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morphology, geometric morphometrics contains the landmark and outline method. Although the type of
landmark is identified, the study of beaks based on the method of landmarks does not have a criterion for the
selection of landmarks, so it is necessary to explore how many landmarks and samples are necessary to
indicate the best variation of the beak pattern. Based on samples of 300 pairs of Uroteuthis edulis beak caught
in 2018 - 2019, traditiona morphological measurements of beak are used to explain basic morphological
differences. Using the R-language geomorph package “gpagen” and the LaMBDA package “LaSEC”
(Landmark Sampling Evaluation Curve) functions, the centroid size of the landmark data of 10, 20, 28
landmarks and 50, 80, 100, 200, 300 pairs of sample combination schemes is calculated, the centroid size is
calculated, the landmark sampling evaluation curve is obtained, and the landmarks and sample numbers are
explored to best demonstrate the degree of variation of the beak pattern. Finally, the morphological variation
point of the whole beak sample is analyzed quantitatively, the point of large variation of the beak pattern is
preserved, and the specific punctuation scheme is determined according to the best landmark number scheme.
The standard deviation of the 12 morphological parameters of the beak between different samples was found
to be large (Table 3), and the size of the beak increased significantly with the increase of the landmark (Fig. 3).
Under different schemes, the slope and dispersion degree of the landmark sampling evaluation curve are
significantly different, the three landmark schemes reach the optimal fitted value of the number of landmarks
are different, 28 landmark scheme sampling curve with the increase of landmark collection subsampling curve
slope gradually decreased, the variance gradually decreased (Fig. 4, 5). In order to best show the degree of
morphological variation of the beak (F = 0.99), 26 landmarks were used in the upper and lower beak when the
beak sample was about 50 pairs; The sample was 50 - 300 using 27 landmarks (Fig. 6). In addition,
guantitative analysis of the morphological variation of the overall beak study sample (Fig. 7) found that, under
the premise of ensuring the integrity of the beak form, 1 - 2 points were deleted on the basis of 28 landmark
schemes to arrive at the best landmark scheme, that is, 26 landmarks: the upper beak deleted landmarks 5, 7,
the beak deleted landmarks 5, 25; 27 Landmarks: upper and lower beak remove landmark 5. Using LaSEC
method to quantitatively analyze the number of landmarks and samples, it is possible to propose a quantitative
scheme to maximize the representation of morphological variation and centroid size. In addition, after
analyzing the optimal humber of landmarks, it is still necessary to combine the morphological variation map
of the overall study sample, and according to the different types of landmarks definition, on the basis of
ensuring the integrity of the pattern appropriate removal of small pattern variation points. Through a variety of
considerations to clarify the beak landmark scheme, for the follow-up based on the landmark method of the
head-foot beak morphology research to provide a scientific basis.

Key words: Cephalopods; Beak; Landmark number; Quantitative research; Landmark sampling evaluation
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Fang et al. 2016). Fi2E%E (Fang et al. 2018,
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Fig. 1 Schematic diagram of morphometric measurements of beak

a F%i; b. FT%i. a Upper besk; b. Lower beak.

A, Bk#Ks B, BAERK: C EBK; D B E BUEEK; F ERK; G ThifHk: H O FERK: I FTBK;: J FHE;

K. FEER; L FRK

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; |. Lower rostrum length, LRL; J. Lower
rostrum width, LRW; K. Lower lateral wall length, LLWL; L. Lower wing length, LWL
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Fig. 2 Theoutline of the squid Uroteuthis edulis upper beak and lower beak and the landmark sketch
map of different landmark schemes
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Tablel Thetypeand definition of landmarksfor different landmark schemesin the upper beak

10 AMbR s 20 MRS 28 NHbER S Mok sUE S Mok s
10 landmarks 20 landmarks 28 landmarks Landmark definition Landmark type
1 1 1 W5 (¥ T3 s Rostral tip I

2 2 il J 7 #5317 4] &b Recesses between the two points il

2 3 3 B f 4k Jaw angle I
4 S b 8] 21 Wing middle point il

4 5 i Ji 145 #5577 /6] 4k Center between the two points 111

3 5 6 L5 00 B iR 445 45 Dorsal contact wing/lateral wall I
7 Tl J& P A (] 4 Center between the two points 11

6 8 DU E R SIBERT I

Crossover point between the vertical line with jaw angle and lateral wall

7 9 A RT3 35 K25 i b Maximum bending position at the front of the lateral wall 111

8 10 i J 5 58] ™ 4k Bulges between the two points il

4 9 1 ) BE T 346 53¢ i Uiy Bottom end of the lower lateral wall III
10 12 EE T &R 5 W14k Most concave part at the lower part of the lateral wall 11

13 Tl & P 8][4 4k Recesses between the two points il
6 1 14 M| B 5 5 JE i Botmost end of lateral wall I
12 15 FiJ 5 #5187 4k Bulges between the two points il

7 16 A9 Crest I
13 17 Tl J5 P4 1™ Ak Bulges between the two points 11

8 14 18 TS5 MR J5 483% 42 55 Wing connection point to the rear of the lateral wall [
19 Tl J& PR A Ak Bulges between the two points il
9 15 20 Sk i f5¢ A 3 Posterior end of hood I
16 21 FiJ 5 58] ™ 4k Bulges between the two points il

22 DL 18 fifE a4k 5 Sk 1 T 52 s Vertical line and hood cap intersection at 18 points il

17 23 Sk 36 55 10U Top part of the hood 11

10 18 24 k) A 3 The end of the jaw I
25 Tl J& PR A Ak Bulges between the two points il

19 26 MEE_F 3™ 4k Upper convex of lateral wall il

27 M 7] 5 3k 6 T #52  Middle point of lateral wall and lower intersection of hood I

20 28 BE | #BIU1 4k Upper recess of the lateral wall il

HAREAEXS LA, B AL B8 75 Hbs i
SO RFE . HibR SRR 3 MR, B
B Hubs s 43R4 1k, FREEZEAR 1 000
K, CARRARSEIRAR AR PE o iR 22 . @i AT
7SS e SN 55, 158 vegan B M 1) protest”
PR ORI A S 5o 2P 5 A1 (procrustes sum
of squares, PSS) (Mardiaet a. 1980, Peres-Neto
et al. 2001), B RAFEE AN 58 BEH I 2 1A1
“GUAE” wNEANAE (fittedvadue, F), F

EBRREE 1, WARER B RE 52 B R AR A2 1L,
B 0, NWARERIEIESEBERRIIR . AW TR
H¥ 10. 20. 28 /™A A1 50, 80, 100, 200,
300 X AEAKLA & 7 G4 KA 22

126 MEAFESZRTMA A M
TSI BT R A E R T, 15
H A5 S SR SO 2 A MR 5 28 7 AR R A
(Adams et al. 2013), LAsg & 777w #AL
AR SIS LS
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Table2 Thetypeand definition of landmarksfor different landmark schemesin the lower beak

10 MR 20 AMHbR AT 28 ANHbAR A HubR S X Mok s
10 landmarks 20 landmarks 28 landmarks Landmark definition Landmark type
1 1 1 W5 (¥ T3 s Rostral tip I

2 2 i J 75 #5317 141 &b Recesses between the two points I

3 i J5 P AN 4k Bulges between the two points il

2 3 4 W M Ak Jaw angle I
5 H KB T i Lower part of the wing tooth 11
4 6 FLHHT S 4k Maximum bending position at the front of the wing 11

5 7 Tl J& PR A Ak Bulges between the two points I
6 8 JA #85 K2 i &b Maximum bending position at the front of the shoulder I
4 7 9 F BRI AL Wing part lowest point 11
10 DAL SUSSN(E A S _ _ I
Crossover point between the vertical line with rostral tip and wing rear

1 T J 45 58] v ] b Center between the two points 11

5 8 12 55N R #03% 2 25 Wing connection point to the bottom of the lateral wall I
6 9 13 MEE R b Lower |ateral wall recess 1I
14 i J 75 5517 141 &b Recesses between the two points I

10 15 WEE R #1™ &b Lower convex of lateral wall I
7 1 16 B I 5% JES Bt Botmost end of |ateral wall 1
12 17 T J5 P4 )™ Ak Bulges between the two points Il

13 18 ) B J5 35 ™ 4k Bulge of the rear of the lateral wall I
8 14 19 A J5 4% Tt Top end of lateral wall 11
20 FilTJ 5 55318 ) &b Center between the two points I

15 21 R Crest I

9 16 22 FER SR #% 2 55 Wing connection point to the top of the lateral wall I
10 17 23 Sk 36 55 10U Top part of the hood 11
18 24 % ) K 3 The end of the jaw I

25 HiTJ& P A Ak Bulges between the two points I

19 26 MEE | #RIM1 4k Upper recess of the lateral wall I

27 B 7] 5 3k 6 T #52  Middle point of lateral wall and lower intersection of hood I
20 28 7 J 15 58] v ] b Center between the two points I

2 ZRE5aH

21 SIRBSEARFEALSE R
SRS WA BT L THunE 1R,
HIEARTESFAED R o 50 BRER T AR,
5 RE AP Sk#m Bk, ki BAA
SRR (EE T A B IR AL,
B ARUBOIWIE. NI BRI
WAR, MERERMABOR, ks, @il

DB RAR A RS 12 MEAS ORI, A
FIFEADE 12 NMSHhaE 2R (k D,
TR FREA R M FRHR O C HAE—EMN
ER,
2.2 AR R B ARBE T ORI
BROF R C HEFEREE (K
3), b CEKT T, G CAMEE
Hubg S5 (3G N BB K . FER—FEAR R B Hh
b s AR IR O C EASWTIE K, AT AR
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Table3 Beak morphological parameters of Uroteuthis edulis

T2 % Morphologic parameters

i KME Max value #/ME Minvalue “F33{H Averagevalue #5ifE 7 Standard deviation

I3k i & Upper hood length (mm) 19.42 6.61 10.61 2.07
%58 Upper crest length (mm) 24.68 9.31 1454 2.07
W%+ Upper rostrum length (mm) 5.34 1.33 3.02 2.07
W% % Upper rostrum width (mm) 4.75 122 2.62 2.07
- EEK: Upper lateral wall length (mm) 19.93 1.02 10.66 2.07
k3K Upper wing length (mm) 95 1.34 3.89 2.06
T2k #%K: Lower hood length (mm) 7.45 1.43 3.75 2.05
T 98K Lower crest length (mm) 15.29 1.76 8.36 2.05
T4 Lower rostrum length (mm) 10.33 1.27 2.72 2.05
%5 Lower rostrum width (mm) 9.72 1.02 2.67 2.06
FEEK: Lower lateral wall length (mm) 3.18 18.38 10.30 2.05
T3 K Lower wing length (mm) 2.08 17.61 5.97 2.05

a LlO LZO L28
QO
g
9 |
o T 1]
g3l
S 1
5| | —-
| 55H0g T
& 2| | |
1 = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
50 80 100 200 300 50 80 100 200 30 50 80 100 200 30
b Ly Ly Ly
QO
X :
w3
2
g
o 1] 13
K2 P Pﬁk#ﬁqﬁﬂ~—
s . . 3
1-# 1]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
50 80 100 200 300 S50 80 100 200 30 50 80 100 200 30!
A% Sample number

B3 NRMAR R RSE R ORI

Fig. 3 Box-plot of centroid size variation of different landmarksand sample number

a [%i; b. 5. a Upper besk; b. Lower beak.

LlO- 10 &iﬁ*ﬁ‘}iﬁ%,

Lo, 10 landmark schemes; Ly, 20 landmark schemes; L,g 28 landmark schemes.

Lao, 20 MHbR T 5

Log 28 MFRRITT R
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XF T A R, 100 20 ANHuAR SRR FEANRE
SEARMIEE, FPAET —miRE. 28 MR
RAFH B C AR TR, Wi AR
TR CHEENEH. L. FHERREAL
PTG CEM FRRAFEE—m 20, TIRILEEE
ZEts TR s %, FEAS N 50, 200,
300 XFiF, HJpitr C EAHET#4A 80, 100
XA LN
2.3 HARR RUCRRE VAL B 2R 2 A

I LRSI AR B A BT SiAE 10, 20 A
28 Mg s 7 T IHIAR SURAE P 4R, fE
7~ AN [ MR 5 5 R R TR AR B A 1~ A A2
FE, ARSI T HbR SR A R SRS i i
B33, RO BRI =N 5 T AR AR
REETAS MR TR R, RIEhZR AR R LR
. ROOERI T RAE FEMZ Okt 1
SRR ARG s IR BN FAE (F=
0.90, F=0.95, F=0.99) HibrSE3s1.

b el S O P 6 i - g S
10. 20 A1 28 Hibr i 3 Py E HIHbR AR PR
il M Ze R BAEEANE . 10 F1 20 MHAR 2
TR L FERRABLE N, M2 T, 28
AN HUbR 7 B KA HbR S 3 I AR
Fattg /N (B 4, 5). b NSRS T
%N 10 F1 20 AMiF FAEHBL T AL, 10 4
MR s e FAESRARE IR, 7R FEOR
IR FAE M2 w25 ~F35) FAE, PRSP
FAARE; 28 ANHbR 55 S KA th 4 it
P FAE, FERBIGHA. BEE AR ST
AR SN, R BT F AR AR
HEWAENEN. R85 E, 28 Mk 5T %I
AR BCRFE BN TS 2R AR

FIF LaSEC 15 H AR V-3 FEHR 21 1
R 28 AN 2T RAEA FIRE AR SR E F
e P38 FAE R bR S 26 ] (B 6) . fEIX L
E AR F Y 0.90, AL FAE N
0.95, ALV FAE N 0.99. {513 F{Hik %
0.90 F1 0.95 W}, T K (A A £ A 75 5
Z bR 55 A R TR R R AR (- 6). H

TAEAFEREARL T IA B FY FAEFT 75 Hibr A2
BATREANIE], DRI AT DAARARE # o SR A B ok
YeE TSI S FT 7a b i . &1 6 RIfsE T
7£ 50. 80. 100. 200. 300 MEEAMIE ML T L
SR SR s KA PEAG 1 2k B AL
BRI F AR BT 75 bR s 2, 75K T 200 XA
AR, AR SRS T B 27 AR A R E
P FAE (F=0.99),

WK 6 W LLEH, N T RN AR
L ELRIEE (F=099), JG4EMFRIEA
JREEEA N 50 XF A A B SR 26 4N
bR REAS Y 50 ~ 300 %K 27 ANHUbFR A
3 Wig
31 AFEHAR AT REER
311 KA HERTHAESEENER N
B R IRSE B, RO C{HERRE T B RV
WRIURIR AN, NRBES & T AR I T FHOCIE
30T, NS 2 A 1) S AR R ()
PR 2019), XA TIRN T NN RdEL
REAEEE/EA (Damuth 1998). iid Hibr
FRIER BB CAEE AT A5 (RO E
5§ 20200, HABHFEARMAR ST R TG C
{EAFTE R 25, X AT BEA2 FH T 10, 20 bR
RUT R HAR FCREA T R B .

312 Mk RCRFEVPNER  HT A CRA I 10,
20 MHibR ST ZRATIEA 45 HT (Neige et al
2002, Fangetal. 2017, 2018), Fang £ (2017)
07 HuhR s BRI T A A, AT AR LF
MR A BT TS AR S ) =y, AR A R SR
B IER . B bR S B R X SR e
PERJEA IR KB (Watanabe 2018), 7E 28
bR TR, W E 7 ATl E E TR R
BRI AL 0 LS AR A1 8 A 12 K R it AR
R10 F1 13 (K 2e), X UEEAR FEE K a2 10
ANHbR ST % (B 20) Frsfait, JFHAHL 20
ANHIFR AT %, 28 ANHUbR S R T £
AR SRR s, Bl b SRR £ 4 FH 16 J2 T 5
HubR 25 3 H11 20 2% (8] 2e), X 46 SR BE n ey A
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Fig.4 Theupper beak landmark sampling evaluation curve of landmarksin

different sample and landmark schemes

a. b, c. 50 XHFEA 10, 20, 28 MHbbRAS G E; dy e f.80 XFFEA 10, 20, 28 MARA T E; g+ h. i.100 XHFEA 10, 20, 28 bR
F%s j ke 1200 XFEAS 100 20, 28 MHBAR AT S my n. 0.300 XFAEA 100 20, 28 MHER £UT R
a, b, c. 10, 20, 28 landmark schemes of 50 pairs of samples; d, e, f. 10, 20, 28 landmark schemes of 80 pairs of samples; g, h, i. 10, 20, 28

landmark schemes of 100 pairs of samples; j, k, I. 10, 20, 28 landmark schemes of 200 pairs of samples; m, n, o. 10, 20, 28 landmark schemes of

300 pairs of samples.
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Each gray line represents afitting curve of a subsample, the black line represents the average fitting curve of all subsamples.
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Fig.5 Thelower beak landmark sampling evaluation curve of landmarksin different

sample and landmark schemes

a. b, c.B0XFEA 10, 20, 28 MHbRAE TR dv e f.80XFEA 10, 20, 28 MHAFAT%: 9. hy i 100 WFEA 100 20, 28 MR A
F%s js ke 1200 XPFEAR 100 20 28 AMHIFR AT ZE; m. ny 0. 300 X FEAS 10, 20, 28 MR AT

a, b, c. 10, 20, 28 landmark schemes of 50 pairs of samples; d, e, f. 10, 20, 28 landmark schemes of 80 pairs of samples; g, h, i. 10, 20, 28
landmark schemes of 100 pairs of samples; j, k, I. 10, 20, 28 landmark schemes of 200 pairs of samples; m, n, o. 10, 20, 28 landmark schemes of
300 pairs of samples.
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Each gray line represents afitting curve of a subsample, the black line represents the average fitting curve of al subsamples.



51 TS kAR FTHAR SUE EYIPT T DLSIAAE S - 767 -

#lA Mg Fittedvalue ¥ @ F=0.90 AF=095 MF=0.99

271 2 = = = ] 27} ®
261 / 261 /f
st 251
Q
'§ 24| 24r
IS 231
¥ 23F A N
g 22+
2+
3 21 / 21F
o < 20}
=2
1 20
i3 19}
"
3 19+ 181
18) 17}
17} 16}
1 1 1 1 1 1 1 | | |
50 80 100 200 300 50 80 100 200 300

AR (X}) Sample number (pair)
B 6 28 Mubr 7T RIEBIF IS E R R R AR S EUIR R

Fig. 6 Relationsbetween sample and landmark number when 28 landmark schemes reach
optimal average fitted values
a L%5i; b. T4, a Upper beak; b. Lower beak.
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Fig. 7 Visual arrow map of morphological variation of the beak of Uroteuthis edulis squid
a L%i; b. F%i. a Upper besk; b. Lower beak.

ik 07 FARRIB SR M7 17, LB EARIE LR IR

The arrow direction represents the direction of morphological variation, the length of the line represents the size of morphological variation.
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