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Morphological differences in statolith and beak between two spawning stocks for

Illex argentinus
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Abstract: The Argentinean short-finned squid, lllex argenginus, is a common neritic specie with a wide distribution from
approximately 22°S to 54°S along the continental shelf and slope waters and around the Falkland/Malvinas Islands in the

Southwest Atlantic Ocean. It is a cepholopod species of great commercial importance targeted by international fishing fleets
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consisting of both jigging fleets from Asian countries and trawelers from European countries. This species also plays a crucial
role in its marine ecosystem in the southwest Atlantic Ocean. The Argentinean short-finned squid had a complicated
intrapopulation structrue. At least five major intraspecific stocks are defined based on length at maturity, spawning,
hatching time and distribution of animals in early life history stages. Its hard structures, including beaks and statoliths,
have stable morphological characteristics, and are resistance to corrosion to a certain extent and suitable for life history
information storage. They are often used separately in previous studies, and few studies have used both hard structures in
studying squid life history. In this study, using specimens of Argentinean short-finned squid collected by the Chinese squid
Jigging fishery fleet during February to May in 2007 and from January to March in 2010, we extracted 625 pairs of statolith
from statocysts and 787 pairs of beaks from buccal masses. Ten morphological variables were measured for statoliths and 12
morphological variables were measured for beaks. These morphological variable measurements were standardized using
mantle length (ML), which were then used to compare differences among the stocks (i.e. , South Patagonic Stock, SPS;
and Bonaerensis-Northpatagonic Stock, BNS) and between the sexes. This study showed that the morphological variables of
statolith and beak for BNS females were larger than those of males. However, for the SPS cohort, male morphological
variables tended to be larger than those of females. A Student’s t-test showed that for a given stock the statoliths had
significant differences between the sexes in the following morphological variables: Total Statolith Length ( TSL) , Maximum
Width (MW) , Lateral Dome Length (LDL), Wing Length (WL) , and Wing Width (WW) (P<0.05). For a given sex,
significant differences between the two stocks were found in MW, Dorsal Lateral Length ( DLL), Rostrum Lateral Length
(RLL), and Wing Width (WW) (P<0.05). Student’s t- test also showed that for a given stock beaks had significant
differences between the sexes in Upper Hood length (UHL) , Upper Crest length (UCL), Upper Rostrum length (URL),
Upper rostrum width (URW) , Upper Lateral Wall Length ( ULWL), Lower Rostrum length (LRL) (P<0.01). For a
given sex, significant differences were found in Lower Hood length ( LHL), Lower crest length ( LCL), LRL, Lower
Rostrum width (LRW) , Lower Lateral Wall Length (LLWL) , Lower Wing Length ( LWL) between the two stocks ( P<
0.01). The majority of data variability in principal component analysis of statolith could be explained by TSL/ML, DLL/
ML, RW/ML, MW/ML for the BNS and by TSL/ML, RW/ML, WW/ML, DDL/ML for the SPS. The majority of data
variability in principal component analysis of beaks could be explained by UHL/ML, UCL/ML, ULWL/ML and LRW/ML
for the BNS and by UHL/ML, UCL/ML, ULWL/ML, URL/ML, LWL/ML, LRL/ML for the SPS. When statolith and
beaks were used to establish the discrimination function, accuracy rates in distinguishing the two cohorts were above 60% .
These findings suggested that the cohorts of Illex argentinus in the Southwest Atlantic Ocean could be morphologically
indentified. However, more samples and longer time series of data may be needed for further validation of this approach and

evaluation of uncertainty associated with the results.
Key Words: lllex argentinus; statolith; beak ; morphological differences; stock discrimination
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TR BRI, f 5 19 3 588 A U URE AR 787 X (M 415 X ik 372 XF) o XFECH (A A B R T g AT
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AJBTREFIRHA(6—7 A ), BI A 18 35 0 3 A r- 0 15 55 J2 W AL FB B4 ( Bonaerensis-Northpatagonic Stock ,
BNS) , 1 2010 4FA¥ A< W) 32 22 SRy Bk 25 7= B FE 4 (3—5 ), BIVRE ¥ L 3% 85 JE W B & (South Patagonic Stock,
SPS) .,
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W REARAT (] S90S, D AR B I P T 2 e T o 22 0 J o B o R ) ) e RO 7
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Fig.1 Scheme of morphometric measurements of statoliths
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Upper beak Lower beak
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Fig.2 Scheme of morphometric measurement for beaks
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Fig.3 Distribution of mantle length of two stocks for Illex argentinus
(R HAB AT S B S MEME AR T R A RIE S S BUE MEVE SR SR BB T 1ENE, T SPS ¥
TRER WW Sh (3 2) , oAl H- A7 T 25 2 8009 B (8 ME PR S AR 2 O T M, SDERIE 25 S HUE AR | DUME P> 4
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Table 1 Morphometric parameters values of statolith for BNS of Illex argentinus

WA ik . Tt Male _ ﬂfzri Female
Morphologic indices RKRE R/ME ¥MH RRME H/ME ¥
Maximum /pm Minimum/ pm Average/ pm Maximum /pm Minimum/ pm Average/ pm

HA &K TSL 1117.96 716.93 961.12 1249.07 772.34 984.42
BKIEE MW 670.96 342.96 494.89 711.16 341.04 510.86
X DDL 563.60 194.01 300. 28 451.19 211.02 302.91
HMIXE DLL 696. 05 420. 64 538.79 741.04 381.18 549.47
X LDL 861.57 448.07 669. 96 915. 66 489.87 694.45
Wy X < RLL 857.00 289.41 645.25 922.33 483.10 671.86
W)X K RL 435.40 113.55 272.24 383.21 151.48 278.78
WIIX 58 RW 194.89 83.52 139.84 228.71 76.15 138.21
RIXK WL 918.20 281.12 728.87 979.80 528.21 753.09
FIXTE WW 397.24 107. 69 290.18 389.88 192.31 301.86

A B Total statolith length, TSL; iz K ; Maximum width, MW; ¥ [X K Dorsal dome length, DDL; Ml [X {: . Dorsal lateral length,
DLL; fll[X{: . Lateral Dome length, LDL; MJ{l] X ; Rostrum lateral length, RLL; W)X {: ; Rostrum lenght, RW; WX % : Rostrum Width, RW; #[X
£ : Wing Length, WL; 3 X% . Wing Width, WW

R2 MREBEE SPS BEEARSSHE

Table 2 Morphometric parameters values of statolith for SPS of Illex argentinus

WA g Tt Male WM Female
Morphologic indices LEON f/ME HE RKRME /M ¥E
Maximum /wm Minimum/ pm Average/ p.m Maximum /um Minimum/ wm Average/ p.m

HA 84K TSL 1178. 86 713.11 996. 74 1122.44 742.42 966. 62
R TEE MW 763.69 453.38 634. 60 739.41 463.76 619.03
XK DDL 456.76 219.96 351.85 459.92 228.51 340.47
XK DLL 604. 67 287.61 494.99 606. 49 295.62 475.29
] X 4 LDL 829. 68 542.50 728.22 857.70 547.21 708. 62
WX K RLL 752.17 415.94 584.41 734.38 392.43 580.22
W)X K RL 388.33 167.99 283.91 373.99 156.52 273.02
W)X 58 RW 192.57 67.36 137.69 194.78 77.72 126.91
HRIX K WL 927.46 520.73 772.52 958.55 181.35 753.55
HIXTE WW 297.93 101. 04 180.28 296. 89 85.49 184.54
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K ) — TR AN TR A5 RS ) A ) — P 531 ) B4 SRS Bt A T BB SV (o) A 6, S5 SRR (ke 3)
WA TR 2 5 | ELE S 8] 59 22 5 R TREVR IE] B9 22 5%
R3 MREBREEARSERHEERME ()RR PE

Table 3 Values of difference test (t test) on means of morphologic indicator for Illex argentinus statolith

HAHE R #E& Stock P Sex

Morphologic indices BNS SPS MM Q et 8
HA MK TSL 0.0058 ** 0.0004 ** 0.0327 " 0.0001 **
BKFEHE MW 0.0143 " 0.0160 * 0.0001 ** 0.0001 **
#HIX K DDL 0.6531 0.0152* 0.0001 ** 0.0001 **
HMX K DLL 0.1594 0.0017 ** 0.0001 ** 0.0001 **
X & LDL 0.0038 ** 0.0019 ** 0.0473 " 0.0001 **
Wi X K RLL 0.0063 ** 0.5510 0.0001 ** 0.0001 **
W)X K RL 0.1815 0.0197 " 0.1988 0.0220 =*
W)X 5 RW 0.2449 0.0001 ** 0.0001 ** 0.2100
HIXK WL 0.0136 " 0.0387 0.9627 0.0001 **
HIX 5 WW 0.0156 0.1881 0.0001 ** 0.0001 **

* RARZEFBFE(P<0.05); * = FRZEFMEFE (P<0.01) ; BNS: Bonaerensis-Northpatagonic Stock; SPS: South Patagonic Stock

(2) A EANRIEAS 22 52400

PR RV SAS TR 506 S AN I S S 8 T a5 R g 4 Fe 5, MK 4 W& i BNS BHA A
5 T AT T A5 SR S MRS R TN . T SPS BEIARR UWL LHL A1 LWL #h(3£5) , SPS R4 £ 1 i
1) b 25 S B I A AR B A 1 | LA B 9 B 25 S8 A b DUEME N A R

x4 MIREFZE BNS BERARMESSHE

Table 4 Morphometric parameters values of beaks for BNS of Illex argentinus

WA i HEPE Male HEME Female
Morphologic indices SSPN] i/ MHE e SN H/ME BfE
Maximum /pm Minimum/ pum Average/ pum Maximum /pm Minimum/ pm Average/pm
3k K UHL 18.46 9.59 13.44 19.89 9.89 14.27
-4 2K UCL 24.16 11.64 17.32 24.85 12.19 18.23
WK URL 6.27 2.13 3.86 6.44 2.66 4.12
L5 URW 4.76 1.79 2.98 5.10 2.06 3.14
_EAEE K ULWL 20.24 10.15 14.11 21.12 9.49 14.90
F3K UWL 8.79 2.55 4.14 6.62 3.00 4.28
T3k#K LHL 6.56 2.87 4.28 6.71 3.24 4.59
THREK LCL 11.86 5.95 8.41 12.55 6.38 8.97
K LRL 5.26 2.33 3.71 5.77 2.75 3.92
TP LRW 4.93 2.02 3.49 5.52 2.56 3.68
FEE K LLWL 17.56 9.08 12.28 17.73 9.23 12.90
TFHEEK LWL 11.98 5.22 7.79 11.71 5.52 8.27
x5 MIREBEE SPS #iEARANRSSHE
Table 5 Morphometric parameters values of beaks for SPS of Illex argentinus
AR _ ik Male e Female
Morphologic indices R R/ME ¥MH RKRE R/ME HfH
Maximum /pm Minimum/ pm Average/ pm Maximum /pm Minimum/ pm Average/ pm

kK UHL 14.99 8.67 12.66 15.58 9.11 12.39
THRK UCL 20.07 11.24 16.58 19.52 11.18 15.96
L+ URL 5.77 2.20 4.18 5.97 2.45 3.93
%% URW 4.96 2.04 3.40 5.15 1.82 3.23
- MNEEK ULWL 17.22 9.94 14.55 17.58 9.89 13.99
L#EEK UWL 7.19 2.34 4.00 5.83 2.15 4.05
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WA it HEME Male M Female
Morphologic indices L ONL] /ME B 5PN Fe/ME W
Maximum /pm Minimum/ pm Average/ pm Maximum /pm Minimum/ pm Average/ pm

Tk&EK LHL 5.25 2.69 4.03 5.58 2.73 4.08
THRK LCL 10.02 5.47 8.33 11.36 5.73 8.15
K LRL 5.24 2.41 3.69 5.42 2.12 3.56
T EB9E LRW 4.92 1.99 3.59 5.61 1.66 3.29
TR LLWL 16.90 6.79 12.08 14.99 8.87 11.72
THEEK LWL 10.19 4.38 7.36 11.01 4.07 7.41

e 7] — B AN [R5 RIS ) A [ — P 331 ) £ T SN A5 S BB AT P B ek (o) KR (3R 6) L 25
R RBIFAAE R Z VR 2257 b BNS BEUR iR 2 53R T SPS FEAR | S FREAAR 19 M P8 22 53R T o

®6 MRERREARNESIETIBERE()RE PE

Table 6 Values of difference test (¢ test) on means of morphologic indicator for Illex argentinus beak

AT B Stock P Sex

Morphologic indices BNS SPS WEPE Q HEPE &
13k3K UHL 0.5366 0.0488 * 0.0001 ** 0.6624
F#H %K UCL 0.0030 ** 0.0002 ** 0.0001 ** 0. 6053
WK URL 0.0001 ** 0.0007 ** 0.0006 ** 0.0001 **
W58 URW 0.0004 ** 0.0009 ** 0.7934 0. 1300
- EEK ULWL 0.0016 ** 0.0001 ** 0.4069 0.2565
3K UWL 0.0213* 0.3945 0.0001 ** 0.0203 *
Tk LHL 0.0001 ** 0. 1810 0.0001 ** 0.0001 **
THRK LCL 0.0001 ** 0. 6904 0.0001 ** 0.2195
T LRL 0.0001 ** 0.3796 0.0001 ** 0.4985
THFE LRW 0.0001 ** 0.0029 ** 0.0001 ** 0.5082
TR LLWL 0.0001 ** 0.3129 0.0001 ** 0.239%4
THERK LWL 0.0001 ** 0.3129 0.0001 ** 0. 1801

w FRZEFE (P<0.05); * * FREFWEE(P<0.01)

2.3 FEWS T

(1) B oo

FRA AR (R T ML 8) 58— 5 . 25 = M U 3= o i B S S50 BB STEk R B2 ik )
60% . H BNS BEAMEYE R 77.585% HEVE R 77.492% ;SPS REIARMEYE N 81.613% , HEVE N 81.183% .,

F7 MIREBEE BNS B#UEHEAESSHEILHERS W
Table 7 Principal component analysis for the morphometric parameters of BNS cohort of Illex argentinus statolith
F 4 Principal component

JEASHUE - - : .
Morphologic indices K+ 1 Factor 1 K7 2 Factor 2 K7 3 Factor 3 K+ 4 Factor 4

? S ? I ? S Q 5
TSL/ML 0.4221" 0.4504 * -0.023 0.2001 -0.2021 -0.1858 -0.0368 -0.0382
MW/ML 0.3094 0.3396 0.1197 0.0826 0.5856" 0.5147* 0. 0501 0.2688
DDL/ML 0.3099 0.2123 -0. 1062 0.4945 0.4331 0.4732 0.343 0. 0056
DLL/ML 0.2262 0.2404 0.6646*  0.3099 -0.2084 -0.4339 -0.1703 0.5337
LDL/ML 0.327 0.2762 0. 1006 0.0679 0.0412 -0.4177 -0.3114 -0.177
RLL/ML 0.3374 0.3786 -0.4871  -0.1837 0.1488 0.2015 -0.0641 -0.4197
RL/ML 0.3313 0.3473 -0.2181  —0.0946 -0.3645 0.0419 -0.0184 -0.2725
RW/ML 0.2308 -0.1291 0.2183 0.6427* -0.2686 -0.0176 0.8131*  -0.1087
WIL/ML 0.3355 0.4129 -0.2682  -0.1116 -0.3493 -0.2309 -0. 1669 -0. 1131
WW/ML 0.2874 0.2272 0.3431  -0.3738 0.1854 0.1338 -0.2431 0.5788 "
FFE(H Eigenvalue 4.8041 3.8271 1.1589 1.7676 1.0202 1.1329 0.7752 1.0215
B 4% Contribution rate/% 48.0415 38.2715 11.5893 17.6765 10.2022 11.3294 7.752 10.2151

A F IO P AR B e R bR
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NF 7 AIE ) BNS FEARMEMEA A S — 5 B T PR TE B R B IE AR G, i fr RBANTE 0.2 DL L ek
MR RW/ML Ah , WA FAETEA BORIEA G, 7R — F AU I+, TSL/ML #y#kfar RECH K, 7 0. 42
PLE o 55— S A MERE A ME SRS 5 DLL/ML AT RW/ML A8 KB IEAE , 45 = F WA MErE S AR 1 5
MW/ ML A BRI IEARDG . 575 70 3 o MM RS 4 53 71 5 RW/ML A1 WW/ ML A3 3K A IEAR G

F 8 AT E H, SPS BEARMEMENASE — 32 5o R T WW/ML A, ¥R A SR B IE A G, #far R 50 15
0.2 Db HEMEAMA I T A SEERAEAE A R P IEAR DG . 7E58 — i I+, TSL/ML 8 RECH K,
PI7E 0.4 VU b 55— a0 MEE REE A2 515 WW/ML F RW/ML A #RRIEM S, 55 = 32l Hi
AMES RL/ML ARG, MEHEAMA S DLL/ML AR KRR IEM S, 5500 3 a0 #itEANA S RW/ML A
R IEARDE M HEHEANA 5 DDL/ML A8 K HAHC

®8 [MIRERFE SPS BEEAESSHILMER S W
Table 8 Principal component analysis for the morphometric parameters of SPS of Illex argentinus statolith
F s Principal component

&S

L. K+ 1 Factor 1 K7 2 Factor 2 K7 3 Factor 3 [K-F 4 Factor 4

Morphologic indices
? S ? S ? 3 Q 5
TSL/ML 0.4177 " 0.4042 " -0.0899 -0.138 -0. 1201 -0.1012 -0.0134 0.013
MW/ML 0.3577 0.335 -0.0674 0.1155 0.3634 0.3829 -0.0078 -0.2553
DDL/ML 0.2892 0.2611 0.3906 0.4515 -0.0213 -0.1287 -0.1232 -0.6153 =
DLL/ML 0.2963 0.2944 -0.3542 -0.2379 0. 4907 0.6114~° 0.1171 0.0612
LDL/ML 0.3659 0.3432 -0.1961 -0.2019 0.2549 0. 1506 -0.2983 -0.2813
RLL/ML 0.3489 0. 3405 0.0943 -0.0823 -0.3086 -0.4329 -0.2927 0.0625
RL/ML 0.2875 0.3237 -0.0955 -0.1698 -0.5175 " -0. 1356 0.44 0.4003
RW/ML 0.244 0.2153 0.2948 0.5425" 0.1691 0.2932 0.7309 * 0.5355
WL/ML 0.3101 0.3308 -0.2541 -0.3616 -0.3781 -0.2402 -0. 1462 0.0426
WW/ML 0.1792 0.2742 0.7081 " 0.4536 0.1124 -0.284 -0.217 0.143
FFIE{E Eigenvalue 5.119 5.4217 1.254 1.1233 0.9827 0. 8696 0.8056 0.7037
‘B 43 Contribution rate/% 51.1903 54.2175 12.54 11.2325 9.8268 8.6956 8.056 7.0373
SR A% I R B X (B s R B
(2) #7503 o3 #r

FERAT MR (L9 M 10) 53— 26 = 58 =M U £ M BIEASSH N 2R E 57
60% . Hirh BNS BERMEM: M 69.364% , HENEH 60.269% ;SPS BEARMENE J 75. 413% | IR 77.774%

*9 MIREBRE BNS BERARAKSSHLNERS ST
Table 9 Principal component analysis for the morphometric parameters of BNS of Illex argentinus beak
FE 43 Principal component

EZ{?%&{E . K 1 Factor 1 K2 Factor 2 K 3 Factor 3 [K-F 4 Factor 4
Morphologic indices

? 3 ? 5 ? 5 Q 5
UHL/ML 0.1718 0.4247" -0.0181 0.1728 0.4858 " -0. 1683 0.6251" -0.0075
UCL/ML 0.2468 0. 1642 0.5785 0. 1569 -0.2405 0.5545*  0.1375 0.4901 "
URL/ML 0.3116 0.3614 -0.2696 -0.1241 -0.2389 0.139 0. 1547 -0.3604
URW/ML 0.3126 0.3172 -0.2727 -0.2936 -0.1725 0.2666 0.2254 -0.3811
ULWL/ML 0.2334 0.2456 0.5982 " 0.1186 -0.2548 0.4032 0.1684 0.3508
UWL/ML 0.3214 0.2698 0.0097 0.0942 0.0015 0.1432  -0.065 -0.162
LHL/ML 0.3124 0.2602 0.0544 0.0679 0.2459 -0.4202  -0.3182 0.0559
LCL/ML 0.2466 0. 1907 -0.0425 0.2154 0.4153 -0.4039 0.2889 0.3835
LRL/ML 0.3365 0.3709 -0.2952 -0.3566 -0.2632 -0.0787  -0.0715 0.0507
LRW/ML 0.3399 " 0.236 -0.2227 -0.4522 -0.2805 -0.1882  -0.041 0.3146
LLWL/ML 0.2869 0.1035 0.0784 0.5914 " 0.3453 0.0124  -0.475 -0.2832
LWL/ML 0.2958 0.3469 0.1112 0.2977 0.2327 -0.0962  -0.2568 -0.0577
FHIE{E Eigenvalue 4.7976 3.7761 1.4139 1.4681 1.2191 1.042 0.8931 0. 9461
E 43 Contribution rate/% 39.9803 31.4673 11.7827 12.2339 10. 1588 8.683 7.4424 7.8843

A F IO P AR B e R B
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MR 9 I B — T2 A A3 PR r PR R P A AR ) B K ey 22 8040 1) LRW/ML Fil UHL/ML, 53514
0.3399 F10.4247 . 55 = 3 B0 e FUEME A5 51 5 ULWL/ML Fil LLWL/ML A 8RR IEA G, 26 = F
Sy EREAS RS ) S UHL/ML f UCL/ML A B R IEMI DG, 27 1Y 3 54 ME MR 43 515 UHL/ML #il UCL/ML
HERIEMHX,

10 RTF Y 55— T2 a3 PR 7 rp e R R 1 AR 1 e R 38es 22 8504091 UHL/ ML F1 UCL/ ML, 43514
0.3698 F10.3897, 25 —E MMM MAS LWL/ ML AE K AASE, S LRL/ML A5 KRIEMIE, 6
= F ST HEREAA S 515 ULWL/ML Al URL/ML A BRI IEA G . 55 00 3 43 A4 43591 5 URL/ ML Al
UWL/ML A3 BRI IEAH G,

F10 FIRERFE SPS B#EARIMESSHILHER S 2
Table 10 Principal components analysis for the morphometric variables of SPS of Illex argentinus beak
F Principal component

e j‘sg\ﬁﬁ . HF 1 Factor 1 [KF 2 Factor 2 ¥ 3 Factor 3 [HF 4 Factor 4
Morphologic indices

Q s Q 5 Q 3 Q 3
UHL/ML 0.3698 * 0.3785 -0. 1691 -0.129 -0.2404 0.0115 0.0041 -0.0881
UCL/ML 0.3215 0.3897" -0.1543 -0.1117 0.5227  -0.1217 -0. 1036 -0. 1689
URL/ML 0.2023 0. 1408 0.2057 0. 1464 0.0806 0.8345* 0.8211" -0.2315
URW/ML 0.2526 0.2411 0.3116 0.3656 0.1563 0.2166 0.2325 -0.1613
ULWL/ML 0.2843 0.3879 -0.1918 -0.1255 0.6064*  —0.0683 -0.1858 -0. 1453
UWL/ML 0.2828 0.2053 -0.1762 -0.0829 0. 0066 0.283 0.2041 0.8253"
LHL/ML 0.3219 0.3025 -0.1328 -0.0144  -0.3658  —0.0866 -0.1319 0.3688
LCL/ML 0. 3446 0.3568 0.0514 -0.0091 -0.0632  -0.2066 -0.2525 -0. 0695
LRL/ML 0.2695 0.1396 0.4454 0.545*  -0.1097  -0.052 -0.1183 0.1473
LRW/ML 0.2154 0.1952 0.491 0.5261 -0.0245  -0.1744 -0.2392 -0. 0442
LLWL/ML 0.3681 0.3472 -0.0968 -0.0963  -0.3127  -0.1677 -0.0237 -0.051
LWL/ML 0.1323 0.1931 -0.5208*  -0.458 -0.1488 0.2133 0.1786 -0.1212
FRAFEY Eigenvalue 4.7823 5.2688 2.3858 2.1887 1.0283 1.0238 0. 8531 0.8516
T4 Contribution rate/% 39.8523 43.9066 19.8819 18.2391 8.5695 8.5315 7.1092 7.0967

# A FE AT P B A (B R A B

2.4 FBIeRELHE ST

A FI BT 22 B BNS FEAHE P ARV MATE TSL/ML, DDL/ML 1 RW/ML |19 578k 7.3 ( P<0.01) ,
SPS FEAAE I RN ENATE TSL/ML  FDL/ML  DLL/ML RLL/ML . RW/ML . WW/ML | 57 #ik . 3 ( P<0.01) ;
BNS FE{AR B A0 BE PR AR 7E UHL/ML, UWL/ML [ B9 53Rk 2 3% (P <0. 01) , SPS (4 3 % 0 e 4 A 1k 78
ULWL/ML . UWL/ML LHL/ML . LRL/ML LRW/ML . LLWL/ML L 51k i % ( P<0.01) . Zi& #8255 B &5
(t) Ko A1 E 5 3 Hr 4 R, BNS B30k HTH-A 2 25288 TSL/ML . DDL/ML . RW/ML Flf 51 58 &5 244
UHL/ML , UWL/ML 353 5 G 57 fE A pR gk, A5 58

BNS BEAMEYE  Y=22. 5358 XTSL/ML+15. 5101 xDLL/ML+4. 8098 xRW /ML —65. 8516

BNS BEAMENE  Y=23.5974xTSL/ML+16. 4988 xXDLL/ML+6. 1468 xRW/ML -73. 528

(AL Fim=1.74,F=11.8085,P<0.01)

BNS BHAMEME  Y=633.0083xUHL/ML+4680. 382xUWL/ML -60. 0221

BNS BHAMEYE  Y=664.961 xUHL/ML+4869. 2xUWL/ML —65. 3491

(VA EW Fim=1.68,F=12.224,P<0.01)

SPS BEA B R FHEAT L A28 DLL/ML RW/ ML Fl#f T U 528 ULWL/ML LHL/ML .LRW/ML 4}
S ST R A 1) RS, PSS

SPS BERMEME  ¥=33.7035xDLL/ML+25. 042xRW/ML-44. 0829

N
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SPS BEAMENE  Y=35.4171XDLL/ML+28. 9505xRW,/ML-50. 3365

(VL EPI Fipp=1.96,F=18.3285,P<0.01)

SPS BEMAMENE  Y=913. 1883XULWL/ML+2950. 499X LHL/ML+915. 532XLRW,/ML -62. 7629

SPS BEARMEME  ¥=998.9747xULWL/ML+2761. 11 xLHL/ML+1069. 709XxLRW/ML -67. 2086

(AL Fipp =2.10,F=15.2603,P<0.01)

FIBNIEHRIE 42% —T76% Z 18] ( W& 11) %t BNS BEOR A IEME A AR DE, R H-A AN IR S S 8017
PR A3, A U S REFIBNER R LA 42.93% (£ 11) . HAAMIEAR FRGELE 55% DL E (&
1),

11 AREBFREHFNEBHTLER

Table 11 Classification results on Illex argentinus by discriminant functions

E TMBEA Predict stock &3 %
Content MEPE female HEPE male Total Accuracy rate/%
HA Statolith WP female BNS 110 53 163 67.48
SPS 128 41 169 75.74
e male BNS 63 81 144 56.25
SPS 66 82 148 55.41
TS Beak MEPE female BNS 178 57 235 75.74
SPS 115 55 170 67.65
ek male BNS 113 85 198 42.93
SPS 54 111 165 67.27

3 SWm5iTie

ARWFFEINA , BNS FEARMEMEA R HA SMERIE S SBOE SAE B PESMARK T SPS BHA B A MRS S
BOV- S PR LR /N (R 1 FNER 2) o PEIINZ B Eoa A B 19 26 K 25 5 55 B R 4 e 22 0 1) e A A 4 2
SAFEVRR , HARER F2ZR O R B A RS AR mEHAR K 2ZE S TR RER T
ANTFIHEAA AN [R) 7 B EE 3 DA R AW (2 PR 22 S A BT v W) o AR B SRR AS R BEAAR ) AN R PRI ) i 22 7 5 Bl
TR 28 Ak — 30, B BNS BRI A A B S08 8 S EOE R MEPE AR T SPS BEAAR Y {8 MEPE Lk
Mtk N 3 3R 4) X UL A BRI EoA A K B R O S MEAAR S ERAEHETIN LR,

WE5E & B, [R)— R AR M R 8] B T S AE TSL MW  LDL WL WW R B EES ER—
BIARIFEA B MW DDL DLL RLL \WW [ 5330 H I 28 110 22 5 5 1 AR S 9 L SR R SR S S 8E 2 57
5K, BNS BEACA A 51 1a)_E%iBR UHL 4b, 22 53 5.3 (P<0.05) , R A TS E AR TS % (P<
0.01) ,SPS FEAA [F PRI ] %R UWL 4h, K EIEER 2 R B3 (P<0.05) , 1 F5{UA LRW k322 i)
B3 (P<0.01) , A fEJEH T AR BEAR A 22 53 0T 15 AU . Roper 28" IAA, 1 009 45 10 41 22 £ FL L7
i, FIAG 3 DL R AR BB E A AR EAR S &, AT ARG MR S ) S Jm i 2t

MERST 5T RTE , TR S, B 55— i 138 TSL/ML, AT WL TSL /] DA R H iR B4 1)
B HRAE s BNS BRI A 9 32 023 H 7 328245 tP 7E TSL/ML DLL/ML .RW/ML 1 MW,/ ML, SPS A M 1 14 3=
4 B T FE TSL/ML RW/ML \WW/ML Hl DDL/ML, 3% 554 %" (U HA MK AT RIEF K
FERFAE , W IX B8 FAE 58 BERRAE ) FIXILA AR EE 0T (AN B 25 12 ) X R A8 Ak 32 ) 285 SREAR BN, T 2 ) T 30 )
TR AT WA B A AR . AR T 2 A A B T, BNS AR E A 1 199 32 o PR A v
#£ UHL/ML ,UCL/ML ,ULWL/ML 1 LRW/ML, SPS F Al i 3= i o3 A = 24 h#E UHL/ML ,UCL/ML ,
ULWL/ML URL/ML LWL/ML 1 LRL/ML, 5HAH L, /550 A 55— 32 5o B r o5 19 BB AR X 370N, 7R
MHEARERTE 40% LITT 3 150 B B AME A8 A6 AR X T A J5 55 R 15028 5T K, 1 B 4 b, s ke 4 AR K/ T s 1 1)

AL
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ASBIFFER T A8 B SR H AT S RIE 25 2 B80T 17 ) )RR B30, S 31 e i 46 2 S S R, A B D31 T iy 6
TE60% UL I SAERHAFDN ER A AR & B 80E 5 (O KB i g5 1e Ayl B 1 Firkl 3 BEATE TR 43 B
SHEPR 2R, BA 2 WAEE . Martinez %2 IAN  FIH UHL F1 UWL PI5TH6 b7 7T LAAR S i 4 1 52
£ 1 3 AR L 1) oF BT R 4 M 32 40 A 3 100% B9 5 s 110 Villanueva 25200, FI1H UCL #1 LCL
AT AR Xt 8 2 e g A TREOR D 0 531, 28 s A5 R i 5 12 MBS H8 4R, R FTE S Mk it
150°—165°E M 0 2 AREARSEAT 74004, JF By 7 H0N sR %, X Ui 54 FA T S48 S S8 A
[F)FRAE AN )P S () S A AE — i 22 519

A SCHETHT BTSSR, R EARA S A ST A8 S50, % 2007 F1 2010 4F P4 e K P 2 TR 455 19
BT AR A T 2R fOR RN BEARHEA T T 22 Sk LU A7, 4 T HLREIR Rl A A8t 22 5 B TAREACSR IR T L BLET A,
U H AP X0 AR A 1 52 R A 8 SR R W] B 237 LR SE A, TE S5 A 5 rh iy B 22 (14 SR B — BB R R IR/
FIREAS R BRI (] e 9 AR AR | 25 B VR IR AR (] A8 Al 2= AL SR R R, AT A B A A o i 55
R ZH 2L S BRI 25 2 S B AR AL RIS ) VP PR 4 PR X M A AR AL R 5l
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