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WE  HRENEEDMERF A TR NREANED AR A, KT T AR E 4R 2 03 6
W5 AB AR K R WIS R E R (Uroteuthis edulis) A 7 3149 4 K & W ALAE, A#F LA
WAHSMEF T N T AERBEANRKENBEARTA D MBESGEZR, ABTEETENESS
Xo ERET, SIRREGBAREA N ARFARNEL T LR FAE - Z7, HEMEAR
TATHRENE, EFREMNARTYSEZRAL LEFP>0.05), £ k2T EREELY KD
T, ARFHSHRRBERBNEHLAME., ERFLEY, L, THNAEIMERERELX,
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BB THERRBP TR ARHS T OB A, RAPRST MBS, RAEIBREHEEA
BB ERBEA AREA, S|/ G RERLFTLRY, ATV S H LKL 8L F 28 A2,
R, ARSBEEREEKIL, TRESNRMEMA T IR FNERRMITELMA K.
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2007; SRHIEAE, 2020), BTN TAEM AR E
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P A7 AR Ak 50K RE 0 3R AH G o R, T LA
T2 I R 58 AR IR A AR & 3 mT Lt —25Tn
SRR AE TG SR R T AR, N R IRAE B S

8 43 ¥ 5 I (Uroteuthis edulis) J& # £ H
(Teuthoidea) . M R W H (Myopsida) . & 2 If &
(Loliginidae) . FE#: 2 I & (Uroteuthis), & 8L 71 ) T
MW E Sk R, RV, Iz A0 TV KT
HW(EIEZ, 1988; FRBI44%, 2009), FZ 040 THEH
TERES  HAS RGO L e TR AR 0 A I 3 (Jereb
et al, 2010), 20 t4d 50 FAK, & FEIFRE T XX
YRR LAY o TR ARk, R AR T AR P
FITE 2x10%~4x10%t, B EEEM LT L B R REZ
— (M, 2020a), 1575 (beak) & Sk R AU HR B
B, HARSEMRE . mEmERES, asucs
S 2 AR R A T 5 B B AR S 15 Bl (Clarke, 1962),
L, B2z N TR A K RS, 2014), %
42 (Hobson et al, 2006; Fang et al, 2016), 2k
Y57E (Fang et al, 2018; il 4, 2018; ERERSE, 2018)
FRNBE R 43 (MR L5, 2015; 7 FF, 2016; AN H 4%,
2021)55 W9 . SIS I AEA R & B B B ik & )
PEARTR, HAE & B ol R v I R AE 5 2502E 06 R BE 1Y)
Ak (ZER S, 2020a, b), BT, AR 4] F)
JIT 0% A I e AR A 2y B A SO A o R, PRBE
1) A5 Ak A, 2 B) B2 5 AR O SR A, Rk R AT A
(phenotypic plasticity). {H H Fi%f A P Z X i 5%
B HTP= A 1 R ST AN T 4

A 5% FH LA IE 25 I 4 75 (Bookstein, 1991),
LB IR SR & B B B ARG S
SAE, TR RS [R) KE W B A SR T A AR R
s, BB TR AT RER AR SR, R T ARSI 4R
o 1 4 A 3 s, A S 4 ) R TR A PR AR A — 2 AR
A

1 #wRERE
1.1 HEARFKRE

SIJRA L WEREASK AR R 2018 4F 9 H—2019 4F
3 H, 1EbiafE sl Wi 23860 57, BEMLREE,

KA A FE N 123°E~127°E ., 28°N~31.5°N #JH
E AR, HEARLR URIRAF G 12 10 S8 % 7R 58 )
FER AP I, PB4 TSk BRI B A
|G T 79 = 3 £ e N AN 2 1 UL ==l N N i DB S 4
K. ARK, &K, B, EERK, BRKIL 12 ME
ASH(R/NEEE, 2021), WETREBRABE 75%
ORI MBS, w5 R R .

IR g B 8 S 5 W ) A= A R T 29 S 270 d
(Natsukari et al, 1988), 140 d JyH P aizhay H i,
240 d M 5E 4 Y H i (Wang et al, 2010), K, ¥
HX 0 3 ABrBe: R A, BIAMEH BN
140 d; WA B, BIAMA H IR 140~240 d; LA
W C, R H KT 240 do 38 2545 (2021) % 4
TFRIARME LI HIRIFST , RHIT 4 4ERREAR BEATAR IR A
AL JEEE 246 MREAS, TP, 230 XA UHREA T T
LA, HARGEIE 1, HAESFEEINE 2,

1.2 B1&IKEL

VN 2 bt VR RN GAT 52 BE IR A L] =
R fii F = B 4E [# %€ Nikon D750 AHBL(H A, H144E
3k A Micro 105 mm /2.8 R GF07 E I 1 £ 475 2L
ORI A BT, 4 B — B IR rh B, 43K
W S B, BT AR B A v G T S 2L Hb bR
SUHEST o BUECRAERTOREE = 4L | ML . FEAS S AH
PN A B AR R — K26 1 o T 7 B3R 1 RS 8
PEEEEL, PRE G S8 AT i B 508, 6 MG T
HEAbFE,  DAAH PR G 0T 0 % 1 1 AT

1.3 JLAEsMNENH

131 iR bei a5 bR AEEE ST
rh—f 4R 3 Fh2A(Bookstein, 1991): T HUHbpRS, $5
AFIHBE 22 s TR AR S, 25 R A T A

M AR 3, Z5A P IR A . BRI, 1AM 5
(R A TTREAR R 50~300 ST, 27 4Nk 5 AT LA 47 iy
B HIE SR (EMAE, 2021), K35 120 58 45 B 2
TAMR R L, TR brE FRE 1), B
A HIAR e R 2R L3R 3. AR, A
R &5 Geomorph fH i “readland.tps” PR X} Ff 5t 5

R1 URBEBARLZEMRHERER

Sample information of U. edulis at different ontogenetic stages

iR (M, )
Beak sample count (F, M)

HRR S R (O, )
Mantle length (F, M) /mm

Tab.1
RAEWE FEARCR (O, 1)
Ontogenetic stage Sample count (F, M)
A I Immature 68 (10, 58)
WA Maturing 101 (46, 55)

] Mature 77 (33, 44)

62 (9, 53) 61~76, 54~77
101 (46, 55) 96~142, 101~125
67 (29, 38) 174~284, 174~257
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Tab.2 Beak morphologic parameters of U. edulis at different ontogenetic stages

ST 25 550 Y] Immature A% Maturing JAI Mature
Beak morphologic B/ ME~BKAE AR B/ ME~ R PR E 2 B/ ME~RORAE PR BRI 2E
parameters/mm Min~Max Mean£SD Min~Max Mean£SD Min~Max Mean+SD
3k K Upper hood length ~ 2.28~15.60 7.02+2.45 6.24~15.15  10.23£1.29  11.38~19.42  14.23%1.59
&% K Upper crest length ~ 5.88~19.30 9.94+3.01 10.85~21.12  14.11x1.76  14.77~24.68  19.08+2.27
%K Upper rostrum length ~ 1.76~8.87 2.47+1.21 1.83~4.34 2.96+0.54 2.17~5.34 3.46+0.56
M58 Upper rostrum width — 1.28~4.24 2.3140.64 1.33~4.32 2.51+0.67 1.56~4.76 3.28+0.66
AR
4.06~14.59 7.25+2.48 6.87~15.05 10.44+1.41 11.51~19.03  14.60£1.77
Upper lateral wall length
32K Upper wing length 1.03~7.05 2.61£1.05 2.07~5.90 3.99+0.81 3.39~6.89 5.01+0.75
T3k 3K Lower hood length  1.61~5.53 2.62+0.92 1.89~5.20 3.66+0.60 3.11~6.65 4.87+0.67
T# %K Lower crest length  3.30~12.39 5.82+1.89 6.29~12.57 8.27+1.24 9.28~14.45 11.30+1.32
T Lower rostrum length  1.02~4.27 2.03+0.75 1.27~4.06 2.64+0.62 2.11~4.69 3.59+0.57
5% Lower rostrum width ~ 1.09~4.37 2.52+0.67 1.02~4.50 2.43+0.87 2.48~6.51 4.03+0.91
T EE R
4.44~16.28 7.12+2.43 7.47~14.98 10.01£1.22  11.44~17.92  13.96£1.60
Lower lateral wall length
T# K Lower wing length 2.46~9.01 4.14+1.35 3.56~8.21 5.79+1.11 4.71~12.71 8.76+1.67

1% 37 bR J5 (Adams et al, 2013a), MidFREE
20k, DA% 2% (Viscosi et al, 2011), FREUHLFR
FABBR AR IBCF BB S T T F — B850,

1.3.2 HEHH fii 1) S8 & e 42 3 4 A
(generalized procrustes analysis, GPA)X} BT A3 R A ) 3
b AT eSS . SRS NAEL, RIHBR  ARIE SR
A BY R (Rohlf et al, 1990), FrA Hubx 25 21 5.0 3
B FF O JE WA 85 e Xk 0 K /N (centroid
size), JIT/Cr R/ IR R AR MR S5 14 1) KN (W 9T 42

4, 2017), Kk, ABF5E AT # B S0UB 8 0 Mo
SRR RAT B0 /M A £ B A KN o Sl T
FA B B0 RN AT, R AN R & B B B 8119
WA RNV, ST IR T 20 20T
(multivariate analysis of variance, MANOVA), FX#Tr
AT SAEAS [7] 2 8 B BRIV ) 18] HOE 28 00 22 55 W 2
P (Adams et al, 2018) . A bR B #4173 555350 B
(principal component analysis, PCA), FFEREHE2S [A] 1Y
481, KRZRESER, XA LB BB A i

B SIS 5 WA TSR 25 4 2R A w7 TR ]

Fig.1

Beak morphology description and landmark positions of squid U. edulis

a: b9i; b: T

A: %"{]ﬁ)ﬁ; B:

WM C: HaF; Dy MUEE; E: HR; F: ki G: B, BRI H S, TEILE 3.

a: Upper beak; b: Lower beak. A: Rostral tip; B: Jaw angle; C: Wing; D: Lateral wall; E: Crest;
F: Hood; G: Rostrum. The number represents the landmark number detailed inTab.3.
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Tab.3 Landmark types and definition of beak morphology of squid U. edulis
% Upper beak T 5l Lower beak
Y TN N
L Wb AU X AR HBR 05 X AR
Landmark definition Landmark Landmark definition Landmark
type type
1 5% A9 T &5 Rostral tip I W% 14 T 25 Rostral tip I
2 IS WA M1k Il i PR A Mk Il
Recesses between the two points Recesses between the two points
3 W f Ak Jaw angle | THITJE P A ) Y 4b II
Bulges between the two points
4 FHrhE] & Middle point of wing ] Wk f AL Jaw angle I
LT 0 R Y R 3 4 AN I FIPHT K2 #h 4 Maximum bending I
Dorsal contact wing/lateral wall position at the front of the wing
6 A JE I . B4 Center between the two points I BTG R TR] 2 b I
Bulges between the two points
7 DU ARV T2k -5 M BE &R 42 15, Crossover Ii JH ¥R KA i 4 Maximum bending ]
point between the vertical line with jaw angle position at the front of the shoulder
and lateral wall
8 A T e RS Hh Ab Maximum bending I B E AR 2. Lowest point of wing I
position at the front of the lateral wall
9 HIJE PR A Il DA T A i 2R 5 3 8 ) B 52 ||
Bulges between the two points Crossover point between the vertical line
with rostral tip and wing rear
10l BE R & ik o | TS P E] ] b 1
Bottom end of the lower lateral wall Center between the two points
11 e ¥4 M 4b Most concave part at the 1] LS 5 0 BE TR % $E 5. Wing connection I
lower part of the lateral wall point to the bottom of the lateral wall
12 i J5 P a) M 4k Il EE R (1A I
Recesses between the two points Lower lateral wall recess
13 {E# 5 i Ui Botmost end of lateral wall I T 5 TR 5 ] [ A i
Recesses between the two points
14 F7)EW S E AL Bulges between the two points I i EER F Y Ab Lower convex of lateral wall I
15 # 2% Crest I ] B J5 5% Ji% ¥ Botmost end of lateral wall JII}
16 {5 Wi ) Ab I IS PR b I
Bulges between the two points Bulges between the two points
17 FLHR 5 M) BE 5 58 1% 42 45, Wing connection I ) B 5 5B kb |
point to the rear of the lateral wall Bulge of the rear of the lateral wall
18 ifJ5 P ) Ab Il e J i T i 1
Bulges between the two points Top end of lateral wall
19 3 % e K Ui Posterior end of hood I BT 5 T ] e ] Ak I
Center between the two points
20 i JE PR A I % Crest I
Bulges between the two points
21 DL 18 SAETELR 53k S THHRAC 4 Vertical line JIi B 5 W) BE [ B 7% $ 2 Wing connection |
and hood cap intersection at 18 points point to the top of the lateral wall
22 3k 55 5 Wit Top part of the hood 1] Sk 56 f Wi s Top part of the hood ]
23 W% 1A 3t The end of the jaw I W% A9 A ¥ The end of the jaw I
24 {5 Wi S RN AL Bulges between the two I A5 P, ] A I
points Bulges between the two points
25 fuEE L3N 4L Upper convex of lateral wall I MEE - FRMU4L Upper recess of the lateral wall JIi
26 EEHE] Sk 5 T HAC AL Middle point of I M EE ha] 5 3k 55 F AR 22 A Middle point of I
lateral wall and lower intersection of hood lateral wall and lower intersection of hood
27 fRE T A I R W] e A I

Upper recess of the lateral wall

Center between the two points
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WL A5 22 5 EAT B (Dryden et al, 1998). i Jf AR
FE S AE T M K% (thin-plate spline, TPS) ] ML AR & &
W B £ o i 1 7 25 25 K (Claude, 2008). fJm, FIHZ
JT e A (multivariate regression) 73 AT £ it i 2511
Zu AR, R A B SOE S S B0 KN Z R
KRFWBAR K E BB MmN #EK
#i(Adams et al, 2010, 2013b),

LR W5 ¥R ] R4.0.5“geomorph” &4 347
/3 Hr(Adams et al, 2013a),

2 #R

21 AERFHMARSBES FHR

Ha BT A fa BB SURL T S0 RO A AR B 25 i
P2 & e S oA, 45 B B A REAS b 5 B0 B
B, IR IA AR (& 2). BT A ks sl

MBENRCR RAF, R R RS T, b 55 ED
Jr BAR AL R T 5 SRRt o A o P 2 Sk 1 82R
e S A OSBRSS, dtenl WL, B T
SARERL, W SIEARAI AN, Sk, Sk T
AW, URE TR A IR A I s R G
DU BR, WGIEERI MBI Sk H.

22 AEXREMBEARIBOCKNER

JUART TR 250 5t v BR A% A7 35 25 B B AN R/ ket
TEA P s, & E T HIUTIE SR S
(Cardini et al, 2015). BEEMNMEALE, SR A
AWK R, RO RN R TR S, FEAN TR A&
B B B P R 1 o O S B S R, W
T, R T A A B RS AR O RN
22N, A R B B 0 K /INER R T I
PR, RS R /NS BB A 22 55N 3)

& 2

SN I 5 WA ST AT b 5 & BN AIF- 2
Fig.2 All landmarks superimposed and mean shape of the upper beak and lower beak of squid U. edulis

o /NIRRT AT HIAR A5, R PR 68 P R

a: Upper beak; b: Lower beak. Small grey dots for all landmarks, big black dots for mean landmark.

a: %i; b: T
% Upper beak
5t .
84t
9
]
|
o 3r
X Q%
».g . ‘
B2r | 3] Sex
EI MM Female
1k B #t: Male
C
Ziﬁlg"& Ontogenetic stages

%l Lower beak
5 -
S 4f
9 :
2
=
8 | é
2
)
=27 J . %I 5 Sex
Eﬂﬁﬁ Female
1F iF‘ Elfiﬁ'fi Male
; C

% B BBt Ontogenetic stages

B3 SIS AN [ 2 7 B B o 5 0 /AR

Fig.3 Beak centroid size variation in different ontogenetic stages of squid U. edulis.

A REGAH; B WSS C: B BRE SN E.

A: Immature; B: Maturing; C: Mature. Black point is an abnormal value.
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23 AREXEMRARIHEEEN

231 SAFEHHM WS LLR /N R B B B
PEGNVE N 2005 20 M B9 IRF , 2B 81946 2 W A I
TOESTEAF R AR F R BUERAAEERGR 4).
SR, NEEFHEBER L. TIESAEN R
Z5(P<0.01), X 7] R 1 AR FE A AR TE A% L5 5
{4 A GRS BT b | T 0 A SRR, Al |
T G ES, NS AR A R T B 6). b
N SAEAS R 0 ) 22 R 2 (P>0.05), BIEA &P
SRS, L. THAEKXRNMILENE, 21K
F 128 BAE IR 35 25 5 (P<0.01), T SUK/INVAI
PRI 2 A (8] 38 B AR FAARAE 25 5(P<0.05), H4
HFE%AE B EE- . BT L FTSESAAE
PE AT S, WL, JELM SIS AL K AR LT
FEANTG [EMEIE 2 [ Y 25 5%

232 EZRHYSH LSET 4 A ER AR DT
MR G BSTERR Y 60.9%, T 4 4 F a9 72k
TR 5 TTECR R 58.8%(1K 4), MWUFIR %ini 4
AR TTERRE I R s T 60%, L, W LIIA
RIX 4 A F ST BEREAE AN [ & B B S A
Ak o SRR A T A S B BE AT X A AN TR
KA W BAS AR, 85323 [ 47 B A — 2 1 H S X
(E 5).

2.3.3 AT TR FE SR AR TR ) 4% 25

R, RFEE B BLEI S 2 I A BT HOE & A8 17
BEAHIAFE 6). EARMAM, LIPS I %
FIAE A (Hobr i, 3) FEBHAR T 4. 5. 26 F127),
3k 56 S5 P (bR AT 22) FMIBE fr) 355 43437 i (b a5 7. 8.
11 F113), FEEEAAL £ BRBULE S (hr 45 6,
7. 8 1 O)FIMNEE B4 B (bR a5, 12, 15, 18 F0I
19). MTEW A, LS IE A A ARk,
FEICE LA E AR GbR 5 1, 2 F1 3), TS
5 EFR AR A 4 F5), (HIESAEAT7 A Bk
AR o TERRCII AR, ESIEAS AR E E R k
6 5 INDBE 7 Fe 0 B (b A5 25 1 26) A 28 (bR A5 16
1 17), FHUR AR N F2 24 th e R (bR 2, 1.2
4 F124) . SkFIE bR 22),

234 3@ 5H FF Z ot Bl AR RS R
) & & W B A IO 1 Sl A KA, R i b S R
AENEE T, ORI R E BB A RN 2
B, BURESXEEE 7). W R R
KNG EUE 5T A BB A 7R 5656 3R, 76 W U
TR T 0 TR /N B 5 0 28 T 4 Sk I A 6 56
F(E 7o) LA N A R S AR AR SR AL
A B ) T 25 A8 A0 0 A 25 A S A 34 L AR Ak R
B, KUK BBHIE S AR R AR X AL/ (B 7).
A A R 0 KN B 5 A T
A A OE R, AN EA GO R (K 7d). T

x4 YRREMEFARNLEMBRARAESHETAEST
Tab.4 MANOVA of the beak morphology in different developmental stages of squid U. edulis

SEa % Upper beak T %l Lower beak
Factor Df SS MS F z P Df SS MS F z P
K/ Size 1 0.063 0.063 18.780 5.930 0.001™" 1 0.040 0.040 10.692 4.591 0.001""
2SN PIL
kﬁﬁ“‘%‘, 2 0.069 0.034 10.168 6.246 0.001 2 0.125 0.063 16.623 5.215 0.001""
Ontogenetic stages
51 Sex 1 0.003 0.003 1.009 0.161 0.445™ 1 0.005 0.005 1.282 0.804 0.215™
2SN P

jF/J‘X%ZﬁK"EX, 2 0.017 0.008 2477 2.892 0.004 2 0.023 0.011 2987 3.789 0.001"
SizexOntogenetic stages
TR SizexSex 1 0.003 0.003 0.831 —-0.223 0.575™ 1 0.008 0.008 2.005 1.801 0.038"
25 A B b B
kﬁ["'&f@’” 2 0.006 0.003 0.927 —0.003 0.512™ 2 0.007 0.004 0.956 —0.002 0.510"
Ontogenetic stagesxSex
KN KB B B P51
SizexOntogenetic 2 0.011 0.006 1.670 1.656 0.052™ 2 0.006 0.003 0.790 —0.564 0.704"
stagesxSex
5% 2% Residual 218 0.734 0.003 218  0.822  0.004
S Total 229 0.906 229 1.036

F: Df: HEEE; SS: Fafl; MS: ¥; F: KIS aE; Z: W K/h; nsfRELRFEES; *REAREER,
=EREWMEEES

Note: Df: Degrees of freedom; SS: Sum of squares; MS: Mean squares; F: Test statistics; Z: Effect size; ns represents no
significant difference, * represents significant difference, and ** represents highly significant difference.
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Fig.4 The proportion of the principal component interpretation variation in the principal component analysis of the beak of U. edulis
a: J:%‘ﬁ ; b —F%i
a: Upper beak; b: Lower beak

A5 B FTHR¥E Variation contributions/%
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a aN b L]
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I e 0.03f
0.05F R g a
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2 S o
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B ~—0.03F
—0.06 . \ . ° \ \ .
-0.075 —0.050 -0.025 0 0.025 0.050
PC3 (10.8%)
d u
003f }
005} =
X X a
- N om N
a S of
S ol s 3
8 S om 9]
—0.03
A
—-0.05 .
-0.10 —0.05 0 0.05 0.10 —0.06 -0.03 0 0.03 0.06
PC1 (30.4%) PC3 (8.3%)

& B HrBt Ontogenetic stages
o A Immature m TREPIMaturing A R Mature

‘B {5 X |A] Confident intervals
— K@U Immature --- WRZWMaturing  —- HEHIMature

Bl s SUIAHE A S0 3 1 o3 20 A
Fig.5 The principal component analysis for beak of U. edulis

a: LSUPCI 5 PC2; b: ¥ PC3 5 PC4; c: FHIPCI 5 PC2; d: Tl PC3 5 PC4. WHIFIZRR 95% A X [H] .
a: PC1 and PC2 of the upper beak; b: PC3 and PC4 of the upper beak; c: PC1 and PC2 of the lower beak;
d: PC3 and PC4 of the lower beak. Ellipses represent 95% confident intervals.

WAL 3 DR T BRE S BB A B RZER, R R SR B AN I S (R RO,
SRS AN AU 25 (s R AR, sl e IRAMIE SR BN 7). B, b T
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K6 SIS WA R A 7 B B A TS TE 258 4k
Fig.6 Variation of beak morphology in different ontogenetic stages of U. edulis

a: B9 b FH. A REGAH; B: WG C.
a: Upper beak; b: Lower beak. A: Immature; B: Maturing; C: Mature
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Beak M orphology Variation of Uroteuthis edulis
Based on Geometric Morphometrics

WANG Chao', FANG Zhou'?", CHEN Xinjun'?

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Ministry of Education Key Laboratory
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Abstract The study of ontogenetic organisms can help us fully understand the law of morphology
change and the correlation between the function and morphology of the structure of organisms. To explore
the pattern of growth change in U. edulis beak, this study used geometric morphometric methods to
analyze the differences in beak size and morphology in different sexes and ontogenetic stages, revealing
its ecological implications. Results show some differences in the size of different sexes” beaks of U. edulis
in the ontogenetic process; the beak of female individuals is larger than that of male individuals, but the
differences in the beak morphology of different sexes were not significant (P>0.05). Principal component
analysis and a thin-plate spline deformation mesh show that the beak morphology from immature to
mature presents different developmental stages; in the ontogenetic process, the hood and wing of the
upper and lower beak become larger, the crest protrudes more, the jaw angle gradually becomes smaller,
and the rostrum of the upper beak is sharper; however, the rostrum of the lower beak gradually blunted.
The multiple regression analysis shows that the morphology change of the upper beak is small in the
immature stage, the morphology change is larger in the maturing and mature stages, the pattern of
morphology change in the maturing and mature stages is similar, the morphology change of the lower
beak is large in the immature and mature stages, the morphology change is small in the mature stage, and
the morphology change trend is significantly different in the ontogenetic process. The beak morphology of
U. edulis had different growth patterns during different ontogenetic stages. Beaks also showed an
allometric growth, possibly related to the feeding and environmental changes during the ontogenetic stage
of U. edulis, helping it to grow and develop.

Key words Uroteuthis edulis, Beak; Geometric morphometrics; Ontogenetic
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