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Tropical ocean-tltmosphere interactions play a significanl role in *'..'10bnl climale chtlnges on interdnnual alld 

decacial time~c21les. Knowledge of pasl climate alnd ocean variabilily is crucial for understLlnding ilnd modeling 

current and fulure climitte lrends. There are gridded SST producls that go back to 1870 or so but the spatial and 

telT]poral inslrumental climate records from the lropics, especially COntinuOuS tinle serleb' before 1950, are scarce and 

limiled. ThuS there is a slrong 1leed f'or hlgh-fidelity paleoclimate proxies thal overl~lp wilh, ~lnd extend beyond the 

instrume]~tal records SLlch as those derived t'rom corals le.g., Cole ct tl/., 1993; QLlllln et ill., 199c~'], Iree rings le.g.. 

B]-iffa er al., 1998; Mann et il/., 1998], and ice cores [e.g., Tompson, 1986; Langway et al.. 1995]. 1
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A massive hermatypic coral Is a useful paleoclimatic and paleoceanographic recorder because it comnlonly lives 

in shallo¥v tropical to subtropical oceans, grows at a rapid rLlle (Llp lo 2cm/year), and contains il remarkable nrray of 

geochemical tlacers within its skeleton such as carbon and oxygen isotopic compositlon and elementlCa ratios. In 

l]articuliu', oxygen isotopic composition of a cor.al skeleton ( ~l~O.,,,=,1) is a powerful tool for reconst]~ucting pasl 

Lhermal and hydrologic variations in sea surt'ace conditions [e.g., Cole and Fairbanks. 1990; Tudhope et al.. 1995: 

Welllngton et al., 1996] because ~l'O.,,.,] variations are a function of both sea surface temperature (SST) and al*O 

composlllon of seawatel ( ~i'O..=,,,.,.,), the latter of which is commonly related to salinity [e.g.. Weber and Woodhead, 

1972; McConnaughey, 1989]. In regions where the al*O .~,,,, , .. . is fLlirly constant and/or seasonal variation in SST is 

lai"e lhe 0'1 O can be used as a paleolhelmomete] (e.g.. Dunbar et al., 1994; Wellin***10n et al., 1996; Charles et 

i7/., 1997). Conve]'sely, in localities where there is little variatlon in SST, the al'O,,,,,,1 can be Lised to reconstruct sea 

surt'ace salinity (SSS) and o^1*O...=,,,=,,., vallatlons whlch ale lelated to chan*es In the a*'O of rainfall (e.g.. Cole and 

Fairbanks, 1990; Linsley et al., 1994; Tudhope et ii/.. 1995) and In evaporation/precipitatlon ratios. ElementlCa 

ratios of corLLI ~.'keletons hLtve also been used to estimate varlous environment~tl signa[s such as SST (Sr/Ca: Beck et 

al., 19 q~ 2; Alibert and McCulloch, 19 9f~: Llnd M_"*/Ca: Milsuguchi et al., 1996) and nutrlent levels (Cd/Ca. BalCa and 

Mn/Ca: Shen el al., 1987, 1991, 199 : Lea ef il/., 1989). A multl ploxy applolch th ti comblnes SllCa and MglC l 

~ 

* 

ratios Llnd a]~O.,,.=,1 allows separation and idenrificatlon of the specit'ic them~al and hydrologic variations at the site of 

co]~al growth. 

Long-1 ived corals have provided continuous time series of environmentLtl var[ations in sea surface conditlons over 

the past several centurles in many tropical regions, relating to changes in the state of El Nil~10/Southem Oscillation 

(ENSO), interdecadal linktl*~*es between Indian and Pacific Ocean, movement of the Inter-Tropical Conver*".ence 

Zone (ITCZ), the South Pacific Convei~gence Zone (SPCZ) ttnd the Western Pacific Warm Pool (WPWP), and the 

climatic effects of volcanic erupt[ons (see reviews of Gagnn et .1/. [2000] and Quinn anci Tudhope [2002]). Howevei', 

most of the investigations uslng ITIOl'e thiln centennial or bicentennial coral l'ecords h.ave been conducted [n the 

regions of the eastei'n to central Paclfic and equatorizl] to south westem Pacific; there are no published lon*~* coral 

records in the northwesLern equatorial Pacif'ic. The WPWP, chdracterized by having a mean ~tnnual SST oi' > 28~C, is 

a major hoL[rce of water v~tpor to lhe atmosphere and has a significant inflL[ence on the globLLI climatic system 

dynamically linked with ENSO variability. Re]iable proxy climate records from corals in the western PLlcific may 

provide insights into the past oceanographic chttnges associated wilh ENSO. Therefore, Iyin*_" at the northern edge of 

the WPWP, Guam (13' N, 145' E) should be a si_*"nificant loczttion for paleoceanographic and paleoclimatic studie~,' 
using co]'al reco]'ds. 

This~ paper is composed of' two m2lin invesli*~*ations. "Carbon and oxygen isotopic composition of' a CLlalT] coral 

and their relationships to environmental variLlb[es in the weslern Pacit'ic (chapter 2)" and "InterannL[al auld decadal 

variability of the western Pacific sea sL[rl'ace condition for the years I f~87-2000: Reconstruction based on ~, tilble 

isotope i'ecord from a Guallr] corLll (chapter 3)',. Chapter 2 docL[ments a detailed analysis of stable isotoplc records of' 

a Guam coral skeleton tbr the lalst 20 years (1980-2000) and the resultant significant relationships between isotopic 

dnta and inSlrumCntal records ot' environlnental variables'. In chatpter 3. monthl), carbon and oxygen isotope time 

series of a Guam coral are ilnaly7-ed over the fLlll lenglh of the coral core (the years 1787-2000) flnd slgnificant 

themlal zlnd hycirologic ch~lnges ~lre reconslructed in the northwestern equatorial Pacific over lhe lasl two ceilturies' 

based on the quantilative relationships belween coral 1'ecords' and environnlental variable~.' for the year~, 1980-2000. 

Carbon and oxygen isotopic composition of a Guam coral and their relationships to environmental 



variables in the western Pacific 

Tllis study doCL[menlS the high-reh'olulion ( -32 samples/yr: weekly lo Inonthly resolurion) a::;C.,,.=,1 "tnd ~['O.,,,=,1 In 

Ll coral core (Poljtes lob.Itll) from Double Reel'. Guiu~l ove]' Ihe years 1980-2000. The ~!::C,,,.,1 ~hows clear seasonal 

vtlrlatlons wlth mean seasonal iullplitude of l.89~][', which l'oughly corresponds with se'asonal variations in soltu' 

radiation. The seElsonal amplitude of ~l'O.,,=,,1 variations is small (O.23-0.57c/]n). but they are ~[gnificalntly correlated 

with SST tlnd SSS. The ~]'O.,..,1 anc] SST are mo]~e slrongly correlatec] during ENSO walrm (EI Nll~10) phases (r = -

0.81, p < 0.01) Ihan durin~: non-ENSO phases (r = -0.65. p < 0.01 ) and ENSO cool (La Nil~1a) phLlses (r =: -O./18, p < 

0.01). These dlffe]~em relalionships are due to dlfferences In winler SST and In ~l~O...=,.,=,,, , during ENSO warm phases 

(<27~C and higher values ol' ~l'O..,,, ,,.,) comp:lrecl with cool ph2lses (>28~] and lower Values of ~lhO..,,,.,..) al Guam. 

These differenceh' in oceanic parameters result from movements of' the WPWP during the difr'erent phases of ENSO. 

Anomalies in ~]*O ' " " +1x < ..*,,.,.,, Infel led ilolll the o O.,,,=,1 and instrumenral SST. are consistent with SSS anomalies for lhe 

yeLlrs' 1980-2000. These alhO..=,,.=,,.. anomalles may le~ecl chan('es In SSS and evapolatlon pleclpltatlon due to 

nlovement~~ of the WPWP. This detail an~t]ysis of' a cortll i'rom Guam Sug~ests that il rr]ay contain an excellent 

tlrchive of' past ENSO events. 

Interannual and decadal variability of the western Pacific sea surface condition for the years 1787-

2000: Reconstruction based on stable isotope record from a Guam coral 

This study presents Ll monthly resolved, 213-yea]' slable isotope time series (Fig. l) t'rom il coral from Gu'am, 

which is located on tlle northern edge ol' the WPWP. The ~l>0.,,.,,1 show sedsonal. inlerannual. and decadal variability. 

which documenls signit'icant oceanogrLlphic changes relLtted to thermal and hydrologic vtlriation~' around Gutml. The 

~l'O,~,=,1 anomaly ret'lects SST anomaly and SSS anomaly with signit'icant 1' values ot' -0.69 (for lhe years 1951-2000) 

tlllcl 0.119 (for the ye~lrs 1969-1995). respectively, which are ~. trongly linked to ocetlnographic chtlnges lhat occur 

during ENSO warm ancl cool phases. I idenlifled 46 ENSO w~u'm and 53 cool p. hases In the cor~ll record, which are 

consistent with those phLlses reconstructed by Nil~lo 3.,1 SST anomLlly. Speclral Llnnlyses of' Ihe ~!'O.,,=.1 anomaiy 

record for lhe years 1790-1999 identif'ied signii'icant pc.aks ilroL]nd - 3 to- f~ years. These resulls indictLte that lhc 

Guam colai h is lecolded alob~tl ENSO pellodlclty The 0']'O.~,,1 anomaly shovL's decLldLll varlnbility of'- 15- to - 'i.5-

ye~lr period}city willl signit'icalll hhift (<0.2U/oc') t'rom warme]~ to cooler condltion 'and vice versal. which may 

con~espond io Pacific Decadfll Oscil]atian (PDO) and/or the climatic regime ~llifts. An accunlula[ive decr'eilse in 

~l'O.,.,=,1 time series may imply -0.75'C w2lrming ol' SST and/or-0.23%o freshening or se~lWnte]' d['O. 

correspol?din*,_a lo Li (lecrease of sa]inity' by' ~ O. .S5. in the llorlhl'veslern cquiltoria] Piicific over the lnst 2 cen[uries. 
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 論文審査の結果の要旨

 浅海竜司君は,本学理学研究科地学専攻博士課程後期において,グアム島の造礁サンゴ骨格のコア試

 料を用いて西太平洋域の海洋環境変動の復元に関する研究に取り組み,その成果を博士論文として提出

 した。

 まず彼は,1980年以降の骨格のδ1℃,δ1℃(δ1℃c)を高分解能で測定し,環境データとの関係を解析

 して次の成果を得た。δbOcは海水の酸素同位体比(δ1℃w,塩分と相関)と水温の両方の変化を反映し,

 エルニーニョ(EN)期とラニ一二ャ(LN)期におけるδユ℃cと水温の相関関係には,西太平洋暖水塊

 (WPWP)の移動に伴う水温年較差の違いに起因した差異が認められる。また,δ1℃wは両時期とも重く

 なる傾向を示す。これは,EN期には相対的に冷たい水塊の影響を受け,一方,LN期の夏季には蒸発量/

 降水量比が増加することに起因する。

 次いで彼は,1980年以前の骨格の同位体比を月分解能で測定し,δ1℃cから過去213年間の水温と塩分の

 両変化を示す時系列データを復元した。このデータについて統計解析を行い,ENSOに伴うWPWPの移動

 によってグアム周辺海域に水温・塩分の偏差が生じ,δ1℃cはEN期に水温との相関が強く,LN期には塩

 分との相関が強くなることを示した。また,Ni加3.4の水温との比較検討から,このサンゴにはユ787～

 2000年にENが46回,LNが53回記録されていることを見出した。δ1℃cの周期解析からは,ENSOに対応す

 る3～7年周期と太平洋十数年～数十年変動や気候レジ一一ムシフトに呼応した!5～45年周期が検出された。

 δt℃cの長期変動の傾向は,1787年以降,水温は約0.75℃上昇し,δ1℃wは約0.23%。低下している可能性を

 示唆する。従来,古海洋データの空白域であるこの海域から過去数百年間の海洋環境変動を復元した例

 はない。彼は,200年以上の水温・塩分の変化を高分解能で抽出して海洋環境変動を復元し,地球科学の

 諸分野に新たな知見をもたらした。

 上記の成果は,大量のデータと信頼性の高い測定・解析の..ヒに成立していると評価でき,一部は国際

 誌に受理されている。これらは,浅海竜司君が自立して研究活動を行うのに必要な高度の研究能力と学

 識を有することを示す。よって,浅海竜司君提出の論文は,博上(理学)の学位論文として合格と認め

 る。
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