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High resolution reconstruction of water temperature
estimated from oxygen isotopic ratios of a modern Tridacna
shell based on freezing microtome sampling technique

Tsuyoshi WATANABE* and Tadamichi OBA*

* Graduate School of Environmental Earth Science, Hokkaido University,
Nishi 5 Kita 10, Kita-ku, Sapporo 060-0810 Japan,

A modern Tridacna (Hippopus hippopus) was collected on September 5, 1993 from a coral reef at
Ishigaki Island in Ryukyu Archipelago, Japan, in order to investigate the environmental changes
recorded in the shell. We adopted freezing microtome technique for high resolution analysis of the
oxygen isotope of the shell. A portion of the innner layer, where daily growth lines are observed
under a microscope, was cut out vertically from the inner surface. A stick measuring 20 X 1 X 2mm
was then placed in water and frozen. Using a microtome, 50um interval samples were pealed off the
stick in a room maintained at —20C. We determined the date of the formation of each sample by
measuring the distance from the inner surface of the shell and by counting the daily growth lines.
The water temperatures estimated from the oxygen isotopic values at 1-2 day intervals agreed
very well (correlation coefficient:0.90) with the observed water temperatures which have a
seasonal temperature range between about 20C and 327C. This implies that the Tridacna
precipitates its shell in isotopic equilibrium with the surrounding sea water and that the oxygen
isotope values are mainly determined by the water temperature.

Key words:oxygen isotope, Tridacna shell, high resolution, Ishigaki Island, calculated
tempereture, freezing microtome sampling
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I IRELA R EORBIEEREZ AW TLEREL
HBRLE) ETHAML, REFTETELIHERELD
ERETHNIITbR B LI o TER (BIRIZ,
Gagan et al., 1994 ; Alibert and McCulloch, 1997),
LaL, €RENOBEMENIZENT 2179 L TRT
REFDH Y, B RPFEHEL LI LA
TELRVEENL L hholze 9 LicheT, ¥
VIRIIELS BERT BT Y 24 (Tridacna |&) 13,

*ALHRERFERERE  IRIRER R SRR
T060-0810 ALWEMIALXAL1054:75 5 T H

BOBREEFEL, B 1mULoBRRICET
22bdbdY, FTh2OBRMPIERITHEL O THER
WEMLAT) T ENTE, HRERITZBHHET
1B L350, MERMAMEBLZ > TWwd, i
2, YxaF A OBRONBIZITHRIHL T 5 HEMR
HEIHl SN B DT (Aharon and Chappell, 1986 ; &
B, HFE, 1995), REOLWMHKEES 2 TERTIIEH
B TOHREBETCOHFETE S,

INETIE, Yy ah{ oROBERMALEE -
THBRERT AT 2R L LTUT O 00
%, Aharon er al. (1980) X, T T7Za2a—F=T7®
Huon FBICHET AREEY  THED S b, 14T74FH
251055 4EH  TCHR SN KBRS 2 h 2
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NWIREL L 724U Tridacna gigas Ok L BAEDY » I
M SERILL 72 Tridacna gigas DX OERFE R AL %l
EL7e TLT, ThHOMEICITLRROEBELEDE
KOBERMALSLBIA TS L LT, HED
Tridacna gigas DR DBREFMAKRL & DLBH S, 14
FIAERT A £10. 5TT4ERT E TORKEDEALIHE ) Ak
A ZHE L7e £D%, Aharon (1983) X, H
CANT T 22a—F=7OUTGERNH»SHET TOR
Y THEOZBR 2 51U Tridacna gigas % HFEL
L, 206 OBERMAE»S14FERH» SBET T
DiFEKRELEE % RD7zo F MBI, BED Tridacna
gigas DFHEOBERIMAKRLEZWEL, ZOROBER
MARHIEIZIZAKRIC L » THRE SN, RISFECATEE
TR INzEH/E L. 20200, FEEED
S/ H N5 Tridacna gigas DR OEEFZFMARLIX,
IREZALICHE S WSRO R OBE R AL & HiF

DEDHFTOXRBEAOWH A EETHTEY, Kl

DEEHEALERD ZICEBICESRETHTETO L
BEhDDHLEBRTW5SE, 2D, Aharon and Chappell
(1986) 1x, /877 =2 —F =7 DA Tridacna gigas
L VT ERIAEDRAR Y » IO RB A SR L
724 A Tridacna gigas D4 DFRIZOWTEICHEE L
AR AT o 7o 1T, BFRFAMAELZIE L2, Z
DRER, BERIZIZ0. 5~0. 8%0 12 K SEEHK Rk D
BB EA»RD b, ZORERITKBOFEEHELH
EMEh7-dbDThs#mlLi. 20 LT, &HEE
DOEERFRMARLOFHEL LB LT, BE4FEMD
HEAREE L BEERMALE OBBREHRL. T,
Y aATADBRONBIIRONZHBOEE NNV F
&, TRERE LIRS N, —OBEENNY Fo
FMICHE L ZEZ 5N ERIB68. 4 ISR S h
LT EDEE Lz 72721, Mo OBmZRMAKRLDH
EREREE, FHRIICERKRTHI0RETHY, SHTIESE
DR IIEVEHENHDTH D, Jones er al. (1986)
2, HERKFHEDRose RETHRM SN -HAED
Tridacna maxima DR DEBERFINAKRLZHEL, 20
R OBRFEFMARLL OB LIXAT R I B THIRE - B
B, BFICBVTRIEE - SREEERT I E T H
H L7 B ORERIE - BRSROBERMALOZE
TBIER 2R R % D2 TR WEIER T, #2200
RIRNE - HIRBBOBMERMARLOBLIE R L
MR IEBAOLDOTH B LEE Lz, ZLT, —F
AN E UL, BRFZ T 5 EMICAERN
DIFINF—ZROAKRIE Y LRI 7201,

Wex %R &

330) & JEETR N AP T AR [F: Y SATI VAL
R OFIEIRIRBICR 5, 20, BHEIICLZ ERE
HEDVEL 25720, 1FORREINEL, BROE
SERE & o725 E, BRI OBMERMVALOEL
EHEO L DICHRS & X ) BREBIC 2 5 L HH
L7 Romanek e al. (1987) %, Jonesetal. (1986)
PSH\ 7z Tridacna maxima OEEKD K EEE % BRE
PARK DO BRI ZEAL D 53R, LR R 3 253
< (FEH12mm/4E), RBRPBOREREILEY (B
4.2mm/HE) T L EHEDID, BRAICABL EEHICI
HEFED 72D I FNAREE TIEBRERRET, /2, K
BAEEIEL 25720 B0OBERMAKLDELIE)
EII KRG, SEHHOIOIIRD LV
Jones et al. (1986) DEZHHBRYULIDTHHIZ &
ZHENDIz, bokd, KO OMEFRLIAL O E M
fRix, SEHTHLERS ~8RAB LML, o129
AL LT0.5mg b D REEIER VTV 5 720 i
BKIBOFHEAPBON TRV ENED » 5,
Romanek and Grossman (1989) ¥, Rose JAETA
BIREDORZL 5 Tridacna maxima #FBWT, Zh b0
BOBREFMAKELP S ZNEFROKEBEOEHELEE
L7 TOFR, ROAT (1m) TRES hi-EF
DEEFZRMARLE, T (9m) TERME A0
IDHEEKITNIVE (Thbh, BwKR) 2R
L, BIEDREWZ LPbhoiz, OHAL LT,
ROHPRGKE L D KESEL, BHEMIKE W
ZERMATE D PASCEERFAMALE b O%KDOE
B2 Twad @l 2o Pitzold e al.
(1991) &, 735 F BOBAED Tridacna gigas DB
ENBOBERVALEZRELZLZ A, ZhEFLD
BRFRFARLIZRONDOFZBF L FEFICIVEMHEZE
AL, KEPFBVERICER S 5 R ITBER AL
W&, BOROEBEOBCBITE LI, KRS
BRI EERFVALEERE L, ROKOEBFEH
BRI ND EHRL. 2HhTHHNBORE
FEARR OB L ) BBICBRONROBBREMNIE LT

By, £, BEFEEET COBRBIZILLAREDOA

WCHEICHYE T 2RERSBOONL I DD, BT
FERE T 247 ) B A IR AREIZINNE LD B

- NEOTHFELTWD EBRNTWS, 15 DOBRERN

REOMEEMEIZ, EMIC~17TRBE, X0 S0
o TETWBED, 138EHT0.5mg D REEIE %
HUTwa72:0, BEKRCREAROY -2 %L
ATWRWEELH D EEZ 5N D, Aharon (1991)
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BEY A 70 b2 FEICEABRET Y ITABD
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&, b= T7) — 7 TRILL/z Tridacna  gigas
DEBEFFEMARLZHEL, BROBEFRAMAKLINZ D
R DKL & FHEEN D R AT OMEICE
CEZHER LT LA2L, MrWEHBIIOWTRTA
&, HIEMTE, EBROKBRE»LFHEINDE
MR& D DRELBERVALKOZSFEZ LS, Z20H
M & DR OB OBRE FMLAL ORI, KIiRE
AELISHZBEK & R X 51K OBRZE R AL OEES)
MWEFEEINTVBEDTHEEHR LA, FRIHL
T, BHAMIIRIEFRMALORIEI/NE L, EBOK
BOFHEOLEBHREAELFLTEST, TOHEMH
1&, Romanek et al. (1987) & FARICHERIRZE WX
e LIk ) BRICEPFMNAFER TR SRR
57:0CTH2HEBRTVS, LHL, Aharon (1991)
DOWEME D FEM 5 ~ 8 Sk LM<, BEKRPHE
KEDE—-7Z2 52T EIRERELLV, TR
L, #Eg, K% (1995) 1k, AFETHW DL
Bl — D > ¥ 374 OFBITOWT, HEOFHNIIIT
blaholzns, W5 AMICI2ZZEABEVI T T
WCHE SN LDV E SR CERERMALOH
EZITV, ZOBREFAMARLOEEHIKIROFHEL
Lo TIRIZREINTWVWA I EZBHELMIZIL,

PED XSz, ¥y akL onomzEMA~LIZD
WTOINE TOREIZ, ZOREMHELIKEIC
LoTEIFIERIENTVDLLEWV) ETE—HKLT
W % %% (Aharon, 1983 ; Aharon and Chappell,
1986 ; Jones et al., 1986 ; Romanek et al., 1987 ;
Romanek and Grossman, 1989 ; Pitzold ez al., 1991 ;
Aharon, 1991 ; %, K3, 1995), fE ko R #AE
(Jones er al., 1986 ; Romanek er al., 1987) *, %K
OF A (Romanek and Grossman, 1989 ; Aharon,
1991) ZEW Lo THOREBER TS LI WMEND
b0 LHL, ShHofETE, SR ORIUER
AL R REEME VN 2D KRBV D Y — 7 2 iEE
KRR BIEDNTELNDIZ, ZOXI REERIC
o T2 RN E V. Yy O b A OWNBITIX, B
Bl X CTvw 3 (Aharon and Chappell, 1986 ; IE,
%, 1995) Z&HH, HEICHIET SR EHRIML
e ETRMARL DG 24721, LABRORMEERBERT
EH53TTH5,

Z 2 TARETIX, RIRFISHEEIFY v THT
BMSN7BEOY x a4 OBICOWT, RBEE
MR BL, 4270 b —-22HNTHH L
W KK A 1 b — A% (Wada, 1988) AL

7o Thbh, —20C DR KA TR R % 50um
FRE W) BARETHY, 2o oBRAEMALD
WEETorze —F, RMALONEEFT- 728
& B OBEMBE T CHRN L CHR R T, A
TRIHE R DB RBDITR SN2 AR IEE L 2
DLET, BEFALZME L TES MRS 5k
BAEBHL, EBOKRE KT L0 ED P rF~
LOTHb,

2. TERMEESHHE

2.1 WFEH#E

ABFEICHW2Y ¥ 3 A4 (Hippopus  hippopus)
i, BB ARER)IFEOY » THE (Fig. 1A) 28
WT, R HK500m B - NHIEER (Fig. 1B)
DOREHLSmICERL TV FHE%219934 9 A5 H
WKRRENbDTH B, ZDMEEDHEEIX17cm,
BEIX31em T (Fig. 2 A) , BEE, H (1995) 12k -
THESIEN TN bDEE—DbDTHD,
7z, 199547 A26H L31HICY v a4 4 JREULE & 13
(Z A T HEKSOmI 2 RELL, K OBERA AL
FHELR. B, HBODICHW:ERT—4
i, KR - EHIZOWTIENESD S #10km BN 720
E#E (Fig. 1A) Ob0THY, KiRIZABEIm, &
TEARELZ2M DETH S (HEAFHREL Y ¥ —%K
RET—%, 1997), ERKHHE - BAKEICOWVWTR
MR 6 13km BN - REE (Fig. 1A) b0
v (REUT, SDP - KREZ 0 EAKEN 7 —
¥, 1993),

2.2 AEYA 70— LECEBEPHENS &
AFFRTHW Y Yy a2 H 4 OBRONBIZIX, #FE,
K (1995) OEEFRRMARL Y — 725 1ELHEES
N80 2em ORIZ, 1ZIZ60ROHEER (HE) 48
Bl shTwa (BB, PRH 195), 22T, 0D
HE WIS T 28B 2 M 572012, ROXH R
BREGER A L2 9, Yy a b L OBFFOBD
IR % R TEAD S BRI TEEICYR L (Fig. 2

B), ZOPUKE,»OE S 2mm BN & HI/EL

(Fig. 2C)o ZDHEHIZOWTEORNEET» S E
312.4mm, (E1.0mm, 17 %2.0mm OEMRDO R

- BEERAOUNEE ATl )L (Fig. 2C D

EHRED) o FOEMRORE 2B HZ TREDIZL
72t (Fig. 3A), -20COEKBENTA 70—
A% AWVTI2. 4mm O & #50um HEICH D 75 L 7=

(Fig. 2C DE#E 4, Fig. 3B)o = DXEEDRE
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Fig. 1 Sample location of studied area.

A : Location of Kabira coral reef at Ishigaki Island.

B : Sampling point (solid circle) of a living Tridacna shell in the Kabira

coral reef.

Fig. 2

A : Schematic illustration of Hippopus hippopus.

B : A cut half of the left valve (Dotted area in Fig. 2A).

C : Transmitted light photograph of the cutting section. Two
sampling lines from the inner surface of the shell are shown on
the section ; solid line : 50um intervals, dash line : Imm intervals
(Watanabe and Oba, 1995).

D : Growth line of this Hippopus hippopus.
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BHRA 70 b—2KICEBBEY Yy a4 BO
BRI AR AAT & 0 i S B 3 2 KR ZEL 91

A 1.5cm 2cm
I
A
carbonate | II
stick | Il
I |
|
| |
<L /
water ice
Fig. 3

Freezing microtome sampling. A carbonate stick sample was freezed in water

ice and shaved off at 50um intervals with the microtome in a freezing room kept

at —20TC.

A  Image of frozen sample in water ice

B ! Sampling with microtome

R4 b—A%HWE LSRRI 25T
X, KB —HICHIoh&E LiFohb 228 EA
BT BOTREETICT A, T2, —ERBICHI D H
FTILERTELIOTHRRLAETORBIZOVTHD
NRIRED»SOHBEEZROLIENTE S, —H,
T X 2H A OFBOYWIE O 210085 0 M EE
TCHHE L7 (Fig. 2D). HE®DIFIES. 3~77.5um
THY, FEMENBICHE> THREZERZ S0 LR
BONMRR» S OWEEZFNT L2 L12E-T, =
420 b—ATHlo 725 ARROETIIONT, £
NODPER SN HREZRETHI L TEL, 20O
E)WAMRBO VO o—DIC ERELREHK HE 2 KE
L7z ECRMAR O 217218, KBETF— 5 & DRk
BB ETITLENTE B,

2.3 A%

XA 70 b —ATH YR o 2kiEDORE (#50
pg) Z/ANSILEHFICAN, BREZEHOSWMOMLE
BICHEERBIZ AN TS 2R EERTER S
726 TNHLDOREBERAF VL ABONE LERICH

,ﬂ1¢fm%9/@km0CTﬁméﬁto%
ALTBRILRFEZBREEE (-196C) BLXicz
w7w:—wbﬂ%§i®ﬁ%ﬁ(%—mﬁ)ém
WTEZERTHE L 72%, MEIEF2 (1982) L FEERC
AEHEAR L BMEN ISR LR EES
Hr&t (Finnigan MAT251) # AW TEBERM KL %
W Lize Fio, WBAOBERMAKLOEEDEDR

AR, Yoshida and Mizutani (1986) @ 4% (i
K2.0ml & ZEEILRFE (FA 27 o TEH#99.9%D
Ty YafkA) 4mlERYTOELVEIY) Y
AN, 25.020.1COBEREL S BIC—BlE- THh
5, FMAREHEICEL DB REL S, BT
%) BRE L. Yy al A OBROBERAMALOH
EfEE, 25.0C TS SEEICET 72005 RK
DOFJIEZR A 72, TEERF O PDB OBZEF MK

PODREZUT DL ICFHRCKRA L, HEH

B (£10) 3#*0.03%TdH 5,

s — {(*0/°0)sample _
8 O"(G%ymo>PDB 1) 1000
3. & 7

3.1 BARRfL&

Fig. 4 OB LI, Y X a4 ONEEEH512.4
mm O %50um H R IHE LB RE MR oM R
BRY . ML, BIEI Gz L T ¥ a4 $REL
HD19934E 9 A 5 B2 5 S 0D - T, 19924104 4
HETOHMBICELTH b, BERMAKLIZE, v
8% L0513 1 FISEWENNELEZRL,
TP CTREMERC L, APICRKME.0% - E
BHImRAME-2.3%% 2 1, #2.3%DRIEHIHD Sh
5o ZOFEERFFAMALICH LT, KEAR, £KBS
w, HEHREE, EshEoRRT— 7 PsHlEE D
BB (R) 2k 5 &, £ #10.88, 0.74, 0.63,
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0.66&£ 7% 0 (Fig. 4), KiR& OMHBERE RS HW
(R=0.88), 199547 H26H £31H D ¥ ¥ a4 1 #]&
SO KOBERMALIZZNER, +0.33, +
0.38TH o7z eh, BAKEINFIZEV19924E108 29
HE19934E 5 H22H1Z, ¥ ¥ a# 4 OROBEERMA
R oEbd ENL TV 2,

4. % =

4.1 BREMIFELOZTEIER

X aAHA DBRIIRE T, —MRIKEES VST LD
FNAREE CIER T UL, ZORBINVY T AOBE
FIRLARIE L, KR & KOBERAMAKILIZ L o THRE S
n% (Epstein et al., 1953) AMFETHH LIz v
A OBOBmEFERMALIE, FREAREOHBEDIEL
(R=0.88), KiBE/IMOEELHRL ZIT T L
Wohb, —F, WAROBERMAKLIE, 199547 A
260 E31HOERME (Fh7Fh, +0.33, +0.38%vs
SMOW) & 575, ¥ v aH 4 OBEIPEEL 71992
SE108 2619934 9 A F TOMIZ W TIEERED 2
Vo, LA L, RBEKROBREFAMKLIIES L LW
Mad o, B FridEdr S BERICr T o+ BE%
X, Oba (1988) IZ& - T80 (%) =0.2035-6.76
(22T, SIIEED) &HREINTVE, 22T,
Fig. 4 IR ENDHEBOE S OEE ZOFRITRAL
T, BEHOWKOBERMAKLZRDZ L, REES
D34. 8% DI DK DEEFHR FALALLIZ +0. 30%, &K
a5 D31, 6% DR IE — 0. 34%12 7% B RIS D—
BORETE2BRVWTER S L, HIOFHEIIAE
34.2% 70 534. 7% TH ) (Fig. 4), FRENITHIG
T SR DOEBEZREMARLIE +0. 18% 5 5 +0. 28% & W
) &I, DT D0 1%DHEL & (ElEOR
FZRMAARLBE ST B 0IX, Y v RO NEIFER
DR SNAHIEB L ORI OMHE,»S Lk
Wo foT, Yy aH AL DORRIZE SN2 3% DEEE
FM AL OITIED 9 b, HWAROBERMARLOZEIX
#5%T, BRY DIB%IZKEEMIGER L2 L1k
b0 ZZTC, COMMOBEAZOBET— 7 »oHHE
NaEKOBERMAKL Gw) &LBROBRERNMAL
DEHE (5c) »HLARREFEHLTAL ). BKOB
FRMAKOE B E X, SMOW (Standard Mean
Ocean Water) ¥ 72 O CPDBE#EZHE L 72
(Craig, 1965), RADOT7 I LVADBEATr — N
(Aharon, 1983) @ dw IZRAL, SciZZBOEEE
A ZRALTKEZRD S &, REKRIZ

(I N S

32.3C, ®EAKEIZ19.8CELD, RERHEBICS
FABSKROFEHEN (REAR32.3C, REKIR
20.0C : AA#EHE L Y ¥ —RAKTFT—%) L XL
—%3 % (Fig. 5)o
T=21.30—4.42 (8c—dw)

Z DEMAKIR & RS OERARO MR KD 5
ER=0.90k 7%, WHOEHEIICHES EROMBEE
R AR OMEEMR 722 L1k - T, HEREIZ
0.887050.90 X BICR otz ZNTHEHKE
EEHKBOMICENR SN LS 5. $5121992
EDI0A D H1993FED 1 AP F TL19934ED 4 A%
FATEBABROFIL~2TCTEL, 19930 3 AP
& 8 AP TIRENKRDOHH 2 ~3 THEY. 2O X
I AKIBZEDE U2 RO BRI, ¥ v 27 A R
DONFH > THE L KB E SN IKE & OB
B, HBHNLHENEZ SN, JIITFY v THEIZHEN
DOKEFRKTD 2m BB TTHIRFICIIHEE KT
WCETHEAML, BERIZIZIZEERICE S0, A
ROBELEZITRTVOIIK L, HEEIZKES25m
PED D BENSHRICR DL Z Lk, BlzIiE,
Ay v THREO B HKIEATH KB O EHFAR & L5
1~ 2 CHEVDEZ, NIEY Y THEOKRITKRICE >
THRENDH, HEETIHEKOHEREGICL->T
HIVBREINLZVWDEEZ D, 199350 4 AP
PERKEDOHH?1~2THL, 199340 3 HE¥L
8 HHA TIXERAKIRD S22 ~ 3 CRVERIZZ =
TIRHALH TR RV, BELBHOMEEIEZ S
Nd, %5, JIIFEY Y ITHEDL S 13km @M HHE
BB T Ih oo ICHEBE TR SN L
RARKBOE =7 BRLENZVPLTH 5,

IhFETH Yy al A4 OBOBERMAKL OB
2k, %< ORERMAEEET CEISKRELE X
MLl TwabEEbhTE7 (Aharon, 1983 ; Aharon
and Chappell, 1986 ; Jones et al., 1986 ; Romanek et
al., 1987 ; Romanek and Grossman, 1989 ; Pitzold et
al., 1991 ; Aharon, 1991 ; J%:%, K¥, 1995). L#»
L, Jones et al. (1986), Romanek er al. (1987),
Aharon (1991) Hi2X A&, EFM I D LM VER
ERVALROEBGER & LT, KEOMIZKHAICSH
F A EHORMEEEEND D EV). FHIE, Ty
KA RN A Z A EICEBTFEERL, £
NICELDZAINT— 2 LELT5DICEOHIZE
RAREEIZ R D ERR LT AR THW Y %
KA OFE, BICIIREREENGLAKEWI &3
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BE A7 b —AFEIZIABEY YA TABRD
B ERAMARLE AT & b e S 1B Ml e AR ZEAL 93

EE, HER (1995) Lo THRNLNTEY, ZOH
BORZEREDLZ T RVHFEHOLDOTHL &
hEZ bNhb (Fig. 4). ¥ 72, McConnaughey (1989)
TEREMEY ~ I Pavona clavus DEREHVTEROD
BEEEFNHENIEEELSDOTIANKRELL LD, £
OBEZERMARILIZNEIS B LEZRL, YV TEK
DAKALIZIX Kinetic effects BFEAET 5 LB RT3

A, RBFFEICBVT, FREREMEI BT
DY X IH A DBROBREE L BERMALE L
THHEOMNCHEBRIRS Y (Fig. 4), YxaX
A BV TIIRREE ORI BERFM AL IR %
2BV EFHELNhotz, BB, Yy ahA
BROBERMALEEZ 2ERE LT, BAICLE—
MR 2ERKOBERMAILOBE T EZONS

-3
Oxygen isotope
22 k-
60180
% -1
vs PDB ¢
C
Radiation
MJ
m?2
25 T Precipitation
mm 15 |
5 LA ~A4 Mo e b o MLA_.L_J A A A IA
35 | Salinity
34
%o WWW\W’M
3T R=0.66
32
| Growth line interval
60
mum 40
20
10 |n |12 |1 | 2 |3 I 4 | 5 ‘6 | 7 | 8 |9
1992 1993
Fig. 4 Anual variations of oxygen isotope and growth line interval of the Hippopus

hippopus. The date of the meteorogical data in Ishigaki Island are shown. R=

correlation coefficient of oxygen isotopes in Hippopus hippopus

versus

meteorogical data and the growth line interval. The date of the growth line
interval of this Hippopus hippopus is cited from Hirunuma and Nakamori (1995).
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(Romanek and Grossman, 1989 ; Aharon, 1991),
ARFFE T, 19924E10H29H L 19934E 5 H22H 2K/
V- T3 (Fig. 4)e €09 H, 19934 5 A22H
ZBWTHIEEOKELRLM OEGFET LT
DX, HARAPKBRECH 720 ELZOND
2%, 1992410 29H O KW OB ICIHEBOE S b it
RTLE5%ET LT 2, WHDET O RO
FRMARLLOBET R0 1 %NS 25 EilKOB
KL A5490. 2%/ S K %2 %) 1E/ &<, 10H
29,30H BLAMIZ0. 1%L Eo B E % 5 2 v, 108
29,30HIC Y ¥ A H A OFEOMBFRMAKILICHE R E
PR ON G COBEIE, BARETRLISbrshn
B, ZORERET BTGB —HE TOHEKOE
KAMEROERAESLETH L, ThTTDEL
DFZEIL, ¥y ah 4 o1 EMOREICHE L CRE~
20fESS DT ABZRLL, L2 1380, 5mg 2
FEOREE BV 584505% % - 72 (Aharon, 1983 ;
Aharon and Chappell, 1986 ; Jones et al., 1986 ;
Romanek er al., 1987 ; Romanek and Grossman,
1989 ; Patzold et al., 1991 ; Aharon, 1991), ZHUZkf
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Fig. 5 Comparison between the sea surface

temperature (SST) calculated from the
oxygen isotopes of Hippopus hippopus and the
observed SST at Urazoko Bay, Ishigaki
Island during 1992-1993.
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