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1 (MW) (HW) (HL) (L/R, FL)
(FW) (ED) (AL, 1~4) (AW,
11 1~4) (HcL, )
’ 1.3
(NT) (NB) (NJD)
(DS) (ST) (YD) (GT), ’
202 , 1 ’ 5046-7%
’ ’ NaOH CO,
, 10% ( , 2009)
75% (Roper et al, 1983) 1.4
1.2 ( : Nikon
SMZ 800N)
Sin  (2009) Liao  (2010), , ,
(TL) (TW) (DML) (VML)
R1 KRS 7 MIEBERENREER
Tab.1 Details of sampling of seven geographic populations of U. duvaucelii in the western Pacific
/mm
( )
+
NT 120°53'E, 31°58'N 2020.01 38(1692243) 58.12~112.51 75.90£14.65
NB 121°52'E, 29°28'N 2020.01 32(209128) 44.58~72.53 59.54+8.66
NID 121°04'E, 27°27'N 2020.08 30(1092043) 51.83~113.18 74.34£12.39
DS 117°25'E, 23°42'N 2020.01 29(132164) 42.53~93.57 64.98+12.94
ST 116°40'E, 23°21'N 2020.01 42(232198) 47.55~67.95 60.00£5.28
YJ 111°58'E, 21°51'N 2020.01 24(79173) 73.45~107.49 90.34£8.40
GT 101°21'E, 6°49'N 2018.11 7(4933) 67.22~105.91 87.49+13.33
1.5 (
) ,
, (2019):
(DML) Py(%)= /
Roper  (1983): MWI ( / x100) FLI ( *x100%, )
/ x100) FWI(  / x100) EDI ( Pa(%0)= /
/ x100) ALI ( / x100) AWI ( *100%, 2)
/ x100) HLI ( / x100) HWI ( =¥x100%, 3)
/ x100) HcL% ( ) iz Bi
SPSS 26.0 , A; i , B i
: 19 ™ ,k
VMLI MWI HWI HLI FWI LFLI RFLI EDI :
LALI4 RALI1 RALI2 RALI3 RALI4 LAWII ( ) ,
RAWI1 RAWI2 RAWI3 RAWI4;
(HeL%), ( )
, Brzeski  (1988) )
, HSD (post hoc test)
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2
2.1
6
Jereb (2010) :
7 s
6~8 6~7
16~20 ( 2)
8~10 , 3~5
7 , 1/3 ,
6
16~22 (2, 1)
2.2
2
o,
, 313
3
3 , , 0.21~0.22 mm,
0.62~0.64,
0.52~0.64; )
, 0.52~0.81;
0.52~0.59,
 3): 0.10~0.19 mm,
0.63~1.00,
0.45~0.64;
0.58~0.64, 2~3.5

53
2.3
KMO (Kaiser-Meyer-Olkin)
(Bartlett) 0.634  901.020 (P<0.005),
19 ( 4
5 ( 1.0),
63.395% 1
MWI HclL% RALI2 RALI3 RALI4 LAWI4
RAWI1 RAWI2 RAWI3 RAWI4, 2
TWI FWI LALI4 RFLI,
3 VMLI HWI HLI
RALII, 4 LFLI,
5 EDI 1
2 ,
(3
KMO
0.698  789.302 (P<0.005), 20
( 4 5 (
1.0), 67.591% 1

FWI LALI4 RALIl
RALI2 RALI3 RALI4 LAWI4 RAWII RAWI2

RAWI3  RAWIA4, 2
W, 3 VMLI
MWI HWI HLI, 4
LFLI  RFLI, 5
EDI 1 2
()
2.4

1 Y1=0.181X,+1.647X,+4.570X5—0.213 X,
+155.049X5-209.394

*2 HEOH 7 M EEREARKRERER

Tab.2 The number of arm suckers of the seven geographic populations of U. duvaucelii

/ /
? d ? 3
NT 6~7 11~15 17~20 17~22
NB 6~8 12~16 16~19 16~19
NID 6~8 15 17~20 17~19
DS 7 11~15 19 17~19
ST 7 11~15 17~20 17~19
YJ 6~7 11~14 16~20 15~19
GT 7 7 17~19 18~19
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Fig.1 Sucker teeth of the seven geographic populations of U. duvaucelii
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Tab.3 Comparison in morphology of radulae

WD B8 mm SEM HV: 20.0 kv WD: 11.88 mm VEGA3 TESCAN

VEGA3 TESCAN|

QoDsm

:0.21~0.22 mm 3
1 0.62~0.64 :0.52~0.55
1 0.57~0.64

:0.21~0.22 mm 3
:0.62~0.63 :0.76~0.81
:0.52~0.55

:0.17~0.19 mm 3
1 0.63~0.64 1 0.89~0.94
1 0.63~0.64

:0.10~0.11 mm 3
:0.97~1.00 :0.95~1.00
:0.45~0.51

1 0.52~0.55
1 1.76~1.81

:0.57~0.59
12.10~2.14

1 0.58~0.59
12.15~2.35

1 0.60~0.64
:3.54~3.80

2a

2b

2¢

2d

(mm),
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Tab.4 Contribution and load of principal components to morphological characteristics of U. duvaucelii
? ? d ? ) ? g ? g
™ -0.151 0.201 0.815 -0.562 -0.111 -0.352 0.009 0.289 0.080 —-0.047
VMLI 0.162 0.232 —-0.34 —-0.091 0.56 0.646 0.292 0.285 0.071 —-0.190
MWI 0.445 —-0.01 —0.422 0.419 0.272 0.574 0.260 0.237 0.150 —-0.281
HWI 0.039 —0.184 —0.245 0.309 0.529 0.529 0.309 -0.278 0.072 0.127
HLI 0.180 0.28 -0.412 0.214 0.474 0.576 0.114 0.073 0.206 0.012
FWI 0.272 0.513 0.549 —-0.084 0.362 -0.075 -0.005 -0.251 0.027 —-0.207
LFLI —-0.084 0.253 0.490 -0.454 0.138 0.101 0.732 0.637 -0.106 0.062
RFLI -0.131 0.246 0.620 —0.426 0.231 -0.004 0.159 0.661 0.538 0.003
EDI 0.162 0.049 —0.245 0.072 0.050 0.079 -0.728 0.041 0.430 0.902
LALI4 0.422 0.776 0.525 -0.245 0.318 0.148 —-0.058 —0.206 0.205 0.082
RALI1 0.333 0.695 0.362 —0.477 0.518 0.046 -0.137 -0.237 -0.29 0.135
RALI2 0.545 0.734 0.062 —0.346 0.437 0.099 -0.240 -0.263 -0.261 —-0.001
RALI3 0.441 0.769 0.266  —0.193 0.272 0.222  -0.291 -0.105 -0.455 -0.018
RALI4 0.596 0.788 0.119 -0.26 0.222 0.152 -0.225 -0.246 0.141 -0.039
LAWI4 0.598 0.634 0.129 0.411 -0.365 —0.383 0.241 -0.036 0.183 —-0.149
RAWI1 0.564 0.550 -0.152 0.550 -0.368 —0.065 0.190 0.200 —-0.299 0.170
RAWI2 0.742 0.701 0.149 0.458 -0.355 -0.114 0.146 0.163 0.015 0.169
RAWI3 0.647 0.585 0.044 0.610 -0.399 -0.127 0.069 0.292 0.153 0.068
RAWI4 0.784 0.649 0.070 0.436 -0.355 -0.314 0.010 0.046 0.104 -0.236
HcL% — 0.329 — —-0.088 — 0.078 — —-0.557 — -0.059
3.923 5.393 3.411 2.796 2.481 1.888 1.715 1.606 1.149 1.160
1% 19.617 28.382 17.055 14.735  12.405 9.938 8.575 8.453 5.743 6.104
1% Q:63.395 3:67.591
’ NT N
= NB
) 2 NB 9 © 2 NJD
o NJD a
" , o DS - °bs
1 i o ST « X x ° ST
o © 5 oo % , YJ o 000y YJ
X ¢ GRX x D o
\ﬁ 0 0 £ g? (15% %X XX *GT 0 I 0 & xOXO 8 © A 2GT
}'H > B o © 9‘ - = x 0 A
To 300057 N P o © o
-1 0 by :[EZ y & oA &
° . 0 oX 3 b +H L 0 5
) z o 0 o A
-3 ¢ o
1 ] 1 L
_4 -2 0 2
ED -4
-2 -1 0 3
3 7 1 2 FAEAT
Fig.3 Scatter plot of the first and second principal components
for principal component analysis of seven female populations 4 7 1 2
of U. duvaucelii Fig.4 Scatter plot of the first and second principal components
, ND: ; NB: ; NJD: ; L R .
for principal component analysis of seven male populations of
DS: ; ST: ;YT ; GT: 4 5 U. duvaucelii
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1 Yo=—0.276X,+1.759X,+4.652X5-0.565 X4+ 2.5
156.767X5—-190.200
: Y3=—0.098X,+2.421X,+3.619X5+1.065X,+
99.192X5-190.436
: Y4=-0.329X,+2.104X,+4.686X5—-0.570 X4+
154.315X5-197.538
1 Ys=—0.311X,+2.025X,+4.691.X5-0.380X4+ ’ ’
156.680X5-206.161
: Y6=0.109X,+1.532X,+4.616X5-0.353 X,+
153.744X5-198.697 ’
: Y7=0.123X,+1.788X,+4.887X5—0.463 X, + ™ )
150.934X5-205.114 ,
,Xi. TW X, HWI X; RFLI ( 6 ( 7
Xy FWI Xs RALI

: Yi= 1.741X,4+2.004X,+7.895X;-88.597
: Yo= 2.083X,+0.824X,+7.810.X5-48.995
L Yy= 1.762X,+1.696X,+5.891.X;-63.808 (Sin et al, 2009; Liao et al, 2010;
: Yi= 1.469X,+1.864X,+5.805X;-65.988 2019; ,2021; ,2022)
: Ys= 1.360X,+1.671.X>+5.841X5-56.897
. Ye= 3.191X,+1.478X,+8.968X5-97.242 (
L Y7=2.731X,+1.777X:+5.833X5-88.873 2021) ,
, X, TW X, LAL4 X, (Voss et al,
LAWI4 1990)

> >

( 5 58.7%, ( 3 4
. 80.0%,
, 26.7%  25.0% ,
) 57.3%, , ,
. 93.8%, ,
. 235%( 5) ,
K5 ALIOEE 7 MEIREASI B9 H 45 R

Tab.5 Discriminant results of seven geographic populations of U. duvaucelii
1%

3 Q 3 NT NB NID DS ST YJ GT

‘ PP, P P ¢ 4 g ¢ 4 @ & & & ¢ 4 ¢ 4
NT 15 16 267 6.7 688 563 4 11 5 0 0 0 0 3 4 0 1 2 1 0
NB 19 20 632 579 30.0 0.0 0 0 12 6 0 4 1 2 6 2 0 6 0 0
NJD 10 17 80.0 70.0 235 176 0 3 0 0 8 4 0 3 2 3 0 4 0 0
DS 14 18 500 429 722 556 O 2 3 0 0 1 7 13 4 2 0 0 0 0
ST 23 20 739 696 650 450 O 0 2 1 0 0 4 6 17 13 0 0 0 0
YJ 7 16 714 57.1 93.8 875 1 1 1 0 0 0 0 0 0 5 15 0 0
GT 4 3 250 0.0 333 0.0 0 0 0 0 0 0 0 1 2 1 1 1

1% 58.7 57.3
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Fig.5 Diagram of cluster analysis of seven geographic populations of U. duvaucelii

Tab.6 Multiple comparisons on multiple characters of different female populations of U. duvaucelii

Fo6 RO ERASERZELILR

(®)

NT

NB

NJD

DS

ST

Y]

GT

™
VMLI
MWI
HWI
HLI
FWI
LAWI4
RAWII
RAWI2
RAWI3
RAWI4

22.933+4.343
84.003+3.009%
40.128+3.679"
21.908+2.370°
26.476+3.130%
1.034+0.087%
4.540+1.490
3.373£0.336%
4.586+0.460"
5.002:+0.497%
4.853+1.702°

13.859+3.278*
86.074+5.016°
46.340+5.185°
24.275+3.887%
28.515+4.706"
1.019+0.121%
4.947+0.837°
3.514+0.435°
4.437£0.548"
5.245+0.822°
4.830+0.999°

19.708+3.219%
85.732+2.302%
44.052+2.324%
29.871+1.928°
27.324+3.725%
0.875+0.102°
4.134+0.627%
3.172+0.440%
4.234£0.371%

4.582+0.840™
4.236+0.754%

11.730+3.415°
88.862+5.596°
42.973+3.641"
28.484+4.136*
29.853+5.649°
0.992+0.134
4.016+1.404°
3.039+0.464"
3.845+0.784"
4.076+0.963

3.595+1.292%

11.964+1.693"
86.283+3.985°
43.930+3.767%
27.2714+2.054%
29.135+5.771°
1.072+0.128°
4.522+0.949%
3.268+0.400"
4.334+0.620
4.666+0.844™
4.361+0.833%

27.260+3.747°
79.938+6.119*
36.470+1.782°
21.663+3.141°
21.589+3.514°
0.994+0.079*
4.311+0.998%
3.235+0.640™
4.075£0.707"
4.500+0.547
4.287+0.765™

21.667+4.777%
83.612+2.427%
39.713+4.159*
24.511+3.931%
24.914+5.086%
0.889:0.078"
3.541+0.324°
2.792+0.694°
3.675+0.475°
4.095+0.354*
2.91440.251°

(P>0.05),

(P<0.05)

x7 HERCHEERES KRS EILR
Tab.7 Multiple comparisons on multiple characters of different male populations of U. duvaucelii
)
NT NB NID DS ST Y] GT

™
VMLI
MWI
HWI
LALI4
RALI1
RALI2
RALI3
RALI4
LAWI4
RAWI2
RAWI4
Hcl%

15.709+2.544%
84.240+6.337"
41.729+3.691%
21.707+6.563*
49.908+4.230°
37.230+4.465°
46.045+4.232°
52.795+4.165°
46.622+5.223"
5.891+0.622¢
5.348+0.615°
5.942+0.940¢
0.546+0.034°

16.524+2.891%
84.361+3.252%
45.982+6.488"
25.235+6.240%
37.221+7.266°
25.900+2.516°
35.800+3.653°
42.773+5.539*
37.666+2.641°
4.731£0.503"
4.651£0.511%
4.598+0.517*
0.513+0.019%

18.369+7.118
83.910+3.591°
43.588+5.540°
27.717+4.530%
43.019+6.315%
32.270+4.367%
39.157+6.846%°
45.174+6.806"
39.740+4.754°
4.324+0.853
4.661£1.090
4.242+0.744
0.485+0.029°

13.460+2.464°
86.113£6.491%
42.027+5.544™
27.369+1.809*
44.428+3.492%
35.754+4.700°
40.386+4.790"
47.422+5.006
41.098+12.500%
4.771£0.995
4.553+0.741%
4.609+0.941%
0.508+0.042%

11.754+1.672°
83.351+4.233°
43.802+4.287"
27.632+2.716%
39.415+5.218%¢
26.463+4.136°
37.811+6.152%
44.175+6.770°
40.774+5.760%
4.797+0.764"
4.107+0.824°
4.611+0.819*
0.510+80.052*°

23.697+3.002¢
83.255+5.534°
38.065+4.108
22.052+3.371%
45.373+5.555"
38.929+6.522°
41.22145.932%
49.575+5.632%
43.338+4.049"
5.392+1.001°
4.549+0.618%
4.974+0.997"
0.529+0.047®

21.879+2.726%
90.505+1.976"
43.751+4.932%
27.920+6.204°
45.017£11.799*
39.187+17.924°
40.639+8.164"
49.477+5.311%
42.304+5.539%
3.664+0.489°
4.111+0.242°
3.655+0.513°
0.520+0.010*

(P>0.05),

(P<0.05)
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MORPHOLOGICAL VARIATION ANALYSIS OF UROTEUTHIS DUVAUCELII IN THE
COASTAL WATERS OF WESTERN PACIFIC

LYU Yu-Han"? ~ZHANG Chi’, DAI Liao-Yi’, HE Wei-Tong"?, ZHENG Xiao-Dong"*

(1. Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China; 2. Key Laboratory of
Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China; 3. Agricultural and Rural Bureau of Yangjiang
of Guangdong Province, Yangjiang 529500, China)

Abstract

characteristics are easily affected by geographical barriers and ecological environment. The total 202 U. duvaucelii

Uroteuthis duvaucelii is a widely distributed species in the western Pacific Ocean, and its morphological

individuals collected from seven populations distributed in the Nantong (NT), Ningbo (NB), Nanji Island (NJD), Dongshan
(DS), Shantou (ST), Yangjiang (YJ) and the Gulf of Thailand (GT) were studied by morphological observation and
multivariate statistical analysis (principal components analysis, discriminant analysis, cluster analysis, and one-way
ANOVA). Results showed that five principal components both in female and male populations were recognized with a
cumulative contribution rate of 63.395% and 67.591%, respectively. Scatter plots for both principal components 1 and
principal component 2 show overlap among all populations. The comprehensive discrimination accuracy of the female and
male populations were 58.7% and 57.3%, respectively. Male and female populations were largely consistent and the seven
populations could be divided into two main clusters by cluster analysis. Cluster 1 was composed of the GT, YJ and NT
populations, and Cluster 2 was composed of NB, NJD, ST and DS populations. The results of One-way ANOVA for all
population morphometric indicators were not significant different. The number of sucker ring teeth of the third arm
differed significantly between the male population in GT (7 teeth) and other populations (11~15 teeth). In addition, the
shape and size of radula of the GT and YJ populations were also significantly different in scanning electron microscopy.
The present study provides basic morphological data of U. duvaucelii for analyzing population morphological diversity and
protecting germplasm resources in a scientific manner.
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