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1 MRS TTE

1.1 SEIesfRt

AR T 2017 4F 3—5 H RET 8937~
10°46'N, 114°31'~117°18'E i, R4 Wil i /E
7 HOAT B, REASR AT, 7R R b
LML S0 15~20 &, i TAm8UAs iR ROt ,
FEIC sl AL SORAE H I, Ay IS = A HT
AR RAE T LA A 1002 B G e
543 &, Mtk 459 ).

1.2 £YENEXREARIER

SR fRUR TN S S MG T AR e, RS
H i (mantle length, ML), {KH (body weight,
BW), JEXIHES] . PEAR B . ERE R E A
Yo AT EAN S 5E o b R ) fef AR
Ko 2 1 mm, (KO8 o i S FE A
Z 1 g, VERUEERN 532 Bk R IS PE U EE 5310
FRAEM, SEEFICRH 5 A E™, SCg it
FRVEN D3 S S 56 S I AH AR BRRILTE

FEM A Y2 St ft v, SR iR e
EHA AP U, g5, AT A 95%
OB 1.5 mL BL0E T, ERAEE AR
ISR T ) AT LA o

1.3 #HARKREERFLRES

SRR R AL AR A2 1 S e VA 53 7 v
AR H ISR ), AT RE AR 4. B2
5 7% SRR AL ] (H B RIPs R i) . SRAEHb A (3
PR R) BT S B AR, % B A AR
AN PEBIEC B . WA YOS R R B D) A 4
bR, BEHC17 MCHAREA (B 1), R LA-ICP-MS
X HCH A A B KA T R s R, W 7 ke
Ja X T S A B VAT B S . BEAR RGNS B
1.

1.4 TENZE

BRAZMAE 17 BN 8 A, ek
9 M) B LW E A AU, A 7 mL FR3h R
s /MR, JEhA 120 pl 5% BYREER , HEAE 120
°C WML 28T FRRINA 120 pL 5% RYAHER
WHIREE T S ARG, 7E 120 °C LW 75T
R HINA 250 uL 5% WA, &= L% T
4% ICP-MS TR,
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Fig. 1 Sketch of statolith microstructure of

S. oualaniensis
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% # il R 88 8 Geolas 2005, ICP-MS K
Agilent 7500 a. WOLFI ML B, SRHAAIEN
A MM AMEE R, —FHAEHEA
ICP Z il af —A~ T A IR A, S K
HLULSR (Ar + He) A D2 A ORISR FHUER 19
RAGRE | R AR BRI 23 0 BT R 3 B
AT 18] 43 B 53 7 B0 A 36 20~30 s 19 %5 L AF 5 Al
50 s BIAERME S, ANERERAES DY ISR 2,

FKHZ M5 . TERAR T A R TR
T I EOR A EARE . R AT ICPMS-
DataCal 58 0% 43 T BCHE 1 B AL PR (B 36 X RE
2 UGS R . A R BUE IR AL IE DL KA
HOCER SRR,

1.5 s

GEit oA o g A R VDA ) TR O I A
PR ICR R EECR AR, IS AT 10
BLICR AT MBI IT 200 M7 (ANOVA,
FAEMOR, P AN, PO A A A RFIE 225 1K)
IR AN IR AR S AN TR H A R A (R
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R RERZR . R EREASH
i A X EEIUR MR BT gty
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HPE K FE2:2: 3290 sponsored by China Society of Fisheries



Fifb 7S, 5 IR, 2023, 47(7): 079315
R1 HCERM-ARBEFE FHRRIEEMNAHARTIE
Tab.1 Statolith samples to be tested by LA-ICP-MS
4% WK/mm kg PRl guen  dEeN) R e D
no. mantle length body weight sex longitude latitude date age date

1 128 104 WMk female 115.602 5 9.9547 2017-05-23 332 2016-06-26

2 133 104 MM male 115.602 5 9.9547 2017-05-23 310 2016-07-08
3 193 384 Witk female 115.602 5 9.9547 2017-05-23 316 2016-07-11
4 166 190 Wtk female 115.602 5 9.9547 2017-05-23 317 2016-07-12
5 156 232 Witk female 115.602 5 9.9547 2017-05-23 302 2016-07-26
6 140 134 MM male 115.602 5 9.9547 2017-05-23 253 2016-09-13

7 163 200 WM female 115.602 5 9.9547 2017-05-23 240 2016-09-26
8 180 254 Witk female 115.602 5 9.9547 2017-05-23 303 2016-07-27

9 166 256 WMk female 115.719 4 10.068 1 2017-05-22 252 2016-09-14
10 141 138 MM male 115.719 4 10.068 1 2017-05-22 261 2016-09-05
11 116 86 B male 115.719 4 10.068 1 2017-05-22 263 2016-09-03
12 127 110 MM male 115.719 4 10.068 1 2017-05-22 264 2016-09-02
13 113 72 Mt male 115.719 4 10.068 1 2017-05-22 284 2016-08-12
14 131 151 MM male 115.719 4 10.068 1 2017-05-22 290 2016-08-06
15 96 48 MM male 115.719 4 10.068 1 2017-05-22 294 2016-08-02
16 184 280 WMk female 115.719 4 10.068 1 2017-05-22 325 2016-07-02
17 95 35 WM female 115.719 4 10.068 1 2017-05-22 235 2016-10-01

mg/L. Sr (637 9.84391.2) mg/L. Na (3

B2 S5MEAMXHETRINIFS
LOK, 2 FEOK, 38X, 4~6. SMEX, T,

Fig.2 Sampling points in ground statolith analysis of

S. oualaniensis

1. nuclear zone (N), 2. post nuclear zone (PN), 3. dark zone (DZ), 4-6.

peripheral zone (PZ), the same below.
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21 BEMEAMETEERK

o £, VRS S SWE AP &
Ca%56Fh e %K, Hp CacEFERAER N
CaCO;, (43S TR BRI 97.271%+0.920%

TR 10 S ICE 435N Ca (401 125.8+110 4.4)
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514.3+324.6) mg/L. P (628.4+324.6) mg/L. Si
(521.1£105.9) mg/L, K (74.0£36.5) mg/L. Mg
(69.8432.2) mg/L. Fe (549+73) mg/L. Ba
(6.1£2.4) mg/L 1 B (4.6£1.5) mg/L., % & &A%,
HAJCEMIK N Zn, Mn, Cr. Cu, Li. Sn, Al,
Ni, Cd. Hg. Ti. Be. Pb, V., Sb. Co. Sc. U,
Ga, Cs., Zr, Hf, Gd. Rb, Y. Nd. La, W, TI,
Ce. Ta., Ho. Tm. Bi. Nb. Pr. Mo. Sm. Tb.
Eu. Dy. Yb, Er, Lu. Am fl Th,

22 FAEMHNEESHEAMETRES

Ti 220 R W], ARV E S S H A TR
R 10 MIITE, Ca(Fy1060=0.1672). Sr(F) 1645=
0.297 6). Na (Fj5747=0.364 6). P (F, 4999=0.241 0).
Si(F0.0952=0.7620) . K (F.4334=0.4953). Mg (F39947=
0.104 1), Fe (Fy536=0.602 2). Ba (F) 749=0.316 3)
FI B (F) 6135=0.223 3), YR WL (] 35 25 57

23 FEHUBFSEREARELRER

S HARSOHE, diamE B, HE AR
Aoy 5)E T B WAL B AL . 22504
SRR, ASEE AT ] AR T R S T
10 i JC K, Ca (Fy130 3=0.406 2). St (Fy060=

https://www.china-fishery.cn



LS, &

K224, 2023, 47(7): 079315

%2 LA-ICP-MS T1E&#
Tab.2 Working parameters of LA-ICP-MS

GeoLas 2005¥#0F 1 R % 54

parameters of GeoLas 2005 laser ablation system

Agilent 7500a%5 5 7R RA S
parameters of Agilent 7500a, ICP-MS system

#EK  wave length 193 nm, excimer laser

Jikvh % laser pulse 15ns
AEE % E  energy density 14 J/em®
PIWEAE  spot diameter 32 pm
S laser pulse frequency 8 Hz

#HS (AR) sample gas (helium) 0.75 L/min
AMET(E D) added gas (argon) 0.90 L/min

RFIIZE  frequency of RF 1350 W
LB TRTIE  speed of plasma 15.0 L/min
SHBNSIRE  speed of added gas 1.0 L/min
BT EBWE  parameter of plasma lens 5.4 mm
FIHFT ] time of ablated 10 ms

Kl #4258 mode of detector M dual

0.150 5). Na (F(193=0.891 4), P (F(7129=0.411 7).
Si(F0.018970.8926) . K(F.4767=0.5005) . Mg(F00263=
0.959 8). Fe (Fj3350=0.544 2). Ba (F49,=0.844 0)
HI B (Fy1637=0.691 5) A& Wi & 27 (K 3),
24 TENMXESHEATERETRES

375 2200 Hr R MY, AR HA A & T 10 7
I TC R A, BR T Si (F|ox6=0.097 2), K
(Fo.4643=0.801 9) il Fe (F 556 ,=0.733 3) NAFFERFIA
] % % AN, Ca (Fyss; 0=1.283 01x10®), Sr
(Fro443 0=5.04x107°), Na (Fs5,1,4=0.000 282), P
(F12.1614=3.89149%x107%) . Mg(F, 5776=0.000509425)
Ba (Fs 1439=0.000 313 558) il B (F, 475 §=0.026 2) ¥
FEAEREIRI 35 22 5 (] 4). HOR TR A F] -
AMIXZIE], [F—ICR WA A -8, H
H1Sr. P, Si. Mg. Ba M\ N X | DZ [X 5 81 & ¥
W ) Ca F Na W2 B m#a % K.
Fe 1 B 1 & B LEA [R) AR 8] ) A2 AL B R 58 42 4
A, S RBEALHE N N X H] PN X 5 55 H74E in i
%, M PN % DZ X 52 S #is /D i ka, Tmikk
FIFLHE N X F] DZ [X 2 I Ak 1 3
3 Wig
3.1 EAWETHRAK

o 9 6 T 5 4 WAL 541 56
MERTCR, AT 10 f2205)0 Ca, Sr. Na, P,
Si. K. Mg, Fe. Ba fll B, —£b242 3 511%F 5] J&
F Z 11 Bl (Ommastrephidae) 1) & F 4 ¥ 25 ¢ £
(Dosidicus gigas)"" . V4 Fg K 7Y 7 Bi] A 4E ¥ 22 £
(Illex argentisnus)™ . V4V RE 5 38, 5 15 i F0 g
UK 2 £ (Ommastrephes bartramii)!' /) H- A1
o TR A RGEAT TOFFE, KA SRR ZHIHT 10
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P CR BIfETE2E 5, Hrp, FARISMEEF M
4 Ca, Sr, Na, Si, K. Mg, Ba, Zn, Mn fil
Li"", ViR K PG BT AR AL 4 2 1k Ca, Sr. Na,
P, K. Fe, Mg. Ba, B il Ga"®, P4 V>f S i I
H 9N Ca, Sr. Na, P, Si. Mg, K. B, Fe
1 Ba", PHJLKFEFEFL MK Ca, Sr. Na, P, K,
Si. Mg. B. Fe fll Ba"”, 4 fhZfa R H A& T
RO WA 3 MITEME, ¥ Ca. Sr. Na, %
AfLICER N SiE P, BREFSIMEGZEF A4 5 T H
sk AR Zn, Mn FI Li 4b, HAb R4
PRI RIEAAEE . VDR S RIS VDR 5
B E AT 10 A AR ST R AR DT RIS i 1
29 (% 3), B 5{i¥Hk Ca. Sr. Na. Pl Si,
55 6~7 i (K Fl M) FIIRJFANF, 55 8~10 i L&
4 Fe. Ba fll B, Ca. Sr. Sifll Fe { &, mMUb
PSS TR, MNEFXPRER, AR
AR R B B R B B SCE TR TR IR 26 TT
RSN E N, S TR MR EZIN S
Bl Na. P, Si. Fe. K il Mg 7ER VD HE S 19 & 22
S SV VDR By 5, T At T SR ) 2 £
BRHABFP A AFAE2E 5, AR AT RE 5 A W]V Bl g v 2R
BARA G, g KiRE . SYRIE . RSN
2= SRR RE s Sk R H A R T R VIR,
32 FEMANEBEAHMELRZER

IR R, RS S S A R TR
SHEHET 101 Ca, Sr. Na, P, Si. K. Mg, Fe,
Ba. B & EHAEHEREER . X5FFIMNG
AU PR R PUTERTAR AL A PV
S VB S g AR L RO R A A TR
REIR—3 ., —Milh, KEEHAPHETT
ROV Z 2N PR IR BE 5 , AT 1) I B AN &k
FE . ORTE B K B RS RIS, i e R DR
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I . summer hatching group;

Fig.3 Distribution of trace elements by age in the statolith of S. oualaniensis

II. autumn hatching group, the same below.
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Fig. 4 Trace element measured with LA-ICP-MS in different growth zones in the statolith of

S. oualaniensis from different zones
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®3 BELHEANETESEN10H
Tab.3 Contents of top 10 trace elements of

S. oualaniensis

W TH M T
no. trace element Nansha Islands Xisha Islands
1 Ca 401125.8+1104.4 398228.8+1184.4
2 Sr 6379.8+391.2 6231.8+439.8
3 Na 3514.3+324.6 3823.6+259.4
4 P 628.4+324.6 925.5+247.8
5 Si 521.1£105.9 500.1£79.9
6 K 74.0+£36.5 76.3+£27.6
7 Mg 69.8+32.2 90.2+26.9
8 Fe 54.9+7.3 44.542.8
9 Ba 6.1+2.4 7.4+2.5
10 B 4.6+1.5 5.9+1.0

FEAHH R, X RPNy, I T 4
YR A BT & Sr/Ca 5 E £ IEME, i
SEREE R MAEDC, H LB e~ PR AT fE
FOLAA Sr Al Na Ul S5EEETCA M . Jones 450
KN, Sr/Ca Fl Ba/Ca M3 5 )i 2 /K L 5 AR OG .
AR, WSS O W S Lo To 22 =0
R 28 Iy 0y i e R AR ], PRt B oo R PO
FERNZE RIEAAAF] , S IOt mla 22 5. ARk
JE S A R A AR 2 T e 2 Y,
XA] e R T O R S R [A] TG 3 2 e Y I
Wz —. WIRITE MDA R 25, Ui
ANRXTTFIT R Az B B B A R e KT
FEAREE A 52 B A [A]4 90 18) B A R o6 28 41 AR
FEAR B, PR T M TR S A R
P4 Sk R R RN B S 00 B R ) P AT
33 TEMUEHEAMELRES

W25 3R, B VD BE 5 38 5 S R AR v
1) 5 ZE AR RN 4 MR AL 0 B A1 AT 10 (iR T
% Ca, Sr. Na, P, Si, K. Mg, Fe, BafllB#j
AT 25 5 o FERE VG VDI I 1A S5 25 1% I 1
¢, Ca, P. B. Fe fil Ba ()& & AIEAEMEALBE
IRIEIK 225, 1 Si. Sr. Mg, Na Fl K fEfE2EH",
PIAVIERESTie o e S Sl UMW A Rl AR SR
355 LA A A B S R A DR 3R s i B0 A XF
PR AE W X A A 5T P, Sr. Na. Mg, Ba 1B
FETERERII D B 22 50 T RPT A igid
ZFNG K H BT R, X T2k RN E

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B A R R 2 2 DT AR R i E AR B, b
SR ITTR WU, AEE I, KEKH
fih Mg & BT E , AAEREE, 1
RS B T RS B VE AR5 35 i, Zumbolz 550
KNy, Ca, Ba Ml Sr UL A K EREE P B £E B
FYIF . Durholtz %57 &, i CHR Pb, Mn,
Mg. As. Co Hl Ba #8771 Ml | 1) 25 5 o Tkeda
FEPINR, KR ZE 4 (Todarodes pacificus) /s
(i) by 3 DX 3 AR H A 1) Sr A i 22 B . Arkhip-
kin 48 P 3E o AF 5%, & BB IE EF 2 A 5
(Loligo gahi) H-1 1diiE TC R AE A A M BRAE (A LA AN
[F] 77 BRI AFE 25 5 o Avigliano 5527 iR K3,
B AL A 3 5 0 e 3 L 6 I B A R B 2 O AL R 1Y
Ba/Ca, Mg/Ca, Mn/Ca, St/Cafil Zn/Ca t3 17 7F 4
P5IX BRI 22 5%, A Zn/Ca, Pb/Ca, Mn/Ca Fil
Ba/Ca WIAFFERER M) 1Y 10 3 22 5, H B4Rk
SR EHAH B,

34 FRIEANMXBNHMETRER

IR RN, FVDRE S 1 S 5 I H A i
10 T Ed, ARFEALMER T Si. Fe fil KA
TETE2 S, Ca, Sr. Na, P, Mg, Ba, B¥7f
R EXES, HIFE—IoE A FE A AL 5 A
FERIEAR —, VU RE B IS 5 AN ) B A 3
fiila] Ca Fl Fe W& H M ANFE(EZE R, Sr. Na, P
K. Si. B Fl Ba &M fAE2Z R, 540
TR, AREAMXZE, PEILRFHERE
A AY Ca, Sr. Na., P, Mg #l Ba", PiEg K
PUVERTARAEIG Z A HA ) Ca, Sr. Na, P, K. Fe,
Mg F1 B Je B A Sh il ZE 2 H A 1) Sr. Na, K,
Mg, Ba. Zn, Mn Hl Li'"" (& AE R E LS
BE 5 W (Gonatus fabricii) /S [7) B- A 3 X 22 [6] Sr,
Ba Fll Mg fA7E ik % 22 50 AR HA X Z [
LR, T ORTR AR S B Bk A
AV T IR BE B B 251 . Zumholz %5 X 55 1
M5BT 22 B0, Mg/Ca 4% .0 X ) 41 Bl 328 8 484 i o
Lipinski™ ANy, Sr& &bk, H S0 mT,
AP S G E A PZ X Sr &, EK
WOl bR W, 5B SE AR, 4 Fh R
KHEHAMARFEMX ZE, fEcREHE4 R 10 07
Y Sr. Na, K. Mg Al Ba [/ i BT AE b 5 5 5%,
ULHHIX S0 R ) 22 BB AR W 2, I REAS
[i) B F AV AR AN () A= A J) 380 o 52 1 A B8 5 T
AN, PR BT R TORURE s 22 S

https://www.china-fishery.cn



LS, &

K224, 2023, 47(7): 079315

(1 7 9 A U 5K I 25 v A B A 35 o )

S E#R (References):

[1]

[8]

#HIEZ. TEIWE. BARZDIT, kLN [M]. b5t
Fleg b L, 1988: 77-80.

Dong Z Z. Fauna Sinica. Phylum Mollusca, Class Ceph-
alopode[M]. Beijing: Science Press, 1988: 77-80 (in
Chinese).

Roper C F E, Sweeney M J, Nauen C E. FAO species
catalogue vol 3 cephalopods of the world: an annotated
and illustrated catalogue of species of interest to fisher-
ies[C]. FAO Fisheries Synopsis, 1984, 3: 180-181.
AL, BB, BTN o [ 9 VG VD R S S
FRAE ) B AE KRR T]. K= 2431, 2020, 44(4): 657-
666.

Lu H J, Zhang X, Tong Y H. Statolith microstructure and
growth characteristics of Sthenoeuthis oualaniensis in
the Xisha Islands waters of the South China Sea[J].
Journal of fisheries of China, 2020, 44(4): 657-666 (in
Chinese).

FEFEHE, BB SR M 2 U R A S BR K
A [M]. 4B fEEE AR, 2005.

Wang Y G, Chen X J. The world’s marine commercial
Ommastrephidae resources and fisheriesfM]. Beijing:
Maritime Press, 2005 (in Chinese).

ER M, 0, P Ak, S5 B v I AL i I 2
(Sthenoteuthis oualaniensis) B Z= i Mb A= 1 2% W 72 [J].
HFVESTIVE, 2012, 43(6): 1177-1187.

Yan Y R, Feng B, Lu H S, et al. Fisheries biology of
purpleback flying squid Sthenoteuthis oualaniensis in
northern sea areas around Nansha Islands in summer[J].
Oceanologic et limnologia sinica, 2012, 43(6): 1177-
1187 (in Chinese).

Parry M. Feeding behavior of two ommastrephid squids
Ommastrephes bartramii and Sthenoteuthis oualaniensis
off Hawaii[J]. Marine Ecology Progress Series, 2006,
318:229-235.

Chen X J, Liu B L, Tian S Q, et al. Fishery biology of
purpleback squid, Sthenoteuthis oualaniensis, in the
northwest Indian Ocean[J]. Fisheries Research, 2007,
83(1): 98-104.

Ikeda Y, Arai N, Kidokoro H, ef al. Strontium: calcium

ratios in statoliths of Japanese common squid Todarodes

https://www.china-fishery.cn

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

pacificus (Cephalopoda: Ommastrephidae) as indicators
of migratory behavior[J].
Series, 2003, 251: 169-179.
Arkhipkin A I, Bizikov V A. Role of the statolith in

Marine Ecology Progress

functioning of the acceleration receptor system in squids
and sepioids[J]. Journal of Zoology, 2000, 250(1): 31-
35.

Radtke R L. Chemical and structural characteristics of
statoliths ~ from  the  short-finned
illecebrosus[J]. Marine Biology, 1983, 76(1): 47-54.
Arkhipkin A 1. Statoliths as ‘black boxes’ (life recorders)
in squid [J]. Marine and Freshwater Research, 2005, 56
(5): 573-583.

Chen X J, LuH J, Liu B L, et al. Age, growth and popu-

squid  lllex

lation structure of jumbo flying squid, Dosidicus gigas,
based on statolith microstructure off the EEZ of Chilean
waters[J]. Journal of the Marine Biological Association
of the UK, 2011, 91(1): 229-235.

BT, MR ) F A T A TF A 76 e K 7P e B
WIEW R ME . LK SRS ). K40,
2013, 36(7): 1049-1056.

Lu H J, Chen X J. Age, growth and population structure
of Illex argentinus based on statolith microstructure in
Southwest Atlantic Ocean[J]. Journal of Fisheries of
China, 2013, 36(7): 1049-1056 (in Chinese).

Kazutaka M, Taro O. Age, growth and hatching season
of the diamond squid Thysanoteuthis rhombus estimated
from statolith analysis and catch data in the western Sea
of Japan[J]. Fisheries Research, 2006, 80(2-3): 211-22.
Thorrold S R, Jones C M, Campana S E. Response of
otolith microchemistry to environmental variations
experienced by larval and juvenile Atlantic croaker
(Micropogonias undulatus)[J]. Limnol Oceanogr, 1997,
42(1): 102-111.

AL, BR 70, B R AN, 45, o [ R i P VDR B i I
B 50 B AT e F AL ]. B AR A AR, 2019, 30(2):
653-660.

LuHJ, Chen Z Y, Tong Y H, et 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).

FEALAS, Ml bk, BRI E, & BRI SN R R AT A
EICEWIT[I]. i, 2013, 35(3): 269-277.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.11693/hyhz201206021021
http://dx.doi.org/10.11693/hyhz201206021021
http://dx.doi.org/10.3354/meps318229
http://dx.doi.org/10.1016/j.fishres.2006.09.005
http://dx.doi.org/10.1111/j.1469-7998.2000.tb00575.x
http://dx.doi.org/10.1007/BF00393054
http://dx.doi.org/10.1017/S0025315410001438
http://dx.doi.org/10.1017/S0025315410001438
http://dx.doi.org/10.1016/j.fishres.2006.04.014
http://dx.doi.org/10.4319/lo.1997.42.1.0102

LS, &

K224, 2023, 47(7): 079315

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

Lu HJ, Liu B L, Chen X J, et al. Trace elements in the
statolith of Dosdicus gigas in the high sea waters off
Chile[J]. Marine Fisheries, 2013, 35(3): 269-277 (in
Chinese).

FEALZS, BRHTZE, 7 Ak, PO R Ta TR E i R H o
TJCR AL, AR, 2015, 35(2): 297-305.

LuH J, Chen X J, Fang Z. An analysis of element com-
position in the statoliths of /llex argentisnus squid in the
south west Atlantic Ocean[J]. Acta co logica Sinica,
2015, 35(2): 297-305 (in Chinese).

FEALA, MR, B, Padb R PR aHAaMETHR
[J]. A 224, 2014, 25(8): 2411-2417.

Lu H J, Chen X J, Ma J. Trace elements in the statoliths
of neon flying squid, Ommastrephes batramii in the
Northwest Pacific Ocean[J]. Chinese Journal of Applied
Ecology, 2014, 25(8): 2411-2417 (in Chinese).

Rl P ZAS . 7 g O PR A o R A i 22 i vt b A o B B U
VAL [D]. L LR, 2012,

Lu H J. Fishery biology and stock assessment for /llex
argentinus squid in the southwest Atlantic Ocean[D].
Shanghai: Shanghai Ocean University, 2012 (in Chinese).
Zumholz K, Kliigel A, Hansteen T H, et al. Statolith
microchemistry traces the environmental history of the
boreoatlantic armhook squid Gonatus fabricii[J]. Marine
Ecology Progress Series, 2007, 333: 195-204.

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.

Hu Z C, Gao S, Liu Y S, ef al. Signal enhancement in
laser ablation ICP-MS by addition of nitrogen in the
central channel gas[J]. Journal of analytical atomic spec-
trometry, 2008, 23: 1093-1101.

LiuY S, Hu Z C, Gao S, et al. In situ analysis of major
and trace elements of anhydrous minerals by LA-ICP-
MS without applying an internal standard[J]. Chemical
Geology, 2008, 257(1-2): 34-43.

Zheng S, HuZ C, Shi Y F. Accurate determination of Ni,
Ca and Mn in olivine by EPMA and LA-ICP-MS[J].
Earth  Science-Journal of China
Geosciences, 2009, 34(1): 220-224.
ME, ETRE, AL CHE, 5. Mg S LW A MEITR
ZFPEG ). BT R, 2019, 15(5): 15-24.

Liu Y, Wang X H, Du F Y, et al. Difference analysis of

University — of

trace elements in statolith of Sthenoteuthis oualaniensis

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

in South China Sea[J]. South China Fisheries Science,
2019, 15(5): 15-24 (in Chinese).

Avigliano E, Ivanovic M, Prandoni N, et al. Statolith
chemistry as a stock tag in the Argentine shortfin squid
lllex argentinus[J]. Regional Studies in Marine Science,
2020, 38: 101355.

Lea D W, Shen G T, Boyle E A. Coralline barium
records Pacific

upwelling[J]. Nature, 1989, 340(6232): 373-376.
Stewart J F, Malcolm T M, Robert W, et al. Corals at

temporal variability in Equatorial

their latitudinal limits: laser ablation trace element sys-
tematics in Porites from Shirigai Bay, Japan[J]. Earth
and Planetary Science Letters, 1999, 172(3-4): 221-238.
Jones J B, Arkhipkin A I, Marriott A L, ef al. Reprint of
using statolith elemental signatures to confirm ontogen-
etic migrations of the squid Doryteuthis gahi around the
Falkland Islands (Southwest Atlantic) [J]. Chemical
Geology, 2019, 526: 165-174.

Zumholz K. The influence of environmental factors on
the micro-chemical composition of cephalopod stato-
liths. PhD Thesis[D] . Kiel: University of Kiel, 2005.
Yuzuru, Tkeda, Nobuaki, et al. Preliminary report on
PIXE analysis for trace elements of Octopus dofleini
statoliths[J]. Fisheries Science, 1999, 65(1):161-162.
Tkeda Y, Arai N, Sakamoto W, et al. Microchemistry of
the statoliths of the Japanese common squid Todarodes
pacificus with special reference to its relation to the ver-
tical temperature profiles of squid habitat[J]. Fisheries
Science, 1998, 64(2): 179-184.

Sy AU R H A A M B G 20 7 D). b
g FIEREER, 2010.

Ma J. Microstructure and microchemistry of statolith for
neon flying squid, Ommastrephes batramii in the North
Pacific Ocean[D]. Shanghai: Shanghai Ocean University,
2010 (in Chinese).

Bettencourt V, Guerra A. Growth increments and biom-
ineralization process in cephalopod statoliths[J]. Journal
of Experimental Marine Biology and Ecology, 2000,
248(2): 191-205.

Zumbholz K, Hansteen T H, Piatkowski U, et al. Influ-
ence of temperature and salinity on the trace element
incorporation into statoliths of the common cuttlefish
(Sepia officinalis)[J]. Marine Biology, 2007, 151(4):
1321-1330.

https://www.china-fishery.cn


http://dx.doi.org/10.3354/meps333195
http://dx.doi.org/10.3354/meps333195
http://dx.doi.org/10.1039/b804760j
http://dx.doi.org/10.1039/b804760j
http://dx.doi.org/10.1039/b804760j
http://dx.doi.org/10.1016/j.chemgeo.2008.08.004
http://dx.doi.org/10.1016/j.chemgeo.2008.08.004
http://dx.doi.org/10.3799/dqkx.2009.019
http://dx.doi.org/10.3799/dqkx.2009.019
http://dx.doi.org/10.12131/20190039
http://dx.doi.org/10.12131/20190039
http://dx.doi.org/10.1038/340373a0
http://dx.doi.org/10.2331/fishsci.64.179
http://dx.doi.org/10.2331/fishsci.64.179
http://dx.doi.org/10.1016/S0022-0981(00)00161-1
http://dx.doi.org/10.1016/S0022-0981(00)00161-1
http://dx.doi.org/10.1007/s00227-006-0564-1

LA, 5 IKPA 241, 2023, 47(7): 079315

(371  Durholtz M D, Lipinski M R, Przybylowicz W J, et al. and temporal variation in elemental signatures of stato-

Nuclear microprobe mapping of statoliths of Chokka liths from the Patagonian longfin squid (Loligo gahi)[J].

squid Loligo vulgaris reynaudii d'Orbigny, 1845[J]. Bio-
logical Bulletin, 1997, 193(2): 125-140.

Canadian Journal of Fisheries & Aquatic Sciences, 2004,

. . 61 (7): 1212-1224.
[38] Ikeda Y, Arai N, Sakamoto W, et al. Preliminary report

on PIXE analysis for trace elements of Octopus dofleini (40]  Lipinski M R. The deposition of statoliths: a working
statoliths[J]. Fisheries Science, 1999, 65: 161-162. hypothesis[J]. Recent Advances in Cepalopod Fisheries

[39]  Arkhipkin A I, Campana S E, Fitzgerald J, et al. Spatial Biology, 1993: 241-262.

Trace elements in statoliths of Sthenoteuthis oualaniensis in
Nansha Islands of the South China Sea

LU Huajie *, ZHAO Maolin', LIUKai', RENPin'
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Marine Ecological Monitoring and Restoration Technologies, Ministry of Nature Resources,
Shanghai Ocean University, Shanghai 201306, China,
3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to explore the trace element composition characteristics of Sthenoteuthis oualaniensis, the com-
position and distribution of trace elements in 17 statoliths of S. oualaniensis collected in the Nansha islands waters
of the South China Sea during March to May by light falling-net vessels in 2017 were analyzed with laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). The results showed that the statolith of S. oualanien-
sis contained 56 elements, and calcium (Ca), strontium (Sr), sodium (Na), phosphorus (P), silicon (Si), potassium
(K), magnesium (Mg), iron (Fe), barium (Ba) and boron (B) were the ten most abundant elements. The analysis of
variance (ANOVA) showed that there was no significant difference in the distribution of all ten most abundant ele-
ments between different sexes and hatching groups. There were significant differences in the contents of Ca, Sr,
Na, P, Mg, Ba and B, but no significant difference in the contents of Si, K and Fe between different areas of the
statolith. The study showed that the trace element composition of S. oualaniensis varied in different habitats and in
different growth stages, but the trace element composition of S. oualaniensis of different sexes was basically the
same, which further confirmed the feasibility of using trace element distribution characteristics to identify cephalo-

pod populations and study migratory routes.
Key words: Sthenoteuthis oualaniensis; statolith; trace element; LA- ICP- MS; Nansha Islands; the South China Sea
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