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My recent scientific interests have been to reconstruct palaeoclimates in the tropical and
sub tropical areas using chemical tracer of biogenic carbonates including coral skeletons and
molluscan shells, which have annual and daily growth bands. Understanding the past climate
variability in the tropical ocean is a high priority in climate change research. The tropical cli-
mate variability has global consequences such as El Nifio-Southern Oscillation (ENSO) and
Asian-Australian monsoon but the instrumental records in this area are limited only up to past
several decades. Recently coral skeletons have been widely used to understand the past climate
variability in the tropical ocean. The oxygen isotopic and trace elemental records of living and
fossil coral skeletons have provided the sea surface temperature and precipitation over several
hundred years. Despite such a great advance, there still remain problems to use coral skeletons
for reconstructing palaeoclimates because of complicated biological and physical processes dur-
ing their formation. Here I would like to introduce recent my works concerned with these prob-
lems and solutions using biogenic carbonates in the skeletons of coral reefs dwellers.

Key words: Biogenic carbonates, Isotopes, Trace elements, Corals, Shells, Climate changes,
Tropical sea
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ous temporal resolutions. (modified from
Watanabe, (2002a))
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Y, BoEMAS A LANLVOREREE oL ERE
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Fig. 2 A: X-radiographs of coral core Montestarea faveolata showing 360-years of
banding collected from La Parguera, Puerto Rico, Caribbean Sea (left) and
three different growth rates of coral Porites, Montastrea, and Diplostrea. Cou-
plets of high skeletal density (dark bands) and low skeletal density (light
bands) represent one annual growth increment. B: Optical transmitted light
photograph (left) and microscopic image showing the daily growth bands
(light) in inner shell layer of Tridacna gigas (modified from Watanabe et al.,
2001a, Watanabe et al., 2002a, b, Watanabe 2003)

REEKFEDICLT, —20°CORMETYA 70 I, BOMBEINSBLESRS L0, MR
F=2ZHWTHID o T Ew ) mE~v 4 70 BRI 7 BH A, BIY L 22 BT 7250 & AR
I — 243k (Watanabe and Oba, 1999 ; Fig. 3A) # (Ledge) I L7212, 2y ¥a—5 —flfo~<
HAwize ZOFHEIZEY, HBEIEY &) KB L RE A7 FIVvERCCER#NICA 70 r 7Y ¥
THI LR, /2, KPR ERKICERENLLD FERLTwL EWw) FEE AW (Gagan et ol
T, MARZERT LI EAENEDO LW A 709 1994, Watanabe et al., 2003 ; Fig. 3B).
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A: Freseeing microtome sampling technique

prismatic sample

water ice

B: Ledge-micromilling technique

Fig. 3 Schematic diagram of micromilling tech-

nique and ledge-milling technique used for
high-resolution  microsampling. (after
Watanabe and Oba, 1998, 1999, Watanabe
et al. (2003))

3. REEEFBRPOLLFERICTERESINS
IRIBTRER

VoI yal A oK, KBANVT L (T
SLA) Roiy, M RERLHETTE LR & OB
L DA RALEGHOUWEPESTH D, T
BRORELHREE L LTOERE RO 5N S &
B l, MOFILESL KA LR &L KRR
FRHOWAHBRIERTIRICRE, L RMETERPH
MAMHEAIE S NS L5128, Fho OREHRE
LLTORAAMIREEINTEL, TR ool L
FRENHSETENDEERFIZOWTIE, BIL%
S HHENNDLE 2 —GaIlEL I EIZT 5 (Blz
X, Dunbar and Cole, 1992, Druffel, 1997, Gagan et
al., 2000, $AREA, 1999, FH1iZ2H, 2002), 2O
ZTE, FROORTHY Y TEEE T RER
e TCOHL % PR Th HEERFMMARLL & E TR
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Fig. 4 Relationship between §"°0.-6*°0. and tem-

perature for coral skeletons and Tridacna
shells. Also shown are inorganic calcite,
aragonite mollusks, and inorganic arago-
nite. (modified from Watanabe (2002a))

(Sr/Ca, Mg/Catt) MW HBRERETOER %
FEOINE TOMEL LIRS,

3.1 HCOBREAVAEREET

WEE A VT AR TR TS, €DK
B v A OBEFFEIMARILIE, KR & BRBEKOERR
FAM AR > CkE XN 5 (Epstein et al.,
1953), MEEY O X 5 WK TEHEERIBER EN D
E T, HROBRFAAELOFHELHD
TIX, ZOEEOBERMAKLIIKILDS ELEERER
LWV ZIZh Y, BEOWKEEZEITT 57200 HK
BEHcR 0155, v TEROBERMALOMER,
AR INREEI VT LADEPSGRELTNAS
ZENHSNTEBY (Fig. 4), FMidvital effect
(EWER) EMEh, BRRFEAARL KRR O FED
BTSNz N, Y TERICIEELT A EEEL
Wk EhHEE R o7z, BEOWETIE, ZOH >
TEROBEFEMAL & KR L OBRIE, M EDITT
HEPSTNLEZDODEEIBFEEINTEBY, BHET
OF )T L= a itk VEHEOBRAS Lo T
WiLE, BEOKREIELTHwREZ ENTELLL
TR ED SN TV 5,

§8 513, HRKOBEZERMAELOEEIVNE L, K
BEOEHEHIKEV=2— AL F2TIZBVT, 2
nFc, HAKEHELTCOFHEPRF S TnE
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o 7o EHEME Y T Diploastrea &% #i7- 2 H M =1
BRBERAE L U CHRAB L /- (Watanabe et al., 2003),
INETA Y F, KFERICBIT A2 v I8 v
BB, CROOBBICECAERLTYS
Porites BE V72 DWTE AL TH o720 Porites
B ERREDE L, SFHEEONREMTIEL T
BY, ZLOERI7» L08R L 20WMERSBIO
BhoMmESIN TS (B2, Dunbaretal., 1994,
Linsley et al., 2000, Hendy et al., 2002) . L 7L % 5%
5, ZOKIF00FEERZ HEAEE O 22 L HH
WThoHrZ L, BEEZEELTWLMH L OH v IEAE
DHF A AHRGFHETE L WITE/NES CBBERR L 2
B4 R EHAEATRA L TLE ) 2012, ko
WEMRIFEHLINTLE o720, BERNOEIRIC
X0 FARIE D #E R BEESTEAET 5 7 LD
BObERINAs L)k >TE&/ (Barnes and
Lough, 1993, Barnes et al., 1995, Cohen and Hart,
1997) . Diploastrea J& 31, 0004 % # 2 TR E
T 5. %72, BAENOY » TWEDY £ XHKE WS
OIZ, B2 EEMEZ 5 CAETAZ L EET
BB BMEHRED 1 EMIZ 2~ 6 mm & Porites B
B LD TEWD, Zhid, D~ A 709
TN TEMEGHRBOREOR LIZX YV ESICE
IRTEBMEL o720 COBEHEEEFTICHEVS
FTRICEZEEDSHEVEEDNLDE, ZOBFTIL
Z—ZaHIROBAERE LR Y, T2, BFD Porites
BRAARPEBD THLR VI ETHLMON L TR TEREK
WIZLEETHIETH D,

Diploastrea BOBRFEFIAAL (5%0) BB
HIZKIR(T) A & 3K & 72 T & D B4R
BUTO#ED TH o7

0"%0.=0.23-0.18 XT(°C)

Diploastrea J& DERFE RN AR & KIROBBROMHE X
3 (-0.18%/°C), M U < # Ik @ Porites & D & @
(Quinn et al., 1996 ; —0.18%/°C) & IEH I\,
T/, EESIEITERKFERKROBLETH LTS >~
FAI7IZBNTH, Ihs 2 BOBERMALOS
ZATo 720 MBFEOHEFMKLEMMBIE, = 1=—
ZAPL T NORBEVAT LD Y7 b (E]
Nifio-Southern Oscillation; ENSO) %3z T\ 5
(Fig. 5)o TV =—= 3 OHIMIZ, WRFEIHELE
LTV AHEAREARICEE L T2 20IKIET, %
72, BVA—VIZ Lo TH B XN TV BAISRS

T H7DIHRLT S, Tl o—Z 3D DE—-
FThsHI7=—=v O, BET, T2 —2IC
I3 NsBEKIZLVBEETHE, FRERLD
= N2, TV Z— = g EOBRERMVAELOEGHE,
Fo—ZxBHORWEE LT, 2B ITEROEE
FRARLLES F — VB SshTwb, Thoo
AL, PAARTFERABIZB 5 Diploastrea J& OB
iR L LCoFAMERT LR, srv=—=3H
REVHBTFHIZBIDHET A 7 VOREY AT 4
B, WEHE R 72 2 DORL DEE T ICBIT B EEHE
EORKEL B L 200DBOY » TEHEICFRICEE
SNTVHEVWYZL2EKRLTBY, ¥ Tt
bOPHAMART ETCLEELKEETH B,
EHLIEL, SHENFhORFH,S Sr/Calt %
WELZ, APT UV FTLART TR T T AR EOME
TEDORBAN VI ANORY AHE, 1FZIZKEOE
LIZE S TERENTWAEDT, BEDOKREL EE
BT HILAWUETHDL (Beck et al, 1992,
Mitsuguchi et al., 1996), F7:ZDOB{ER%Z, kD
FRF AR & KIEIC & - TEST 25 0B EE
I E DR L MAEDLEDL 2 EI2X 5T, KD
AR OEOAZ BT 22 LA TE S (Gagan
eet al., 1998, Watanabe et al., 2001a), A » K43
TOY Y TEOBERVARLOEH 2 S KEICL 2
WEERELTVIEBER, 1V FRAYTORREOE
e IEFIT L~ L7 (Watanabe et al., 2002b) .
ML, Y TREOHROBERMALS, BKES
EKRERBE R EOWEEBOKEEY 257 AOEFHOE
BEBOZITCnD0EELON, 4%, TL=—
= a DRERTH 5N TFHERKOBERICBITLE
By — Y EBHL T ECTEERFRICR B,
FEOLWEEL, W) THTIVIN) 2OEREY T
FH& (Montastrea |8) #H\WT, ZOWBILE LB
FRMAEL2 O/NKIICB T 2O LB 2T L
2o TITWE, BHBOMERMARI &KIE, #ARORE
KM AR OMFR (Watanabe, 1998, Winter et al.,
2000) & EHA&D Mg/Ca bt L KiIBOBRIZIMA T, &
Hi% 8 U CORB 0K OBERERMARL & B0 E
ZE L THEOBBRRNEHSHIZ L7 (Watanabe et
al., 2001a), TH5 3 ODOBEREEF I 7 OEKMGER
D1699~1703F I S N2 3MICISHTA 2 &1
£oT, BRDIESDOFHELE KD, F DR,
17004 D /AKENZIZ, Z Ol TIE, BEEBOE
TOFEHEEVPBAEL D QHETH 5722 LhbhD
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Fig. 5 Comparison of ENSO-related interannual variability in 6*°O for Diploastrea
heliopora (solid lines with closed circles) and Porites (dashed lines with open
circles) from New Caledonia and Alor, western Indonesia. Also shown are the
weekly sea surface temperature (SST) records of IGOSS nmc blended ship and
satellite data and the monthly precipitation records taken from NOAA precipi-
tation station for two regions. The coral records are interpolated to a resolu-
tion of 12 samples per year (Paillard et al., 1996) and then smoothed with a 48
point running average (thick solid lines) to remove the annual cycle in §*O.
Coral 00 values are reversed on Y axis to show warmer/wetter conditions up-
ward. Shading indicates periods of cooler SST and higher salinity (higher 6*°0
values) in the western Pacific region associated with El Nifio events. (modified
from Watanabe et al. (2003))

(Fig. 6), COHEL LT, AFHIIBWTORK EOTELFHIEL VI END, 5HRIDOTEL
BOEHZ L5 LTWw B PO (Inter Tropi- L AWAETOREE O R MO KRR T T ~DIEH %
cal Convergence Zone; ITCZ) DZFEIC & 2 AL 1 ERBFENTHLTHS 9o
DY 7 FAVNKENCEBAE L D bR E o 2 RN 3.2 Yy aHSICRBEN S AEMUDIRELE
EIF SN D (Watanabe et al., 2001a, 5%, 2002 v TREICESERTA Y ya Mk, ZHHDZ
b)o HHEEBOWSOEMHEILEEREWIIKDLI P TRROBEEET 5. € OBIFI00F EIZD
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1. Mg/Ca(coral) = 0.28 X SST - 3.24
2. f8O(Coral)- P8O (seawater) =-0.19 X SST +0.75

3. P8O (seawater) = 0.20 X SSS - 6.54

wn  Modern
—_— LIA

Calculated B30 (%o)sMow
Calculated Salinity

1.0 L 1 L L
40 30 20 10 0

Distance(mm)

Fig. 6 Comparison between the calculated. 6'*0O

and sea surface salinity (SSS) during the
two periods of 1699-1703 (LIA; Little Ice
Age, black lines) and 1987-1993 (Modern,
dashed lines) deduced from Puerto Rican
coral Montestrea. The 60 of seawater (J.)
is calculated from the measured 60 (J.)
and Mg/Ca ratio of coral skeleton using the
eqn (6"°0-0"0.)= —0.19 (=0.04)xSST
(°C)+0.75 (+0.61) and Mg/Ca (mmol mol™)
=0.28 (£0.04)xSST (°C)-3.24 (+1.15).
Also the SSS is estimated from the calcu-
lated 6°0 of seawater using the equation,
00 =0.204 X SSS —6.54. (after Watanabe
et al. (2001a))

BoCHBHEAREER LV OREZEEITHDT,
REZHOLHTIEF ICEFHBEECRZL TV
(% - K%, 1998, W%, 2002a), ¥ v TEHE I
BHECZRBOL WML LT bz, HEAL
Vb R g BE T O BRIERENT LA & Vv 72 BRI
&, WICHEEPLETHD. Y I N AL 0BT HED
BRI N L R EFREIRELBELY L TBY, T
BRELD L ESITHD VBT ICHES 2 L A5 §E
T, 72, RERBOIVEARBIBESICTICAR
BIENTED, ¥x AW 4 &AW/ BREHT I3
DIFE TR LB ERE LT c& 2L 3
RBo Flz, Wy TEMOBERFMRL D FE AL
WOEHLTNEZOIIH LT, YYyIa A BZDT I L
AR FM AR I BV CEGHEAK & (2 ZFEA AR
TERENSE Fig. 4)o SOZED Y Y AT HOD
FRFFARI 2 7RI OK E RFSE S 2

o 3
a A: Oxygen isotope
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3a |
B T w o [ ol s w T alwbke s Ta]
1992 1993
Fig. 7 The high-resolution time series of J O re-

cords (50 um interval) of giant clam (Hip-
popus hippopus ) from Ishigaki Island (A),
sea surface temperatures (SST) at Urazoko
bay and at Ishigaki Port (B), and salinity
change at Urazoko bay (C). (after Watan-
abe and Oba (1999))

E9,

Watanabe and Oba (1999) &, GHEEEOHAE
Y adABdE LROBRIEOE WA 7Ot v T
YUTHIEFHRIA /U b —AErHVLI LIS
T, 50 um MM CEERFM A2 ET S 2 L IZHT)
Lize SHIEZOY Y aH A BOEREEE (30~80
um) ZEETLHE1~2 AHOMEMBETH S,
PR DR IZIG - TERERO M %2 A OB H
Po#loT, A7 PLEHIILTW 2 EITL - T,
FRAARLEOPEMEICIEE LR AR5 25 2 L3S
TEB, ZNICLY, ZhEFnoRMALREMIZH
Y DK R K& 7 EOBRBER T & O —%f—DRHIE )
WHEE 25, EE, ¥ TEROREMTOI-DDL
FHH TR, FRICEERNET A V1o —EMBT
P TN T RN, B TEHRE OB T B R
EEBUEOMPVEEROBRH#H L WDz, &
HZEACD EOEMZER#E S 22 2 L I38 L v,
Fig. 732X LTHLN Y Y IV A HOBR
FIENAR & BIS KR O (BB 58 Skm #
H) Lo Thb, ROBERMAL (5) 3FIC
KIBTDOEEZ L > TRESNTBY, WHHrSHEH
ENDWKOBERAMKILOME (50 ZEEL TK
WA —WARAD L HITRD 5Nz,

T(C) =22.4-3.91(6.— 5.

BROBRFEFMALLOLE) LA VEREZEE S 3%k L T
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Comparison of the detrended shell 6'°0 with meteorological data. A: the sea-

sonally detrended shell 60 and SST, B: Residual SST, C: Air temperature-
SST, D: Sealevel, E: Precipitation, F: growth line thickness, and G: solar radia-
tion. (after Watanabe and Oba (1999))

WL EANIZHRZBHS, BlziE, 1992411 ORIE%
FAME T ORERZ ML Ty, 0L Ml
ZHOEREEZET 572012, BERMALOEE
LAELEEE LTIV b D% Fig. 8IC/RT, 19934
2 B2 519934 0 3 Hid@if 2k < (Fig. 8E),
DO, ¥ ¥ aH A BOBERMAELY SHEE S 72K
mEEBMOKRBEDENPKE Y (Fig. 8B) £72, &
DRI E KEROEDEEMBI2EHZRL TS
(Fig. 8C)o ThiZ, T WA FHEIE Nzl
P TEOMETHIASIN L, 2F 0, EAMEW
B, oWy TRERSNE L L THEOBE R R IR
ET AL o T, AR S OHRITHALIZL L
BRI D, FOO, ORI Skm B
REBHEOKRE DT, LLARROVESL
ZFTW5D, I, AR VEERIL, SEOMEKIE
HEZH Y THEROEAD T2 LD TE L7201,
1992411 DKW OEME T ORBEL/FEKERE
D, BESMZERLHIZHEH S NS 7D ITRR O BEE F ALK
Bl hihnweEzoNb, ZOLHIT, H~
THED & D ISR I TR AW EEE T

S LBREREICACVA5E, B0V TEOME
HEICEHSRIC 5 2 D HEBIZOWTHEETHLEND
HZLEREL TS,

4. Y OEROFBE LERM

X AHA R TERICHE NS EEOHRERL
FELEMICTHRA LD, BEOBFIROTIELE) 2 M
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Fig. 9 Monthly sea surface temperature for 1984-

1989 at La Parguera, Caribbean sea the
monthly SST time series from the Compre-
hensive Ocean-Atmosphere Date Set of the
Caribbean (COADS: 2° X 2° box centered at
18°N and 67°W), and the ship and satellite
SST (IGOSS: 1° X 1° box). (after Watanabe
et al. (2002a))
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Fig.10 A: The "0 of seawater at La Parguera
from 1991-1998. Dashed line represents
the overall collective monthly averages. B:
The 6"C of dissolved inorganic carbon
(DIC) in seawater and 60 of seawater at
La Parguera for 1996-1998. (after Watan-
abe et al. (2002a))
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Fig.11 A: Comparison of skeletal 60 for different

sampling resolution. Vertical lines indicate
high density bands of coral skeletons. B:
Time series of weekly, monthly, and quar-
terly SST compiled from daily SST at La
Parguera for 1988-1989. (after Watanabe et
al. (2002a))
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Fig.12 A: Anatomy of coral skeletal structure for coral Diploastrea (left) and Montas-
trea (light). B: (left) Comparison of seasonal range in skeletal 6'°0 and 6*C for
high-resolution sampling transects from the columellar (solid line) and septal
(dashed line) areas of the Diploastrea heliopora from Amédée, New Caledonia.
The smoothing and offset of the seasonal §®0 and 6"C signals in the septal
area are caused by the~45° slope and thickening of septal skeletal elements
through time (averaging of signal). Years are labeled in 40 profile (1991-95)
to show~6 to 12-month offset (one-half to one seasonal cycle) between data
collected from septal and columellar transects. (light) Comparison of skeletal
60 (above) and 6°C (bottom) for mixture and theca-wall samples for Montas-
trea. Vertical lines indicate high density bands of the coral skeletons. (after

Watanabeet al., 2002a, 2003)
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Fig.13 Comparison of skeletal "0 and ¢ *C time-
series for adjacent corallites (A)and differ-
ent colonies (B). (after Watanabe et al.
(2002a))
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Porites corals. (after Watanabe et al. (2002
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