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55 «( 36, 19 )
39 ( 6 |, 33 ) (2009, 2010): (hood length, HL),
1.2 ; (crest length,
, ( CL), ; (rostrum
lcm), ( lg), length, RL), ;
s 75% , (lateral wall length, LWL),
( 0.01mm) ; (Wing length, WL),
, ( D
1
Fig.1 Schematic diagram showing the measurement of the beak morphometric variables
A—B ,A—C ,A—D: ,A—E: , A—F: ;a—Db: ,a—cC: s
a—d: ,a—e: , a—f:
1.3 95% , 95%

(stepwise discriminant R2.13.1 (leave-one-
analysis, SDA) (principal component out cross-validation, Jackknife
analysis, PCA) reclassification procedure)

| 2
SDA PCA 2.1
s UHL s 9 ,
: 5
In(y) = In(a) +bIn(UHL) + &, £~N(0,6%) (1) (ANOVA: P<0.001)
, y UHL 9 s a >
b , €~N(0,07%) ; ,
( D
1 v 2.2
n(aUHLb) () SDA , 10
9 UCLs URLs ULWL UHL LCL LWL LHL LLWL UCL
ULWLs UWLs LHLs LCLs LRLs LLWLs LWLs , «C 2
1.4 Wils’s A( 3) ULWL UHL LCL
(Univariate analyses of variance, 5
ANOVA) (multivariate analysis of 96.2%, 100%,
variance, MANOVA)
98.0% 86.3% 96.5% ( 4, 2a)
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F1 AMAEBERARTKEGEHREE)

Tab 1 The beak morphometric variables of 5 cephalpods
P
UHL 5.3240.85 9.73%+0.90 17.91%1.74 7.8940.73 2.8940.26 <0.001
UCL 7.4840.96 12.53%2.05 23.95+2.10 10.81=%1.01 7.81%0.61 <0.001
URL 1.674+0.29 3.0420.45 5.15%0.61 2.58+0.34 1.334+0.20 <0.001
ULWL 4.81%+0.81 9.78%+0.97 18.41%1.41 8.3740.85 6.0440.45 <0.001
UWL 2.2040.42 4.0920.59 8.2440.92 3.6020.45 2.24+0.35 <0.001
LHL 2.0640.42 3.2840.33 5.77%0.68 3.2140.43 2.1540.27 <0.001
LCL 4.16+0.69 7.0540.98 14.40%1.37 6.0940.83 4.96+0.51 <0.001
LRL 1.5340.28 2.80=%+0.39 4.85+1.14 2.314+0.42 1.33%0.25 <0.001
LLWL 4.83%+0.73 9.16%0.96 17.6842.89 7.8440.71 6.21%0.61 <0.001
LWL 2.6240.57 4.89+0.74 13.00=42.05 5.17%0.91 3.5740.44 <0.001

x2 AMAEBEARTRKEZRS A S AREL R

Tab.2 Canonical discriminant function (DF) coefficients for DF1, DF2, DF3 and DF4 for each morphometric variables used in the
discriminant function analysis for 5 cephalopods

UHL
UCL
ULWL
LHL
LCL
LLWL
LWL

1 2 3
0.599 -1.639 0.467
0.046 0.395 0.202
0.485 0.328 -1.709
-0.353 0.058 -0.624
0.100 0.695 0.675
0.140 0.148 0.680
0.062 0.414 0.799

—0.036
—-0.229
—0.349
1.005
—0.774
0.065
0.805

R3 ETARFREMBSHINDTER

Tab.3 Summary of stepwise discriminant analysis showing the order of variables to entry and the successful discrimination rate for the
five species in beak morphometrics
F Wilk’s & F 1 2
1 ULWL 1552.071 0.38 1552.071 4 243.000
2 UHL 146.631 0.11 516.293 8 484.000
3 LCL 38.357 0.07 298.970 12 637.918
4 LWL 20.114 0.05 213.371 16 733.850
5 LHL 14.301 0.04 169.040 20 793.623
6 LLWL 7.274 0.04 138.914 24 831.493
7 UCL 3.873 0.03 117.345 28 855.938
F4 BETARTKENLELEMEFBINE
Tab.4 The successful discrimination rate for the five species in beak morphometrics

98.0% 48 0 0 1 0 49

86.3% 0 56 0 0 0 56

100.0% 0 0 44 7 0 51

96.5% 0 0 2 52 1 55

100.0% 0 0 0 0 37 37
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Fig.2 Canonical discriminant plots of initial (a) and standardized (b) ’ ’
beak morphometric variables for 5 cephalopods (Clarke, 1962, 1986) > >
SDA , (
) ( ) (Pineda et al, 1996) ,
(Clarke et al, 1974) (Smale et
3 al, 1993) (Kubodera ef al, 1987)
2.3 (Lu et al, 2002) (Xavier et al,
SDA , 10 2009)
LRLs LWLs ULWLs URLs UWLs LCLs )
UCLs LHLs LLWLs ,
( 6) Wilss M 7) LRLs (Martinez et al, 2002; Vega et al, 2002; s

x5 ETARTKEMCESHANSHEMBEFIKINER. Wilks’ 2 5 P&

Tab.5 Successful discrimination rate, Wilks' A and P for loliginids and cuttlefishes with beak morphometric variables

100% 0% 100% 0%
0% 100% 0% 100%
100% 100%
Wilks A 0.103 Wilks' A 0.044
P 0.000 P 0.000
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Fig.3 Plot of factorial scores of PCA made with beaks morphometric variables of loliginids and cuttlefishes with beak morphometric variables

F6 IMALEBEEARIIRENKERBAZSIIRELRLY
Tab.6 Canonical discriminant function (DF) coefficients for DF1, DF2, DF3 and DF4 for each standardized morphometric variables
used in the discriminant function analysis for 5 cephalopods

1 2 3 4
UCLs 0.201 0.973 -0.472 -1.366
URLs 0.166 0.236 0.662 0.573

ULWLs —-0.685 —-0.283 1.638 -0.122
UWLs -0.368 —-0.275 —-0.373 0.981
LHLs —-0.533 0.040 -1.099 0.248
LCLs 0.484 -1.204 0.155 0.399
LRLs 0.841 0.177 —-0.195 0.225

LLWLs 0.636 0.012 0.213 —0.954
LWLs —0.248 0.943 —-0.225 0.525

F7 ETARSHIEURKENZESHRISHER
Tab.7 Summary of stepwise discriminant analysis showing the order of variables to entry
F Wilk’s A F df'l df2

1 LRLs 9684.392 0.006 9684.392 4 243.000

2 LWLs 2762.569 0.000 5173.809 8 484.000

3 ULWLs 834.171 0.000 4239.374 12 637.918

4 URLs 453.232 0.000 4195.895 16 733.850

5 UWLs 77.207 0.000 3193.456 20 793.623

6 LCLs 40.420 0.000 2601.828 24 831.493

7 UCLs 48.820 0.000 2357.348 28 855.938

8 LHLs 27.847 0.000 2117.459 32 871.920

9 LLWLs 8.948 0.000 1844.669 36 882.391

*8 ETARFKEMKELEMEAZMINE
Tab.8 The successful discrimination rate for the five species based on standardized beak morphometric variables
100% 49 0 0 0 0 49
100% 0 56 0 0 0 56
100% 0 0 51 0 0 51
100% 0 0 0 55 0 55
100% 0 0 0 0 37 37
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®9 ETARTREMKERCSHNGEWEFEFIZHINIE. Wiks’ )50 PE

Tab.9 Successful discrimination rate, Wilks' A and P for loliginids and cuttlefishes with standardized beak morphometric variables

100% 0% 100% 0%
0% 100% 0% 100%
100% 100%
Wilks' A 0.021 Wilks' A 0.003
P 0.000 P 0.000
4
o DRSS,
3r HEARSH ,PCA , (
S
2+ 2
N gg%g ) ( )
w11 & 100% ,
i o(@()&
ﬂé 0 (fgo (Vega et al, 2002; Kassahn et al,
-1t o §«>° 2003; Doubleday et al, 2009) Vega (2002)
-2 4 ,
=3 Loligo gahi 3 Kassahn
<
474 5 2 1 o p 5 3 (2003) Doubleday  (2009)
FRARF1 S.
4 apama O. maorum
0 HOMW
3 < BRTHSM (2010)
2 ; , Fang  (2014)
N
M 1 )
K .
R o Liu (2015)
=
gt ,
ol 89.5% , )
-3r >
" s s s s . . 60% (Liu et al,
—4 -3 -2 -1 0 1 2 3
FHHEF 2015)
4 5
(Martinez et al,
Fig4 Plot of factorial scores of PCA made with beaks morphometric 2002) ,
variables of loliginids and cuttlefishes with standardized beak
morphometric variables ’
2003) , (Miserez ef al, 2007) ,
96.2% s , (Xavier et al, 2011) ,
100% s
, , (Cherel et al,
, 2004) (Clarke et al, 1998) (Blanco et al,
(Vega et al, 2002; Lefkaditou et al, 2004; 2006) (Piatkowski et al, 2001)

, 2010; Chen et al, 2012; Liu et al, 2015)
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SPECIES IDENTIFICATION OF CEPHALOPODS BASED ON BEAK MORPHOMETRIC
VARIABLES

LIU Bi-Lin"*** ~CHEN Xin-Jun"*%** ~FANG Zhou', JIN Yue'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Distant-water Fisheries Engineering

Research Center, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic

Fisherise Resources, Ministry of Education, Shanghai 201306, China; 4. Collaborative Innovation Center for Distant-water Fisheries,
Shanghai 201306, China)

Abstract We studied beak morphometric variables (rostrum, hood, crest, lateral wall and wing length of upper and
lower beaks) of five economic cephalopods (Uroteuthis edulis, U. duvauceli, Sepia esculenta, Sepiella maindroni, and
Octopus ocellatus) from the Donghe market in Zhoushan City, using stepwise discriminant analysis (SDA), principal
component analysis (PCA), and univariate analyses of variance (ANOVA). The results show that all measured beak
variables are species-specific in significant difference (P<0.001). S. esculenta have the largest beak while O. ocellatus the
smallest. SDA results indicate that beak variables are useful for species identification. Of all the variables, the upper lateral
wall length (ULWL), upper hood length (UHL), and lower crest length (LCL) contribute to the most of the identification
for 96.2% in overall cross-validation rate. In contrast, standardized beak variables are more effective than original ones for
having 100% reclassification rate, in which standardized lower rostrum length (LRLs) and standardized lower wing length
(LWLs) contributed the most. PCA results show 100% successful discrimination identifying species of loliginids and
cuttlefishes using original and standardized beak variables. Therefore, the new method can be applied to determine
cephalopod species, which provides useful information for the research in relevant fields.

Key words beak; cephalopod; stepwise discriminant analysis; principal component analysis; species identification



