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Minkyoung Kim’

School of Earth System Sciences, College of Natural Sciences, Kyungpook National University,
Daegu 41566, Korea

Abstract :

The Amundsen Sea in West Antarctica is one of the most affected regions by climate change, but

it is one of the least studied realms due to difficulties in access. Korea Polar Research Institute (KOPRI)
launched a research project in the Amundsen Sea in 2010 using the icebreaker research vessel (IBRV) Araon
and has been conducting various research initiatives. In this paper, previous researches derived from the
Amundsen Sea Embayment by Korean researchers are introduced. Through previous studies, researchers have
been able to interpret the environmental and biogeochemical changes according to the inflow Circumpolar
Deep Water (CDW) and provide information for climate models. In particular, researches using radiocarbon
isotopes ('*C) were introduced to understand the physical and biogeochemical mechanisms of the carbon cycle
in the Amundsen Sea. Opportunely, with the construction of a second icebreaker research vessel, the direction
for systematic and long-term polar data acquisition can be presented.
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LA = skt sk Q) wrare) agslel gk
A A S 2= u]=+9] ‘ASPIRE (Amundsen Sea Polynya
el HE Ad=, £3] ofEAl 3|9 (Amundsen Sea)  International Research Expedition, 2009-2011)’,
7|1% HAHslof| HIZlsHA| vk, sfHle] SE|Q} wlAke] B 4STAR (Ice Sheet Stability Programme, 2010-) S ZE:2,
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Turner et al. 2017). olo]l we} tf7] 5 olileletao] S5
U} AP AR (primary production) T} 22 R4 431 9FA}o|
AP WSk 202 ALk mopd okl
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Fig. 1. (a) Map of the Antarctic with Amundsen Sea (dotted line), and time-series mooring stations (red dots) provided
by SOOS (Bricher and the SOOS Data Management Sub-Committee 2022; https://www.soos.aq/data/soosmap). (b)
Bathymetry of the Amundsen Shelf and sampling stations (reversed triangle). The dotted line indicates the
boundary of the ASP and PIP, 10% of sea ice concentration in January 2011 (redrawn from Kim et al. 2015b)

Z| ¥ L4ax(Korea Polar Research Institute, KOPRI)E 4]
O 2 20099 3 W A o2 S(IBRV draon)E
2Hg-5to] 2010 o Als] BARS AlZFSHIHFig. 1). oF
A= ZL(Polynya; Arrigo et al. 2012)7} E8]+= &
=9 A5 AI7IE Alstale Hto] Bl sfiolr] o
woll thet AR Q91 S WSl B85k o
S T A 7ol IS, UdRtS, v, 9 5
3} cpEE e s Qe okt S AR A7)
ahoick. o] A B4 olAlsle] s 3k S5
=2k S4(Circumpolar Deep Water, CDW) 2] ¢
3 age) WEe s, olo] me s, st
A wisle 1dstel FIACE 715 wsle] mE G
S5 S T 4 9 Tl dlolelE sk
= AqEe] obZAls] At Aik= 20161 Deep-Sea
Research-II A'd £ 3(The interdisciplinary marine system
of the Amundsen Sea, Southern Ocean: recent advances and
the need for sustained observations, http://dx.doi.org/10.1016/
j.dsr2.2015.12.002), Lee et al. (2017a) 52 =3 A= o]
ek mls=tt Al7]e], mls ASPIRE| = oRZAl ol 4]
o] ¥t A¥E 20164 Elementa: Science of the Anthro-
pocene A'g(Special Feature: ASPIRE: The Amundsen
Sea Polynya International Research Expedition)of 2~7]5}
Ak 2 =wollAe 919 2l ol 3y ThRt At
AE Jofsto] sMYSolAl 27lekL, 5 tolrtof &
Wofol| wsto] AAIstaLAl gtk 53] YA 715 ax(Pa-
rticulate Organic Carbon, POC), -8FA-57|Ekay(Dissolved
Organic Carbon, DOC), 1811 8-FEAFL7| ek (Dissolved
Inorganic Carbon, DIC) 5 oA s oA t}eFst dE)

2 EA5He o) WALRAEIAAC) 3 T
5 917 Anke Ao)atdKTable 1; Kim et al. 2015b,
2019a, 2019b; Kim et al. 2018; Fang et al. 2020). o] 2]&
2 29 2 shAjel shiso] 37 AT Ba] 34 e
So Qo] TS 7L s Feldt 4 1S 7]

ek
2. o} 249 3 A+

oRAlsl= WA 881 s vt wAsH Yol
Ul Q= sf| o]t (Pritchard et al. 2009, 2012; Stammerjohn
et al. 2012; Lilien et al. 2018). £3] oZAls) W59 4§
& Ag= "WAKWest Antarctic Ice Sheet, WAIS)oj| 4] &
oz A== Y 7P 2 9 F shuelr] o
Zoll(Rignot et al. 2013), 7]$ W3R} QI7F Egof o
71 HES golsl= AL ul & ZQ S Tumer et al. 2017
Jenkins et al. 2018; Milillo et al. 2017; Holland et al. 2019;
Adusumilli et al. 2020).

OFEABNS HlEE AT slelole] B WE 7t
a0 U0zt 5] Hls] RO ne, 1Y
Q1 CDW2] 8-%Jo] AAJ=]o] rtl(Jenkins et al. 2010; Rignot
et al. 2013; Sherrell et al. 2015). CDWE= H= FHES &
ghslr7} Gh Z(Dotson trough)®] 5% APH-S W) G
<& HlE{(Dotson Ice Shelf, DIS)7}A] $-¢=o] HES =
Qlthr & A It Wahlin et al. 2010; Ha et al. 2014).
s Xk CDWE gi58,¢ 49 mCDW
(modified CDW)2 #4511, mCDW= DISO] 52 A}g
o e} Ymo R, AZ AFNS we) okt BAmoR
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Table 1. List of samples collected for the A'*C and related publications

Site description

Sampling/water

Sampling

o (o} 14 0, . .
Samples (Station) Lat (°) Long (°) depth (m) A7C (%) periods” Related publications
SIZ 7239 117.72 0/530 -193
S}‘)‘ertfz‘l‘:d ASP 7374 113-114 0/830 128142 Jan~Mar. 2012 Kim et al. 2016¢
DIS 7420 112.52 0/1057 -144
1/5/11-12/28/11 .
SIZ (K1) 7240  117.72 400/530 (154252 o oy Kim et al. 2015b
Sinking ASP (K2) 7328 11497 410/830 171-245  2/15/12-2/20/13  Kim et al. 2019a
articles i
P DIS (K3) 7419 112.54 490/1057  -197--224  2/17/12-3/113 KM eéo"‘;lébzowa’
GIS (K4) 73.89  118.72 427/688 -158-204  2/1/16-2/28/18  Kim et al. 2019b
Shelf break ~ 71.70  114.04 543 -386--825
- eriphery ASP 7323 114.91 802 311--420
Sediment  Perphery Jan-Mar. 2012 Kim et al. 2016¢
(Box core) ASP 7420  112.52 710 -344--531
DIS 73.04 11572 1080 -407--765
SIZ (K1 7240 11772 25-500/530  -342--489
DOC &D Jan. 2014, Fang et al. 2020
ASP (K2) 7328  114.97 0-830/830  -285—-482 Jan. 2016
SIZ (K1) 7239 11772 3-515/520  -147—154
DIC ASP (K2) 7328 11499  2-810/825  -129—-161 Jan~Mar. 2012  Kim et al. 2018
DIS (K3) 7420 112.51  10-1064/1065 -140—162

YSampling periods for sinking particles: (mm/dd/yy)

S 2= Ao HZL dFoA g%t Ha et al. 2014; Miles
et al. 2016; Dotto et al. 2020).

Z2 Kim et al. (2021¢)-2 200720184, & 72}5|9] &
2 s 22 71 ARE 8ot Azt
mCDW O] W51} 71 Qe F785k3ictk AAEel olshH
mCDW 2] Rul= DIS ¢FEolA 7 & A7t Misd<
HEdl, 20079(8,000 km)el HIFl| 2014de)= 2
(4,700 km’)gt 5, 2018Wdof| ThA] S7FUTK7,300 k). o]
2t Mol afol] wE oAt 859 Wl FASH
UEFAAL(Kim et al. 2017b), AA=E HiEo] ¥5d}
Ol 2AIE) A 7]U(Amundsen Sea Low, ASL)2] ¢J%] A}o]
of 7k A BAZE A= Atk wE AuE vt
FOo = mCDWO] F¢f 714 #ofs)r] 913t mdl A+t
T @ts] 28 %]t Thoma et al. 2008; Dotto et al.
2019). 3k ASLO] &2 =3 ARG 7]% HStE o]
sete O W2FolmE, Gao et al. (2021)C CMIP6
(Coupled Model Intercomparison Project)2] 147l wdl-S
AMgBto] WA Wik L7} 1.54°C Z7F3 o) ASLe)
5 WskE ulEshs AT AW sk

27 ZAE S| 2YE A W5 S (fast ice)

ajcho] Wkl A-S(pack ice)Tt B2l 22%o] A ¢

o] sfiekAe] F2E RS Sk=t], Kim et al. (2015¢)
£ 200320084, TF5 AN A} vl 2 A WAL
ggsto] U5 s Alszta 225 WelaL Uis sl
o] Al 717ko] okgAlls] KT AZofA FX Fth=
2L A5k Kim et al. (20152)2 s st ¢
YA 5 UA AR AAE BAE Bl ohAls] 2
o]z HlE(Thwaites Ice Shelf, TIS)S] £1] UFAS XA}
a7l sheick

S W altoli o d67le] Bt £tz
ofFAlel= ofFAle] E2LHAmundsen Sea Polynya,
ASP; 27000 km?)©} 1] 4] Z2|1K(Pine Island Polynya,
PIP; -18000 km*)E 3Z3}slal QJrhFig. 1; Arrigo and van
Dijken 2003; Arrigo et al. 2012). o}=EAI|<] 3R] H(Sea
ice Zone, SIZ):> $17F sfioll oil= d whall, & ¥s}
7} Q71 Bl ASPeL DIS ¢Fo] 88 =L ok 11
o Zof| Fas7] AFfete] 39 AL7kA= E7(open
ocean) A B 2 G-X]E=1, 19972010 ASPL} PIP= Z}
7k of 132, 1229) 7} 2le] Qi Zo2 B, Wk
tH Arrigo et al. 2012).
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2. olEANS) Brlgs £33} 74 AT

SERT|SA0] WA LFHAA(DIC)

Kim et al. (2018)2 ofZAls] o] &3zsk= thfsgh =1
o] yo] Wl o5 AR5 1ys] $l8l DICO] AMC (A&
HE DIMCRE 7]%)& S35 chFig. 2). di=H 240
o2} SIZ (K1 A, 72.39°S, 117.72°W; 441 520 m),
ASP (K2 A7, 73.28°S, 114.92°W; 4=4] 825 m), 18]3L
DIS (K3 AA, 74.19°S, 112.51°W; =41 1065 m)oj|A]
2012 AL 5 AHFIRE Sl AlmE EAI5ITHFigs.
1 and 2, Kim et al. 2018). DIC= FZoA= tj7]}9]
wgoluf A& Zrsol ol HSolils the sk &
o F71EY &l Foll Y8l = JEFe W, A=
© Z47te] 237} AR ThE DIYC S AT ok
e Bgstel oA S5 okt W S)2Re W
S THKim et al. 2018).

20| DIC Z+S SIZ, ASP, DISOA ZFz} -153%,
-136%, -140%%, SIZo|A 71 @eton, o= oF o
=3[19] ZH(-102%,; Sabine et al. 2012) Kt} Yol F==7}
QoA SdE A ko Ao 7 345 cHFigs. 2 and
4; Kim et al. 2018). S7|4(Winter Water, WW)= 2F 200
-400 m 4ol EASHH, A\tsfo] A 5t sfo] A
Axly A% X718 43 o|tRandall-Goodwin et al.
2015). WW= 315 4=1]9] DI'*C e mCDW<2} WWwe)
F3ro 2, 100410 m =49] DIMC ghe mE FHo|A
OF _147%%2 ALY HY3HTtHKim et al. 2018). A AH

ELE 400 m O3l A DIMCE 424do] S71tell wet i
st o, ASPe} DIS A4 A 4 DIMC 2 29k
oAl =3k CDWE] DIYC g ARSI CHFigs. 2 and
4; Sabine et al. 2012; Bercovici and Hansell 2016). SIZ
SAH A DIC ZhS ok A3 2] 400 m 424]2] DI'*C
W fAlS, Lo} et vof sl 4o} 5t
H Ao 343} tHKim et al. 2016¢, 2018). A5
DI'CE 53] CDW7} s L uket $9lEa, Aol
mCDW7} AR A 2451900, ws mag ofg
3 obEAIBY] B4 w3 AIZS oF 1030902 AA5}
FTHKim et al. 2018).

DMS (dimethyl sulfide)®} tj7] & 7}AE

21 9ol clofel sjsb 2128 ALgalo] 3] £
= wfolshs G177} AT Kim et al. (2016b)2- &
84 71419 AEH)T HLNe)2) 17} a5t
o dollA e 54 &-8-35tod, 2011/12'd DIS9}
A= YE(Getz Ice Shelf, GIS) o] §Hl4 ExE 11
skl A= Ao 8947 200600 m, =3
WWS} mCDW Aol 2l 400-500 m 22410} o] sk
A& gRlskelet. GISH} DISSE, 53] DISS] AjZofA
FE9| 23Tt 20T, ole 8 ARS8l A%
oA g AE ol WSHE AN Yo, dF
I Y29 & E3lee= S| HEER7IA] olofA
FHE7E OF 300 km7IR| %= o]5gS AAFSFATHKIm et
al. 2016b).

(b) DIC
200 1 A .
R 400 4 A .
£ ]
P ]
Q. 600 4 A -
[0 ]
(m]
800 - 4 A .
] —0— SIZ 2014 ]
1000 | --0-- SIZ2016 | —0—SIZ 2012 +
] —e— ASP 2014 —@— ASP 2012]]
1200 @ ASP 2016 —4A— DIS 2012 {
-500 -4|50 -4I00 -3I50 -3|00 -250 -1I60 -1|40 -120
A'™C (%o) AMC (%o)

Fig. 2. Vertical profiles of A™C of (a) DOC collected in SIZ and ASP in 2014 and 2016, and (b) DIC in the SIZ,

ASP and DIS in 2012 (data from Kim et al. 2018;

Fang et al. 2020)
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ghd, Kim et al. (2017a)-2 of2p23 9] ubak 2912 2
ZFE A 7](Membrane Inlet Mass Spectrometer, MIMS)E
o]835t0] 20161 €A} = DMS (Dimethyl sulfide)®] 32
£ "o}stitE. DMS+= Phaeocystis Antarctica (P. antarc-
tica? 7)) 5ol &3l A4 DMSP (Dimethylsulfoni-
opropionate) FE|= A=, =7t 2L Sa3 35
o7 A QrHZhang et al. 2020). DMS+= Ak}
Ho] 75 A Fad ATS H: ool ZE(S0.,
MSA (methanesulphonic acid) %) HAJSIcKStefels and
Boekel 1993; Jang et al. 2022). o}EAN3| EZof|A
DMS s=T= < 1400 nM7}A] theFil a1, SIZ3at ASP2] AF
o]} GIS A oA 7 =QtHKim et al. 2017a). o]
Kim et al. (20212)& 7123 o}RAls]|e} 2 A59] SIZS
EEFSE F=HEl(50°W-170°W) 552 DMS BIXE %
ALEFS=T, Bt(CF 2.7 nM)of| B8l %2 DMS “55%(5-
28 nM)7} =A5l9F olZAlS 1 SIZO| 7 A Frof| A
Zsj9lm, oli= Wk} sue] §udeld JRe B
Whe o Ro] A whEel Zlow s of
AGFE E35 Kim et al. (2021a)2 1 59 T4 H7lE o]
© 719 DMS Eere] 2048 Akt

sfjoFoll Al Loz} Jung et al. (2020)-2 20161 oFEAI5|
7] % e §7120) Bag st okEd
oA MSAS] = oF 0.57 mu gm® 2 thE =)
(0.01 mu gm™)ol| ]3] A3] ol sl AYE2] S50l
7] & MSA ko] 93 = A5 215tk Jung
et al. 2020).

3. ok Ala|e] AAsfet @ FESHA wa gm

A7

SHope: A7k oF 2 Peo] BhaE E4sHer] 1 % o W
Bl A7} JFZsjjol 4] A A= tiTakahashi et al. 2009;
Sigman et al. 2010). oJe] wep Hj7] F2 ofrkehekio
ot obAlsle] Slghe skl ABSH A BI
(Biological Carbon Pump, BCP) 7|2} o|3fjs}7] $Igt th
ot A7t =ik

WA B EFIE

ASPE W3 Fube] 467) BeLF F 7P Aol
= Ao 2 &dHA QIti(Arrigo and van Dijken 2003; Arrigo
et al. 2012; Lee et al. 2012). 5 3jjof] Al &R ZA}o)|A]
ASPO] AxAYAFL- 2010/11H 2] ¥HAI 7] o= 22001400,
2011/12d9] 270l 2504110 mgCm™?d' 2 HZE|9)
THLee et al. 2012).

ASPoJ|A] 82 449} o} 23L0] HIE( AOY/ANZ Hat
%= 44K Net Community Production, NCP)-& 3745t 21},

Hahm et al. (2014)-2 /37|04 £|%]7|2 ¥t et
NCP7} F 10200 4] 200 mgCm?*d' &2 7F43 AL 3=
B3Ik Park et al. (2019b)2 Slw L%, EBghE 44,
FEa A FgAl ol kst 9 5 vl 7] ®ige=
T35 ASPO] o4 s NCPE 2010/11d3} 2011/12
Yol Zkz} oF 420, 390 mgCm™d' 2 F43}od, A4 #=
gt A= dAsrele;, et 71 B0l Waske
A A5FATE

A7t oREAIS O] Al EEFAE Y HES 245
of vl =7] wiZoll, =2l €7 WH3fo] g AEET
FE 9 kg o ESE F 23} THArmigo and van
Dijken 2003; Smith et al. 2006). Lee et al. (2016a)> ASP
o\ A= P.antarctica’}, SIZo\| A= 3 (Fragilariopsis
spp. Chaetoceros spp. & Proboscia spp.)7} 43S 9+
o, o] AgEyaEe] 3 727 2 oMol §3
9 a5 w2k piE Hlgo] WEe] QRS W A
vhe th(Fragoso and Smith Jr. 2012; Lee et al. 2016a). |
T Y AEETAES Y T o8] A2 HE
v 5= =, A& &0 Pantarctica= 3250
WJs] Q14bed 15 olksiekag 20l o ol o)
1, DMSe] A 2 ekelA QA 58 SdaEol
A5 wo]Ye ol (Liss et al. 1994; Arrigo et al.
1999; Caron et al. 2000), Ad|7|7} Y= F2F0] vl5) 2
7+ ago] 4] YriReigstad and Wassmann 2007; Kim
et al. 2015b).

Fhe, euslol me 47 AgssmnEe slojwe] ¥
3t A= 21 =]t Moran et al. 2010; Lee et al. 2013).
oREAls]e] - SIZol= 4% AEEFAE(0.7-5 ym)
o], ASPUHoll= o AEETZLE(> 5 ym)o] A=
Aokl 4% AEEHAES Y %7 st
L 433t dojubs gHgollA 53] Fa3t s dh=
7o & ura]%rHLee et al. 2017b; Lim et al. 2019). 2012~
20169 “F<to] ¢Ate]] w=TH ASPollA] 1of4] 3¢ Aol
ARYAMAS-L oF 840 mgCm d’ o 4] 190 mgCm™d' & 7+
23t d] whal, AA| g4 Sl it 2% AlEEEA
=9 7o=e 1 2(15%) 5t 2-3U(51%)0 S7Fh=
AL THASHFEHLim et al. 2019).

Kim et al. (2016a)2 Al =EH1E2] A3teld] 24
W7, etk 9 AA)S A, AF] GUTA| 4]
A2 9% Ho] 3o R AEEEAEY] A =4
9 G AdEoll thgt HEE Alsstaick ASPE| g5l
A F71 9% ANt o= FHHAL, oAl s ARk
oA AEERAES 24 A4S i, BaslE 9 A
ol 27k Bt 66%, 22%, 123l 12%=, oFEAlElE &
a7F AIgHA Rl o] oy AlEEFaEe] FHI

Wzl S AASFYTHKIm et al. 2016a). ©o]3

ol
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Song et al. (2016) % QFYELYUAE o] &5l AEZ)
2Ee] e Tl Ao

CER

ASPIRE 1+ el &3l 2010/11d =53 849
Fre FooAe ddides Yo, 150-300 m <=
Aol A 0.3-0.4 nM=E H|wd] FAsHA] EA5kL, E&E
oA 8] AFESF= Qlete] s ZA 2 LS STt
ATKSherrell et al. 2015). Miles et al. (2016)-2 Z2eto|t]
(Deep glider; RU2SD)E &-g-5t0] A& 5 UAME =40]
Wsloll A FgEE Ae SIS o]% 4] 2dl A&
glo]Ad-8 E3f St-Laurent et al. (2017, 2019)2 3} 5
ot EjAlEo] 8540 32 3uddS ARSI F
Ao, HEo 852 5 854 w0l IFE 1A
o, 249 Tl 73 AR/ S ol s(lateral trans-
port)FAFS Hol= 7S 15t tiSherrell et al. 2015).

224 o]Qlo]& 2010/11d Sherrell et al. (2015)-2 o]
2 H|FE<5(Mn, Zn, Cu, Ni 5)9] #3325 SFEsh, U3t
(Mn)o] W5} 85 % HHE=HEH| 53 AFHF 5ol
Ol5f 3322 El5tthPlanquette et al. 2013; Sherrell
et al. 2015). ©]= Jang et al. (2019)2 2014, 2016\ o}&
Alsfo] 241 YA Mn 225 AEE5FT=9] AF
1 AAsto] sfAlskeley E3F DIS e A|L]g Wwel
Al &Y Mn FE= YAPETI(1.09 nmol/kg), ©] Zk
< =AU Adso) grofl Hish i A ol Wkt
E|AE2HE Y] Fo] UaS AlABISITHJang et al. 2019).

Park et al. (2017)2 20123 ASP2} PIPO]A] M1} Q1¢]
7Hde BlaLsto] W59 §go= Igk Ao Fkth
= Yol AEEFAEY WA = & 5 da= A
AlEFAt} Yol7) Park et al. (2019a)-2 19982016 €43
4 of7] QA AEE 7R R P SRR EafukelA
SE22Z(Chl-a)9] AZF ®gAdo] =il tf7] ZAHol o
gk Bkgo] A|9H o r b2k A W, Ad=
o] ETjufol|A= il Zbski A xprl] YR T
o] $715to] Chl-az} S71tohar Bigich ofzAllsf ol A
= 19982016 5<F Chl-a =7} ZHAg=Y], o]= ¢}
Fol Wt g QI3 i A5 o FEPe
H, W50 8gor It "ol 352 47142l Chl-a &
o] Wsto] A4l JeFe vA A= Lerhal BrEch
(Park et al. 2019a). AA}EL 7]5-H3}o]| whe} nlefjof sf
Ho] gl sfjdo] SHgE|o] 2] Eto] e, AeE
T Aol AT 4= 3= AIAFSFITH(Park et
al. 2017). YA HoA T Hlu} Ho] B Zefuko] tf
S ARtk 8Qle] H 4= QAR dlo] =8 1l
7FsAS AASFITHOliver et al. 2019).

71 9ol ASPO] =2 UAMEAMI0] fAIEE otk

TFH3l7] 9J4) La and Park (2016)2 Wl ZAof G&RS 1)
A= F59 FEet ofof wE o] A= W EAEY

AETS 2AEEE 2 Kwon et al. (2021)& A1
Ao e wAL ALgSte] o2 A F SA AEE
ozl AxpgAo] Hik 9l 271e) Wale] ulet of g
Al REgEAof| TRt A st S Bl AA
O] Hu} |l 27 o] 2[R} Pantarctica®] 373l £
W, 3F% P.antarctica 7o) A&E Ao R o =35It

FE5YaES a¥

FEEYAE 74 ole= E9l Sl i AAR|se H
g egtof] 2 FEE vAIY, 35olAe g FE
14%7}A] F7HA 24 4= Qlckal &2jA] ¢t Archibald et al.
2019; La et al. 2019). Yang et al. (2016, 2019)-> ASP2}
SIZo| A theket 27, 5% T=ETLEY AdAla Yol
/4] 5= TFESIITE AAES ASPollA| 4% FEE
SFEo] ARBYE AALS] GRS 4l
aom, 33 FEEYAE AEEEAEEYT AVt
Z(20-100 pm) A F(ciliates)e} TEGoF AR ZF
(heterotrophic dinoflagellates, HDF)& A4 & 3|3}
T, AESYRES BE 47 FEIYIES HASH:
A2 WSS o] 24 ASPE] Ho|i 27} thopsiu],
oj5o] B 2lo] FR3 I3 TS UETK Yang e
al. 2019).

La et al. (2015, 2019)-2 23F Akt Z}&(acoustic analysis
on volume-backscatter data)E 3| E. crystallorophaias
ol 5 3% = 7HAIAL S-S WHdste] 7% ¥
5ol e SEEYTL0| 47 o] WS FYel, 1
AL g thLa et al. 2019). T EZHIEL 20109
-SAM (GRS = Southern Annular Mode)/ AU
(El Nifio) 7]7}o] ]3| 20131 +SAM/2HUKLa Nifia) 7]
7roll AZolAe] AE 7I7te] ARk == Fhal, vl
EE FATAE o] P 5o = Skl AR
52 o33t o] 7k +SAM/ERLE 717E B2t afwle] WA
o] ¥ Wi dxpPsHIo] a3l wiEd Aol=kar Ajt
FTHLa et al. 2019).

1 9ol Ko et al. (2016)-> A4 QFY-5-2 4 £
A Fol =8 2 FY HoldE viFl=d, E superba
= F2 ANEEHIES W= HM, E crystallorophaias
© &% FEEdAEs dAske AS skt 2010
d 239, oF 760A|7F F<F Joiris (2018)= Thalassoica
antarctica®} oFA2] BH(Pygoscelis adeliae) 5 °F 117}
Fo] jof moRo} 2FE ofRAl o) el oA
HEkslelek g, SIZ3t DIS, GIS &l AlRet E4E
El(sediment trap)ol|xl= 290 AA At AA FEt
7heu], A7 Al ow, A4 &2 dolet FAE
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ZAsto] 7Ikao R BT Ghe AAAALOR 3
Aol B f7]5kawe] Sufjo] SYTHKim et al
2019b). Kim et al. (2019b)2 aflo] oJ3t A4 E& 4%
71ake S, o]0 R Hol} gl ALHe] W
Sgichs HolH, b M 5] A4 AgehAle] u)
L gl oisto] AT

AR S 2 =

dapPste 7 ThEolA S AFer WAee dA
=9 Gt T, Uolrt Al oS mhelshe A
g T 22hE olsfish= d 2 A

2012, okZAl s A5 ©F 100 m =
v WS E3) 5= POC 2YAE 2451 A
7F = ATHKim et al. 2014). A2 AT 80
Ao A A= Efy G, AR AIAE W

T ks e Z8al okZAls) Ao 3
& POCY| = SAsIrk 343 17 POCY] 42 3

71 mgCm?d' 2, Ax}AYAke] oF 28%5T). Lotz #*Th
o] njgPHom {53t AU S Martin et al.
(1987) A& Fafl =43t Ax, 20114 v|s3h A7) E]4
= Eglo 2 A3 Z(Kim et al. 2015b)T} FARHE: BHel
BFATHKim et al. 2014).

AT EYS diAHeR o]k A AAE AlA
H(time-series) = A4 HF L o U= =FE, 53] ok
Al 32 gRbe] o 58S AlQlskales Hte] A= Al
Aqol7] ujizel EdE Ef2 Azt o] a9 BCPE +F
W5k 4= Q1= §2%t vHo|tHHonjo et al. 2008; Ducklow
et al. 2008; Kim et al. 2015b). =] A1RL E|XE EFY
(McLane, Ztj7] &, 5 A5 = 80 cm)= AlFA
(mooring line)o]| F-2+s}0] S1Z, ASP, DIS Sof|4] F153]
7R} A B2 B =519 TKFigs. 1 and 3). SIZ (K1 A
A, 72.40°8, 117.72°W; E3 AlF =41 400 m, 4 530
m)o A= 20112013 E(Kim et al. 2015b, 2019a), ASP
(K2 A4, 73.28°S, 114.97°W; E3 AR 4] 410 m, 4=
4] 830 m)Q} DIS (K3 AH, 74.19°S, 112.54°W; E A
= A 490 m, 524 1057 m)AF o A= 20122013,
23 GIS9] F& 9HK4 AA, 73.89°S, 118.72°W; EY
A 4 427 m, 4 664 m)of| A= 20162018 3]
732 A 7E BESITHKim et al. 2019a, 2019b). 2011
2012 of]= n]=+ ASPIRE Hoj|X|%= ASP (73.82°S, 113.
07°W; E3] Al 44 350 m, =4 785 m)o]| EjAE EFY
(Technicap, A2 el & Afste] Alzg 2ssioct
(Ducklow et al. 2015).

2012-2013, SIZ, ASP, DISej|4] 217} POC2] oFe zF
7} 4.0, 3.8, 718)aL 2.1 mgCm2d' JrHKim et al. 2019a).
TFEF7F 48k SIZo] ASPQ} DIS 9F&of Hlsl 7%

2
1o

POCS] oFo] Woton, thaAzte] A& AHE F3f SIzof
A2l 27k POCE] ok 91zt wigAdo] A1, sio] =&
Aol Al7]of W2 JFS W= AL Yk ASPE
Eo QAMIOE Etekal of 1-2.5% g krto] 400
m AZ71] 2738+ tHDucklow et al. 2015; Kim et al.
2019). oJ= e} POCT} s A5E Fo HHE
2 7k Bk, EdFolA 2 37]9] B4 ARG
7]€k2x(Suspended POC), DOCH DIC Hej2 Ha}o] 7t
35S on|sl=d|, P. antarctica’} $-A3F= ASPO| A<
A7 Ao 277 Aske el vl £A4] %7
wfj o] # L (Reigstad and Wassmann 2007), =& 2|2
o} 35-5(180-1390 mgCm™d’"; Ducklow et al. 2015) uj
A 4= Qlokal djAlsldthLee et al. 2017a).

A7F A7FARe] POMCE SIZO|A -154%014] -252%,
ASPOJ|A] -171%00|1 4] -245%, “18]31 DIS QroflAl= -197%
oA -224% Aol GIti(Fig. 3). ThEE] H9, HAAA]
POMC 7he % 3oke] DIMC (Fig. 4: -155~135%, n =

{a

2 o
e o
P
e ,\vc-/
(a) [ Total mass flux (<1mm)| >
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Fig. 3. Vertical change of total mass flux (bar), sea ice
concentration (color), and A"C of POC (square)
in the (a) SIZ, (b) ASP, (c¢) DIS and (d) GIS. Data
from Kim et al. (2015b, 2019a, 2019b) and
redrawn from Kim et al. 2019a
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Fig. 4. Scheme of various A'"C values in (a) suspended,
sinking POC and sedimentary OC, (b) DIC in
2012, and (¢) DOC in the Amundsen Sea in 2014
and 2016 (in parentheses) (redrawn from Lee et al.
2017a). AMC values of atmospheric CO, (+40%;
Hua et al. 2013), CDW (-160—150%; Bercovici
and Hansell 2016; Key and McNichol 2012) and
outer Southern Ocean (-102%; Sabine et al. 2012)
are also presented. Amrows indicate the sinking
particles (green), sediment resuspension, and flow
of watermass (red and blue)

hEh A S Q=] 7 gk Ale]e] Aol TRl 7]
A7V =8 4 719, siA B8E 7149, siolu |
9 &% 714, DOCY &2+ 5)& 7M1 POCY Y=
Olu]gttH(Druffel and Williams 1990; Eglinton et al. 2002;
Hwang et al. 2010; Kim et al. 2020). o|& 59| 3 E%
B(0-1 em)©] MC g2 -407%014 311%2, AH-GE <
E EHES §¢9lo] EA o]t Planquette et al. 2013).
53] ASP9} DIS SrollA] 7dAt & vlAEsH] YAk
A 80%0fl L sfio] = F=9] of5Hol L H]
£o] =of sfolt W5 7] POC ¢ T3t st
(Kim et al. 2019a). 3F25=9] 36917} pPOMCL AlEZe)

AEo] ZF Rt 1= dew, #3 E&E 9 A
7} POMC2] “C ©dE end member) & dlLto|t} H-9-0]
Z12] POMC ZHS -193%.01|1 4] -128%, ALo|=, SIZoA] 714+
o] Wk, DIS Fuio] 21 thi(-144%), “12] 11 ASPo]
Al 7P =9kt] Kim et al. (2016¢)-2 ASPof H|&}| SIZi}:
DIS Z310l4] #6:91249] POVC gho] vhe A& st
Wro zitele] oafel §7IEkne] 9l TRl Ao 9
ki), ShAIEE ob7iA] chefst 71918 74Al ehae] A
SRt 7|19 74 AEe FHEA] g8l =4 v o
3 oS wrt FAHOR sl Sfelrie Zhze 7]
22 7H gho] MC ARl Bgjo] Pasich

LR RS &

7] FolA ajFe s f-oH whao] U= A Ao
e FER EHETL o) AT AR ol A
A AR A YA &S 23k 2-sk= 8 7% F 5t
o]t Berner 1990). dHO] Ai}E HIELOE Lee et al.
(2017a)2 LAPPAI O] 2 ASPOA] BEAvt SO0 =
HAE == g4 Z)(carbon sequestration)”} ZHE5HA Lt
Efd AoR o= glout AYHE diFEe] POCT7L A
O & 7)ok TFgollA diRo] 22 Qxke] POC =2
DOC= %= 9l or, CDW7F &5 S 53l ot
2 oz mAUES 7Hs/dS AT sk
POCY] ¢Fo] 27| wzoll, f71et49] B4 £ E=35F oF
2.740.8 mgCm™d" (= 1.0£0.3 gCm?yr") 2, x4 <]
1% v|gto 2 Z=A &) tKim et al. 2016c). ASPoJA] #]
A AFES T3 GRYAAY O 2% A E, tE FAY
Bt} OHKim et al. 2016d).

Kim et al. (2016¢)2 o248 2] 47 oA E53t
akx o] EjZ 50| MC e o] &) B7 et 4ol
29| E A& 15kelth ASPY] {784 EAE(-1.2
gCm?yr')e ZEuk 9J¥4-0.05 gCmyr')o]l w]3] 20u}
7V E=9kon, B3 HHE(0-1 em)Q] “C Fr ASPof|A]
-311%, DIS oA -418% 2, Wole} HlEo] ggo=
TaEE 2HE F1ERe] 590] = AR Fj4s)
Atk $HH Kim et al. (2016¢)-2> ASPoJlA <F 4.7 kyr BP
(Before Present) & A2 F&AeE EHES HIE
A=, o= oFEAl sfHelA 715 WSt wE A
A5}t WEo] EAHFo| 7|EH AeR FAsqrt
Kim et al. (2021b) BlAT o] HAE A|2E £ 117
oF 3504 52k oA B o =0l CDW (47| +SAM
AlZ1oll WorE Ao R A om, AR 7L
HHEe] o 7)ot aQF =gkl Y-S w|A|aL, o]Zio] 204
7] 4 CDWE] #-9] Bi5at T E]o] 9 7HsdS Al
AlsHoiTt

0|3, Kim (2019)2 200 cm 7}2F9] 330 EHE
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4.2 B3] Z=A(Holocene) £t obEAl 3] U] 7]
2 E)H QP ATelgied), 1 Bt Al & 1

54e.g. Hillenbrand et al. 2017)2}= 2pEA o & 11
o) e ghe BAEIgIc Wate] $E o]F ofAl
o19] SIZT} ASP7} A2 T2 #Z 310 =ZE o] 9]
Aol B ol e THKIm 2019). yolr} theket
YA Bt AR A YA Hiol eubAL}; f JHA|
SE HIEO= ASPO| A Al7|9F kA 2 WSkE
239 tHKim 2019, unpublished data). %]~ Lamping et
al. (2020) 5= oAl sfo] s AJEjet GISS] $-E|of
et 4714 #dS Alsshr] flal EAE Zofoll A s
o] AAJBHE 257} THEo] Y vho] 2k el IPSOss
2 BAstol 37 o] Wake sjolsisch

ASP E|AEA F8 nlE Ao 24T AR slst
% 5438 sjolelr] 919 TIAHE 27 9 165 RNA $40
A 541E 5a4517]1 SIATHCho et al. 2020). AA U]
= & ASPO| M= Planctomycetes7}, 1 29 &f| o)
XM= Thaumarchaeota?t AP oH, A= 7| H3}
of whet S Planctomycetes7} -5 8k= vAE o4 9]
ek 43 2Rl 710 djet el BaRs ARtelc

= LT

¢

N

|
1

ol
o ol

]

&g

ASPO] =2 AXPALRE AEo] AMESH] F2 AlASH
DOCE §-°550] 3g3tKCarlson et al. 1998; Yager et
al. 2016). Fang et al. (2020)-2 SIZ (K1 #A%)1} ASP (K2
ARellA 20144, 2016\l = sfoll AA AR = Al
ZoA DOC?| =} DOMC e F5al%IcFigs. 1
and 2). % DOC Fr+= 4564 yMC=E, Lx}RIAH]T}
WW9| kS dh= A1 02 B HTtHFang et al. 2020). A&
(100 m oJsholA= Ht 43 yMCE, F=3l CDWE
DOC F%=(3941 yMC; Bercovici et al. 2018; Druffel and
Bauer 20009} 9AR.0 1, 2014W1} 2016 DOC %=9]
Aol Az AF A AR ekl Ao Ay
3}t (Fang et al. 2020). X< Jeon et al. (2021)% oAl
3] A5(100 m "R} 43100 m ©]5h) DOCY| 5=
= 22} 3649 uMC (Hat 42 4MC)3} 37-45 yMC (Bt
40 yMO)Z Bigich =25}t Hlwe 45 DOC sk
BEA23](46, 55 pMO)ET} Aot 459 F%e= A
(42 xMC)3=d|(Carlson et al. 2000), o]= o}ZA o
s, ot om Bebgst g7 A4E DOCTL B
of 84 ol 7o) FHEA) o] WjEom dusct
(Chen et al. 2019).

DO"C| ke #FHTh AFolA Wakedl, #35 DoVC
= ASPOJ|A] -285%,, SIZO|A -430%,=, ASP2] =2 %}
AIAI-LS- v ShoH(Figs. 2 and 4; Fang et al. 2020). 21
7t 415 DOC2] s=7F AREE d) B3| DOYC Zhe- A}

ol HUTHZZ: -489% 1 -452%). 7 ZF oA BT
DOC?] 5%} DOYC Fho] FH-wet &of AuaAE
ER 7)o, Fang et al. (2020)2 DO'C Zlo| F& $=3|9]
2] S3te| JEFE e AosE ARty AR
CDWO] 9t A5 s=ajefe] E3tor #3508 a4
DOC= YapgAite & ghsoixl 4143 DOCeE @A vy
Eolu F3lsha] Bl AW E]11(Shen and Benner 2018),
o ALHo| sfiHo] FAE= &< 77 7ol Uolut
HA 2016d0= S0 2 MR B/dE DOCTE fU= 3]
= ACoE Holw, o]= 4= { T9]9] 42 DOCE| =8k
ojmjglcial Aokt cHFang et al. 2020).

71 Q)of| &= Lee et al. (2016b)2- ASPOJA] =& SAHEZE
f+7]%&(Colored DOM) 5= #5391l o]F sl &
8-8-E17]E(Fluorescent DOM)- S74J3}0] oHZAls)
ol FH9)A|(humic-like), EHEIA|(tryptophan-like), “L2|i1
cHl A A (protein-like) Al FF2] &8-8E77]=(FDOM)
o] EAES FRlsilrt. 53] CDW7F EA5k= ]9
400 m o)} =43} mCDWolA ¥4 FDOMS] -5 =7}

2 3o vlef =2 A& F]lstal, FDOMo| 4=3]&
TEtL S S S ARt FAARS
AJAFATE Jeon et al. (2021)%= AFAE¥A 7t $HA
FDOM &8st CDWE| Hl&Z A4Sl Jeon
(2020)= £]%Fof| 4] DIS7HA] DOC %2 Z45to] CDW
O] =¥ DISo|4 DOC2] ¥} Wk Aktof thsf ¢
A5 12251t (Hood et al. 2015; Smith et al. 2017).

4% U gElgjol= POCE DOCE WHZA|7|al, JoF
B sl To8E S§EAIA st T A 8
23} oJ8kS alc} Hyun et al. (2016)2 20112012 ASP
S350l A BEE|op AL oF 130453 mgCm™d' 2,
2P O 17%E AA8hH, =2 vig|2jof &E =7}
o] 39| YAt EHYATL W2 ol{E AW Utk
Sk §do] sk Al719 ddEelol 3552 PP
FrEch " o, v g]obrt WA 717 Bk SHE f
7] B o] 83l= Ao g )45 Hyun et al. 2016).
o7} Kim et al. (2019¢)-2 9 vHg|2|ol SAAE )
T/l fr1eAo] AfgEstel WHE AR dd
S BAgto 2 A, ASPO] WAA)7]olli= Polaribacter7} $-
Alsta, A E7|ol+=  Gammaproteobacteria (Ant4D3,
SUPO5, SAR92)7} Z7}5}1, SIZoj| A= SAR11 AEo]
$AIRE AL Bt o] F Ant4D3 AlF-2> ASP WA
Al710ll A S-AlstHA EA5tke], ASPe] LMW-DOM A
F=3te| Fa%t 93k & fokinh

4. 3A 479 vl W n@

20109 A A F3f o] =l AAREe] TR 2
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ofoflA] FrESH TS 7HA|AL Fefptema wgA|d
oAl s, Yozt d=al o s T meh T A
ALz A 0] Agof| vl K} Zlo] oJsfdt 4= QST &
wor, & gl Fole 3 =4 At vold RS
= AAJe] Harx}p gk

HaE B ARE A7 ARUNE HSsto] AspR
wF of]2} SIze) BCPE st 1 5842 Axus)
%o m(Kim et al. 2015b; Ducklow et al. 2015), PO'C %
42 55 ohel sjelo] theph §7)ekae) 71900] o)
T 4 ASITHKim et al. 2019a). E]3get2] A=t
tEo] DIC2} DOC] C £4& F3f #vtel a5 <«
2HO| Hd A e oldfish= Tl A%t ARE A
33171 %= SFETHKim et al. 2018; Fang et al. 2020). 3>
solut oAl ¥ POC, DOC 5 Xt} tfef
o vk Aare] e gk mhelshal, ol5e) AlegtA W
SHE Tfelgho 2 M, AL 1ke) AT 48 ATl ©ax9
A AR B A2 BAE o) IXF Zgof oS
HiE 5= ©ao] A e Ao gk ofsfid o & A
o,

w5t ule) ARTH 715 o] w2 27 sjepe] ukg
2 d=317] SIstol AR U BAL BY TS 52
Bt 7] mUEo] W]t 3 ol Als) A
100Jd7F SAH AmE vfgo s slof 29| 7|53}
of wE oRzAls o] Whga} Sgtof ot ik =3t e gk
Aolck Yozt Ag7HA] Blaa] ¢t Aaprt A4S g4
o] Z7tell - alF 43k sl s, s el
FF & 1As| fI5te] pH, DIC 5 77| ¥4 =%
A Alslolof sk M| sket sjelel wi, 2
efoluhe hgal o] BhR P A Miles et al. 2016)
U 270 & sl Aol FRRE AAE 283t HlolE
4=%)(Zheng et al. 2021; Yoon and Lee 2021), theFst AUV
(Autonomous Underwater Vehicle)2] &8 E5F A Q3SF A
oftt. T 9k ofUek, P antarctica’s FHT 5 9=
WABIEYE o] A B ) tepel YR A
3 Aoltk. Yol FAM o tloket Wt ook T 4

= A, 3-535k= SOO0S (Southern Ocean Observing
System; Fig. 1) So] 12 A7 Azalt, dawskels]
3|(Scientific Committee on Antarctic Research, SCAR) &+
ol M=o R Polohe 5 o5 ) A7l L
o= | BMok s,

u|= A Hu|o}}|s}e] Lamont-Doherty Earth Observatory
o A= 1990 FE oF 30017t H=1t=o)A LTER =
= 73 (https://www.lternet.edu/sites/pal Long-Term Ecosystem
Research)& =383}, Thefet WS 7las &85 47|
HUEH A55 73 Folth AIAIE AR A=7t B3t
ool A(Fig. 1) Ad= oRzAlsjoll A A 100

N

_|_
O o
Fo

A2 WA A ofehes Sio] RsHck LTER
F AH ol AT ATHS FHOR & P
9714 A7} A%E7|E Sete], ApapAe) iz

Bo) W Aol Mok g S Sl B vt
IR A 7|,

2ot o r2 2

A A

o] =2 2021 8PAE AR sl A1) H4HE AT H]

ol Sfsfo] s

N
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