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FEIIT AU M B U5 M R A, 23l 3 47
FERBE L (METE 18 2, i 29 &) A1 87 Al
F O 47 J, MEVE 30 J8, Tork Mt 10
).
1.2 A¥zE.ARTNERR A LE
FEREA R RS, I g H R K (mantle length,
ML) {5 (body weight, BW) , M8 ME5] .
K2 1 mm (AFTRKSE 1 g,
PRSI A T 111 BB ) A 50, A 75% 1Y
RSV T R LA 25 B 2% o, o T3l b R R O
JE0.01 mm) XA Jou ST & #4700 &, L& b
R R4 6 MR, 0510 b k35 K (upper
hood length, UHL) | | ¥ % (upper crest length,
UCL) ., WK (upper rostrum length, URL) | | %
Pi (upper rostrum width, URW ) | - 3 K (upper
wing length, UWL) | _F {ll] B K (upper lateral wall
length, ULWL) | T 3k %% K (lower hood length,
LHL) . F& %K (lower crest length, LCL) . F K
(lower rostrum length, LRL) . B 5 (lower rostrum
width, LRW) | F # K (lower wing length , LWL) |}
| BE4 (lower lateral wall length, LLWL) (2

1 ARAESSHNER
Fig.1 Schematic diagram of beak
morphometric variables measurements

A BRFEK, B BHRK,C BB, D: BBTE, B bl EE
KOF: B3R, G PRk, H  FERK, L FBRK,) T
P, K OFMPEER L FEK

A ;upper hood length (UHL) , B:upper crest length (UCL), C:
upper rostrum length (URL), D:upper rostrum width (URW) ,
E:upper lateral wall length ( ULWL), F. upper wing length
(UWL); G:lower hood length ( LHL), H:lower crest length
(LCL), I:lower rostrum length (LRL), J:lower rostrum width
(LRW), K:lower lateral wall length ( LLWL), L lower wing
length (LWL)

1.3 HiREsSH
(1) A[RIRDSEA [P0 £ S0 HL o X Y
b B R A S 12 R 25 2 B0 7 B8 etk

7 06 5 43 T R TR L P TR 1) S AR 1
12 T5ff S S S A T8 2 S A g

(2) A3 Mo XTI L 0 12 35 £ 5T 50
TEASHAT AT 0T, 3R RE A AL A 0T 50
FERHERIESSE AR L R R .

(3) FEFEARI ELHE o X B BE L I R b o 1
WA I3 A5 A T A S 8000 AL, Hae BRI 2k 4 7
Sy e, AT AL TA) TR 2y 25 40 A, TR R 2
AERFEI RS E EFE bR, LR RN AG S A
HIFAEFE R, 40t 22 Sk S 3 10 HU

(4) PP 5 534 o 5390 A HTE 28 )
SRR T 32 143 40 45 SR 14 0 500 3 e X
Fh ST 5325

FIr A et Br ¥ AE SPSS 19. 0 Ffrh b R 5E
o
2 4

2.1 ARIESER

H R 1 AL AP 5 A o &5 U S S
BB AR BN T R BE 2 W8 TR A o 4%
WOE S SR DU AT FR AL T, #4075 Y
TSR OIHR IR K T RRBE I (% 2) .

H e BRI R AT LIE W (£ 3),
A 12 MBS EIE R LB i Br T
Tk K/ MK (LHL/ ML) | PR3 ORI P 22
HRAFAEN B 22 5 (P <0.01) o 43 5% P b 5
AT A A 2R 4T £ 5 S 5 S 5L Bl R AR 1
W SRR, f IE S, R SR T T
B K/ K (LCL/ML) 1 °F ] B K/
(LLWL/ML) 41, Ho Al £ Jo S 25 2 5046 A HL 61
WASFAE W E 2257 (P >0.05) s 4 1 T A 12
T A SO S S E L BB PR B AR i 2 57
(P>0.05).
2.2 ERSAWER

X R4 £ I S 25 2 B L B bR AT
FERA T, AR R R ETE S S E Bl $8br
BURFIEE R T 1 0 F R4, 45 A w0 i 4
R RBES N 3 N5 i Sk 2 AN
Fo FEX A B A T B K 22 T

FEBE L W55 — 32 B 4% R P 38 aer R B K
4 LCL, 4 0. 838, 2 — F 4 I F Hh 2 ff 2R 4K
KR UCL, R 0. 684, 2 = 3= 179 B 7 2k ff &R
K Ko URL, MO0.752(4) .
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596 (SERCII INEE 27 %
MRS — T N T U R RUR R RO LRW, 25 0.680(K5) o
S UCL, 2 0. 928, 4 = B4 A Hh i 2 4
&1 WMPEWMEHRSMARAESSHE
Tab.1 Beak morphological parameters of Sepia kobiensis and Sepia pharaonic
BASE FEBE S, Sepia pharaonic WP 0, Sepia kobiensis
Morphologic KA/ mm f5/IMHE/mm S/ mm e KB/ mm % /)ME/ mm SEF{E/mm
parameters Maximum Minimum Average Maximum Minimum Average
k% K UHL 15.10 8.89 12.20 11.15 7.30 9.15
FHREK UCL 19.55 13.26 16. 16 13.84 9.51 11.62
WK URL 4.86 2.42 3.72 3.48 1.98 2.65
W55 URW 4.26 2.05 3.07 3.30 1.71 2.72
mjEE K ULWL 15.77 10.41 13.27 10.97 6.33 9.03
3K UWL 6.87 3.61 5.30 4.83 2.27 3.93
Tk K LHL 6.43 3.47 5.06 4.22 2.36 3.29
THRK LCL 12.26 7.63 9.88 8.32 5.64 6.92
T LRL 3.97 1.82 2.96 3.17 1.46 2.24
T LRW 5.94 1.77 3.31 3.62 1.41 2.83
TEEK: LLWL 15.26 10.02 12.36 9.91 6.74 8.52
THEEK LWL 11.54 6.35 9.23 8.36 5.54 6.80
R2 EREWINEP A RAESSHILGERSE
Tab.2 Average beak morphologic ratio index of Sepia kobiensis and Sepia pharaonic
TEASEHL e bR FRBEL I, Sepia pharaonic 1 506, Sepia kobiensis
Morphologic ratio index BfEPE Female ek Male MM Female ek Male
k%KMK UHL/ML 0.10 0.10 0.12 0.12
F# 2K/ i UCL/ML 0.14 0.13 0.16 0.15
K/ URL/ML 0.03 0.03 0.04 0.03
w5/ i K URW/ML 0.03 0.03 0.04 0.04
b EER /i K ULWL/ML 0.11 0.11 0.12 0.12
LEEK/MHK UWL/ML 0.05 0.04 0.05 0.05
Tk #m K/ LHL/ ML 0.04 0.04 0.04 0.04
THREK/MHK LCL/ML 0.09 0.08 0.09 0.09
TEK/MK LRL/ML 0.03 0.02 0.03 0.03
Tk FE/ it LRW/ML 0.03 0.03 0.04 0.04
TEE R/ LLWL/ML 0.11 0.10 0.12 0.11
TEREK/MHEK LWL/ML 0.08 0.08 0.09 0.09
®3 HBERBRIVBRER
Tab.3 Results of hypothesis test of means’ difference
P P Value
eSS HEETR LA ENGTE (7] — A [l 44 531 e A
Morphologic ratio index Comparison between Comparison between different genders in the same species
different species FRILL I, Sepia pharaonic M S Sepia_kobiensis
I3k 55 K/ il & UHL/ML 0.000 0.053 0.067
EAF 5K/ UCL/ML 0.000 0.171 0.143
K/ URL/ML 0.000 0.465 0.085
I %5/ il . URW/ML 0.000 0.755 0.115
b AEE K/ i ULWL/ML 0.000 0.430 0.266
LR K/MHK UWL/ML 0.000 0.250 0.250
Tk K/ LHL/ML 0.065 0.375 0.094
T RE/ K LCL/ML 0.000 0.002 0.451
T K/ K LRL/ML 0.000 0.768 0.368
T T/ i LRW/ML 0.000 0.647 0.135
FEE K/ LLWL/ML 0.000 0.037 0.153
TEREK/HEK LWL/ML 0.000 0.523 0.492
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x4 EHRESWARIMERST S
Tab.4 Principal component analysis for

beak of Sepia pharaonic

EESH

Morphologic parameters ! 2 3
F3k# K UHL 0.734  0.231 -0.071
A RK UCL 0.439 0.684 0.166

%K URL 0.371 -0.275 0.752
%58 URW 0.564 -0.457 0.392
EfjEER: ULWL 0.362 0.597 -0.038
3K UWL 0.561 -0.204 -0.246
Tk K LHL 0.824 -0.090 -0.124
THEK LCL 0.838 0.082 -0.295
Tk LRL 0.465 -0.647 0.060
TH5E LRW 0.617 -0.502 -0.337
T EERK LLWL 0.671 0.312 -0.044
THEEK LWL 0.486 0.402 0.392
FHF(E Eigenvalue 4.297 2.149 1.188
e TR %/
Va{ija%cg\:iﬁgjion 35.812 17.906 9.901
Rtk %

35.812 53.718 63.619

Cumulative variance contribution

RS WMPEMARMENS SN
Tab.5 Principal component analysis for

beak of Sepia kobiensis

EESH | )
Morphologic parameters
335K UHL 0.921 -0.219
E#H %K UCL 0.928 —0.209
%K URL 0.651  0.041
5 URW 0.736  0.512
- fmBEK ULWL 0.896 -0.118
3K UWL 0.771  0.362
Tk K LHL 0.798 -0.285
THRK LCL 0.892 -0.326
K LRL 0.688  0.469
T5E LRW 0.601  0.680
FmEEK: LLWL 0.925 -0.145
THEK LWL 0.750 -0.347
HAE{E Figenvalue 7.757 1.511
Vazfi?ji}:n}r:igzion 64.644 12595
Rit ik %

64.644 77.239

Cumulative variance contribution

2.3 REMIER

X BRI ORI 1 5 A T S JE 25 2 B
FUAEF2 HER I o 2 0 R A7 28 1) B DR 3R T 22 00 # o
AR BN R Ty 22 0 I 2521 3R 9T o i a5 i oy
TS EAGRE A 3G 1 1728 f B, O 1 A
SRR RS EVESR bR o

FRBELS L S50 ST A EU LA AN (] A [ 3 A

FEREZE(P>0.05), a] 2 A4 K
SRR E HEFR AR T SUUT A EUAEAEAS (5] I 8]
PR REZS (P >0.05) , WA &30 kA
Z AT R E PR R o

AP SRR T K/ % BE (URL/
URW) Fl [k K/ 3K (URL/UWL) 4b, HoAth Lt
(EAEAS A A ] AN A 3 25 57 (P > 0..05)
AT ASZ A K R R Ae e e A R SIBR T F
Sk M EE K (LHL/LLWL ) A1, HoAth He R 7R
AN BB AFEAE B 22 5 (P >0.05) , ] i
AN ZHE K (R RS MR R o

X PR i b S A AR MR AR R AT 22
SRR, & B gk BE/ B3k 35K (URW/UHL) |
[ SE/ FAE K (URW/UCL) | F3A/ F A RE
K (UWL/ULWL) | I 3k 35 &/ | ] B & (UHL/
ULWL) | FHR K/ BMEEK (UCL/ULWL) | F ik
K/ I % 5% (URL/URW ) . I B 55/ I fi] BE &
(URW/ULWL) #1 55/ 3 K (URW/UWL) 4
8 A~ LU AE 75 1 B L W ] A7 6B W 35 25 = (P <
0.01), Horr, FEBE L RS e 1k 48 b 19 7 (8 43
%% URW/UHL = (0.253 4 + 0. 044 5), URW/
UCL = (0.190 4 + 0.0320), UNL/ULWL =
(0.401 9 + 0.066 5) ,UHL/ULWL = (0.917 1 =
0.103 4) ,UCL/ULWL = (1.216 5 + 0.097 1),
URL/URW = (1.227 6 + 0.197 4), URW/
ULWL = (0.230 8 = 0.038 2), URW/UWL =
(0.585 1 = 0.111 6) ;¥ F* L As e PEAE AR T
PB4 B URW/UHL = (0.297 7 + 0.030 3),
URW/UCL = (0. 234 4 =+ 0.0241), UWL/
ULWL=(0.438 1 + 0.039 5), UHL/ULWL =
(1.016 2 + 0.058 6) ,UCL/ULWL = (1.290 5 +
0.067 9), URL/URW = (0.977 2 + 0.114 5),
URW/ULWL = (0.302 2 = 0.032 0), URW/
UWL =(0.696 6 + 0.0669)

X PR T S A AR AR AR R AT 22
SRR, KT K/ T k35 K (LRL/LHL) [ R
W/ T3k w4 (LRW/LHL) | F#E K/ T LK
(LWL/LHL) | F &9/ FH R K (LRW/LCL) | T
S K&/ N HREK (LHL/LCL) | F B/ B 58
(LRL/LRW) F1 F &% 55/ Ml B K ( LRW/LLWL)
S5 T A POAEAE PG PP 2 5 ) AE AR 2 25 57 (P <
0.01) . FHorbr, JRBE L AR E PE G A5 0 - X (8 23
%% LRL/LHL = (0.589 6 + 0.121 8), LRW/
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LHL = (0. 655 8 + 0.2104), LWL/LHL = PP I

(1.8632 + 0.287 1) ,LRW/LCL =(0.333 1 =+
0.106 9), LHL/LCL = (0.509 5 + 0.049 6),
LRL/LRW = (0.956 7 + 0.251 3), LRW/LLWL
=(0.269 4 + 0.096 9) ; fill F* L4 RS E PSR 1Y
SEH 4 %) 8 LRL/LHL = (0. 687 6 =+
0.1128),LRW/LHL = (0.870 2 + 0.154 1),
LWL/LHL =(2.088 3 + 0.222 9),LRW/LCL =
(0.4095 + 0.064 8), LHL/LCL = (0.473 3 =
0.033 1), LRL/LRW = (0.804 5 +0.1094),
LRW/LLWL =(0.3328 =+ 0.051 4),

2.4 HFN 5T

2.4, 1 AP ] ) 5]

K B AL H 51 3 B 1 % PR S 1T 0 2
4 Wilks” Lambda 3 %F 12 WS HUE 5 b 17
ik, ek PR T bk 3K/ K (UHL/ML) |, |
W K/ & (URL/ML) , | B %i/fi & ( URW/
ML), T3k @K/ (LHL/ML) |, B i BE 4/ i 4
(LLWL//ML) IR 384/l (LWL/ML) X 6 i
70t PR X PRl 5 AR A T R SIS S, T S S )
AT,

PEBEL A

Y = 105. 526UHL/ML + 294. 853URL/ML -
31. 916URW/ML + 1061. 743LHL/ML + 623.33
LLLWL/ML +271. 494LWL/ML -75. 857

Y = 476. 427UHL/ML - 51. 299URL/ML +
686. 27SURW/ML + 708. T03LHL/ML + 387. 663
LLWL/ML +382. 603LWL/ML - 96. 872

S (9 4500 J5 REREAT AP 050, A3 6
TR, PRSI 0 ) IE A % 95. 7% , B 5
WA 94. 3% , IR IERHAN) 94. 8% o =L
SRR R AE A5 G AR AR T o

AR S o B 2 2R, LA 5 0 = 770
AEERT 1 RN 7 s (i e m B S SR
fildEDs AR A/ MK (LCL/ML) |, b B/ i <
(URL/ML) , T B 58/ 1 (LRW/ML) FiI |45 %
K/ (UCL/ML) 57 5 R

JRBE SN -

Y = 688. 292UCL/ML + 417. 508URL/ML +
559. 483LCL/ML +98. 117LRW/ML -78. 644

LURESTCVF

Y = 841. 342UCL/ML + 449. 057URL/ML +
509. 590LCL/ML +256. 852LRW/ML - 102. 879

A ST B9 T3 R ST R 20, 46 A
S IIHTIAA | BB 5 A1 331 LE Al R 0 83. 0%
FIPT B WA OE B R O 85, 1%, K IE B R O
84.3% o 2 X HHN ST HTIAA , BEBE B IR ) 1
i 83. 0% , 4" B Y IE ARy 83. 9% , &
IERRH 83.6% (£ 7).

R 6 FGFIRENRBES MNP 5 M 5 ERH 2R

Tab.6 The successful discrimination rate for Sepia pharaonic and Sepia kobiensis with discriminate analysis

& HIRGHT i HL s it %%
BEAH. ‘ —— , . 8 L
SDA Species %I&L%M . }EFF‘ E’M‘ . Total Accuracy
Sepia pharaonic Sepia kobiensis
e JEBE L, Sepia pharaonic 45 2 47 95.7
Original result 11 50, Sepia kobiensis 5 82 87 94.3
A8 IE FEHE L, Sepia pharaonic 45 2 47 95.7
Cross-validation P 0 Sepia kobiensis 5 82 87 94.3

RT ERSSWEI RIS MR DM H 5 ERE

Tab.7 The successful discrimination rate for Sepia pharaonic and Sepia kobiensis with principal component analysis

2 Species

A R4 ¥ i S ES
el Shcis RAGR  WPEM il
Sepia pharaonic Sepia kobiensis
Ly JEPE I Sepia pharaonic 39 8 47 83.0
Original result 1 50, Sepia kobiensis 13 74 87 85.1
2 LS JEPE L Sepia pharaonic 39 8 47 83.0
Cross-validation H P 506 Sepia kobiensis 14 73 87 83.9
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2.4.2 [l I3 A A 5 R ) S

SR FHIZE A 0 3] 43 A 3 ok T] — 1 1) 94 e 12 Tk
Lambda 3%} 12 T &5k
ﬁi"éﬁﬁﬁfﬁﬁ_ RAESE T g/

e, MKs Wilks’

(URW/ML) FIl F 3K/ i K ( LWL/ML) ¥ 37 25 5
PRI = XoF T 1 % Tk A 1 7
BT,

RS K Y =
1065. 732LWL/ML - 61. 630

1535. 119URW/ML +

MY, Bir e 57 9 H)

Miop o N Y = 2236, 231URW/ML +
237. 320LWL/ML —98. 172

R FHEE S A0 590 05 R R A7 R0 5], B0
Ao AT A, M M R BE S Y A B OE B R
100% , WEHEFi P 2 I 51 28 A 93. 3% , 4 E
TN 96. 6% o A& SLEIE I 45 1 5 ) 46 F1 i) AH
[F] o EE P BAE % i %) ) 1) T 232 Sy 100% , e
TP 2 ) ) 2 93, 3% , 4 K I E %k
96.6% (£ 8) .

RS WEMEETES WA P S A H B AR

Tab.8 The successful discrimination rate for female Sepia pharaonic and female Sepia kobiensis

& HIRHT i KA e it E1%/ %
B AH 5 2 R N N J=N IETi3/ %
SDA Species ﬁI&E"M . WF‘ E’M‘ . Total Accuracy
Sepia pharaonic Sepia kobiensis

WG ) FEHE W, Sepia pharaonic 29 0 29 100.0
Original result 1 50, Sepia kobiensis 2 28 30 93.3

28 LIk RBE S, Sepia pharaonic 29 0 29 100.0
Cross-validation 71 50, Sepia kobiensis 2 28 30 93.3

e T Bk /M (UHL/ML) |, E B/
A (URL/ML) |, ki 58/ fid 1 (URW/ML) F1° R
St i</ M (LHL/ML) 4 350742 g [H Xt 19 ol
PE S AT RIS I, B S BT R AR

JRBE SN -

Y = 479. 609UHL/ML + 591. 918URL/ML -
24. 069 URW/ML + 1400. 576 LHL/ML - 62. 412

H B A -

Y = 783. 494UHL/ML + 261. 397URL/ML +
558. 771URW/ML +920. 089 LHL/ ML — 82. 488
AR S 530 5 R EA T A S 5], 400 2 )
S AT IN A, R RE 5 W ) ) AE B R
100% , HEPER P S I3 R g 93. 6% , A5 IE
B3N 95. 4% o 28 SUKE Y 45 2R 5 900 4 I AR
L, HEPE R B O 100% , HEPEFEIN A 91. 5% , 1A
IIER R 93.8% (£9) .

R RTINS S A F B EMRE

Tab.9 The successful discrimination rate for male Sepia pharaonic and male Sepia kobiensis

BAHIH 3T LS

FhZE Species

ra %
SDA Species Eﬁi%m . TEFF' B"M . :l‘:oz;li EEAE%E;ZJ
Sepia pharaonic Sepia kobiensis
e ) FRBELL W, Sepia pharaonic 18 0 18 100.0
Original result B P 0, Sepia kobiensis 3 44 47 93.6
X IE FRIHELL W, Sepia pharaonic 18 0 18 100.0
Cross-validation P 5 Sepia kobiensis 4 43 47 91.5

3 St

X B ORI P 5 A T S 25 2 Mtk
TR B, BR LU AT AR EAL i (9 45 0 5 D
ilén‘/u%ﬁfi,Iﬁtfﬁtliﬁ%ﬁvﬁﬁ;@zxﬂtﬁﬂ“%‘%ﬁ
FIEE R ZE XTI ST RIS o R 5 IR] B B
B, 25, A ki K/ K LHL/ML

ZESEAN T U R BE S ORI P 5 T Sk 59
oyl BERAT B B R BE, A 5 B IX 23 Ok
X B % IR A P 2 A [ P 531 4 T ) L K

JCB, W AL E T ] 114 22 57 350/, AN 224
THHAT R85 HT

Laiiﬁkév\éﬂ‘ﬁ S DL PR BE S WA S 3

JRI R0 )2 5893 (LCL A UCL) A
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n2
5

¥k

27 %

(URL) , ¥ 7 5008 A J5T 590 A9 32 B 40 Rt 43 ol 2
A 53043 (UCL) MK (LRW) o J7 S+45 7 3
KOFHE 2 0 B 580 32 0 A s ) AR R A v
IRIAE 5ETB 4 FN BEFR 4, SR JE A 2%, 5
ASCEE AT AL ZAL .

FARAEA [F] IR 2H PR R AR 1Y £ JoT 50 45
SR AR, AT LA R AL %R 20 . bhopk gt
X 2R R V8 22 0 A I SR E AT R 9, R B
FURER KA Kk KR R K (RL/CL
F HL/CL) 19 LU AE AT AR A - VERE 52 £0 6 5T 5
KRR E RS bR AR EE Xh i ok
& 55 WA A BT T 5, R B R A Sk
TR KB RK AL E R AREK (RL/HL,
RL/CL fl HL/CL) X 3 4™ HETE R shi)N, 1
EERE , AR AR B AR A kA
A, T LA PR 5 T A AR E LA, FR
255 A ER Ay, v ROk X4 PR 0, WIS
R, PRI RN A P B ) b e 1 Sk TR
(URW/UHL) | |8 58/ | # % K (URW/UCL) |
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Species identification of Sepioidea in the East China Sea based on beak
morphology

MA Di', JIN Yue', CHEN Peng', FANG Zhou'***, CHEN Xinjun'*”*, CHEN Feng’

(1. College of Marine Sciences of Shanghat Ocean University Shanghai 201306, China; 2. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University, Ministry of Education, Shanghai 201306, China; 3.
National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; 4. Key
Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture, Shanghai 201306, China; 5. Marine Fisheries Research of
Zhejiang , Zhoushan 316021, Zhejiang, China)

Abstract; Based on 50 samples of Sepia pharaonic and 100 samples of Sepia kobiensis collected in the East
China Sea in 2015, the paper studied the species identification between Sepia pharaonic and Sepia kobiensis by
principal component analysis and stepwise discriminate analysis. Results showed that there were highly
significant differences in the 12 morphological parameters of beak between two species except LHL/ML. There
were not significant differences between male and female in both species. The total successful discrimination
rate for Sepia pharaonic and Sepia kobiensis by stepwise discriminate analysis was 94. 8% . The total successful
discrimination rate for Sepia pharaonic and Sepia kobiensis based on the result of principal component analysis
was 83.6% . The total successful discrimination rate for male Sepia pharaonic and male Sepia kobiensis was
93.8% . The total successful discrimination rate for female Sepia pharaonic and female Sepia kobiensis attained
96.6% .

Key words: Sepia pharaonic; Sepia kobiensis; beak morphology; the East China Sea
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