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Implication of organic matter in coral skeletons as

proxy for paleoenvironmental reconstruction
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Various information on the geochemical characteristics of seawater is recorded in reef-
building coral skeletons, which have been widely utilized for the high temporal resolution (one
or two weeks) analysis of paleoenvironment in the tropical ocean. The stable oxygen/carbon iso-
topic ratios and trace element contents in coral skeletons are generally applied to the paleoenvi-
ronmental reconstruction. The paleoenvironmental analysis based on organic matter in coral
skeletons, however, has rarely been performed. Organic analysis of coral skeletons has been
conducted mainly for the understanding of coral biomineralization. Coral organic matter, which
is much less reactive than sedimentary organic matter, can be a useful paleoenvironmental
proxy. Combination of organic and inorganic geochemical analyses for coral skeletons will be a
powerful tool to provide more information on the paleoenvironment.
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TEREVEY > TR KMEY v T BT - T A 5 2
WECTIRILCBERLTBY, REBESHEZEZEL T
5o CORMEFHEEEART 7ELRIEINA 4 I A
FNE¥—vay (EWEAERH) LIFER TS, FF
2, 4 %> (Stony Coral) ¥ (LIK&, [>T
EFRIR) ONALFIATYE—=T 3 vid, EEFINIC
MBI SN D 720, TOFBRIER I LI
A b3 0> BRI e g ) e 19 |2 R gk L T B T REDEAS
Hbo TOID, WAL, ¥ TIIHIROBBEL
B & R A AE (R1~2 1) CTwllICESEL T

* b RS R B B I B AR R R
T060-0810 #LIETHLIX k104768 H

Rl ¥ 3T by N2y = g e 2d A g S NP A R AR
T060-0810 #LEETALXIL105:7E8T H

WELHEE LT, L OMEIEAIITOLN TV S,
R, WHEBRBEMATICE L TRy Y IR TS TH
% MRS R BRYE D2 E FMNARLE, m Itk 7% & ofbF K
ER LTHB Tbh Tz (28 2iE, Gagan
et al., 2000)o L2L7&A 5, v TEEPIHLEL
TV HEPICIEH LR omseix, Thi
TIREAETTDNTZ o7z,

BUE, ¥ v TEHEOREEREZFIH U722 BT O
WFZE T, AT EFOREEE M LR AR OFTEIIC X
D, EAEE TR WEER T — & R Lz
A TN TWS, LLaRs, FREMEC,
Y TEREOM NS B BLF TR E AR
BUPRCZEENL LI %Y, ¥ TEHE B
BB Oy — & LCTHRT 5 2 Liaxt LTHET
OREMZEH D 127 > T& 72 (Watanabe et al.,
2008), 72k 213, £ Fr~xA4ruru—7%EHwn
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TP/ NEIA LS AT I, Y TERIZOWTY A 71
AT = ir BT ) A — VT O EICE G R R
WA 2 RIS Lze ZORE, MUNMEBIZBIT 5218
FFMARILR Sr/Ca b e &, ERMORELY ZD
FERMLTWDEIEEZONRVWREIEEL TS
Z EHVHBI L7 (Rollion-Bard et al., 2003; Meibom
et al., 2004; Shirai et al., 2005) .

B TERB O 2 A L7 BREE o
&, Y IR O R ERE 2 IR L 722058 & IR
2, ShETEREAETODN T Leh ot EW%E
FH L7 BRI RO BT ORE 2B & LT, HifE
B oNA <= —ZFH L THIRRG BRI DL T
AN B RAPET 5N D, v THERE R A%
WO EHEEET AEBE oL ERTH» Y,
Y IBEBOREIIG > TEBTON, A= —%
HREA Y ORERIVHTIC X o T, BRI S
LIHLWAMBERL I ENTEL ML L, 2L
ZAE, AT 2 RER A EERICE TN %
FIRFIZOT T A2 L& o C, MEZHEAMIICIEHT
LZENTESL, Thbb, REEEKOEERFRAMA
7 EDALEEGHT & FNITE T N EHERY LG8
W&, XD @EUNCHERBEICE FEBIT & B e
Hb. LLEDVS, B/NEBOEEY G oM
A, Y TERR T oY OB AER R, A
WX B0 ef e S\ X A EER Y, MBS
NI O VWRED DR v,

Doz eziiz, AaTlE, ZhIiTtoyra
BB OEEWICT 2058 T £ L O, TR
MEMENZERL 206, Y IERTOAED %
W L 72 BRERAT oW R £ 3 5,
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2.1 HLOBROEE L BTHRYORARFR

v T EHROEERDITY I3 MH bk BRIE O &
(FIZT7FTF 4 M) ERL, BAEL T
bOTHY (FHk, 1992), kY OHI3%ITH Y &
IKGDREW P SR ST WS (Cuifet al., 2004a;
b)o HAETEHAZB T 2 AW &L, BREHRERED
#12~3% (Akita and Kawaguchi, 1948; Cuif et al.,
2004a;b) TH 5 L DOFHER, ERFERL L TO5wt
%Y T T b (Wainwright, 1962; Swart, 1981; Bak
and Laane, 1987) &) FENRH L, /2, T
TP OARYEZ, ERLINCE > TOEVHRS
N % (Ingallset al., 2003), VLo XHiz, > I5&

Wl - 5

B IIEEI AL TWD Z EA IO 5N TH
D,V TERERIIER KRR 2 TR, A
Wb EELZREZHSTWAEEZ SN TV, %
7o, AR, IR TIERL, BREEET S
MOEPDONAFIAT)E=TaIlEoThH, B
WS L2 b b 720 OBEELRYHTH 5
EEZ5NTW5S (Mann, 2001), ¥ ¥ T E#& I3 L
FTEAT—NIZE o ThiA i x LTWw5 Z &AMk
REND I DD, WERBRIE % & A Y oA
BEGT L LT, by ITEEOMM LD SR
WiE I CEEMT LI EIHEETHL, LTI, Fv
TEEOEAMEE, BllREE, €U CORMIE L G
DERIZO VTR S,

U TNE, BN EROET ) E BRI o THEK
ENTW D, 1L DAL, EEETORY T
(polyp) &H#EDIFTFA T (corallit;eﬁt)5 N;CT%EZ X
NTws (Fig.1) o 2774 MIFEIZ, KEE (thecal
wall), KM (basal plate), "l (columella), ##FA
M (dissepiment), F:[FFH# (445 ; coenosteum),
FEBE (septum), Eﬁ (costae), 7€ (calice) THEM &
NTwb, ¥ IOHFEKEDS1DDMETH 2 2
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Fig.1 Schematic diagram of coral skeletal struc-
tures. Coral consists of polyp and corallite of
skeletal part. Modified from Watanabe et al.

(2006).
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T4 M EBIETLHE, BIZIoTRYLNTWSHE
iz, RIS OR) TERBET LI LNTEL, &
DL E XY > TV L EEIBEL VW), TOEME
DEZNZNOTRD HRHAFO £ 9 1ZHULMZ )75 T
L DEEREEE VW, O, 6DEENT,
neEnpgt, SN§, Ay TERICSEEI NS, F
72, FBBEDEMAE T o T AL ER i rhiih &
NTWb, ZORREBEDIEEL B Z C, MERBOILETIC
FTIEPTHALNEEFDBMTH B, LEHFDORY
TORTEHZZZ TV AT E TR E VW, BEKT 2
TEIECHLVEREES TR Tz EANERBE LT
W BRENZEROF IR E FFIEN T 5,
Kk, ZOKRFPITH ORI & HE 7 0] O FERE THE
BENLIRTCERMEE ST, v THEKE, 20
121D DRPHAELR>TIAT 74 FEBIEL TWw
5o

B THERK O, AKILHL (Center of
calcification; COC) & MiX L T\ % ERIR o EB AL
(Pratz, 1882) &, ZOJEL%MHEIRD L < 13k
IR#ES (Fiber ¥ 721% Fasciculi) & FFIEN T v 5 &8
MAY)FHATHESISN TS Fig.2). 72, &
¥ DK DHKIZ%IE COC TH Y, 9T%H MM IRKE
mTdH5 (Allison, 1996), COC % Hulr& L 7z[lL [
ROFBRRE, AW > — b & HERES S O£ 5k
YXIANIZHATTELRDDEZEEZLNT WS
(Cohen and McConnaughey, 2003). COC D5~
&, Y4278 XA= MUY A ZDOTFTFA MRTHE
ELTHROBEZRZLTWEEEZLNTED
(Constanz, 1986; 1989; Cohen et al., 2001), Ik
K & HITNE VT A — DV A X0 YRR T
POREK SN TWw5b (Cuif and Dauphin, 2005)
(Fig.3)o ¥ ¥ TOFHIX, Zh oD COC H &k
MEDRS S BT O L IER T~ OBIN L ) ks
b0 —HT, Y VIOHTHREEEN KD KEVE
%2 LN T\ % Acropora J& DG E DO BIZE 2 5
B AT SEARAG i & I ih%mﬁﬁf@%@qﬂ;’ﬁﬁﬂl
BRI & o TERBREDSHIR LA TV 5B 2 & AR
N7z (Isa, 1986;1991;Isa and Okazaki, 1987a;
Gladfelter, 1982). L2*L7%2%5, Acropora J&LA:
D ITIE, Z OMEERRESAHER STV,
FDD, b IAPED LS LBEEERT, KEBEEO
BHEEEEL T DN E V), H—NeBEitEE
JBE T VR RIZHEL STV R\

B TERIERICHE G T 2 658WI2IE, SkokE

Fig. 2 Coral microstructures of Porites lobata in
petrographic thin section (a) and scanning
electron microscope (SEM) image (b). The
white arrow indicates center of calcification
(COC) and emergent bundles of aragonite fi-
bers surrounding the COC.
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Fig.3 A schematic model for distribution of or-
ganic matter in coral microstructures. COC;
center of calcification.

X% E (Cuif and Dauphin, 2005), b<BERHE K
E2 R o%kdE (Watabe, 1981), B ORI &
OYEE Jed HIEE, K S N MEROREN %
19 #%# (Mann, 2001) % EVHDHEEZEZHLNTW
505, %54 OFMIZBAERRSIGER I TS, 2k
Z1E, Mann (2001) (&, BHEEEET 2 L X ITHHE
WBAAET H &, W ELER LEE T 5720 0EMHL
IANF—=PET LT, HEREEMEESNS & Fik



58 WL BEOME - E OB
LT, 72, AEWEZIY Btz Tk
WEOWYEZ A LRR, AR EATY ST
HITERPEZEATHRWER LD QEPITHWIES
P E2HL TSI ENbA -7 (Mann,
2001), Cuif and Dauphin (2005) %, HHWDH
HIZEoTH Y TOFHEESRESL L) [Two
step model | KL%V TTwW5b, ZOWRFIE, LD
12 COC OISR S, KITHE Y OMHERAS
XD ERAMALCH Y IBRERRTLE VD
ﬂ%mﬁ%vvvcﬁé ZD7z8%, COC D% )
WA KAb#ES (Early mineralization zone; EMZ) &
ZAFFE L CWw5 (Cuif and Dauphin, 2005), Dk
DX, AEWEEWOERIEEIZE L THEELRK
HEHSTWLZEDBWLPICR ) DODODH 5,

2.2 Y OBRPEERDDILEIMT

P ITONALFIART )=V 3 Vi, EEHiRL
BFHDMIZDH 5 calicoblasic fluid (CF, Z ZTldi&
FWERT) Thii7z 8 N7 calcifying space (CS, &
CTRAKAANR=Z ERY) LIFER TV LT
ThhTws tZEzoNhTwd (2& 21E, Clode
mdemmlmmmoEWRXN—X’ﬁEwa
B AR OACFHIEE AT T 7201, Tk
WhELEDDLZEHPLETH D, L75‘L7§:75"5, AIRAL
ANR— ZNIMEDHIE ym DRUNZERTH Y, TDZEH
POAERWEMBT S 2 L 3EMWICHEETH 5 72
O, INFETTHHITHMP TR TE TRV, —
Ji, BB OAEYIIENS ®IHFET 5720, ¥
VIADNAFIARTYVE - g VICHTAERY DS
Hrix, CoOFRPOLEKRSTICIHEE L TITbRTE
720 TNFTOMERT, F v TOFHEPIE, LHE,
¥R DE, lREGEOEYE ﬁ%ﬁ%%#Ainf
W3 ZENER SN TS (Hayashi, 1937; Young,
1971),

SR LTIE, ¥F R0 aBAY  TEK T
5RO o Twb, Wainwright (1962) 1%, FHEE)
WoFHKE» SR E NS FF V2%, Pocillopora
damiorni bV EMH IN-Z 05, FF 005G
IR ICERE R EEH 2R L TWEDOTIE W EE
Zl2e LLERHFS, FFUPmsnedro M
HHDT, EOBREFF VIABTHRERICHESLTWS
PIZOVTIRHEDE ZAHAYTH S, — /T, &3
ZHIZ Oy THMTROLNT WD, A%
I3, ZHOBVBELEMIS L EEEHETDH 5,
Cuifet al. (2003) 1%, X MICHHEERENTE Xray

- 5

absorption near edge structure spectroscopy;

mmmﬁm;%“ﬁ%ﬁyﬁﬂ%’ﬂbfﬁw
COC DB ESRAEL TWDB I E 25 I
72 £LTC, %@ﬁﬁﬁ?‘/%ﬁ%@%@f@&
<, AIALFEOMEHL ﬁ%bt%@f%%kbt
IAEREDNA T IZT)E—T 3 v TE)M*‘L‘/‘?Q
ENIH S M2 o TRV EWH DO, ﬁﬁﬁ%
ILHELIRNBEA & v OME %%onzbm4%/m
% (C-S0) DIETHIEL T Wb, ZD72DIZ, AV
LA F L OREED I, REEE KRR TR
FTERBENLZEND, LIEEINSNAFTIARTY
=T a v iZBWTI S p0RE 2R LTVREDLD
L# 2z 5N Twb (Constanz and Weiner, 1988; Cuif
and Dauphin, 1998; 2005; Dauphin, 2001) .

TR BIZT  TERPICEEN T R
B CTH B0, BEILHBEINY V2 DT
I VWO PEANATOINT & 2o H v THHEHIC
i, TANRNTSFURET VS I VEBENELGEThTW
% (Cuifet al., 1999), F7z, B ETLY I
OFHETIEALV = (Thr) »F352% (W
ARYoOET I /BPICETILEE) 25DTw5

DI LT, FELTVEWVY Y TEETIEFH0.8
%THY, MEDETAL I =0 5EARIIIRE R
WS Nz, FRRIS, BEEIELTwiantr T
DEFHTIEEY) ¥ (Ser) 3FH10.9%% 505 DI
LT, FELTVES Y TOEKTIZFEHLT% L
D, MEDE) Y EEFRIZIE- &) & LSRR

BNz (Cuifet al., 1999), 7 V37 EDOT I )
MMﬂﬁﬂ%?é& ZFDF 28T F O ARKE SR

DREICZR Y, VARREOBLEN S & Yy HoOBH
ZFHTELWREEDH L. T TERPOT Ik

RHN DB HIThbINT NGB & 287 1332 H 5 75,
—KMEE T CRZE SN~y VST HIE, 7Y
¥ > TP Galaxin TH 5 (Fukuda et al., 2003),
Galaxin I21&, #IV VI A4 F VHEERIZZEDODLNT
WHEWZ ERD, AIKILICES T 58 YT BT T
BoRWwEZEZLbNTWVWD, TDLHI, rITFHKD
/\/(zL FF)E¥—vavic@lbby 8y HIE, 5!%
WRESN TRV (Pl - #E, 2005), 4

A{ﬁ 2TV E¥—=va ilBlbby NI ] @H
JE - MEIEDLE & T ORBBOMAPE TN TV 5,

Isa and Okazaki (1987a) (&, VT 7 AEE
WEELTT I IHA MERERTERICES L Tw
LEBWE, KANBEEWEO RS L T %
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Tolze TORRE, 7I T4 MEMERFTERIZHE
HLTw268mE, VUREO—HE (74277 F
Fut) V) #ELHEESELTYEHDTHY,
ENDAN YT B4 K VAR RSB TH
L L7 COWEIEARAARZY Y RIS V23
HLIMEZRD, MEPICEZCEAONS, kI
2 Y IRE A AT BUKYE - BUKYED E RS2 R
72902, KDY VIRE RS EE 5 L, BUKMEDTRS
PHOICET VERIROTEREEZ L1227 5 X7 =Kol
BT b0 TOWHED, "4 FIAT)VE—Tar
WCHEBRANVT T LA T R EOERIFIHI LT
%Lz DH5EE D VWA (Mann, 2001)

INFETEL ORI ¥ TOFHP»SMHEES
NT&7: (Tablel)o, HiZiZ, BETOEREWH /A
FIATVE=Ta VOREPLGHENTVE LD
bHDLN, ENOLPED L) LEFERIZLTVED
ME, REZICHLNIZSRTWR,

23 YOOERHBEBEPOERTELARYOD

ViRl

LA, SHEMOERP <L 70X — VAT —
VTR ITCRO A T TEDL LI TR TE
7zo Allison et al. (2005) X, 1+~ 7u7u—
THmEMALTYH Yy TR eI Lo L,
COC DI IZM DI & D D E\» Sr/Ca b2 /Rm T Z
EEWLNIT L7z, ZOHIL, e ZATIEHNIO0
m mol/mol, Z DD ERZTIEKI8.7 m mol/mol TH -
72 (Fig.4)o ¥/, i34+ vr~4270—7T
Y IFEMEIM T EIZHHT L, COC &5 Mg/Ca,
Ba/Ca [b7%, & HICHHERFROZENI D D FE VI
THbHZ %7 (Allison and Finch, 2007).
Cuif et al. (2003) 1%, Xt W YU 3 HE 7 1% A7

(XANES) %Ml L <% v TE&POEYE 54
ZXA 70 AT =V CHIE L7RERIZEDS T, B
xR T 2ABW Y — MOFEELTB Y, £hi
IRERIERS SRR T 5 & ) AR D 9B L CEEAE
RSN TWE L FERLA, F72, COCEHHIC
AR AECIRBECTHELTED, FRICHMEREEE
P SN TV BEITTIX, BE/NY — VIR Ak
WOFANHIG LT, HEDREEHNFRD LN,
WMok, 5= 433 (Raman spectrometry) 12X
0, BREMICHEIEEL TV AR IZEW P Tk < A%
Yorh, HTHERIHAEL T D 2 L 2D DT,

Meibom et al. (2004;2005) &, fEko KA+
VHEBESHEE (SIMS; Secondary Ion Mass Spec-

Table 1 Major organic compounds found in coral-
skeletons. Modified from Cohen and
McConnaughey (2003), Ingalls et al.
(2003), Fukuda et al. (2003), Puverel et al.
(2005), Gupta et al. (2006; 2007) and Sowa
et al. (unpublished data). Glu; glutamic
acid, Asp; asparatic acid, Thr; threonine,

Ser; serine.

Galaxin (Galaxea fascicularis) . etc.
Amino acids mucopolysaccharide, chitin, etc.

Glu, Asp, Thr, Ser, etc.

Acidic phospholipids, etc. Hydrocarbon
Fatty acids < C23, Pristane, Phytane, etc.
Ci18:0, C160, iso C15:0, anteiso C15:0, Alcohol

Sterol, 24-ethylcholest-5-en-3 -ol (sitosterol)
Phytol, Cholest-5-en-3 -ol,
24-methylcholesta-5,24(28)-dien-3 -ol

iso C17:0, C17:0, ete.
Tetrapyrrol pigment
Chlorophyll-a,

Chlorophyll-b, etc. Cl6-alcohol,C18-alcohol, ete.

9.4 10.

Sr/Ca (mmol/mol)

Fig.4 The distribution of Sr in different part of
coral skeletons. The SIMS traverseacross
the P. lobata, cut from a low-density annual
band. The transmitted light micrograph on
the left figure indicates the position of coral
microstructures; centers of calcification
(COC) and fibers. Modified from Allison et
al. (2005).

trometer) X ¥ b f#FEATE » Nano-SIMS % FIH L
T, HrITOMMEERORT S A= LA XD
RTATTEADOGREGH LIz TORR, <7 %Y
T AR COC DA TRIA LY S10fERES WS
EARENTZ, T/, WHEREROBEREEZEZ SN
TWBEBIZIH-T, ST AT T LADORERIHEY RS
NTWBZENRPESLPITR -7 (Fig.5). 1513,
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RIAVI L GEOCHBY D 5 L TR L7z, N
AFIFFV ¥ a VICHET2HEBIO1DE L
T, WEBIELHEN% 2 5N TE7H (Constanz and
Weiner, 1988; Cuif et al., 2004a;b; Cuif and
Dauphin, 1998; Dauphin, 2001), P LoiEFRiZZo
EEEEZ LT E2HDTHA ).

CZISHT MBI D X 512, > TEREOBME
EO—EEITEH T 52 HE Y OSHE, FHMARMETT
FKOGRIZ T B L P TITD RO T2, 5
%, TOXIBMEPSLIZHEET S L, o ITEHK
TERAZ R 73 s oo 3k & AR OB HI A3 HARIY 12
RSN LIRSS,

3. YOBRPhOEEMEFRAL -
IR

31 HOdERPOFEHEMEFALLEZAETO
HIREFEFTDE A

Y TERE AT & A L BRI S & L
T, TIJEBOT L ILIcET AR EDREN 2
bDThbo I, v ITERPOEREIZ-Z) L
ZWHAETH, MMoFEARERE L ) SR X CERE
WRETELD, TOHBEIAMTHHINTE
(Goodfriend et al., 1992; Nyberg et al., 2001)
Muscatine et al. (2005) &, HAEEZ LD RS Y
v TERE OF B & R FAAR L O fE A + 4.09%
THhHOIZHL, HEEZTFLTVWEZVLDOTIE+
12.28% TH Y, WHICR LB L E2/R L7z, L72d
T, @RAMARIEY > TAEARO I EFREO A %
LTwaEERLZ, T2, 5 I13204,0000 4F /i
DO ¥ T PR O B R FNARD T A5 + 4.66
%o Th ol &b, BKEDH > T (Pachythecalis
major) \FREICHABE AR L Tz E 2 7,
Marion et al. (2005) 1%, ¥~ ITHEEFOHEEY D
BRFENMARILZ, FI0h-> TOM Lz, ZoRE,
1970~19714F D B FZ MK 4510.7£0.4% Th - 7=
fEAS, R E B> TWABIZRL, 1990FEK D4
13121385 +0.4% 2% - 72 (Fig. 6)o ATIERDOZEFR
FAARIEI30.8£02% TH B I Lh b, HioHIT&EHRN
PR o AETANE A TAEEHC X 2 FAARA RIS X %
bR LK, Vo TERPAREY OB R FEA
JEAZ AN TR & BWIKEROREIC R 5 L FIRL
2o B, TOSMICIZ800mg FE L KEDOY VT
VAMEH ST WA DI, BERSHERIEHSy HE
Bl ZroTWb,

WO

Fig.5 The distribution of Mg in different parts of
the Pavona clavus skeletons (a and b). Black
colors correspond to relatively low Mg con-
centrations; white colors correspond to in-
creasingly high Mg concentrations. Scale
bars are 10um. White arrow indicates
growth direction. Modified from Meibom et
al. (2004) with permission of American Geo-
physical Union.

Coral skeletal 6N, 1970-2001
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Fig.6 Assessments of fertilizers in agricultural
discharge by coral skeletal 6°N values at
Amed, Indonesia. Between 1970 and 2001
years, the successive decreasing trend of the
Amed coral 6°N reflects increasing fertil-
izer. Modified from Marion et al. (2005).

L-7TANRSEVBBEAINITAAL F v EDHESE
JAA5® { (Tonget al., 2004), MEMET I /WA I
BEPICEHFELTNDL 2 EH S, Gupta et al

(2006; 2007) FBREET I JBO—DOTHDHT ZA/87
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FUMITT Y TAKICHERERRL, B2 TERIERIC
B LA ToHr e E R L. £72, KRR
AR HICHR B XY v TEKRORZRIL,
T AN X VBREOEALETRI2 L 2 A, BIRE
BELIELS B2 EHS (Fig.7), 7T ANSF
Y IRIREE LY v TORBEB O LA KWL T 51
B S 5 Z LR ENT, L L, & THOT AN
FSEVBBF Y TONAFIAT)E—v 3 VIS
LTWabD»E) PIZonTIZERORHDD 5,
HELRD, MRELTWAEL-TANTF U BE DV
LA T OMEBRIE, AV A b (calcite) &
INT 54 b (vaterite) D2FEDFWIZ OV THED
LN THY (Tonget al., 2004), V¥ TEH%E
T 577 TF4 MZOoWTIZERI TN TV
WL THb, /2, 32THRL EHI, v ITF
i > IERDIN O E R OFEFE D MR S T
B, ETCOTANTF VB TERDOLDTH
HHED TRV,

Db X512, ¥ TEEROG Y O % & FA
R 7 I VBEEZFH L BRERAT~ ORI
F52EN)TH B,

3.2 Y OdERPOFEEDIMTOERE

Y TEE T OB & BRI ISR T 5 720
W&, M LA AMTICHR L7250 TH LD
7, L 22A B EORENEN LD TH DD
PO2HEWHLNII L 2T NE LS R, Thbb,
AR ORIEEEEREEZNELEED L,

P TERPITHET 248 (72& 213, Table
D &, Y THWERL, BRI O 720
T200%0wesns—F, AL»rL0RALH S
LEZBNTW S, Isdale (1984) X, ¥ ¥ TH#
B ERE L2 X ICED LN P,
WKL L TWS 7 I VA~ THRKHRIHY
AFNEE LD THEEFR L, T2, 0T
BRI, W N Ty TR EREN SR S
EHRYWHRRAL TS EDORMBES H % (Duerden,
1902; DiSalvo, 1969; Bak and Laane, 1987), &5
12, BRI > TETE7ue 7 1 VHEDOT Y
ARG URT 4 Y VHFHAEDY V TFEPIHERINT
W3 ZEH,5HY (Sowaet al., unpublished data),
v IFREPIHIET B AW, v TAARDA
LHKRTEZIDNH B EMAR B L7z >T, H
A 72 A B 2 IS TR R AT AU,
THERICEEHRT 26 L JH ) okr SR AL
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Fig. 7 Variation of aspartic acid (Asp) and total hy-

drolyzable amino acid (THAA) contents in a
segment of a coral skeleton. The X-ray posi-
tive of the coral slab on top shows annual
growth bands and growth disturbance. (a)
Mole concentration profile of Asp relative to
THAA (mol.%). (b) THAA profile (nmol/mg).
Modified from Gupta et al. (2006).
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LlZ% %, Marion et al. (2005) X Gupta et al.
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ZFi <5 TH A5 (Ingalls et al., 2003; Dauphin et
al., 2006), ¥ TEHKIE, HEEHNEE FHEEERO
B B AIKEANR—=A TR ENL LEZLNTH
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