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1 E: it RN S S (Loligo beka ) il AE W2 A5 BANAERARE, L1 2021 47 7—11 F £ 501
532 T R ol TR IR R} 22 R A BT 3R AS 16 KO 55 R T 58 X 42, 3 axk 3y 22 3 =G G 5 4R T 6 O RAG TE AR
SRV AT | 7 FH SRR B o AR BRI 56 4 AT P 3 R B B B A T SO AS RRIE A 2 e, R 2 o0 4 it
A3 HTHEST A B ZS AL 5 R R A SR i A A AR 2 SR SR < SV O L R R A X3 )
B F14 T 25 A0 U B IR 435300 S ( 3. 522+0. 009) (3. 505+0. 026) F1( 3. 513+0. 016) em, | . F 1 i GAE1E
R RESZES, i s KR KM 2 R 50k, R/ MBER 1922 S /o PATRE BRI IR A5 5L 7 U E
SFN TR, SR 22 035 25 1 I vk E 57 19 £ 5T SR A8 AT 5 A 2t 06 3R B 55 4 I3t ) o 5 4k ME AR TR A 1
I FH B DR IRV RT 32 53328 25 I AR S 1 AR R, RS9 IA R, 3. 513 om ] Ky il 5 Tl VS KA 1 i e
ANBIE B IR G 10 2%, LA sk 35 /8 2K LU TR S AR B 208 4 i ARG , b o Jo S 28 1/
ANk T A/ M BER T o BIE SR & & B B e W H8 AT . JE T 2008 25 I3k g 5r 1 A4 KBRS

AT TS A 2 AR 4 AR i ) T30

R AR LW T BN ZI05E o i

HESES: S932 ERIRAERS: A
KRR Z Y] B0 A YRR,
WEFLsh Y R 2R D g S E 2|
Wyt R RE R R AR T R T
B, SRR E A S R AR i W 20 T
BEVEMRF™ o KA 4 ( Loligo beka ) J& T A 5h
Y17 ( Mollusca ) 3k /& 49 ( Cephalopoda ) #& 2 H
(Teuthoidea ) # 12 IH, £} ( Loliginidae ) #& 2 i /&
(Loligo) Hy—Fh I j7t /ANBU Sk 26, T2 0 A T3
FE YV T A B B IR X o A I W 1 24 i S
AL, — 4R N IR B R, A A A TR A R
PR LA T e a5 A
R LA B #8 B ( Crangon affinis) g 3 Z YR i)
A28 0 DA /N £ ( Larimichthys polyactis ) Mtk
TR S, [F I B2 H Al R A 28 35 £
KT B R A R o Ak R R A
AN BB AR GiAe S R 22 5 2R [ b B AR

YHsEHA: 2023-01-31 f&E HEA: 2023-03-28
EEWE : R AZEAHTHRIIHE (2021K]110)

5 ( Uroteuthis chinensis) &9 2% ( Uroteuthis
edulis ) FFE A 2 W, ( Uroteuthis duvaucelii ) 25
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TR

FAETSE Rk R R 4R, B AR AR
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Rk RS IR A A RIS N Z

ARSI 2o ST I T A 5 22 15 I
K 58T B OC R LUBA G MR B0 R i 1 B
SR A CRIE 25 27 00 PR il 2 K,
L) ' ST A0 T SO A5 R A ] LB 11 390
RE B Bk e v, A FE 43 43 B (Principal
component analysis, PCA ) WF8 RENG N £ T S 41
PRIE AR 003, -0 18 £ B SUE SRR S
R AR5 2 1) e 0 AR AR, L 32 i v 1 Ak
o 5 A BRI AR W 2 A L, S R Sl 23 3 A
3, TRV SR BE IR S s 114 e/ vl 4l 57 KL o]
SE FVRL A T AS P2 5 LA

I Y SRS WIRE

1.1 EHERiR

WFFERT KA S 2021 4 T—11 F 1E#)
TS (117°30'E~118°20'E,38°25'N~39°20'N) %
F T il B¢ IR R 2 8 A Pl AR AT B9 RE o I A
SR FH AR IS4 AL 25 98 A i AL 3 176 kW,
SR, 64 v Hi R R 15 10 m, B4R H N A
20 mm, VLSRR, A RO ELI R T b, 4
B 2.5 kno WCHE R SR S A i 18 VR DR AE 3z 0]
SEH A, e S8 R TC B IR A A 2 R A
i, BRI A K (Mantle length, ML) K ) |
0.1 em, i 7 K &K 5 & ( Body mass, W) $E
5 0.01 g, & HBEHLIRE 50 ~ 100 2, P54
SE R EAT f T Ay B 9 AT R 25 R A
B ERR R R R R B 2] 0. 02 mm, £
BSOS FE AL 4G [k 754 (Upper hood length,
UHL) | A %K ( Upper crest length, UCL) , |k
K ( Upper rostrum length, URL) . | B i ( Upper
rostrum width, URW ) . | fll] B% | ( Upper lateral
wall length, ULWL) | I3 K ( Upper wing length,
UWL) . F3k 5 K (Lower hood length, LHL) , %
7&K (Lower crest length, LCL) . T B ( Lower
rostrum length, LRL) . T B %& ( Lower rostrum
width, LRW) | &% ( Lower lateral wall length,
LLWL) 1 F # & ( Lower wing length, LWL) .
1.2 HuEsSh

HENT TS IR S ) Huxley” s 4% 55 5 bR
BOM L TN K5 A T G RBR| Hefl5% 92
SPITVE AR SRR, i 2ok /A R eR BG4 TR
RIBHIAEES S N SEAPR R , SEREA
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TOHA Bl HURE , BBORE O ISR AR A B 1) 50% , £ 4T
KESHGE BRI S B A S d FE A2 30 1K,
30 YAGTHE A v 25 g AR N 2 RO AR v R
ARG o B SR A 5 15 % MR ik GRG
B MR B AR w (0) B AR R
T, WA IEH 1B AW MR IR (Ls, ) BIH]
UREEE T Huxley” s % 5E 1 5 o K0T 1 55 4 it 1
JEFR 5% 22 BE R 1 A A i
(R GIEATEW LIS LN R SN ES
PRRICR FL 9% 22 53 331

’. Huxley’ s

W=alL,' (1)
W=(a,Ly")S, +(aly*) (1-8,)  (2)
S,= {14 W0 (3)
L(y.;)=(0) P (4)
_ Wobs_Wpre ( 5)

’ 14

S WA KA S AR BT A 5 Ly o KA 5 IR 5
a.b 7352 Huxley’ s £ 48 %5 ph B0C R2 AHYAE K
FAFR TS A K R ) v, 39008 2050
KA 1B 2 Bom sk BOC R U A KA
K756, b, 735 R 2O R A 1 BOFISE 2 B
FRBOCRAM R HE AR RS, WA
T, R 5 A5 0C R ER 1 BB 245 2 B
(HAE s L) I A2 ) P I A A CBIA: 2R B
BFERA M IR IE S BRI A) s Ly, ) N
1 B o0 0) o I M B 1T P, S B
U W, IR W, O B
HiE

BT 22 0 A AR T OC AR A B I A A
BRI, FEAT KA 2 W 7 Y R il
FOVE A B B 530 43 S SE T ME T e MR
B RN A TR REAS (1 b T S5 B
AFFAEI] L) 5C R A S (E AS S R B, A1 )
G AT R B BB, o0 R B BB ge i A X
A A, L AR 5 28 # (Coefficient of variation
CV)/INT 10% g bn HE i 358 25 28 AR 1 £ ot S A
JE AR ] FE A A8 P , JF X0 L A 8 A5 2R 17 1 1)
UL E B B iy g R B 5 2% Bk A 56 (Wilcoxon
rank-sum test)

3 W P R AR KA B R A R
S4BT 12 SN 36 b5 43 5 i 47
KMO ( Kaiser meyer olkin ) F145 35 v 4 18 B AN B 4%
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FIFFERIE AL B, LA KMO 558 R 5K F 0.5 e
FEF BRI RS 365 P<0. 01 S sz ™ L Sk
o 1) £ R AR HE T o A Y DA RE
B S HC B R T 5% o F0 5 biofe | $EH
AL RAE A oSO SRR T .

DA A pR AU G 0 78 T AR 2 OB 1< 5 A
JSIE SRR O R, DA ECZR 1 R B A 14 5T
5 RE SRR R, P REU(R) Fids
ifE BN ( Akaike information criterion, AIC){H
PR UL O AR ), Fe A T O 255
iE45 AR A 5 A B PR [T 09 22 5038 A0 [l
I, DK 3 B 43 5 25 I g Ny g AR R AR, -
HATIEAIIE R

2 4

2.1 MiEEBHRKSEHRREXE
2021 4 7T—11 H 3% A 76 5 75 B i 4
KA KA 5 0 58 R W 33t 3 017 B &

0.82~7.99 cm, &K JF 0. 19~22.75 g, % H KL
HURE () BT REdh i 458 2, Horp ek 306 B2 L lfEE
152 B MEPEAR A 1. 03 ~7. 99 em, & i & 0.33~
22.75 g; MEMERRE 1.63~6.23 cm, {K i & 0. 86 ~
15.86 g, JiiH] Huxley’ s 15t bR BUE X F1 2 15
FOUAIUA S KA 2 W A B R
PIRIOC R IR TR AP PLE SR (R 1 Ik
2), Horp Z2 0 R A LA R (R = 0.928) 11
T Huxley’ s 1% 4t % oA B0 7 1) L& 3R (R =
0.914) , H Fe 5221 J7 /N, A iss 5175 3]
2R , JCIe MEPE R R b, Y R oy S5
A, 4 F RS, IR 0 I 5 1R BT i OC R
PfEAE RS R A B & 3% 22 57 (P =2. 18x107° <
0.01.P=3.12x107<0.01) , LI BRI A 45
SRS B A R TV T KA S Y Ly,
S35k (3. 513£0. 016) . (3. 522 +0. 009) Fl
(3.505+0.026) cm,,

®1 ETF Huxley’s EGMERHEH AN NEESBWRKEREXR

Tab.1 Descriptive statistics and Huxley’ s traditional mantle length-body mass relationships for Loligo beka

" . Lt il 5% 22 375 il
S8 a 95% ZH b 95% N ¥
F 2% SR b Ry R Proportional YUE FHL
S?rﬁnz’gi e ? ‘ ?{ BRI #f DX resri(g;oal :}:uam R?
ple a CL 95% b CL 95% §
of squares
HAK Total 0.068 2.820 0.067~0.070 2.804~2.837 25.297 0.914
HEYE Female 0.061 2. 881 0.059~0. 062 2.861~2.902 17.018 0.929
et Male 0. 109 2.527 0.106~0.113 2.500~2.555 7.200 0. 848

x2 ETUEHAREHRKEREX R

Tab.2 Descriptive statistics and polynomial mantle length-body mass relationships for Loligo beka

A 2 ay 2800, 2 ay 2R b, R A PR k2 O R DR AR B
Sample a; b, a, T, Lsy/cm Sum of squares R?
JA Total 0.095+0. 003 2.889+0.022 0.141+0.005 2.786+0.023 1.095+0.032 3.513+0.016 22.448 0.928
M Femal 0.094+0.002 2.932+0.017 0.138+0.003 2.807+0.014 1.064+0.106 3.522+0.009 16.200 0.943
e} Male 0.099+0. 006 2.642+0.015 0.145+0.002 2.584+0.018 1.099+0.026 3.505+0.026 7.189 0. 852

2.2 ARSI SHEREMRS S

JOHE B WA 5 SE A5 R AR {E 40 . UHL
2.22~6.20 mm,UCL 3. 08~8. 69 mm, URL 0. 48 ~
1.70 mm, URW 0. 43 ~ 1. 46 mm, ULWL 2.00 ~
6.70 mm, UWL 0.87 ~2.62 mm, LHL 0.88 ~
2.69 mm, LCL 1.54 ~ 4.76 mm, LRL 0.50 ~
1.62 mm,LRW 0.63 ~1.77 mm, LLWL 2.10 ~
6.10 mm,LWL 1.39~4.43 mm,

ANRIZERIAEAS (9 Ay o S 25 5 Ak (9] A X B

{645 5, F MM b A i 5 HL/CL HL/RL  HL/
RW . HL/LWL, HL/WL, CL/RL, CL/RW . CL/
LWL .CL/WL .RL/RW .RL/WL .RW/WL FI LWL/
WL B FUAE K A 5 506k 1o A ik 18] () OB, RL/
LWL F1 RW/LWL ) FUAE/ N T T £ 5 5000 7 R Ak
] B LA, o HL/ WL 422 S K, RIVLWL (1)
P8 N o N T = o N = 51 S R =
4.120+0. 056 F10.929+0. 008, FIf A5 4#F [ Fb (H
(7AE S 2800 0. 022~0. 093, ¥ /N F 10%, 28
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JRBE S AR ARG 5 . B A BT ) HL/CL HL/RL
HL/RW , HL/LWL, HL/WL, CL/LWL, CL/WL,
RL/RW FI LWL/WL K A7 76 P 51 18] & 3 22 5%,
HL/CL HL/RL HL/RW  CL/RL 1 RL/RW A 7f
TERH B Bela) i fi 25 22 55 N # B 5 HIL/CL
HL/LWL, HL/WL, CL/LWL, CL/WL, RL/RW F
LWL/ WL A A7 76 4% ) 4] 4 2% 2% 5%, HL/WL HL/
RL .CL/LWL il RL/LWL NEAE K& 8 B B 8] i) 2
FxE5. LMBHn CL/RL, CL/RW | RL/LWL,
RL/WL RW/LWL #l RW/ WL ££7EPE 5[] b i 3
225 ,HL/LWL,CL/RW 1 LWL/WL {£7E % & B
Blm HB 2 22 5, T A By HL/CL A HL/RL
FEAER T W Bla) il i 35 22 5+

25 KMO ki i P i BOF L5 R R 3RO A
o, MEE HEVE AR ) KMO &2t 8 53 ) R
0.963.0. 932 F1 0. 961, (L ARFI R IE A 36 19 Sig.
(B R O, 46 50 45 2R 8 735 JCHE 2 A 5T S0 28 e

TERTHEAT o o3 Ao 56 T B AR A2 S5 1 L
GIMEL, SETE | P A B A S 25 R AR Y
F R S Hr B BT 2 A F 8, o ) R R
96. 420% .92. 502% Fl1 95. T98% 1y %y 4 A5 5 ( 3k
3);UHL.UCL .ULWL fl UWL %45 1 3%/ B4
BB AT, URL H URW X465 2 0 B
Zofr o BT BB BT 2.3 A2 A E RS,
S35 B 95. 617% 94. 754% Fil 94. 696% [
HyRAr 5 (% 4) , LHL LCL .LLWL Hl LWL %45 1
F R BAT B B, LRL A1 LRW XF 55 2 32 A%
S EA B B, N T HEE R M A 3
43 LRL ELUA B 30T 3 A X4 b B B 1
U MEME A AR BB 1.2 A2 A~
B4y, 4 w2 R B 89.791% . 87.098% Fil
93. 071% MR A2 5 (3R 5) , bR LR FT AR AR
Xt 2 R AT B e, FL AR AE 2 XA 1
F R HAT B R AT

®3I NS AR SHENERS S0

Tab.3 Principal component analysis for the morphological parameters of Loligo beka upper beaks

TB ZSHE F 43 Principal component 1543 Z %0 Component score

Morphologic MEPE Female HEYE Male BUA Total MEPE Female T Male 2K Total

parameters 1 2 1 2 1 2 1 2 1 2 1 2
kK UHL 0.975 -0.138 0.938 -0.253 0.968 -0.164 0.178 -0.453 0.194 -0.351 0.180 -0.440
A2k UCL 0.974 -0.184 0.935 -0.302 0.967 -0.210 0.178 -0.605 0.194 -0.418 0.180 -0.562
K URL 0.942 0.269 0.878 0.394 0.933 0.289 0.172 0.883 0.182 0.546 0.174 0.773
55 URW 0.915 0.368 0.778 0.589 0.89%4 0.415 0.167 1.208 0.161 0.816 0.166 1.112
EEERK ULWL  0.967 -0.181 0.946 -0.245 0.964 -0.193 0.177 -0.593 0.196 -0.340 0.179 -0.517
3K UWL 0.960 -0.106 0.896 -0.058 0.950 -0.098 0.175 -0.348 0.18 -0.081 0.177 -0.261
Contribution 91.346 5.074 80.476 12.026 89.577 6.221
rate/ %
FitviakR
Cumulative 91.346  96.420 80.476 92.502 89.577 95.798

rate/ %

TE: TTHCRANT 5% R 23R RI Y

Notes: The principal components with the contribution rate of less than 5% are not listed.

2.3 ARSESHUESREK . AREXZR
BALIRIZR A3 B 45 2 Wk 7 AR T SOE A REAE 5
KRR ELIEAC (R 6) , SR & 2 5
ENTRAMARDC (R 7) o WEME e S Bk m A
R SRR 5 I et s EOC R AR (b) 73
B4 0. 951 ~4. 106.,0. 989 ~ 2. 739 Fi1 0. 954 ~
3.687, 15 R (R®) 4 4 0. 453 ~ 0.838,
0.072~0.702 F1 0. 361 ~0. 808 ; 5 {4 it & 11 %} %k
LAECD) PRBOC R AR 28 2.380~3.526,

http://www. shhydxxb.com

1.044~3.552 il 2. 151 ~3. 530, e R (R®) 4y
B 0. 512 ~ 0. 852,0.063~ 0. 730 F1 0.402~
0. 818 JLTF o RBOM At {5 B HENIE (AIC) ,
X MERE AL AREAS 1 BE I 5 K G 2 1 4L
FRCREAL, X FHEERAE, T LR RK S
AR UL 45 2R s A L T HA AR, B R K
SRTE A X R R UG LE 3 RAEA Y
FBAAL o
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Tab.4 Principal component analysis for the morphological parameters of Loligo beka lower beaks
INESEL F 853 Principal component 1543 Z %4 Component score
Morphologic HEPE Female HEYE Male AR Total MEPE Female HEYE Male AR Total
parameters 1 2 1 2 3 1 2 1 2 1 2 3 1 2
Tk K LHL 0.945 -0.221 0.882 -0.357 -0.038 0.931 -0.261 0.175 -0.682 0.199 -0.374 -0.124 0.178 -0.589
THRKLCL 0.972 -0.145 0.934 -0.229 -0.034 0.964 -0.171 0.180 -0.446 0.211 -0.240 -0.113 0.184 -0.387
Tk LRL 0.902 0.387 0.663 0.660 0.341 0.872 0.432 0.167 1.194 0.150 0.692 1.120 0.166 0.977
THSE LRW  0.933  0.268 0.736  0.535 -0.410 0.901 0.342 0.172 0.825 0.166 0.561 —-1.346 0.172 0.772
TAEE R
LLWL 0.978 -0.123 0.970 -0.136 0.022 0.976 -0.131 0.181 -0.380 0.219 -0.142 0.072 0.186 -0.295
THEEK LWL  0.966 —-0.133 0.924 -0.185 0.130 0.957 -0.156 0.179 -0.411 0.209 -0.194 0.427 0.183 -0.352
Contribution ~ 90.212  5.405 73.771 15.904 5.079 87.317 7.379
rate/ %
it
Cumulative 90.212 95.617 73.771 89.675 94.754 87.317 94.696
rate/ %
1 BRRER/INT 5% M R
Notes: The principal components with the contribution rate of less than 5% are not listed.
x5 ANESHARMESHLENERS DT
Tab.5 Principal component analysis for the morphological parameters of Loligo beka beaks
ViSIZ2 S F )43 Principal component 1543 2% Component score
Morphologic HEPE Female e Male B4 Total i PE Female Tt Male &K Total
parameters 1 1 2 1 2 1 1 2 1 2
3k UHL 0. 980 0.954 -0.169 0.975 -0.116 0.091 0.105 -0.120 0.093 -0.168
FHZEK UCL 0.979 0.947 -0.216 0.973 -0.152 0. 091 0.105 -0.154 0.093 -0.220
%K URL 0.925 0. 834 0.372  0.913 0.276 0. 086 0.092 0.265 0.087 0.401
W58 URW 0. 890 0.719 0.585 0.864 0.429 0. 083 0.079 0.417 0.082 0. 622
i EE K ULWL 0. 969 0.958 -0.157 0.967 -0.134 0. 090 0.106 -0.112 0.092 -0.194
3K UWL 0.957 0.889 -0.006 0.947 -0.035 0. 089 0.098 -0.004 0.090 -0.051
Tk K LHL 0.931 0.854 -0.391 0.916 -0.268 0. 086 0.094 -0.279 0.087 -0.389
THRK LCL 0. 964 0.918 -0.269 0.956 -0.199 0. 089 0.102 -0.191 0.091 -0.288
FEK LRL 0. 909 0. 662 0.613 0.877 0.399 0. 084 0.073 0.437 0.084 0.578
T5E LRW 0.920 0.722 0.402 0.887 0.225 0. 085 0. 080 0.286 0.085 0.326
TEEK LLWL 0.977 0.964 -0.165 0.974 -0.157 0. 091 0.107 -0.118 0.093 -0.228
THEEK LWL 0.963 0.927 -0.180 0.956 -0.169 0. 089 0.102 -0.128 0.091 -0.244
Contribution 89.791 75.401 11.697 87.325 5.746
rate/ %
E e
Cumulative 89.791 75.401 87.098 87.325 93.071
rate/ %

TE: BTIRR/NT 5% E R KT

Notes: The principal components with the contribution rate of less than 5% are not listed.

P KA 2 A oS0 S AR 0 0l i S
IR AR A 1 5 & (3 8 MR 9) , ZILE
A @, T R R RARRE A, S L)
SR SRR D 454K , e R 21 45 X i K )
AR Ry 3] Ky 86. 5% . T7. 6% Fil 84. 4% , FH
UHL FEf A 720 vt 3 SRR A R 1 4 A
FRE 5 BRI PR AL R A o ) i AR

B4 89. 0% .81. 6%#1 86. 5% , H:rp URL UHL FI
UWL R0 51 S X R AEAS 55 1 e LR
FA BSOS FHE 85 , et K41 G % R i
fETE R AR 82. 9% 67. 4% Fl 79. 8% , it T M
PEFIVHE P B, LWL 9 i B R 35 8 8 o7, LCL X
SVREA IR A R R R A 1A e LR A A X
A ot & Y fif B R 4 il Sk 86.7% . 80.0% FiI
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84. 3% , Xt T MEVEFEVEREA , LCL Y fif B34
55 147, LRW Xt SR A K 0 it B R JE 58 1 0,
RIS E AR A e i e L A%
HRH: B fie & 2R 49 501 oy 87. 4% 78. 6% Fil 85. 3%,

URL ,URW #1 UHL 43 3%F W F 3 ZRAEA IR 1)
R AR s AT IR AL WA T B (R RER 0 501 Ry
89.7% .83. 9% Fl 87. 7% , URL .LRW F1 LWL 43 5
SRy Xk A A AR U B 1) e e PR R R R 1

F6 AEEMREKSARIAHESHEERRLAEUEXE

Tab. 6 Linear functional relations between mantle length and morphological parameters of Loligo beka beaks

INESEL MK Total Y Female HEE Male

Morphologic

parameters b(Mean£SD) R? AIC b(Mean=SD) R? AIC b(Mean=SD) R? AIC
L3k UHL  1.298+0.038"* 0.720 878.327 1.311+0.043** 0.752 613.453  1.266+0.083" " 0.607 256.464
EHREKUCL  0.954+0.023** 0.786 755.851 0.951+0.026** 0.809 532.385 0.989+0.053°* 0.702 214.523
K URL 3.621+0.181" " 0.469 1171.874 3.836+0.202** 0.542 800.597 2.739+0.422** 0.219 360.891
5% URW 3.392£0.209* % 0.366 1252.871 3.773£0.238"* 0.453 854.748 1.894+0.447** 0.107 381.302
L MEEK ULWL  1.184+0.027 "  0.808 706.605 1.179+0.030** 0.838 482.844 1.233+0.066"* 0.697 217.004
FEK UWL 2.618+0.090" "  0.651 979.441 2.664+0.101** 0.696 675.337 2.435£0.208** 0.477 299.924
TkBRK LHL  2.569+0.086* *  0.661 966.297 2.611+0.101** 0.687 684.382 2.405+0.173"* 0.563 272.762
THRK LCL 1.558+0.045** 0.722 875.367 1.580+0.052** 0.756 608.504 1.484+0.099** 0.599 259.537
T K LRL 3.113+0.194" " 0.361 1256.651 3.420£0.214** 0.456 853.434 1.680+0.492** 0.072 387.093
T8 LRW 3.687+0.193" " 0.445 1191.499  4.106+0.211** 0.555 791.994 2.676+0.481** 0.171 369.959
TMEERK LLWL  1.303£0.034**  0.762 803.640 1.312+0.037** 0.801 545.322 1.296+0.083"* 0.620 251.429
T#K LWL 1.704£0.046* *  0.749 827.527 1.739+0.051** 0.792 559.529 1.565+0.107** 0.589 263.469

oo FORMB B,
Notes: # * indicates P<0.01.
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Tab.7 Log-linear functional relations between weight and morphological parameters of Loligo beka beaks

SMESHL BEUR Total WP Female HEPE Male
Morphologic
parameters b(Mean+SD) R? AIC b(Mean+SD) R? AIC b(MeanSD) R? AIC
&k UHL 3.479+0.086" *  0.783 402.846 3.506+0.093" * 0.822 265.754 3.386+0.186" " 0.688 103.140
R K UCL 3.530+0.078 "  0.818 321.877 3.526+0.084"* 0.852 208.927 3.552+0.176** 0.730  81.079
[-#1 URL 2.496+0. 115" 0.507 778.897 2.652+0.123"* 0.604 511.334 1.809+0.280" " 0.218 242.814
W5 URW 2.151+0.123* " 0.402 866.581 2.380+0.133"* 0.512 575.134 1.185+0.277** 0.109 262.699
MEEK ULWL - 3.237+0.074* *  0.807 349.016 3.212+0.080° " 0.842 229.344 3.374+0.175°* 0.713  90.245
LFEEK UWL 2.850+0.084" " 0.715 527.033 2.907+0.090"* 0.773 340.202 2.574+0.199"* 0.528 165.928
Tk K LHL 2.922+0.080" "  0.747 473.854 2.950+0.093" " 0.767 348.436 2.790+0.146" " 0.708  92.931
THRKLCL  3.24720.082" " 0.777 415.993  3.285:0.090" " 0.814 280.446 3.104+0.170" " 0.689 102.434
T LRL 2.173+0. 124" "  0.403 866.455 2.394+0.130"* 0.529 564.021 1.044+0.329** 0.063 270.297
T 38 LRW 2.931+0.148" " 0.461 819.648 3.365+0.152" " 0.619 499.479 1.881+0.362" " 0.152 255.067
TMEERK LLWL - 3.436+0.080“*  0.801 363.120 3.453+0.085** 0.844 225.458 3.396+0.185** 0.693 100.741
THEK LWL 3.073+0.075" " 0.786 397.347 3.145+0.081" " 0.831 249.544 2. 774+0.163*"* 0.659 116.836
H:ow o FORME AL,
Notes: # #* indicates P<0.01.
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Tab.8 Regression analysis between mantle length and morphological parameters or PCs of Loligo beka beaks

£ 0 SR Total HEPE Female e Male
Beaks Factors R? AIC Factors R? AIC Factors R? AIC
UHL ,UCL, UHL ,UCL, UHL ,URW UWL
- fo i URW . ULWL 0.844 615.217 URW . ULWL 0.865 432.753 URL UCL ULWL 0.776 181.387
Upper beaks PC1 0.764 799.283 PC1 0.796 553.220 PC1 0.656 236. 165
PC1.PC2 0.825 665.978 PC1.PC2 0.754 487.543 PC1.PC2 0.746 192.103
LCL LWL, LWL .LRL, LWL.LRL,
LLWL LRL 0.798 734.253 LLWL 0.829 502.652 LLWL 0.674 231.879
PC1 0.744 838.222 PC1 0.780 575.972 PC1 0.625 249.327
Lower beaks
PC1.PC2 0.780 769.589 PC1.PC2 0.810 534.159 PC1.PC2 0.667 233.201
- - - - - - PC1.PC2.PC3 0.669 234.310
UHL LCL LWL, URL,UHL LWL URW LRW URL,
URW LRL, 0.853 594.489 URW UCL, 0.874 416.814 UWL.LCL, 0.786 176.095
| F5i Beaks UCL,ULWL LRL ULWL UCL,ULWL
PC1 0.761 805.097 PC1 0.795 555.291 PC1 0.653 237.771
PC1.PC2 0.814 692.808 - - - PC1.PC2 0.722 205.655
x99 NREMERES BRIESHER RS BRI EEEF S5
Tab.9 Log-linear model between body mass and morphological parameters or PCs of Loligo beka beaks
A1 I i SR Total P Female et Male
Beaks Factors R? AlIC Factors R? AlC Factors R? AIC
~ UWL ., ULWL, URL.,UWL UCL, UHL UCL URL,
A UCL .URW 0.865 191.207 ULWL .URW 0.890 127.553 URW .UWL ULWL 0.816 32.695
Upper beaks
PC1 0.800 365.552 PC1 0.842 229.144 PC1 0.691 101.663
) LRW LHL LCL, LCL LWL, LCL LLWL
i LRL LWL LLwi, 0-843 263.775 LWL LRI, 0867 182.044 VT 0.800 43,721
Lower beaks
PC1 0.795 376.012 PC1 0.839 235.193 PC1 0.707 93.821
LWL LHL LRW | URL LWL, LRW UWL,
— LRL . UWL URW, 0.877 157.377 UWL.LRL ., URW, 0.897 111.306 UCL.LRL.LHL, 0.839 14.561
TS Beaks UCL ULWL UCL ULWL URL ULWL
PC1 0.804 355.076 PC1 0.847 220.182 PC1 0.708 92.923
F10 NEEWRARSESHTESREKMEREN S TESEASH
Tab. 10 Multiple regression analysis between morphological parameters and mantle length
or body mass of Loligo beka beaks
11 Mantle length it Body mass
FEA Sample A K Mantle leng . AT Body mass i
b; Factors R a b; Factors R
-0.273 0. . .
0054257 _8 322 UHL UCL ,URL, _10692211‘01 45865‘ UCL ,URL ,URW |
M Female  —0.418 : v A URW ULWL, 0.874 -4.55 : N * ULWL UWL 0.897
1.052 . -1.177 ., LRI LWL 0.711.,-0. 657, LRL LWL
0.343 A 0.619 )
(3'058951 ‘3_}' (1)3461‘ UCL . URL .URW , 12' 13;0‘ _00'5?55 * UCL.URL,ULWL,
et Male -0. 156 : N : ULWL UWL 0.786 -4.27 ) T N UWL LHL 0. 839
0.538.-0.543 LCL LRW 0.761.-0.584 | LRL. LRW
-0.710 ) -0. 447 A
:géﬁ‘?' 33‘5“ UHL,UCL,URW 11‘ 7;)955‘_00'569%9‘ UCL,URW ,ULWL,
BUA Total -0.357 ) T : ULWL.LCL, 0.853 -4. 688 ) - N UWL.LHL LRL, 0.877
-0.212 ,-0.917, LRL LWL 0.343 .-0.442 | LRW LWL
0. 306 A -0.436.0.477 )

H: B8 b, 5 Factors JEB—XF W KR,

Notes: One by one between parameters b; and morphological traits correspond to the relationship.
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Morphology of beak and effect of gender and growth stage on beak for
Loligo beka in the Bohai bay

XU Hailong"*?, WANG Haoqiu', DING Yu'"*, SU Yuanyuan', GU Dexian’, XU Lili"*’

(1. Department of Fishery Sciences, Tianjin Agricultural University, Tianjin 300384, China; 2. Tianjin Key Laboratory of Aqua-
ecology and Aquaculture, Tianjin 300384 , China; 3. National Demonstration Center for Experimental Aqua-ecology and
Aquaculiure Education, Tianjin 300384, China; 4. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306,
China; 5. Tianjin Fishery Institute, Tianjin 300221, China)

Abstract; In order to better understand the morphological growth characteristics of beak and fisheries biology,
polynomial growth model was established for the relationship between mantle length and body mass for Loligo
beka collected from fishery independent surveys by trawl net in the Bohai Bay from Jul. to Nov. 2021, and the
size at first maturity was estimated. Wilcoxon rank-sum test was employed to analyze the influence of maturity
and gender on the morphologic growth of beak. In addition, multivariate statistical analysis based on the
principal components were applied to establish the relationships between morphologic straits of beak and
mantle length or weight for Loligo beka. The analyses showed that polynomial growth model was more suitable
for fitting the relationship between mantle length and body mass, and the sizes at first maturity was estimated
at(3.522+0.009)cm, (3.505£0.026) cm and (3.513+0.016) cm for female, male and total Loligo beka,
respectively. There were obvious differences in the morphologic between upper beak and lower beak. Some
ratios between beak length indices, such as hood length and crest length, were nearly consistent with the
change of sex and sexual maturity, but others were different, such as the ratios between upper crest length and
upper rostrum length and between upper hood length and upper lateral wall length, and there were significant
differences in gender and sexual maturity, respectively. Taking the coefficient of determination and Akaike’ s
information criterion ( AIC) as the criterion of goodness-of-fit, the optimal relationships between morphologic
indices of beak versus mantle length or weight were established by means of stepwise multiple linear
regression. The information above mentioned suggested that the behavior of fishing Loligo beka with shorter
than 3. 513 ¢m in mantle length should been forbidden. The ratio of upper hood length and upper crest length
could be used as stable beak index of the morphological characteristics of Loligo beka, the ratios between
upper crest length and upper rostrum length and between upper hood length and upper lateral wall length
could be used as the indexes of gender and sexual maturity, respectively. Besides, the relationships described
by stepwise multiple linear function were more suitable for predicting the mantle length or weight on the basis
of data of beak for Loligo beka.

Key words: Loligo beka; beak; phenotypic trait; multivariate statistical analysis; Bohai bay
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