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measurement of the morphological parameters of the beak from 303 Berryteuthis magister shevtsovi samples
collected by Chinese jigging vessels in the Japan Seain January 2018, the morphologic growth characteristic
of beakswas studied. A total of 12 external morphological parameters of upper and lower beaks were analyzed
by using SPSS. When the cumulative contribution rate of principal components was greater than 75%, the
external morphological parameters with high coefficient were selected as the characterization parameters.
Linear, exponential, power and logarithmic mathematical models were used to fit the relationship between
external morphological parameters of beaks and mantle length (ML) and body weight (BW) by Excel. Akachi
Information Criterion and correlation coefficient were used to compare the growth models. The principal
component analysis showed the upper hood length (UHL), upper rostrum length (URL) and upper rostrum
width (URW) could account for 80.71% of morphological characteristics of upper beak, and were selected
main morphological parameters of upper beak and lower hood length (LHL), lower crest length (LCL) and
lower rostrum length (LRL) could account for 81.57% of morphological characteristics of lower beak, and
were selected main morphological parameters of lower beak (Table 2 and 3). Results of the analysis of
covariance (ANCOVA) showed that there was no significant gender difference in the relationships between all
morphological characteristic parameters and mantle length and body weight. According to equation fitting and
Akaike's information criterion, the relationship between UHL and ML was most suitable to be expressed by a
linear equation, while the relationship between URL, URW, LHL, LCL and LRL and ML was most suitable
for alogarithmic eguation; the relationship between UHL and BW was described by linear function (Fig. 4),
and logarithm functions were best for URL, URW, LHL, LCL and LRL. The determination of characteristic
parameters and growth equation laid the foundation of population identification and resource assessment by
using beak morphology in the further.

Key words: Berryteuthis magister shevtsovi; Beak; Morphological characteristic; Growth characteristic;
Japan Sea

4G U106 (Berryteuthismagister shevisovi) &l 2012, 754 2019). HiR% &

919

(Castanhari

J& k£ 4N (Cephalopoda) #5144 (Coleoidea)
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Fig. 1 Schematic diagram of sampling station
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length, ML) Fi{AEE (body weight, BW). H:
KRS 1 mm, EERHE 19.

122 A HHR B A R AN A&
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NM%E (lower rostrum width, LRW). 1l &

K (lower lateral wall length, LLWL) FI FE K

(lower wing length, LWL) 3t 12 TAMNHELS
BT SRS (B 2). ARTINTIEE SRS
% 0.1 mm.

UCL ‘ LRW/

—LLWL

K2 ARFIIESHENEREE
Fig.2 Scheme of morphometric measurements
for beaks

UHL. F3kif&: UCL. FARK: URL. EWK: URW. LB
ULWL. BB, uwL. E3RK; LWL, FkiiK: LCL.NERK;
LRL. FlK; LRW. TR LLWL. K, LWL, F#K
UHL. Upper hood length; UCL. Upper crest length; URL. Upper
rostrum length; URW. Upper rostrum width; ULWL. Upper lateral
wall length; UWL. Upper wing length; LHL. Lower hood length;

LCL. Lower crest length; LRL. Lower rostrum length; LRW. Lower
rostrum width; LLWL. Lower lateral wall length; LWL. Lower wing

length
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Tablel Therange of the morphometric parameters of Berryteuthis magister shevtsovi beak (Unit: mm)

Wt Female (n=115)

et Male (n=80)

e
Morpﬁ;i‘gi%dices R/ME =ON: FHME + hrdEZE HRME I=INE A + brdEE
Min Max Mean + SD Min Max Mean + SD
L3k K Upper hood length 6.27 11.44 8.15+0.92 6.29 10.64 8.16+0.92
498K Upper crest length 6.63 12.90 10.25+ 1.07 8.22 1251 10.25+ 1.06
FB 4 Upper rostrum length 2.08 3.85 295+0.34 2.16 3.73 295+0.34
1% 5% Upper rostrum width 1.78 331 2.63+0.30 1.97 333 2.63+0.30
L EEK Upper lateral wall length 2.84 12.45 832+ 1.12 6.14 10.92 8.32+1.12
3K Upper wing length 1.43 4.68 2.59+0.81 141 5.92 2.59+0.58
T kit Lower hood length 1.68 4.47 3.38+0.42 2.10 4,03 3.38+0.42
TH#H %K Lower crest length 4.60 8.46 6.48 + 0.67 476 7.91 6.48 + 0.67
T Lower rostrum length 1.34 4.35 2.84+0.51 155 3.96 284+0.51
FB % Lower rostrum width 1.06 4.37 255+ 0.57 1.03 4.65 255+ 0.57
TlBEK: Lower lateral wall length 5.16 11.85 8.63+1.04 6.02 11.18 8.63+1.04
T 3K Lower wing length 2.20 6.08 451+ 0.80 259 7.43 451+ 0.80
£ 2 SRNZWAFHLEH 6 MERSH 6 MRS AR ENTIRE
Table2 Loading of six principal componentsfor 6 morphometric parameters
of Berryteuthis magister shevtsovi upper beak
SMEZHL F R4 43T Principle component
Morphologic indices 1 2 3 4 5 6
3k Upper hood length 0.87 -0.04 -0.22 - 0.00 -0.08 - 043
F# 98K Upper crest length 0.66 053 -0.28 0.44 0.07 0.13
F5% K Upper rostrum length 0.84 -0.16 -0.12 -0.18 - 041 0.23
LM% Upper rostrum width 0.81 -021 -0.19 -0.30 0.41 0.12
&% Upper lateral wall length 0.61 - 048 0.48 0.40 0.05 0.02
3K Upper wing length 0.56 0.52 0.59 -0.26 0.01 -0.03
FIERZ Contribution rate (%) 54.02 14.06 12.64 8.99 577 453
ZHTTHRZE Cumulative rate (%) 54.02 68.07 80.71 89.71 95.48 100.00
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l%%ﬁ%u,ﬁm THR R 7N 57.28%.
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Table3 Loading of six principal componentsfor 6 mor phometric parameters
of Berryteuthis magister shevtsovi lower beak

Sz FE 53 4T Principle component
Morphologic indices 1 2 3 4 5 6
T3k K Lower hood length 0.84 -0.14 -0.31 0.10 -0.18 0.36
THRK Lower crest length 0.85 -0.08 -017 -013 -0.35 -031
& Lower rostrum length 0.81 - 012 - 027 0.21 0.44 - 015
T % Lower rostrum width 0.63 - 0.50 0.58 0.13 -0.02 0.02
EEK Lower lateral wall length 0.78 0.23 0.16 - 0.52 0.18 0.09
F# K Lower wing length 0.59 0.71 0.23 0.31 - 0.07 - 0.01
TI#k® Contribution rate (%) 57.28 14.06 10.22 7.63 6.47 4.34
ZRTTHRE  Cumulative rate (%) 57.28 71.34 81.57 89.19 95.67 100.00

x4 ERNESHARIONESRKERBEERKSHE
Table4 Comparison of parametersof beak and mantle length growth models of Berryteuthis magister shevtsovi

iz A KA a b R o FBERAEN
Morphologic indices Growth model Akaike'sinformation criterion
bk 5% Exponential 24176 0.0105 0.6967 114.95
Upper hood length 251 Linear 0.0876 -1.9303 07113 114.90
X3 Logarithm 10.1970 - 40.206 0 0.705 2 115,58
- Power 0.0239 1.2280 0.696 3 127.03
b g K &% Exponential 0.8711 0.0105 06221 - 271.06
Upper rostrum length 4 | jneqr 00312 - 06390 06437 - 27277
*f# Logarithm 36685 - 14.4520 0.648 4 -273.32
‘% Power 0.008 0 1.2451 0.6319 16.03
R 8% Exponential 0.850 4 0.009 7 0.544 1 - 307.91
Upper rostrumwidth 4 b4 | jnear 0.0258 - 03503 05636 - 300.25
X144 Logarithm 3.0382 - 117850 0.5658 - 309.54
- Power 0.0113 11477 05496 17.38
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gk 4
ShSH A KA a b R | RibfERAEN

Morphologic indices Growth model Akaike'sinformation criterion
Tk 5 Exponential 0.9485 0.0110 05273 - 199.60
Lower hood length 21 Linear 00357 - 07414 0.5608 - 202.90

%% Logarithm 42363 - 16.7200 05723 - 204.44

% Power 0.006 8 1.3506 05448 17.04
TERK &% Exponential 2.3681 0.008 7 05264 37.07
Lower crest length 25k Linear 0.056 3 0.0195 05377 35.95

X% Logarithm 6.660 4 - 251210 05459 35.18

% Power 0.0484 1.0309 05391 13357
LSS % Exponential 04161 0.0165 06211 - 234.08
Lower rostrumength b | jneer 00473 - 26163 0.668 4 - 23752

X144 Logarithm 55409 - 234490 0.665 7 - 236.78

‘% Power 0.0003 1.946 6 0.626 9 492

afilb. %% R. MHZAM aandb. Constant; R%. Correlation coefficient
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of Berryteuthis magister shevtsovi



<924 -

=24 Chinese Journal of Zoology 56 %

24 RTINS SHESHERHERRE

5 TR B, A BURAE S5 kK
(P=0.364). MK (P=0.885). LM (P=
0504). Fkink (P=0595). FHERK (P=
0.510). FHK (P = 0.550) FlAHE fiAH %%
AN B EZR, FIAX 55
WL =R R T FEMEF AIC [HIEHURIE
B (R 5), FREKEREMNXRRES
LHEREIA, BB, BB, Fkink.
TNERK. KSR R RE G XT3
RELE (KB 4.

3 W
3.1 ARTIMERFIEXT L
IR, £ TN TEAS S HUR M BE AT,

HAWEESHERIA EFURT T, Boletzky
(2007) WHIEINA, KM F 5 RHL
i) (O 3 A o el 1 P T D N N B i 6
T RS AW M K, RTIEEUA Ji
W Bk BB, BBRE. FkmE K.
TEREK. FTHRKIMEANRIESH, HT#HAH
A I UL R A TR S TS RRE . AN 22
A3 B% et (Ommastrephes bartramii) (43 1E46
2015). PR iEdg s (lllex argentinus) (Ffifk
AL 2012). & 30 (Shenoteuthis oualaniensis)
(Fang et al. 2015, [RFH 55 2019, fAighanss
2020). Jb77 4015 0 (Gonatopsis borealis) (7
JREE 2019). 81948 5 (Uroteuthis edulis) (&
A% 2016). FEMESE (U. chinenss) (i
M55 2017). LKA (U. duvaucelii)

#5 ERNGBARTINESHREEKER NS HILE
Table5 Comparison of parameters of beak and mantle body weight models of Berryteuthis magister shevtsovi

SESH KA a b R _ RERMEN
Morphologic indices Growth model Akaike's information criterion
bRk F5%1 Exponential 56108 0.0059 05214 134.10
Upper hood length 2 Linear 0.0499 50548 05444 133.34
%4 Logarithm 32561 -5.2193 05359 134.28
= Power 16359 0.3896 05223 144758
Rk J5% Exponential 20816 0.0055 04121 - 247.67
Upper rostrum length 2Pk Linear 0.016 4 1.9287 04347 - 248.80
%14 Logarithm 1.088 1 - 15199 04407 - 249.50
% Power 0.647 2 0.3676 0.4256 379.20
Fi e £ Exponential 1.830 2 0.005 7 04539 - 297.55
Upper rostrum width 2Pk Linear 0.0152 1.680 4 0.4747 - 299.18
X% Logarithm 1.016 3 - 15484 0.489 2 - 300.83
= Power 05379 0.3844 0.476 4 307.70
Tk 6% Exponential 2.3219 0.0059 0.370 4 - 180.08
Lower hood length 2Pk Linear 0.0195 21642 0.4050 -182.30
%% Logarithm 13124 - 20152 0.4243 - 184.86
= Power 06415 0.402 2 0.3995 411.46
THERK 5% Exponential 47816 0.004 8 0.3884 49.05
Lower crest length 2 Linear 0.031 4 45226 0.405 2 48.30
%4 Logarithm 2.0933 -21256 04167 47.23
7 Power 17109 0.3226 0.4079 1221.73
LSS 5 Exponential 1.6038 0.0089 0.4381 - 180.70
Lower rostrum length 2Pk Linear 0.025 8 1.2332 0.4813 -185.93
%14 Logarithm 1.700 5 - 41503 0.484 4 - 186.80
= Power 0.2400 05970 0.4556 177.82

afllb. #%: R% MXZA% aand b. Constant; R2. Correlation coefficient
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Fig. 4 Relationship between morphological parameters of beak and body weight of Berryteuthis magister shevtsovi
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Table6 Morphologic characteristic parameters of cephalopods beak
3% Species FAESHL Characteristic parameter ik Reference

VG R KV B BT AR S 5
Illex argentinus

JUR P AR ) S
Ommastrephes bartramii

TR 175 24
Shenoteuthis oualaniensis

R IS I
Uroteuthis edulis

RGP A S
U. chinensis

eI M
Dosidicus gigas

B G A RS 2

U. duvaucelii

PR DY VDT BRI ) 5 5

S oualaniensis

PUAEACTAE I AL 77 T S

Gonatopsis borealis

PEALEN LA S 5

S oualaniensis

I ARHRE IR 8 G DL S5 0

Berryteuthis magister shevtsovi

F3k# Upper hood length  F4 28K Upper crest length
3K Upperwinglength  F3kiE& Lower hood length

TH K Lower crestlength T3 Lower wing length
F3k# Upper hood length  F4 28K Upper crest length
FEEK: Upper lateral wall length T4 Lower rostrum length
TP Lower rostrumwidth  TFI/BEK: Lower lateral wall length
F3k# Upper hood length  F4 28K Upper crest length
e Upper lateral wall length T4 28K Lower crest length
T Lower rostrumlength TFlIEEK: Lower lateral wall length
b3k Upper hood length A28 Upper crest length
THRK Lower crestlength  TF{IIEEK: Lower lateral wall length
F3k# Upper hood length  F4 28K Upper crest length
K Upper lateral wall length 1% Upper rostrum width
T Lower rostrumlength TF{lIEEK: Lower lateral wall length
b3k Upper hood length %8 Upper crest length
e Upper lateral wall length T Lower rostrum length
THEK Lowerwinglength TlIEEK Lower lateral wall length
b3k Upper hood length 98 Upper crest length

b EEK: Upper lateral wall length T3k 34 Lower hood length
THRK Lower crestlength  T{llEEK: Lower lateral wall length
F3k# K Upper hood length |28 Upper crest length
3K Upperwing length L fl|BEK Upper lateral wall length
TkiEd Lower hoodlength TF#%K Lower crest length
T Lowerwinglength FUEEK: Lower lateral wall length
F3k# K Upper hood length |28 Upper crest length
B Upper rostrum length ki Lower hood length
THZRK Lower crestlength Rk Lower rostrum length
L#98K Upper crest length |3k K Upper hood length
LfmEEK Upper lateral wall length  F¥#284 Lower crest length
T3H& Lowerwinglength FllE:K Lower lateral wall length
3k Upper hood length |3k 354 Upper hood length
%58 Upper rostrumwidth T3k Lower hood length
THERE Lower crest length T+ Lower rostrum length

R A%E 2012

& 2015

g
=
4

Fang et a. 2015

A% 2016

RS 2017

AT 2017

Ji f-% 2018

W7l 2019

TIRAE 2019

fATF# 445 2020

AT This study

(2019) Xt H [ R i P b A 5 45 5 I
FORB, kR GHEVE) A1 b 5K
15 R ol & I ZR R R Bl &, 1 R IRFAE
SR E SRR R E. fTE S (20200 X
VAL ENFZVE S S BT T AL, bkl (i
PO BEK M. REEK G S5F
KR AGEGHRREEL S, Tkt (M
PO TR CHEMED . FREK G S5
KRR BOE G AR BRI A, TERK,

AR, R G S EEK (MEMED
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