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Winter sea surface temperature variations based on
coral oxygen isotope record from Ishigaki Island, the Ryukyus,
Japan and its relationship to 1988/1989 climate regime shift
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Precise and long term climate data are necessary to predict the magnitude of climate
change in the future. The tropical regions are important subsystem of the global climate system
because it receives over 50% of total amount of solar energy to the earth. Climate data, however,
are available only for recent about 30 years. Thus climate reconstruction with proxies is ur-
gently required. We conducted oxygen isotope analysis of the latest 30 years part of a 272 cm-
long core of annually banded coral Porites sp. from Ishigaki Island, the Ryukyus, Japan to re-
construct sea surface temperature (SST) of the region. Significant correlation between coral
skeletal oxygen isotope ratio and winter SST allow precise estimate of winter-time SST of the
region. In the first half of the period, the winter SST of Ishigaki Island was strongly correlated
to the development of winter Asian monsoon. After the climate regime shift in 1988/1989 at
middle latitude Pacific, it showed no correlation to the monsoon and instead the influence of
Kuroshio Current was suggested. Winter-time climate mechanism of the Ryukyu Islands region
has changed since the regime shift. Further reconstruction of SST based on coral records at Ishi-
gaki Island will greatly contribute to understand the climate system of the northern hemi-
sphere.

Key words: coral skeleton, Porites, oxygen isotope, sea surface temperature (SST), monsoon,
climate system, climate regime shift
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have overlap of about two years.
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Figlll The oxygen isotope record in the coral skeleton (981Y-03) along the major
growth axis. Panels A-D are the results of Lines A-D in Fig. 2. The horizontal
axes are accumulative length of the analytical line from the surface of the
sample, the top of line A. The overlapped portions of (A) and (B) showed very
similar isotope pattern. The winter (December - February average) SST at
Ishigaki Port was especially high (23.6°C) in 1988 and high in following years.
These high winter SSTs are consistent with the oxygen isotope record of the

coral.
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FigtlD  Annual growth rate of the coral skeleton.
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age. The growth rate tend to decrease to-
ward present.
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FigtlD  (A) Time series of winter extremes of coral
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Port and Monsoon Index (MOI), The Mon-
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tween MOI and winter SST of Ishigaki
Port. Diamonds are data for 1971-1987 ex-
pressed by SST(°C) O [0 0.0897 MOI (hPa)
0 23.0 (solid line), RO O 0.59, and circles
are data for 1988-2004 expressed by SST
(°C) 00.0408 MOl (hPa) 021.6 (dotted
line), RO 0.25. (C) Relation ship between
MOI and winter extremes 0f3 *Ocwr. Dia-
monds are data for 1971-1987 expressed by
3 0 wa (%0) [00.0187 MOI (hPa) O 4.48
(solid line), RO 0.66, and circles are data for
1988-1996 expressed byd “Owa (%) O
00 0.0141 MOI (hPa) O 3.98 (dotted line), R
0 0 0.43. MOI data is from National Cli-
mate Data Center and Japan Meteorologi-
cal Agency.

oOoooo0oo0oooooooooooon
Ooooooooooooooooooooooon
OO0O00O0OOregimeshiftO OO O0OODOOO
00 Yasunaka and Hanawa, 20020 0 00O 00O 0O
0 0O 0O PDOO Pacific Decadal OscillationD 00 00O
Ooooooooooooooooooooooon

O000ooo0oDooooooooooooooog
OO0 SsSSTOODOOOOODOODODOOOOOO
00000000000 Yasunaka and Hanawa,
0200000000000 0DODO000O0OO0O
O000ooo0oDoooooooooooooooo
ooooDOooooooooMoloOooooooo
000000 oDoMnDoMOooooooooog
O00000ooooDooDOoooooooooo
MOIDOOOODOODODODDODODOoOOoooooDoOoo
O00o0oooooooooooooon

0 O OYasunaka and Hanawed] 2002100 OOOT00O
00000 o0oooooooooooog
O0o00oDooooooooooooo Molooo
0000000 oooooooOOooDMooooog
Oo0o0o00oOoooooooooooooao
O Yasudaetal., 2000000 0000000 00 OO0
O00Ooooooooooooooooooo
oo oo0o0ooooooooooooooon
O00DoMnDooooooooooMoloOoooo
O000oooooooooooooooooooo
ooo

oooooooooooooooooooooo
MOIOODODODOOODOOOODDOOoOmoorsd
0000000000000 RODOODO O MOIL O
O000o0o0ooooooooOOooooooog
0000000000000 onooRrROODm
OO000oo00ooooooooooooooooo
OO000oo00ooooooooooooooooo
OO000oo00ooooooooooooooooo
OO000oo00ooooooooooooooooo
oooooooo

Yasuda et alOd20000 000000000000
O000oMDoooo0ooooooooooog
00000000 DO000OOoOnENOmeND O
O000o0o0ooooooooooooooooo
O000o0o0ooooooooooooooooo
OO0 00000o0O0” 000000 oOOdooaIng
Oo00o0oooooooooooooooooo
Yasuda et alOd20000 0000000 OOOOO0O
00000000 ooMDOMOo0ooooooo
O0000oooooooooooooooooooo
OO0000oMDoooo0ooooooooodood
O0000o0oo0ooooooooooooooooo
OO000VYasuda et alO20000 000000000



310 ooooo9woooooooo

cobooOooooObocOoobooooooMmoobooon
coooooooOoocooboooobooooooooo
coooOoooobocOoobooOoooon

gogd U

ooooooooooooooooooooogo
gooo0o0O0oO0oO0ooooooogoooooog
gooo0o0O0oO0oO0ooooooogoooooog
O0O0OO0O0O0O0O0OO0 Mitsuguchi et al.0 19960 O
0000000000000 OoOOUgyg suzuki et
al.019990 0 0000000000000 Suzuki et
al.0 19990 O O Mitsuguchi et al.00 199600000
gooo0o0OO0o0oO0oooooooooooooog
gooo0o0OO0o0oO0oooooooooooooog
goooOooOoOoOoOoOoOooOOoUUUOoODoOoOOd
Oo000ooooU0ooooooooooooodg
Mitsuguchietal.019960 0 0 0000000000
gooo0o0oO0o0oO0oooooooogoooooog
gooo0o0oO0o0oO0oooooooogoooooog
gooo0o0oO0o0oO0oooooooogoooooog
gooo0o0oO0o0oO0oooooooogoooooog
gooo0o0oO0o0oO0oooooooogoooooog
gooo0o0oO0o0oO0oooooooogoooooog
O00o000o0oo0ooooUooooUooooog
gooo0o0oO0o0oO0oooooooogoooooog
gooooo

0000000000 MoMooooooo
gooo0o0o0o0oO0oooooooooooooog
000000000 0Oo 000 0doogarmg
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
OO00o00oUoooooooUooooUooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooo0oO0o0oO0oooooooooooooog
goooooooboooo

o 0O

uobooooooooobooooboooooooo

coooocooboooboooOoOooObocOoOoobooOono
coboobooooboomobooooooooonono
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
cooooOOo0ooobooOoOoOooooObOoOobooOoDbOn
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
coooocooboooboooOoOooObocOoOoobooOono
od

oooao

Abe, O., Matumoto, E. and Isdale, P. (1998) Paleo-
SST reconstruction during the last two centu-
ries by Ishigaki coral, Japan. Coral Climatology
by Annual Bands. Proceedings of Third Interna-
tional Marine Science Symposium (Matsumoto,
E., ed.) 8-14, Japan Marine Science Founda-
tion, Tokyo.

Barnes, D. J. and Lough, J. M. (1993) On the nature
and causes of density banding in massive coral
skeletons. J. Exp. Mar. Biol. Ecol. 167, 91-108.

Beck, J. W., Edwards, R. L., Ito, E., Taylor, F. W.,
Recy, J., Rougerie, F., Joannot, P. and Henin, C.
(1992) Sea-surface temperature from coral
skeletal strontium/calcium ratios. Science 264,
891.

Fairbanks, R. G., Evans, M. N., Rubenstone, J. L.,
Broad, K., Moore, M. D. and Charles, C. D.
(1997) Evaluating climate indices and their geo-
chemical proxies measured in corals. Coral
Reefs. 16, 93-100.

Gagan, M. K., Chivas, A. R. and Isdale, P. J. (1994)
High-resolution isotopic records from corals us-
ing ocean temperature and mass-spawning
chronometers. Earth Planet. Sci. Lett. 121, 549-
558.

Gagan, M. K., Ayliffe, L. K., Hopley, D., Cali, J. A.,
Mortimer, G. E., Chapell, J., McCulloch, M. T.
and Head, M. J. (1998) Temperature and sur-
face ocean water balance of the mid-Holocene
tropical western Pacific. Science 279, 1014-



totoodooooooooooooooooooboboooooOmmMnooooooooono 311

1018.

Hanawa, K., T. Watanabe, N. lwasaka, T. Suga and
Y. Toba (1988) Surface Thermal Conditions in
the Western North Pacific during the ENSO
Events. J. Meteor. Soc. Japan, 66, 445-456.

Isdale, P. (1977) Variation in growth rate of herma-
tipic corals in a uniform environment. Proc. 3rd
Int. Coral Reef Symp. 2, 403-408.

Leder, J. J., Swart, A. M. and Dodge, R. E. (1996)
The origin of variations in the isotopic record of
scleractinian corals: 1. Oxygen. Geochim. Cos-
mochim. Acta 60, 2857-2870.

McConnaughey, T. (1989) “*C and **O isotopic dise-
quilibrium in biological carbonates: I. Patterns.
Geochim. Cosmochim. Acta 53, 151-162.

McCulloch, M. T., Gagan, M. K. and Mortimern, G.
E. (1994) A high-resolution Sr/Ca andd *Oca
record from the Great Barrier Reef, Australia,
and the 1982-1983 El Nind. Geochim. Cosmo-
chim. Acta 58, 2747-2754.

000000000 0@oooo0mooooo
Oo0o00oo00ooU0oDoooooooooo
24004100

Mitsuguchi, T., Matsumoto, E., Abe, O., Uchida, T.
and lIsdale, P. J. (1996) Mg/Ca thermometry in
coral skeletons. Science 274, 961-963.

Shen, C. C., T. Lee, K. K. Liu, H. H. Hsu, R. L.
Edwards, C. H. Wang, M. Y. Lee, Y. G. Chen, H.
J. Lee and H. T. Sun (2005) An evaluation of
quantitative reconstruction of past precipita-
tion records using coral skeletal Sr/Ca andd **O
data. Earth Planet. Sci. Lett. 237, 370-386.

Suzuki, A., Yukino, I. and Kawahata, H. (1999)

3 *0
Porites australiensis from Ishigaki Island, the
Ryukyus, Japan. Geochem. J. 33, 419-428.

Suzuki, A., Gagan, M. K., Deckker, P. D., Omura,
A., Yukino, I. and Kawahata, H. (2001) Last In-
terglacial coral record of enhanced insolation

Temperature-skeletal relationship of

seasonality and seawater **O enrichment in the
Ryukyu Islands, nortwest Pacific. Geophys. Res.
Lett. 28, 3685-3688.

Suzuki, A., Gagan M. K., Fabricius, K., Isdale, P. J.,
Yukino, I. and Kawahata, H. (2003) Skeletal
isotope microprofiles of growth perturbations in
Porites corals during the 1997-1998 mass
bleaching event. Coral Reefs 22, 357-369.

Suzuki, A., Hibino, K., lwase, A. and Kawahata, H.
(2005) Intercolony variability of skeletal oxygen
and carbon isotope signatures of cultured
Porites corals: Temperature-controlled experi-
ments. Geochim. Cosmochim. Acta 69, 4453-
4462.

Yasuda, I., Tozuka, T., Noto, M. and Kouketsu, S.
(2000) Heat balance and regime shifts of the
mixed layer in the Kuroshio Extention, Progr.
Oceanogr. 47, 257-278.

Yasunaka, S. and Hanawa, K. (2002) Regime shifts
found in the Northern Hemisphere SST field. J.
Meteor. Soc. Japan, 80, 119-135.

Zhan, Y., Sperber, K. R., Boyle, J. S. (1997) Clima-
tology and Interannual Variation of the East
Asian Winter Monsoon: Results from the 1979-
95 NCEP/NCAR Reanalysis. Monthly Weather
Rev. 125, 2605-2619.



