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Fig.1 Study area(a) and locational distribution of
coral core samples ( b. the distribution of Tanmen coral

reefs; c. the photo of Tanmen sea area)
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Fig.2 Positive X-ray images of the coral skeletons from Tanmen,

and the positions of subsamples used for U-Th dating
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DUPRR IR HEA T8 B BG4 B, DA 20 g L B 2 AR B
Ja . sttt A A I A KR P A 16 aly
B, EEEN N 4381—4385aBP (#hit5a) .
4475—4477 aBP (3a), 5235—5237aBP (3a)
5410—5414 a BP (5a), HEH5HMEIA KR
WAL, MHEEHN0~0.2 cm/a, [HA KR
AR SAAAXS — 3, XTEH ST I AR R LI
BOEYIA, PHEIE L 4 BE SR R 5K A KRy
5l . 5427—5394 a BP (34 a) . 5243—5209 a BP
(35a), 4515—4456 a BP (60 a) Fil4404—4356 a
BP (49 a); FXTLLEPANHEATIE S/ N AR e, oy
B i SEimf B i I AR AR, DAE— 2B R I A=
K BRAE A SR S A Ak o B A3 o A A
S INF T d ] Past FFSE 1k
2 EERHT

K BERE i B S B A K R 4 SR LR 1 s
PRAC IR SF- 1 25 KR A 1.260 em/a, g KA K F N
1.400 cm/a, f/MERKER R 1.150 cm/a; 4t fb
AT - A KK 1.079 em/a, e RAR KRRy
1.670 cm/a, f/MEKZEF0.607 cm/a; T4t
O] AR A A SRR A T IAC 1 0.181 em/a, T
AR AR AR B R FIAG . i Air ii A KoR
J7 40 i A W i i 2l A8k . 7F 6143—5855 a
BP M A 4 R B R, 1S 7E 5774—5691 a BP
Mk T 7E 5672—5647 a BP M) A4 KR
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Table 1 Results of growth rates of corals from Tanmen,

Hainan Island

. He K% g’
#ﬁ%%‘%ﬁﬁﬁmm’Aéga ﬁﬁékgﬁga%mm
WO02-1 6143—6131 13 1.400 1.000 1.221
T™MO1 5969—5952 18 1.550 0.682 1.064
WO03-1 5875—5855 21 0.990 0.685 0.822
WO01-1 5774—5757 18 1.320 0.924 1.143
WO01-2 5710—5704 7 1.280 0.839 1.114
T™M16 5703—5691 13 1.100 1.570 1.342
WO07-2 5672—5647 26 1.250 0.456 0.882
WO04-1 5576—5562 15 1.260 0.964 1.109
WO08-2 5447—5437 11 0.832 1.150 1.008
™17 5427—5410 18 0.927 1.500 1.192
T™™I15 5414—5394 20 0.906 1.520 1.209
W09-1 5243—5235 9 1.050 1.370 1.188
TMO06 5237—5209 29 1.290 0.715 0.963
TMO03 5179—5149 31 1.220 0.642 0.862
TMO04 5116—5093 24 1.320 0.976 1.112
WO06-2 4811—4806 6 1.330 1.050 1.203
™I11 4666—4657 10 1.120 0.696 0.900
™14 4515—4499 17 1.670 0.782 1.243
T™M13 4494—4475 20 1.440 0.761 1.097
™12 4477—4456 22 1.500 0.806 1.116
TMO09 4404—4381 24 1.330 0.607 0.983
WO05-2 4385—4364 22 1.490 0.938 1.170
T™M10 4367—4356 12 1.200 1.650 1.402

H1 2005—2021 AD 17 1.400 1.150 1.260

KK, B AE 5576—5410 a BP & W b F1IF 78
5414—5235 a BP R FFE R K F; 7E 5237—5209 a
BP AE KRR, HF5179—5149 a BP W EIfF =
A, BEETE 51164356 a BP A K% KR 3 )%
s Tt [EE, FEFg0dar W3 B ge it R K Y
AR RRFIERT B, B 0] D 4515 a BP 2 J5 3t
WA R AR R, R R A S 1 B AR
fbo LA, ARSI R BRI A 4 th I A
BINHAEREN 3~7 a WG %, H7E5427—5394,
5243—5209, 4515—4456, 4404—4356 a BP Fl ¥
AR, H 1) dub 2 1 = S RSN

3 Ve
EFEETRRMMAERKESSSTHXR
KA 27 07 1 DA SR Fridalk 2
T, ML A KR R AR,
ST I A K 5 SST Y XE & (Nie et al., 1997,
1999; Jtik 45, 2002; FiEafk %, 2003; HfEH
G, 2013; PRRER AFE, 20135 5K4s80 5, 2014).

3.1



10 4] ZEBLLAE . rp i I Ve DI Y 2R R AR A MU R 1847

H AR — a2 vk [0 5 2 # 7 A a Vi b i A 1
K SSTLMEFRA . NieZs (1997; 1999) #sr
T3 P 5 AR I AR KR SST My ek 11 I 5y
SST=2.52xL+24.22 (1=0.85), PHVDRER A K
K5 SST Y £ K SST=2.25xL+24.772 (r=0.876) ;
SRSAE (2017) HESZVEUP KL B IEMI A KRS
SST 1y £& ¥ [nl 9 Jy 7 o SST=2.0xL+24.91 (R=
0.61); FRENZYAE (2018) FEST ¥E A P v I I AL
KR 5 SST By Xk & K SST=3.49xL+23.058 (1=
0.697); BtFi4E (2021) HEA7 VG VDK % 5 ]
A K 5 SST B £k M 11 15 J5 #2 A SST=2.25%L+
24.767 (R*=0.61) . {H [H A BB X A 458 A% Ak 174 Bk
FEEEARRFI . RRAEKM S AR EES, T
LIRS A K 5 R Y R R IR AN e —3 (f]
2F0E A, 1999),

Vg e VRV 3 il = I E K %6 5 SST KR R 1Y)
oY, Pk, BRI AR R TR I
Tifl DX B A < 3 2 A7 BLPRL 7 SST 52 M3k /& 3% SSS.
FCRRBERA T o XA IR A KR s S X R
AR S HCR - RA DG BT (62), —FrRAHC
o, FERETI SSS AR ZAE T, SST Al il 5 3
BIAERRA WENIEAHXER, (B A,
FEFE T SSSHISST J&, 5 4 KRR i 3 A
Ko FEFTAARFEESIAS RS AT, SST 55 & 8%
AR RIGAARFF B R, B SST &g rg
TR IV U T B B R K SO R 32 B
. K3da, b, ¢/ 2005—2021 4B ] A i
P A= K # 5 SSS . SST HDEIE ARt i £, vl
P A= K R AR 5 SST AR Ak s B A ¢ HLad i i 3%
PERGEG . BEAh, ERAROGRERNER BE 5 R A KR A
KRB E, BLEAE ML FAEAE— R A
PR, BTG RERER B 0 e VR T ) B B A R
BRI R

F LA R R 2 5 AR KR AR R B B A
K, ST R R TR AE KRS SST X R
BT DA 22088 (P64 [ U A Vg T VL D V3 -
SST —JuZ M [l A AL & 3-d s

SST = (2.945 + 0.237) x L + 22.481 +

0.301(1 s.e.) (1)
Arb: SSTOME N BAEAEFRIRE (°C); Lyl
A KER (cm/a); s.e. WhnEIRZE ., RIEWHE
MIRREOC R, WAV AE KRR 1 em, 10
T2y 2.7~3.2°C, L5304 (2016) EUESEER
V358, BT I B 2B KR 5 SST 3R 35 IEAH G
KR, XEARL L% FHik, WRE TR
R %) £ K R BB A M S W X S5 SST 2454k
32 BEERLFHSSTEREERIITUE
fE, HEESNEEH SSTIRIRH

25 R E K G W A K R A BT, RE TR
ST AT AR R, 7E 7.0—5.5 ka BP B 4
RIS T 2~3 m (I/NEE 28, 2007), BisE
AL (2022) AR ELACHE A b A Ak A SR 1 el
FAER, IS E KR SR CR, EET
VL 1D U S I AR T S ) P 4 T S T Bh T
Sy KESHCRE I AR K R s AR H R
TV T, PR T R vV TR AR A AR AR .
SRR R OR AR RE SN R . RAZANIEE Y
e, BRACIIE S5 Ak A IR [ T RERRAL s PR
P AL R, thasEr it A AR KA TR
SE3 e (AT T DA ot e T S g
KA K REEA L. R, S asgr it S Bt m
WA R B AT Lk

HAb A I AR R B A DL ST TR
I A DX T R S IR A K R i A T B
AAFUGE VR ] TP 2 (6143—4356 a BP) 1]
406 a A3 SST, [l 4 i it 8 g 15 pg V] 4

F2 BEERENBHERZSRESHHNREEXITER

Table 2  Partial correlation analysis results of coral growth rate and environmental parameters in Tanmen

LLESA &l A5 5 - SSS il A8 2 . SST AR bR
AH A 0.915 AHIE 0.067 AHAE 0.843
b <0.001 6 IR e 0.805 SST b <0.001

MR Fl 1 EE 14 B 14 A B 14
A 0.630 AH e 0.295 A 0.131
WENE 0.009 SSS nEE 0.267 SSS B 0.629
A g 14 A g 14 s 14

i Ar B . SSS B IR il A8 B . SSS . SST il As B . SST B IR

— B rE AH A 0.854 AHIHE 0.014 AR 0.289

- b <0.001 JEHE e 0.962 SSS b 0.297
Sl 13 S 13 RS 13
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Fig.3 Relationship between modern coral growth rate and environmental parameters (a. SSS; b. SST; c. Solar radiation) in

Tanmen, and L-SST linear regression model (d)

Bt SST ARk KAk A A= 75, rh AT
¥JSST Ky 25.7+0.54°C, HHAL (20052021 AD)
I SSTHAHE T . th At AR SST AR TE Fl N
24.7~26.8°C, TFEE @I B N AEAE B I 0 I 3 AR 1k
FELE 3 AHERFI ] 5K B ARV R AR ) 19 ——5860

5660, 5160 a BP, A= KR & 4 1) F 1 SST
25.0+0.54°C.,

WE A= KR A SST W, 4 it 6—4
ka BP pI L HE SST 5 H i 43Kk A48 8 78 B sl = 1)
PR TRR IR o3 #2303 P BB BH 2 B /A0 I o e

HHESSTI IR IR (s.e.)
— HRATH 23 B AL AT A 5 B 1 AR HSS T

27.87 ;ﬁiﬁiﬁﬁ{sﬁ@g}ﬁﬂﬁ@mfﬁwswmlﬂ r1.8
.l i N
i ! 1 R s
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Fig.4 Coral growth rate-SST in Tanmen during Mid-Holocene and sub-fossil coral growth rate sequence
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SHACH Y., BT &R 5 48 5 4R T 5 8
7N, WA ] 8.0—6.0 ka BP Ay B 3 s ity |
1M 6.0—4.0 ka BP &L 4 I B JF 1f 522 B0 T B i 34
(Marcott et al., 2013; Osman et al., 2021; Rao et al.,
2022). FTEFILEE 6 ka BP Z B AY I C 5% Bos b 4
it Y SST B & FELAC, W Yu 5§ (2005)
TR M2 5 4 R TR 0 % & I H R
Y Sr/Ca f18"0 e SR A B/~ , 7F 6.8—5.0 ka BP
6] SST LA (20 T2 90 4FA%, X IEN 104F)
151 0.9~0.5°C; WeiZ§ (2007) FIJH#RE &2 = 5=
B A 43P Sr/Ca i 5 H 2 48 i v 0 % 2
/N, FE6.5—6.1 ka BP ][H] 4 SST H #i 4% 75 0.2~
1.5°C. 5 Flrsetitt, A SCHE @t Bl sk SST
FEEA BEE TN, SR 4t 6—4 ka BPR
AL SST M BRI B HA T 1A T Rt R . p g B
5 S UL LL RS R TR ) b A TR LIS %
WS FFR AR, A LA SR N Mg/Ca L E #E11
4t SST A8 4k W 7%, 7£9.1—6.3 ka BP, SST H
24.5°C # T} % 29.3°C, A F| 4 Fritt i KAE, g
FEEE B & & TR, WifE 6.3—5.3 ka BP, SSTH
27.7°C %% 24.8°C (MR 5, 2020).

AR EER R, K AR FEAC R A
HR¥E IR T rh 4t 8—6 ka BP Fb B4 5 A v 2 VR 118
HYSABERE , BT 6—4 ka BP X 38 it 5 SR AH
Fe A iR AF e il . — BRI A R 43 X Sk 7 6—4
ka BP H [B] 2R T 1 1 0t J 00 U0 FE 02 i) 1 A A
SRR AL AT, BT AAE (1996) )
Paf AT . A LRI R AT Dy s e 4
AR TR R A BT VU TR A T DOk 1<
Az fl, R Eah et (6—4 ka BP) Y,
SR ATNE, TR E T4 3~5°C; Kong 55
(2014) FFHERIT I HKUV 16 0> 19K S5 47 i A1
SRR 2 T & H VT [X 8 ka BP DL 1Y SST 28
b, 45 IR 7.4—2.6 ka BP SST {4435 K Wi fa & H.
T ERZy 20C, T A R R 2 I IE S R, 4
BRRHR 3 X S A I I A e 1 J€ Ve T4, 5 BIUR
AH LR EE AT RE AR, 4 Magny % (2004) 4545 T/
JC BRI R ARG b AR DY . R . WOk EE L Al
VK3 44 R AR IE %, IET 5.6—5.0 ka BP R,
EIES T, HHEA2EkYE; Wanner% (2008) 3
T Bk BN R RS ) SRS GORE, IF4s G —A
RRBLRL (GCMs) HIH 45 52 2% M Hh Bk 3R G i Al
(EMICs) #5558, #5717 4t vh 309 2 A Tl i
R MEASEHESS , Hip i 2 5.4—4.8 ka BP ¥

UKV ) 8 NI 22—, YA A s SR L V%
SER ARk LA K ETEE B (Thompson
etal, 2006); LR (2009) # 7 f)H E KRR X
200 a S HERIEE LS, 4t 6—4 ka BP
KT HARFE IR 0.3°C; Abram %% (2009) F
VO RS- 0 th 140 % B2 T 16 IV 0 E2L A IV J L PN S FY
W Sr/Ca{H 2+ 4t SST, 53R IR 5.5—4.3
ka BP [H] 445 SSTAL FEAL (1982—1993 AD) £
1.2°C; Rodriguez5% (2019) F|FH#H K PUHEPEHE 2
AMERST 5K 6427 F15199 a BP (kA7 JHHY , i it
% St/Ca B F U/Ca B ARAF A HER 1) Sr-U e % 5
FASST A, 453 BoR a3 H4EY SST HEEL A
ML 571K 0.5~0.75°C,

FAPERA R A BN, B RSERS
R T e i v At RS AR A 2 R Rk 3l .
YusE (2004) R T4 5 A FLIBE AR 1w 9 AR 4
(i) DB 01 55 2 3 1 S B8 B 4% St/Ca FE R W, 7.0—
7.5 ka BP 3] [6] g L 30 2 /0 K A 9 RO IR I 1) ¥4 g
;BRI (2011) EEAE A RE 2B thE
ERUTHNRN, SE KR 2 R E T REN
FER A . AR SCHE TG VL TR A K R R
ATt R R S AL B RRAE . 7E 6.1—5.7 ka
BP, SSTH&ARMmME, 53 Bl b #8 B o AR,
{H 5860 a BP Hil 5 1 9 — W] W A9 fIK SST I ; 7F
5.6 ka BP U TR SSTHMER I, M5 50A 4
B SNEEE N s FEs 7E 5.2—4.6 ka BP, SST#%/k
s, TR BE SST HLBARAK 1°C; 7F 4.5 ka BP Hij
J&i SST KM FE % sh728 4k, 1Mi 4.4 ka BP 2 J& SST 54k
Peah b I M AR 1eC, NS kAR 4.2
ka BP AR AR AT T X — AR IR fa 3

1£ 5860, 5660 F15160 a BP i & i 1 1 45 AE I
W1, ML AT A2 RIS R AR FH AR, FE
H AR Bk E d i A AR e e SR T X
JLRV . SO (1997) I R
KT DB BB LR &, 8°C. fifk® . @
H o R IR R O e i i S AR
455 RTE 7.2—5.7 ka BP WAIH], %00 X 35 3k 15 152
FRIE, M0 5.7 ka BP LIRSS, m FE4 T, 28T
(2018) F| F 7= M i 422 S5 [X. DO3 &l FL 1) JEE A A FL
B A TR RIS, 458 BR
5.8—5.6 ka BP N Bl B i e AR A I . AR A
(2017) I FH 5 4 0 08 g o 308 2 114) 3 LA J3E R 2k
P A EE T e LR S AL BN, 1£6.0
F15.0 ka BP 2247 tH 3080 B S A Bl =35 . Sadler
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S5 (2016) FFHIHAGHE AT PG R BRI 14 Y 3] S/
Cafti s @i X B SST, 45HW/R52kaBP R
r Bt A AR, S SST At (2009—
2014 AD) #30F-#) SST A 1.31~2.76°C., Chang %%
(2008) A FH Hv [ 2R g 2R S BB UTRUE O P 9 S 1
A LR SST, 453 i /R1E 5.1—4.6 ka BP
KA SST RSBV 4. HILRIET, X} Marcott 45
(2013) A4 73 /> b BT 1 5 4 Bl Y A K 4 v
AP AN AT RAHT, K PRTE 5.8 ka BP 14k B 1
Wi, 7E5.5kaBPIREM W FF%, 7F52 ka BPRE
KM B REAG, X 5 A SO E S v (1) 3 MK TR L
RS S SEAT R
33 HEEIMPLFHENSOFTHAMELEIAR
55,/EENSO T X E MR g RAIE T

ENSO J& i3k S5 & 4t Hh e s 20 SR
FEAEBRIS R | (<102) £ FEHERERKI X
B SAEAR A . ENSO B2 5% i #7 ASF 7 19 SST,
SSS. BEIK A SHENG Bl , I fEiE i KA AR
S AL SR R A A . NIRRT, T
ACFERIII XS ENSO T s A7 R AP e skAE T, anXSC
I (2007) H) FH i RE = 0. A 4 5t % 3 300 ¢ St/
CafE @ T H PR SSTIFH, Mkt s SST A7
TE 2 ENSO JEI , R WIHE h 28 th i B il < f
% ENSO 7§ 8l 3% W ; Jiang % (2021a; 2021b;
2023) FIFH VG VP RE B 3 2% 2000 4F () 9] B #% Sr/Ca
HET Y DR BEEECA DL R i 20 A e
WA 43 HER SST 1 A ENSO A8 %, 25 I R
ENSO 2 8 g M v At A 0 g T B A
7 DU SST Bkt 55 SAC IR A A< A8 By At 43 B 245 SR
&l 5-a frw , BACOULI AT 1 SR A A7 b R 3 77
TERE R B35 3~7 a ) ENSO JE 3, 150 B v g VL | ) o
B2 %) ENSO % sh i) {35 52 M, I HLiZ i 35 i) i3
A KR BRI Y ENSO G 811

Hh 4 3 300 18] 4 B A 4 K 1 A KR B
(5427—5394 ., 5243—5209. 4515—4456 F1 4404—
4356 a BP) /MR R g AN 5-b s, 7E441
BB e ) ENSO Ji ], 7E5427—5394 a BP A
—AN B E A 5.7~8.0 a i ENSO JH1l], 7E 5243—5209
a BP AU B T — LAY 2.0~2.8 a 1 ENSO Jil I,
TE4515—4456 a BP A7 —/ . 3 119 2.8~5.5 al ENSO
JA), 1F4404—4356 a BP HHI— N0 5.7~8.0 a
i) ENSO JE Al —AMIKAT ) 3.2 a 1 ENSO JE ] . iX
R R AL b 20 A E ENSO I 3y, [H 53R

5244 5239 5234 5229 5224 5219 5214 5209
/aBP AR/a BP

20 n
: |
= 5
=8 o8
< -
2.

6
4515 4507 4500 4492 4485 4477 4470 4462 4455 4404 4398 4392 4386 4380 4374 4368 4362 4358
9 4{VaBP #/aBP

4404—4356 a BP

4515—4456 a BP

5243—5209 aBP

5427—5394 a BP

2

2 -1 0 1
IR BERF/°C

P b oA I pn 1 75 /N T Pl LA A S STy i e, D
LU, RS o PRl TR R R R T LR ) T AR IR IR oA 2k B
KR, 4B KN BRI, 40 ENSO A .
Fls  maEdbEs 2B 4 4SBT BL Y ENSO A8 25 £k 43 #r
(a. P LR BLACHI] 55 & 00 GR35
b. A 4 BePHEB P8 B0/ N AR 45
o P A 4 I B R B )

Fig.5 Analysis of ENSO variability in four periods during the Mid-
Holocene in the northern South China Sea (a. Spectral analysis of
modern coral and instrumental data in the northern South China Sea;
b. The wavelet transform of 4 long sequences of the Mid-Holocene;
c. Probability Density Statistics for 4 Periods of the Mid-Holocene)

AH L F 4 tHE I A 4R A9 ENSO = JR1 41 el A8 H A5
I EREAL, hAaF i A E ENSO 15 5 B
TES

K [ R Vb %) A S AE B A R it
ENSO /G sh B m5S . YuZs (2010) JEF B0 -8%
()l R AR AR A C ARG i TRl I 448 5 Bl Nifio 19
KRBT, 6498—5662 a BP 1= iRk ZEAEAL, 15
7~ ENSO 76 sl B 0k 55 . WeiZE (2007) FH % H
T 55 AEAE R 6500—6100 a BP [ 3 /N 1 i i
T 3 H 2 PR B 8% Sr/Ca i F1 3 b 4 i F i
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SSTZ84k., K ILFHHA77E ENSO WG sl i 1, 18k
3T 6324—6299 a BP F16217—6175 a BP [ H 7
SST JF 41 v 43 531 2 30 i1 4.9 F11 7.8 a i) ENSO J& ],
85 PRAR 280 B2 1 (1) ENSO AH F A 55 . PN IR
45 (2007) FIFHAEAC K 5400 a BP Y V& i 1 D4R
FE T YN 2 XU T M S AR PR AR R, X
S*OTF NG i i, AR E P 947 7E 3.2 Fil
2.7 af ENSO JEIH], (EXF L BRAR A Zoil i JE 3 A%
AR, R ZERE K P S ASAEAE I 2 A9 ENSO JRI 3.

PL_E 44~ BE ) ENSO JEI 36 AR 8 7 vh 4 it
ENSO iG sh Al & £ 4k, b T it —2 5L ENSO
AR KRR e 27 A e R R FHARE R 2 3 pR A
(Probability Density Function, PDF) i1 5%k, %
I OB IE LR Ak ENSO A8 % | HAG Al 4, If
FHF 5 A VG e R v 28 S e S R A i
20 20 EHAAH L 55 ENSO 728 3 (Lawman et al.,
2020)., PDF&@il&5 R Bn (K 5-c), 4515—4456
F14404—4356 a BP I Bt ENSO 7253 I s | rhi gy
B LISE (5427—4356 a BP) ENSO 2% 3 5 & i
AR A, AR 10] 4.4 ka BP #£ 5.4 ka BP i}
I ENSO 28 #5185 409%~60%, W] ENSO R4i1E
SOFTBRITE R, JERTRER I 4.2 ka iR S R A .

A IR BBt = 2 B R AU PR SRR R T
45 1 I 3] ENSO 75 R 3% 7 18 3 1 #4 3 . Sun 45
(2005) FIHR A 1 5 A BAEAC R 4.4 ka BP [
IR 60 E A rh 4B it ) SST M SSS i 5%, H:
hAZSST /R &M 6.7 afE M, XN T 4.4
ka BP ][] 5% ENSO X} g 1§ 4 2% SST Y %2 . Zhou
& (2022) FIHIZR B PG UHE S AR 5—3 ka BP
) 3N BERERR , I H R B S Sr/CafE g
AR AL ENSO A8 AR, 25 5L i R 4 it
FR ) ENSO 28 RN W a8

4 45E

AR SR 6 P VB ) SR R A 1 1 BB LA I
B O A 23 Beh it Ab A B 0, il X AR
TR AR5 EMG AL B 7 P00 I A= K R Tl
SIMT, FRAR T R A T R R T IR A A R A
fiE, JFEET BUAC I A K SRR 2 AT e Sy il
TR TV SO A K R S R O R N
SST =(2.945 + 0.237) x L + 22.481 + 0.301(1 s.e.),
FE IR 3 T A S A AR 43 HE R A K R A
E AT R A U 1R] R T 406 a B IR TS
ZEREIN

1) w4 i fh 47 U 9 SF- 35 A K R 1.079
cm/a, 4L T 0.607~1.670 m/aZ ], I HAFAEI
BN s R . AE A AT L 3 B4 S R A K A1
K ZRRIE Y], 4515 a BP 22 5 4EBRAS 26 I 2 4
K, BRI RE AR

2) HEEEPeH (6143—4356 a BP) [1°F1
SST 4 25.7+0.54°C, FERZEVLHNSHAR (2005—
2021 AD) “F-# SST AT ; bt 423 SST
AT 24.7~26.8°CZ 0], fA{EBH AR BEA AL, iF
— o AR R AR AR Ay 5 BT 5860,
5660 F15160 a BP 42 31~ b 2 1) SST w1 .

3) KBRS R gl (5427—5394, 5243
—5209, 4515—4456 1 4404—4356 a BP) 2=
KRS, A BB S 4 T S A K
RITEAE B3 3~7 a ENSO J& i, {2 v 487 3 3
AR ENSO = il B i As B4 I 25 Ik, R
T AT ENSO 6 sl S A i 55 5 HESR % B pR At 1T
R, HA Y (] ENSO 2% 377 75 32 W 1 5 1Y)
FEEN

st AT RN QARG T & LB AWM
M)A K ERIE, 5% 5% A g =
A RKEBEFa PR, FlE XTI RE T
ERGHE L. #ERG!
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Abstract: Coral growth rate is a physical index that is particularly closely associated with climatic factors such as
Sea Surface Temperature (SST). The growth rate is minimally affected by environmental changes and serves as a
high-resolution indicator in the study of climatic and environmental variation, making it a useful tool in
paleoclimatic coral research. However, previous research on coral growth rate has primarily focused on the
modern period, with limited investigation of the Mid-Holocene, which shares similar climatic characteristics with
the current warm period. It is especially important to understand the climate and environmental conditions during
the Mid-Holocene to gain insight into contemporary climate change processes and mechanisms. To address this
gap, we first collected a modern Porites coral core and 23 Mid-Holocene subfossil coral cores from Tanmen,
located on the eastern coast of Hainan Island. Using X-ray radiography and image processing methods, we
measured and analyzed the coral growth rates of all cores, resulting in the identification of growth rate patterns
during the Mid-Holocene. Additionally, by analyzing the environmental factors that impact modern coral (2005-
2021 AD), we established a linear relationship between coral growth rate (L) and SST in Tanmen, expressed as
SST =(2.945 £ 0.237) x L + 22.481 + 0.301(1 s.e.). By applying this equation, we reconstructed an annual
average SST sequence of 406 years during the Mid-Holocene (6,143-4,356 a BP). The results indicate that the
average coral growth rate during the Mid-Holocene was 1.079 cm/a, ranging from 0.607 to 1.670 cm/a, with
noticeable fluctuations. The coral growth rate sequence also revealed three consecutive periods of low growth
rate, accompanied by a significant increase in interannual variability after 4,515 a BP, resulting in more complex
fluctuations. Moreover, the reconstructed SST sequence based on coral growth rate data shows that the mean SST
of the Mid-Holocene was 25.7+0.54 °C, which is comparable to the modern SST in the context of global
warming. The average annual SST varied from 24.7 to 26.8°C in the Mid-Holocene, exhibiting considerable
fluctuations between warm and cold periods, and with three distinct periods of low SST at 5,860, 5,660, and
5,160 a BP. This provides detailed insights into the temperature variations during the Mid-Holocene. In addition,
a comparison of the spectral cycles of coral growth rates between the modern and Mid-Holocene periods (5,427-
5,394, 5,243-5,209, 4,515-4,456, and 4,404-4,356 a BP) revealed significant ENSO cycles of three to seven years,
observed in both modern and Mid-Holocene corals. During the Mid-Holocene, the primary ENSO cycle changed:
its frequency decreased considerably, indicating that ENSO activity was weaker than that observed in the modern
period. However, further statistical analysis utilizing the Probability Density Function (PDF) demonstrated a
gradual increase in ENSO variability during this period. The results of this study offer novel insights into tropical
climate characteristics of the Mid-Holocene.
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