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KEZEMW)ER BRI EKIER, WFERKTEEZEH LK MW/TSL) 1 4
HHA MR TWEKER, AR T ZE20H (ANOVA) fu ik /N B F £ 57 3% (LSD) #F % 1 Al -
MRRBEURFEARKECENEGHATNFAEG R E AT . ERER, FH
M7 1] TSL. LDL. WL s MW W R F AR B F W27, M. AR MR KR E
A0 [ JF K 4118 TSL. LDL. WL 0 MW & & A 40 34 7 £ R B & % £ 7 ; MW/TSL 8 %
EFRMBANAFELEREZR, EETRERRAECRRK AR FAER D ZF K
ZR. HREXW, LM, ERAMMRADNEIEZFERE S WE T HNITE
KM ER WM. MRARAFEMI. JFHK 300~500 mm Z M5 5 KT A A K
B, EHEGA VARG ELAL.
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YEFR I RE 20 20, A J2 Sk 2 208 n 3 R N 4% 1Y) B
BB, BT AMERFIE AT T 25 AN TR Y
FRE, H AT TR RS AR R
FpRELE#y, Hoa ks nl PO s A is e v,
DA 25 o3 6 B 5 W E A T 2 4 . TR AR
fEFN G 2 AL B AT T /8™, 8 EE X IR AL
A TN A PR RN P b D B 3 R 2 S
T A5 5 W I BF 98 R WL ARGE . % Tk, ARSI AR
i 2019 4 2—5 F FR IR AT ' B 1) i s 78 G A B EE
T A 7 O A ) OR A ) S SRS, DESR
T MR B RS R KNS B AT A AR AR
B, A S 5 I AR 2 I SE R AT 5T R
A

1 MRS IHE

1.1 HACKRIR

AT i R TR 1223 5 kT Ol B I
WSS B0 9 K 512 m, 558 83 m, AR
41 m, Bmif; 557 ¢, EHL 1155 kW, #IHL600
kW, A= ifE] S 2019 4F 2—5 A, REEECH
14°30'N~17°52'N, 61°30'E~64°38'E, I RHE®H
LEAEA 1009 &, M 126~729 mm,

Lol ]
@

1.2 A&

AMFaEEF LRI KBRENTS
WA A ] S5 2, il R S R AT Rl A 2 R
P00 52, AL45 K (mantle length, ML), 4 57 &=
(body mass, BM); X5 . B 1 1 B R A
FE AT B A R, X B AT B BORAR A
LR T $2 B2 B H A FEAR 667 X (M 382 X, M
285 X1).

F oo BELsnE K —xtHAH
#) 22 H- 43 B T Nikon ZOOM645S 14 = i 4% (W
B x0.8, x1.0, x2.0, x3.0, x40, x50; H
Bix10, x50)ff5 FRJH CCD A/, SRJ5FIH YR-
MV L0 Lk BGRB8, 43 5l i B 25 B 38
ZHRUE (A 12",

1.3 HEALIE

MR AR i A 78 AU B A gE 45 2, BEERCE A R
£ (TSL). (WL). LDL Fl MW 1Eh 5 5 il H- 4 4b
WARHERIEA 7

HRAEAS TR PR 5] L AN ) A i B 228 32 AN []
21 X RAE K 43 3 32 47 J7 2% 53 7 (analysis of
variance, ANOVA), X} F1A7EM 3% 257 (P<
0.01) IIZSHL, FIH I/ 3 2% 59 (least signific-

HX
dorsal dome
[
lateral dome

\

HIX

wing dome

WX
rostrum
dome

(b)

E1 SEHEARSEH (@ REXoH=EE (b
A FEfABK; BYXEK; CYXH; D.EMXK; EMUXEK; FAXK:; G RXK: H HXE: LEKEE

Fig.1 Scheme of morphometric measurements (a) and each dome (b) of statolith of S. oualaniensis

A. total statolith length, TSL; B. rostrum length, RL; C. rostrum width, RW; D. ventral dorsal dome length, DLL; E. rostrum lateral dome length, RLL;
F. lateral dome length, LDL; G. wing length, WL; H. wing width, WW; I. maximum width, MW
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1352 KopE o R 45 4
ant difference, LSD) #1741\ £ & kb & ", LIWF 22 EWMEAESHEZ

LA NI 0 < S-AE

FEARIHT X BAE KL I o BAEGHEGYH  ANOVA 4HHF4:

LA MW/TSL 1E Jhy fiif 5 B A7 3 AR SN A2 4k 1
Febrl, X H#E T ANOVA 2341, %t TAELEM i
F 2R (P<0.01) S H 1T LSD 208, Lhar
BrAS [R5 B MW/TSL #5210

ARSI TR BTG Gt o d ik SPSS
25 B SE

2 HEH

2.1 FISHHE

VPG b B RE i 5 g i H A EL A R Y
X X Wy IXFE X254, F5 XN, ] XA
BXIGEAR, WXEKA (& 1-b), M. HEFEAKIE
AR 1, o M A A B0 PR B 2
I ~IV#, DL 100 mm MRS R 7 NHRK A (G5 2),
TP A A P R R BE oA T~V T, LA 50 mm
RS R 4 A (K 3),

R, A 555 5 W HA7 B TSL (F30.465=
0.000<0.01). LDL(F355=0.000<0.01), WL (Fs 635=
0.000<0.01) F1 MW (F7 ¢,3=0.000<0.01) ¥4 5 3t i 1%
BENZS, XUNHANSEESHESE S
MBI R R

R R AT B A 6 R WA A
A ANOVA 43 #7125 SR i 75, TSL (F46.23,=0.000<
0.01). LDL(Fs; 776=0.000<0.01) . WL (F3s 133=0.000<
0.01) Fll MW (F9 557=0.000<0.01) 7E A~ ] 1 i 1l 2
JE ) (1) AR A A AN 3 1 22 5

LSD ki f7 2 H b A 4 SR o, X T M
AMEFE A H) TSL, LDL, WL Al MW, i A 2
EI8SI . M. VB, TS50, IV ZImE
N B EE R (P<0.01), MMH5VHZ
&SI FEREEZS . DRME, b
HVERRZE W, TSL., LDL. WL Fl MW [ K

®1 BEE5REARSSHE

Tab.1 Values of morphometric parameters of statolith for S. oualaniensis

MEMEFEAR  females

HEMEREA males

Colijt;ts B RAA/pum HR/ME/pm ¥){H/um R KAE/pum e /ME/pum ¥){H/um
maximum minimum average maximum minimum average

HAEK TSL 1127.46 459.50 788.49 946.90 582.48 750.71
YIX& RL 426.94 96.74 291.57 373.87 131.15 280.09
WX % RW 482.86 32.56 149.43 331.14 59.53 134.09
HMXK DLL 645.79 133.27 306.84 492.62 131.63 290.44
YIMIX & RLL 1003.83 337.35 662.40 858.14 400.56 632.23
X LDL 792.36 317.68 505.89 660.63 368.97 481.59
HXHK WL 925.67 376.21 609.04 719.49 443.02 578.50
HX%E WW 623.50 92.09 293.54 478.10 103.25 287.06
RRHEE MW 968.30 365.55 527.41 673.43 367.41 502.48

®2 BEMENMISMRERRE. SRKATHARK

Tab.2 Sample number of female S. oualaniensis in different sexual maturity stages and mantle length groups

P e o et fi#41/mm  mantle length group o
sex maturity stage 100~200 200~300 300~400 400~500 500~600 600~700 700~800 total
I3 stage I 154 116 11 1 3 — — 285
I stage 11 10 23 17 — — — — 50
I3 stage 11T 5 7 2 — 10 6 1 31
IVH#  stage IV 2 6 1 — 5 2 — 16
it total 171 152 31 1 18 8 1 382

https://www.china-fishery.cn
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R3 EENMISEREEANE, SRKETHEREY

Tab.3 Sample number of male S. oualaniensis in different sexual maturity stages and mantle length groups

Vi 2 B4 /mm  mantle length group &t
sex maturity stage 100~150 150~200 200~250 250~300 total
[ stage | 4 28 — — 32
ITH#A stage 11 2 59 8 — 69
[ stage 1 4 78 56 11 149
VI stage IV — 8 17 10 35
&1t total 10 173 81 21 285

NSRS, R T S E I A T4 30 0 Y TEAR 2% (& 2-a)

Wi g R, T T E IV 38 R A (R 4). I PE BE AR ANOVA 43 §7 45 1 W%, TSL
U, PR S 5 A AN AR 6 AE MR R T (F34.077=0.000<0.01) . LDL(F}, 475=0.000<0.01), WL
Winr P, P S)E, BHAKIEESHE (F37254=0.000<0.01) Fll MW (Fq 404=0.000<0.01) /A

R4 TRMBRRAETESREARSHSEE

Tab.4 Parameters and differences of statolith of S. oualaniensis with different sex maturity stage

L) P
sex sex maturity stage TSL/pum LDL/um WL/pum MW/um
Witk female [H# stage I 759.83 479.94 586.79 505.13
I stage 1I 836.57(76.74) 546.65(66.71) 637.79(51.00) 543.12(37.99)
I stage 111 910.54(73.97) 611.39(64.74) 705.69(67.90) 644.46(101.34)
IV stage IV 912.43(1.89) 624.28(12.89) 717.34(11.65) 648.24(3.78)
HEPE  male I3 stage I 684.76 431.31 528.38 448.71
ITH# stage 11 722.27(37.51) 456.96(25.65) 561.98(33.60) 469.52(20.81)
[ stage 11 767.72(45.45) 492.92(35.96) 587.14(25.16) 514.36(44.84)
IV#]  stage IV 794.72(27.00) 527.87(34.95) 620.14(33.00) 566.09(51.73)
1200 f oI @I @I =V 900 b a ol ol @i sV
C
aa d
b a
900 | ][ ¢? a
I b2 600 | b2 4 b
aa C
Es bil ¢ b Es dy g
w2 600 | c ¢ g
2 - Oa
300
300
0 L L L 0 L L L
TSL LDL WL MW TSL LDL WL MW
parameters parameters
(@) (b)

) EERMEARSSESTESHRRAEXR
F—RESHENARNG FRERFAERENER (P<0.05), T &EERR T
Fig.2 Relationships between main parameters of statolith and sex maturity stage of S. oualaniensis

Values with different lowercase letters at the same parameters indicates significant differences ( P<0.05), the same below
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[Fi) 1 O o, 220 ) 1 A8 Ak B 8 A A . k22 5

LSD kb T 2 AL 45 R B, W Tl
AMEHE A TSL., LDL, WL fl MW, 1 i A 4
EIySD . M. V3§, TS50, Vi, I
W5 VI Z (8] B4 7E 2 1 25 5 (P<0.05), Hirp
k% LDL F0 MW 19 I 1 5 11 03 £ 76 0 & 1 22 =
(P<0.05) A1, HAx & FAF P76 A [F] 245 8] 1
Tt B FVE2E B (P<0.01), BT S, BEE VAR
B, TSL., LDL., WL 1 MW {H 4 A W 3
o, ELAS A K B U ] (% 4), Kb, M
PE 55 5 I A 09 S A8 A0 AE PR R A i R
P AN, HH A A T IR R 45 A B
AR (K 2-b)s

FE IR KAt BB A6 A A
W PE AR L 100 mm S 4 BE AR 7 SR 4L,
H I+ 4 400~500 mm F1 700~800 mm FY Ff 48 %
s B EA 1A, FEAT 8 5 7 I SR M A
KHEICHE T LSD kb7 2 H i, #ek2 4181
P I Je %o ) 4% 5 A MK LA T 5 40 M . ANO-
VA 455 878, TSL (Fao; 01;=0.000<0.01), LDL
(F68.744=0.000<0.01). WL  (F}402;=0.000<0.01)
FT MW (Fy19,013=0.000<0.01) 7E A~ [F] 14 Jit i 220 ]
W TE B 2R

LSD kb AT 2 & AL 45 R B, W T Mk
MABAR TSL, LDL, WL 1MW, 40 100~
200 mm 5 200~300 mm. 300~400 mm, 500~600
mm F1 600~700 mm Z 7], J4< 41 200~300 mm 5

300~400 mm, 500~600 mm Al 600~700 mm 2 [H] ,
il K:2H 300~400 mm 5 500~600 mm A1 600~700 mm
ZIAARFAERN B 22 57 (P<0.01), T4 500~
600 mm 5 600~700 mm = [&] U] A 77 15 i 2% 1 22
5 (P>0.05) Z5R IR, B MK 9 Z 0,
TSL. LDL. WL fil MW {H ¥ AWK, {5 4
4 T 200~300 mm 5 300~400 mm i, 4> & (il
AR B, A 35 ) 500~600 mm LL S,
FHEIG IR BN (R 5), Kk, HEME S S H
A AN AR A A I 3 Bl 300~500 mm A7 7E 55 55
(K 3-a),

A T P S A A 50 mm o8 4H BE 43 B 4
M4, ANOVA 43 Hréh 2R 7R, TSL (Flgs.705=
0.000<0.01) . LDL(F}05.925=0.000<0.01) . WL(Fgg 44~
0.000<0.01) Fil MW (Fo3 64,=0.000<0.01) 7£ A [a] ¥
i FSC B ] A A AR S PR 25

LSD k47 Z & WA Ry, X T i A 1A
TSL. LDL. WL A1 MW, filK 41 100~150 mm 5
150~200mm ., 200~250 mm F1250~300mm =2 Jd], f
K4 150~200 mm 5 200~250 mm Fl 250~300 mm,
2 [8] i+ £ 200~250 mm 5 250~300 mm #f 77 7E
W P22 R (P<0.01), S5 E/R, BEEMKR
B hn, H47 TSL. LDL. WL 1 MW {f ¥ A~
Wi, HAE 45 MRS 40 v 45 R AR 2 800 K R
FHIE (£ 5), B, HEMES S AR H A AME AR
A M S BB A A 35 s A B i (1] 3-b)

x5 TRRAKESEREAESHESEE

Tab.S5 Parameters and differences of statolith of S. oualaniensis with different mantle length

P JIF/mm HoA 8K /um il X K/pm HIXK/pm K B B /um
sex ML TSL LDL WL MW

100~200 722.88 456.14 556.78 477.63
200~300 794.10(71.22) 500.98(44.84) 611.96(55.18) 524.64(47.01)

WEPE  female 300~400 913.11(119.01) 621.39(120.41) 713.17(101.21) 615.87(91.23)
500~600 1012.74(99.63) 701.84(80.45) 792.36(79.19) 738.29(122.42)
600~700 1015.55(2.81) 718.67(16.83) 797.39(5.03) 772.27(33.98)
100~150 642.12 395.15 495.42 431.50
150~200 724.84(82.72) 458.11(62.96) 557.85(62.43) 477.81(46.31)

MM male
200~250 791.82(66.98) 518.18(60.07) 612.15(54.30) 537.19(59.38)
250~300 857.03(65.21) 575.03(56.85) 658.4(46.25) 605.67(68.48)
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00100200 mm @ 200-300 mm 0100-150mm @ 150-200 mm

1200 - W 300-400mm M 500-600 mm 200250 mm M 250-300 mm
0 600-700 mm 90 & b7

C
900 | d b1 a
i Y b
600 | L d ¢
g d

600

K& /um
length

300

TSL LDL WL MW
MErEIEAS S5

parameters
(a)
3 BEEMANMMEARES

Fig. 3 Relationships between main parameters of statolith and mantle length group of S. oualaniensis

23 EBEAESHENELBST

LA MW/TSL 1E i 15 B A7 5% R S JE AH X AR
R Fa bR, Bt . P B R B IR K 2 XF
H. A MW/TSL #5200

R AF B B AR 2T AL 6 7 R ANOVA
5 R BR, MW/TSL AETEA [ PE T (Fo 003=0.960>
0.05) [HIAFEAE R EEZE S, XUIWITERIXT MW/TSL
(B RS2 M AN R, A4 R 10 85000 4 3t A v oS
o W W AR 5 T B

MR AEAT TR AT R ALe9 7 ANOVA
Iy M 45 BN R, MW/TSL (R 78 A ) 1 5 il 20
(F11865=0.000<0.01) [H] £7 7E A i & 1% 22 5%, 41k
BB A T3, T TR VgAY, TSL/MW
553519 0.67. 0.65. 0.68 5 0.71, FH{H K 0.68.
LSD 543 Hrds R s, 78 MW/TSL 5 A [A] 1 i
BCASE R R, MERR A T 95 I =2 [A)
AAETE B E 25 (P>0.05), 15 Tz 17
e FEE R (P<0.05), W IS5V, THS
M. V#, MHSNVZESEEN D EE2ES
(P<0.01), Fifi M M 228 7 B2, MW/TSL {H 22 f AN
B, 7F 0.68 B itz 3h (& 4).

FREVRKLT AR BLGGRH  ANOVA
50K, MW/TSL EZEAR RN L (Fy 504=0.000<
0.01) [a] [F1FF A7 7E A% b 2 1% 22 =% . LSD ¥&73 tr 4%
RE/R, 7€ MW/TSL 5 AR il K H i e &,
il K 20 100~200 mm 5 200~300 mm Al 300~400
mm Z 8], A4 200~300 mm 5 300~400 mm 2~
[H, JF K4 500~600 mm 5 600~700 mm 2 [&] A

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

0
TSL LDL WL MW
eSS
parameters
(b)
BHIMERKEXR

0.77 ¢

0.74 | a
M0t b 1
paa b
g 068 ¢ c +
ihy g 0.65 |
W E 062 ¢
B2 059 |
= .
% 0.56 t

0.53

0.50 .

1 II 111 v
P U il

sex maturity stage

4 SEMMREAESEARKEE/BKZE
Fig. 4 Relationships between sex maturity stages and
MW/TSL of S. oualaniensis

AL EPE 2R (P>0.05), 1K 2H 100~200 mm
5 500~600 mm F1 600~700 mm Z [f], K 2H 200~
300 mm 5 500~600 mm F1 600~700 mm 2 [&] , i
£ 2 300~400 mm 5 500~600 mm Fl 600~700 mm
Z I AFEAEN L P22 5 (P<0.01). B 119 375 W7
K, MW/TSL {54 BT r &3 (5 5).

3 iR

3.1 HAMBEES

ALK R H AL AL, PYALENE
T 355 S ) HE A m X, X, 3R RN
WY IX 4 TR LR T A R ) R A
BrBe, HAERORAR, a5, 35 K
AR ER, (A REF SR, HoFZEBE
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0.80 a
0.77 | .
w074t +
w071+ b b
Mges | 0
e 0.65 |
2E 062 |
8= 0.59 |
¥ 0.56
0.53 |
0.50

100-200 200-300 300-400 500-600 600-700
JA/mm
mantle length
E5 ES5WEKESEARATEE/RSKZL
Fig. 5 Relationships between mantle length groups and
MW/TSL of S. oualaniensis

AWM, HES LA ANARK, HA
BWER, FRAWRE, RE&KFHINTX
AN, WX A AE XA X8R BE K 1 R A H
A 451 o P R K P I BT AR AT W 2R A (Lllex argen-
tinus)"™ FE FI| 411 25 2 0 (Dosidicus gigas)!'” H-
A1 45 DR R S AR SE IR 245 R B AL, TR I
B ok 25 20 b J7 S8 5 W (Gonatopsis
borealis)"F1 P4 4t K V- 5 L (Ommastrephes bar-
tram [P HA7 4 R il 5 AR LI 45 R 22 IR,
O E Y, HVLH SRR Ny, i
YW H A MEXER, HitS5E 415X
) K /N EORE J8A DX 43 3 P S AR AR Al o A 2
FHINK, WA EKELEENEAEAW
KA BIXTER . MK LD XN
Feaf ™, S SR LK E MR, B
ARSI AR R, 3 10 WA B K 2 AT RE A2 5
HARSEMmHEERZ %,

32 EMWMEAESHEZ

ARSI R 7 20 M i 5, REAS TR
AN 7] P i i 22 B RN AN ) ] 2 ) % 5 Tk 5 O
BRAESBGHAT T 0t 8RR, HAIME
FNFZ% TSL. LDL., WL Ml MW f{E 5 5 13 I,
4 0 A 7E W S 3 1 25 57 (P<0.01), k& i,
HA RAE S B0 KNS 55 P 51 25 U1 A OC
BT Sk S L M A E A e A K B
GBI 0] RS EOME A A R B ) KM LA
TE2E 5, WEHERAE 7 A S 2,

AR EER B IR, T MM, HEREHTF
55 i B 2 TR A A A I 35 M 25 S/ (P<0.01),

https://www.china-fishery.cn

Xt T MEPEAS AR, T30 AT RE 2 M 5 1
AERI—A 0 TR, #RIES%
FESWEM N B AR, PR E, XFp2
S P T R R e T A A ] ) S A K 3
Rl A 7S 45 0 @ ik E SN, BTAR AR i 2R fn HoA
HMIE A A S 7E PR R A A AR AE B3 i, o
e Y | PN T N e S e E N S A
KA IR A T WA 805, XA RE S AN TR
S JE 2 A W G A ST MRS [R) 3 P B 58 5 6P,

ARSI EE R TR, MEMEMAE AT RSB
N [ ) 2 8] 35 47 70 A% B 35 Pk 25 5% (P<0.01), Xif
THEPEAS AT F , KA T 200~300 mm 5 300~
400 mm Z A, £ S 50003 KR BE AR, T Y
il K 35 3 500~600 mm LR, 4S50 K %%E,
I, A 300~500 mm W] i 2 Mk 5 1 0 A 1A
HAIME R ER D AL M Tk, HH
A1 FNE 2 B0 A TR) K 2 1) 388 K R MO, 2
KPEMEA R, RS IA%, 300~350 mm
Il S T A BT AR AR i BT S H O A A K
My BRBTEEPI MK, WAL R PR A A
HNE A K AE K B9 2 K 5 05 200~280 mm, AN
sk BREAERGOAR, XTS5 HA S
fR el A ) R R AT P T R S B R
[ PR EE AT DY, 5 SR T EIR AT .

33 BEAESHMTHESHR

ARSI o, AR S MW/TSL 19 H
{ELAE AN [R50 () AR A7 AE 8 35 1 25 5 (P>0.05), {H
TE A [R) 1 i e 228 5 RS [) Al A o ) ) 22 47
TEM M 22 57 (P<0.01), BEZE R H
B, FCH AR RSP AR K, 12 7E 0.68
BRI i 2, B R S, A A R
S K 2H 100~200 mm 14 0.66 F T 3] i K 4H
600~700 mmf# 0.76, FIBFFTINN, &5 E A
AR X RS 1 A2 Ak AT fig 5 B b i i K 2 A G
Wi G2 PR o 25 AR, YA AR R AR
AEREGAMM)E, KR EEH TN TFHASE,
MAMF ISR R, BT, YW E A
(AR RS I A AR I As ik, oA pE AN
it & BT I BE 2 T RESR R T 2 WA .
M T 55 5 s T A A R A R, 7R S RISE
T, PR B R 4 B M AR B0 R 15 3 VA
A, X AT BB 2 0 AR S0 0 2 S A — E I R
LU BRI T T S — 2 b 7
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34 EWEALKWFEER

HAMNERAMGHASNETAH K, &
HWERRAEVWRKRRS, k], L2k
18 F S AR T T B i T A i e B A X K Y
—FR 43S (R B, A sk B B v v A U R AR ) 2 Ak
AL RE 25 Sk 2 28 HA A0 29 A A R AR RS i B
Villanueva™ F1 Durholtz 55 ™ 0 57 & 81, 8 5 0K
(Loligo vulgaris) F1 5 &4 5 W, (Lolliguncula brevis)
8 B A7 SR 2 e — Y N B A I Y B T B
WG BSOS BEE N, TR K IR AE E 1 2%
TR, EREE 35 TRIFR A S R S K (Sepioteuthis les-
soniana) %) H- A7 £ B B 8 K F 38 B Sk 30 (19 4] 5=
H, TE24 hFrEOC MR PRI S H- A 1Y
SRR RART 120 W] 12 h BDERAY IR
Jackson S BFIE A BN, SL0 E R IR [CHL S,
PR i HA S KB R R T K, X
SERE ST RE R BTk R H A RAMTIE &S 5T
HEE L OURI . B R S N R
A4y, R DAJS R s R 55 5 ORE AR Y ) A R
&R, BB EWAEEER, REHIT X
55 H A AN IR A5 SO BUOPLER R A5

2 £ ik (References):

(11 BRETE, shORF, XI0bpk, &6, 503k 2 S BE IR M Hitn
A [M]. b5t BHE AL, 2013: 139-140.
Chen X J, Han B P, Liu B L, et al. World cephalopod
resources and fisheries[M]. Beijing: Science Press, 2013:
139-140 (in Chinese).

(2]  ERBE BRrE. AR RMEIE S I 2 R BHIR K
M [M]. A6 R AL, 2005: 284-295.
Wang Y G, Chen X J. The resources and biology of eco-
nomic oceanic squid in the world[M]. Beijing: China
Ocean Press, 2005: 284-295 (in Chinese).

[3] Zuev GV, Nesis K N, Kal'mary. (Biologiya I Promysel)
(Squids [Biology and Fsihery])[M]. Moscow: Pishche-
vaya Promyshlennost, 1971: 360.

[4] Nesis K N. Population structure of oceanic ommastrep-
hids, with particular reference to Sthenoteuthis oualani-
ensis: A review[M]//Okutani T, O'Dor R K, Kubodera T.
Recent Advances in Cephalopod Fishery Biology.
Tokyo: Tokai University Press, 1993: 375-383.

[51  FRBTZE, BRTUIE. B RE v 7h AL R 5 2 Ik 55 U5 2
AT BT I, K K S 2R, 2004, 13(3):

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

[9]

[10]

[11]

[12]

[13]

218-223.

Chen X J, Qian W G. Study on the resource density dis-
tribution of Symlectoteuthis oualaniensis in the north-
western Indian Ocean[J]. Journal of Shanghai Fisheries
University, 2004, 13(3): 218-223(in Chinese).

Hanlon R T, Messenger J B. Cephalopod Behaviour[M].
Cambridge: Cambridge University Press, 1996: 1-232.
Arkhipkin A 1. Statoliths as 'black boxes' (life recorders)
in squid[J]. Marine and Freshwater Research, 2005,
56(5): 573-583.

AL, BRIE, B R, &5, o (5w i V0 VDR B i S
558 B B A B R AR (D). K A A, 2020,
44(5): 767-776.

Lu H J, Zhang X, Tong Y H, et al. Statolith microstruc-
ture and growth characteristics of Sthenoeuthis oualani-
ensis in the Xisha islands waters of the South China
Sea[J]. Journal of fisheries of China, 2020, 44(5): 767-
776(in Chinese).

DA, BRHTE, R A B EEVE T AL S S A
BT AL 087 (0], B K77 K241, 2008, 17(5):
604-609.

Liu B L, Chen X J, Zhong J S. Statolith morphology of
the purpleback flying squid Sthenoeuthis oualaniensis in
the northwest Indian Ocean[J]. Journal of Shanghai Fish-
eries University, 2008, 17(5): 604-609(in Chinese).
FEALAS, W7 BR, 35 R0, &5, o [ o V0 VD A I Vg 4R
B30 B AT e F A ). B AR A AR, 2019, 30(2):
653-660.

LuHJ, Chen Z Y, Tong Y H, ef al. Element composi-
tion in the statoliths of Sthenoteuthis oualaniensis squid
in Xisha islands waters of South China Sea[J]. Chinese
Journal of Applied Ecology, 2019, 30(2): 653-660(in
Chinese).

Lipinski M R, Underhill L G. Sexual maturation in
squid: Quantum or continuum?[J]. South African Journal
of Marine Science, 1995, 15(1): 207-223.

FEALAS. TR H A A AT R RIS i 2 R R e
AR R [D]. B B RE, 2009.

Lu H J. Age, growth and population structure of jumbo
flying squid (Dosidicus gigas) in the high sea waters off
Chile based on statolith microstructure[D]. Shanghai:
Shanghai Ocean University, 2009 (in Chinese).

FEALZS, BRHTZE, X6 bR, TG H K TG VERT AR A W e

https://www.china-fishery.cn


http://dx.doi.org/10.1071/MF04158
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.1071/MF04158
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.1071/MF04158
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.1071/MF04158
http://dx.doi.org/10.2989/02577619509504844
http://dx.doi.org/10.2989/02577619509504844
https://www.china-fishery.cn

1358 Ko kAR 45 %
AT A R M 0], R PR K 4R, 2000, ity and body size on statolith shape of Ommastrephes
18(3): 338-344. bartramii in the Northwest Pacific Ocean[J]. Journal of
Lu H J, Chen X J, Liu B L. Statolith morphology of the Fisheries of China, 2010, 34(6): 748-754(in Chinese).
Illex argentinus in Southwest Atlantic Ocean[J]. Journal [21] VL3, BRERE, AREREE, 5. Wi P e sS 5 E
of Shanghai Ocean University, 2009, 18(3): 338-344(in FTEAFFE T [I]. B8 7K P2 REE, 2014, 10(4): 85-90.
Chinese). Jiang Y E, Chen Z Z, Lin Z ], et al. Statolith morpho-

[14]  FhfeZs, Ty, xid, 5. JE/R e R AR R logy of purpleback flying squid Sthenoeuthis oualanien-
CEN 7R B R HA AN AR KRR MR [D]. A s 2k sis in the central South China Sea[J]. South China Fish-
2020, 39(11): 3694-3703. eries Science, 2014, 10(4): 85-90(in Chinese).
Lu HJ, Wang H H, Liu K, ef al. Growth characteristic of [22]  Arkhipkin A 1. Towards identification of the ecological
statolith of Sthenoteuthis oualaniensis in the northwest lifestyle in nektonic squid using statolith morphometry[J].
Indian Ocean in spring and winter in the El Nino year[J]. Journal of Molluscan Studies, 2003, 69(3): 171-178.
Chinese Journal of Ecology, 2020, 39(11): 3694-3703(in 23]  Z=W, BHF5SF, RS, & T B A R ARHIE I E i
Chinese). 5L IR AR ) 0 43 BT (0] T AR R AR AR, 2019,

[15] T gl (M) dbal: @S55#0E HR, 2005: 178-182. 39(2): 58-66.
Guan Y H. Statisticsi]M]. Beijing: Higher Education Li B, Yang X F, Qiu X Y, et al. Discriminant analysis of
Press, 2005: 178-182 (in Chinese). purpleback flying squid (Sthenoeuthis oualaniensis)

[16]  BhSCHA. JEE R FE K J ST T 35 BR 005 R AR 3 s 4] groups based on statolith morphology in the South China
AP A e AR RIS [D]. B Al KA, Sea[J]. Journal of Guangdong Ocean University, 2019,
2003. 39(2): 58-66(in Chinese).

(171 BEALAS, BB ZE, X064k, 5. &R S 25 2% 1 (Dosidi- 241  FEATS, BRWTE. B H A A B 5L P rE K P v R
cus gigas) H-A M TEASFHIE M [I]. W51, 2010, WEEZAMHE. EKSMBESHI. K%K,
41(2): 233-239. 2012, 36(7): 1049-1056.
LuHJ, Chen X J, Liu B L, et al. Statolith morphology of Lu H J, Chen X J. Age, growth and population structure
Jumbo flying squid Dosidicus gigas in the high sea of Illex argentinus based on statolith microstructure in
watersoffChile[J].OceanologiaetLimnologiaSinica,2010, Southwest Atlantic Ocean[J]. Journal of Fisheries of
41(2): 233-239(in Chinese). China, 2012, 36(7): 1049-1056(in Chinese).

[18] A%, WRBNZE, 24, & s Rnshs 2 mH A 251  BR¥TE, S, XAk, & T H AWM MK IbR
TEAS A BTN, K224, 2010, 34(11): 1744-1752. TR B A L AR '?EEJ&E(JE}?%[J]. K= AR,
Jia T, Chen X J, Li G, et al. Morphological analysis of 2011, 35(8): 1191-1198.
statolith for jumbo flying squid (Dosidicus gigas) in the Chen X J, Ma J, Liu B L, ef al. Population structure, age
waters off Costa Rica[J]. Journal of fisheries of China, and growth of neon flying squid (Ommastrephes
2010, 34(11): 1744-1752(in Chinese). bartramii) in the northwest Pacific Ocean based on stato-

[19]  AE&h, BEALS, BENE, &, POdLR-FiEde 7 s S e E: lith microstructure[J]. Journal of Fisheries of China,
AN SRR HT[I]. K= 243, 2020, 44(1): 49-60. 2011, 35(8): 1191-1198(in Chinese).
Ren P, Lu H J, Tang Y, et al. Statolith morphology of [26]  BEALTS, BRETZE, X AR, AR 25 55 06 176 7 K P 2R R AR
Gonatopsis borealis in the northwest Pacific Ocean[J]. W RAEAESHKFZWI. KF=24), 2011, 35(2):
Journal of fisheries of China, 2020, 44(1): 49-60(in 247-254.
Chinese). LuH J, Chen X J, Liu B L. Effects of individual differ-

[20]  FRBTE, D&, XDk, & 1 R R R/ P AL ence on statolith morphology of Illex argentinus in the
KAV HoA TR A R [J]. K72 224k, 2010, southwest Atlantic Ocean[J]. Journal of Fisheries of
34(6): 748-754. China, 2011, 35(2): 247-254(in Chinese).
Chen X J, Ma J, Liu B L, et al. Effects of sexual matur- [27]  Zumholz K. The influence of environmental factors on

https://www.china-fishery.cn

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.1093/mollus/69.3.171
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.1093/mollus/69.3.171
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.1093/mollus/69.3.171
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.3724/SP.J.1231.2010.06706
http://dx.doi.org/10.1093/mollus/69.3.171
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
http://dx.doi.org/10.3724/SP.J.1231.2012.27654
https://www.china-fishery.cn

8

FUERE, S PSR I/ DY L B R TR S S I AT A 5 1359

(28]

[29]

[30]

the micro-chemical composition of cephalopod stato-
liths[D]. Kiel: University of Kiel, 2005.

Trotsenko B G, Pinchukov M A. Mesoscale distribution
features of the purpleblack squid Sthenoteuthis oualani-
ensis with reference to the structure of the upper quasi-
homogeneous layer in the West India Ocean[J]. Oceano-
logy, 1994, 34(3): 380-385.

MR 2, BEAGAS, Rk, 85 1 AN SR/ o
F A1 25 52 0 HOR AR K RS2 D], 7K 244, 2010,
34(4): 540-547.

Chen X J, Lu H J, Liu B L, ef al. Effect of sexual matur-
ity and size on statolith growth of jumbo flying squid
Dosidicus gigas in the high sea waters off Chile[J].
Journal of Fisheries of China, 2010, 34(4): 540-547(in
Chinese).

Mitsuo S, Norma B, Marcela I, et al. Interpretation of
statolith microstructure in reared hatchling paralarvae of

the squid [lllex argentinus[J]. Marine & Freshwater

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

[31]

[32]

[33]

[34]

Research, 2004, 55(4): 403-413.

Forsythe J W. A working hypothesis of how seasonal
temperature change may impact the field growth of
young cephalopods[C]// Okutani T, O ’'Dor R K,
Kubodera T. Recent Advances in Fisheries Biology.
Tokyo: Tokai University Press, 1993: 133-143.
Villanueva R. Effect of temperature on statolith growth
of the European squid Loligo vulgaris during early
life[J]. Marine Biology, 2000, 136(3): 449-460.

Durholtz M D, Lipinski M R. Influence of temperature
on the microstructure of statoliths of the thumbstall squid
Lolliguncula brevis[J]. Marine Biology, 2000, 136(6):
1029-1037.

Jackson G D, Moltschaniwskyj N A. The influence of
ration level on growth and statolith increment width of
the tropical squid Sepioteuthis lessoniana (Cephalopoda:
Loliginidae): An experimental approach[J]. Marine Bio-

logy, 2001, 138(4): 819-825.

https://www.china-fishery.cn


http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.3724/SP.J.1231.2010.06350
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270050704
http://dx.doi.org/10.1007/s002270000298
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
http://dx.doi.org/10.1007/s002270000496
https://www.china-fishery.cn

1360 KopE o R 45 4

Effects of sexual maturity and body size on statolith shape of
Sthenoteuthis oualaniensis in the Northwest Indian Ocean
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Abstract: In this paper, the effects of sexual maturity and body size on the statolith shape of Sthenoteuthis
oualaniensis in the northwest Indian Ocean were studied, the growth inflection points of statolith shape were eval-
uated, which would provide a basis for the subsequent studies on the population identification and life history of S.
oualaniensis. Statolith, which is mainly composed of dorsal dome, lateral dome, rostrum dome and wing region, is
one of the most important hard tissues of Cephalopods to study the age, growth, population structure and life his-
tory. According to the samples of S. oualaniensis totaled 1 009 in number collected in the northwest Indian Ocean
from February to May of 2019 by the Chinese light falling-net fishery fleets, the total statolith length (TSL), lat-
eral dome length (LDL), wing length (WL) and maximum width (MW) are considered as the indicators of external
form growth, and the ratio of MW to TSL is considered as the indicator of changes in statolith shape. The external
form growth and statolith shape changes affected by sex, gonad maturity and individual size are analyzed by the
analysis of variance (ANOVA) and Least-significant difference (LSD). The results indicated that the changes of
TSL, LDL, WL and MW between different sexes were statistically significant. For both female and male samples,
the changes of TSL, LDL, WL and MW between different gonad maturity and different mantle length ranges were
also statistically significant. However, changes of ratio of MW to TSL in different sexes showed no significant dif-
ferences but changes in different gonad maturity and different mantle length ranges showed very significant differ-
ences. The study showed that sexual maturation and size of S. oualaniensis had an obvious effect on its statolith
growth in both males and females. Stage III gonadal maturity and 300-500 mm mantle length are the growth
inflection points of statolith shape of female individuals, while there is no distinct inflection point in male individu-
als. The characteristic parameters of statolith increased rapidly with the growth of gonad and mantle length before

the inflection point, while increased slowly after the inflection point.
Key words: Sthenoteuthis oualaniensis; morphology characteristics of statolith; sex; gonad maturity; body size
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