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Abstract : In an effort to develop high-resolution sea surface temperature (SST) proxies for mid-latitude
regions, two massive reef-building coral species, A/veopora and Favia, were collected from Jeju and
Tsushima Islands, respectively. Their skeletons were subsequently analyzed for annual growth banding, St/
Ca and Mg/Ca ratios. Hermatypic corals are thinly distributed in the waters of Jeju Island, where Alveopora
Japonica was the only dominant coral species. A higher diversity of hermatypic corals were observed in the
waters of Tsushima Island, where Favia sp. was the most common coral species and even forming an about
6-m-high reef structure. Both Alveopora and Favia showed annual growth layers consisting of couplets of
high- and low-density bands. Sr/Ca ratio of both species and Mg/Ca ratio of Alveopora also showed
seasonal variation, likely reflecting SST variation. These results suggest the possibility that Alveopora and
Favia species can be used as potential SST proxies. However, this study also highlights the potential growth
disturbance of middle latitude corals due to high rainfall during monsoon and low SST during winter. This
possibility should be taken into account in the investigation of Sr/Ca(Mg/Ca)-SST relationships.
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I X (massive) 34 (hermatypic) AFE= Aoi/otEd
Aol FraLleA sk, g Fge A9 A, 2
i 24 Wl EAlstks #A Y s & A=

]‘%—

=

tpFet z|8lst 22} wj#ol A 75 B Aol
o] o] &% ItH(Gagan et al. 2000; Correge 2006; and
references therein). 53], 37 =3} @ =3 A3}
o] Abs ZZ 9] AAEAU 247} Sr/Ca 2 Mg/Ca %t
of thgh B2 A77F TR = ATHQuinn er al. 1993; Cole
et al. 1993; Mitsuguchi et al. 1996; Boiseau et al. 1998;
Asami et al. 2004; Sun et al. 2004). SRR, 717]1%F B
Aol 71 Yt 0B AME-E & Porites( =-H1 % ),
Panova(SH1E ¢ A= A 9), Montastrea(7}2 8] 913l) 5
o] Y x4 e E F& 25° o] & o]He] FHE A
Aol w27t ks W] Suets T F9
T A AofA AHEE o] &gt P EAE /A ©el) A
T 59 9 34 B9 Aye vvgk Aok
Al f-2lviete] sigA ol Y¢S AR =
Aoz AHF MeHS HEAGH F2EA 87 FF
ol A kel w3 BAA7rt FldE o] 9lon
(Gagan ef al. 2000; Shimamura ef al. 2005; Suzuki 2007
(personal communication)), $17Fe] 3P AT o] AL&-3} o
7] CO, S7hl & 874 A& ol d + = AA
1508 o]/ge] 7171l A%l 2 Wsh JA7} of g 2o
A B% vl i (Gagan et al 2000 and references
therein; Asami et al. 2005). ©]2]3F 2 x]+2]2] 7133}
of #Ag LEAN ol Bstal AR fiver 2
sflol|A] o]ol] g3k A /A ©9le] A s 5
A= AR Ao, o= d A3 71t g
el 9] s Feol vl Gl ek A7 B7HE o
HA st
AN E T A 72 H 7T @ED)Y] AE/A &
75t Rl Ax vt 7t
Aol 2 g 7|SHsP AT
Foll thet A4 F7Pt 7hssitt. &
55793 of
3l2 $F 0= olFalA HW, 1 A3} # QU AL A

al. 2004, 2005). SHAIRE, AU FF FEHHF A2 4
9] 85| lA HA 2 F7HE HolAl Ent
(Cane 1983; Eugen and Wallace 1983; Philander 1983).
ols} 7o] BAUR A ATH Ayl e | FAsE 2
7) ThE Aol wstel Wgol} wake] =717k B
el (e.g. Cole ef al. 1993; Evans et al. 1998, 2000;
Gong and Luterbacher 2008), wabx] = 23| 2] 33

[
S|4 =elo] WA oln),
Z9I% Aoe 2ke] ) nllalel @A) o] oo

Al 715 5ol AREE ¢ Sl Als FARbE iEy

PR Fom, IFS AH/A HRE Bl H 5
& FAAE obF =] QUA| ). e
AR AR F A HAE AR W A=
T2} 359 Mg/Ca HI¢} AtaEeda 24 A4e
HA &l wet thEAVE 4= et
331t} (e.g. Bradley 1999; Rosenthal 2007). $73<] Y
o] (tree-ring)} = SFA 9 A5 Fal L=
3b7 EQlo] 7hestAI R, o] obd §A4e]
Frnists B9 & dde sHE /R
(Bradley 1999). ¥¥el =7 0= oozl ofulsi#2] 73
T A% 717 ¢ OE AR olEshe AEH 2 A
= 717ke] B3 A~ ol Eeithes A, 28]al &
A9 e F2HstE AN 548 7 e A5HQ 7E
< 97 FEThe SRS 7R T o4 BlEte 4ts
FA2R= 24 ol v=ro] A3ket FAAE EA g
A, sk ol Fzete] T S A7l AA A5
S 7 7SS A, 28a FETE A AA W
St= HoFe Ak Ao Atgete] 2 vwrt 7hset
th= 43S 7HA AL dt). weba] vkt 91l 2488
T UE AtE FAAe Nt v A 7] olE)
o B S & 7 IS AeE dAvEh

o] A= FEUEE T3 9% Aol AE/A
&HRle] I W B 5U8 9t dF =79 s
Qg 712 AFE TR AT AT} o] 2An} F
WA o 224 AHEE 3] 98 I A4S Fst

xo o

N

A ZZ2A S B AR 20079 10¥€ 499~10
4 1497HA] AFEe MAEe} S i 2 vt
SO MZ aliQhhglel Z)oll f1xIgH AleR-ehrtellA
HAA EATHEFig. 1). AFE ATolM = F 559 =224
2bse] vt ERIFHIeH, 1 F S Hole
Abveopora japonica 7NAE XX 319 (33°19.25'N, 126°
09.78'E) °F 10 m F4lollA 33Tt 22xulid o] Ae}
FeRkA= F 35 A 224 s 22 g1
o, o] F Bx7} 7P AT Favia sp. WAIE 34°
24.88N, 129°16.67E A4, °F 2 m Al ollA A F &k
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Fig. 1. Location map showing the coral collection sites (star marks) and environmental monitoring stations (open cir-
cles). Contours of the winter sea surface temperatures (an average of the coldest months) were given for 13°C

and 18°C in the index map.
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7Fs/dE BRI flE] 4’ AolM 7 SAsE REE
Ho|= Alveopora®t Favias 1’3o 2 28 AASS Y
E3] ZARA G oNM = FaviaZ 7% 6 m =0]2] Ats
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o

8l Favia®] #45 AAIESIT
A ENA F 20 km FAZ)] Qe REE(Fig. 1)014
20039 FE] 2| dzARN0] B3 YF = oo
A 13.3°C~24.8°C Mol Walon, HA F2o
293 3¢l 18] HA 22 88 9ol ASH AT
(Fig. 2). 92L& 26.2~33.4 ppt AFo]e] WS HYoH, 7
ol A 9 Atolol] W& 7S HATHFiE. 2). AFAF L
EHE °F 30 km Holl = 2AHke] o] =& (Fig.
Dol A 198504 1995\ 7FA] L& 71743 o] #A=3t 2}
ol =W 994 BF 522 11.2°C~27.5°C HSE B
Now, AFEe} VIR HA 9 I e 77t
293 39 ]38 99 ASHUTk(Fig. 2).
AHE AEE 5 mm FAZ AR Wk HaslA 4
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Fig. 2. The observed sea surface temperatures (solid cir-
cles) and salinities (solid diamonds). Salinity data
are not available in the Tsushima Island.
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Alveopora

Favia

Fig. 3. Soft x-ray positive prints of Alveopora and Favia. (a) Slabs used for subsampling. Favia slab does not show
growth banding because of the cutting plane oblique to the growth direction. (b) X-ray photos of other slabs
showing growth banding more clearly. Rectangles in the softe x-ray photos show the parts of corallites sub-
jected to subsampling. Length of rectangles are 23 mm in Alveopora and 18 mm in Favia.

T theca wall

Alveopora

septum columella

Fig. 4. Magnification of Alveopora and Favia skeletons. The diameter of a corallite is around 5 mm in Alveopora and

10 mm in Favia.

Ao mE UEWstE B WEs] 4] s,
Alveopora 224 ApRle] Woks B8P = X]4=2(0DI,
Optical Density Index)® it ©] 342 Imagel
SEZEIYE o8l en, o] ZrIag A A
7 gde] Brlel wet 249 ExE 2560709 57
(0~255)0.8 FA| 3T},

Alveopora®} Favia /WA= 22} 5 mm$} 10 mm 27
9] corallite(Z ¥ (Polyp)ell 3NT3H) AAAZA] Fd =1,
3k 719] corallitex= theca wall, columella®} septum o 2
T A HFig. 4). SHAIRE, Alveoporas ¥ (rock slab)ol]
A &S columella T2E HFR] ¢git), FA| 59

AH e 3 A coralliteS A5 FRAONA Ea]3h 5 A
Aoz 733t F2E 7F theca wall THS T2 A4
stAoH, columella®t septum > FAIE AFH %
dental drill& AR&-5to] A7 8. E‘E]% = corallite
9] theca walle FAE AZ A 2SuE o]gale] ¥zt
H AFES AANAT FAE AH = +s um 7VAo=
A7l 2Ao] 7Fsst A8 o] E5¥HE 42SE micro-milling
machineS AHE-3I310M, Al 52| 48 FEste] 400 um
Ao g FARE AF 6

AFHD RAIEE Ca, Mg, Sro] % 248 98] o|xt

LB |
FR5ol Hob 227 AL AA AR, Qe
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Hol E-rrL ICP—OES(Perkm-Elmer Optlma DV3300)%
o83l Ca, Mg, Sr &% ¥4L 313t} ICp-1 o=k
Uo|E ZFAE(Inoue ef al. 2003)2F BAHA| RS HHE &
2 Az 24 ¥ Mg/Ca®t Sr/Ca 3 25 0.5% oW 2]
LAPH9E BSlH

3. 47 9 B9

ZZA As Bx

A= MFEe} 2= s des =
X ZAE & A, Alveopora japonica, Oulastra
crispata, Montipora millepora, Psammocra superfilcialis,
Psammocora nierstraszi & & 582 2%/ 2bs7F &4
etk AAE sl o 5Eel 457k 4 20 m
AR teR Aolel ExaR, ANE seelNe
Alveopora TFEE°] 4 10 m B0l FH eI £X
Ft}. olF 27150 AAD Belo] Absd N4 A
AlveoporaZ} -4 31 (Fig. 3), tFE £E2 25 7]Hkdo]

/\é A} 3,:

ROl Sylocoeniella guentheri 2] 371 SR1EA T}
Favia sp& %F 10~20 cm 2719 71215 A5, =&
S Ax 7P A% 22 BT} 53] o] XY
o= °F 6 m Eo]9] A7 X3P, oF 5 m Aol 2
N AF FotE B5s6te] wEF A, s xe] 90% ©f
o] Favia AAZ 749 Ao2 SlEgin)

25270 A

Alveopora$t Favia= B QA=A AR A] o] &
wo} ¥ Wyt wEdhe APNES HEs] BoE

(Fig. 3a and 3b). FA15 ANHE 3 Favia 7}
ol AARS 7HA AL 2l om, 1 wfjitol] Beket A/

=7} B 3sioh(Fig. 3a). 3HA%F, Fig. 3bollA B0 A
ratol FaysiAl & Favia %L-&Oﬂ/ﬂ‘“ AAAM =7}
Hgs) AT} o) s WEs A Ee] EAle T
MEFo] w87 219 Wstel whek Yol JFS

L2 ofrlsiH, a7)5 &

Holl AREHL 3= e A
=

SZ3 7o) = <k 39 WIlE A7t I
Aol 7153k UE TR S A g

>

e FA ] Sr/Cast Mg/Ca 3t

U A v &k dHE B o] FAHARAAT 259 R Wil At
A upd o] AJER-EHNboll = Alveopora japonica, Gonio- =739 AtAEYAaZAF= tEA, 4% F49] Sr/Ca
pora sp. Favia sp. ‘& 3&°] I x4 st 7EA14e w2 @l Wl Si/Ca #hol @r9] 34 Toll 93 A
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Fig. 5. Sr/Ca and Mg/Ca ratios of Alveopora and Favia skeletons with X-ray photo and ODI of Alveopora. Horizontal
dashed lines are the average values of Sr/Ca and Mg/Ca ratios. The growth periods were assigned on a yearly
base from 2003 to 2007 based on warm (gray boxes) and cold seasons (white boxes) determined from the aver-
age values of Sr/Ca ratios. SSTs were estimated for maxima and minima using the equations taken from Cor-

rege(2006) and Mitsuguchi ez al.(1996).
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27] wiEe] 2xvke] ghrR Weke AR velA 2l
(Beck et al. 1992; Correge 2006 and references therein).
o= Sr/Ca #to] zt= AR o 'A, o] ofsf HdH s
LR} AaEdazd S Hlwd A e 98 =
= 7979 s f-83H AHE S AUk(Hendry et
al. 2002; Shen et al. 2005). =3 2527 9] Sr/Ca 3He
258 R ®istel] wieel] S4¥ Sr/Ca tol F
7102 Wste o o]= AMAQ] 2EHSE 715 4
o= e = stk ArE =79 Mg/Ca #%= Sr/Ca #t
I Fo] 2k EAE flaf B2 A7F IPEHJAAT, Sr
H= g2A Mge| FEFE(EF N 40%, Watanabe et al.
2001)°] AAFx7F opd A|&ho] 7hsek 1A, & 2
Av A4 A7z, Be 71w el EAs7] w2l
2 AR efito]l AlZIEnE Y th(Mitsuguchi et al
2001, 2003; Quinn and Sampson 2002; Fallon et al
2003).

EE Alveopora®t Favia®] Sr/Ca 72 242} 9.21~10.62
(avg. 9.51) mmol/mol¥} 9.19~10.42(avg. 9.57)mmol/mol
o] MYE BHYon, Mg/Ca #e zHz; 2.93~533(avg.
3.80)mmol/mol¥} 3.60~7.17(avg. 4.73)mmol/mol®] ¢
£ HAtKFig. 5). Favia®] Mg/Ca 32 ZHOZRE &
Ao g 7PA Ao gro] Hadte AdE Hole
HbH | Alveopora®] Sr/Ca®t Mg/Ca 73 Favia®] Sr/Ca
U2 FHORRE | Al we}t F7I8lAL Hask= Al
24 W3} FS YeR o (Fig. 5). AtE 42| Sr/Ca %t
L 259} g9 AHAAE HolA, HHE Mg/Cas &%=
HAAE Ho|7] WfZo o]E2 AME 9%
(out-of-phase) A& 7FAA EthFig. 5). 53] Alveopora
o] Sr/Ca2} Mg/Ca #te] W3S M= fA18HH, o=
Sr/Cast Mg/Cacll &A1 &2 & F e S48, =
25e] Ws} e wrge e M 5= otk Favia
Z7 9] Mg/Ca #2 Sr/Ca 33 TFEA A2 Wst P
S A3 HolR ¢kor o= Favia &2 2] Mg/Ca ]
A o ol FAgehE A g SHA|RE, kol A
E2|5I315%0] Mg/Call F2{ 22 ] o] 7ls/dll thsl
B2 AFEo] oFS A7Ig vk A7) wiZoll Alveopora
2] Mg/Ca Fto] Sr/Cas} 2 IX|3l= AW 2o
L sk o8 FAAR o] flsidE B2 F7H
A7 B Qstt.

s FA°] Sr/Ca #e &9 4EA Wseith
(Beck et al. 1992). wetx| S ¥ Sr/Ca o] Hol= W
3t P Sl REE NG AAEA M En wet
A Sr/Ca®l Bitake 7102 AAom e & B
o= =AY wied Alde] Iy =2 s Hole §

S AR F2 A AT AR MY
ChFig. 5). 578 ¥ Sr/Ca®l H+ths 7IFoE B3k

o
o2
1o
o
r
¢

M

=]
o
(e}

)

Ho} e 718 nols F7HS o, & S Hol=
RS Adol A Ao w ddkslA, Algo B F7e
F AR 25 2003 9E55E 2007d AE57HA 2] AH
3}

o 15

bt ARES T F BT UEF 48 mmiyrd] BEEEE
Ko, wpeha] o AFollA ARE-g 400 um®] FAIE
N AL OF 35~57F 7HA 9] SRS 2 Ao 3
Ag = ), o]9} o] A5 o] AEo] AF e A%
Ao wt & Fo 7 ¥slele A ofd] A M=
dukz oz AAE T, o= Ats e A3 o] A-H
2 374 g27] wjFo]th(Shimamura et al. 2005). 3},
FolA Adrgd gt upe} o] F9% A HolA] yERd 5 9l
= A Mg 2710] Ahse] A4S Asliske 82l
B2 G At AR gE2Y] wolth AgE,
FA Aot A e] Blas A ES] Ut =
2 FREI 2 ARl Bk Bt w2 G A
o &)l A5 &< FdE AL FET F UTh(Fig
5). oleigk A Aol AN AEE=

-
F

AR FMEE
Ao AGE F Fo| BF AR AH A9 A Y

Tk, ol AT Ade wAY 2 Al s
Ads 2 7] A 9 RS AABRL Atk 3R
71= AAL] B aldoltt. Alveopora®l F 3ol
3= 0~02 mm 7+ Favia®] 2.3~2.7 mm, 3.1~3.5
mm T-7HlA 3438 Sr/Ca 2 Mg/Ca 72 U2 34 +
Zholl ¥]te] vl =AY B ke BRIth(Fig. 5). F Al
EF 5] 5 mm A f71ER dgEE 2
A e Aol B8 EFFElaL e H, o)= Aol
WA ] Aol wet 2k AfA| o] o] AAE ks
o= AgtEn, A7 7= HRTE EAE A
S 4] FA i vX= o] /NEFoE Bt
H uph 7] wiiel], 4 d AlE W fr1E AlA #
P& A7t Addo] wpet AH ). Sr/Cas Ll G
Lo AAALZA TA] #AS EeY.27] Schrag(1999)
717 AAE A &AL A4S el o] 9] B ¢
T Schrag(1999)°] WS wt f71E AAE k4] &
kow, A 2GS 3 Ave HEA S B4

< o] &3t 7] witolth. kAN, o Aol A e}
1= 2 774 S o AL o] ATl f7]
ol 4 3l wX= A I HFHE 7 AR
o tigk §71& AA7F Ao & oS AAlskar
AUtk 53] Ats 4 Y f7leS MgE o 2345 A
o7 dHA7] Wil Mg/Ca 3+e] A+E air = 7]
] AAZE e o F Ao R A7 g o
9 FaEdad] AFdME olF S5947F f71E

oft Mr Y m
Ho

il
fr

¢

[¢]
i
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TR o] Aat] el wEA] f§71E2] AATE
&) =]o]of 3t} (Shen and Boyle 1988).

A= Fokst A mE EAEA A ol
w2 Ay} sfAe] EAolt}. Shimamura er al.(2005)
Porites 27 9] 13|’ =(~2 days) 24 2 FHEYEH
ATE T3k A2(<22°C)°lv} Z2(>30°C), = A Y
I (<27 ppt) O AFST 3EA] et AlE Y
Fatom, o= Ats Z4E o83 A a9l
ol BT = dFS AL vk AT A&
FTAE A Qe LA Lxs7] wfFol] doiet ofd
Aol FZ EE3FE= Porites B} & 250 )3t
Aol & Foz AHE) oE £, Alveoporas]
735 F9 ~36%0 A= FEe e HAME 2 EE7F
1% v} dvk(Yamano 2004). SEAIRE, - X[ e] A
T2 AET dubd o g AT ¢ e _EE dEX
18°C(Fallon ef al. 1999) Rt} &x ke A4t 13°C A=
o] @& 25 F Hol7] W (Fig. 1), oleid 2% %1
St A Alveopora®t Favia7t 91449 A4S Hol7+=
E7FsE Zlo2 wddn. by S5 X 99 s
T FA2 NS elir e A 3t wAE
U B T 7FsAdo] WrEA] I ojok gttt
(Shimamura et al. 2008).

7l S F= & shte] #4132 Shimamura et
al.(2005)°] kol tid oAl #zbel uie} 718 o F Fult
B0 el wE sig Hie] FHaelth 20059 A&
&<t St/Ca #t2 Alveopora®}t Favia 7 & E5 <d o
ol vt w9 w2 7S BIATHFig. 5). 2005 8¥
I 992 T G2 A9 2Andel BlF BHAL
(Matsa)®} UHH|(Nabi)7F AF3E Al7]olth(7]178 A=
www.kma.go.kr). 7L GA] BEX oA H=H 8 o
o S HA 215 pptE UEREOH, v d B
26.2 ppt2A 2006133} 200739] 8¢ Ha FE<2 279
pptet 28.4 pptell Hlate] AAJ8] e kS B ATH(Fig. 2).
o]= Shimamura et al.(2005)°] Porites®] 7373 A3l 891
O Z AAISH GER1 27 ppt Hu} X w2 grolt). o]F
g AR MM = S Aol HE 4 e, 2
HH o7 ofF FY F2o] ks ZA JFHA] Bk
< 7FsAdo] k. Bl BEXE A 99| o] ody} &
2ol HolA] 2 A& S wj(Fig. 2), 3 A4S =
Zo] B2 Sr/Ca 3h& Hol= H2 FiE9] i w4
T Aol YIS WS 7S AABHL T wEbA
FAE AQeA &3] AZE = Ar2a A gl e
2be o] T 7Fs4d-2 Sr/Ca(Mg/Ca)-SST(Sea Surface
Temperature) ¥A12] A Al RE=A] 8] = ojof git},

npxgro 2 o AfolA ZA 3 Alveopora®t Favia
9] Sr/Cas} Mg/Ca % 7|0 Had e 2559 gt

fr Jg o

3} & AJolE HolH, o] 2 BUS A=
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