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Fig.1 Site of investigations and samples of

S. oualaniensis

x1 ES5HAERHEERER
Tab.1 Loadings of information of survey sampling of

S. oualaniensis

SRFERS 8] AR R K YEE /mm A5 R /g
time of sampling quantities of samples range of ML range of BW
5H May 190 11~150 8~53
6H June 230 15~167 18~103
7H  July 210 22~193 30~220

81
230 20~235 44~752
August

PEM 2, L35 K (mantle length, ML), A &
(body weight, BW); X541 . M G EE #E 17 H
LTS X A B AT SR I . G R AT,
FEX HAMFIL &S H A7 & . H ML & K
B =1 mm, BWIER 21 g, MRSIMNE N &
KB 210.01 mm, 52 058 B A TSR 645 %)
(HE250%F . #E395XF), M . S L AR AY  4<
PRI 4 314 11~235 mm Al 11~138 mm, {4 5 &
FEL 53 531 A1 8~752 g F18~127 g,

ARSI & S = K F- A
LA 5 18] R b R R I0 &, % £ 5T
i I 3k 35 4 (upper hood length, UHL), [#H %K
(upper crest length, UCL)., I W4 (upper rostrum
length, URL). W% (upper rostrum width,
URW). FfllEE K (upper lateral wall length,
ULWL). [-3 K (upper wing length, UWL), T3k
% K (lower hood length, LHL), T #& % K (lower

http://www.scxuebao.cn

crest length, LCL). T B 1 (lower rostrum length,
LRL). ¥ %:(lower rostrum width, LRW), Tl
BE K (lower lateral wall length, LLWL)HI F 3 K
(lower wing length, LWL)%% 12301 4 58 1 25 2 $ ik
Frimat(&2), MWEZRETH20.01 mm,

1.3 ¥ESH

g3 RSO B W TSR 12 SRR A S
BOAEAT F KAy 43 B, O AT S AE A TR K
F5E B B MR AE R 1

FI 5 22 730 1 B (ANOV A) 73 B 15 1 i £ [
WAME AL S A AE AR M ) A ] 4 4H D
A [R] B 1) Y 22 S, R AR AR M 1 1) 22 SR Al b
TEARE 7 o3 R N HEA T T

FIHH e/ i 35 Pk 22 R (LSD)#Ef T £ 1L
B, AT AS T R 4 RAS [ I 3 o 5 1
WAL F I 50 AN R AE TR 7 A R i U7

P F A B AMERE N T 5/ R KA
EAE R 45 X ARk A, BRI ASTRPE S . AS )
R FIAN [1] A i G 28 5 X 45 DX R A4 A 1 5 g U117

2 4R

21 ABRIFIIBESSH

2o B, HEMEREAS M A AN R A SR
UHL%4.31~12.59 mm, UCL}4.23~13.97 mm,
URL~1.08~4.58 mm, URW}1.52~4.86 mm,
ULWL #1.89~7.04 mm, UWL}1.23~5.60 mm,
LHL%1.08~3.99 mm, LCL}2.11~7.07 mm,
LRL A 1.04~4.36 mm, LRW }1.23~4.97 mm,
LLWL~3.28~10.41 mm, LWL}1.98~6.55 mm;
Wit 4 S 8. UHL A3.82~4.49 mm, UCLJ
4.58~14.64 mm, URL~1.23~5.16 mm, URW}
1.23~5.67 mm, ULWL}1.99~7.75 mm, UWLJ}
1.02~4.52 mm, LHLA1.11~5.09 mm, LCLJ
2.11~7.87 mm, LRL~1.02~4.33 mm, LRW}
1.30~5.18 mm, LLWL52.99~12.20 mm, LWL}
1.89~6.15 mm.,

22 EL5ARTIMNBFEISHIE

B R AR A, BT
i o, 58 S s e A A R . B ERAE
IAEKERSORIERSZ . BERK. g€
Wik, BRIERA L. B, B RAMEE
J7 B AR BB AR IR, R R o
%I UHL ., UCLAIURLY) K F F %i Ay LHL .
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Fig.2 Scheme of morphometric measurements of S. oualaniensis beak
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Fig. 3 Morphometric description of S. oualaniensis beak

(a) upper beak, (b) lower beak

2.3 ERTOWH

X IR 12N NRIE A S EGE AT L
SR, @R ER, XF LW, S F R
LR R T9.79%, Thish— . 5 —F a0 Rt ot
Mk #8353 T 87.70%, UHL. UCL. URL. UWL,
URWHIULWLY 5% — F s B IEHSE, R
BIAE0.85L) |, UHLIAE] 170.93, HLE—+
B4 v AE R b 4% XK BE R AR AR 5 UHL
UWLFULWLS 5 — F W4 B IEAMH &, MUCL,
URLAIURWII &2 17 41 ¢; UHL., UCLFMIULWLY
o= A IE A OG, URLIN S 488k i £kl 56
UCLMIUWL 5% PU £ 5l 3 22 IEAH G, ULWLS5S
ME A BEKAME, 28 LTk, FH—. %

TR T R S A S A XA R
TEMARE (R2).

XEF T, R AT R B —
TIHER N 81.19%, HF— . 2 F Moy Rt vk
HikF 786.64%, LHL., LCL. LRL., LWL,
LRWHILLWLI 555 — F sy R IEA K, T R
08704 I, HPLCLiA#]0.94, Hit, 4
— T TR R A XK B R AE AR SR
LHL. LCLMLLWLYS % — F s R IEAHSE, 1
LRL. LRWAHILWLI| 2 f4H; LLWLHLWLYE
B B IEA G, LHLW S &K 7k ¢
LHL. LRL. LRWHILWL5 % 4 3 5/ 5 1F 4
X, LLWLE S F s 2RO, L L
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Fx2 ESHARTDLIAAESEHAN M AT EMTIKE
Tab. 2 Loadings of six principal components for 6 morphometric parameters of S. oualaniensis upper beak
FE 4T principal component
4MEZ4 morphologic parameters
1 2 3 4 5 6

I3ki#EK UHL 0.93 0.01 0.26 -0.13 -0.19 -0.13
FHREK UCL 0.85 -0.38 0.29 0.16 0.09 0.08
EBK URL 0.91 -0.17 -0.31 -0.03 -0.16 0.14
EW%E URW 0.92 -0.18 -0.27 -0.05 0.15 -0.16
UK ULWL 0.89 0.33 0.08 -0.26 0.13 0.10
E¥EK UWL 0.85 0.40 -0.04 0.34 -0.01 -0.02
TUHRZE/%  contribution rate 79.79 7.91 5.40 3.82 1.75 133
BRI TTEk%/%  cumulative rate 79.79 87.70 93.10 96.92 98.67 100

W, L W T R S A T
A% XK B R E AR R (23)

Zr bR, SEHUE S A B S UHL . UCL.,
URW., ULWL, LHL., LCL, LRLFAILLWL 84}
TERHE T 124 SFE & S HOR I 5% # T 5
AN L S HRAE

24 AREIMANZEHRANESR

ANOVAZMHT M, UHL(F=5.156, P=0.024).
UCL(F=4.813, P=0.029)MLHL(F=6.170,
P=0.013) 330 HME FFAE P F17 78 1 3 18] 3 3% 1 2
5 (P<0.05), TMURW(F=0.030, P=0.862), ULWL
(F=2.452, P=0.118)., LCL(F=3.529, P=0.061).
LRL(F=0.081, P=0.777). LLWL(F=2.552, P=
0.111) SIURFAE DX AN 77 78 P ) [) Wk 385k 22 57
H1t, ¥ UHL., UCLMILHL 350 4ME ERE K 143

ATEVE S JF R #F5E, MURW., ULWL, LCL,
LRLALLWLEE 53 K -7 A 20 5 e A5 R 5

25 ARERAKAEZEARITINER

PL30 mmAE k(I BE, 8 55 5 I K Rl 43 ok
440, Ay TRl IS8 UHL . UCLMILHLAE 4k 5
MK B CHR; AR5 URW, ULWL, LCL,
LRLALLWLAE fb 5 i 1 2

Xt FHEMEREA, ANOVAZE R 78, UHL(F=
67.107, P=0.000), UCL(F=44.667, P=0.000)#I
LHL(F=36.331, P=0.000)7F4 il 1< 241 [a] 24 7775 %
2 7 (P<0.01), LSDAMHr W], 3 MREK T
A K 2H31~60 mm 5 61~90 mma] A 77 7E B 3%
P25 5 (P>0.05), M 4131~60 mm591~120
mmAl121~150 mm[&] ; 61~90 mm591~120 mmAH
121~150 mm[d] ; 91~120 mm5 121~150 mm|&] ¥ 4%

*3

EL5BARATHONHSSHN MRS S EMTTR R

Tab.3 Loadings of six principal components for 6 morphometric parameters of S. oualaniensis lower beak

4MEZ4L morphologic parameters

FE 54T principal component

1 2 3 4 5 6

Tk LHL 0.87 0.38 -0.20 0.21 0.03 0.09
THREEK LCL 0.94 0.13 -0.04 -0.15 0.02 -0.29
TEK  LRL 0.90 -0.28 -0.17 011 —-0.27 -0.01
T LRW 0.90 -0.29 -0.11 0.02 0.29 0.04
TEEK  LLWL 0.92 0.07 0.07 -0.33 -0.07 0.18
THEREK LWL 0.87 -0.01 0.46 0.17 -0.01 -0.01
ik % /% contribution rate 81.19 5.45 4.93 3.63 2.71 2.09
BTk % /%  cumulative rate 81.19 86.64 91.57 95.20 97.91 100

http://www.scxuebao.cn
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FER 5 3% 25 5 (P<0.01)([¥14-a),

X} F MEPEREA, UHL(F=38.197, P=0.000).
UCL(F=26.131, P=0.000)MLHL(F=15.566,
P=0.000)7E 4™ lIfl 4 25 [A] 34 2 4l 5k 3 25 5% (P<0.01),

2 7o bk unL c
B FHRK UCL
Lo Fk#k LHL

=]

EK & /mm
morphologic length
(o)

S

30~60 mm 61~90 mm 91~120 mm 121~150 mm
1 IR /mm

male mantle length

(2)

IS5 ro bsk#k UHL
B PHRK UCL c
0 Rk LHL

.
7

HMEA S /mm
morphologic length

30~60 mm 61~90 mm 91~120 mm 121~150 mm
P A K /mm

female mantle length

(b)

B il ULWL
o FEK LRL c

12 1o by uRw
O FRK LCL
9 FoFEEK  LLWL
a a

|l ol

30~60 mm  61~90 mm 91~120 mm 121~150 mm
A /mm
mantle length

(©)

HMEAK E /mm
morphologic length
(o)}

B4 AREKEZEBEEMHEARMT
SMNEAFIERE F L
(HEVEREA, (OMETEREA, (o)RHFEA; LSDES T, A4
S ) AN [ 5 BE 3RO 2 5k J 3 (P<0.05), R IA)
Fig. 4 Changes of morphometric characterization
factors of beak for S. oualaniensis at
different mantle length groups

(a) males, (b) females, (c) males and females, different letters in different
groups mean significant difference using LSD method (P<0.05); the

same below

LSDIE AT R, 3Rk +, HA MK 31~60
mm 5 61~90 mm i A FF7E i 3 M 2% 55 (P>0.05),
K £H61~90 mm-591~120 mmA1121~150 mmli]
91~120 mm 5 121~150 mm i) ¥ 7775 . % 1 2% =
(P<0.05)(K 4-b),

XFF oM 22 R AME AR IE R T, ANOVA
45 R, URW(F=60.873, P=0.000), ULWL
(F=49.590, P=0.000). LCL(F=90.686, P=0.000).
LRL(F=68.489, P=0.000)fILLWL(F=88.447,
P=0.000) 555 #MEFEAE K 75 44> i 20 0] B 42 A7
m'ﬁzzﬁﬁ(ko 01), LSDEAMHT R B, STEHE

, HA MK 4131~60 mm5 61~90 mm]a] A 77
Eﬁzﬁ%#, Jli 4 244 61~90 mm591~120 mm Al
121~150 mmlf] ; 91~120 mm 5 121~150 mm/a] ¥ 7%
TEM B 3 25 7 (P<0.01) (Kl 4-c), BN H, Fif
FEAE DR 2 B 2 5 5 0 K A= K i 4 K
o SN B W, 121~150 mmfi K 4,

A6 55 5 I A T AR S A K B

26 FEIMHAEZEBRANES

XFFHEPEREA, ANOVAZEH B R, UHL(F=
7.367, P=0.000). UCL(F=7.637, P=0.000)F
LHL(F=6.348, P=0.001) 7% 76k i 20 2 1] 1)
FME 25 (P<0.05), LSDEEAMT &L, 3AFFAEIA
TrEMERAE TSI, TS5V, T
5VHE, TH5MH. TH5NVE. 1855
V R o P2 R (P<0.05), T T S
M, MPS5VE, M5V, VE5 VY
(] DU AN AE S 35 22 57 (P>0.05)(K15-a)

Xt FHEEREA, ANOVAZE R /R, UHL(F=
4.359, P=0.014), UCL(F=5.888, P=0.003)F
LHL(F=3.434, P=0.034)3)47 7 Pk i 205 1] (1) f
Pk 25 5 (P<0.05), LSDIEAM T & B, 3TUARAE A
TAUAE M A E T 105 T () 47 1 3 1 22 %
(P<0.05); M5 MM B AFEREEZES
(P>0.05)(|€15-b).

XTSI S E, ANOVAZ R i
/%, URW(F=11.700, P=0.000). ULWL(F=6.699,
P=0.000). LCL(F=8.231, P=0.000), LRL(F=6.079,
P=0.000)FHILLWL(F=10.125, P=0.000)33] 771 M &,
R[] A A L 3 22 5 (P<0.01) . LSDEE 73 #T &
W, SOFMER T T SIE . THS5VE.
TS5V, TH5MYH., TH5NVH., T8
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12 ro b3k UHL
o PHFEEK UCL
o Fki#Ek LHL D
97 a a

HMEAKJE /mm
morphologic length

II 1 v \Y
TN il
male sex maturity stage

(2)

12 ro bk uHL
m K UCL
| o T*gﬁ{é LHL b

A
2

S A S /mm
morphologic length
(@)}

MEAE A P AR
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o FERK LCL

<
£ g | o FMEEK LLWL
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5 TRIMAMHREZEESHARM
SN AFIEE F L
Fig. 5 Changes of morphometric characterization
factors of beak for S.oualaniensis at

different sex maturity stages

5 Vi[5 77 A B 2 25 5 (P<0.05), 1 T 15
M, MPS5VE ., M5 VY., VIS VY
T) DU A A7 A (35 M 22 53 (P>0.05) (K] 5-¢) . AT
H, MEEREE R, SMERIEN T H A
K, HAET 2 M)A K SR, IV
MV IR ER AR, MR e, AT a2
I 15 5 A AN A A K 1
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27 ARIFARMAIIMNAFERFESERK
HIELEX &

XFF L%, ANOVAZSE B /8, UHL/UCL,
URL/UCL., URW/UCL, ULWL/UCL#I
UWL/UCLP A FEAEAS [ P 53 A ) i 4 26 A [+
PE B2 BE (8] 1) f 2 7k 25 % (P>0.05), UHL/UCL,
URL/UCL, URW/UCL, ULWL/UCLAMIUWL/UCL
SERE 0 0991.24% . 31.72%. 37.25%. 58.37%Hl
30.89%, FATHH LSS S H R KM LA E S
L ] B 38 I AR 4 R R g (Kl6) o XF T T
9, ANOVAZ; 4 /5, LHL/LCL., LRL/LCL,
LRW/LCL. LLWL/LCLFILWL/LCLWHIALEAEA
Ti) A S AN Ti) K 2E AN Tl e ol 20 B i) ) g
P2 % (P>0.05), LHL/LCL, LRL/LCL,
LRW/LCL, LLWL/LCLFLWL/LCL)F-¥{E 4535
$}53.95% ., 48.12% . 62.64% . 156.40% .
86.68%, AN FHAMEERKMWILEMS S
L5 AR R 3G I B A 4 A g (516)

3 iR

3.1 ARSENER KIMNFHEREF
S, W3 SIS, YRS
T Bl 15 5 A B H TR ARG, T S A
K, FER. MBERE, J&5HAMSk B A TR
B BB P[RR S ARk ) 25 3 A (Dosidicus
gigas) I W ) 55 I B8 0 52 42 AL 1) i 2 55 1 1
W, N A S AR v At 2 — /N RE Y H A
Wi ANE R AE N 7 UHL . UCL, ULWL, LCL.
LRLAILLWLY"; B[4 28 ¥ 22 f1 (Mllex argentinus) I
T EER R, TS AR, kESHER
) g g R, AMERRAE N UHL . UCL.
UWL., LHL., LCLAMLWL™; Jb KSF-1E 3
(Ommastrephes bartramii)ff 51 5 3k 55 9K B # /)N,
TEE AR, EEBCEERY, AMNERHE R T
UHL. UCL. LCLFILWLP; % K52 7% 18 v du
1Y 55 5 W A 5T 50 A0 B ## 4R - W UHL . UCL,
ULWL., LCL. LRLFILLWL", “~[a] 232 a2 £ i
AP RRIE R F I AAE — 2 E S, [HEa
4 UHL. UCLMILHL, LCLZ JLANH 2 1Y 4FAE [H
T (GR4), [0 FH A BTSRRI 217 3k 2
KRS S e SRt TR,

32 AREIMHEARINESR
ABFFEH{LUHL . UCLFILHL 33 4:4F [+
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Fig. 6 Relationship between ratio of length of each dome to crest length and mantle length of S.oualaniensis

R4 AR E XA RIOMAFIERF
Tab.4 Morphometric characterization factors of beak of

4 species of cephalopods

RSN AE R T

% . O
species of Cephalopods morphometric characterization
factors of beak
EX g UHL. UCL. ULWL. LCL. LRL.
D. gigas"” LLWL
R AR S 7 e UHL. UCL. UWL. LHL. LCL.
I argentinus"" LWL
B[N B E = 4 UHL. UCL. LCL. LWL
0. bartramii™
B (7R ) UHL. UCL. ULWL. LCL. LRL.

S. oualaniensis LLWL

(equatorial waters)""”

5 R () UHL. UCL. URW. ULWL. LHL.
S. oualaniensis LCL. LRL. LLWL
(South China Sea)

FETE A 1) 6] (9 b 2 P 22 = (P<0.05),  HOMETESME
FROEH 7K T HEME ;. H4A/URW, ULWL, LCL,
LRLAILLWL 530 A¢AE P - [B]AS 77 76 2 1) 1] 1) S
FMEZEF(P>0.05), HAWWFIR R, KPR E
i (Todarodes pacificus)™ ., B AEH A" Fib
IR AUV A PRIAR RO S S g
1) 71 5T 5 AN AR AE DR - 349 7 A Ml ) e 3 M 2
5, 5AR#FSE P AUHL . UCLHMILHL 335 [ 145
AR, 5 HALSTURRAE R 745 B AR TR . 31X 1T AE
e AT T A [ 2 5[] — 2 2R 3 TR A (R
MR OGP, WAl e SR TTIAA G, nvgdLEn
JE S VRl R A 1 25 2 O A IR A L f5) B R
AT B2 XTI ST 45 A — 2 M52, i AS A 58K
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Effects of difference of individual size on beak morphology of
Sthenoteuthis oualaniensis in the Xisha Islands of South China Sea
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Abstract: Beak is an important hard tissue of Cephalopoda which is usually used in the study of fisheries biology
such as population identification, growth and stock assessment and so on. Based on the 860 samples of
Sthenoteuthis oualaniensis collected by light falling-net fishery during May to August in the year of 2017 in the
Xisha Islands waters of the South China Sea, the morphologic growth of beak impacted by gonad maturity and
individual size was analyzed. The result of principal component analysis of twelve morphologic indices indicated
that the upper hood length (UHL), upper crest length (UCL), upper rostrum width (URW), upper lateral wall length
(ULWL), lower hood length (LHL), lower crest length (LCL),lower rostrum length (LRL) and the lower lateral
wall length (LLWL) could be used to describe the length growth features of beak, and the HL/CL, URW/UCL,
LRL/LCL, LWL/CL and WL/CL could be used as the indicators of entire growth of beak. The analysis of variance
(ANOVA) and the least-significant difference (LSD) indicated that there were significant differences in the
morphologic growth between sexes, gonad maturity and different mantle length, however, the values of HL/CL,
URW/UCL, LRL/LCL, LWL/CL and WL/CL were nearly constant with the change of sex, gonad maturity and
mantle length. This study suggested that there are significant effects of gonad maturity and individual size on beak
morphology and the mantle length of 121mm to 150 mm, and the gonad maturity of III stage seemed to be the
inflection points of the morphologic growth of beak of S. oualaniensis.

Key words: Sthenoteuthis oualaniensis; beak; difference of individual size; morphologic changes; South China
Sea; the Xisha Islands waters
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