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Rl BB ka2t e BM#ATHRAAN. ERET, ENHALRIMHESSHEIL
By, PERGRAMREEBRAFEREF£7, HKRAELRA K IEMEEHKEF
EREEZF RAEFHA M EM2MEGERAATH X, FEOEZWRAMNEHRE N
92.4%, i KAt 5K A85.3%, KA IEHE H882%. REE KL AMER, U2HHHE L
WMERDBREEATINETY, AHERGNHVSSKILAEFMEANE SR, FE
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1 MRS 7
1.1 SCIg#t R

WEFEREAR 1 201 545 Z2 L i V14 ¥ 7 /K 77
ST HE AT AR T L U A 0 O R AR, —
HEREFAT R P MG 5 W (HEVE 292, METE40FE)
FIT00R AL (G A 5 R (e 48R, METES2IE). KA
AT VR 12 0 S 56 % T A o
1.2 £9FENE. ARINERRBHLE

WA RS . W€ 2 K (mantle length,
ML), K& (body weight, BW), %50M:5], A
KAEH 21 mm, AREEHE g,

B BCE AL T H AR A B s, A T75%
FOTRRG TP v A R PR 2 i, R AR R RO B
0.01 mm)X} £ i SO A AT . FRI & S
TS 6B, 43R ISk 554K (upper hood
length, UHL). %% (upper crest length, UCL).,
| B4 (upper rostrum length, URL). "%k %& (upper
rostrum width, URW). 34 (upper wing length,
UWL). I fljBEK (upper lateral wall length,
ULWL). TF:3k354 (lower hood length, LHL)., F
# & K (lower crest length, LCL). F K (lower
rostrum length, LRL). &k % (lower rostrum
width, LRW)., T3# K (lower wing length,
LWL). TF1ljEEK (lower lateral wall length,
LLWL).

fii H1JE BED 7505 s A AL X £A 5T 50 a3E 47 41
B, i FH SHAPESR 4 45 #1 Jot 5 1145 5 Ak Ay fi L
MRE, T80 RABGHEAT AR HEfL AL R (AT,
A2, ......, A20; B1, B2, ......, B20; CI,
c2, ......, C20; D1, D2, ......, D20, FLif
801N), I ZAFA 1 BT SANRIE 25 e 7744 L
FRECA R

1.3 HESH

¥ N B K S N O il DR R2VE S
X 27 A % A A% ) Fof A 5 Dk ) 1 A i ) £ S
2T S S MO AT B RO AR R

ERS MM K2R L 255 A R A
TRIE 52 Bk AT £ o B, RO RE S fE
il £ 5 50 B 2R AR AR S S 8, IR NI K Sr

A FRAR GG A X AR L R A G
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5 W 0 A5 TR T AR SO LU fE, e BRI
Kodlfa, #E474L0E B % J5 2% 53 HT (One-Way
ANOVA), i i Hh A 52 A4 K58 i i A e M8 A
Pt It R E R dr, R
FHI

29 46 B W 89 F) B 5 A7 53 50 R %
) 43 BT 0 35 32 843 14 43 BT 245 SR X 2R A 1 i
BT

QAL B ke pkAR FEALEERUT EE S
TARIAL FCHE 2 4530, % o4 3l iz i A% G il
2RI LI AT AR O A G

A G Hr 275 SPSS 19.0%% 14 kb BRSE I,
£ J5 #9114 B R {8 F PhotoShop CS6%% {4 F1SHAPE
AT AL

2 HEH

21 AERSINBIEASES

Hh L AR 5 A T A O S S 800 T 3
E AR K F AL A LR (1) B A B 45 IO &
SR DR SR AT R e AL IS, AR IRAR 2 Y
WS E N FE AR B I KT b A 5 (% 2).
WAt R R A R b, RN
D2AMESSEAR bR LB R e, A S
PO 2 AR A7 AE A S 35 22 55 (P<0.01)(3R3). 41
SR 270 A 2 AN [R) P A AR R AT B SO S S
L 48 bR g B8 s SRR 5, T EAS S
AT 1240 £ ot SE 25 S 50048 b L B AS A7 7 1 2%
S5 HICAHE S A UHL/ML . UCL/ML., URL/
ML. ULWL/ML., LHL/ML, LCL/ML. LRL/
ML. LRW/MLAILLWL/MLEAETE 38 22 5(P<
0.05)(#3)

22 ERSTOWER

Hh AR T A R ) R R SR S R B
FEFGER3), WUILHMRERAS AT,
b A 5 R 2 A R 1) o T SO 8 3 2
(GR3), FE R HTIA R CBRUFFIEE K T 1 A
I3V AR T R B I W A R
3N ERMAHE T, HEHEREA 3 ST I
Xt A PR far R AT B KT 25 e

AR 5 AR SR — R B P 3o R
B K MUHL/ML, 40.907; 48— F W1
A 2B K HLRW/ML, 50.860(F4), #HI%
2 Tl P AR B — 32 40 TR R R T AR R
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Tab. 1 Beak morphological parameters of L. chinensis and U. duvauceli mm
A BH RS L chinensis S U duvauceli
morphologic parameters RKME HR/ME FHME = INIE HR/ME FEME
max value min value average value max value min value average value
Fk#EK UHL 17.02 8.94 11.70 11.30 3.98 6.77
EHRK UCL 23.62 12.11 15.87 15.67 6.58 9.99
k%K  URL 5.18 2.03 3.13 3.42 1.36 2.38
%% URW 422 2.02 2.82 2.98 1.01 1.87
EEK ULWL 18.89 8.27 12.39 13.89 5.32 7.61
F#EEK UWL 7.24 2.58 4.84 6.86 1.68 3.33
ki LHL 7.62 2.92 4.56 4.30 0.83 2.81
THREK LCL 13.31 6.94 9.45 7.94 2.52 5.47
K LRL 4.73 2.17 3.12 2.98 0.98 2.08
TP LRW 5.53 2.42 3.79 3.59 0.78 2.11
FEEK  LLWL 15.88 7.40 10.61 10.72 3.45 6.89
TEEK LWL 11.89 4.41 7.46 7.05 2.01 4.44

xR2 HEEEHALKRIEEHARATLSSH
EL R ARt E
Tab.2 Average beak morphologic ratio index of

L. chinensis and U. duvauceli

S FE FCHE 2
TEASH LG T bR L. chinensis U. duvauceli

morphologic ratio index MePE MEME S MEME MM

female  male female  male

FRFKMEEK UHL/ML 0.07 0.06 0.08 0.07

FHERKEE UCL/ML 0.09 0.09 0.12 0.11

% K/FE URL/ML 0.02 0.02 0.03 0.03
% %E/F€  URW/ML 0.02 0.02 0.02 0.02

B/ ULWL/ML  0.07 0.07 0.09 0.08
FRK/MAEK UWL/ML 0.03  0.03 0.04 0.04

kKM LHL/ML 0.03 0.02 0.03 0.03

THERK/ME LCL/ML 0.05  0.05 0.07 0.06
T&/MA€  LRL/ML 0.02 0.02 0.03 0.02
T SE/MAE LRW/ML 0.02 0.02 0.03 0.02

TMEEK/MAK: LLWL/ML  0.06 0.06 0.08 0.07

THEEK/MHEK LWL/ML 0.04 0.04 0.05 0.05

KAUCLML, H0.879; &% — F i K5 rh & fif
ZHUR RN URL/ML, 40.644; 55 = F 01
AT R EUR K NLWL/ML, 50.749(F5), #I%
e % A e R A B — 32 40 PR v AR AT AR B

K MLLWL/ML, 50.844; %5 — F @l HFrh#
fif ZEUR K HLRW/ML, 40.795; 46 = F 4
TR R B K HURW/ML, “H0.598(6).

23 FERSSHMAKBXR

AR S UHLAIMLIE 225X ML=10.017UHL+
62.918 ( R’=0.513, P<0.001) . MEPEH: A L0
LLWLFIMLE R, . ML= 11.856LLWIL+3.448 ( R*=
0.656, P<0.001) . HEPEF: AR 2 UCLAIMLIE
Z:: ML=9.1512UCL+2.7069 ( R*=0.519, P<
0.001) .

24 REMIER

T ANOVASHHT, HEAM S0 15U A L
B AEAS [F) IR 4 (8] S5 AN A7 7 o 25 25 5 (P>0.05), H]
N Z AR R EERe AR T bR
TLRW/LHLAN, Hofth o AE 7F A 8] i 4 [8] 259 A 77
1R 35 22 5 (P>0.05), AT AN 2 A KR B R
FEPEFE AR

OHE P R PG 2 . R ST N
[) Jl 4 () 34 AN FE A f 3 25 5 (P>0.05), 1T 2R
KR Z KR R AR e R AR o M AL R AR S
B SR T URW/UCLAL,  Hofth oA A8 AS [) i K
8] ¥ ANFFAE 3 22 F(P>0.05), AR ANZ 4K
S RS E tEAE bR F SR T LRW/LHLAILRW/
LWLAL, Hofth FoAE 76 AS [5) i K (6] 39 A7 7F B 3
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R3 HEERRIELBEREPE)
Tab.3 Results of hypothesis test of means’ difference (P value)
[ — A [ ) L

iz iCitan=n | ENGE L comparison between different genders in the same specie
morphologic ratio index comparison between different species RS L. chinensis MRS U duvauceli

kKK UHL/ML 0 0.115 0.011
FHERK/MIK  uCL/ML 0 0.260 0.001
B/ URL/ML 0 0.811 0.043
B FE/MRK URW/ML 0 0.300 0.291
b mEEK/f K ULWL/ML 0 0.222 0.023
ERK/MK UWL/ML 0 0.881 0.091
Tk /MK LHL/ML 0 0.261 0.003
THRK/MIK LCL/ML 0 0.203 0.001
KK LRL/ML 0 0.518 0.002
TEFEMEK LRW/ML 0 0.700 0.003
TUEEK/HRK  LLWL/ML 0 0.911 0

TEK/HE LWLML 0 0.598 0.056

F4 PEREHARIEHST S

Tab.4 Principal component analysis for beak of L. chinensis

EZH BT BT
morphologic parameters first principal component second principal component

ERE KK UHL/ML 0.907 0.289
FHERK/MK UCL/ML 0.093 0.775
EBK/AK URL/ML 0.188 0.745
LB E/MAK URW/ML 0.902 0.097
EMiEEK /K ULWL/ML 0.591 0.445
EEK/MEK UWL/ML 0.167 0.754
TERF KK LHLML 0.817 0.442
THERK/MK  LCL/ML 0.281 0.663
FEK/MAK LRL/ML 0.021 0.860
R E/MAK LRW/ML 0.573 0.619
TREEK /MR LLWL/ML 0.894 -0.090
TEK/FK LWLML 0.907 0.289
HHIE{H  eigen value 5.649 2.065
J7 Z53#kZ/%  variance contribution 51.350 18.776
R TTHR % /%  cumulative variance contribution 51.350 70.126

25 (P>0.05), AIRCNASSZ A K SZ I AR e PEFE PR UHL. URL/UCL. UHL/UCL. URL/URW#HI
o 2 L b AT RS M AR R iR T 25 URL/ULWLIX 74~ HAE 78 2 6 2 Wk [ 77 76 A (3
SR K, KMURL/UHL, URW/UHL, UWL/ Z5(P<0.01),
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Tab.5 Principal component analysis for beak of male U. duvauceli

TEESH H—T R B F R BT
morphologic parameters first principal component  second principal component third principal component
bk KA UHL/ML 0.614 0.561 -0.216
EHRK/MEK  UCL/ML 0.879 0.043 -0.178
K/ URL/ML 0.596 0.644 0.016
EEE/MAK URW/ML 0.684 -0.553 0.109
fuEEK/fAH  ULWL/ML 0.561 -0.134 ~0.540
EEK/MEK UWLML 0.594 -0.352 0.079
Tk#E KK LHL/ML 0.665 0.188 -0.438
TMHERK/MK  LCL/ML 0.814 -0.062 -0.007
THEK/MEK  LRL/ML 0.657 0.235 0.213
TR GEMRE LRW/ML 0.625 0.256 0.283
TNUEEK /MR LLWL/ML 0.509 0.562 0.234
TEK/MFEK LWL/ML 0.429 -0.023 0.749
FHIE{Y  eigen value 5.012 1.656 1.322
T ZE Tl /%  variance contribution 41.770 13.797 11.016
KT DIk %E /%  cumulative variance contribution 41.770 55.567 66.583
Fo6 MEMHRCSWARAERSD W
Tab. 6 Principal component analysis for beak of female U. duvauceli
TBEZH H—ERSr BERSY = F R
morphologic parameters first principal component  second principal component third principal component
ESk#EKMEK UHL/ML 0.693 -0.182 -0 355
ERRKMK UCL/ML 0.774 —0.325 —0.117
WK/ URL/ML 0.724 -0.306 0.394
EESE/NREK URW/ML 0.644 -0.161 0.598
B/ ULWL/ML 0.754 —0.218 —0.206
FEK/AE UWLML 0.597 -0.114 0.476
Tk KK LHL/ML 0.563 0.416 -0.078
THERE/NEK  LCL/ML 0.654 0.162 —0.274
KK LRL/ML 0.490 0.661 0.137
MK LRW/ML 0.314 0.795 0.128
MR/ LLWL/ML 0.844 0.050 -0.070
TEK/ME LWL/ML 0.697 ~0.029 -0.414
FFHEME  eigen value 5.225 1.589 1214
J7 ZETTHRZ /%  variance contribution 43.539 13.239 10.120
2t 5% /%  cumulative variance contribution 43.539 56.778 66.898

X2 AR 5 IR S A IR E R AR

A7 22
SR, ZMLRL/LCL. LCL/LLWL,

LRL/ W d 3 25 5 (P<0.01),

LRWFILRW/LWLIX 44~ H B 7E 20 A6 12 W [) 47 7E

http://www.scxuebao.cn
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279 M 2 % 18] 69 H) 7 K F 3% A 1 50 43t
X2 S AT 0 25 . K3 Wilks’Lambdaik
X 12000 S BB A8 AR E 17 0 %6, ¥E4F T URL/MLAN
LLWL/ML 235 4% s PR % 2 4G L ik 47 218
=2 iy .

Y = 80.192UHL /ML + 64.534LRW /ML
+319.288UCL /ML + 241.998URL /ML
+91.164L WL /ML +237.152LLWL /ML
+60.364LRL /ML — 38.218

) N7 B ) ) AR AT RS R ), R
M 2 I ) TF 80 30 591 4 98.5%, M F AR 12 Ik 1 H1
I IE AR R 88.4%, S H Il IE A >R 92.5%, 3 X

HOE M IO Y =296.968 x URL/ML+  FIBAMHTIA N, H A I I i 0 5011 16 25 4 98.5%,
446.726 x LLWL /ML —16.528 A 2 11 20 30 T 00 26 M 84.2% i 4 )
KR 5 W . Y =561.601 x URL/ML+  490.1%(%8).

560.299 x LLWL /ML — 30.266
I ST ) 500 7 R AT R A, b
2 0 4 10 ) DE 6 R R 93.9%, A FGAR B3 K 531
IE#f 4 86.3%, EHIH IEH 5 H89.4%, 58 X
WER S5 S 5RO AL, i B K 92.4%,
ol A 2 A 85.3%, b A 1) 1 7 %6 4 88.2%(£ 7)
MR 3 A AT g 5, DA 8RR AR E P
TR AE B W E S S5 146 R UHL/ML . URL/
ML. UCL/ML. LRW/ML., LWL/ML .,
LLWL/MLFILRL/ML#E 57 3 51 ek %k .
S RNESE T
Y = 184.581UHL /ML + 151.933LRW /ML
+235.104UCL /ML + 19.091URL /ML

+117.905LWL /ML + 104.747TLLWL /ML
—40.403LRL /ML — 24.169

b FCAR £ 0 -

[B] — M B 24 M B K 69 H A K H3Z 2 )
53 BT R[] — 1 Sl 2 AR 2 IR AT o 25 AR
Wilks’ LambdaiZ Xt 12350 2 BU{H 48 br 147 0 1E
#EHUHL/ML, UCL/ML, URL/ML, URW/MLAI
LLWL/ML 53 A% & [K 7 X 2 M PEAR 5 I 2E 1 7
FRUCH, R TR

H A T -

Y =239.037UHL /ML + 215.491UCL /ML

—112.500URL /ML + 233.431URW /ML
+170.168LLWL /ML — 24.360

AR B3 A
Y =49.504UHL /ML + 314.158UCL /ML
+336.360URL /ML — 74.703UR W /ML
+400.552LL WL /ML — 41.829
AT ST 4500 7 R E A7 Rh A5, e
H AR L B O3 IE T R D9 100%, EPE KL AR

®7 BETESFHNDHENDERS M KA S WA F A IE#HE

Tab.7 The successful discrimination rate for L. chinensis and U. duvauceli based on stepwise discriminant analysis

B 5 53 H 2k w2 i FE AR 2 I Bt EHZ/%
SDA species L. chinensis U. duvauceli total accuracy
HILEH] FEMSW L. chinensis 62 4 66 93.9
original result
MR U duvauceli 13 82 95 86.3
28 SAIE P EM IS L. chinensis 61 5 66 9.4
cross-validation
MR U duvauceli 14 81 95 85.3

®8 ETEHMDHNHTHERS MMM K SMMEH A ERRE

Tab. 8 The successful discrimination rate for L. chinensis and U. duvauceli based on principal component analysis

B H R 53 Fihzk o A FE AR 5 iy B St RE IERIZ/%
SDA species L. chinensis U. duvauceli total accuracy
46 F 73] HEM SR L chinensis 65 1 66 98.5
original result
MRS U. duvauceli 11 84 95 88.4
A X BIE HEM S L. chinensis 65 1 66 98.5
cross-validation
MRS U. duvauceli 15 80 95 84.2

http://www.scxuebao.cn
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) IE A R R 98%, 5 K ) IE R 4 98.9%
28 SUIHIE () 45 5 500 b 0 AR AL, e P E AR
L 100%, MEPER: A 28 96.1%, &) 5]
EHH N 97.8%(£9).

#E#FUCL/ML, URL/ML, LCL/MLFILLWL/
ML 450 A8 5 K 7 X6 276 B 4 1% I 0 £ o 26
=S 2 7

T A

Y =338.937UCL /ML — 47.248URL /ML

+213.671LCL /ML + 268.70SLLWL /ML
—28.464

AR B A
Y =467.081UCL /ML + 197.103URL /ML

+54.889LCL /ML + 349.762LLWL /ML
—42.847

IR 3 7 00 0 550 5 R AT R, e
r T g T ) 1) IE B R R 92.9%, kM A [ AR:
13 R 1 TE B N 88.6%, i H ) IE A R 49190.3%.
ZESIF Y ZE S SRR P AL, et v A 5 0k
189.3%, MEPER: [CHE SR 79.5%, S H E B
K H83.3%(F10),

2.6 2fPLIETTIERIEEER

A FI A, M PEWilks’ Lambdayk X 123 %
BOE A8 hr 47 0% %, %EFFURW/ML, LCL/ML
FILLWL/ML 355 4% 8 PR 7 X6 2 b 1 I 0 £ 7 ol 2
U3 vt 2 By
Hh A L
Y =—3.354URW /ML —7.985LCL /ML
+17.128LL WL/ML —1.045

AR B
Y =—86.228URW /ML — 56.017LCL /ML
+111.271LLWL /ML — 71.374

IR EE S 0 T B AT RIS R0, AR 5
A 40 ) 591 TE B R 100.0%, K FR S 12 T8 591 1E
F490.0%, s H 5] IE A 3R 95.0%(F 1), X
LR A R o) B B2 1= GRS S ES (R E Y )
100.0%, 1 FCAR 5 4 80.0%, & ] 1) IE 7 %y
90.0%.

5 A 5 AR 2 4 B 774 1 L R A
HEAT B A F 3 B, MK HE Wilks® Lambdaik )
TIANFZEHAT IR, A EHE T A4, A12, B4,
BI18. C2. C8. Cl6, DI, D5, D20iX 10T 25

K- XF 2FP A S b . N SRR T R 2, EEaT
0 2 75 3] 1Y 1239 £ 5 SO R IR S S 8T FRN I
Fz 9 ETESHH S AR P E S BRI RS S B A 5l E
Tab. 9 The successful discrimination rate for female L. chinensis and female U. duvauceli based on
stepwise discriminant analysis
BB A 5 o [LES R S R A S R Bt IREA
SDA species L. chinensis U. duvauceli total accuracy
WIga A5 HEM S L chinensis 38 0 38 100
original result
ARSI U duvauceli 1 50 51 98.0
2 SLHAIE FEMS L chinensis 38 0 38 100
cross-validation
ARSI U duvauceli 2 49 51 96.1
Fz 10 EFERS TN S E S WA M Re S A3 5 EE#E
Tab. 10 The successful discrimination rate for male L. chinensis and male U. duvauceli based on
principal component analysis
BRI 53 B (LB rh R FE AR S R Rt/ NRGEIA
SDA species L. chinensis U. duvauceli total accuracy
HIGHF 5 FEMSE L chinensis 26 2 28 929
original result
HIRMSIE U duvauceli 5 39 44 88.6
28 XHGAIE FEMSIE L chinensis 25 3 28 89.3
cross-validation
FIRMSIE U duvauceli 9 35 44 79.5

http://www.scxuebao.cn
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Tab. 11 The successful discrimination rate for L. chinensis and U. duvauceli based on stepwise discriminant analysis

B H o3 A Pl o E 5 i R FE A I/ RtE /%
SDA species L. chinensis U. duvauceli total accuracy

HIEEH FERE S L. chinensis 30 0 30 100
original result

MRS U duvauceli 3 27 30 90.0
X HAIE FEME S L. chinensis 30 0 30 100
cross-validation

MRS U duvauceli 6 24 30 80.0

Hh AR B 5

Y=74.45744 — 229.454412 — 55.713C2
+200.074C16 + 509.569D5 — 10.691

IEHR M86.7% , At FAE 1 I K 51 1E 7 %2 4 86.7%,
SR TE AR R 86.7% . 38 UG IE A 45 5 5 1) iR
FIPIARRL, T E A R 80.0%, A FRAE 12N

86.7%, b FI R IE 1% 83.3%(K 12),

FEF TSR0 BT, v FE R A ) )
IEAfE4100.0%, A LGS 24 A 31 TE 56 %4 96.7%,
S IE R A 98.3%., 38 G IE Y45 R 501 1R
FIGNARARL, T E 2 93.3%, AT RAS LN
96.7%, L HI A IE 86 4 95.0%(%13)0

FE FRA 5 W5

Y =13.00144 — 17.4704 12 — 36.126C2
—195.820C16 +293.322D5 — 4.261

T FE A B AT 5

Y = —898.15684 + 76.3058 18 + 283.972C2
—1332.203C8 + 1543.639D1 + 2256.820D5
—9766.598D20 — 550.341

it FRAG 5 T 5 -

Y=-1174.219B4 +1718.618B 18
+134.183C2 — 885.415C8 4 1686.096D 1
+2808.528D5 — 11627.313D20 — 606.416
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* 12 FEEMEI M S ETEF R EHE

Tab. 12 Result of classification for upper beak between L. chinensis and U. duvauceli based on Fourier analysis by SDA

BRI 53 [LEN w1 FE AR S W R Sit/RE B/ %
SDA species L. chinensis U. duvauceli total accuracy

HIGH 5 FEALIE L chinensis 26 4 30 86.7
original result

HIRMSIE U duvauceli 4 26 30 86.7
3 XHAIE HEASIE L. chinensis 24 6 30 80.0
cross-validation

FIRMSIE U duvauceli 4 26 30 86.7

* 13 FEEMEI M S TR 5] E#HE

Tab. 13 Result of classification for lower beak between L. chinensis and U. duvauceli based on Fourier analysis by SDA

BRI 53 B LIS rh R FE AR S R MtRE IR /%
SDA species L. chinensis U. duvauceli total accuracy
HIGHF 5 FEALIE L chinensis 30 0 30 100
original result
HIRMSIE U duvauceli 1 29 30 96.7
A XHAIE HEASIE L. chinensis 28 2 30 93.3
cross-validation
FIRMSIE U duvauceli 1 29 30 96.7

http://www.scxuebao.cn


http://www.scxuebao.cn

24 Ty, S R A SR 25500 AR i A DAS 427

SOMTIE SN 25, NABSAEME TR GE
SE AR AL T AR . 6k b A S AL TR AG 5
AN TR 1) T 0 ) b A & B, R TR 2 Tl e
] 22 TR AP AE W 3 25 7, AR o MERRE AT S
ES% i
3.2 EMSOMH

W R AT, R I E A S A BT
) 3= B R 43 o) 02 Sk 5 &8 4r (UHL) F B S
(LRW); M A QA S A Jo 0 Y 2 1l o0 P 140
2 83 (UCL) . Bk (URL)FIBL AR (LWL),
O %) 2 8 g3 PR3 3 ) i A e S 3 (LL WL ) T 5
HRLRW ., URW). F LA A A [ A 5 A o 53 )
AR FEREL TRy . AR I A K R
AR FMBEER 73, HRIE R, x5 75 fHaE
Xt A6 KA1 22 1 (Ommastrephes bartramii)ff Jii 5
5T 45 SR A0 — 3K

2P 1Y S B IE S BRI K 2 2
AILEMEAROG , X 5 MROAREE 0 2R T R P T 2R
i (Todarodes pacificus). #7855 A 81 4246
B (L. edulis). ARMREE TR AT SO 2 (L.
beka) W FT 45 KA — B, UL W AR I T 4G 2 I
2R 5N IR 25 K S B0 IR K 5 4 A
K, WMIEARFERMHE LT BN ZES, Wkl
X HHATIX 58 o

3.3 BEMIERR

N T) A e 2 PR 4 A Y R A 4 1 L
B, TTLLHRAE N R ZFI A 20, i 2fh
ST R Ll , R EREREN
o, AR X 2t B, PR, hE
6 1 R G AR 5 0 ) URL/UHL , URW/UHL .
UWL/UHL, URL/UCL, UHL/UCL, URL/URW
URL/ULWL., LRL/LCL. LCL/LLWL .
LRL/LRWAHILRW/LWLIX 114 b 4 48 b i 2 5%
F, AT LA Ok D) 2R 12 0,

3.4 FIH o2

FLAT, R T A 5 s Sk 2 2R 2R AT 20 28 4 531
W sE 2R ML ekt A 0
AWTTE R B, T A 50 53 A e 45 14 40 531 1E
0 38 W AT T i T S A3 5 2R 0 0 01 43 A T A £
IEMA, Wik, 4GRS, TR g
A ERI o B, PR HURE U8 F AL AR B S A K A R
2%, s A e B, RS

GEIL RTINS

Gy WERFEXT 2R AR B W AT 3 250, ERE Y
3] Ty LR T O D0 AR R R, T
F4 4] 531 1 Al 38 AR T AN DX o0 A A 45 2R, 1
270G 2 D Py T S P ) ) 22 S P
PhAN - PRRETE DX 0 2 FfA 55 i il A% A1 T T
MR, SR 2RI, RRRE R,

3.5 2fAL IR ARV EEER

BRIk R R LA R 25 vk 2 —
FRAE T A% g i 27 vk O MERR , TR 2R A H £
HFIBIBETE P B AR T2 R, Ak 2R
M AT AR DG 5T R AR IS LU T A% SE il
S T R L I 3 A A R A S5 O 2
AP 5, 45 R S s ) A HEL I XA 5 L 5
14 340 591 IE Bl R AR T AL G oA ik i E 2R, i
S ) I B R TR SR Ak Y A
Ho Clarke™ AN T EIOESHERE, 257
W, NI IS A MR, SASER
IR chion = NCIRNECS =9 AL SR 1116 00 N N U< R/
I 5 22 oz A B L S5 LA 25 I 17k

S E k-
(1] BREZE, Xk, T3t Ak MY, b g
Hi A AL, 2009

Chen X J, Liu B L, Wang Y G. World Cephalopods[M].
Beijing: China Ocean Press, 2009(in Chinese).

[2] AR E B ELR . A E S %-2016[M].
Jemt: O B iR, 2016.
Fisheries and Fisheries Administration Bureau of the
Ministry of Agriculture. China fishery statistical
yearbook-2016[M]. Beijing: China Agriculture Press,
2016(in Chinese).

[31  WRIE. Wi pE AR b it ol 3 8 AT #7808 H 9 42 (D).
T8y P R OR A, 2009.
Miao Z Q. Study on sustainable utilization of fishery
resources in offshore water of southern Zhejiang
Province[D]. Qingdao: Ocean University of China,
2009(in Chinese).

[4] fRAS, Hate, ZaW, 5 A RS BB 61T A
BT[], JE TR 244, 1979(3): 99-104.
He D R, Xiao J H, Luo H M, et al. Study on the
phototactic behaviour of squid (Loligo duvauceli

d’Orbigny)[J]. Journal of Xiamen University, 1979(3):

http://www.scxuebao.cn


http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://dx.doi.org/10.3321/j.issn:0438-0479.1979.03.010
http://www.scxuebao.cn

428

Ko AR

43 %

[6]

[9]

[10]

99-104(in Chinese).

BRA, B /3%, s, S5 5 5 AL IRAe 1 e R
B BT 5 LT, T ARG E R B AR, 2016, 36(1):
19-24.

Qiu Y, Zeng S K, Zhang C H, et al. Nutritional
component analysis and quality evaluation of
Symplectoteuthis oualaniensis and Loligo duvauceli[J].
Journal of Guangdong Ocean University, 2016, 36(1):
19-24(in Chinese).

WED. GG AT AT K R KM rEATE
FERWIFI]. BIEIEIE, 2004, 23(3): 331-340.

Huang M Z. Study on feeding habits and nutrient level of
four cephalopod species from Taiwan Strait and its
adjacent areas[J]. Journal of Oceanography in Taiwan
Strait, 2004, 23(3): 331-340(in Chinese).

ST, X 55 . AR X AL o S K o AT A
SEHERCY/ P E BT HRE T KK il
ARBIZEH — SRR ERL RS R CE. HIR: E
PRTK= 523, 2010.

Zhang Z L, Liu Y. Quantity distribution and biological
characteristics of Loligo duvauceli in the East China
Sea[C]//Proceedings of the Fisheries Academic Forum
and the 26th Academic Exchange Conference of the
Fisheries Society of 16 Provinces(cities and districts) in
Southern China. Chongqing: Chongqing Society of
Fisheries, 2010(in Chinese).

TR TE, b, UL, S ) R - GV R 3 v [
Mo 2 W AE M2 R PR RE S [D]. AR K77, 2008(1): 1-5.
Zhang Z L, Ye S Z, Hong J M, et al. Biological
characteristics of the Chinese squid (Loligo chinensis) in
Minnan-Taiwan Shallow Fishing Ground[J]. Journal of
Fujian Fisheries, 2008(1): 1-5(in Chinese).

DR B A o [ G A O P S 28 P52 1 300 ) 400 6 BF ).
HFEERLEE, 1983, 7(1): 44-46.

Ou R M. Preliminary study on the stages of gonad
maturity of the squid, Loligo chinensis gray[J]. Journal
of Marine Science, 1983, 7(1): 44-46.

N, PSR LR v G R A ) R AIE L B R
RIEA ISR T[], Wb B2, 2011, 50(13):
2716-2719, 2735.

Li Y, Sun D R. Biological characteristics and stock
changes of Loligo chinensis gray in Beibu Gulf, South
China Sea[J]. Hubei Agricultural Sciences, 2011, 50(13):
2716-2719, 2735(in Chinese).

http://www.scxuebao.cn

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Wolff G A. Identification and estimation of size from the
beaks of 18 species of cephalopods from the Pacific
Ocean[R]. U.S.A: NOAA Technical Report NMFS,
1984, 17: 50.

Kk, BRHTE, 7 fE, 55 HET A PSR Rk R 2R
T2 [T]. M3 57, 2015, 46(6): 1365-1372.

Liu B L, Chen X J, Fang Z, et al. Species identification
of cephalopods based on beak morphometric
variables[J]. Oceanologia et Limnologia Sinica, 2015,
46(6): 1365-1372(in Chinese).

T3 Fk, BT, BT, S5 ACP PP 22 0 R A4 A
JRBE S KA KEFE[T]. A& %, 2014, 34(19):
5405-5415.

Fang Z, Chen X J, Lu H J, et al. Morphology and growth
of beaks in two cohorts for neon flying squid
(Ommastrephes bartramii) in the North Pacific Ocean[J].
Acta Ecologica Sinica, 2014, 34(19): 5405-5415(in
Chinese).

Bitkak, 2, QIR 5. ZRIER-F AR 2 0 A i
SUTERS A AT ], P L R 24 4R, 2012, 42(10):
51-57.

Yang L L, Jiang Y Z, Liu Z L, et al. Variation analysis
on partial morphometric measurements of beak of
Todarodes pacificus inhabiting East China Sea[J].
Periodical of Ocean University of China, 2012, 42(10):
51-57(in Chinese).

IRAN, R, 2L, S5 RIS S 5 A BT
MRS AR AR ME[T]. W rEall, 2016, 38(3): 245-
253.

XulJ,LiuZ L, Li S F, et al. Morphology and growth
characteristics of Uroteuthis edulis beak in the East
China Sea[J]. Marine Fisheries, 2016, 38(3): 245-253(in
Chinese).

Bikak, LI, X, 5. AR O L A BT 50
TERSRHED]. T E KR, 2012, 19(4): 586-593.
Yang L L, Jiang Y Z, Liu Z L, et al. Analysis of beak
morphology of Loligo beka in the East China Sea[J].
Journal of Fishery Sciences of China, 2012, 19(4): 586-
593(in Chinese).

TWYLW, BR7KAR, BRI, 55, RS 5 P A B A4k ]
BB 2 5 40 B (3], P R K22 44, 2015,
45(10): 42-49.

FanJ T, Qiu Y S, Chen Z Z, et al. Morphological

difference of the beak between two stocks of


http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1673-9159.2016.01.004
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1000-8160.2004.03.012
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.1006-5601.2008.01.001
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.13.038
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.003
http://www.scxuebao.cn

2 4 oo, SF R BHUR SR 50 AR R R DA 0 429
Sthenoteuthis oualaniensis inhabiting South China [21]  ZMEAE, FR5L2, BT, & A E A 9 ke iR
Sea[J]. Periodical of Ocean University of China, 2015, o [50) R0 Feb 0 0] TR 301 R0 SR EE AR BIF A7), R /Kl
45(10): 42-49(in Chinese). 2013, 43(1): 14-18.

[18]  Martinez P, Sanjuan A. Guerra A. Identification of //lex Li HH, Guo HY, Tang W Q, et al. Comparative study
coindetii, 1. illecebrosus and I. argentinus (Cephalopoda: of two otolith shape analysis for genus Coilla species
Ommastrephidae) throughout the Atlantic Ocean; by and stocks identification[J]. Freshwater Fisheries, 2013,
body and beak characters[J]. Marine Biology, 2002, 43(1): 14-18(in Chinese).

T41(1): 131-143. [22] Neige P, Dommergues J L. Disparity of beaks and

(191 J5 9%, B2, BRALA, S5 BTAR S o R 0 7 A T 42 ) ‘ . .

tatoliths of some Coleoids: a morphometric approach to
B A BB 22 57 0], £ 24R, 2012, 32(19): . . o
depict shape differentiation[J]. Abhandlungen der
5986-5997.
) Geologischen Bundesanstalt, 2002, 57: 393-399.
Fang Z, Chen X J, Lu H J, et al. Morphological i
‘ ‘ ) , [23]  Z5HL, J7AF, BRITE. 2R ORVETE R KA R BUE SR
differences in statolith and beak between two spawning
P B B Y . _
stocks for /llex argentinus[J]. Acta Ecologica Sinica, ST EER). 3L, 2016, 38(3): 225-235.
2012, 32(19): 5986-5997(in Chinese). Su H, Fang Z, Chen X J. Beak shape identification of

[20] Campana S E, Casselman J M. Stock discrimination two oceanic squids based on different methods[J].
using otolith shape analysis[J]. Canadian Journal of Marine Fisheries, 2016, 38(3): 225-235(in Chinese).
Fisheries and Aquatic Sciences, 1993, 50(5): 1062- [24] Clarke E M R. A handbook for the identification of

1083(in Chinese).

Cephalopod beaks[M]. Oxford: Clarendon Press, 1986.

http://www.scxuebao.cn


http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.1007/s00227-002-0796-7
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1000-6907.2013.01.003
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2016.03.001
http://www.scxuebao.cn

430 KopE o R 43 45

Species identification of Loliginidae inhabiting the East
China Sea based on beak

MADi', JINYue', CHENPeng', CHEN Xinjun'***, CHEN Feng’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, 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 Ocean University, Shanghai 201306, China;
5. Marine Fisheries Research Institute of Zhejiang, Zhoushan 316021, China)

Abstract: Based on 69 samples of Loligo chinensis and 100 samples of Uroteuthis duvauceli collected in
Luchaogang in November of 2015, the paper studied the species identification between L. chinensis and U.
duvauceli by principal component analysis, stepwise discriminate analysis and Fourier analysis. Results showed
that there were highly significant differences in the 12 morphological parameters of beak between two species.
There were also significant differences between male and female U. duvauceli. The total successful discrimination
rate for L. chinensis and U. duvauceli by stepwise discriminate analysis was 88.2%. The total successful
discrimination rate for L. chinensis and U. duvauceli based on the result of principal component analysis was
90.1%. The total successful discrimination rate for male L. chinensis and male U. duvauceli was 83.3%. The total
successful discrimination rate for female L. chinensis and female U. duvauceli attained 97.8%. The total successful
discrimination rate for L. chinensis and U. duvauceli based on the upper beak by Fourier analysis was 83.3%. The
total successful discrimination rate for L. chinensis and U. duvauceli based on the lower beak by Fourier analysis
reached 95%.
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