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Fig.2 Scheme of morphometric measurements of beak of S. oualaniensis

1.2.3 A KA
A BRSO 12 AN BSOE A S B0 T
AT, 3RAS BE S AT A o S0 B RN B ) A1

http: //www. shhydxxb. com

S
R 22 50 57 I 0 1 B R
SR TR 0 e A 4 1



33 W7 26« v ] A R B T A RS 375

509,13]
o

RIHAAE AR 5 R AR R e AR
iﬁﬁﬁ”%ﬂﬁﬁit@fﬁﬁ”“““ UG 35 A i

SNBSS E A K I
LPETE L=ax +b (1)
FeROTHE L = ae™ (2)
TRBOE L = ax (3)
YRR FE L = alnx + b (4)

AL Ol A SR ANE 2 %0 (UHL, UCL Fil UWL
%) ,mm;x N K SR T E, mm BY g;a.b HE
KRR PUR AL TR A K S5,
L(LIL, ,K,1,,0°) =
N 1 _[Li _f(Loo aKvtsthti)Jz
il:lla/z_WCXp% 207

AW

%
(5)

Ahoo® RIREWUT 2, HAIR(HBE S AR
AFBRR A 15% o Fe RAUSRIE I A R 305

F B R, A K B ML Excel 2010 B4R
ﬁ%[ﬂm .

N A5 {2 B E N (akaike s information
criterion , AIC) JEAT A KAMEHY LA, TR A 20N
A= -2InL(p,,,p,,0°) +2m  (6)
LA:L Cpyeep,, o) IR ERBEE MR K
URIE ; o™ AR S B0 T K LR A HE s m
BRI P RAG S BB 4 AR KA UG
/1N ATC A R R fodh A A e

2 4

2.1 SMBESSH

15 5 5 W B TR S Sl . B
UHL % 0.06 ~21.74 mm, UCL 2}y 3.97 ~18. 35
mm, URL 3}y 0.24 ~ 6. 64 mm, URW Jy 1. 23 ~
7.23 mm, ULWL & 0. 66 ~ 10. 96 mm, UWL
1.01 ~7.44 mm; F%i:LHL 350.94 ~7.07 mm,
LCL 3} 1.56 ~13.19 mm,LRL 3} 1.00 ~6.12 mm,

LRW 24 0.98 ~10.12 mm,LLWL 3 1.38 ~18. 67
mm, LWL 5 0.39 ~33.12 mm,
2.2 ERHHH

XA L RS 12 ANE S S EE SPSS
19.0 S A 43 i 264 T 32 10 a3 o A, 25 5 43 )
DT M2, NFE 1 ALIE N, 3T B9, HE

B W TFHBRIES SN ﬁkzﬁ”ﬂﬁ

68. 36% 1 14.47% , BiT o1k R Ky 82.82% .,
—E /A5 UHL\UCL\URL\UWL\URW
F1 ULWL #8473 ARUFH 55 19 16 A0 56, i R AT
0.4210) |, Hrft URW [ UHL (4 fif R 80K, 78
0.910 LA |, PR 58— FE o vl AR k2t 15
XK EERRIE AR SR 55 — E 4 5 UWL Al
ULWL IEAH¢, H5 UWL 4 R 0K T 0. 904,
i+ UHL UCL URL 1 ULWL 2 f A 26,45 = F
B53 5 UCL A AKIMIEARSE, 5 ULWL 23K
TUHDE; 550U F 853 5 UHL  UCL A7 v S5 2 B IE
G, 5 UWL AR HAHSE, Bk UCL, UHL
F1 URL W] LAVE A iSO M A B S ERAE R -,
URW ., ULWL F1 UWL 0] DAAE by 3 o %501 S ANE
FEESHRIEE T

M 2 AT LUE ), 5 — 3R Z E o R E
AR TR 518 65.30% F1 15.27% , Bit
TURRR Ly 80.57% , Hob 35— F WU 5 T 5
LHL LCL.LRL LWL LRW F1 LLWL 845 3 LA
SEMIIEAR DG, B REYTE 0. 636 LA L, Rt 2R
FRLAT T AN R 2 T 5045 XA B AR AIE 1 R AIE

SHGE R4S LCL LWL LLWL & 1A%,

HH5 LCL 2 REGAF] 0. 48855 — F i 5
LWL A 8K B IEAH ¢, 8ifar RECH 0. 644, i1 5
LCL 3 R MM AHSE, Bk, LCL, LHL fI LRL
AT LAE 1 TS0 T SUAME K B S 50RAE
LHL LLWL 1 LWL 0] DIAE Jy /1 i 50T 5 AME 58
FESBEFRMERA

HRAE_F 3R 53 B, IS 5 W 5T 5 %) UCL,
LCL .UHL .LHL .UWL LWL ULWL #l LLWL {{#;
12 B S HOR AR A1 5000 ST S HRHIE
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Tab.1 Loadings of six principal components for 6 morphometric parameters of S. oualaniensis upper beak

F b Principal component

HME 2% Morphologic indices

1 2 3 4 5 6

3k UHL 0.910 -0.062 -0.054 0.277 -0.288 -0.070

F# %€ UCL 0.876 -0.158 0.256 0.300 0.200 0.114

|- % K URL 0. 886 -0.083 0.188 -0.359 -0.123 0.169

E%5c URW 0.928 -0.125 0.087 -0.185 0.112 -0.264

- fjBE ULWL 0. 826 0.003 -0.548 -0.038 0. 100 0.075

3K UWL 0.421 0.904 0.072 0.013 0.019 -0.006
ik Contribution rate/% 68.36 14.47 6.94 5.52 2.68 2.03
ZHBTHER Cumulative rate/% 68.36 82.82 89.76 95.28 97.97 100. 00

K2 ELMARTM6 MESSH 6 NERD AR EMTHKE

Tab.2 Loadings of six principal components for 6 morphometric parameters of S. oualaniensis lower beak

F 45343 Principal component

AYNEZ %L Morphologic indices

1 2 3 4 5 6
ki LHL 0.854 -0.369 0.034 0.212 0.266 -0.135
N2 LCL 0.768 0.488 -0.324 -0.001 0.176 0.190
T K LRL 0.898 -0.073 -0.127 -0.389 -0.016 -0.141
TS LRW 0.771 -0.564 0.130 -0.023 -0.118 0.237
N EE LLWL 0. 882 0.194 -0.200 0.222 -0.294 -0.095
F#EEK LWL 0.636 0.425 0. 644 -0.014 0.004 -0.002
fﬁk}i Contribution rate/% 65.30 15.27 9.90 4.11 3.37 2.33
FUBTHR Cumulative rate/ % 65.30 80.57 90.20 94.30 97.67 100. 00
2.3 ARTIMNBESSHERKHERXR 2.4 ABREIMIESSBSERENERXR

W7 25 53 A 2R WY, AN [R) PR ], Jo i 3 22
HNERIE A5 2% UHL(F =5.313,P <0.05) ,LWL
(F=3.971,P <0.05) 54 14K L RIETE
IE] 2 3 2 ﬁt%ﬁlﬂﬁ%ﬂ@?%ﬁa}ﬁ%
UHL 1 LWL 5 fIf < () ¢ & 5 1 H 4 2 5 UCL
(F=1.315,P>0.05) UWL(F =3.671,P >
0.05) .ULWL(F =0.74,P >0.05) .LHL(F =
1.754 1,P >0.05) .LCL(F =2.790,P >0.05) /I
LLWL(F =2.340,P >0.05) #8 NfETE B E 2%
S, A 2 o ss BT S IR A K E &R,
W AR A ALC (K 3) SRk
SMEFHESE B LLWL FEvE4~ ARy UHL 5
JRH 1) 26 ZR i B e M B R R o, R ¥ %
EHEBOTBEFRR(E 3)
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67.068,P <0.05) \UWL(F =38.934,P <0.05)
ULWL(F =52.216,P <0.05) \LHL( F =49. 494,
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Tab.3 Comparison of parameters of beak and mantel length growth models of S. oualaniensis

SNESHL R SNESHL R
Morphologic ~ Growth a b R AIC Morphologic ~ Growth a b R AIC
indices model indices model
2k 0.0657 1.7929 0.9358 395.3972 bk 0.0570 2.2513 0.6237 341.3242
UHL HE 0.1791 0.6527 0.9333 405.179 2 ;{Hr; e 0.1710 0.6983 0.6131 350.638 1
BEME Females  $i8%% 3.9369 0.0074 0.9437 362.7810 Males Eicz 3.8365 0.0073 0.6140 343.3856
POE4 5.8491 -18.4603  0.9217 445.068 4 POE 5.398 16.7991 0.6210 343.673 8
2k 0.0559 2.2746 0.5765 675.428 6 2k 0.0170 0.7244 0.5605 423.976 6
UCL = 0.1687 0.6320 0.5515 703.604 4 UWL i 0.0520 0.5788 0.5337 398.6126
Eicz 1 39257  0.0069 0.6091 648.7875 iz o0 1.1407 0.0074 0.6104 376.659 6
ik 5.1178 -15.6305 0.5210 736.2520 ik 1.4513 -4.2444 0.5057 394.37124
2k 0.0040 2.0541 0.8796 22.7424 bk 0.0369 0.9902 0.5462 417.1407
e 0.0017 0.0710 0.8754 31.376 5 . = 0.1003 0.8467 0.5311 433.7262
LHL =4 2.0652 0.0017 0.8793 22.0194 LeL =24 2.0635 0.0081 0.6035 362.0626
X 0.2104 1.4845 0.8822 29.2577 pOEe 3.0193 -9.1891 0.4633 503.2339
bk 0.0308 1.0111 0.9714 70.5236 bk 0.0371 0.3308 0.6498 39.504 8
LWL 7 0.0875 0.5918 0.9659 80.1111 LWL 7 0.0866 0.8434 0.6434 33.6536
WEME Females 5% 19541 0.0073  0.9751  40.084 2| Ak Males ¥ 15100 0.0007 0.6663 25.2304
X 266008 -8.1055 0.9656 111.1770 X 3.4180 -9.6537 0.6236 36.118 1
5763 0.0300 1.5550 0.9344 164.7329 573 0.0842 -1.3993 0.8199 442.637 1
s 0.0979 0.5409 0.9035 208.5487 s 0.151 4 1.1743 0.7751 560.077 6
ULWL . LLWL "
Te%L 2.3164 0.0067 0.9388 129.544 4 a8 2.7289 0.0093 0.7946 512.1227
X 24843 -6.8490 0.9326 237.103 1 pOEe 8.4028 -31.5545 0.7960 508.467 5
3 e IR FHICHIE 5T 3 WY PG A B E I 5 1 A 5T Y

UHL ,UCL,URL ,ULWL ,LLWL #1 LWL 5 i 3

3.1 ARSNIMESFIEXTEE

ARSI, [ 7Y VDR 5 16 35 15 A o
ify UCL UHL URL .LHL LLWL FI LWL 0] LI4E
R 5T SR AN T A K B FRAE 2 8L, LCL, URW |
ULWL UWL F1 LRL "] LA R £ it SRANE S 5 4
TESH, — o35 4y ) %) VG R R 74 3 P AR 4 1
Feta™ AL KT R A KRR
012 rE I A IR A I
SR INTIE S S EGAT TS, 19 2 A 55 3
SO IE S R AE S B L, # 4 & UHL, UCL,
URL ,LHL LCL #1 LRL 5§ 6 ™S48, y #1] Ff 1 &
HNES B B AT FiRE S G BRI T RE AR I (%
5)o
3.2 ARSIMNESHERKXER

ARSI - VG VDT B V805 5 WA Jo )
UHL LWL 5 il (4 25 K 5C 2 A7 6 0] 0] S 35 1
25 R IES B EEREEZ R R T
LLWL Fl#E AR 1) UHL 5 0K 9B K Rib A
FHANE T B R R A1, o 24 dc 3 T4 B0 F 3k

BRMAERLRT HADIF P Y LLWL il UHL
AR T MR HAt — L2822 N O it Sk 2
FRUGEISRAME L ARG I S KOF VR
FeAn " 1 U SN FEAE 2405 I 22 18 11 06
FAR G S AN TT R R, S R S AR A
SR, X A e 5 A Ak B 5 R MR AR B
Ko ERWIFEPIEE EI LM T AT UA,
AT KA ] O R A7 4005 I e 45, T L AR A
B/ U SR A — E BRI TR
PEPE I S A5 V0 g APV PR AE B 2 £
S| S AT Rl N2 N M o o R 3 D
HHNE Z B 5 K Z 6] 7 5 ol R e R
(UHL, UCL, LHL LCL I LWL) . 4§ %t ( LCL A
LWL) SHBOMZNE AR T RN, SAT 45 R
FR AR o AN TR Sk AR 26 A BHAME 2805 IR K
AR TR ASE IR, X AR5 AN A Sk R A
B KA S AT RE S Sk R AT B
Sy Tl ) P A B UM BT Sk R 2R 2
ERRAL T BRI
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Fig.3 Relationship between morphometric parameters of beak and mantle length of S. oualaniensis
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Tab.4 Comparison of parameters of beak and body weight growth models of S. oualaniensis
INESEL AR AR INESEL AR AR
Morphologic ~ Growth a b R? AlC Morphologic ~ Growth a b R? AlC

indices model indices model

&P 0.0301 6.8372 0.9006 370.6258 &PE 0.0621 5.2536 0.8990 105.5260

UHL S 0.2478 0.3385 0.9500 464.2513 EHL S 0.3125 0.3229 0.8857 133.473 3

Ffﬁig JEBC 7.6530  0.0016 0.8523 474.660 3 ﬁi{i JEBC 5.7370 0.0072 0.8780 121.5459

SPEC 2.9634 —2.6111 0.9433 222.916 0 S 2.5365 —1.2150 0.9003 155.259 5

&PE 0.0216 6.8695 0.8594 357.8856 GPE 0.0527 5.4373 0.7983 269.704 7

UCL S 2.8258 0.2750 0.8321 564.566 0 ECL S 3.0264 0.2542 0.798 2 280.369 4

Ffﬁig JE 7.3663 0.0014 0.8326 402.0778 ;ﬁ{i JEH 5.7390 0.0066 0.8005 265.5115

AP 2.2519 —0.3493  0.898 9 274.4249 AP 1.9945 0.5151 0.7565 342.494 4

&Pt 0.0001 1.9717 0.9267 325.7102 &PE 0.0167 1.6459 0.6396 202.6525

UWL S 0.0731 0.3315 0.3746 306.0445 E}"V]‘ S 0.0944 0.2660 0.5685 117.049 7

Ffiis JEEC 2.1995 0.0017 0.9032 356.559 2 l\ﬁﬁ JEBC 1.7384 0.0069 0.6416 104.6629

WA 0.8337 —0.6468 0.9314 291.896 0 WA 0.6212 0.1235 0.5945 159.613 7

&PE 0.0144 3.8313 0.8725 167.7140 &Pk 0.0327 3.0568 0.8285 163.538 0

ULWL S 0.1343 0.3335 0.1054 268.318 6 Uf':W" S 1.5079 0.2958 0.7862 186.718 3

Ffiis SX 41971 0.0015 0.8439 219.690 2 ;ﬁ{i SX 3.2860 0.0068 0.818 1 241.294 4

A 1.5228 —1.0640 0.9154 162.334 6 A 1.2945 —0.1903  0.8194 243.969 2

&PE 0.0094 2.0543 0.9402 261.834 2 &PE 0.0198 1.5374 0.7879 468.530 6

LHL S 0.0746 0.3479 0.5685 328.099 8 fL“L S 0.7109 0.3285 0.6512 497.327 1

Fiﬁib JE%C 2.3078 0.0017 0.9187 285.888 4 l\lﬁ{i JEH 1.6898 0.0076 0.7768 504.9115

A 0.9138 —0.8489  0.9556 235.904 3 A 0.7622 —0.3535 0.769 0 535.489 3

&Pk 0.0163 3.8397 0.9626 128.0189 4Pk 0.0373 2.8848 0.8357 173.6355

LCL o 0.1432 0.3502 0.7127 221.4017 fLCL o 1.3604 0.3248 0.7756 203.479 1

Ffﬁis JE%C 4.2350 0.0016 0.9531 182.818 1 l\lﬁﬁ JEX 3.1615 0.0078 0.8269 183.674 1

A 16401 —1.378 1 0.9714 103.296 1 SPHC 1.4291 —0.6513 0.807 3 162.686 8

&Pk 0.0147 3.1836 0.5561 151.8572 &PE 0.0309 2.5255 0.7921 176.826 0

LWL 0 0.1163 0.3802 0.5122 133.0144| LWL % 1.1955 0.3175 0.7871 196.7810

Ffﬁig JEH 3.5845 0.0017 0.4055 143.168 8 ﬁz{i FEH 2.7489 0.0075 0.6742 267.224 1

S 1.5124 —1.6769 0.7092 131.3149 SPEC 1.1966 —0.4493  0.6558 247.323 2

&PE 0.0270 5.9044 0.8686 335.116 1 &PE 0.0557 4.6281 0.8018 105.170 7

LLWL o 0.2163 0.3944 0.2397 203.2678| LWL o 0.2784 0.3194 0.7957 147.424 4

Fiﬁis JEH 6.6582 0.0016 0.8257 308.877 6 ﬁi{i FEHC 5.0443 0.0074 0.7864 193.366 6

SPEC 2.8326 -3.2235 0.9246 290.081 3 SPEC 2.2236 -0.9893  0.7753 112.347 8

3.3 ARSNESHEBREXR

P IH , PU VDI & T 5 5 A S S i Ay
SMERFE S 805 PR i 9 A A 3 A7 A 1 1] ]
FNEIE S M R T A SME S B TR R A9 4
KRB i & A BeR B HEVE AR BR UCL Al
UWL 5ol 54 B ek B m oh , AR M il 3 4R
RN o — L8570 HAt JUARb Sk & 26 £ Tt
HIMES H SR BRI R R IEAT TOH5E, 45
SR PHAL R A P b B P 5 1

Il 5 R KR B, PG 1 DR V4 3 BT MR A T 22
050 AR RO PR 2 A R T A
W S A R R BOR R, RO R OT R R R
10 N s A R T B Sk AR HEAR
Al ARG, A FAMNES SRR Z
] 56 FR AR TE AR >, A R S JE S TR
Frifalr BEIRPPAG R B T JEA, AT TS5 AR ¢
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Fig.4 Relationship between morphometric parameters of beak and body mass of S. oualaniensis
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Tab.5 Morphological characteristic parameters of beak for 6 species of Cephalopods
eSS

Species of Cephalopoda

A FUINE FALE I F Mutative characteristic of beak shape

UHL ., UCL URL .URW ,ULWL .UWL
LHL LCL LRL,LLWL LWL

UHL . UCL . URL ,URW ,ULWL ,UWL

LHL LCL LRL LRW LLWL LWL
Z: 48 Ommastrephes bartramii' > UHL . UCL,URL ,URW ,ULWL . UWL
258 Dosidicus gigas'?') UHL,UCL,LRL ULWL LCL ,LLWL
UHL ,UCL URL . URW ,ULWL ,UWL

LHL LCL LRL LRW ,LLWL LWL
UHL UCL ,URL ,URW ,ULWL UWL

LHL.LCL.LRL LRW .LLWL LWL

BF 50k Sthenoteuthis oualaniensis

] AR S 22 £ Lllex argentines[ 13]

H [E 4 2 W, Uroteuthis chinensis'®)

G L, Uroteuthis edulis'®
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Beak growth characteristic of Sthenoteuthis oualaniensis in the waters of
Xisha Islands in the South China Sea

CHEN Ziyue', LU Huajie'**** TONG Yuhe®, TANG Yue', LIU Wei®, CHENG Xin', CHEN Xinjun'?*"*”
(1. College of Marine Sciences, Shanghai Ocean University , Shanghai 201306, China; 2. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. National Distani-water
Fisheries Engineering Research Center, Shanghai 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of
Agriculture and Rural Affairs, Shanghai 201306, China; 5. Scientific Observing and Experimental Station of Oceanic Fishery
Resources, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 6. Hainan Academy of Ocean and Fisheries
Science, Haikou 570100, Hainan, China)

Abstract; The beak was one of the most important hard tissues of cephalopods which was widely used in the
study of cephalopod fisheries biology and fishery ecology research. According to the measurement of the
morphological parameters of the beak from 818 Sthenoteuthis oualaniensis samples collected by Chinese falling-
net fishery during January to March of 2017 and 2018 in the Xisha Islands waters of the South China Sea, the
morphological growth characteristic of the beak of S. oualaniensis was studied. The principal component
analysis showed that the upper hood length (UHL) , the upper crest length (UCL), the upper wing length
(UWL) , the upper lateral wall length (ULWL), the lower hood length ( LHL), the lower crest length
(LCL) , the lower wing length ( LWL) and the lower lateral wall length ( LLWL) could be used as
themorphological characteristic parameters to study the morphological changes of the beak. The analysis of
covariance ( ANCOVA) showed that there were significant differences in the relationships between UHL, LWL
versus mantel length ( ML) between males and females, but no significant difference was found in other
characteristic parameters. The relationships between beak morphological variables and body weight ( BW)
differed significantly between males and females in all of the morphological characteristic parameters. The
relationships between LLWL , UHLof males and ML were optimally described by the linear growth models, and
exponential functions were optimal for the other parameters. The logarithmic functions were optimal for the
relationship between the ULWL, LHL, LCL, LWL, LLWL and BW for females, however exponential
equations were optimal for the UCL, UWL, and linear functions were optimal for the other parameters for
males.

Key words: Sthenoteuthis oualaniensis; beak; external morphology; growth characteristic; South China Sea;
Xisha Islands
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