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B BB 12°307 ~22°30'S.81° ~ 84°
W F137° ~40°8.79°30" ~81°W,
1.3 #HRWE

BEOLREFEA 663 B2, Hoh it 464 B M
199 &, B {5 B 43 B 4 278 ~ 702 mm #l 299 ~
492 mm, BHEARE, LR ENE S0
&7,
1.4 ®xH*E

FEeHmERNFE H 71 B (total statolith
length, TSL) . B A % & (maximum statolith width,
MW) (FE 1) BEBEEAE KK EERE " &
HAAHE T Nikon ZOOM645S 5 8 it (4
5 x0.8, x1, x2, x3, x4, x5; B x10) x50
i , Olympus Jt.°# BIMEE (P48 x4, x10, x40, H
£5 x10) x40 £5 FR CCD 18, R EFIH WT-
Tiger3000 &l B 48 73477 B4R, 41 51 & & TSL
MMW(E1),
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Fig.1 Scheme of each dome and morphometric
measurements of statolith
A ;Total statolith length, B ;Maxium width.
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(L HBEAHEARREN MW 5 TSL Z 1, DL
FAE R AR B A B AR R ISR AR A I 24K

(2) B AR M 707 2240 4 4 EME A R
AR RSB R RN () B EH MW/
TSL AT W MR R E 2R, A2
AFEA X R i & B L 807 35 (LSD 3R
Dunnett 3% ) #E47 % 4 B A9 £ ] L™, op 4t
91 B R B JEE AR KD R BT MW/TSL 1
. BRSO R A SPSS B #HAT,

2 HR

2.1 SEBEEFHERER
ZFRAHOEHEBE X MK Y XX H
B, BT EREN MEHE BERA WEKE
(B 1), MMREAT, TSL 3 1 661 ~2 743. 8
pm, MW % 658.1 ~1 573.2 pum; BErEREAC
TSL 5 1 604 ~2 455. 8 pm, MW & 700. 6 ~
1357.8 pmi{JE 13,
2.2 HAsXEESERZHRIEL
FEMEEEFT T D MW/TSL ég &
FEA R RE R T ~ V5. 4
B R FA B SR R) B oA MWSTSL By 43
(ANOVAIZERINFE 1. oy, AR
BZEEZAHOMWITSL GAEREEFR
(Fhq..=3.689 <F, 1, F]H LSD I F1 Dunnett
R E S RINGE 2, LSD STk .
AT 50 . IZ5NIE2BEH
MW/ TSL FE7E BEM 2 B F <0.05} , Dunnett
SRR ERBRENES IR . NE5 T4V
# 5 MHZZFHAO MW/TSL 778 BENE S
(F<0.05), AR HERBEAETH MW/TSL ¥
BEAFEINE 2-a firR,

£1 4ANTEABEERHRESTE TR MW/TSL # ANOVA 54758
Tab.1 ANOVA analysis of MW/TSL under four sex maturity stages of female jumbo flying squid

M BETHH At

Loy

contents sum of squares df mean square P8 PE
HF A5 0.033 3 0.011 3.689 0.012
between groups
HAER
within groups 1.384 461 0.003

B3R total 1.417 464




542 K = % O# %
%2 FA LSD # Dunnett XM R E RS E ER MW/ TSL #5345
Tab.2 Analysis of MW/TSL among four sex maturity stages of female jumbo flying squid by
using the methods of LSD and Dunnett
ik HEIG R0 WOAENEE  EEERR 95% B
method SeX maturity stage mean difference std. error 95% confidence interval

g -0.004 95 0.007 14 0.488 -0.0190 0.005 1
% Mm% -0.060 88 * 0.018 52 0.001 -0.097 3 -0.024 5
N& 0.000 73 0.038 92 0.985 -0.0758 0.077 2
1% 0. 004 95 0.007 14 0.488 -0.009 1 0.0190
I& mE -0.05593" 0.019 44 0.004 -0.094 1 -0.0177
LSD & V& 0. 005 68 0.039 37 0.885 -0.0717 0.083 1
1% 0.060 88 * 0.018 52 0.001 0.024 5 0.097 3
ez % 0.05593° 0.019 44 0. 004 0.017 7 0.094 1
V& 0.061 61 0.042 92 0.152 -0.0227 0.146 0
1% -0.000 73 0.038 92 0.985 -0.077 2 0.075 8
IVE g -0.005 68 0.039 37 0.885 -0.083 1 0.0717
mE -0.061 61 0.042 92 0.152 -0.146 0 0.0227
1% V& 0.000 73 0.038 92 1.000 -0.0830 0.0844
Dunneit 3£ I& V& 0.005 68 0.039 37 0.9%4 -0.079 0 0.090 4
& V& 0.061 61 0.042 92 0.216 -0.0307 0.153 9

T+ BrfEERaR T EREES .

Notes. % The mean difference is significant at the 0. 05 level.

fEAsH bR R RIE R T ~ IV, 4
IR R R R F A MW/TSL B 4 4
(ANOVA) Z5R WL 3, DTN, A [F] 1 R A%

FEZEEEHEHAOD MW/ TSL A FEBEEZR
(Fogo =0.240 > Fo o), AR RAE FHR

MW/ TSL BHEAEALINE 2-b 7R

FI MEEEE 4 MEREEYIE ANOVA &R
Tab.3 ANOVA analysis of fonr sex maturify stages of male jumbo flying squid

LE=3 BETH A B
contents sum of sguares daF mean square FE P
#HFAE 5
between groups 0.001 3 0. 000 0.240 0.869
AR
within groups 0.380 196 0.002
EAER total 0.382 199
?3 0.65 ﬁ 0.52
Mo 0.60 M
R m 0.48
Pz 0.55 3
L B
ﬁ; 0.50- HE 0.4
; +
-T:g .15 i E
: {1 41 ' '
g oy v

ﬁﬂﬁﬁﬁ%ﬂ& sex maturity stage
(a) HEME female

—

I
PERRES VY sex maturity stage
(b) HEtE male

H2 ZREHBMIEARAEE/ BKBESHEEREAREXR
Fig.2 Relationships between average MW,/ TSL and sex maturity stages of Dosidicus gigas



44 BRI, & A BA R /DA B RS 22 R A HoA 4 K AR 543

RE Ak a) B 5 MW/ TSL 6 rhds
ZEFMEEE R AR, AR A SR
PRTF RN, Rtk 25| P8 100 mm i 50 mm JJF
F Ry B 0 o ek LM SR ) B MW/TSL
17 ST o

WP A ) B 5 R A 300 ~ 700 mm, Sk 4y
44, 4 @A KB B R MW/TSL 1 4347
(ANOVA) #5583k 4, 43 HriA Ry, A R) P B R
EzHEERBHEAG MWTSL FHEGBEER
(Foom =12.991 <F, 4s) o FH LSD % H1 Dunnett

LT L LRSS R 5, LSD 350 AH,
540 301 ~ 400 mm 5 501 ~600 mm F 601 ~
700 mm.401 ~500 mm 5 501 ~600 mm F1 601 ~
700 mm Z B B3 MW/TSL GEEBEMER
(F <0.05), Dunnett S47iA %, 4] 301 ~400
mm 5 601 ~700 mm.401 ~500 mm 5 601 ~700
mm ZAHEA MW/TSL FHEE BEMER(F <
0.05), HAa MW/TSL ¥{E 2 4k 5 e B 4 iy =%
AN 3-a,

#4 4 TTFERKEE THEETE MW/TSL £ ANOVA G5 R
Tab.4 ANOVA analysis of MW/ TSL under four different mantle length stages of female jumbo flying squid

AE HEXHW

b2l

AdKE
contents sum of squares daf mean square FfE P
HER 0.110 3 0.037 12.991 0.000
between groups
gﬂmi‘# 1.291 461 0.003
within groups
BAER oal 1.401 464

F®5 T LSD f Dunnett i xf Bt A F R EE HA MW/TSL B 5315 R
Tab.5 Analysis of MW/ TSL among four mantle length stages of female jumbo flying squid by
using the methods of LSD and Dunnett

Ik B (mm)

FTHIEREE  EEEER

95% BZM

method range of mantle length mean difference std. error SIE- 95% confidence interval
401 ~3500 ~0.008 49 0.005 17 0.101 ~0.018 6 0.001 7
301 ~ 400 501 ~ 600 ~0.062 01 0.014 11 0.000 ~0.089 7 ~0.034 3
601 ~ 700 -0.08732* 0.015 08 0.000 -0.124 8 -0.049 8
301 ~ 400 0.008 49 0.005 17 0.101 -0.001 7 0.018 6
401 ~ 500 501 ~ 600 ~0.053 52" 0.014 29 0.000 ~0.081 6 ~0.025 4
601 ~ 700 -0.074 42+ 0.019 20 0. 000 -0.116 6 -0.0411
LSD & 301 ~ 400 0.06201 * 0.01411 0.000 0.0343 0.0897
501 ~ 600 401 ~500 0.05352* 0.014 29 0.000 0.025 4 0.081 6
601 ~700 -0.025 30 0.023 27 0.277 -0.071 0 0.020 4
301 ~400 0.08732°* 0.019 08 0.000 0.049 8 0.124 8
601 ~700 401 ~ 500 0078 82° 0.019 20 0,000 0.041 1 0.116 &
501 ~ 600 0.025 30 0.023 27 0.277 ~0.020 4 0.071 0
301 ~400 601 ~700 -0.08732° 0.019 08 0.000 -0.129 5 —0.045 1
Dunnett 3 401 ~ 500 601 ~700 ~0.078 82° 0.019 20 0.000 -0.121 3 ~0.036 3
501 ~ 600 601 ~700 ~0.025 30 0.023 27 0.421 ~0.076 8 0.026 2

. BrimBER o nrEpEnER,

Notes ; The mean difference is significant at the 0.05 level.

HEPEREA R AR K J5 B 24 300 ~ 500 mm, 34>
44, 4 HAFKMNE A MW/TSL B 40 #7
(ANOVA) 8554003 6, 241 iA Ry, A Al AR B B
BZRZEZHEHEA MW/ITSL FERFER
(Foom =5.367 <Fy4) o FA LSD 3570 Dunnett
BT R LR MESRINE 7, LSD Ay,
AR £H 351 ~400 mm 5 451 ~ 500 mm. 401 ~ 450

mm 5 451 ~500 mm Z i) F4 MW/TSL R 7E %
BEMER(F<0.05), Dunnett 7p374A4,
#4351 ~400 mm 5 451 ~ 500 mm. 401 ~450 mm
5451 ~500 mm Z M/ B-77 MW/TSL {f 7635 B&
B2 (F <0.05), BH MW/TSL #EA&E{LY
FR 26 1 % A AN R 3-b,



544 x O O% 34 %
55 O.GOL ?3 0.56
£ 05 | ¥ om
T 0.52- Ir=
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WE (148~ HE
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| 044- B
}E G. 40 § 0. 19

300~ 400 400~ 500 500~ 600 600~ 700
IR /mm mantlce length
() Mt female

H3 ZZafgitERRX

300~ 350 360~ 400 400 ~ 450 450~ 500

BE /om mantlc length
(b) Hitt male

EE/BRZILEREXA

Fig.3 Relationships between average MW/TSL and mantle length in female squid Dosidicus gigas

&6 4 NFRRICEE T4 MW/TSL f ANOVA iR &ER
Tab.6 ANOVA analysis of MW,/ TSL under four different mantle length stages of male jumbo flying squid

Sk HEF I B 75
contents sum of squares dr mean square F@E P
HE 5 0.029 3 0.010 5.367 0.001
between groups
HP AR
within groups 0.352 196 0.002
BAESR total 0.381 199

7 F R LSD # Dunnett FE X @EM T E B KT FEHA MW/ TSL 4554 R
Tab.7 Analysis of MW/TSL among four mantle length stages of male jumbo flying squid by
using the methods of LSD and Dunnett

Tk JEHCHE A (mm) ATEMENEE EREER sig. 95% EIRFR
method range of mantle length mean difference sd. ermor 95% confidence interval
351 ~400 0.018 94 0.013 47 0. 161 -0.007 6 0.045 6
300 ~350 401 ~ 450 0.022 60 0.013 96 0.107 -0.004 9 0.050 1
451 ~ 500 -0.021 74 0.016 69 0.1%4 -0.054 7 0.0112
300 ~350 -0.018 98 0.013 47 0.161 -0.0456 0.007 6
351 ~400 401 ~450 0.003 62 0.006 80 0.595 -0.009 8 0.0170
LSD 1% 451 ~ 500 -0.040 727 0.011 40 0.000 -0.063 2 -0.018 2
300 ~350 -0.022 60 0.013 96 0.107 -0.050 1 0.004
401 ~ 450 351 ~400 ~0.003 62 0.006 80 0.595 -0.017 0 0.009 8
451 ~ 300 -0.044 34 * 0.011 97 0.000 -0.067 9 -0.020 7
300 ~350 0.021 74 0.016 69 0.154 -0.0112 0.054 7
451 ~500 351 ~400 0.040 72" 0.011 40 0. 000 0.018 2 0.063 2
401 ~ 450 0.044 34° 0.011 97 0.000 0.020 7 0.067 9
300 ~350 451 ~ 500 ~0.021 74 0.016 69 0.373 —0.060 4 0.016 9
Dunnett ¥ 351 ~400 451 ~ 300 -0.04072" 0.011 40 0.001 -0.067 1 -0.014 3
401 ~450 451 ~ 500 —-0.044 34° 0.011 97 0.001 -0.072 1 -0.016 6

T = R ARMN N EREEER

Notes: = means significant difference at the 0. 05 level.

3 3ie

EnhRaELEXTEMESGAY,
A= VA AR A AL 7K 2 9 3R B F) ( Ommastrephidae ) 7
R, HBEAFEERKEMRE KNS A

{221, 253 7ER A 5 S B, HAMAR D
BHHIN, B B A R R RSO RA T
A, HAERKRBHRSE rE2R, Bt gl E g
R H AN SRR B E MR R R A
ARETHBELHA RN EZR, AR R HTGE



44 BT, % AR PR O R SN R R A A KA 545
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IR, 2R EME RN A £ (5
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TR, LA R HE B R B
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WERERR) RN SE R AR E K (SN
FARRRE ) FFAE R B ERa” ™ g
M ST FERAS Y TSL &, 5ME AN
() 2B ENFERER, BHEE BE
IR 34, H BT MW/ TSL 1 o fH 2 308 |
#% (& 3-a) . AN 301 ~400 mm 5 401 ~
500 mm. {4 501 ~ 600 mm 5 601 ~ 700 mm
KEA MW/TSL Ii&H B& 25, MK H N
301 ~ 500 mm 5 501 ~700 mm [ MW/TSL 57
BEZF(P<0.05) XU EEAME(R
K412 401 ~ 500 mm 5 501 ~ 600 mm [&]) B 17
HPERTEASAFAL AL ALAR 4 91 48, MW/ TSL B
BERR R (A 3-a) o TR AR H) MW/ TSL {H R
TR AR AL S S MEE AR, B RRRE T
FEJE BT (& 3-b) o 140 401 ~ 450 mm fi
MW/TSL {H 08/ MR BR, B 5HEH
AR R R A R G T —
B

BRI, B AR R SEE
A MRS SETEMEX FFR
FA RN T IE PR, B IR

BN, T BT UG BRI T i LA b FE R 52
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Effect of sexual maturity and size on statolith growth of jumbo flying
squid Dosidicus gigas in the high sea waters off Chile

CHEN Xin-jun'*** | LU Hua-jie', LIU Bi-lin'** , QIAN Wei-guo'"**, TIAN Si-quan'"*"*
(1. College of Marine Sciences, Shanghai Ocean Uriversity, Shanghai 201306, China;
2. The Key Laboratory of Oceanic Fisheries Resources Exploitation of Shanghai Education Commission,
Shanghai Ocean University, Shanghai 201306, China,
3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University ,
Ministry of Education, Shanghai 201306, China )

Abstract ; According to the samples of Dosidicus gigas collected by Chinese squid jigging vessels during the
investigation from 2007 to 2008 off the coast of Chile, the ratio of statolith maximum width( MW) to total
length( TSL ) as an indicator of statolith growth, the statolith growth impacted by sex maturity and
individual size is analyzed by the analysis of variance. The results indicated that the ratio of MW to TSL
(MW/TSL) for female individual is closely related with gonad maturity , for the female squids with sexual
maturity stage I to stage I, stage II to stage I, there was a sipnificant difference between their MW/
TSL{P <0.05). However, for male squid, there was no obvious relationship between MW,/TSL and
gonad maturity accordingly. The MW/TSLs for female squids with different mantle length { ML) group,
group with ML 300 - 400 mm to ML 500 =600 mm and ML 600 - 700 mm, group ML 400 - 500 mm to
ML 500 — 600 mm and ML 600 — 700 mm, exist significant differences (P < (. (5). When the female
individual grows from ML 400 - 500 mm to ML 500 - 600 mm, the MW/TSL increases rapidly and the
difference was significant{ P <0.01). For male squid, the MW/TSLs between ML 350 — 400 mm and ML
400 — 500 mm, ML 400 - 450 mm and ML 450 — 500 mm also exist significant differences (P <0.05),
when the squid attains ML 400 - 450 mm, the MW/TSL is the smallest. The studies have shown that sexual
maturation and size of Dosidicus gigas have an obvious effect on its statolith growth, but the differences exist
between male and female.

Key words: Dosidicus gigas; statolith; sexual maturation; the sea off Chile
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