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Fig.1 Location map of coral samples. Three coral cores were collected from a living massive
porites lutea colony at Tatsukushi Bay, Tosashimizu, Kochi prefecture, Japan. Drilling site was
1km left from the mouth of Misaki River along the east coast of Tatsukushi Bay
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History of Tatsukushi Bay

2004.10
Tosashimizu city hit by typhoon

2001.09
Downpour at south-west of Kochi
Prefecture

1990
| The peak term of pearl aguaculture

1984

1981
1984-1985— - Construction of Tatsukushi Bay finished
I 1979

Construction of Natiocnal Route along
Tatsukushi Bay finished

1973
Construction of Tatsukushi Bay started

1969
The maintenance of Misaki River mouth

1966
Construction of National Route along
Tatsukushi Bay started

1944
Misaki River mouth changed into
Tatsukushi Bay

core-2

Porites coral colony
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Fig. 2 Under-water drilling and coral core samples. a) Coral drilling under water using scuba diving and
air drill, b) Coral core samples (5.5cm diameter), ¢) Drilled parts in the coral colony, and d) X-radiographs of
coral cores with chronology and local historical events in Tatsukushi Bay; 216 annual bands were observed
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Fig. 3 Coral slabs and micro sampling technique. Coral cores were sliced 5mm thick and
radiated by soft X-ray and UV for observation of skeletal density bands and luminescence
bands. Microsampring for 0C and "0 analysis was conducted at 1 mm by thick of slab
edge, 1 mm by width along analysis line, and 0.2 mm intervals toward growth axis
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Fig. 4 Comparison between observed (Ashizuri-Kaiteikan) and satellite based (IGOSS) sea
surface temperature (SST). a) Ashizuri SST with monthly resolution calculated from daily
record, b) IGOSS SST with monthly resolution calculated weekly data, and c¢) The relationship
between IGOSS-SST and Ashizuri-Kaiteikan SST (y=1.08x—3.69; r’=0.94). This equation is
used for estimation of SST during the term lack of observation in Ashizuri-kaiteikan. Dotted
line was estimated SST profile from the equation in (c)
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Fig. 5 Skeletal luminescent intensity and sea surface temperature, water visibility observed
at Ashizuri-Kaiteikan during the period of 1984-2008. Luminescence grey values were obtained
by using image-analysis software (Image-]) from scanning UV light photographs of coal

skeletons (most upper part at this figure)
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Fig. 6 Profiles of oxygen and carbon isotopes and skeletal density. Gray areas indicate the
position of high density bands deduced from x-ray photograph (bottom)
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T O, FIRACASAE 9 By I AR5 B R & (Kinetic
effect) @D DFERLAT PRI XY BHE D FE
FMARIEPRET L EEZ 2 5N TWw 5 (Grottoli
and Wellington 1999). Metabolic effect (& 3t A4 #
DA RO ¥ TEEROMTFW R X > TELT S
72, Kinetic effect DML % WA, KHEF
PARLDOZEENT EINE K2 LAY 5 H G A3 S
ENbLEZL5NTWS (Swart 1983; Muscatine
et al. 1989; McConnaughey 1989a,b; Allison et al.
1996; McConnaughey et al. 1997), ¥~ TEED R
FFEDAARH DS H G DK < 72 5 2005 4 LLRED &
BRMEINIZH 5 Z &1, KPOBEOE T I
YAWZTLHEEPBRLIZEEZRLTVWDED
TIRRWES ) Do KRB OBER A3 >~ TR
S HE 2 2 2 &Y, AEFEHOLE R 2 W
S, RERIIZ, BRORFBRMAKLEZKT ST
Wit EZohb, U IEEKORFRMAKREL E &
G, RO EEE CTHEHBIE N T
WRKHPEHEZENENFH LB R L (K
8)o BEFITIIKHFEREIXKL, FrITEeHOKRE
FN AR Ofili & HOERIE X I E V. — T, &FL
FRPEHEEE L, Y TR0 REFRMAL E
SOGTREE LI, EHIREIZ BT 2 FHIZH) T
&, BEFEIE, KSAOARSL T T v 7 0%
e WX D RPEHRBEIKL 2 525, HEDE
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WO EREOR G EIEE L, KRE LT,
FHED e FEFMARIIZ R I8 ARV EIM 2 7R
A, BER KN EORBIZL ) KREO 5%
Wofigashs b, HAEEHOLERK IO T
WRRBEEOBIMIL WV REEZITD L)Y,
B D R FRNARIL & SO O FHIA BRI/ S
{lpho ZDRER, EMDRFEFRMARLDFMHE &
P OB IEOME R H 72 E 2 BN S
(X 9a) o

2006~2007 4D F A& OEEF - ke K LA O3k
TRIZ/AN S D R 0 e S )V AR L A KA 1 Atk oD 16
B OZIIHARTIRLS, LAFOREIMER L T
WHREED D B o AR DRAEKILIZZE L TIZIEMH T
fliz k5> TVWBIZHLMDL ST, BEOBEEFRMAL
DK NT D EDD B 728D, v THHEILEE
BEARRICE VEERZILO D 7 4 I v IR L
25% %, Fallon et al. (1999) 2 X % & 4R V45
BRI RS AT Y TR Wl BREESIT Tk
MO E LCSr/Calk RN U/Calk 2 HWT B

D, WEEHITI8C L DV IKIEZLHFHL Tk
MofzEHER L TWA, K7d2 TEHY ¥ THFHKIC
FUER S N A KIRIZFIEM I TH Y, Fallon et
al. (1999) 12X % Sr/Calt - U/Ca lbofiH & —3K
T 5o BAKIRFFIITERMERELIMET L (Barnes
et al. 1995), “H 4% DRI AR HI AR IR AS O
SNV EZRBT S, F 72 2006~2007 4E DK
KIREFOFEMERIVNE o722 L IXEEE NV
FOWEBNI N EIZHENTVE, 22T, K
7b OKIE—FEF ALK T Ty M LzmD )
, KiEAP18CL Lo EHWTHEAXEZ DL %
EFRRDE IR oT, ZORE, BEOHERF
RIEEKEFTOBE L IZIZRCEE & o7 (K
7¢)o

5 18()VPDB (%0) = _016 X SST (OC ) - 107 (RZ=051)
(2)

EBROZEOKREILIE, REKRL REKRE D

X 7 @*I_J1MZ!SH:7JWM;:T=\'—?‘J7I/ vavea) ¥ IEROMKAMAKILLT (a1) &L

FRURIEAR I
K LR L2

BT BRI A FIMELS) (a-2)0 b) F ¥ TEAK OB AL A ORI H
R/MED R F KRR I Z NI SN2 E LT, TOMOBREREZ —E &R

Etfﬁﬁiﬂ]’i’mﬁ)to b: A PR A B KR, HEEN Y B O R AR oM
i (@) LHEFHME (0) 2FhEh7ay b LTEMERES W, T2, &z 7ay bL
72 (0)o MEFFNLARIE-KIROWFTRIL 6 *Ovppp (%) =—026 XSST (T ) +1.21 (R*=094) & %>
7oo o) AKIRIRES (M) LIBATMR ORI MM AR KIS & K L7- (1. Watanabe et al,
2001, 2. Quinn et al, 1996, 3.McConnaughey et al, 1989, 4. Watanabe et al, 2003, 5. Gagan et
al, 1998), d) 1. R EAEBNARD H FEREED 7— 7 ffomX, 2. BREFRMVARL? S
B 0#E A% o TRDIAKRBEO T — F HEGAK, dl & d2 2T r2 8128, T
A OB Z AR IIEE KRR TSN TWAE Z L2V 0 5,

Fig. 7 Calibration for coral oxygen isotope thermometer. a) Comparison between coral
oxygen isotopes and observed SST. Coral oxygen isotopic time series (a-1) and monthly SST
observed at Ashizuri-Kaiteikan (a-2). For conversion of distance to time series, we assumed
that maximum and minimum oxygen isotope values in corals were formed when minimum
and maximum SST occurred, respectively. Skeletal growth rate was supposed to be constant
between each oxygen isotopic extremes. b) Linear regression between Ashizuri-Kaiteikan SST
and coral skeletal oxygen isotopes over the period 2001-2004. Oxygen isotope values were
sorted by extremes (@), annual averaged values (©) and other all values (O). The regression
line was calculated using the points extremes (®) and annual averaged values (©). The
regression equation for the temperature dependence of oxygen isotopes for this study was o
BOyppp(%e)=—0.26 X SST(T)+1.21 (R*=0.94). c) The regression equation in “b” was compared
with published calculation lines (1. Watanabe et al., 2001, 2. Quinn et al., 1996, 3. Mc-
Connaughey et al, 1989, 4. Watanabe et al, 2003, 5. Gagan et al.,, 1998). d) 1. Histogram of
monthly Ashizuri-Kaiteikan SSTs, number of observations vs. SSTs. Notice a higher
abundance of data points sampled between 18°C and 19°C. 2. Histogram of oxygen isotope
values. Notice a higher abundance of data points sampled between —5.9 and —4.3%., which

was approximately equivalent to 23-28°C
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Fig. 8 Comparison between the skeletal records of oxygen (a) and carbon (b) isotopic profiles
and luminescence bands and water visibility (c). Monthly data of visibility was calculated from
daily data of Ashizuri-Kaiteikan. Luminescence color index was obtained by flowing steps. 1)
Scanning UV light photographs of coal skeletons 2) Converting grey scale using image-
analysis software (Image-]) 3) Gray scale (GS) intensity was classified as 1 (GS<100), 2 (GS;

100-120), 3 (GS; 120-140), and 4 (GS>140)

WCRELREFI VDS, BRFERARLOBAAHEIZIX
ES52&»H o7 72, Omata et al. (2006) D
R L BRI, ERIRBF OB FE FEAARLILI V Al
R L, EKIREOBREZEFMVARLO Y — 7 OflEX
RKEL ol INOLDFERNS, F ¥ TEROME
FEMARIIZEOKRAGLHF SN TE 5T, B8E
BE L TWARWI EDRBEEINS,

AL TR L 72 2002~2007 4F DK - EHREE,
WoE U7zfeF - RFBFEMAR, FREHRMERE F
M EREE, FHPEAIKIEEZR1IICEED
7oo BHRMER & BREEOEEHMHEOFE 2 I 5

EHOMMERL, MOEITHIZE (Scoffin et al
1992; Lough and Barnes 1997, 2000) & [FAfIZ 5
PREMET T 213 EFREEIERLTVwE L
S 2IZ %k 572 (K9b). BiMEROMKILE
BHERZHBICTAZ LI IEBRINLEEZ LN
% (Barnes and Lough 1993), F =B MERIZ
AIRALE & IEOMBZRT 720 (KM 9c), BIHEE
AL EIZAOMEERT (X 9d). mKIMRRIC
KN Y PR SN, KRB RN
YW ENE DL, BRMEEOFHEI T
BEBEICHNL D EEZ b5,
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Fig. 9 Scatter diagrams of skeletological parameters and relationship between coral carbon
isotopes and water visibility. a) extension (mm/yr) vs. density (g/cm®, b) extension (mm/yr) vs.
calcification (g * cm ™ %/yr), ¢) density (g/cm®) vs. calcification (g * cm ™~ %/yr), and d) carbon isotope (J
BCyppr) vs. Visibility (m). Regression lines were shown in each diagram

F 1 2002 EH 5 2007 40 R EAEBRAE (SST), AKHEEHE (Visibility), ¥ ¥ IHEOBEZF L
ﬁiﬂﬁ (5180\7PDB)v )'j:{:i"g ﬁ”iﬂgﬂﬁ (513CVPDB)‘ ﬁ-*%ﬂi Féﬁﬁaﬁi' (EXteHSiOH), %*&%E{ (Density), E}T('ﬂﬁ
# (Calcification) D FIHMH

Table 1 Annual mean values of Ashizuri sea surface temperature (SST), water visibility, skeletal
oxygen isotope (J'®Ovppp), skeletal carbon isotope (6“Cyppp), skeletal extension (Extension), skeletal
density (Density), and skeletal calcification (Calcification) during the periods from 2002 to 2007

year SST (°C) §'8Oveos (%o) 83 Cvros (%o) Visibility (m) Extension (mm/yr) Density (g/cm3) Calcification (g-cm2/yr)
2007 220 -4.16 -0.94 7.6 8.19 1.21 0.99
2006 21.8 -4.35 -1.49 6.9 7.71 1.16 0.89
2005 216 -4.39 -1.50 6.6 8.94 1.19 1.06
2004 215 -4.48 -1.82 58 8.25 1.18 0.97
2003 219 -4.19 -1.61 54 7.39 1.23 0.91
2002 216 -4.38 -1.51 6.0 10.05 1.12 1.12
2001 221 -4.76 -1.54 8.1 9.79 1.14 1.12
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Abstract Reef building corals in temperate region could be a powerful tool for reconstructing climatic/
environmental changes such as global warming and ocean acidification. To demonstrate the possibility of high
latitude corals for reconstruction of paleoenvironments, we analyzed oxygen and carbon isotopes in core
specimens of living massive colony, Porites lutea, taken from Tatsukushi Bay, Kochi prefecture, Japan. Isotopic
variations were compared with the coral skeletology deduced from X-ray photographs and luminescence bands.
Comparing with observed sea surface temperature (SST), oxygen isotope profile showed the lack of geochemical
records during low temperature. This result was corresponding with the occurrences of high density bands, low
skeletal extension rate, and low calcification rate in winter. Annual averages of carbon isotopes increased from
2001 toward 2008 and coral luminescence bands observed in the period from 2001 to 2005. These results
suggested that the calcification significantly decrease or cease in low temperature. Coral in this study recorded
the local history of marine environments at Tatsukushi Bay caused by terrestrial inputs due to heavy rainfall
event occurred in 2001. Coral isotopic compositions and skeletal structure were sensitive to response on SST
changes. Future analysis using the full length of coral cores could be expected to capture both global environmental
changes and local history at Tatsukushi Bay.

Keywords: reef building corals, temperate region, oxygen isotopes, carbon isotopes, X-radiographs, coral
luminescence bands
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