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Fig. 5 Distribution pattern diagram of *'°Pb and *'°Pb,, (Bg/kg) in D1-7 (a) and D5-6 (b) cores
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Fig. 6 Relationship between TOC content, total n-alkanes,

3

total amount of three algal sterols, microbial GDGTs content

and oxidation/reduction in D1-7 and D5-6 column samples
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Fig. 7 Marine plankton productivity/community structure reconstructed from sediment columns in the sea near the Antarctic Peninsula and

the sea near South Orkney to global warming and its interdecadal response
Vol d5 Jr 1 4 BRI AR AL B0 Ol I hittp://data.giss.nasa.gov/gistemp/graphs_ v3/; K FH 2 T 7% s 84 ok A http:/solarscience. msfc.nasa.gov/greenwch/
The global temperature change data at the end of the figure comes from http://data.giss.nasa.gov/gistemp/graphs_v3/; the sunspot activity data comes from

http://solarscience.msfc.nasa.gov/greenwch/
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B, T AR I B I v S A B A 56 B B O DX AT
Jo A AR AR AR S AE T [, RIVRE 8 2 5 A ek 3R R AR
FEAS BTN SR, 177330 P A4 oo 2 18 R ) 08 B AR AR KRR B 1
PAE TR AR ) SR 2 b R T 2 /R A ) Rl e | D &
1o Y VA L AR ) i 5 A LAl R IS ML 1 B 451 DR /et

R AL HED, 4> KR 32 RR 2278 1% W RE /Y 52 )
Z— 32 TE M 1Y) R A A ¥ B (Phaeocystis antarctica)
LU A5 T B0, A S RN A R S R R T ]
#f 35 24 (Haptophyceae ), f75 4% 3 AH X HoAth 77 gt 4, H:
FARTE S B AE R P il 2 1y, BIBEAZ A £ CO,
B RS B K AR Hpuos 1o A SCRIF S ) Cs, 1K B s A R A 1Y
WA A o R BB A I A I R T TR BE T 1
RIS 1 V8 AR R A0 38 LU ) 3 B e, X b A b
Al B2 52 ) pig AR TR AE DA RO . E R B,
T AR i e B B O T S R AR R AR i R T
e, AEL Rk /T B (Bra/Dio) R AE B /77 WA 9 A6 77 )
(Bra/SUM) LU fH 52 T R 35 i WY e/ Wi ) A= 7 )
(Dio/SUM) H fF 2 Y ke 34+, 3ok 38 DR 35 1k 386 1 U7 A
7/ YA AN N A W NI Rl iy N o> 11737
W T R R R TR IR R o A, TR R AR T
B P 2 3B 1) B AR 0 IR 0 Vg 3 A ) AR AR A e,
T A= Wy R 2R 52 708 Ak 1) OB | AT DA % 104 o 28 4
JEE R SR B R A Ak LA B LAY A S5 R HE R

DI1-7 AR W AR 7 )1 -(GTGDs) . i 18 - (1soG-
DGTs) A= ¥yt | 7 g oty B - (GDGT-0) A= ¥ ik | #F iy
(.crenarchaeol) 4= ) 5t 1 7 I 28 4 4% fk. (iGDGT-0/
crenarchaeol) L {E 4 &2 3 H 5 i 3% Wi B IR 3, AN TR
AR AE W0t MCP 1Y BE 5 AU R IR 5 it il S50R A
] . D5-6 AEAEGAE Y A7 J1-(GTGDs)., i 1 A2 ™ ) -
(IsoGDGTs) . j** H %t ity i -(GDGT-0) A ¥t | % iy
1 - (crenarchaeol ) A= ) 5 1% 38 1] A8 Ak e A R M o L
R AE W i 2 (MCP ) 38 38 (8 A6 0 s 30 PR fi A BBk
(LDOC) H1>f 1% 4 %5 i A Pl (SLDOC) #e 1k o 1
VS A HLEK (RDOC) I ZE 7K A4 F AR A7, DT B 3] 6k Btk
HIAE R AHEZ R, T E AR R B A 5 B Ok
TR ) A 7 O R P AR ) R R e, A
YA 7= 07 AR B R OR B/, R MCP &%

HI 55, AR Tl o A TR AR I X0 T Bl PR e A ) 2 7 D/
Az ) T e R B DG BRAE Y, TR U A R VR A )
IV 3 A7 R 422 52 e A AR T BP 1 2K AR
HLB (4 3 20 T MCP 7K AT [ Bk 350% 1 58 55 , 15 Ry 42 Bk
VRV B e ) e A, LA g T AT R AE AR A
324 PIBFEREIAEPRAR 8 SRR M 2
AEAR B ) 7 REAE

KPEFEARPRIR T (Pacific Decadal Oscilation, PDO)
SEARARBR I ] RUBE | B S AR 2R A5 50, T KR
FVHE AR AEAE AR PR AR fL . AR Z R W, 76 20 tH
28 70 FEAR, R ERERRGAEAE — R W] 19 AR AR R AR
b, B A BRAG B AR 11 3 S g e, DX I ) 22 5
BER1 e b DX b A SR R B AR R R,
T LB XS TR AR A A AR5 4 110 s S i o
454G SCHR [124] 23 B, A H 36 B 52 30 B 4l O
(NCEP) - ¥ ¥ V- Th1 /< %BH- 43 5T (40°S il 70°8 26
), BIF 58N g 1972 4F 72 m 1 M X SAM 45 £ (1 /17
P ) BRAR p, AR BRAS AT (1951-1971 4F ) LA f i F oy
F (75 KId D) . SAMIAEF- 3 {8 4 -3.969 1, BRAF )
(1973-2002 4 ) LA IE BB 7 2 3 (75 KU K ) . SAMI
I (H S 2.910 7, 3X A BR AR G2 F Gk BR A BR AR
(1976/1977) FL.uzs-ea, MR IRATHVF 2 058, Qi 5L
2578 T-13(6~7 cm B i) UEARIE 5% 1) A AR B BRAE A5
WAE 1972 4F, PAS SCAF SR D1-7 F1 D5-6 A1 AF )2
B 4.5 cm A1 8.5 cm Ab (1972 4), VE oy — IR S A5 BR A%
RORBRA BN

1972 45 X5 B T A A% AE AR PR 1 % 22 (regime shift),
M2 5 B AT I SR D1-7 BEREAE X — AR A TR ¥R
AW B AR B RRAE 4.5 em 2 AL 4 N UEY S
¥ (& 7, DI-7) AW i 1201.31 ng/g., R AEY)
N 1153.29 ng/g. 7= HGE T B 715.14 ng/g. AT TA
39723 ng/g, L b 4 DS HIEX — R RN
= {8, LA &% GDGT-0/cren iy 1.80, H B & /& Fix — #
BRI b ARGy, S X — ARy I T A W A 7
K. BRI MCP &R Anag o 78 58728 55 AT (8.5~4.5cm
XN T 19221972 4R Hi 5 ), 0 AE W) & o 955.59~
1 298.88 ng/g(F- ¥ 1 157.68 ng/g) . iy B 4= ) & Ky
907.8~1259.07 ng/g("F-¥14 1 105.15 ng/g) . 7= H ki vly
A= W Bl 528.38~845.52 ng/g(F- h 669.47 nglg).
AN 350.86~492.72 ng/g (F-H4 393.92 ng/g),
FH a1 1B 0 2l PR A s 7E 28 78 1 LUJG (0~ 4.5 em X i
T 19722015 4EHij J ) B B, S A= ) B i o 754.42~
1 212.55 ng/g( F 34 4 971.88 ng/g) . & B L= H N
724.96~1 151.86 ng/g(F- 44k 926.68 ng/g). = H ity
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P 423.68~675.5 ng/g(*F- 344 568.83 ng/g). #F i W AE
Yy R 227.23~ 444.49 ng/g) (F- ¥R 330.32 ng/g), iX
— I B 4 A CAE ) S BT T S I i Bl PR R AR, 15 B
Z: 5 MCP WAL, B s MCP H fi ik iE
AL REIE AR AR . A SR A A TR 8 SIS R TR R Vi AT
Y. IS W R TRIEAE A A D) L IR E S
iLOREEE . . BAEAEY RAEX R RE
ZEAF  AFRE AR S B0 M B ST B BBk 0 A, A 28 AR A5 LA
I B, TR 28 N K B P AR ) A 7 1 45 130.30~
288.34 ng/g(F-14 4 218.71 ng/g) F1 188.24~264.04 ng/g
(V¥4 225.68 ng/g). THiFENY) S BN 710~949.06 ng/g
(P32 774.92 ng/g), S 3G hnEH, kB A Y &= R
800.76~925.50 ng/g( V-3 849.99 ng/g) . H BEY
BN 19631~ 242.80 ng/g( F 4 K 218.65 ng/g) . ¥
W AE 4 2 72 1 A 1 045,18~ 1 213.35 ng/g( ¥ K
1 123.29 ng/g) A K5 7857428 55 LS B B, T ek
FIR AL Ui A ) AR 77 ) &l 55.25~361.53 ng/g(F
¥ R 177.34 ng/g) Ml 159.43~ 239.32 ng/g( F ¥ K
200.11 ng/g). ¥FiEsh ¥ 7= 1k 470.41~615.03 ng/g
P38 509.56 ng/g). fEsEAEY =N 589.97~766.49 ng/g
(P4 638.70 ng/g). H i EY) " 126.30~188.33 ng/g
(- ¥k 149.83 ng/g) . IF Ui A ) A= 77 1 775.54~
1023.81 ng/g(“F- 34k 857.72 ng/g), HEE & | v 575 &
DART R R &, B A W) 8 4 (B T o
WY 8 AT, 85 0 2E W A BRI ), AT DL AN [) F 7 i A ) o
TF 4 ) 17 A2 AN AR TR 0 o DA 3 B 5 o A4 R A AN A
SEUR T A R I 2R IR L IR A XU ), L E
ok oA i 2R XUNE T 6 A ) DXL AN ] J2 T 1 g K T
JE 7 A S, 5 0 B VAR AR BB A WY RS R AN
A

T 5T B B I B DS-6 AL E 8.5 em [t i
(1972 4F) ) B F ¥y A= W 8 A8 4k (141 7, D5-6), fik
A7 31 569.23 ng/g. I EEA 71 137.80 ng/g. Fif
B 1R 40.64 ng/g FITFRIFAEY)LE ™ T 747.67 ng/g,
FEX — 27 35 R ACE, B 28 T — AR A L
2, BRE X — 0 Y R RCREL. [FFE D5-6
PR A 52 B0 S 0 Y B A3 A, A 98 A SN, TR
FERR AR AR ) A 7™ )1 45 1 286.52~ 1 546.45 ng/g
(F %524 501.26 ng/g) Fl 135.07~ 891.57 ng/g(F 1 K
368.01 ng/g); V7 iE 511 &b ik 288.62~658.87 ng/g(F
Y170 420.52 ng/g)., k¥ A 7 1N 269.67~579.09 ng/g
(V3470 404.34 ng/g). WA I 62.35~159.22 ng/g
(F¥94100.84 ng/g ). W™ 7178 26.52~56.45 ng/g
(K348 35.96 ng/g). IF WA IR M A= 7 T1 K 358.61~

794.76 ng/g (-3 541.13 ng/g) ,— BOPEHb 5 91 H ik 5
PEBE I 8 548 S LA, TR 8 2R R B VR i AR ) A=
J1 4% AE 512.22~ 1 828.17 ng/g(F- ¥ Jy 947.46 ng/g) Fl
203.65~ 1 368.15 ng/g(F-¥J Ky 865.01 ng/g), FE i sh ¥
SR 546.78~2 184.56 ng/g(*F-#4 4 956.16 ng/g) . fi
W2 1R 560.70~944.32 ng/g( V-1 F 658.41 ng/g).
A 72 1 148.86~199.14 ng/g ((F-#4°4 162.65 ng/g).
AT WA 77 )7 R 35.94~53.78 ng/g (-3 45.34 ng/g)
TR W R 7R 1N 766.67~ 1 179.40 ng/g(F- 1
h 866.39 ng/g), B I 52— UM B, VR ITEAE )AL
A AR, A W B AR T . AR AR AR PR ER AR
(1972 4F) LUJG, m B o JE B 5 Vg Bl 26 28 R 46 DA o
Shy s K AL B RRRE, 3K — i B A P AR R R DA ORE TR
BP iy LB AR . 53 Ah, 7E 1990-2000 4, ¥ i
BN e LA ) A ) R, AT E R
TR A% R . 7E D5-6 A RE (8.5 cm BT ) X — )2
PR ) BB A 328.40 ng/g. T B LB A 300.96 ng/g .
PR EEERA 184.30ng/g AT TR A 104.83ng/g
GDGT-0/crenarchaeol 5 1.44, DL S5 B IR AH 1F X —
JE A — B e (AR, (R — SRR R B
A 3 08 B B M 43 A, 7E 58728 A AT B, T AR ) e i
7 168.74~375.65 ng/g(F- 34 Ky 247.88 ng/g) . 1l #H &L
M 150.67~ 338.88 ng/g(F 14 4 220.72 ng/g). ;= H
Foe R 80.11~190.52 ng/g((F-H4° 122.60 ng/g).
25 AR 64.45~ 132.70 ng/g(F- 3 Hy 89.50 ng/g)
S s #a #  GDGT-0/crenarchaeol & At 7 — &
254k, 1B T GDGT-0/crenarchaeol /T 1 B F 0, [
WY 7t DT 9 45 ) i PR A AR A A AR R R L AR AR
JLUJE BB, S W AR 235.66~343.84 ng/g (-1
h 286.35 ng/g) . i B L O~ 201.87~302.38 ng/g(
Y170 250.63 ng/g). 7= et RLEV LA 98.83~154.52 ng/g
(V22 125.67 ng/g). 5l S 95.78~135.00 ng/g
CF¥10 114.81 ng/g), X 4 NS HUEK L& 2R
WD R, FE R T R B E R BE M T MCP B50R & AR
FEAR

WEFE R W, TEAEACPR 5278 SUAT, m S8 e JE 1 15y Vi
SR ) A R D) R T TR B ) A, PR )
R RV FH N5, LV 0 sl ) e i B R A b R 34 5 7 Ui
) A 77 D3RR s ZEARARBR A8 23 (1972 4F) LU, K
TR WA ) AN RE S o e B, X BOREA HLRR (POC) i M
TR K, X — B B S DA TR W A 4 6 BP Oy 32 552
PR (04 AR, ok 88 26 W o 9 38 9 ) 9K 25 10 3 52 ) BP
RO L IR B 5 e R A AR AR PR 2 A8 A (1972 4F)
DU, A8 R B v JE B I I R TR U sh ) e S R e A
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AR E BN, {H M 1982 4F (5~6 cm) T IR, 1F1iF
Bl et AR W B, BRI 1997 4E I 2012 4
V] 77 Ui 20 0 o o T Gy R 1, R o el e e 2 4 i
TR AR 7, VR A RV 45 R A AR Ak,
A PR B ) K A B TR I A, s ) A A
RYWREENE . A IEEVE BP @ 1k IR WA 0 S
71 K B S AR Ak, VR AT ) P R R, S R
FEXT CO, Wi H /b, T A S —Fh 5 2 BRAR 1%
WUIMICR SR BRI, W PR e A RIS AR Ak 256
A e R S K W IR B AR A (FEE AR AR PR
AR Ak ) Xof AN [ o S B4 1 it A 0 A T S R T R
Ui AR VR R L 2 R ARt A 0 2 B 0 A R T4
2 p W T v SR KA AL 1 3 30 AN K A
SRR B R 5, 6 KA AR AR Y e AR R
Wil o A 2 B BT VA B R T SR TR 2015 41 30 )l &
A AR Ak, 77 U Sl 4 e TR CERE T ), 156 BA 7E 47
FRBRE R R RS MR W PR A A A 2 A B
KR, Wl FRBERE T T REMHETAR, X
A58 30 R B TR KSR — A AR o R A AR R 2
DL K BP SUCRAFTER R 22 5 . BP 19K 8h 1 2t (1) [
FE R REAE . — 7 T, V2 T W A A0 4 S Vi v v
B A 7 H AR BP ACR, DL X R LAk
A VB 1 B RE 10855, AT RZ R BP [ RCR, B —
T, -1 Sh 6 A ) 5 5 i L G [ SR AE TR Y
B BT 121200, B R T HE i DT R X — G i AR o
B HLBTAT A ) T s o0, A W T J5 AR AR LR 3T
L 29 IS DT AR v BRI BT R Tl Y AN W R 2 e R
AWy B K TR R B ), LA ELAG AR S (R DR o 5
5 309 m/d™Y, FT 4330 (packing effect) g% B9 i 4
Y0 A, I TORE, B4 — 3 43 Bk A6 8 T b R B 6
PIVER, B T AEY R ECE . PRI Y ) KA
72 B RS RT V7 Ui Sh i e i B RS, — A S AR AR )
5 B (B i/ 55 ) B A8 A AE AR AR R A AS Wi s e o

4 %5
(1) W TE M 43 211 5 A 1AM €32 1 0 730

S

KT, R B B S T SR AT R B B S A B YA BT AR
BURR A IR 32 20k B AE MR A B A W DL, A
/Ui (4 B DAL i A RRAE o R SR S JE R T SR T
WK A R TR 7 i AR 0 34 K T pl B~ 5 R T T 3
MTTZIESAE N T BP AR AR

(2) 35 7 4R T A2 B 1 R B o A I A T 7 5
FRWE S B F IR A D L R R A
T BT, WO A S R B BT R
(P A 5 A ), 6 U 9RE P 4 o A W SR A B A T
W, BIVRE 986 5 A9 e o A A P AR AN i, 3 A i
R O AF X 5 B AEAR R RE BE TR E T i AR W AR A R (i
Jo 2R /R o ) RN . L B i YA A DT AR ) i 15 A9 LG
FITEALR 89 L R/

(3)FE = BRACHE T 5L T, F7 W AL Wi v 45 4
PR AZ AL, FR A FE 1997 4F A1 2012 4F 3 6] 77 357 2 )
BIFIR I, S BOFW Y A7 T3 R B, RS
Wy (i A0 Tl A L R ) JFC S EL A AR g 119 T el R
FT ALV RE 0 BEL AT S0 W0 ) WA, 47— 3R 03 B e
TR BIGERR MR, S T AEMI R ARRRSOR . I
TEWERE 00 2 A= 7 B4 R AR R I i s ) s B e 1, —
AR S A AR W R B (B R/ 55 ) B AR A AR AR R
AN RE 1k

(D TEAFAUBR (1972 4 ) S8 i, B B~ 1 B3 v
RO A R S PR R VR LR (e W
e MU A D) REE U sh ) S AR RO A
e, TP (R A gy A i R A/ RT RE IR S R TR L
T A W) ik 2 R A W 557, o o — 20 S B MCP il ik g
JIFRAR, 35K 3R B 4 R AL 152 ) e B8 e DX TR 807 B A ) 2
P21 | AR W A R TR S ) R
34 ol R B O B A T, T U A 0 2R 7 T AR A R I
A Wi A AT L 2 5 W P R T R L SR KR AT AL
T F) U 1 R R IR (8] BAR S0 1 5 538

Bif: AORHA ST EMBBFELZES 2K
MEARMCE RS LW 2EMR o &8 #E LT
R eH R 5T 4EE TN A .
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Effects of plankton productivity/community structure on BP/MCP carbon
storage and their interdecadal variations in a typical Antarctic waters

Yang Dan"?, Fu Quanyou"?, Han Zhengbing', Yu Peisong"?, Le Fengfeng"-?, Han Xibin"?,
Zhang Haisheng"?, Lu Bing"“?, Wu Guanghai'*

(1. Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China; 2. Key Laboratory of Marine Ecosystem
Dynamics, Ministry of Natural Resources, Hangzhou 310012, China; 3. Key Laboratory of Submarine Geosciences, Ministry of Natural Re-
sources, Hangzhou 310012, China)

Abstract: Utilizing the molecular biomarkers of organic matter in marine sediments from the Antarctic Peninsula
(D1-7) and adjacent waters of the South Orkney Islands (D5-6), the ecological relationships implicit in the recon-
structed variations of planktonic productivity and population structure are examined in relation to the Biological
Pump (BP)/Microbial Carbon Pump (MCP), as well as the efficiency of marine carbon sinks and storage. Over the
past century, a series of molecular biomarkers in sediment cores has exhibited significant changes, reflecting sub-
stantial spatiotemporal evolution in upper ocean planktonic productivity/community structure and sedimentary car-
bon reservoirs. These changes are indeed linked to global climate variability. The research findings are as follows:
(1) Based on the characteristics of molecular composition and chromatographic peak patterns of biomarker com-
pounds, as well as parameters such as Main Peak Carbon (MH), Light Hydrocarbons/Heavy Hydrocarbons (L/H),
Bacterial-Algal Ratio (nC,s + nC,, + nC,,), Large Phytoplankton Ratio (nC,, + nC,; + nC,;), and carbon preference
index (CPI), it is evident that the primary source of sedimentary carbon is marine-derived organic carbon. Marine
organisms serve as natural carbon sinks for carbon fixation and storage. (2) The sediments from the D5-6 region ex-
hibit high organic matter enrichment, primarily influenced by factors such as higher surface water productivity,
higher sedimentation rates (average of 0.19 cm/a), shallower water depths (385 m), and a reducing sedimentary en-
vironment (average Pr/Ph value of 0.95). These conditions favor the transport of Particulate Organic Carbon (POC)
from the ocean surface to the deep sea via the Biological Pump (BP) process, facilitating rapid burial and storage. In
contrast, sediments from the D1-7 region, characterized by greater water depths (1 100 m) and lower sedimentation
rates (0.07 cm/a, experience degradation of carbonaceous compounds during sedimentation processes and sub-
sequent oxidative degradation in an oxic environment (average Pr/Ph value of 1.22). Both processes are unfavor-
able for carbon sequestration in sediments. However, the control factor determining carbon preservation in sedi-
ments may predominantly be sedimentation rate. (3) Over the past century, the total abundance of zooplankton,
primary productivity of phytoplankton, and biomass of diatoms and dinoflagellates in the waters near the Antarctic
Peninsula and the South Orkney Islands have shown an increasing trend, while the biomass and proportion of cocco-
lithophores have decreased (particularly evident near the Antarctic Peninsula). This indicates a declining trend in
the effectiveness of the calcium carbonate pump while the silica pump dominated by diatoms is strengthening. The
relative strengths of these two processes largely determine the structure and efficiency of the biological pump, as
well as the proportion of organic and inorganic carbon transported to marine sediments. (4) The trends in molecular
biomarker variations in the two sediment cores show certain comparability overall, with distinct stages. Following
interdecadal shifts (since 1972), the waters near the South Orkney Islands experienced a significant increase in zo-
oplankton abundance from a depth of 5-6 cm beginning in 1982. Particularly, during the periods of 1997 and 2012,
zooplankton abundance witnessed a dramatic increase, indicating rapid changes in planktonic community structure

under the backdrop of global warming. Variations in both decreased primary productivity of phytoplankton and in-
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creased zooplankton abundance contribute to significant uncertainties in the changes in the strength of the biologic-
al pump (enhancement/weakening). (5) In contrast, over the past century, the productivity of phytoplankton/diat-
oms and dinoflagellates in the waters near the Antarctic Peninsula has gradually increased, while microbial pro-
ductivity/ancient archaeal biomass has decreased. This suggests a weakening of microbial carbon sequestration in-
tensity, indicating a decrease in the efficiency of the microbial carbon pump (MCP). This underscores the crucial
role of global warming in the fluctuations of phytoplankton productivity/biomass in marine waters. The biomass
and composition characteristics of planktonic communities directly affect the transport of organic carbon in the up-
per water column and the efficiency of carbon sequestration in the MCP. As the largest carbon sink in the global

ocean, the carbon sequestration capacity of the Antarctic may be diminishing.

Key words: Antarctic Peninsula and South Orkney Islands; plankton productivity/community structure; biological pump

and microbial carbon pump; biomarker molecules; microbial cell membrane GDGTs; interdecadal variation
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