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1628—1212, 572—252 #1192 a BP £4 K 1 /M TR 2665—2380 a BP; 3) FIZERKINZEAL S B hIA[H
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Fefl, PRCH FUE T H R o WA LBF (245 5 7]
g (Peneroplis) . WM& (Amphisorus) . il
W& (Calcarinidae) . 555 W& (Heterostegina) .
W55 HEm  (Amphistegina) . /N e U (Soritidae)
ZE (Hallock et al., 2003a; Prazeres et al., 2020) . JE
H A0 A LU BN BB P AT A L R R
B, O AEAIER, AREER, EEEE
IR OGIRAAEAR S m A LI, HE SR
R, MBS BWERSEE L, FEF]
[%{k (Hallock et al., 1986; Prazeres et al., 2020), IF
H M EEAAFE B R (Rosalina) . #1345 1L )&
(Spiroloculina) . HLIHJE (Quinqueloculina) . Ht
DHJE (Massiling) . =¥-W )8 (Triloculina) . %
B i J&  (Schlumbergerina) %5 (Hallock et al.,
2003a; Prazeres et al., 2020) . HL& 4 L HF5 AT LA
i 52 i VE U | IR MR K AR A FLIR R E
TERZHIME LSRG b S > RAEE S H
HL A S ) B rh, AL Fha LA S R4
o, TR Y PR LT 1 AT AT o] A 59 71 LBF
(Carnahan et al., 2009; Martinez-Colon et al., 2018) ,
PR PG ARG . HLAFRAT FL R 2 A B
J& (Elphidium) . /NJLTJ& B (Nonionella) . %¢
HJE (Ammonia) . Hik 2J® (Bolivina) %5 (Hall-
ock et al., 2003a; Prazeres et al., 2020) . FIA 1~10HY
JER, Horp Fl<2 7R 10K B 254 B AN IE & 3
HK s 2<Fl<d Tl oK T S5 R AR K i
GRS s FI>4 RIS 4 JH8 AE KR
Pk4E (Hallock et al., 2003a) .,

I XA A LR A MR Sg | B
A4 SRR (Cockey et al., 1996), AL FI 1) 48 B
AT, HBEATFRME. A FHEEELLoE, &
B 2 U T A BRI R XA . 7R A A
@ HEEAS 7, Oliveira-Silvas (2012) A ELPH 2
S EL BRI M A T I X A9 R BH PSS 1 )
P55 A B A O, 7R I B R P DX P FLAR
1 DI AR R LA AF s Pisapia%F (2017) Xf 5
IRAR R ERIAE SR B, TC N S % FI(EL L
J AT By AR W B A R, M E EE A B Chen %%
(2017) I FH FUXS = U0 B 5% SR 66 A 28 E A7 A
N HRTZR VDR 5 SR 18 R A 1998 4F AL 1
WA, BRI IS L 2E, FIOM 2.9, FE A X
M BCE FORBL I PPAL T 10, A'Ziz % (2021) XS FE
Vg R ) 2 B IR A A Y R I, FUES R AP
WA SR AEAOC, S A YL E MR R 7

FH5%; Fabricius %5 (2012) XK T B2 I A Y
W58 A B, FI5 028 28 Wk B 45 8 SR dE b 22 i L oG
., FIBEE KIS TR B i R R

164 FII N A SEA R BR7E BRACI B X, R
PO b 5T g s B B I . 5 FLARE FH 5% M 5 [T
3 S B A g BRSO
—J718, R M Dy R A I (AN R v A
5) AR KA R %3k AR B i — R R4
HEZSRBEVEAR s S5 — T, st sl s S Ak
ARG R T, AR TR R E
H5EMEMEXR, D1 A SRR AR R TS 5
IR () A R A AEXT T s e A A Ak Y
WFE, ITAE R m T M A IR X T J T — &
GNIGRES o QNG YD RE B BT S R 2 1, SRt
IR R73.55m, HiEny i 4 19.6 Ma (Fan et al.,
2019), FEXTURET/INVEE S A S IE s, A LR
DIHAMAR/N . B 2 AR SR S R 1Y
MRS, (E W ARA 2238 A FL T R g s sf
FIZRLIAI DGR GE . BRI, ARSCLAMPE VD RE S 2R
HEE A VI PR B B LY J2 55 R (44K 287 em,
X RS IR AE AR h 2665 a BP) , #55°% FLX g 5 i 4
IR A AR P FE AN S, AT g s e
VD B P 2R %) fe R AR Ak L) FIA S p AR
AL

1 ARSIk

1.1 HHRAFRREXE

K H B AR (LYJ2, 16°27'59.32"N. 111°
36'09.62"E) & 2013 4 A Al df P VI8 P SR SE T
5, BMCREMEL (F1), A50EH B FEHER N
BEPEIXC IR (X AR 150 em), 44K 287 cm,
KA P EAEMIL . LYRKHER LN
2 665 a BP, HARCHEZAGH S SCHR (Yue et al,,
2019), "“C W 4F B FH A4 L R T U v G A L R
(Calcarina sp.), LYJ24FERAEE WL 1R,

A (16°28'N. 111°35'E) fi TH [E i
PUVDHES N ACRIAER R AL (WL 1), JE—
BIEHEMR, ZRPGTE 2R 4 km, FdLK 2012 km,
WA K25 km, T2 3 km B9EHAEDT . HEAE 7
VPR G0 1951—2001 AE R AR 10 5%, % X IAE
YIRo 26.6°C, MFIRNRER R, 298 27.5°C,

1.2 BILHIBH(FNITHE

PLLYJ2 Bt ARk, RS LY iR E A,

BEBE 0.5 em RAEH TAH FL R DU RE S, 3t
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Fig.l1 Location of the study area and LYJ2 core sampling site
TE T S0 2 PR A5 5 R vl PR 55 Il g o

58 GS (2021) 5449 S bRifEsb I HI1E, TRETCE M.

R1 LYRER"CUELER (Yueetal, 2019)

Table 1 'C dating results of LYJ2 core
Fefmgis  E/em AR/ BP(EAHE) AR {E/a BP
LYJ2-50 25 551—454 503
LYJ2-110 55 941—785 863
LYJ2-180 90 2058—1866 1962
LYJ2-300 150 2652—2366 2509
LYJ2-400 200 2750—2569 2660
LYJ2-450 225 2766—2640 2703
LYJ2-480 240 2690—2440 2565
LYJ2-550 275 2743—2599 2651

. Bk BP4E 1950 4F

1149317, I RE S e 48°CHLAR T2 48 h, SRS
W TR RE S T332 710,064 mm B W, LI ERIE
WU BEREAFLA, KGR RE R4S A E, DLl
JE SRR FLH SR . KRR AR RE RS L, A
JH S R R AT 2 R X B 3 it 2R A T A L R S
TR (3D REREA fLACE WARRME WK 2. AL
HOP S 2 BB SFALAE (1979) FIZE AL (1987)
FIC S P VD E B AR FL AL S A, ARIEFIR
T, B EES T 453 150~200 A fL 3t (Praz-
eres et al., 2020) 1o ASIERA A FL R GE 2SR 3 F
AFDIReRE R (BE2ILERN . JEAFRF . HLEF),
TEMBIREX T, BRILER (LBF) iz, i
Ak A FRFPRIHL AR FE A A, DA R
AL TSR GEwE, DUAE A SRR AL R R
FEYERT R B, PR LA AR HIE
AVH 2N LBF, FLIF5H Ak (Hallock et al.,

Ed: AL B JJ Mt (Peneroplidae) ; B. X35 H (Amphistegini-
dae); C.%H#EHt (Calcarinidae); D. #8M A (Nummulitidae); E.
JNEEHL (Soritidae) ; F. B (Hauerinidae); G. H(BLH (Rosa-
linidae) ; H. i [# H (Planorbulinidae) ; I #f¥F 1t (Spiroloculini-
dae); JJHFLI (Lagenidae); K. 4"t (Elphidiidae); L. JLF
(Nonionidae); M. /fF#HEH (Haynesinidae); N. 42 H (Ammoni-
idae); O.#izkH (Bolivinitidae).

El2 =FIIgeREE WARELMIE (Prazeres et al., 2020)

Fig.2 Common representative species of three functional groups

2003a):

FI= (10xP) + (2xP,) + (P,) (1)
A P=N/T; P=N/T; P=N,/T, TR/ T8
1 35 R A JRE AR A FL BB, N R BEIS I Fh
AALHECE ; N FR AT AR AR A 5%
INEFLHEECE; N IR SZ B . R E IR AR
FUKIRIPL A A FLHCEER s PR e A Fire
FES P s PR AR A SRR AERE S B L
P LR ERES B S e, FLEREA 1~10, H
(B B 96 35075 35 45 0 T v it B AIG (Pisapia et
al.,, 2017) . M FI>4}, B AEFAT fLE 54D
U BNy, Fn ik A BT A RS A I A
K M2<Fl<4 i, FRiRMIRIrg s/ 44b T ]
HERKAhGIEE ; Y FI<2 i, 38 5 95 Flk A
IR ML ST FLA S 4 EZ 0y, T iz iman
BEAMEANIE A I A K (Hallock et al., 2003a) .

2 R

ASCHEFRIG 493 N FIME, 45452 1B LY 4E48
e, @It NS A IR R AR FLEY AR R 8 (1A
3), BEERE R 16 ac S5 B/R, PFrEiis FIE
TE4.1~79 Ul s, YH A 5.9, HEE{ETEST2 a
BPINIL, K79, mAMER41, B2k, 7ES2H
18 a BP,

FHIP SRS 45460 75 1% (Sequential Regime
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Fig.3 Time series of three functional groups(a) and

LYJ2 core FI time series and SRSD results (b)

Shift Detection, SRSD) 43#r FIFE 1 2 2600 4F 1 [i]
B 75 AL iR B2 A a3 (Rodionov, 2004) . SRSD 2
FXFERF A A PR AR LA BRI — Rk, LT
B V- SA (B L BIASCESH 25 %8 s 1) 7 1) ) 722 Ak
AT M1 SRSD Jy ¥4 S 7F Excel W i 4K (4442
Registy shift test-v6.2.xIsm X} 54 AL BE

ZEIREIH (W 3), FIFE2665 alljfa] i 2
AWERHE: 1) W, R L FIZRI A
() B 10 A S 0 B0 I B s i sl L #s . T4l 3
BB T . 2380—1628. 1212—572., 252—92
a BP, 3B MM FREW . 1628—1212, 572—
252, 92aBP, 11~/MiE R 2665—2380 a BP;
2) JAIAYE . FIZER AR (s & T A R R
HAERPRIE s (K4), ZRbRBARREN:, fFFER
FU R 66.7, 54.4 aZE AR Ak R

140 4 —— A LR
20959
120 4 £95%)
— 2(99%)
100
Ho
w804
i
= 60
40
204 66.7 a
544 a 453 a 33.0a
0 T T T T x5 T
0.000 0.005 0.010 0.015 0.020 0.025 0.030
B!

P4 if 252600 4F FI % 4 1
Fig.4 Significant cycle of FI for over the past 2600 years

@ #4443 1 https:/sites.google.com/site/climatelogic/

3 3Wie
3.1 3% 2600 F ¥ F MBS AL FREERR

1 2% 2600 4F- 1 8] 2 2 Ak 1 50 FIAE 4.1~7.9 Yo [H
Wedh, FIIE N 5.9, M FUR AR AFE R &
S (Prazeres et al., 2020), 4 FI>40}, FIHEFEIR
BEIE A M G e I e A A RKOR T, 1
BIALTF B RRIRZS o 12000 5 1E 4Bk 22 S ] it
X AL A5 B EGE, A ) Lk X (Velasquez et al.,
2011) . ELPEEAHEH (Oliveira-Silva et al., 2012) |
R PT FLEAAE (Pisapia et al., 2017) . FEIE4 VD
% (Chenetal,2017), M-I 2E (AZiz
etal,2021) %5, #fEil, ASCHEN T % 2600 4F 545
TSI At S A b T B RRIR L

IR A K 2 T R R i o T A T 2 Y
WS4, BEZFNRE . LI EhE . I ES
HARN R (iR, 2018). A FHEN TY
VPRER VAR, B RRE, WA RSN E AR
M, HERITARLOE, RS SRG AR H
ZEI ARG B, R 2% 2600
AEPS SRR A A AR Y RN R IR A
T HAEAE YR 25~28°C RV AR 1, TR Y 5
T e o R AR 2 o) IR e 1y A 2t B s IR
ARk, For2EF VGRS PR T — 25 R F 7y
WAk R RS, ik EAE (2021)
FHVG VD RE S i B A= K 2, J A5 o P VD el
500 4 14 ¥ IR A8 Ak Bl R 26.13~28.43°C ;B
(2013a) FIBKE4T (2014) 25 A0 75 V0 I dal g 4
AN T A A VAR 25 SR A 26.5 ~ 27.27°C 8l , H:
WITE AL K @ BVE R Jiang 45 (2021) FIHPE
VORI Y 3 A Mk A I B A % I iR 0 ()
(2070—1740 a BP) P4y ifg AT - 4436 1R A8 A K
I AR KOS B TR B . 28 BT, i 2600
AR PG YD B Ve 0 R I A A I AR KR B R
NS, FMaE 25 2600 4 PG VO HE IS 2 E R i A
BDARGIAEHER, 5 FLHEREIEHIRT .
3.2 FISERTHZEEERIFNITRLXR

W 4 THE 2 B B I e o 30T 1 — A M B A4
Y (Wanner et al., 2008), 1325 2600 4F KEAEAE 5
ARRIEAAERS B, 430 . B S (-300—300
AD) . BEFHHCAE (300—800 AD) . Hhit- 42 IE 1Y
(900—1400 AD) . /oK (1500—1850 AD) F120
el S5a R (BEE 45, 2013b) o MRS FLXT
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i B 43 %

VR AR A e N7, EEEEAY 2600 4F F15 A W5
Fa R A P RO SST . A 24 E A3 1) AR A TR B 7 )
(5) ATxfte, RIMAER BRI B, FIMBZATA
Fr R, BEAT B T, SR v R 1S A
A5

FL 21U T RERT B (1628—1212, 572—
252 a BP) HIEMFHHC I . /N UKIXE N . Horr,
W] (300—800 AD), LYJ2 Aith 4R HE
BRI 2408 1212 — 1648 a BP, ARIEHIFITRR
A FLHEIC A SST, MRFHH T SST HE AR AR
240.5°C (Saenger et al., 2011)., WK 5S4, FIT
IR IR By, AR T R AR /I BE TR B
4 1Y i S i U T IR e DX R AR AV e (%) B8 7
SO, 55 PR AV SRR MBI AR AR i S s 38 Sy /N
UK (1500—1850 AD), 7E LYJ2 75t o X 1 if 48]
214 141—457 a BP, /NS EhtE rhit iz 2
Je — R I B AR IE ST B, 1R 22U
FREJICTE T /N SHIARIRBLS: (Ogilvie et al., 2001;
Mann et al., 2009), ACH FIBAEHE FTHFE, 5
BHFEHCR hC R0 P B H—SL BIK L, FIMY
R BN 2 AV JH ARG R, 2% B TR BE (IR X LBF
HYEICR AR SZ R, LN REARTE — e R B Ll sk 7
S A A R A

FIf 24 ETFBY B (2380—1628, 1212—572a
BP) St . B BN bl e e
RGN B0 — > B S (R TR R S A s 0, P
M 0] 2 & o a7 [ DA gt 57 31 R T A — B X IR I e
W1, LYJ2 " FIAE 2B IR S iy sy, HLRREL
B[] 5 I AR DL . AR = NS R I, FE—
JEEN, BT 2 FELBF RS RN R 4
= (Fujita et al., 2014), 3X A BEJ& B 3 FLEL = (14 )
Pz —, N[A LBF X i B T 55 04 o, A o7 22 5
(Waters et al., 2017), XS FIHE P8, &
& L, FU LTHA S BRI R, 2 X TR R
g SRUTIIA

g b, i E AN FIS SST %48 k5%t oAl & BH,
FITE A AR R 55U BAT — 8k, FIRYSE
VAR DX ] 5 R S0 RN VR R ROG I, I B 25
M ERE A FIE B R —, RICEGRT S,
FIJtiE, Z TR
3.3 1628—1404 #1572—252 a BP # 4~ 4 #A FI
THEZESH

1628—1404 F1572—252 a BP [ FI 31 Hi e ik

T RE A, o ] G I S0 N UK X R
AR FII45 78 2 X (Hallock et al., 2003a), 3 FI
T B B DR RT3 2 R A K S SR Y R 2
XK, FARDT LIS B PV X AR W,
EAE PR 18 E (Liu et al., 2002; Han et al., 2019) .
PEULAED , FUZEUKI T AT B2 T2 018 kil
B EFY TS e

AERT LA T I, P AP A2 B AL/ N AR 1 7k
AR, XBNGRERE . ZmENNA BRI,
VKRR E KRR, (R EiE T RKIR G
VI RCE SRR 28, S EERZ WK E R g
(Huang et al., 1997; Liu et al., 2002) , [A]Ef, oK%
558 F14) 4% 25 XU ATV 90 A ol 258 b 5 R ) R e 2
FEAVE VR I L as, R RBAETPERITR
PRI R A T, B ECE TR BTG N
(Liu et al., 2009), FEA TR R, FHbH
X 7E 4% 28 AU i i il A 7 1 B (Liu et all,
2002; Han et al., 2019) . ItbAb, BT A3 i< ik
AP EFRICR VIR K, S EOBKE Y T
Th o AR PE T A A PG VP 2000 4F R O U S 48 AL
(Southern Oscillation Index, SOI, 78 P4 K1 Al
IR KR PE AR AT SRR 22 ) 45T (Yan et
al.,, 2011), /INKHAFI R 5 BG4 HH A SO 4 1
A, RIVGVDEER 72/ Nk AR s AR 3 Ak T
PR RS, BN R L, it SOl 54k
(K 6) XFEL & B, SOIMFIZ Al 4748 G AH 56 6 5
(R=-0.52, P<0.01), #8/RVEVHESERKEKZM
PrJesmI e, FIMBLT RS, X 506058 & BN
JE SR FI3AICAY 4518 (Fabricius et al., 2012; Cle-
mens et al., 2018) FA£F.

Zi b, WIAUKI FLAGPGE N, R EafE
WS FRY R BRGNS v VRS B i A
FEIPRBAT A, FUR KRR R AT g2 i TR 4 2=
ISR FECOR MY G 2 | R, 2k
TR B SR RS T k.

3.4 MAEHAFIRE TEEZES R

FT PR O] 0, 125 2600 4 4 2 HE 3
BIEFOROUEAR R R A, SREIEFRE, |
92a BP £4-, FIIHMAEH R TR, 51X
TR BTN R P A AT G o X Tl
A3 IR AR B S T it (20 T2 SRR
NG SR 2 A E (Jones et al., 2004) .
HI, TERERAEASDE, AETE 3 i g T,
4R S 4 I B A AR 2 & A= e # R fE (Hoegh-
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(Tan etal.,, 2003); b. Zhi P &4 fLH Mg/Ca-SSTic 5% (4f€4k%%) (Op-
poetal., 2009); c. ASCEHM 26004 FIFH] (BZksk); d. i T4FCO,

e AR r (BR{aLk4%) (Frank etal, 2010),
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Fig.5 Flresults compared with other paleoclimate records
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Fig.6 Comparison between the FI of LYJ2 and the reconstructed SOI index

(Yan et al., 2011) in recent 2000 years

Guldberg, 2010) . B i 1) /o T 3 504 B s 1 2
KRR Ak, B v SR A R AR 0 R ) AR
i B AR Ak, T VD S A A A ORI
90% FFEEART10% (RehE %, 2011; K7k,
2012; Chen et al., 2019) (7). =S4
CO,) HEmcE A (WL 5), AU TS AR B,
W RBOE KRR, SRR S, HLE

2000

SEIHBZET: (Anthony et al., 2008) . HiZ /Y
NG GLEERT . BRtEl . TR
A HRXT PO VDR I A A A PR A
JEHE B ER (Zhao et al., 2012) . [AIEF, BT
R R M X A AN ZETE 3 (ol Aol )
&, BRI AERA L SR HEROE N, i
HIRIFRIE L, RN TR, POV
KAAVIEEELZ, FEPGHEEE S5
KO, REEEIECEEIG I, R SRR
S f#EBE (Duce et al, 2008; Chen et al.,
2019) . BUAb, TAFRPGVDHE S & A KO
RARE . IR L SR AR R a i
S 0 A S R % fE (Tang et al.,
2019; ZEo0H 4, 2019), Mz, HT AN,
HARGE R, PUUDHE S W AL S AE i
40 4FESEFLE AL, X 5 FIPRHE T T8 s i
25 1 IR AR A A — 3K

ZE b, 92aBP 24 FIMME FFE, £
o E R A S AR Ol U L, XS
40 4F R Y VDB 5 B AR S R G R b
FEXTR, AT Re R s A TG sl . RS
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Assessment of Ecological Environment of Lingyang Reef in Xisha Islands over
the Past 2,600 Years Based on Foram Index

Liang Risheng*¢, and Yu Kefu*"
(Guangxi University a. Guangxi Laboratory on the Study of Coral Reefs in the South China Sea; b. School of Marine Sciences;
c. Coral Reef Research Center of China, Nanning 530004, China)

Abstract: The Foram Index (FI) is used to evaluate the ecological health of coral reef areas based on the content
of benthic foraminifer functional groups (symbiont-bearing, opportunistic, heterotrophic) in the sediments of
coral reef areas. Thus far, the application of the FI in China remains limited. In this study, an LYJ2 sediment core,
287 cm in length, which is estimated to represent approximately 2,665 years before present (a BP), was obtained
from the lagoon of the Lingyang Reef on the Xisha Islands. Samples were taken at intervals of 0.5 cm to identify
the foraminifera under a microscope, and the FI values were calculated. The key results are as follows. 1) the FI
in the last 2,600 years ranges from 4.1 to 7.9, mean value of 5.9. 2) FI values show a fluctuating pattern, which
can be divided into three periods of increased abundance: 2,380—1,628, 1212—572, and 252—-92 a BP; three
periods of rapid decline: 1,628—-1,212, 572-252, and 92 a BP; and one period of moderate decline: 2,665-2,380 a
BP. 3) FI exhibits interdecadal fluctuations at different scales, with cycle of 66.7 and 54.4 a . Based on the
relationship between the FI values and the health status of coral reefs, we speculate that the ecological
environment of the Xisha Lingyang Reef has been generally healthy for the past 2, 600 years. Based on a
comparative analysis of the FI and sea surface temperature, it appears that FI is mainly affected by sea surface
temperature, which , in turn, is related to climate change. A high FI roughly corresponds to the Medieval Warm
Period and Roman Warm Period, and a low FI roughly corresponds to the Little Ice Age (LIA) and Dark Age
Cold Period (DACP). The FI values exhibit three stages of rapid decline. The first two (1,628—1,404 and 572-252
a BP) correspond to LIA and DACP, respectively, which may be due to the increase in atmospheric dust, rainfall,
and nutrients in the waters of Lingyang Reef caused by the enhancement of the winter monsoon in the cold
period. The later period (92 a BP to date) corresponds to the rapid degradation of coral reef ecosystems in the
Xisha Islands in recent decades, possibly due to increased nutrient concentrations in the Antelope Reef Sea area
caused by increased human activity and atmospheric nitrogen deposition fluxes. Studies have shown that FI can
generally record the health status of coral reefs in the South China Sea and can be used to evaluate the health
status of coral reefs in geological history.

Keywords: coral reef; Foram Index; ecological environment; Xisha Islands; past 2600 years



