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ABSTRACT Statolith microstructure and growth characteristics were studied in 491 speci-
mens (274 females and 217 males) of short-fin squid Illex argentinus collected by the Chinese
jigging fishing fleet in 2007, 2008 and 2010. The results showed that growth increments of I.
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argentinus consisted of light and dark lines, with the initial point of increment formation (fo-
cus) being dark and like a drip of water. The growth increments were narrow to wide, light to
dark from the focus to lateral dome, and were wide to narrow, dark to light form lateral dome
to dorsal dome. Three zones (postnuclear, dark zone and peripheral zone) occurred in statolith
dorsal dome. The results of principal component analysis on ten morphologic indices showed
that total statolith length (TSL) and maximum width (MW) could be used to distinguish be-
tween different groups. There was no sexual dimorphism in the TSLL and MW growth between
different groups, and the relationship between age and TSI and MW were best described by lin-
ear functions for austral winter group and by logarithm functions for austral autumn group, re-
spectively, However, there was a sexual dimorphism in the statolith weight (SW) between dif-
ferent groups, and the relationship between age and SW for females and males were best de-
scribed by power and exponential functions for austral winter group and by exponential and log-
arithm functions for austral autumn group, respectively. The absolute growth rate (AGR) and
instantaneous relative growth rate (IRGR) of TSL and MW tended to be high at young stages,
and then decreased when the age increased. However, the AGR of SW tended to be higher with
the increased age, and the IRGR of SW increased in the beginning and then decreased when age
increased. The growth rate of austral winter group was higher than austral autumn group, and
the growth rate of females was higher than males at the same age.
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B HRAE I St [llex argentinus | VZ 53 A AE 22°~54"S 14 VY 1 R P4 A K Jili 28 e R I 3¢ vt i H v ) 35° ~
52°S Z A Wy Bt i d Ry F B CESERRSE 2005)  fe i AF 7 3k 100 7 o BB B APk B R Z — W E K
it 912 424 Y Ml B SR 57 X 42 (Chen ez al. 2010) [ P Ab — 862 35 %6 Bl AR SE 9 22 4019 A2 9 % (Arkhipkin ez
al. 1990; Arkhipkin 1993; Hatanaka 1986) %R ¥FAl (Csirke 1987; Basson et al. 1996) % {FH & £
IR R (BB 2005.2004; B b AR5 2008) 4T THIFIE . B Sk J& 28 31 22 A 1 21 20 () i AR 45
20100, HAE R B2k ISR A 30 OF BLUTBUS 2 B ANl Mk (Radike  1983) il fF T (045 S B H % 14
H K ar(Jackson  1994) , 2 WA= i 48 PR 5% 20 10 10 3 B 0 R &5 8 25 B (Arkhipkin - 2005) . K Ik g% )12 H
TSk MRS 5 A4 K R BEgE F) 25 Waolb A= ) 27 85 P (Arkhipkin - 19935 Hatanaka 1994; Chen ez al.
2010) o BRI, L T1BF 0SSk 28 H A7 Bl b B2 AR PE O WF S 9T A 2 I . AR WFSEARJIE 2007.,2008 Al 2010 4F
] A Bty 890 424 s 7 VG i R VG Y VA B A 7 S0 () SR 4R 1 AR G 3 S f AR R T B S s B T N H IR A
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1.1 HEARFEEIE A E

FESL R H B2 52 57 I i 807 57 L LAY MY . INFIE] 2 2007 4E 2~5 H .2008 4= 3~5 H Al 2010
A 1~3 RSBk 40°02" ~46°53'S.57°55" ~ 60°43 ' W;45°03" ~46°57'S,60°02" ~ 60°47'W HiI 45°
17'S ~47°14'S.60°0'5 ~ 6047 "W, M AEA Ul o5 1 W FR 4 P BE AL B B E fa R AR 10~15 &, 2208 VR AR S ] 52
s, HREREAR 3 462 B (H P 2007 4 308 B .2008 4F 262 FE.2010 4F 2 892 ).
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1.2 WHRF*

1.2.1 F ok

TE 5200 5 28 fif ORI X BT AR AE 3 S A E AT HoA R B, AT S8 B HoA REAR 3 450 XF CH PR 2 019 XF Mk
1431 %), % BEOA [] 9 3 16 BB AL At B 491 BSORE A JHG e bl e o AR A 9 32 £ R A 1 I < 90 161 0 1l Oy 267 ~
350 mm F1 122~266 mm. XF B 09 H A #E AT G5 A7 T A 9520 SRV IR 1.5 ml B0 o, DU T BR
£, 2 A 10 AN 3R T A DL
1.2.2 Foiramsns

VA oA AT BRI IR B el B i ) E T Nikon ZOOMG645S R I S5 (145 < 0. 8, X1, X
2, X3, X4, X5 HBEX10) X 50 TR A CCD 1, SRJ5 A YR-MVL. 0t f3f ] 45 0 &5 1R 3 B A 4508 25
SHEIATIN R . W, B U KO AR 5 A O R L SR 5 6 B B K (Total statolith length, TSL) |
% K5 B (Maximum width, MW) |3 X K (Dorsal dome length, DDL) ., & fll] X K (Ventral dorsal dome
length, DLL) .l X & (Lateral dome length, LDL) . ¥l X & (Rostrum lateral dome length, RLL) . ¥ X £
(Rostrum length, RL) WX %% (Rostrum width, RW) ¥ X K (Wing length, WL) fl1# X 9 (Wing width,
WW) 10 BUE S SR & (B 1D o [Fl— 8 85 M W, 43 5 il PN A2 A MS7 2047 24 7 il 2 495 2R
(5 25 R 3 500 BUE AT AT 2 08, 7 D00 S0 00, 00 e 4 SRR 0 &2 0. 01 pm,
1.2.3 FoEzzmz

) 1 A A B RS- 43 ) A2 A5 TR B 7 B i (Statolith weight, SW), 24 & iR 22 AN i 5 %0 B . BUH:
- A A 5 0 R L D 5 SRR A & 0. 1 mg,
L2.4 H oAtk REGER

HAuES B (2009 MET(E 2, EBAERKR R8N 1d, DIERESE A%,
S5G A AR H RS B4 30T, IR AR 25 SR R 3 A [ 7 B R

TX B
Dorsal dome Grinding plane

A X
Lateral dome

G
B
Wing dome
)X

i
' Rostrum dome

A-BEBRARBEE;CH XK D-BHM XK E-M XK ;
F-W i X K s G-32 XK s H-W) XK s T-W) X5 5 J-38 X9

A-TSL;B- MW;C- DDL; D-DLL; E-LDL; F- RLL;G- WL;H- RL;I- RW;J-WW 2 B X oA L T
B1 HAEESH Fig. 2 Scheme of each dome of statolith
Fig.1 Scheme of morphometric measurements of statolith and grinding plane
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al. 1996; Basson et al. 1996; Chen eral. 2010; fifbAR% 201DHIAEFREEZAT AR ERKITRE:

LR AR . L=a+bt (D

FEEOT R L=ae" (2)

%@ﬁ[ﬁ*ﬁ L=at" 3)

Xt B R B R L=aln(t)+b (1)
. S _ L.

Logistic 2K . L, Tl KU 1] (5)

KL WIMNES B S B A E R BN pm o mg;e b B AN dsa bk RE G, 8 L=0 B ) #iS
Hi s L. it K,

4) FH B RPIRE (Hiramatsu  1993; Malcolm 200D 45 B A4 K80, AR .

N

~ ) 1 _[Li_f(LM’K’to’ti)]Z
L) | L.,K,t,,6°) = exp{ ~
’ ,]:Tl o N2 20°
Hir,od HIRZET )7 2% (Cerrato 1990) , HWJ B (E 5 E T MARKEASE A K 15% (Imai ez al.  2002) .

e R AL, SR B A AR X B Al AR #3 (Buckland ez al. 1993) . Az K S50 Excel 2003 1 1) FH B0 &) SR i 4804 oK

dz o

5) 1w JH (Akaike’s information criterion, AIC) #E47 A4 £ 5 A [b 3¢ (Malcolm  2001; Imai et al. 2002),

HEARXD .
AIC=—2InL(p; ,*** s p,s6°) +2m

P L Cpraespos ) R K EEIRE R ERBIRE ., o IBERL S H0 S R UG THE  m BRI £
S EIAE. A6 5 D AERBAR T HUS /s ALC B BB R fidi AR KA,
1.2.6 FaAKEMHEH

A 5T K T Bk B AH %7 4B K 2 IRGR (Instantaneous relative growth rate) Fll 48 %} 4= & 2 AGR (Absolute
growth rate) R 7 #r B AR S 5 52 B Ay A= K HoaH 8 0 #2003 (Chen ez al. - 2010)
In(R,) —In(R))

IRGR= X100

KL RN LI B 8 & (SW) s K B (TSL.FDL fil FRL %) R, N ¢, #5 B B 47 8 & (SW) ok K JiF
(TSL.FDL #1 FRL %) ; IRGR KA X} 24 K %,
R,—R,
t, =1

KRN LI B 5 & (SW) s £ B (TSL.FDL fil FRL %) R, N ¢, #5 B B 47 8 & (SW) ok K JiF
(TSL.FDL 1 FRL %) ; SW i 5.4 & mg, TSL.FDL #1 FRL {847 % pm; AGR 847 % mm/d 3 mg/d.

2 HR

AGR=

2.1 HA#MEW

B A A 1 22 f0 B A A A6 1 %8 S0l B R TE) A 0 a0 2 2B KRS 6 B ER A T (Focus) 316 Rl G L %00 X
(Nuclear Zone, NZ) 2y Z 4 LAA (Y X I8, 38 52 KI5 I8 (L 3a) 5 H A i) DX 0 60 R T 45 W5 o H A K S0 R T Il 56
U8 RE K Rl B A e AL 5T L 5y TAE K Sr i B (L 3b) 5 3 XA R BCHEPN B 5% 1 50 Bt s W B ) T AR K
SR ICCE 3¢) s B Wy X AR K SO RO | 56 8058 B8 AN —  FE A6 2 W I 00 40 2% RO R i e a0, BB R g AN
FIF H BB 3d) . BRREARTI 5 . DAZ O B0 X 30 % . 6 4058 B Pl 78 28 98, 5 B ol B 3 5 O IX 3] b IX 30
S eSO B P AR S0 BE I R T AR A K S i E I 0 T I L AT LUK B A R 3 A XL A i
JG ¥ 0> X (Postnuclear, P) (I [X (Dark Zone, DZ) .#ME X (Peripheral Zone, PZ) (| 3e)., HH,DZ Kk #4C
i, P RS, PZ K s 78 3 A X R % A B 8 1 B4k . AR BFoT 3% 19 52 U7 1) o fl A0 310 4 X
T H A X2 XA 3e)
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a: 0K by MKAERKS; o WRAKL: d: WRARKLSG e TFEFZMA . #itk, K 255 mm, K& 255 g, 426 315 d
a: Nucleus; b: Growth increments within the lateral dome; c:Growth increments within the dorsal dome; d: Growth increments within

the rostrum; e: A polished anterior side statolith of a mature female, mantle length 255 mm, body weight 258 g, age 315d
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Fig. 3 Statolith microstructure of I. argentinus

2.2 BERNMBESSHREEAMN
A 53 M e BLAY A TR P 3 BT AR SE 1 SR A A IR S S B AR 1. ik SWERCY 121. 37 ~402.5 mg, I
P SW A 111.0~394. 67 mg.

®1 WREBREBERINESEER

Table 1 The ranges of statolith morphological variables of I. argentinus

K AR M PEAE A Female T Pk BE A Male
Variables of statolith length g {§ Maximum (pm)  f/ME Minimum (pm) i KM Maximum (pm)  #x/IMA Minimum (pm)

HfamKk TSL 1 220. 65 745.98 1143.45 642. 68
RAFEE MW 752. 21 351. 04 670. 96 349. 49
X K DDL 459. 92 151. 31 467. 97 144.78
#HMX K DLL 741. 04 381.18 727.13 287.61
X & LDL 938. 75 489. 87 938. 75 455. 26
WX & RLL 908. 37 415.15 882. 54 316. 47
WX K RL 397.19 72.19 365. 41 71.43
W)X 55 RW 229. 81 78.18 205. 26 47.07
HE WL 979. 81 528. 21 942. 16 451.19

W WW 404.13 101. 04 404.13 85. 49

2.3 BEKS5

AR H A7 At K 3 4 0 8 il » 5 5 il 5 0 S0 90 B R AR oy BK R A & ZR A 7 B AL, e rp 2007
1 2008 AF BT AR 4E 35 2 40 & T4 7 BRI (6 ~7 ) BRI 180 v 307 SO0 307~ L2 8% F 8 AL B0 AR B (BNS) CESE#F
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& 2005) 70 2010 4F A A ) 32 A Bk 2 7 B0 RE AR (3 ~5 ) . BIVRE 8 35 B JE S FRE (SPS) (Bl Ak 78 45
2010,

2.4 ERHSDH

X H A 10 WIS EGIAT ERT 0T (R 2) ., S5 R B/RFEARS — 28— H = B E MBI S S5
B TR R AN R 49,53 % .24.14% . 13. 54 % F11 8. 78 % . BTk R 4K 90.99% .

F2 NMREBZFEERAIOMESSHINER S AHEMTHKE

Table 2 Loadings of four principal components for 10 morphometric parameters of I. argentinus
KA & % 43> Principal component
Variables of statolith length 1 2 3 4
HAH 8K TSL 0.915 —0.047 —0.054 —0.104
KT E MW 0.422 0.498 0.592 0.034
H XK DDL 0.047 0. 816 0.202 0. 049
FFMmX K DLL 0. 545 —0.392 0.598 0.013
XK LDL 0.703 —0.297 0.273 —0.349
v X4 RLL 0.579 0.408 —0. 401 —0.363
XK RL 0.683 0.137 —0.495 0.252
W)X % RW 0.573 —0.185 —0.135 0. 636
HEK WL 0.742 —0.132 —0.270 —0. 260
e WW 0.681 0.136 0.175 0.271
Bk % Contribution rate( %) 49.534 24.143 13.536 8. 777
STk % Cumulative contribution rate( %) 44,534 73.677 87.212 90. 989

MNE 1A LLE N F— F A 5B A K B TSL.LDL, WL % K 7 5 5K 00 I AH G, 2t 250
FE0.70 LA b, BRI EE — E R T Lgo 2 B & KK B RRIE 92 88 — F i /05 TSL.DLL.LDL K&
WL A5 e AR 0 B 34 22 BORE OG L T 5 R BEE A 58 B 1) MW AT DDL &2 0F A G . B 2 R %0k (5 DDL
AT R ECH 0. 816) 5 = W45 B M BT 58 B A MW 2 55 K IE A G T 5 R B B K 9 TSLLORLL . RL
F WL X567 A0 06 55 00 32 40 5 R e HE G 5 B 1) RW 52 48 R TF A 56 L 17 45 2 e B 43 K B i TSL.LDL . RLL
WL ARG, IS =L = 00 F 5040 A DA o & B 4 X BEARAE AR 3R . 28 BTk, A BF 5 3 L
TSLAER A KB RIEFE AR, B MW VR B 58 8 1 R AE G b5 .

2.5 HEESSHEBRRHXR

P 2540 Br 2 W1, 2007, 2008 4F TSL 5 H S Z B X RAAEER FEM 25 (F =0.797, P=0.373>
0.05),1fi 2007 5 2010 4 (F =28.97,P =0.009<0. 01),2008 5 2010 4 (F =8.732,P =0.003<0. 01) &}
FETEN 2 M 25 5 RT3 BT 22 W, 2007 (F =8. 666, P =0.074>>0. 05) ,2008(F =0.365,P =0. 546>>0. 05)
5 2010 4E(F =0.491,P =0.484>>0. 05) TSL 54E#E Z M EAFEMIN 2Z 5. T MW 5HEBHCR . BE
PRI R PE - 2007 5 2008 4E RFETE B EME % F(F =1.715, P =0.193>>0.05),2007 5 2010 4£(F =
184.393,P =0.000<C0.01).2008 5 2010 4E (F =283.346,P =0.000<20. 01) #AFAEM B EE2Z R AR
W2 ] 2007 4F (F =7.865,P =0.093>>0.05),2008 4 (F =0.086, P =0.768>>0.05) 5 2010 4 (F =
0.055,P =0.813>>0. 05) WASARAFFEMERN M A 22 5 . PIIL K 20072008 4R FEACG I 0 2010 4F B A Bl 37
JEARPERIBESE TSL Fl MW B A K, B 43 4 2877 SRR FAE 25 77 DR RE IR BE 58 TSL fil MW B4R K, il 7 %
LG B AR TR W Ak B ATC By 8 (36 3) 4531 TSL A1 MW i il AR 1 7 F2 43 Bil an T



%3 R P 78S 45 - TG e K PG A BT AR S 94 52 £ T T2 A b A R 21

KT HNAE

TSL=2.704 8 X Age + 176.551 1 (R*= 0.614 5,n=262) (A 4a)
MW=1.849 3 X Age —24.458 6 (R*= 0. 684 3,n=262)( & 4b)
K 2 B A -

TSL=659.873 1 XIn(Age) —2 819.1 (R*= 0. 828 5,n=229) (& 4a)
MW =417, 408 2XIn(Age)—1 778.8 (R*= 0.546 2,n=229)( K] 4b)

£33 MREBREEALKERAREERKEIENSHS AICHRER

Table 3 Comparison of parameters and AIC for TSL and MW growth models of I. argentinus

=P BE Spawning cohort A Model L.. a/K b/t, AIC r?
21 Line / 2.704 8 176.551 1 2 337.582 0.614 5
T WAL Power / 8.450 1 0. 835 2 341.036 0.595 4
o . / T ]
Winter cohort $6% Exponential / 127. 815 0.002 8 2 345. 879 0.587 3
5 X Logarithm Logistic / 775.005 9 —3428.2 2 338.183 0.600 1
o 3818.279 3 0.0001 7 733.766 4782, 647 0.545 3
ey 251 Line / 2.263 2 259. 690 8 1967.329 0.820 6
K T Power / 13.078 4 0.749 4 1 964. 905 0.8227
TSL PE #6% Exponential / 463.010 3 0.002 3 1 976. 875 0.812 1
Autumn cohort H “Xp € . : : .
%t# Logarithm Logistic / 659.873 1 —2819.1 1958. 149 0.828 5
7124.799 2 0.0014 1634.077 3 942. 658 0.433 2
2tk Line / 1.894 3 —24.458 6 2 072. 345 0.684 3
RS- TR Power / 1.384 5 —24.458 6 2 072. 443 0.684 2
2= B AT
Winter cohort $6% Exponential / 185. 927 0.003 6 2 078.526 0.676 3
%0 Logarithm Logistic / 539.3775 —2529.8 2 074.018 0.682 2
. 5 643.192 5 0.003 9 871.023 4 3 814. 679 0.677 7
HZ
. 2i 1 Line / 1.097 1 271. 938 1876.971 0.498 1
G B TR Power / 8.546 5 0.745 1.819. 641 0.532 2
& Autumn cohort #$% Exponential / 298. 309 0.002 3 1 831.005 0.505 5
MW %% Logarithm Logistic / 117.408 2 —1778.8 1 813.46 0.546 2
7 462.391 8 0.003 8 940. 561 4 3513.274 0.476 8
1500 800
T a A% Winter F 700 y x
L Aut A
3 1200 xﬂ( ul um 3 600
Z; 900} Z 500
400
600} 300
" A% Winter
& 300} K 200 x#k Autumn
[y i 100
0 1 1 1 1 1 )
150 200 250 300 350 400 450 950 200 250 300 350 400 450
H#% Age (d) H k% Age (d)

4 PTARSEN M H R SAMESBIN KR

Fig. 4 Relationship between age and morphometric parameters for I. argentinus
2.6 EAEE5HR®RMNXE
BT 2553 BT R W1, 2007, 2008 4F SW 5 H % 2 [l 1) 5¢ R AAFTE B F P25 52 (F =12. 149, P =0.071 5>
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0.05) 1 2007 5 2010 4E(F =48.30,P =0.000<20. 01),2008 5 2010 4E(F =162.15,P =0.000<0. 01) [d]
FTEAEN W E 22 R, R 2 A 2 13, 2007 (F =5.002, P =0.027<C0.05),2008(F =0.283,P =0.015<<
0.05) 5 2010 4F(F =4.349,P =0. 038<C0. 05)SW 54E 4 Z [MIARAEAEE RN 22 5 . BRI S X0 AN [ B A RITAS [
PRI SW AR . 8 RS B KRR i1k K AIC f R (R 4 138 SW Bid A Ky n

T
K ORE
HEPE . SW =0.038 9Age' ™7 (R*= 0.555 4,n=153) ("] 5)
TEPE : SW =69, 738 7 X 003 TAse (R*= 0.639 1.,n=109 (] 5
k4 NMREBZREERAEEEKEILNSHE AICHEER
Table 4 Comparison of parameters and AIC for SW models of I. argentinus
72 BB Spawning cohort R Model L. a/K b/t, AIC r?
24 Line / 1.313 6 —133.579 2 005. 89 0.554 1
LR Power / 0.038 9 1.543 7 2 005.197 0.555 4
i P ST i A
Wi b 8%t Exponential / 52.536 2 0.005 2 2 005.538 0.554 8
inter cohort
¥ X%t Logarithm Logistic / 372.679 6 —1 863.3 2 009, 281 0.547 8
Females 7 580. 660 8 0.004 7 997.4858 3 780.446  0.546 3
24 Line / 0.759 7 —12.026 9 796.732 2 0.6295
TR Power / 0.619 8 1.026 1 796.778 9 0.629 3
kB 0 N )
A N 8% Exponential / 69.738 7 0.003 7 793.918 2 0.639 1
utumn cohort
%% Logarithm / 206. 733 —961.614 803.594 4 0.605 2
Logistic 7 697.522 0.030 4 542.120 7 2 305,714 0.574 4
2k Line / 1.447 3 —170.79 797.134 9 0.658 4
TEREL Power / 0.023 1 1.637 794.667 8 0.642 8
JHfE KB
Wi h 5%t Exponential / 44.016 4 0.005 9 791.0025 0.6789
inter cohort
" %t %% Logarithm Logistic / 405. 839 —2049.7 803.036 1 0.637 4
Males 7 688.915 4 0.006 1 848.763 1 1 443.045 0.678 5
2 Line / 1. 043 —103.7 710.727 9 0.685 2
TR Power / 0.042 5 1.490 3 644.174 1 0.688 1
kR = B0 §
A b 5%t Exponential / 32.378 7 0.006 1 618.057 4 0.709 1
utumn cohort
%44 Logarithm Logistic / 460.687 5 —2 424.58 521.2801 0.715 8
7 688. 744 6 0.006 1 885.916 5 1 710.079 0.589 1
FREFSINEE . 5000 i-x Winter-Female
. _ A Z--E Winter-Male
J&EA@ . SW:44. 016 4 X e(,t 005 9Age (RZ =0.678 9 N E 400}, ﬂ(-ﬁEAutumn-Female o o0
Z %2 00
n=121) (K 5) E 300_” - Autumn-Male N
I
2.7 HEKE 2007
E 100
BFIE BT, 46 7 0 RE R 60 B TSL 918
KRR A H W Y 38 oy 2 B0 5 B S b B 150 200 250 300 350 400 450
JFHRTE 241~ 270d 3k B WK (5359 S 5. 329 Al 5. 151 A% Age (d)
pm/d) s MW A 52 3 56 58 B U6/ 1 4 A (8 06 0 8 11y 5 BRRAE I M F I 5 G R A 6 R

BLAE 271~300 d(43 31 2. 695 Fil 2. 167 pm/d) (& 6) .
KRB RIRK R O TSL AR A K R BB 5 H

Fig. 5

Relationship between age and

statolith weight for I. argentinus
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il A 745 25 . 78 T K PG T B R T 3 0 B A s A e 23
% B 8 Jom i S B S RGN L N A R A A AE A B BRAE 241~270 d (4350h 19. 395 i1 19. 148 % /d)
5 SR S Uk /N B R H (R B AE 271~ 300 d(11. 628 FI1 10. 986 % /d) (& 6b) . éMﬁ%%Eﬁ’IEJ~

H % B N 2 2= 7= B Y TSL F1 MW, TG 18 2 AR X 0 28 56 25 4 A2 X I 09 Bk 2 7 B A K

WFFE R L A 2% 77 O JF O kS Ak SWB & X Az < R B 25 % A 185 0T 15 s =5 04 43 50 R 1. 588 AN
1. 366 mg/d. # HH BLAE 330~360d; Bk ™ O B HEPE AR SW B 28 X A K R BE & H IS 00 185 Jn i 3 s e 8 {E
(1. 919 mg/d) HEAE 301~330d, i btk SW B 4 X A= K S B H R 59 388 T i 52 8056 38 I L 5 s/ i 4
e, I (0. 641 mg/d) Y BLTE 271~300d (18] 7a) . & ZE 7= G FEHE AR SW A XS A KRR BE & H 1 1 38
o5 PSSR LS /N ) R e AR 3 A 19. 78 1 19. 908 % /dL HR H BRAE 241 ~270d; Bk 2 77 G E M L IE A
T SW R ART A K R ERBE 2 H W 0 358 i 5 80500 38 i 5 ok /N B R # L 0B 10. 172,28, 577 %6 /d 43 i) H BRAE
271~300 F1 241~270d, HLEMT 5, TCiL R AT O RFIL B 27 OO HE . SW Ay 28 XF A= K 3 BE AR Bifi 2 4F i
PR 388 00 T 85 oo A X A R 5 D) e A A 39 14 38 0 T 2 B S B L BN B A R — H R BN L A& ZE TR SW Y
HERT 246 XoF A= 4 SRR R T RK 2 7 O A SW ) FH T A K 38 0 4 6 A K 3R LA 3 R A 4

<) P
56 r ..g-- TSL-%& Winter § 25r ...g-- TSL-& Winter
sl —o—TSL-#k Autumn a5l —o—TSL-Fk Autumn
# L:: 4t --=--MW-& Winter W = --8--MW-%£& Winter
NS —a-—=MW-#k Autumn K5 15} F S, ot =MW- Fk Autumn
#H & 3f H B z
=2 | S % g 10}
8o . Be | 27 7N S SR
= 1f Z 5t .
z v’ S S - . |
':E 150 200 250 300 350 ~ 150 200 250 300 350
H i Age (d) H i Age (d)
Kl 6 FIRENFAEAKELARKRRSHRBMER
Fig. 6 Relationships between growth rate of statolith length and age for I. argentinus
gﬂ 30 —o—Z&-ff Winter-Female g 350 —o—2Z&-Jff Winter-Female
g a --@--&-BE Winter-Male g\i 30t b - -- & Winter-Male
< 2.5T —-a--Fk-M Autumn-Female 2] & - Autumn-Female
¥ = —o—Fk-# Autumn-Male s 25 -HE Autumn-Male
1> 2F
;K = B ;K = 20t
M 1.5f H B
= © = = 15F -
= 5 1f = &an
®y | E g 101 g
Zos - 2 sl
a2 0 . 1 . . S 0 . . : "
':E 140 200 260 320 380 140 200 260 320 380
H i Age (d) H i Age (d)
K7 FIRENFAEAEREARKRRSARBMER
Fig. 7 Relationships between growth rate of SW and age for I. argentinus
R
3.1 EAMEH

[l R 22 Bk B R SR L Rl e AR 20065 Bl AR
U A R A

DZ) F14h Bl X (Peripheral Zone, PZ),
6] B LL 3028 L 5 S0 A5~ 70, 1 L By BE A AR Rl 30 A8 A HE £ 4 KB BE
JE U R LLG 58 8058 FE B, UL IH X AN B B B A A K e .

2009) , Pl 4 45 ¥ 22 1 B AR K a0y B S AR 1) B9 4
TR TR L Hie BB 46 20 8 B K W I R BE ] L) 43 A % 0 X (Postnuclear, P) | i X (Dark Zone,
FA]HR A 1 22 f0 A T 25 A A O T 1R 31 S B0 IX

SR et

X 1 B AE 1% By ExHEikHﬁﬁaL@;U\



24 wmor B R %33 &

3.2 ER4EK

W5 R, TSL i MW A] LL43 5I4E i B K B RN 56 B i R AE I F  ARR H A AME B AR K JF H KA KR
TE 1 531 ) 1 22 S o 3k 5 HO Al 2 35 0 () i 77 22 f  J@ O B IR SR 48 Tilex coinderii (R WF 5T 45 SRAH A (Gonzalez
etal. 1996), ZZ=HIHE TSL Al MW [ 4: KA Il & &M T fR 36 X S5 BGARARSE (2011) X [A)J& T 3%
R ZE R A H A MW B KRR A F o 45 SR A [R] . 1ioe F Bk 22 7= BR A, TSL Al MW I #5 f% 35 A F X480 e
B . SW R L X BE A7 7 B AR ] 119 25 53 SOA7 7 P 00 ) 010 28 5, HL o 48 e 7 O B OO L > 1k SW A A K 4y
o) B i FH 2 bR ORI B8R B0 s B 7 B IRE DU 3 3] e 3 5 T 500 ok B R X B ek B3R R . AN TRL A4 [R] TSL
MW A K22 5 Al g 5 A Kb B8 v 28 5 AN TR A= 6 BR 45 ¢ (Villanueva 20000, 117 SW A K AEFEY
A R J31) 22 S o O PT BB RS ) %) A 3% B A G o T A8 M | A A AR (] ) 2 S B A O 3 BT AR S T 2 £
e AN A 2B K B B FE A 500 18] 22 5% (Arkhipkin - 1993; Hatanaka 1994),

3.3 BEREKZER

WFFEZE W L B AR AT 9 2 10 & Z2 7= B BE RN BK Z5 77 B E TSL Al WM (0 46 X R0 AR 0 2E K BB H #4458 i
R ik B — AN DUS BN . BEEASSE (2011) 38 2 )R] )@ 1 232 R0 8 RS 25 22 fa B TSL fil MW
(AT 5 A & R () A B . o A B0 2 T B R BT AR A T 22 AN R) 1 S B A B i 2R RKORe A G . TR AR AR A
TR B o AT AR A i 2 i 2 A o R bR T PR A DA B R 23 98018 (Arkhipkin 1993) . SW g4 X AR K K& H
% B 18 oI B A X AR A SRR B 2 FS A 1S 0 SE 3G 0 LS 90 S [R]— B B P A& 2R B ) 4 X AN X A K
BB K TR G HE M A B 48 X6 FIURE G A SR A K T M S R . SR A8 A B AR X 1 T A B 1Y)
AR A A B A B 5 A0 ME M S AR 2R R R KT A T 0 2E K B (Arkhipkin 1993) , HOAS [A] B4
(Uozumi et al. 1993; Rodhouse et al. 1990b) (AR AL AT E] (Arkhipkin ez al.  1991) A4 K2
i) (Arkhipkin 19933 Rodhouse et al.  1990) , B K 4T 9% 22 10 0 L5 K AE 7E 5 F 228 4k,

B T AR AR A O KO 8LV, 32 3 5 i3 g PR S B 2 X6 AR AR A AR /DN 1) B B P 3 B — 2 1Y
SR R L 30 5 BEAE A I AR5 o LA Rb 72 RN 58 3

Bl AATRIZEE Rk iE 6 b TR KR P Fo R b3 K #E % KB IRIE A 2L R 5556 KB,

2 % X M

Foet, BRBIE. 2005, it FORVEME LU MR R, JbaT . WEPE AL, 190~194

XM BRBT A R AE A . B 4. 20110 Sk EZRHEA. Jbat Bl ARAL . 91~111

Xk, 2006, FHI I A7 S5 K AIF 5T IV RE W PG 0V S5 0 A A R AR L DL - 3K R S A B Y A A R

BT A, XU 457, 2004, RS HFJE K Bl 42 U Sof o AR A2 3 22 40 M 37 3 A 15 3R IR A C RIS MK RF S, 25(6) :19~24

5B 25, XIbk, FEERH. 2005, 2000 4F 74 g K PG VE B0 AR AL 3 22 f )7 B4 A0 RO S RIR R WL BESE. UL TE R 22540, 25(1):29~34

FEALZS s BRFIZE. 2008, 2006 45 PG [ K PG v 44 i 37 5 3 08 008G 10T 6 VM 9 06 3R KK 7= 5 Bt i, 23(3): 230~234

RliAEAS. 2009, T B0 045 M WF 98 8 R A0 il 28 28 0 i AR VAR IORIAD RS A, DL . 1 T 2 L T 98 A A 1R S

B AL » BB 75, X b bk, SBREEE. 2010, V5 9 K PG ¥4 B AR S8 98 22 40 Yl AR Wy S B S 0 JiE L ) 2R3V R 4k, 30 (4): 91~98

Rl fk 7. 2011

Arkhipkin, A. 1990. Age and growth of the squid (Il/lex argentinus). Frente Mar Timo,6(A) :25~35

Arkhipkin, A.,and Scherbich, Z. N. 1991. Intraspecific growth and structure of the squid, Illex argentinus (Ommastrephidae) in winter and
spring in the Southwestern Atlantic. Scientia Marina,55(4) :619~627

Arkhipkin, A. 1993. Age,growth,stock structure and migratory rate of pre-spawning short-finned squid Illex argentinus based on statolith aging
investigations. Fisheries Research,16(4) :313~338

Arkhipkin, A., and Laptikhovsky, V. 1994. Seasonal and interannual variability in growth and maturation of winterspawning Illex argentinus
(Cephalopoda, Ommastrephidae) in the Southwest Atlantic. Aquatic Living Resources, 7(4):221~232

Arkhipkin, A I. 2005. Statoliths as black boxes (life recorders) in squid. Mar. Freshwater Research, 56(5):573~583

Basson, M., Beddinton, J. R., Crombile, J. A., Holden, S. J., Purchase, L.. V., and Tingley, G. A. 1996. Assessment and management of an-

nual squid stocks: the I/lex argentinus fishery in the Southwest Atlantic as an example. Fisheries Research,28(1):3~29



%3 Fili A 785 46 VY T O P AR S O R O T R R A IR 25

Buckland, S. T., Anderson,D. R., Burnham K. P.,and Laake,]J. L. 1993. Distance sampling: estimating abundance of biological populations. Bio-
metrics,So(3) :446

Cerrato, R. M. 1990. Interpretable statistical tests for growth comparisons using parameters in the von Bertalanffy equation. Canadian Journal of
Fisheries and Aquatic Sciences, 47(7):1 416~1 426

Chen, X. J., Liu, B. L., and Chen, Y. 2008. A review of the development of Chinese distant-water squid jigging fisheries. Fsiheries Research, 89
(3): 211~221

Chen, X. J., Lu, H. J., Liu, B. L., and Chen, Y. 2010. Age, growth and population structure of jumbo flying squid., Dosidicus gigas , based on
statolith microstructure off the EEZ of Chilean waters. Journal of Marine Biology Association of the UK, 91(1):229~235

Csirke, J. 1987. The Patagonian fishery resources and the offshore fisheries in the South-West Atlantic. FAO Fisheries Technical Paper, 286:83

Gonzdlez. A. F., Castro B. G., and Angel, G. 1996. Age and growth of the short-finned squid Illex coindetii in Galician waters (NW Spain) based
on statolith analysis. Journal of Marine Science, 53(5); 802~810

Hatanaka, H. 1986. Growth and life span of short-finned squid, Illex argentinus, in the waters off Argentina. Bulletin of the Japanese Society for
the Science of Fish, 52. 11~17

Hiramatsu, K. 1993. Application of maximum likelihood method and AIC to fish population dynamics. In; Matsumiya, Y. (ed). Fish Population
Dynamics and Statistical Models. Koseisha Koseikaku, Tokyo, 9~21(in Japanese)

Imai, C., Sakai, H., and Katsura, K. 2002. Growth model for the endangered cyprinid fish Tribolodon nakamurai based on otolith analyses. Fish-
eries Science, 68(4); 843~848

Jackson, G. D. 1994. Application and future potential of statolith increment analysis in squid and sepioids. Canadian Journal of Fisheries and A-
quatic Sciences, 51(11):2 612~2 625

Malcolm, H. 2001. Modeling and quantitative methods in fisheries. Florida; CHAPMAN®&.HALL/CRC, 227~232

Radtke,R. L. 1983. Chemical and structural characteristics of statoliths from the short-finned squid I/lex illecebrosus. Marine Biology, 76(1) ;47
~54

Rodhouse, P. G.,and Hatfield, E. M. C. 1990a. Age determination in squid using statolith growth increments. Fisheries Research, 8(4) 323~
334.

Rodhouse, P. G., and Hatfield, E. M. C. 1990b. Dynamics of growth and maturation in the Cephalopod I/lex argentinus de Castellanos, 1960
(Teuthoidea: Ommastrephidae). Biological Sciences, 329(1 254);: 229~241

Uozumi, T.,and Shiba, C. 1993. Growth and age composition of Illex argentinus (Cephalopoda: Oegopsida) based on daily increment counts in
statoliths. Fisheries Research, 16:313~338

Villanueva, R. 2000. Effect of temperature on statolith growth of the European squid Loligo vulgaris during early life. Marine Biology,136(3) :449
~460



