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PRANT] P2l & R PR AL LA 2, Sk R AR G P
BRI LB IS oy F Y R0, AR A
TR T R AR RE 00 T BN 2 Sk R 2 F
BEHE DT WA 1A A ) A0 A TR s
A H O B B 4 2L A 10 H AR A e, e R T
HE A b R LR I B BRRAR R A, Sk Rk
JVR Jie A TR B %) A% 0 X i T 2R AT R AE A
FERPRE . GBS [FEAEER A BB i, Ba/Ca
—feAE R BRI AATE BT DL B Ba/Catdi ]
YR DT T R Ry b R B SR A S
PrBy pIF e, 2SI A 06 s 3 A A AR M
I, BEFEIN A AT 2R HIE BT 3 A~ B 30 %) it £
A HA A0 Ok R AR P02

Br 7 H-Ar, HREE Al AR Sk R S A A
Pz — o AR O M —r B G
FA BT i (laser ablation inductively coupled plasma
mass spectrometry, LA-ICPMS)ill & T 4 B K1 ¥
JEJRZ IR R F0 R R S it 25 2 0 IR I A R A%
OHMEICER, iAo MEITRES
T IX ] 1Y 26 5, 0 H 7R 25 52 0 b 35D B
SR A ROCR 5 RTATE R Sy A Sk R R R
130 o 4 BT vk, BFSR A R A B T RO B
R KPR A AP BE 0 8, N RIR
(4 HL 5 T R AR AR 27 S

R U E SRS RES

1.1 FAREEFMLTE

rh [ B4 M T 20154F A1 20174 78 7R K F-
L B 48 55 X (exclusive economic zone, EEZ)%h
7 79°00'~91°52' W, 3°21'~40°00'S(J&] 1)1k 5% 4 2%
FAakEARTRE, H LR £ /K HME 23 (84°07'~
91°52' W, 3°21'~8°26'S, il & {i Ffl 210~357 mm,
1A T 5 264~1 295 @), FibE-AMHE30E (79°45'~85°03"
W, 9°16'~15°22'S, Ml 5 F226~352 mm, /45T
1 280~1 301g), F Fl 4} ifg 252 (79°00'~83°00" W,
37°06'~40°00'S, il K 35 [l 210~560 mm, {4 i &
151~3 994 )(F 1), Fr A FE b 72 iy L8 IR T,

TE S 56 28 fif VR A BEAT A 22 DN E L M) 5 E R
PRI 23 o I AR AORS B 2 1 mm, R BT R
R g RMFARIIIEMBEFDI T, HIEE T
IR I R, AR R RO SR A, R
Z20.01 mm, i 7K Sh L SR 3R OB RL I 5
TRhYE . NTEER, RIGHT5% B AE, H
Tt —2 o0 Hr.
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Fig.1 Sampling locations of D. gigas off the EEZ in the

Eastern Pacific Ocean
1.2 EREBSRAEATE

IR PR AT A A TR RO IR A 4, e o
RGN E S i R B AR . T R 2 i Al JS PR
A ER AL (E12), WU S B, AT
PRFRE R 1 5 2 853 (11 3-a), A HCF s T 2 A
Ho (I&13-b), LA TCE 4 978 HLR g 3 2R A T 6

*1 FEAFEFEREFXINGEZGHAER
Tab.1 Sampling information of D. gigas off the EEZ in the Eastern Pacific Ocean

X PREAEE:] PR Y FEAR B/ JIA:/mm A5 B /g
sea areas sampling date sampling locations sample size ML BW
J&)JKZ /R Ecuador 20174¢7—8H 84°07'~91°52' W. 3°21'~8°26'S 23 210~357 264~1 295
& Peru 20154-6—9H 79°45'~85°03W. 9°16'~15°22'S 30 226~352 280~1 301
#F Chile 20154 11—121 79°00'~83°00'W . 7°06'~40°00'S 25 210~560 151~3 994
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Fig. 2 Diagrams of eye lens of D. gigas
(a) the anterior and posterior parts of the eye crystal; (b) the structure of the eye crystal
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Fig.3 Flow chart of eye lens preparation

(a) the posterior part of the separated eye lens; (b) plastic abrasive tools; (c) the back of the eye lens embedded in the resin; (d)-(f) the cut resin block is

adhered to the slide and ground to the equatorial surface

HR(E3-c), 785 R EEAL s f7 HAR L, Bk B I S 5 LA 120, 600, 1200, 2 500 H 7K J&
J WA R He F 5 ) OB 26 TR i b, SRR ACHE B 29 0.5 mmiP 3 H, B s £L0.05 pm% Ak
FREESE-(1K13-d), SR 18081 L HIF B o — 1 (%] 3-¢), FR TR S I E 1T (1€ 3-0)
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1.3 SEAERETEMNNE

A D15 B B % e 2 T Rk e, A
B I ) SR AR D) R e L BH R >18 QA L B K g
¥ 5 minJf 7 Class-100/Z Wi A2 B+ . 76 S R 0
A O BE B BORE 5. (1K1 4)

B4 ZX&FHEFEMARBERFRES
Fig. 4 Analysis spots in one of ground statolith formed at
early ontogenetic phase of D. gigas

mn AR U O R AR s ik A B A
FR 34T 2\ 5 F I LA-ICP-MS5E i . PR AL 25 2
B B i FE 2 5 Zong 557, GeolasProii ot
i 2 8t H COMPexPro 102 ArF 193 nmifE 7 T30t
# fMicroLas):2% R G 4 i, ICP-MSH 54 Agi-
lent 7700 it 3 i 72 rb R F 20 <0(0.7 L/min)
PR, (0.8 L/min) oy A2 LA A3 R U,
THEAEIAICPZATE  — TR LR G,
HFM ARG E AT P RS, ARSITH
PO A BE LA RO 43 00 O 44 um 1S Hz, fci:
JUE P B AL B SR 3 5 AR 1E ) B BHVO-2G
BCR-2G. BIR-1GHISRM610#E1T 22 45 JC N bR A
E o AN I ] 23 9 0 A B A 45 K £20~30 855
FI5 5 F150 skE SR 5 o X 20 B 85000 1) 25 4k b B
(ELFE X RE S RN 25 FUE S 8 . AUES REUE TR
M IE A KT R & 535 ) R A ICPMSDataCal
S,
14 HESGIU S

XiF 1 B KT AR LA-ICP-MSTl & BR A 1Y I
R A E 2255 H1 (One-Way, ANOVA)HI £
#E F 22 43 M7 (multivariate analyses of variance,
MANOVA)K 55 7F 45 1 X Z [l i 22 57 . R B
H 5143 BT (stepwise discriminant analysis, SDA)¥: X
o3 2R AN [A] M 3EURP R o R 20 A0 o A
TP A S0 51 o 550 3R B30 S FE A (BT 53951 (B 15
X 8] . iz FH B — 12 28 X6 HiF (leave-one-out cross-
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validation), X M 47 & P} 43 25 7 (jackknife reclassi-
fication procedure)fs 4 #h Ff %] 43 Y W Dy %6 . iz M
Fifi 1K 5% (randomization test)f; 2% B — 70 38 LR IE
JIT A5 0 0 1 Dy SR A P BB R 25 3 Y 95%
N R R 15 M D N T /= N S W1 o
K JH SPSS 25,0844 5¢ i,
2 R
21 WMERTREE

S IR R AR 1Y) 42 R e e R AT T I
S, R TR I R G AT R A #INa”
%MgZS\ %Aln\ E% Si29\ @;Pﬂ\ %qa ng\ %[gcaﬁ\
il Cu®, BEZn®, FESCCMAETPOE 11RN (R2), H
1 P'[(326 680+98 736) ng/gl ik, Hk N
Ca®[(50 659+10 9546) pg/g]. # F KK K Ny Si¥
[(42 059+34 625) ug/g]. Na®[(19 033+32 360) pg/g] .
AIP[(14 906+52 770) ng/g]l. K¥[(13 432423 397)
ng/gl. Mg”[(8 954+8 118) ug/g]. Zn*[(2 360+1 024)
ng/gl. Cu®[(221£194) pg/g]. Sr*[(84+105) pg/g] il
Pb[(23+14) pg/g].

g X AT o, JEJR 2 R PY[(34 2121+
96 021) pg/gl & it fe i, HIKASIPI(51 194459 343)
ug/gl, R RAMKIK F AI[(24 658+79 871) pglg].
Ca®[(23 265+30 825) pg/g]. Na®[(11 744+18 069)
ng/gl. KP[(5 071+6 474) ng/g]. Zn*[(2 241£773)
ug/gl. Mg”[(1 774+2 780) ng/g]. Cu®[(228+229)
ng/g. Pb[(25+11) pg/gHl S©™[(18+20) ng/g; Fb &
PP[(28 1544+122 290) pg/gl & frfx i, Hk oM Ca®
[(94 39116 6130) pg/g] . 4% FARAKIK KSI”[(39 848+
18 722) pg/gl. Na®[(32 34146 490) pg/g]. K
[(25 409+33 941) pg/g]. AI[(16 153+48 713) pg/g].
Mg®[(14 039+8 885) ug/g]. Zn*[(2 028+1 134) pg/g].
Sr¥[(143+142) pug/g]. Cu®[(132+81) pg/g]FIPb[(18+
10) pg/gl; & FIP'[(366 637+17 798) pg/gler & it
B, HR M SIP36 308+8 608) pg/gl, T RKIK
g Ca®[(23 383+19 912) pg/g]l. Na®[(9 769+9 328)
ng/gl. Mg®[(9 457+5 193) pg/g]. KP[(6 751+5 755)
ng/gl. AI[(4 436+3 445) pg/gl. Zn*[(2 867+919)
ng/gl. Cu®[(322£210) pg/g]. Sr™[(73+46) pg/g)Fil
Pb[(27+18) ug/gl(#£2).

22 WERTEMBXEES
JERZ /R & mETS IR TR P L Si¥,
Al Ca"FINa*, FEMKUCHPY . Ca®, Si¥, Na*
MK, BAMKEK AP, Si”, Ca®. Na®HIMg®,
HE K22 £ 3 /6 sponsored by China Society of Fisheries


http://www.scxuebao.cn

6 1 Vi8R, A5 JET IR T A% O o T 3R I 25 2 0 b B AT ) 951
T2 FEATIEZaRBERTNETEZSE
Tab. 2 Concentration of trace elements in eye lenses of D. gigas off the EEZ in the
Eastern Pacific Ocean ng/'g
JLER =X S I[N e BF
elements total Ecuador Peru Chile
By Na” 19 033+32 360 11 744+18 069° 32 341446 490° 9 7699 328"
B Mg® 8954+8 118 1 77442 780° 14 0398 885° 9 45745 193¢
Al 14 906+52 770 24 658+79 871° 16 153+48 713° 4 43643 445°
fE s 42 059+34 625 51 194459 343° 39 848+18 722° 36 308+8 608°
w P 326 680+98 736 342 121496 021% 281 544+122 290° 366 637+17 798"
oK 13 432423 397 507146 474° 25 409+33 941° 6 7515 755°
£ Ca® 50 659109 546 23 265+30 825° 94 391+166 130 23 383+19 912°
] Cu® 2214194 228+229™ 132481° 3224210
B Zn® 2360+1 024 2241+773° 2028+1 134 2 867+919°
£ S 84+105 18420° 1434142 73+46°
# Pb 23+14 25£11% 18£10° 27+18°

e ARFRERERERE (P<0.05)
Notes: Different letters indicate significant difference (P <0.05)

A LLE HBR T P = X AR Sk A e Y O
KU, HAITCR S & & IR0 P 7E =i X Z [H]
H—E ML, ANOVA T s, T APA
Si”LAAM H A 45 J0 R A = I IX 2 A A7 7 I 35 22
(P <001, $3), RMfAEXLEEXERHITER
H A M T ST* 7 1 19 96 [X 2 (B AF A 3 35 25 5%,

R3 FEXAFEFEEZERBRERZOHETE
ZEXZEFESTER
Tab.3 The result of ANOVA of trace elements in eye lens
within 3 areas of D. gigas off the EEZ in the

Eastern Pacific Ocean

J5 225 05 % PfE
sum of squares mean square P value
q q

4 Na® 8.681x10° 4.340x10° 0.014
B Mg” 1.968x10° 9.838x10° 0.000
Al 4.975x10° 2.487x10° 0.415
T Si® 2.893x10° 1.446x10° 0.303
W P 1.065x10" 5.326x10" 0.003
moK? 7.027x10° 3.514x10° 0.001
45 Ca® 9.323x10" 4.662x10" 0.019
o Cu® 4.977x10° 2.489x10° 0.001
B Zn* 1.006x10’ 5.031x10° 0.007
oo™ 2.979x10° 1.035x10° 0.000
# Pb 1.246x10° 6.228%10° 0.038

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

HAth ot R BDAER AN X Z A C 2R
2.3 ZELHH D

TR HE 22 5 3 AN . Mg”, P KP,
Ca®, Cu®, Zn*. Sr™FIPb% 9ff T &K JEAT1% L H
BIHT, SER3ID IR M. Cu® Ml Zn®)i & %
T H51, bR 4k A1) 2 5500 Wilks' ME 2R,
Mgl Cu® 3 S 75 55— R A5 = 30 51 ok %k b BTk T
KHB o M B 22 5 (R4, S). B HI M oM 4
R, I P A 40 550 R B RT R AS [R] b 2 X3
(ZEZ A0 TF, 55 URVER 20 31 R0 53 A B 75.6%
F124.4%0) AL Z (E5)o 38 XK UF BT A5 =0 X 25
At BRI N B RR 69.2%(FE LS 56 P < 0.05),
HAJE R R . BB A R AN 5 5 N 87.0% .
70.0%F152.0%(F 6). 41 5K Fib & 5 8 F S0 it
WBXAEARGIFE, BSJEIRZ/RE#EFTH, W
SRR R IR T E89.7%, JEIRE/K ., &
SRR N5y 3R 95.7%F1187.3%(F2 7)

3 TR

R s, BT HEAA P MEITRY
AR SR BT A 1 A K PR ) W) B AN SR R
PRI AT FH R 7 B Sk R S B FfRE 3 L2 R A S
PRI AF A g AR —Se o i HA R R
T 0 3R Y 22 50k I £ 2R ORI Sk R R R R
SRMTA WF ST BBE , H A B AR foloht o0 3R AN R LE
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R4 FREFRBXEZBRBIE AL
MERTRFELHIIRK
Tab.4 Standardized canonical discriminant functions (DF)
coefficients 1 and 2 for each element used in SDA for

D. gigas among areas

JLHE R R PRl R 52
elements DF1 DF2
B Mg”® 1.153 0.085
i Cu® -0.090 0.712
B Zn®* 0.627 0.580

e FUM R BN NRIR & TT RN B0 2R B R Tk
Notes: Coefficients represent the relative contribution of each element to
each DF

FWCBEARAE B o B, 2R A SR AR 7 O T A3 1
AETEEE, AT R AR R I — A B — AR R
ZARERM, o B i TR W 22 R AN TR
(A TR K R B 3 R, TN 2 BE IR AR B R [
SRR . HZAHE, T A T s B0 i 20
U T T R TG S H R 0 a8 B b A
AR YR EEA AL, R R R A
A AT DU L B B i T 2R AR BAR UK ARAE
PRI A — 262 30 0 T R A A0 5
N TR N £ 10 N SRE D [EID) N 7 N = S
FI A1 it 1) 25 22 10 1R B S AR A% O M TR T R TE A
T DX Z (0] 9 25 5, RIS H 7R 25 28 £ i B R R A
SR RSCR 5 A AT

RGO Sk R AT — N KB W, It
IR R B — 20, e ] DB &
JBITE W™, IRIGEE B B 5 0 O BT 4s T
B, MATH L R TR SRR TR,
5 A BB TC P R e W] k) A Sk 2 2R
AL, 40, WarnerZ:P7H1 Doubledaya 143 51 8
343 B FLOCAR 2 W (Doryteuthis opalescens) A Y
H A0 UL K W (Octopus pallidus)#] 55 41 1A
B B R I 0 3R R ATT B b AR R AT TR

Oy MRS S RVE Sk R R BEMAHN L —, H
Rt B 3 AT BT IR R 0] o A S 56 R B A5

S X AN ) 1A X 25 22 0 MG o A A% 0 1Y)
TR T b, SRER, MEEOHNES
AT R K 0 ) 25 22 f0 N TR) M BB AAC R AR ) 531
IR0 69.2%, 1225 4 b3l i B A A% 0 1 Tl T
2 HUMNRORZE L KU B ) % 61.0%), (R4
I A 5T S00% 2 340 500 1 3k AR 2= (R S R ) 3
89.5%""), Kingsford55: ™58 & B, /NEE TR
fti (Parma microlepis)HR B i &t i) Mn® St Fll
Ba™* & 5 H AT HAHEY, HRUW & EANAMR
KEYZEH, MR 27k B TlE AN 2E R,
K RO AT DAIVE A BRI 23 6 bR o AT 5T & 81,
B T APTRISIZ LS HAR 2 TC R TE =1 X 22 [H] 1)
TETEM B35 25 (P < 0.01), TiMg» 25 24 8
SRR [R) B OR  RER AR . SR, il
WA B IA S MR I R AR AR 38 T — 2 2R Fh
B 5] o Bl an ., Pourang®E UK I T A UL £
(Rutilus kutum)f) oA o 885 Fr | A HEE FOHR I & 4
GREA SR TR R B, B A A HE R
JUER MM R A S 8 5 H A Y, KRR
EATLE RN RS i ] AR A, i R A A
MICEMBHB N GRS HAZRRK, ANib
AR . HAMY, HIA e e
Y E IR AR R E A, T IR R AR Y e R R
2N H A 22 R RIS & R E

R T ARKEE, KBRS
ST, — T AR B AR S R KNG R3S B
PR ANALHE (ME . R R S 53 591 O 140~340 mm
F1130~260 mm) 3= B3 475 75 245 38 BF I K s, il
BECHE i K 43531 24 280~600 mm A1 240~420 mm)
1A 270 B AR AT oA, R B O I
550~650 mm=% 1 000~1 200 mm, i i K hy>400
mm) A T AR RV R A2 K 45 R L IX
T3 A T 1 o MR AR 0 SR R LR A <R
B LAt Bk B BRRE RS R A st
2 A B IE B T 3K — A5, i I b oeg b A Ak R
LY T L LT AR . SR, R me R B

x5 ETRESERETENELHINDIER
Tab.S Summary of stepwise discriminant analysis showing the order of variables to entry for the three areas
I 3{% HWNF&R Wilkes éfzﬁ‘F% I HIEE L 15 H 22
steps variable F to enter F statisitic DF1 DF2
1 B Mg” 23.752 0.612 23.752 2 75
2 B Zn 10.388 0.478 16.515 4 148
3 i Cu® 4.209 0.429 12.835 6 146
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St @ Ju/RZ /K Ecuador
Cu® * .*}Z\% Peru
3 #F|  Chile
s
<
S 1t
< &
&5
el
=
x5
_5 . . . Z.n6b MgZS .
-5 -3 -1 1 3 5
FIRREL 1 (75.6%)
functionl

5 ZEXaRBEBEROCHETREFARISHR
(HERRIS%E FXE)
Fig. 5 Discriminant function plots of trace elements in
the core of eye lenses for D. gigas among three areas
(Ellipses represent 95% confidence interval around

centroids of each group)

F6 ET=BXRERFBETENELHIRIKRINE
Tab. 6 The result of a classification matrix with percent-
ages of correctly classified individuals based on

trace element variables of three areas

B R %/% BRI HI 5 HRE AL

X number of corrected classified

correct -
sea areas classification rate JERZI/R & BF
Ecuador  Peru Chile

JEJRZ /R Ecuador 87.0 20 1 2
W& Peru 70.0 4 21 5
#F  Chile 52.0 3 8 14
JAE total 69.2 27 30 21

xR7 ETABXRERFRETRENELFIRIRINE
Tab.7 The result of a classification matrix with percent-
ages of correctly classified individuals based on

trace element variables of two areas

BRI HI 5 B A K

number of corrected

F 5 R IN 2%

WX correct classified
sea areas classification % R FhE SRR
rate E - d Peru and
wagor Chile
JE/JRZ /K Ecuador 95.7 22 1
FE 5% R Peru and Chile 87.3 7 438
SE total 89.7 29 49

TR BB VRS ) 2 T 5 A A AN B 7
LA AT A R o, MR A O Y
Tt o0 2R AT L R A il 25 2C £ A [R] B R AR

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

JETRZ IR . A8 A0 R A 1 50 3] B B 643 5
H}187.0% ., 70.0%H152.0%, ANHEF H, FbEFE
FI A 25 2 £ 1 40 0] B T F B BAIK T B R £ R
AN, 3R PR R Rk R R AN 4% A A Y —
B o3 R A A ) 22 T M T B . AR B AN A
16.7% FEAS 1 485 1) 2 588 R ANt , i R S A
15 1K 56.0% (1) B A Bl 485 H1) R BR B A . SXRP IR A
AL HEF AL XgETE DT BA LN, RH
HAO X MEITTE X w8, e
VR ) S i 25 32 0 (R b BERR ), 4 SR 0 ) Bl
AR 61.0%, 3% 2 PR o b R R A1 1 A Y
R PR 23 BT 350 (30. 8% M Bl 65 I A Ml ) 28 5 )
34.8%IM R FIRE A 5 H AL ). 1T S4B AL N
BRI REAR G I 5 5 R Ik B i RE AR R AT
AL 5 53 BT 0 A ) 0 B T A v %2 84.7%,
ARSI A I 5 AR 5 ) R AR A289.7%., A
1187 TR/ NS IR - TRV 3 | P DN ) e |
BR-FIIE, S R RSN ZE T R TRk
Bk, ARBEFE ARG R UE], R IR A
F% 0 2 0 Rt RS B RN R AR B 25 S £
(2100 2 S (= P o it 2| 2= T SRS e S
B eI REIL R JE TR BRI . TV IR
CUMR RS | 30 5 RN 3 ) AN A= 4 4 R 5% (= B0 37 o1
EAVE Y R R FH 2R ) 58 ) 2 25 2% 401 9 IR 2
B2 N 5 | AN N b S VY (BT S 752
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Discrimination of geographical population of jumbo flying squid (Dosidicus
gigas) using the trace elements in the nuclear part of eye lenses

XU Wei', CHEN Xinjun "****,  LIU Bilin "****,  CHEN Yong', LIUNa', HUAN Mengyao '

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
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Shanghai Ocean University, Shanghai 201306, China;
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Shanghai Ocean University, Shanghai 201306, China;
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Ministry of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To analyze the difference of trace elements in the nuclear part of eye lenses in different sea areas and
test the performance of the microelements in the identification of geographical population of Dosidicus gigas, the
research samples were taken from China’s ocean-going squid fishing boats in Ecuadorian, Peruvian and
Chilean exclusive economic zones (EEZs) in the southeast Pacific Ocean in 2015 and 2017. The trace
elements of eye lenses were determined to study as the population origin by applying the stepwise dis-
criminant analysis, etc. The results showed that the trace elements in the nuclear part of eye lenses were
significantly different among the three regions from the Ecuadorian, Peruvian and Chilean EEZs except
for A1” and Si”. The results of stepwise discrimination showed that the trace elements in the nuclear part of the
eye lenses could be used to identify different geographical populations of D. gigas, and the overall discrimination
success rate was 69.2%. The discrimination success rates of Ecuador, Peru and Chile were 87.0%, 70.0% and
52.0%, respectively. If the samples of the two regions from the Peruvian and Chilean EEZs were combined and
then judged with Ecuador, the overall success rate rose to 89.7%, compared with 95.70% and 87.30% off the coast
of Ecuador, Peru and Chile, respectively. Mg™ can be used to identify D. gigas from Ecuador with Peru and Chile,
while Cu® can identify Peruvian and Chilean. The high rate of mis-classification between Peru and Chile
indicated that the two may belong to the “Southern Hemisphere” population, while Ecuador may be
independent of the “Southern Hemisphere” and “Northern Hemisphere” populations due to different mar-
ine environments.
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