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ad. PR K, af FMEEK

Fig. 1 Scheme of morphometric measurements of Amphioctopus fangsiao beak

(a) upper beak, (b) lower beak. AB. upper hood length; AC. uppercrest length. AE: upperrostrum length; AD. upperwing length; AF. upperlateral wall

length; ab. lower hood length; ac. lower crest length; ae. lower rostrum length; ad. lower wing length; af. lower lateral wall length
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2.1 BRI RIEREHLRK

Giih R, BB ERIRK . R R
FEl 23319 36~90 mm ., 23~276 g, % i A4 3 i K
HA B A 50~70 mm. 80~160 g, & BEm
88.77%. 82.65%; AIFIMFIRL | A5 VL 4
WISM30~80 mm. 24~207 g, X7 B IR K Fi A
i N 60~80 mm. 80~160 g, 5 Mk
91.11% . 85.92%, e I AL A ki 0 ¥ 3k 4 12 il
Ko RFEREE 450 8 29~67 mm, 10~105 g, X
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H AU 88.27% . 75.17%. VIR AN AR EE K
RFRZ, miEMEER/NE2),
22 ARBEHARIIELSEER

T AR HEA IS, T VS8R I AR U
BB BAIX BN, THAETIEREZE S
WK (GR ) #0305 7R T T 3 A T S 2
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N 3 A [) U 3 A R 1 o o SR S (B AT
225 T (ANOVA), S5 3RW, 34130 1A 45 33
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Fig. 2 Distribution of mantle length and body weight of A. fangsiao in different areas
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Tab.1 Beak morphometrics of A. fangsiao in different areas
P ZF East China Sea I Yellow Sea F#F  South China Sea
parameter BefE S YE AR EZE At MR 2 efE S E bR

threshold meanzstd threshold mean+SD threshold mean=SD

UHL, 2.93~3.85 3.44+0.45 2.56~3.79 3.27+0.51 2.26~3.18 2.59+1.13

URL 0.75~1.51 0.99+0.17 0.71~1.32 1.05+0.15 0.45~1.06 0.70+0.14

ULWL, 5.51~7.02 6.35+0.94 5.19~6.96 6.14+0.91 4.79~5.59 5.16+0.83

UWL 1.59~2.94 2.2940.39 1.79~3.24 2.36+0.43 1.34~2.54 1.86+0.36

LHL, 2.27~3.60 2.82+0.66 2.22~3.56 2.84+0.50 0.97~2.04 1.37+0.90

LRL, 0.87~1.57 1.18+0.24 0.89~1.69 1.24+0.24 0.44~0.95 0.60+0.18

LLWL, 6.72~8.44 7.61+1.83 6.90~9.46 8.05+1.45 3.61~5.15 4.22+1.11

LWL, 3.29~5.75 4.70+1.29 3.91~6.63 5.27+1.03 1.37~3.47 2.64+0.81

R2 TREBEHREARIALSELSESH
Tab.2 Beak morphometrics variation of A. fangsiao in different areas
Tukey-HSD
B BARHE comparison : : ‘ : : :
parametor ZR#E—3KIE  Bast-Yellow % ¥g—m¥E  East-South FlF—mE  Yellow-South
F{i P SE Pl SE Pl SE PfH
UHL, 736.44 <0.01 0.17 0.195 -3.20 <0.01 -3.37 <0.01
URL 374.80 <0.01 —0.06 0.008 0.30 <0.01 0.36 <0.01
ULWL 835.23 <0.01 0.22 0.123 1.23 <0.01 1.00 <0.01
UWL, 150.26 <0.01 -0.07 0.360 0.44 <0.01 0.51 <0.01
LHL, 1877.16 <0.01 —0.008 0.996 —0.72 <0.01 -0.71 <0.01
LRLg 1022.95 <0.01 —0.05 0.131 0.58 <0.01 0.63 <0.01
LLWLg 4025.88 <0.01 -0.39 0.093 3.40 <0.01 3.79 <0.01
LWL 1524.50 <0.01 -0.53 <0.01 2.06 <0.01 2.60 <0.01
IR, B3 FE R M TTERCR . RKIEEERAS 2.4 FIRISHR

1 HF61.85%, ¥EIFIGIN ] 65.53%, FEEIE AN
76.92%. M A3V, ZR I TSR S AE
B —EBR SLWLA HERRKWIEH LR, &
L EFRA 5 UHL, . URLGA %KY IE AH
X%, BT R EIYTE0.49~0.662 8] . I VA48 A R
UL SAE S — FE U SLWLAA & B KB IEAH
KRR, B, ZFEHMHHil SURL,. UL
WLA B KBIEMIE, #Hfm REI7E0.58~0.63Z
[F) o FE WA B HOE SENE R m 5
LRLA BB KMWIEM KR, B, =ZFNH
43 5 UHL,. UWLAGERIIEASE, s R 5L
YI7E0.46~0.6922 7] (£3),

IR LR O 20T B s R, OF
PLTOTUA o SO 259805 o B AR 5, FHIZ A H1 5 3
Br(Wilks’ Lambdai )G 38 K7, AR 57
B R, 45H KW, LLWL,, UHL,., UL.
WL,. LHL,. LWLFIUWLZE A 13 5] 65 %5 53
Mr, Wilks{H {8 [l 2~ 0.021~0.046, & {H ~0.166,
FIHAS I E 3, H B R

WA Y=83.933x UHL+54.548% LHL+7.836x
UWL+86.748x ULWL+2.949x LWL +48.725xLLWL
649.605

AR . Y=79.521x UHL+60.659%LHL+9.699%
UWL+83.318x ULWL+5.538xLWL+49.869xLLWL
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Tab.3 Principal components analysis for the morphometric parameters of A. fangsiao beak for different areas
P ZfF East China Sea iE  Yellow Sea FIifF  South China Sea
pafameter HF1 52 H¥3 H¥1 A2 H¥3 H¥1 A2 F¥3
factor 1 factor 2 factor 3 factor 1 factor 2 factor 3 factor 1 factor 2 factor 3
UHL, 0.159 0.492%* 0.549 0.030 0.470 —0.537 0.26 0.494* —0.409
URL, —0.1585 -0.079 0.655* -0.015 0.584* -0.173 0.226 -0.294 —0.464
ULWL, 0.051 0.631 -0.122 0.034 0.254 0.621* 0.331 0.471 —-0.032
UWL, 0.0827 0.459 —0.448 0.037 0.470 0.471 0.014 0.216 0.689*
LHL, 0.5079 0.157 0.185 0.492 0.100 -0.244 0.391 0.389 0.032
LRL, 0.3965 0.016 0.095 0.411 0.227 0.093 0.468* -0.351 —-0.033
LLWL, 0.4929 -0.260 -0.070 0.488 -0.296 0.069 0.459 -0.329 0.143
LWL, 0.531* -0.224 -0.071 0.589* -0.050 0.038 0.435 -0.132 0.342
HREMH  eigenvalue 225 1.52 1.18 2.53 1.42 1.29 3.34 1.51 1.29
TTHRE % 28.12 18.97 14.76 31.66 17.79 16.08 41.77 18.93 16.21
T & R AR R (B R R R AR
Notes: * represents the highest absolute value in each principat
+ ZRifEEast China Sea 645.858

O ¥ Yellow Sea

4
3 | A E§ifFSouth China Sea

~ %
a r
RS 0t
g E 1|
S -2t
31

_4 1 1 1 J

-10 =5 0 5 10

%11 Function 1

3 TENGIE IR RS A S
Fig. 3 Discriminant analysis score for

A. fangsiao in different areas

FEUFIEIE . Y=62.302xUHL+36.704xLHL+7.288%
UWLAT1.196xULWLA+3.870XLWLA25.248XLLWL—
343.128

Vg A (5] 36 3 S 0 A A AH N T A R AR A
R F R A R, WA AR T AT AR YIE AR R
BRI G L B REAA o o, AR AR A T )
(1) 1E 1 K o0 84.60% , 28 SUI UF 1E 1 K N 84.6% ;
B TR R B 4R B 00 A TE R N 80.7%, 38 LI
TE IE 2R A 80.0% 5 1 1A F8F 1R i 4y . 4 ) 144 1
FH100.0%, 38 XK IE AR 4 100.0%(F£4).

[l U A o3 A7 & B, S ST S O A (R P
A DX 43 AN () Vg 35 1 S AR (1 4) . TSk R K

F4 TRISHEIEARTAIANRBH S HKER
Tab.4 Classification results on A. fangsiao based on the beak morphometrics by discriminant analysis
NS AR N
T TR 7 o
group Rifg Hf i total
East China Sea Yellow Sea South China Sea

JRUE5>#HT  original 7RI East China Sea 84.6 15.4 0.0 100.0
¥ Yellow Sea 19.3 80.7 0.0 100.0

¥ South China Sea 0.0 0.0 100.0 100.0

XL cross-validation  %%i#§  East China Sea 84.6 15.4 0.0 100.0
¥ Yellow Sea 20.0 80.0 0.0 100.0

Fg¥#  South China Sea 0.0 0.0 100.0 100.0
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East China Sea
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Fig. 4 Classification tree of beak morphmetrics for A. fangsiao in different areas
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Beak morphometrics of short arm octopus (Amphioctopus fangsiao)
in different sea areas of China in autumn

FANG Zhou "***,  JIN Yue’, HU Feifei’, MADi’  CHEN Xinjun >**

(1. School of Ocean and Earth Science, Tongji University, Shanghai 200092, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Short arm octopus, Amphioctopus fangsiao, is widely distributed along the coast of China, and also is
one of the important commercially explored cephalopod species in China. Based on 393 samples of 4. fangsiao
collected along the coast of China, including the Yellow Sea, East China Sea and South China Sea during October
to November in 2015, the variation of ten standardized beak morphometrics was studied among the different areas
and the discriminant analysis was also established based on the beak morphology. The results showed that the body
size of A. fangsiao located in Yellow Sea and East China Sea was similar, and the individuals in South China Sea
were smaller than other areas; the standardized beak in South China Sea was also smaller than other two areas.
ANOVA test showed that the beak morphometrics in East China Sea and Yellow Sea had no significant difference
except for lower beak wing (P>0.01), and beak morphometrics in South China Sea had significant difference com-
pared to other two areas (P<0.01). Principal component analysis suggested that the lower beak mophometrics rep-
resented first component factor, and upper beak morphometrics represented the second and third component
factors for all the individuals from three different areas. Six beak morphometrics were selected for the stepwise
discriminant analysis, and the correct classification rate was over 80% for three different areas. The result of classi-
fication tree analysis showed that lower beak morphometrics (lower hood length and lower wing length) can be a
good criterion for quick identification of the octopus from different areas. In conclusion, this study has confirmed
that the beak morphology has different patterns in different areas due to the varied environments, and also showed
that beak is a suitable criterion for identifying the population variation for cephalopods.
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