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Pk 2R, RIE Tk 49 (Cephalopoda) . #2JE H
(Teuthoidea) . Z% A #} (Ommastrephidae), 77 i 7F
22°S~54°S R VY R R P I, HAHXSE oy A 7
200 m 25 LR RHIT A4 K i 42 K Bk i A s 14
TZAP A T S U R B O A A AR LY
B 5 %) L VG ¥ 7L (Brazil Current, BC)5 S /R 4E 44
Wi (Malvinas Current, MC)ZZJLIX, KA H
TIN5 B A A P T RS R JE K Bl 2R %) Ey IR 4E 2
i XU R, (PR B KRN 12~
17 °C, K& H YR EAER ALz 4 CU7,
SR, Crespi-Abril 251" % HL BT KL AL 3T 1 3 T 85 7
vV 2 BT AR A ey S 0 1) BAE O A, HORRM
B . Torres Alberto 251 % 31 B 5 7= B 47 45
R TE B VY P A K ki B T s, AT R A i 2 A0 kD TS
WY ILT R, M RAETE 45°5~48°S LI
BHE G2 B, AN FE T AT 3K 52%, feilt,
Chemshirova %P4 % 1LY L RIEF IEHY
TR AR A 5 i) BT AR 2 T 22 fa AR /N B kb 78 R
o UL, PIRREEZARAERSE RERKREE
B B X A 5L T Ja, R B 5% BB R AT A7 FE 38 2 1 AN
FE o AL, ASHIESORE R O 3l R G A
TR BT (LA-ICP-MS)4 A X Bl A 4 3 52 . H- A7
TR AT E, i HA D R A TS
JCHR 5 HAE, A5 AR AEA R RAE H 1y (5%
WG . ASFEERFE S R O IR LT
I ARk, DASR IS AT AR A i 5 £ A0 D) (B A %
L) 54 3R B A (- 700 %) AR A 5 Tl A 45 56
SRy 7 LI A 3 s R AR B S A 2 R
BEECHE S, JF A IR AN ST IR AR B ST Rigk
FERF RS2 50k

1 #MEEFE

1.1 HARFKIR

B A 4 1 22t AR AR AR B 3K [ VR B A VR
HAEI AR, RAEWIEh 2021 4F 2—4 H, R
FE U B0 VY R OR PE VE S T 41°31'S~45°48'S |
57°32'W~63°36'W (I8l 1), R IEBLEI1E M A i 20
YR PR AR, RS ol R BEPLEORE, REARE SRR
BRAE G 18 0] S50 = A T AR W 53T
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Fig. 1 Sampling area and sampling stations of //lex
argentinus in the southwest Atlantic Ocean

1.2 E£MENESSH

BT A A 9 5 0 R AS 7R SE 0 = R IR AR R S,
P2 e, W 20 Ar 9 B A 45 i K (mantle
length, ML), /K (body weight, BW) ., 4 51 K P4 Jif
BRCREE o I R R A A RS A 2] 1 mm
1 go PR B IR AR B 2D Rl o b v b S,
G55 LIRS, K PATAR A T 2 £ ST AR A ) P iR
BCEAER 43k T, I, 10, IV, V., VI, VII 1 VIII
I8 AN, Hodr, I~1T WM R % B 1, T )
oA B R T W, IV~VI W PR &k T R,
VI 310 5 3, VL] k258 ) 301 .

A2 BRI A S, R i ) D RN s AR
AR ) i e AL B SE R HoA SRR e O
T 75% RS RAE, DB BR A R A
BLY) A ZE A R . AR i RAE T A RN o5, B4
BUARERELIEE 5 AN EARE 5 B
M) 23R ) o A SR T B ST R i A
AL 63 B(GEE 1),2 A .3 A4 AEEARE )
Hh 23 . 30 BA 10 B, [FEE, R4 10x1°0
23 [ HER, RS2 3 A, Wl
RFEUh SRS EEELC, 43000 41°S 44°S FiT 45°8,
Hirr 4108 T.0> 36 |2, 44°S FAO 12 )8, 45°S L
15 .



1350 oo 5K 7

%30 %

x1 MRERREHEALTEZSMHIRERYE
Tab.1 Sample size of Illex argentinus speciemens
used for analyzing trace elements of statolith

PERR A gonad maturity stage  MEPE female  MEPE male
1 6 7
I 6 5
1 5 6
v 9
\% 8
VI 5 6
41t pooled 22 41

1.3 BERUVAFERBLHIE

KWHABARKGTIE AR, S 6l
bz )5, B 80, 600, 1200 F1 2000 grits FY
7 K i P A0 44K A6 B P AL L Vs E A G\ B T A A%
Do FERFESSEREZ )R, i 0.3 um (L AR K 2040
WOCEA VI UG, &l &G A Y R
T4 A IE B YO0 R MBI (Axio Imager M2) T
WEE, FEFaHE E I, B S AR ER AL PR
PHEAL DL B deack e . AR R, &
—ANHAMERSCR WA E TR 2 R, 2 it
A 5 B B 22 AR T 5%, WA B, &
WP 2 YR 4 YR, BTARAE W 3
(A R 8OE A — H —$8 40, HAZ O AAMYEE
— SRR BRI 0 P FEARRFE A, LU
HAR U A LA R H i, RIS H A
A H 3 A R R AL H OB, BIORE AL H O =46
A H - H B,
1.4 BEARENE

FE BT AR 42 ¥ 22 f HoA e e 2 i,
PR KT 18 MQ-em Y225 F/RIERE A Y A
5min, PIRFRFBHE AT, MEREE AL ED
i K, A LA-ICP-MS 3 AR & B4 4.0
MEATNZRIEE A 2), LA-ICP-MS AYHOEH]
I Z % NWRImageGEO-193, HLEHE& 45 1
RIS N Agilent 7900, HOGRIMEAE N 30 pm,
WOLHER N 4 Hz, BOCREREE N 4 Jem®, Ot
F i PR SR (He, 0.6 L/min), DLE %15
A7 85 R A FRAEE JCt-1-NP F1 [ Br A GE 3 3 hn ke
NIST-612 A [EAdARAE, R F R i —m o &b (8145
PR ATICEWE, & 10 M AmA—4

FRAE o FH Tolited B F X RAE B 2E 47 B LA 3,
E DT S713: A

200 pm

B2 Bl HAEN SR H A U R 5%
TLER I BT B i AR
I RO IAR; 20 IR
Fig. 2 The statolith section of /llex argentinus and
the sampling points in the core and edge for trace
element determination
Sampling points 1 and 2 represent the sites for trace element
determination in the core and edge of statolith, respectively.

1.5 #HiEaE

TEABFZEh, PEFEE(ST). #(Ba). BE(Mg)AI
5 (Mn) 4 FhoCE 5485(Ca)y c E 1 HE BT R
AEFRAYHT AN, 484 L(Sr/Ca)], 07K pg/g. Sr.
Ba Mg Fl Mn JG % BRI AS H FR 535124 0.01.0.06
1.82 1 0.58 pg/g, HHXIH5HE 2% (%RSD) 43 510
1.20%. 1.42%. 2.12%F1 2.61%. Sr JTCEEHA1UT
BLd B AT s e ER, RS R Sk 2 2R
IRBE 0 B AR AR AL, HE R Sk 2 2R 4 (A i
AT NI EEILEP), Ba JLR PO N AT IR R
MEPET R LA, WSk B 2R s B e
RSP Mg LR YA A TE B A Ak R
i AR Y, B 5 A A s A e B
AR Mn JTR XM R (R 58) 1A 7E
2 (A EAR SR, AT R B A B R R A
PR FRAR LI R B e R Y,

FIHPAEAR Kolmogorov-Smirnoff #5643 AT
HABLSNE TR S WESmNIESHE, %
FFEIESN M, FIH ¢ BI0HrPlHRE N Za H
AR ORISR 5585 A AEAS [R50 =22 )
22585 RIS 2 5 250 BT (ANOVA) K 35 B A1 1%
DGR SHEAEARRHA 2 MnER, 5
ANGICER G IWELEARTFERAE A 5 AR
KB WA EZ MM 2ESR, A H Tukey HSD i
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TR EREE R . B ATE ESS A, WA
R KU (P 23 T B A R0 T G0 K 5 A H AR
(R fE I 1 25 575 R Kruskall-Wallis JE S 50K 56
I BT 25 B 43 A AEAS R4 ] 0 (B4 [8) SR A H
) PHERR R T A Z [ 22 5, FFFI A Games-
Howell HSD #F47 b J5 19 22 SRR 50 . [RIBS, G 56
ST EHARL . HARZIUR 55 IEEAR R
Tl 5 26 B F O 2 R 1 22 51

Rt — T H ARG S HG IR Z [
7, FI 2P IR G 200 A5 Y (linear mixed-effects
models, LMM)43 FI40 G At . BEdEAMAOT R
FEH A RO 5% Z B RN R, BRI FEALRL
N FRREHG . LMM BIRIRH R BT
ImerTest £ AT 402

BiA B i et o e 4as R i = Pk f T Ak
M, R ELARMEZ (X £SD)ER/R . Gitar
B i) o 2 P AKE-H 0.05,

2 ERE5HW

B A 4E 9 32 £ < Ty (218.33420.49) mm
(179~289 mm), & 4 (219.84463.39) g (110~
470 g)o M AR A7 1E 25 M 22 55 (P<0.05)
Forb, O A R 7 4 R K 43 00 R (236.95+
16.43) mm £1(208.34+14.70) mm, “FIJ{KE 55
H9(253.64+65.14) g F1(201.71£55.09) g, F-AT44C
P AT R B, BTARZE T ) H il 120~227
d ([174.37+24.68] d), {HASTFELEMERE2E 5(P>0.05),
O S AR ) - 32 H S 0 03 R (179.41+13.57) d Fi

(171.66+28.74) d; MEPESMARIIEAL A 7R 8—10
A, MR A 5 7—11 A
21 BEARZOHWITE

AT R, BTAR 4B W SR A H A D XY
Sr/Ca .Ba/Ca . Mg/Ca Fll Mn/Ca {53 )}y 14030.77~
27577.64 ug/g.. 19.73~64.85 pglg. 73.49~360.34 ng/g
F11.01~6.51 pg/g. WEMHKILR BR, U Ba/Ca
(ELAT-E 35 110 ME B 2 5 (P<0.05), DAV ARy
Ba/Ca fH K, H(44.78+10.57) ng/g (£ 2).

TEARRIEAE A 0y 2Z 18], e e A R B R0
(1) St/Ca fHIJ& A B % 25 5, 1 Ba/CafHIfFAAE D
FHEF(P<0.05), MEHEMEARIILL 10 H LK
) Ba/Ca fHIx K, 7344 (50.31+6.80) pg/g Fl
(33.40+10.80) pg/g (Kl 3b). [FIRE, MErEAMATE A
10 ) Mg/Ca 1 Mn/Ca {E B A i 35 19 %46 4[]
250, MEVEAS R E A0 B Mg/Ca {E R Mn/Ca {H
WAELE i 2 e ] 0y 25 53 (P<0.05) . FLr, it
AR AL B Mg/Ca (EAERFE A ) 9 A B ik,
H1(285.55+43.46) ng/g, W52 TREEHE(E 3c);
Mn/Ca fENIZEREAL A 6y 7 ABRR, K541+
1.29), B HA R T REEEA 3d),

FEARR)RAE S S L6 B T 2 (8], I A A
HA RO St/Ca (E I 3 25 7:(P<0.05), Jf
L T PR A AR ) LR AR B 5 26 B 0 45°S 1
Sr/Ca fH MK, 7514 (22357.26+3290.43) ng/g
F11(20539.60+1086.28) ng/g. SRifi, MEmEMEA AT
A0 ) Ba/Ca, Mg/Ca Fl1 Mn/Ca {454 .
I RAE G S H O 22 5 (E 4),

Fx2 MREBZEEAZOHETELENEEERESHTER
Tab. 2 Statistic result of difference in the ratio of trace element content to Ca content in
the statolith core between female and male Illex argentinus

JCE/(ng/g) TS sex FiTa5 R statistic result
element MY female Mtk male 4t )7k statistic method t P

AL Sr/Ca 16533.63-27577.64 14030.77-23977.47 (KT 0.94 0.35

(19734.28+2398.02) (19155.81+£2036.40) { test
45 1 Ba/Ca 27.60-64.85 19.73-57.21 t Ki g 6.12 7.61x1077

(44.78+10.57) (29.30+6.89) ¢ test

R4S L Mg/Ca 128.24-360.34 73.49-341.28 ¢ K6 1.71 0.10
(236.62+84.75) (193.60+86.60) ¢ test

585 L Mn/Ca 2.26-6.51 1.01-6.33 t K 5 1.95 0.06
(3.96+1.16) (3.21£1.52) ¢ test

T 55 WEIE FOR P (E A5 HE 22 (3 £SD).

Note: Value in parenthesis is mean+standard deviation (x+SD).
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) 3 4k A £ hatching month ) 524k H £ hatching month
28000 5 #=63; x+SD . 70
W7 W8 W9 Mo M1l b 7 W8 W9 W10 W11
o 24000 - 60 - a
S 3 =63; %
% 20000 - E 50l n=63; x£SD
,;D o~
B 16000 - o0 40
\\/1 ? b b ab
3 12000 F <30
8 g
B 8000~ Y 20
4000 10
0 0
W female HEE male W female P male
300 §%4¢ A £ hatching month 100 d 5Bt A f} hatching month
n=63; x=SD 7 Mg Mo Mio W11 7 W 9 W10 W11
w 400 a S 8r _
% a , E n=63; x+SD a
% 300 - & o a a b
al
E g a b ab
S 200t S 4r
i i ?
T B ol
0 0

EdE female HEPE male

HEPE male

3 BT HAE I 5 0 H A RO T R B A o0 A
R P b 7 AN [l B3R A TR] A 459 ) 28 5 12 35 (P<<0.05).
Fig. 3 Distribution of elements in the statolith core of //lex argentinus by hatching months
Different letters on the top of columns indicate significant differences among different hatching months (P<0.05).

HEpE female

SRAELSRE T L latitude centroid SRAELEE L latitude centroid
30000 70
? W mu s b W a4 s
=63; x+SD a L
L 2s000f O I L0 2, -
o ab ab b O L a n=63; x+SD
& 20000 b g% a
) & 40
2 15000 2
= 10000 2
& & 20
B® =
5000 10
0 0
MM female TP male MM female M male
500 - RFELERE T L latitude centroid 814 RFFLRL T latitude centroid
_ e 41 44 45
< 400 | n=63;X+SD . 41 . 44 45 < n=63; x£SD . .
@} Q 6 B a
% a E a a a
= 300 5 [ a
£ g |
:\\3 200 S
o 8,1
# 100 =
0 0

W female HEtE male

4 BaARAE I 28 f0 HA B0 JC R SR A 2 B 0 43 A
FETB I b5 S [R) B 3 7R AR [R] SR Ao 0 8 00 (1) 22 7 1 35 (P<0.05).
Fig. 4 Distribution of elements in the statolith core of //lex argentinus by sampling latitude centroid
Different letters on the top of columns indicate significant difference among different sampling latitude centroids (P<0.05).

M female HePE male
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22 HERBZTE

AT SR, BT AR AE SR 0 H A 4 X
Sr/Ca. Ba/Ca. Mg/Ca Fl Mn/Ca 5317 13000.70~
19657.70 pg/g. 14.86~41.70 pg/g . 65.67~269.42 pg/g
1 1.85~7.98 pg/g. B EMERILE R B, 1 Ba/Ca
{ELAFTE 135 1 WA 22 52 (P<0.05), LAMEMEAM AT
Ba/Ca {Hf K, }(30.50+5.20) pg/g (£ 3).

ANTRURAE T 3 Z 1), e v AR B T 4

Sr/Ca, Mg/Ca fl Mn/Ca {HI AT 1E 183 25 5 (K
5). WEPENAR) Ba/Ca (HWAAFERHFEH 130 2
Sty (BHEEANMAR) Ba/Ca {8 A7 B 25 A0 RAE H
3 F(F=3.35, P<0.05), 7£ 3 HikBHKME, H
(27.24+4.15) pg/g (K 5b),

FE AR R A sl o5 26 B F O 22 [0, A A A
HAH%N Sr/Ca, Mg/Ca il Mn/Ca {HI%A i
=254 6); (HMEMEMAAR) Ba/Ca (HATIE B E

®3 MREFREEAUEHEBTELENBREZRESNER

Tab.3 The results of significant testing for elements in the statolith edge between female and male Illex argentinus

JLE/(ng/g)

Giit4h R statistic result

WP female MM male
element 421t J7 1 statistic method t P
S Sr/Ca 15016.81-19657.70 13000.70-18679.43 ¢ K -0.43 0.67
(16762.27+1174.81) (16901.67+1066.54) t test
H4G L Ba/Ca 20.98-41.70 14.86-38.18 t K B 3.55 0.00
(30.50+5.20) (24.57+6.50) t test
BEEE L Mg/Ca 65.67-231.39 67.08-269.42 t A -1.12 0.27
(127.27+41.39) (143.45+51.32) t test
HRA5 . Mn/Ca 1.90-5.81 1.85-7.98 1 K -1.20 0.24
(3.57+1.15) (4.08+1.64) t test
T 355 U 3R P (45 1fE 22 (x+SD).
Note: Value in parenthesis is mean+standard deviation (x+SD).
KA H 44 sampling month F#E H 5 sampling month
24000 501
n=63x+sp 2 B3 4 b . H: 4
a a o L n=63;x+SD
S 18000 a e 2 a S 40
n m
?-l) ’EB 30
2 12000} 2
S S 20t
R ®
B 6000 = 10k
0 0
WEME female HEME male P female T male
3007 ¢ SKAEH 44 sampling month o 4 ke 43 sampling month
_ M W BN
8 n=63x+SD S n=63;x+SD
) a a a
= 200 E 6 a a
C) a ) ¢ a2
2 2 2 a
:\JA ~
&2 100 - L-‘;‘}A_J\? 3- I
# s
0 0

W female itk male

J&E‘Iﬁ female ﬁﬁ‘ﬁ male

K5 BRI 28 H A D OO0 R R AE A 3 53 A
HEAE P b 7 AN () B3R R A TR] A 459 ) 28 5 12 35 (P<<0.05).
Fig. 5 Distribution of elements in the statolith edge of Illex argentinus by sampling month
Different letters on the top of columns indicate significant difference among different months (P<0.05).
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a _ 41 44 45
n=63; x+SD a . . a
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a T T

21000
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AL L/ (ng/g) St/Ca
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SRAELS E HLL latitude centroid

2501, W Wae s
a

n=63; x+SD

a

200

150

100 -

BB/ (ng/g) Mg/Ca

50

P male

WP female

%3045
SFREH; BEE L latitude centroid
607y, W Was s
50 a
9] _
g 40 b n= 63, x+SD
)
g 30
ﬁ\:’" 20
®
oy
B 10
0
M female HEPE male
SRAEL: E HLL latitude centroid
oy B Ha s
n=63; x=SD

<

2

3

&

2

=N

W

W female M male

K6 BIARAEN M0 H AT 50 R KRS B T0 0 Al
FEIE 1] L 75 AN [ 7 B AN [ SR £ 2 0 1] 22 57 W8 35 (P<0.05).
Fig. 6 Distribution of elements in the statolith edge of /llex argentinus by sampling latitude centroid
Different letters on the top of columns indicate significant difference among different sampling latitude centroids (P<0.05).

1) R A il o5 205 8 B 40 B] 22 57 (P<0.05), LM 1
AMA I LUAE 26 B F0 44°S 19 Ba/Ca fE IR, 433
9(41.41+7.50) pg/g F1(28.61+3.80) pg/g.

BEAl, FEASTRIE B A 0309, O A A R
A2 St/Ca, Ba/Ca, Mg/Ca Fll Mn/Ca {H¥%
AREZEFIE ).

23 HEAZLEBHETENXR

i R B645 5 R, Sr/Ca, Ba/Ca fil Mg/Ca
HHAFERENHABZOSNGZH M 2EZR
(P<0.05), LAMEHEAAE A0 St/Ca, Ba/Ca A
Mg/Ca {8 A & K, 43 il 4 (19864.68+2418.84)
ug/g. (44.78+10.57) pg/g H1(236.62+84.75) ng/g
(&l 8a~c). SR 1M, Mn/Ca {HIEH-A .0 5ih % Z [
WA B35 25 5 (P>0.05)(& 8d).

LRPETR AR 28 I R, BT AR AR M 2 £ M
MEE A2 St/Ca, Ba/Ca, Mg/Ca il Mn/Ca
(ER SR NE W2y AN (PSP | R R 3 S A
KR(P>0.05, £ 4), HEHANMAHAHZN Ba/Ca

H1 Mn/Ca {85 H B A 10 B % B 0 ZA7AE 5 1
BN K FR (P<0.05), B 1% Ba/Ca fil Mn/Ca
{1 347 Fiti 45 - A7 %0 1) Ba/Ca 1 Min/Ca {854 K T 14
K& 9), BETISEHT 5350 49%F1 22% (3 4).

3 itig

AU T At Sk PP S, B AR AE g 2 £y hfE
T 2SR, RO A R A R A K, LR 1
PR K B IR T HEEAMAS ) FE AR o, AR
T Vi % M P A R ] A ) R A A A
SR MERRETEASA B 8 A, Y HIRTE 180 d A&
Fio BB RREA G N 2—4 J, X S02s Bay DL
AT 11%) ] MR AE 14 S M I A A ) 99 L B[]
W, FLRAE A B8R AT L BRI R B,
M 2—4 ARHEFENREFIEN,
310 ER#ZOMBGHETE

KA A R 2 40 B (ST) T AT LAFE s
G2 RS TR A Ak, HLPT 3 A fE R A ek
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R S AR, e F KK KPR
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24000
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AR R BJE maturity stage

AN Sr A BT, R T L B I U R T S B R
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A comparative study on elements in the statolith core and edge of Illex
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Abstract: The elements in the hard tissues of organisms are important natural markers for reconstructing their life
history and habitat. The present study aimed to explore the changes in the elements present inside the statolith core
and edge of Argentine shortfin squid (//lex argentinus) by using laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS). The element content was determined in the core and edge of statoliths, and the ratios
of Sr, Ba, Mg, Mn to Ca were analyzed. Thereafter, mixed-effects models were used to analyze the relationship
between these four elements and Ca ratios in the edge and core of statoliths. Ba/Ca values were found significant
differences in the core of statoliths between female and male individuals, so did in the edge of statoliths.
Significant differences were also observed in the Ba/Ca values of statolith core among different hatching months.
Additionally, in male individuals, the Ba/Ca values in the statolith edge exhibited notable variations across
different sampling months. The Sr/Ca values in the core of statoliths and the Ba/Ca values in the edge showed
significant differences between different sampling latitudinal centroids. The Sr/Ca, Ba/Ca, and Mg/Ca values in
the core of statoliths were significantly higher than the corresponding element ratios in the edge, while no
significant difference was observed in the Mn/Ca values between the core and edge of statoliths. The results of the
mixed-effects model showed that there was no relationship between the element ratios in the edge of statoliths and
the corresponding element ratios in the core for females, whereas the Ba/Ca and Mn/Ca values in the edge of
statoliths increased with the increasing Ba/Ca and Mn/Ca values in the core for males. These findings suggest
notable variations in Sr, Ba, and Mg elements between the core and edge of I. argentinus statoliths. Additionally,
they highlight sex-specific differences, specifically in the Ba element. This study provides a basis for further
revealing the environmental selection adaptability and life history of I. argentinus and can provide data reference
for mastering the species resource fluctuations.
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