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Abstract: Tridacna shells, known for their distinct growth bands, serve as excellent proxies for recording tropical marine climate changes. The
8"80 and 8"C in Tridacna shells have been applied in the Quaternary paleoclimate research. However, most previous researches focused on the
inner layer, while the outer layer received less attention. We conducted a comprehensive analysis at a monthly resolution §'*0, §"°C tests on both
the inner and outer layers, as well as daily growth band scans on the inner layer of modern Tridacna squamosa from the Xisha Islands in the
South China Sea. Results reveal that the outer layer exhibited higher 60 values than the inner layer. In addition, both shells displayed similar
variation patterns, being primarily influenced by sea surface temperature (SST), and indicating that the 'O of the outer layer could reliably

indicate climate and environmental changes. In contrast, significant differences in §"°C value were observed between the inner and outer layers.
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The inner layer displayed a noticeable annual cycle in 3"°C value. By comparing the inner layer 5" °C, climatic and environmental parameters, and
daily growth rate (DGR), we determined that the seasonal variations in inner layer §°C were linked to the primary productivity and the life
activities of Tridacna. Meanwhile, the 8"°C of the outer layer, which is relatively negative compared to the inner layer, exhibited a continuous

downward trend without seasonal changes. This discrepancy may be attributed to the sampling path deviating from the maximum growth axis.

Key words: Tridacna; 8"C; §"0; climate change; South China Sea
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Fig.1 Tridacna samples and the geographical location

o

a: A schematic diagram of the location of the Bombay Reef (red dot) (Photo source: Ocean Data View); b: the modern Tridacna shell LHJ-2 (the black dotted
line represents the maximum growth axis of the shell); c: outer layer sampling path (red dotted line). The black dotted line is the boundary between the inner

layer and the hinge and outer layer; d: daily growth layer of the inner layer; e: inner layer sampling path (red solid line).
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Fig.2 Comparison among the monthly average carbon and oxygen isotope records, daily growth rate of Tridacna, and local environmental

parameters from 2013 to 2018

a: Sea surface temperature, b: sunlight durations, ¢: solar radiation, d:sea surface wind speed, e: chlorophyll concentration, f: rainfall, g: inner layer 8'*Oy;,

h: outer layer §'*0qy, i: inner layer §"°Cy, j: outer layer §"°Cq, k: average daily growth rate of the inner layer in every month.
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Fig.3 The relationship between the daily growth rate (DGR) of Tridacna and solar radiation

a: The sliding correlation analysis of the last 30 values of DGR and corresponded solar radiation from 18 December 2018 to 28 February 2019. The date

represented by the red bar column is 18 December 2018, and the correlation coefficients are » = 0.47, p<0.5, n = 73; b: comparison between solar radiation and

DGR from 19 November 2018 to 18 December 2018.
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Fig.4 The relationship among §'*0, SST and §"QOgyy in the inner and outer layers of the sample LHJ-2

a: Inner layer §'*0y_ (red circle) and outer layer 8"*O¢, (black circle), b: sea surface salinity, c: seawater 8'*Ogy, d: (5'°0;; —8"*Ogy) (green circle), SST(grey

circle), e: (8"* 08" Ogyw) (purple circle), SST(grey circle), f: the linear relationship between SST and (5'°0;; —8"*Ogy), g: the monthly average of 'Oy (red

circle), (80 —8"*Ogy) (green circle) and §'*Ogy (blue circle) from 2013 to 2018, h: the linear relationship between SST and (5'*0; —8"*Ogy), i: the monthly

average of §"*0¢; (black circle), (5'*0o;—8""Ogw) (purple circle) and §'*Ogy (blue circle) from 2013 to 2018.
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Fig.5 The comparison of environmental parameters with §"°C of LHJ-2 shell in Xisha Islands from 2013 to 2018

a: SST, b: sunlight durations, c: the daily growth rate of the inner layer, d: the annual growth rate of the inner and outer layers, e: sea surface wind speed,

f: chlorophyll concentration, g: the §"°C of inner layer (black solid circle), the §"°C of outer layer (black hollow circle).

421 FEFEN ETARSEC HR B &

H ST & B, R B AT 2 A2 R ) L iz 4 i )
52 R A A1 i) 2 (8] 14 45 16 i /4 (extrapallial fluid,
EPF) 4 £ SC Ay A R 81290 15wl R A A= 114 ol 9
B AT AE SN T e A R e, U AT DLE AR
VR R CRP WA ALY A VR D) I8 19 5 8R P35 DIC
fiti 2 8°Cpic B8 fk . Ik, EPF %) 8°C EEZ /A
157K 8" Cpyye AR Y 2 5] 52 g 23422

A i 58T Xt AR R R £ 81°C 1Y B T 43 A 5h
F1 53 VAR A AR o) Bl g 43 i 4R & CO, K
G AR E A R Bl T g 8BC. 80 5 JE H:
KR A AN SEA 43488 461 G B s A K b R B
B3N 1431, B Es g 8°C. 80 [FII i 11 47, ASHF

9% W §UCy Ml 80y 3% ML B 3 1Y 1E AH O
(r=0.75, p<0.001, n=68), 6"Cy; 5 DGR f./R H} i 3
() 1K ek (7=—0.67, p<<0.001, n=68) (&l 6¢), iX 5
B IR RF AL . (ER, 25 18 B 7 B5E 2K Ak
1A 81O gpey — M55 JE BV K IS8 DR - 43R 151734,
DR A T3 X 28 v 9 31 g 43 088 A FH 15 i A R,
FBHE ISR Y 8°C AP 7318 AT Re s K, AR
48 6 P9 B DIC 1 I 8 Cryye 19 B2 M0 A 5 i 7 20
FEREAS R B B A5 F A HUBE B & 1 7,
FlE R A 38 Bk 3R (8~ 10 4F ) Ji& , FE ARl 28 1 i R
TR, AR A A B R R S E A, S
B 5ECy TR, A 0 BAR B FERE LHI-2 1
A 6 M Em R (E 4), ¥ 4ab T 28R B, IS



544 35 5 41 RS

A PR VG VDT B BUACBE R BE A AN R s AR A i . SR IR) 0 3R AL AL R R

RS S 49

% JE M BT SR 813C5he11 B, — B R, B
BE A B P = A 5 42 12C 1Y CO, FTRE S #1453 DIC
fift i 8" Cryye B0 I £1, 5 B0 5¢ K 8°Cypen T £ 12,
WEBE R 08 B 1E S A A YL, X 17T /8 X 76 1k
8" C e 185 B A, AL H AT I 0 56 T3 7 i 19 B V)
UEHE o M B el a6 A VR AL e R DIC it e 4
By, i 45 N DIC i JFE BC | 4, S EGE A
8P Cpen T IE U1, ARAFFFE 45 S WK, #ERE DGR 5 H
HEEE 50 1E AH G ek 2 2% (&l 6h), 6B DGR £
Bz HMEKER ., BERHBAETRE, SST &, i
B A P, HL 8 A 1 485 A 3 v, X ik 1) 7 oK e 4
s Bk & ZE 0 IR Ay b, SST R, FEBEZE K48, H:
T AR A 5 AT A, X B T R b . R g
B LA AERE BRSNS AT e S B v, R
JEREVEAT O SRR, MRE BRI AE K Z B e =,
M PR 58 A R i) A0 22 5 ph T A SRR D, HUBE i 4y

<
g ® 8
= =
o 4
r==0.50, p<0.001, =68 2 r=—0.64, p<0 001, n=56)
22 1 1 1 I I
0.8 1.0 1.2 1.4 08 10 12 1.4
313C,, /%o 313C,, /%o
1.4 e 32 £
30 .,8'%'0
2 1.2 .o® o .
< Y S 28 ¥ o
2 = °
g 10 M 2 26 ..":" s
2=} LY ) n e °
0.8 D e % ... . 2ul e * oo
0 r.:*(?,67,.p<(.).00.1, n.:68. ) 27 L F0.35., p<0.01, {1268 )
4 6 8101214161820 5 10 15 20
4 Kt (um/d) F 4 K (um/d)
o 24T ~ o 1875 s OAEWKELA
5 i HFEEFG—8H) e  ( KF2H)
S, e Slite %o
5 \'\.\ b 2 o s
N R 2°® o’ N p . “ .
= 8 oo H
m r=—0.51, p<0.01, n=34 jun 4 r=—0.58, p<0.001, n=34
0.7 08 09 1.0 1.1 0.8 1.0 1.2 1.4
813C, /%o 313C, /%o

6 BES LHI-2 7% 8°Cp s

A, BEAL 6 A VB FIASTG BRI, BRI, S BE
EE@E@%&E;&EE, ﬁéﬁﬁaﬁ%lﬁlftﬁﬁ%#ﬁi&
GG E R RE T A TR], B4t 25 B BR Y e 1t A P
2 Fl0) K BFSERERE 61°Cyy 5 K PR 5 R0 B IR
B 5 R e (=043, p<<0.001, n=68; =—0.50,
p<<0.001, n=56), M §"°Cy; I A 52 5 d # #OL
HYEFRBR W, 55— )i, 8°Cy 5 SST Z 1Al iy fk 3
A (r=—0.50, p<<0.001) (&l 6a), 15t B 75 K 2= 1] ]
VR TH R T RERE [ B 0 F A O, i
W 7= A ) CO, B A P 3B DIC % 2 8"Cpye, 8°Cy I
o BRI, WERE A B B I AR FHBE A8 52 R 81Cp .

B T AR RN, ALK 8Cyyc A8 b th £ 5 i
WERR 8"Cypeno ABFFEE R IR, 8°Cyp 51 3R K
5 TFAH 5 (7=0.60, p<0.001, n=68) (|&] 6d), 5t
ok FE W BB 3 IE M ¢ (1=0.52, p<0.001, n=68)
(Kl 6c), BLIA 8°Cyp 5 I 4 28 ¥R B2 A 2 VTR

8 124
a7 ° —_ °® °
g <10
@ 6 £ ¢

R X 6
% 4 . B 4 X
=3 ° & o4r e
5 1.50452, p<.04001, n.:68 ) .FOAGO, p.<0,001, ?:68

08 1.0 12 14 08 10 12 14

813C,, /%o 813C,, /%o
~ 4001, .
£ 350 . K
= ° o0 <=
Z 300 e e =
e ® L1 ° ° ji\
& 250 P 5 ggr,
ZE () 3
= 200 -yn ) o
= 150 ro4o p=0.01,n=68.
100 L—
46 8101214161820 4 6 8101214161820
H A KR/ (um/d) HAE KR/ (um/d)
00 #HEFG-8H) 0 kaE oA FERS2H)
E4ST 8, E 3 °
on on [ ]
§ 4.0 L4 ; ° oe © § p ..
& 3.5 o &
RS R Y'Y % | srtk.
= 30r° = °
25 7:7(.)403,17:9487, n:.34 ) ) F0.45,{7<0401,nf34
07 08 09 1.0 1.1 08 10 12 14
813C,. /%0 813C,/%o

EENSUESVYETI e 2 et PSS 6

a: 3°Cy 5 SST, b: §°C 5 HMEHFEL, ¢ 88Cy SMERRRIE, d: 8°Cy SRR, e: §°C 5 HAEKHER, £ HAERKBEKLE SST, g HAEK#
KRS, h: HARKBCRE HBREE, i EEFR°CL 5 HARKMER, j: & FM C 5 HARKMR, k FEEH §C, 5 GHK

JE, 1 BR& ) 8°Cy, 5

S E 73

Fig.6 The correlations of §"°Cy; and daily growth rate of the LHJ-2 inner layer to the environmental parameters

a:8"°Cy; and SST, b: §"°C;; and sunlight durations, c: §"°C;; and chlorophyll concentration, d: §"°C;; and sea surface wind speed, e: DGR and 8"°Cy;, f: DGR and

SST, g: DGR and solar radiation, h: DGR and sunlight durations, i: 8°C;; and DGR in spring and summer, j: §"°C;; and DGR in autumn and winter, k: §"°Cy;.

and chlorophyll concentration in spring and summer, 1: §°Cy; and chlorophyll concentration in autumn and winter.
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