {1 A
AN, R39.09 g5 EABEARRZ, MRETEIIE K
64.54 g; MRS HFIARGR TR, }248.03 ¢,
AFRFERZ BAR KRR AR RS . B
A K F /N, H(218.30434.09) mm; B 22 HF
KRz, H(424.29+102.24) mm; & VLA T3
KR, H}(836.32+178.90) mm(F 1),

22 ERSSH

XA BEAR 9 71T 5 S 5017 (Kaiser-Mey-
er-Olkin, KMO)F1 E 45 1] (Bartlett) Kl , KMOfH Ky
0.716, Baetlett{ti-h994.139, HZE R BE, W
X TS LA AT 25 b o LA o 3k
F a2 8, J2 o3 Y B A RN BT KR W
2, ERUT TR R R36.979%, M2/ 51
Bk 429.088%, Rit 51k % 766.067%, Hi24-
F2 B 43 T LA it A R AR 25 22 5 1966.067% o
TE TRk R B KA 2 020 1, 5 0 < gyl BERRE (A
B2 F W3 b N I e R K . Skvi kK ek
JE AR AR o T B 2 S e B AR 25 R B FR AR

R2 KEESHEERSNAFTEMITERE
Tab.2 Contribution and load of principal components on

morphological characteristics of O. minor

il loading value

AR 3 Ak N S,
AR B2 BoERR
characters . .
principal principal
component 1 component 2

TWt/TL —0.226 0.829
ML/TL 0.043 0.388
VML/TL 0.007 0.240
MW/TL 0.292 —0.073
HW/TL 0.364 —0.197
FL/TL —0.062 0.681
FFL/TL 0.423 0.378
TRME 3.237 1.388
principal components value

TR /% 36.979 29.088
variance explained

5Tk /% 66.067

total variance explained
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DKL NG VAL SN Y LS SN B 1S N N
24 E R LR R T AR 66.067% 1 E 245 22
S, A—ERBEEER . TR VR S 20 1R
SO AR 17, WA R A A AT
B sy . VL. U SEREA R A e
Ze b, HAUTTREARE S AR R s T 5 i
PRI & e, MELLIX ks H2 A 5t
J7 R TR o

5.5 +DL -LZ sYT
45 oRC ©GY =SS
‘ NJD «LJ QG
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TR
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1 KEEREERS 2BRSH
Fig.1 Scatter plot of the first and second principal

components of O. minor populations
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BB . Y,=14.76X,+137 446 X,+1358.734X+
734.563X,-993.102X5+1504.626X,-157.228

BRIIBEA . ¥,=52.226X,+370.314X,+379.591 X5+
84.787X,+131.172X5+30.990.X,-55.180

FEVIREA . Y;=44.591X,+411.124X,+165.781.X5-
101.320X,+96.701.Xs+158.987X,-42.656

BB BEA . Y,=74.639X,+425.980X,+
429.561X3-23.233X,+67.160X5-129.921X,-62.022

KIERER . Y=8.298X,+414.642X,+223.496X;+
154.472X,+190.241X5+161.336X,-51.881

FEIMBEA . ¥=4.620X,+421.297X,+201.096 X+
130.534.X,+183.008X5+17.779X4-45.086

TERLEEAR . Yo=18.804X,+353.852X,+217.509.X;+
116.402.X,+184.874X5+88.301X,-40.958

AR . Ye=32.718X,+362.319X,1+392.174X;+
55.000X,+92.572X5+91.850.X-48.750

A BER . Yo=4.8X,1541.902X,+41.774X;+
63.93X,+141.532X5-25.6X,-47.668

BLEBER . Y,=4.568X,+291.471.X,+457.328 X5+
342.584X,+429.985X+44.323X-69.483
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SRVEREA . Y, =73.115X,+438.771X,+411.505X;+
48.956X,+102.39X5-97.608X,-67.491

BHFINERBIX, . Xoo X3, Xy Xs. X,
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WRE R AT L)L S A AR X, T At R
R Z AR & . R 30 pR B ) R, X
VI R R AR A T F00I 4324, F00I0 3 Hr &4 2
UL Z23CH IR 2, B M S T e 1 i A AR 2
B, S A o B /N TR AR R o 0 o R
P1543.24%~100%, H 5| i 5 P24 44.12%~
91.67%, Zie FIMMER %4 60.40%, g Wi i
A0 300 o A R e, % P IBE WH E A  EL fl
) 25 5 {2 3 (P<0.05) 1T pig JEE 5 01 558 s EE 4K 174 )
SIERR AL, H AR B 2 B O H0 B R 1 A
A, 424> B JBE B A T A 9 Bl R ) Sy SR s
BEAR, 374 SR Us A A A 120 Bl K Sy e R I
i, RPHBHARIEEZ R AR E .,

< 30 DL
~ S GY
® 2 25 Ny
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Fig. 2 Canonical discriminant scatter plots of

O. minor populations
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Tab.3 Discriminant results of eleven populations of O. minor
e REAKH FIBIERG=R/%  identification accuracy 433 predicted classification

populations numbers Pl P2 DL LZ YT RC GY SS NJD LI QG YL PH
KiE DL 35 60.00 77.78 21 2 2 4 6 0 0 0 0 0 0
M LZ 29 58.62 56.67 1 17 5 6 0 0 0 0 0 0 0
ME YT 32 81.25 63.41 0 5 26 1 0 0 0 0 0 0 0
S RC 36 61.11 59.46 4 2 2 2 5 0 0 1 0 0 0
i GY 31 48.29 44.12 1 1 2 3 15 1 1 3 1 3 0
RN Ss 27 62.96 68.00 0 0 0 0 4 17 3 0 3 0 0
BB NID 42 50.00 56.76 1 0 0 0 3 6 21 2 9 0 0
BT 21 71.43 71.43 0 1 2 1 0 1 0 15 0 0 1
R QG 37 43.24 41.03 0 1 1 0 1 5 12 0 16 1 0
"X YL 7 71.43 55.56 0 1 0 1 0 0 0 0 0 5 0
i PH 11 100 91.67 0 0 0 0 0 0 0 0 0 0 11
Gt total 308 28 30 40 38 34 30 37 21 29 9 12

(PH)HF 4 5 A B 04 7 724 H i W 4 2L SCL
CL/LLZ [aI34 A 1.3 1 22 & (P<0.05), MifEfi3H
i W % KU SCR B CL/R3Z 8] 5 B 2% (YL) Rtk 22 57
AR, HWWEEH L CL/LL, CL/R3fY 2 77
HAbRFEAR Z 0 2 N B 2, H 45 i 22 o] A7 ¢
EZ5(FED.

REXoth

XA 1A AR BT AR A A T (B 1 P 24
PEAT R, AR BRI RHR R 2R, ik
RERIROy—2, JMBRER R o —2k 0 bR
N—R R, LT RHAGEM . G K.
RN ) B EREA SR Oy —2, %
T, BRI K rg BE S RE AR O — 2%, wdm 5
RERR y—2K(K3). X—RERY], H251
TTREMIR S E R BN MIOT R S AL R 2
AT — % 22 55 18 W AR 1A 5 HL At AR 1 22 5 4
Ky RS S AL 10 AR 22 F R R

2.5

3 Wi

Sk IR AR W I R O 52, TR SRR
=N RN 8 VNI 1K /NI o NP
P S5 R I L 5 R AR R o AN [ A IR A B e
Iy R SERE B AL WP A A R EA R VE AT,
X SRS At 0 T A Al R R A 20 288 A R A g

2 REARY T ARSI A % 22 AN B AR R A T
i, FE N B A R PR A AR SRR AR DL A
N &Y DELIEUN B e B L |
PO I R ) R S =317 a1 R V4 4
Fihbse, BRATEMR, Wik, 7ENZE R AW
JUTIE 252753 1 77 15 (geometric morphometrics)”*
TR RAIBAE A EXELIAT, Rl L5
TS &2 5

H A A H & F BT bR IE R 53 s e X 4 I
RER Y 518 ZREE AT TR . A T fe W 9k
N TR B AR R A, H R A B bR L T
W 22 285 Pk o7 R B i N 22 SRR IR . 2
Ja LA B R PR Sk iR AR i U AR B DNASF 1
Fric B I T A B BRI 5T o B TR A e AR
8 N A ) PR R A A S T Rl s AT 2 R PR Y
WE5Y . Zihi R DNA B B P a5 % 4 1 % e 58 48 %6
H I HE R sl e Tz T R Gk R
WAL Z BT, X T B R T KE 5
Hh ] T T AR 1 35 A 5 4, H X A S
X1 ) 28 TR AFAE — 28 [0, AS i 50 K 02 W9
RAETE A b 5 KR R O BE AR S 2 FE R
FHERERSR, MIETLEIMCO T M16SMH
FEMN R B, R AR 5 R US B R Z R Y
B, NEFEBAR A, B rT L, 4ok
TR 53 005 T3S F TR IR 2 1R B — o a1 22
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Fig. 3 Diagram of cluster analysis of

eleven populations of O. minor
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=3, RV R AEIE S B S AT iR
B, BRI ERALE, H SR AL TR
H AR WS, 3 T TR A i i A 5 45 SRl 3
R — 45181, T T ALK 1 7 1 808 R B
22 R AR A 2 T A 7 I 0 g A 22 e
R B R L 2 B AR HE AL A TR IR ML
LA TE B RS, Hos 4 22 R BN
SRPE . TR SR BRI AT R A2 G
B HAB P AP OB TE P R B T
HOE SR 22 S m N AR = 2, HA S
T AL S AR R, 2> T ARIC SO 2 DNAGE
oK 5, 2R 07 R B E 5 A RE S 4 b
WA ) FL S B0 28 Stk o BEAL, R SRR A A
o B 48 G i REdh, R K SR A
BLR AR/, AT B A AR T A A —
W BRI MRS RN — )5 5L
PRI, TR RER S FA R R A B B fr, &
W] R 7 REAR B 25 22 S B0, i Ib O A AR ) JE
BEFEUN . ML I g L i AT AR A
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Morphological variation analysis of Octopus minor in
the coastal waters of China

GAO Xiaolei', XURan'’, ZHANG Zhixin’, ZHENG Xiaodong "**

(1. Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China;
2. Key Laboratory of Mariculture of Ocean University of China, Ministry of Education, Qingdao 266003, China;
3. Ocean and Fisheries Bureau of Rongcheng, Weihai 264300, China )

Abstract: The wide coverage of the north and south seas of China makes the ecological environment
geographically different. Octopus minor inhabiting different sea areas thus formed corresponding apparent
differences in morphology. A multi-variate analysis method including the principal component analysis,
discriminant analysis, One-Way ANOVA and stepwise discriminant analysis was used to comprehensively analyze
the 14 morphological indexes of 11 natural O. minor populations along the coasts of China 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. Principal component analysis showed two principal components were constructed
with a cumulative contribution rate of 66.067%. The first principal component included the MW/TL, HW/TL and
FFL/TL, with their contribution rate of 36.979%, while the second principal component contained the TWt/TL,
ML/TL and FL/TL with the contributory rate of 29.088%. Importantly, the Penghu group can be clearly
distinguished based on the scatter plots of principal component analysis. The integrative discrimination accuracy
was 60.400% based on the discriminant functions. One-Way analysis of variance (ANOVA) implied that there are
significant differences between the number of suckers in the arms of Penghu and the other populations. The cluster
analysis revealed that five northern populations and the Yilan population grouped together at first, then clustered
with Shengsi, Nanjidao and Lianjiang, then finally clustered with Penghu, while Quangang formed into a separated
group. All of those indicated that five northern populations showed high morphological similarity while it was not
the case for the southern populations. And there are significant variations between the northern and southern
populations. Especially Penghu and Quangang populations exhibited/showed relatively large differences with the
others. In summary, eleven O. minor populations in the coastal Chinese sea exhibited significant morphological
divergence, and the morphological diversity was relatively high.

Key words: Octopus minor; morphological diversity; population variations; geographic difference; multi-variate
analysis
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