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WMEEERETPERNRFEERN —ABMAR, ERKR KA ME LR P&, EFH
ERBHANEDTESER, MEERTEMMFHXRNRANEERRE 25, L RE
HEWEEARGEH KR, BN RREERAFNF AR T EQERNHIA L
FHRELR AR BUEREETE AP RETRREB AT E R, ELREMHR
A EEEQNMBEEEARERETARETERE N 2R, KRABETRELSHE
HEAKAEXRWAEERETRENER BOA RN E K REEEABWREI
R, G RABRAN EEEINUNREREFRDRRNAEES GRS, BSRPT S/
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B4 (statolith) S T # 2 (statocyst) Pz
TR — X B, B R Sk A SR N R R
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B RAERAAE KB EAR B
R, BT EYERSALAR P HEBTRAMRALR
FhE R T, B ECY M T iR AR
VIFmROMHEAESHBIR RN —FHXNTF
B e e ek g e
ek WEAPAR T ENA, LEXE
A5EREAERTZ MBI BRI MRS
R, EB A NBRIRES , ¥ R & HRMSCA
TR R R 8 B AR 3L
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B RERENTNRENKRS F MR T
R AR LS O mX sk R R E A
MRS RET B, FFEESTHE TR BT
F AR B, v B T Rk
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AR Y AR G AL, JF R IR LT B
ERGE . RS AETIT WRAMAENY,
T YREESEANBEAK 5% E, FRHE
RIRASEL A RIE B SCh , B A R A F &
MENSELBNHAR 4% ~5% , FE
WAHEERE Y, BEARS A TN
P , 1R 884 5 W ( Lolliguncula brevis) B3 HH)
BHRFEEE S M TEN 25 ~200 ku AR
HEH.1 FOTFEAN 100 ku M2 #HEsTE
BT S E AR ;W& R (Mllex illecebrosus) B
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AHSLRESREMERBEER™ . Ba
H K8 (increments ) fy B 4¢ (light rings ) R K ¢
(dark rings) B8 73 40 B, R B0 2 B R IR
B BB VAR . EEAMET
YR SE IR, A KA TIAR S & H R 73 3
HERBHHEXE" K P ABEHEAEEWE
AERGHEETRMEERE",

2 BAMETTRIIPIE

2.1 HREHE

&%, KRR SRR RHATYR
AT R PR TR BRI RS
FABEAEN, ARG E— RI AR JEFHHEA
MBS REIRERAT, XETESTKN
BB, TURAER AR S 8IEE /N, SR
BB ITR . METRREBERESERNT4R
AEITE (minor element, ¥k B > 100 x 10 7% 4
Na.Sr,K.S,N,CL P &) fIJK 8 5T & (trace
element, ¥ & <100 x 10~°, %0 Mg, Cu,Pb Hg,
Mn.Fe.Zn %) Bf"™ . i FBA K340
REY, BEE L R R HEAMEEE K, KT
BHHRERAPRAFETREL ER KA
BT, Sk RKELITHR T HEA 44 R B
A TE KM EAAE , MK IR B S B EH A
BILRNHE, EdAEKSENEADHETT
RGBT, AT LUA R R 433k B 2K
BER, T ELX 3k R S HE i BT L R I S A TR
G307, A RORBE Eh B R W R I B B B R
BEEREEM.
2.2 MIRAE

BRI TR EXBEAMBTTRE M TEE
A RS SE FRiEE (inductively coupled
plasma mass spectrometry , ICP-MS ) ™) 33 ik
—H RS % B 7 KR ¥ (laser ablation
inductively coupled plasma mass spectrometry , LA-
ICPMS) " | i F# & X 3£ & 5 ¥ (proton
induced X-ray emission,PIXE) "° % [F#: X 5f£:
% Yt 1% & ( synchrotron X-ray fluorescence,
SYXRF) '™ B F #4113 B = (electron probe
microanalysis/Electron
EPMA ) [14,26-29] RN
secondary ion mass spectrometry , nanoSIMS
BT IR R 1% v (atomic absorption spectrometry ,

microprobe analysis,

WK B T Ji 7% ¥ (nano

N

AASHIPU BB A S B TR E AR
( inductively coupled plasma mass spectrometry
with optical spectrum analysis , ICP-OES ) ") 1 Jf&
T B 8 4 7 & ( proton back scattering,
BS) [24,32] .

W RA%EF B T M% & (ICP-MS) kA
ICP-MS S EBELHBA """ . OBAH & 5K
5. BATERESHRZHEELENAERTK
BEIEVE S min, FAEBE T KBPHER3 B, A5
EREWAED TR, &EWEOEHZ 10 wg) 3F5F
IR QMR ERELHRFELENM
A T0% HITHIRIR R, R G EB FKMBZE 1%;
ORI, RAZEHE T 247 (multivariate
ANOVA MANOVA) F #5134 5l 43 # ( canonical
discriminant analysis ) 474~ [F] 1 B B0 355 7= B AE
BHAZETTRNES

HH ICP-MS RITEH MBI K E ik 4,
EHTATAMTEAHETE" , WMk
FEFAETE G K IR LA R R AR Y g R T
o HLA SURER, TR & H 288 21K
AR EITTE ™ B A RE M A 51 b 44
Brakim ERME TR, RN A B A F
MEEAWEERMETE.

AR h— BASEF B T RN % % (LA-
ICPMS) ¥ A LA-ICPMS E T IGE 00
ZHI, HEA B TR B A, RS B
B P EEFIAN A, REEEE T KPFEGE 3
K™ o LA-ICPMS % [8] 43 P 5 — A2 30 pm L
|, BES LA MR BRI R ZH B TR (0 K,
Na St %) ™ 1277 vk U0 AL 1 Sl 5 80 00 X
B, T AN ] 3 B g B W B R E T
R BRI, BB TRE R TS R Y
FHAANLOKF, MixEE H RKF, B E
BB KRR

T #AE X 4 % K4 % (PIXE) *H
PIXE B e AT B TUR 44 el, B EEX B At
TRV R, AR5 BTG W B A B TIT B
AP BB RARAT B AR BB TR
STRIEDL, — Y B 7T AT LR SRR 5 %
B3R 3 wm, — AR S BRI R
6,40 Sr.Ca . Cr.Fe .Cu.Zn Br &%

B ¥ X # % % &% % (SYXRF) RH
SYXRF ¥E7E /¥ BA i, B B 3EAT W 3T
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FHHIRL 40 pm ) H R, 2075 T A ] 5 371
EFEnx AR Ca 2 Pb W T TR BT 2
B, HAR A TOEE: , A W] B 4007 2= 1) 40
R, Wik 12 pm, BHANHSGEMEYTEA S
H 338 XK SURBE &, ST R A H R R AT 35
0.5 x107°1%)

W TR 48 & % (EPMA) >k F§ EPMA
BT EAE, FS 2R Ea TR RS
BB RA SR G KRB G, =
IS HE 1 ~3 pm™, BE ABE 35 LT
SR, B R BV B B HR I e B KT 300 x 107°
KLBIGR, EXREP—BAT I S
Ca,

AR B F & % (nanoSIMS ) P3|
nanoSIMS (ETE T A B, AHFEREATE
TR . BB E o REK R, 7k 400
nm , B L ATk H KR
2.3 MAZR

KEKBEAMBILRE FER Siv/Ca B 5,
St EKREREAEYT LA BPHEERMA
a7 ERBEART SRR A TR HE T
xRS L RIS kT N . B
KRKEARLEWENHRFEZ WA, K
h—FWEU N, AT St SR 5RAEWERF
EHEVIRR, TEBEREER ™, Rii—
SeR2E MR, BRI XN TE M B X R X
St & EH B TRIEWHME ", X 55
HW A, Zumholz %7 35 FH ¥ 4 P R
nanoSIMS ¥ M\ H ¥ 7K 3 73 7 B 5 W ( Gonatus
fabricii) BAMEITTRZR, St WTRAEZ TR
o

Bk Sr.Ca 5F, BRI H MR B TTRELHE
Mg.Ba,Na,Cd,Fe,Zn,Cr,Br,Mn,Pb, Cu, As,
Nb.L.Y.U %, Mg ik R7E B A RS2 d
WEREEEMA"Y ; BIE(Sepia officinalis) BF
H Ba WPLAR S EILX, BB ER S M4
FEARIERTE™ O HE A+ Na IR
HE /DT BRI Cd W 1E K7 BIEFE B LS W
(Doryteuthis gahi) 7 [F] 7= SR RERI 4> B9 A4 5 K
SEHEREF A ( Todarodes pacificus) B ¥ Fe F1 Zn
SHAEKREEMEE™,

AR S HEEBAMETREALMR
RPN, Lk REEAMEB TR EHEE

YER—F RV IR R 43 KA RS, M5 v
Ve [F THEAIEE T2 DNA &% 3k K Rh e
g —A#h7E™ , Arkhipkin %" B & B, B3
BHE AR 2 8 54 A [7) i B RE A AS [R) 235 7= B
HEAWMEBTES/ANE., REEHNEA
Mn/Ca.Sr/Ca #1 Ba/Ca & K &R K, T Mg/
Ca B RPU VR BKAERER H A Ba/Ca M1 Cd/Ca
REE At LR W I 3 K, B RN EA
Ba/Ca 1 Cd/Ca [ ™At 0 2 BE 3 0TI O8L /) 5
KA BERY Mg/ Ca F1 Mn/Ca 5 M BB B I T
B/, B R St/Ca 1 Ba/Ca &P BB
IR K, Ikeda S 55 [F] 3 2 IX 45 59 WA K
THREEAEMHLARARER St/Ca FEN B Z
55T Rodhouse 4™ BF5Y 43 HIR B T rtk B m
[X (antarctic polar frontal zone , APFZ) f1ELIEEE
TEFfi 2R ¥ 4 X [F] — #p B B £ B R A (Martialia
hyadesi) M R BLE-A St/Ca THBER
AFLSW  ENNKEEREARHEAE
KRB FERIFE P ME TR T, TEESL
BRI AETEE, keda E P RIBEAHETEN
3T, AMXEEE T R R AN A TR, A
A5 H WALAR KBS RE 5% T B /N B 7= PR 4 00
WL ELRFE, Yasu £® @ ELGA
[FA K BB St TR 2T, TR A L R A K
BERBAER, 18K S (Loligo forberi) A [F
AR BE AT St ouRZEA D, R HA M
BN BB 5 A FK 58 T B R T B 3P,
Arkhipkin 2" W E. 7 Cd/Ca 1 Ba/Ca 754k,
HWT A S EIE R TS W EEKESE,
Zumholz™* 32 Fj LA-ICPMS 3 M B ] B 51 _E 4347
THELSBIEATH O MEETTE, —FEMN B/
Ca FABALIESE T B8 2 W 4 4F B AR T8 75 3R B /K I8
MBAESAEFREREKE, n—FERERA S
DZEAMEIX U/Ca T St/Ca ZRET 3 I B B 12 %
AR K X #4710 #% . Rodhouse 4 R H.
f St/Ca RSB HEN LE R AR KX ™
wEFREEE KEEXHAPSIFE(E
[7] Sr/Ca) 5K BERM R, Tkeda 21 43
BB SR EN K FHEREEAEAR S
BR,RAGKRNES St 5 B&ETREBKX
B St F & AME TARSESE M T HREAR
o5 MR B, A2 0 T ML B 32 8 ( Ommastrephes
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bartrami) HUKFH B RAHATH St FEF/ T
BHE AL B AR 12 8, ( Uroteuthis duvauceli) . B
B, ( Uroteuthis chinensis) \$|924 2 W, ( Uroteuthis
edulis) F13E &) 12 B8 ( Sepioteuthis lessoniana) ',
AEETREFNRAHEAT ST EEWE ST TR
W B 2 R A ( Dosidicus gigas ) Ml B 5 I
( Sthenoteuthis oualaniensis) '™’ , HZA¥git¥g8 L
ERUS 7K B8 i) 7K 5 ( Enteroctopus dofleini) B 5 Sr
HGRESHEFBNREKREW B AMERED,
RELBLKEAT Si/Ca BH EKREBAMHER,
BRHE F2 5 /KEKIREK H 2R/ E R
St/Ca 5K KRR, REAREZHREMME,
BREEXHIAE (HRBETHRER KX, K L
FEHTRERKX), RKEEHRIREZ T Sv/Ca
WEEBAKBBHANE, Flin. FEEERE
B /REEMIEERBEFEHNEFAEAHE
Xy R R, REP R ARG BK IR Z B &
BR Sr/Ca T BZ R, MBI IE R H
K, B TIREKER, BREEBZIHIANE, /I
HIERIRZN Stv/Ca /N, ATET H ARG
B H KA 2 1, ( Heterololigo bleekeri) , H. H-4 W )
St/Ca WAETETE LA S AR E B SR IRT
FERAM I, T EAR S A S0 S A B
RN, BIERE U S BEA H ) Sr/Ca fil
Ba/Ca 57K i B #8 3¢, Mg/ Ca il Mn/Ca 5K
TR AL AEAH 2% 5 XA [ b P XS5 ) B2 3% R B AR 5
TR IR, A TR TR Ve K X L35 FF B AR 5
HAPH Sr/Ca ", BIHE A4 Ba/Ca 51
ERAFER,VCa SEE(T) BIEMX, XRKD
HA Ba/Ca =26. 89 - 0. 574 il I/Ca =1. 49 +
0.244T; 1M St B S5 RELH BAHRME, 5
HELERBRAM, X REH TE /M EN T
BARFE™,
LREEAHEBRRSHBUHFE—EX
FRo FIHfadEs BB 3 S AREE &
R, EfSSBEA+H S FBAR , o4
TREEMEEXNERAaE A, H St 58
BETEIEETHERMGR, 4&5EFHhE
T B R P % M M R 5 B ( Loligo
vulgaris) , LEA HE) St Ml Zn S B IWAEF TH
BFRAILEMERE DS, — AN,
ERFERFNLSH, HEAPH Sr.Ba F& 58
BEEXHEXE, M LVCa SHFELBEM A

%,

Btk BEREATHMBTENS B RES
Fith A7 7ER M . Hurley 2™V B StCl, Ins& A9k}
RBEZA , REREEA T St 5] 58+
St & BRIEA, Zumholz % ZEBISYiEIR fE
A ME T R 37 89 1 R i % B, 48 4F ( Crangon
sp. ) HWE B 1% 1% F 7 Il X o B Sr/Ca, Ba/Ca,
Mn/Ca, Y/Ca Bl & . i K ¥ ¥ & ( Clupea
harengus) BV A B A O X &, R JL
FTES Ca HETHEARR, LkEEMERE
R — R AR 2 i — A B R e R,
S48 HREREAN A RERDBREG S St &8
BB AL, H SR St & BVEAT AR, T B
Bk R KB E

3 BRERMRKBII

kEEBEAHRK(C.C.*C) (A (0"
O) Ff R —ERE LR T 3k B HH A T KR
BB SRR A K %5 B, Landman %'
BEFEAF OB BERRKRELH
(Architeuthis sanctipauli) 457K R4 10.5 ~12.9
C I8 E 5 EEKREIEHEE HA K
¥ 120 ~ 250 m; RIWEAH A“C BHEIFF) LK
AL N TG R TR, N RAMRRE,
HEAS 8" 0 W 185 A BUK IR H 48 T4 ; Wi
8°C BN R BRI EA A, EWRES Mk
REHRME FESE Y REL,
s wlR

bR ICR L BREEARECH AR
MR —. HIFHEELREENEY AETEH
IR A B E SR, X SR g @
RBHEABRFELVIREREA T, RAEELX
HAEKL EARie Y e g LASLER B #8351,
M ERSCRE RA H A, ATLELE
ARPRICYIA YR K258 (40 OTC A1 CTC) |
St TR HRAR S (AC) \LL K CA(Calceine)
aels]

T

WEE B Rl U 7E s R A e A il A
Y SUBR BT S A T A R, Sk R R B A i
BILRHM RN AP BB SN, MEITTRM
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B R TE L B MR IR B A 7 B Bl B 36
REESHTERE TEERERH. EIMELEEM
BRI AT EIE T B, EKE . 8
B RS IRER T LEKR) MBI H RS T
RFH R RD 2 Sr Fe . Zn SHEBETE
WA ERINR L B HAEEARM BT,
Bt FE AL BR & E R B A TR
HIBFSE AL B E TR LEA™ , Hik, &
ARSI SR 7 SRR LIS E N E TR 7
T BTSTRAE RS %,

Y3, REB AMAAERBTE L REY
RS T A SR, BN 45 I T4
— B[, H4E, BANELEXEAMETE
KFEERE B2 EE M REK TESE
IR MAGRR R, ok M H K Fair 2/ E
TR, Ht A T AEHE] 286 _ BT 2R n R B4
BB RA LEESZMNE L. HIK,
BRI TTREHRNESF Sr.Ca,Ba Mg 5
DI ITTE L, B EEETTENHRR DI
KB, E=, HuMETENNARRETEESP
7E St/Ca 5K X RMBIE, ¥ BB E AL
SAUKLSEEMEYRRNR BEAEE
AFNFEAY , &5 AU IR 3% 7 T B o
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Review of studies of the microchemical structure of cephalopod statoliths
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Abstract ; Statoliths are paired calcified structures within the statocyst providing a sense of balance, and they
are also an acceleration receptor showing much information about biology and ecology over the life span.
With the study and application gradually elevation and improvement for otolith microchemistry of fish,
corresponding study in the statolith of cephalopod become popular. Recently, microchemistry study is one
of hot topics in fishery animal, and more and more scientists are interested in it as so much biology and
ecology information was showed. For the purpose of providing some reference to the researchers, studies of
microchemical structure of cephalopod statoliths were reviewed. Presently, the main contents for
microchemistry study in cephalopod statolith are composed of inorganic and organic molecules, minor and
trace elements, isotope as well as microchemical markers. Minor and trace elements were the important part
among the application, which played an important role in discriminating different populations, analyzing life
history and reconstructing inhabited environment condition. Some good results have been shown regarding
relationship between the elements and environment condition especially water temperature, some of which
were considered as a thermometer for reconstructing environment temperature. However, studies refer to
population discriminating, life history analyzing and influence by salinity and food for the elements were not
enough, moreover, most of study concentrated on strontium to calcium. Therefore, we proposed that the
elements value study should be performed at daily level according to different temporal and spatial serial in
the further research.

Key words ; cephalopod; statolith; inorganic and organic molecules; minor and trace elements; isotope;
microchemical markers
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