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Abstract — Rapid climate change is progressing in the Antarctic coastal area and has various influences on the
environmental conditions. The spatiotemporal distribution and the source of colored dissolved organic matter
(CDOM) were investigated in Marian Cove, King George Island, Antarctica, during the summer season in 2019
and 2020. The temperature in 2019 and 2020 were 0.42~1.44, -0.02~2.48 C, respectively, while salinity was
34.1+£0.16 psu in 2019 and 33.9+0.41 psu in 2020. Phytoplankton biomass (chlorophyll-a, Chl-a) in 2020 was
1.49£1.22 pg L' which was two times higher than in 2019 (0.65+0.61 ug L™"). The absorption coefficient at 355
nm (acpom(355)) showed a wide range of 0.17~10.59 m™ in 2019, and a significantly lower value of 0.04~0.50 m"
in 2020. CDOM was positively correlated with salinity (r,=0.55, p<0.05) and the whole water column was verti-
cally and horizontally well-mixed, suggesting that CDOM in Marian Cove mostly originated from the organic mat-
ter in the influent from Maxwell Bay. There may be a resuspension of sediments accompanied by tidal current or
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wind in the cove, which probably contributed to the increase in CDOM at the bottom. These results imply that
organic matter changes in Marian Cove, which exhibits narrow and shallow topography, are mainly driven by
physical factors. Long-term monitoring of CDOM may provide fundamental data for understanding climate-related

organic matter cycles.
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She 8-S ATH(Zepp er al[2007]). 53], CDOME ARelidS &
Falo] AEEHIE] FIY a8S AYsie ¥ /A iES
zHste] dapgAE S 2dgho =4 AESHE] vhasdiel 9
FT A0 F B IEATH(Arrigo and Brown[1996]; Siegel et al.
[2002]).

3l Ul CDOM] 32t 7oy B2t fEe
QR7 ¥} A EZgaEe Y geE|olZ N E = A7)
© 2 FF¥thStedmon and Nelson[2015]). &2 Fao] & <
Qo H=ale] A9 o) F-=HE 3HEE CDOMO] ti-i-g A}
A8t TFEEE FYHE 54S RATk(Del Vecchio and
Blough[2004]; Granskog et al.[2012]; Stedmon et al[2011]). At
71 CDOME F2 AEZFIEL FFA H(Kieber et
al.[2009]; Lee et al[2016]) m| A =2] 3l -5 (Nelson et al.
[1998]; [2004]) 52 ABESA ale] o) Fgo] =, =)ol
A AFe] ¢gt CDOM +72 7HsA & K315 3 th(Ortega-
Retuerta et al.[2009]). =3t 50|14 3gAkste] o8| f7]1&E0] F
A =242 235 AY(Kieber e al[1997]; Ortega-Retuerta et
al[2010]) Q] 402 QI8 £=02 CDOM®| FHH7| %
3l (Norman et al.[2011]; Scully and Miller[2000]), ¥ Z&2] A
F-fr(resuspension)©] &3 CDOM 2] F7o] Aoy % st}
(Coble[2007]).

FH Al 1950 o] F 2 A x4 227t ok 1.5 T A
el F4% 715931= 731 9191 (Meredith and King[2005];
Turner et al.[2014]), ©|Z <13l F=RE=2] <] 1) W W}
FTE 27} 1945 o] T AHA 0w FUekl Qe AoR W
115 THCook er al.[2005]; Vaughan[2006]). AH=11E 25 7)
ZAM (King George Island)ell $1x18+ wl2]FATH(Marian Cove)
el 3% %5271 71453818 (Riickamp ef al.[2011])0] @t &84
/A7 FA3) Mslatal 9l olof whE AR W A
AR A Q) WEo] B ¥ 1 Qlth(Bae er al.[2021]; Kim ef al.
[2020]; Moon et al.[2014]).

FEal9elx] CDOM #2329} THAFl A= =2 oR#AlEl (Chen

A Q= H7] &), Marian Cove (V2] @F4~9H), Antarctica

et al[2019]; Lee et al[2016]) X ZA3H(D’Sa et al[2021];
Kieber et al.[2009])°14] Z18x|o] Lo}, 2 A= x] 3
B A= AEAEF B = 533 (Bransfield Strait)oll 4] 53
H A9 (Ortega-Retuerta et al.[2010]) 2! AlE58H7]#] 9 <]
oA 2% CDOM A7 BEUHH ] T3S H713F A7-(Jeon
et al.[2018])= AgtA] o]t} wahA] & Aol A= mhE]QbANte)
CDOM2| 9} 317 @ R13e] Aedg Tlofste] f7159] &3
A7 WS Ao ZA 5 7)1 sHskel dle SAe] £4
B Y AESHA et Aol H43 Qs VZAEE AA

st st

2 A= AEEEEE P2A 2] SN (Weaver Peninsula)$}
HFEREE (Barton Peninsula) Atolell $1x]3F vl2]QEATHE 1.5 km,
7o) 4.5 km)elX 3= ckFig. 1). 3HA] Pl2i¢Harte] CDOM
F3E oRAkS BRIEL] Yato] 201993 2020 F 7 xflol] A3
AAZAE AAEIgon, 71 5 20199 1€ 3193 2€ 8, 20201

4 443} 23d F 419 FFANIA AT H3E F53I9I
WA Maxwell Bay) o2 A4 A0 9545 E] o]
A g WE7HA] 9 Tk vkt & 5 AR (SE19, 03, 07, 13, 16)2
ASIRAL 202013 0= WHell 7R 77 Q) St16e] W
o] FuUA Ul f1 sl s o] o9 5 7 (St-19, 03,
07, 10, 13)& 330 chFig. 1).
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2.2 EHAQ0I1 M

AT 3] S GE B¥ = F4olA CTD (SBE 19plus
V2, Sea-Bird Electronics, USA)YE AFg-510] #5310 75 A=
55 8l 2 A7 FHelA] FHER(Secchi disk)= ©]-8-310]
T332 Zlolg S48a 25 A B2 217t 30%s} 1%
sk S At 2F ARG B, 30% 2], 1% 2el,
F%(201992] % 15 m, 20200d2] 75 30 m), AFHECZE
FE] 10 m), T 571 FAlelA A3t

A EEZHE YA A FE M9l Q=4 (chlorophyll-a, Chl-
a) T 574& Sl & 0.5 LS 2l o124 (GF/F, 0.7 pm)
2 73t T 90% oFHIE(10 mL)OZ 24417 F53190) 59
AlFi= 457 7](Trilogy, Turner designs, USAYE ARE-3tod =
At (Parsons et al.[1984]).



284 ol - WIFEQ - WA - ARE - g
-59.0 -58.5 -58.0 -57.5
-61.9
-62.0 King George Island |
-62.1 = i
Marian Cove :
-62.2 = 2 5
---------------------------------------------- . o .. ] ;00
& :
sl | & :
’ e : @0 St16
i St13
624 Maxwell :
\ ------------------------------------------------ 6 """" : """""""""""""""" -62.210
Bay st10
®0 :
St-07 ) %0\‘6
: S
( 2°) C o
e T i SEDS. 5'"}5600 --------------------- -62.220
St-19 King Sejong Station %
: 2019
@ 2020
------------------------------------------------------------------------------------------------- -62.230
0.75 1.5 km
L SE—
-58.800 -58.750

Fig. 1. Location of the study area and sampling sites in Marian cove, King George Island, Antarctica during the summer season. Green and

red dots indicate the sites conducted in 2019 and 2020.

2.3 CDOM &4
CDOM 45 19t Alsaz 7h 3ol 2153t s Al55 450 C

X1 6AIRF B3 el Bl GF/FZ 3171 ? P72 450 C
ol A 6A1ZF Hls2- 40 mL $FAA el Wof 4 H7kA] W Bt
T Ao SA] AT A2 10 em AP AS AFE-SEe]
345G (Cary 8454, Agilent, USA)Z 250~800 nm I3the] &
BT S8 on, 2552 ST g blankZ ARSI
ot 2 (12 AH&-3tel CDOME] F3AT (achom)E AFESIATH
(Mitchell e al.[2002]).

aepor(h) = 2.3034(M)/L 0

AQE 3 2M S FREE UER T LS m T Sabst
Ale] dolg yEhdth. 54 3ol 9] agpoyi- CDOME] F5%
] E& 5™ (Stedmon and Nelson[2015]) & A5+ 355 nmel] i
B acpou(355)E AHSI3ITH

CDOM«] -6%]_1:‘— J}x}o] ﬂx].r_ﬁ. ;q §jl— AE_E Z:]'iél’t—
RS Holm(Stedmon and Nelson[2015]) Tha3} 22 210 &
AEth(Helms e al[2008]).

@, = a7 @

54 adu|e] AHER 7187 (spectral slope, S)E &3l CDOMS]
Bt 545 Tetste]l CDOME| 3ad3t 725 ol = glo
E Aol g4 cDoM] A slshd WslE v

—ELOL

Gsh= IS SAL(S,ys.005) BINSIATH(Helms et al.[2008]).

2.4 SH=EM
olgletd 4 FA 2k5 4 CDOM A5.2] X8 Hat Ajol9
tist BA14 oS Belshr] $15lo] SPSS Statistics 18 ARS-
sto] A F4& FasGith A F3E7F SHEEA] ¢kol Mann-
Whitney U testE 7|HFO. 2 Z4t xlo]E v]wsk3itt. CDOMT}
T QRI(FE, 9, AEEYIAE Chl-a)He] e slels
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ZAPIZEY] W AR BEE Al FHAoR W HYE B
% THTable 1, 2; Fig. 2). 2019'd €] %% 0.42~1.44C (B¢
1.06£0.31 C)2] M E BP0 P& 33.5~34.3 psu (F
34.1£0.16 psu)Z LFEFSCHEFig. 2(a-d)). 20203 9] H i &2
0.59£0.41 C (-0.02~2.48 T)S 01 -2 3394041 psu (32.8~34.3
psu)8] AZ=E B ATHFig. 2(e-h)). FAPIZF Eot &3 &
HREARE £150A U508 s wopx|= s Balrh &
3 201993} 202004 9] =2 £EE FAFOE Fov|Et o) =
Holx] igkont, St = felu|eh Ajo|& BYIrh(p<0.01; Fig.
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Table 1. Sampling information, environmental variables, and colored dissolved organic matter (CDOM) absorption coefficients at 355 nm
(acpom(355)) of each sample collected in Marian Cove, Antarctica in 2019 summer. T: Temperature; S: Salinity; Chl-a: Chlorophyll a

Sampling date  Station (Latitude, Longitude) = Depth (m) T(C) S (psu) Chl-a (pg L") acnow (355) (m™)
0 - - 2.46 439
5 1.44 34.1 3.16 9.10
St-19 15 135 342 176 6.45
(-62.221, -58.809)
19 135 342 1.93 3.14
78 0.99 342 0.59 10.59
0 - - 1.63 6.46
3 133 34.0 2.05 431
St-03 11 1.24 34.1 238 3.24
(-62.218, -58.792)
15 1.29 34.1 1.93 333
74 0.76 343 0.29 4.88
0 - - 1.96 2.60
4 131 34.0 1.95 121
01/31/2019 St-07 14 1.18 34.1 1.59 137
(-62.214, -58.774)
15 1.16 34.1 112 4.04
90 0.72 343 ; 2.10
0 } } 035 3.58
s 1 0.63 33.8 0.57 6.31
(62,205, -58.735) 0.84 34.0 0.63 435
15 1.07 34.1 0.59 479
97 0.56 343 0.06 1.86
0 : : 038 0.98
1 0.42 335 037 4385
St-16 0.55 33.8 0.43 3.18
(-62.203, -58.726)
15 0.98 34.1 0.64 229
84 0.57 343 0.09 0.78
MeantSD 0995032 34.1%0.19 1202087 4.0122.36
0 - - 3.79 027
3 1.60 34.1 4.60 0.72
St-19 1 1.54 34.1 436 0.41
15 1.48 34.1 413 0.09
7 1.03 342 0.74 0.29
} ; 2.03 0.10
3 131 34.0 2.60 0.53
$t-03 1 133 34.0 3.47 0.54
15 131 34.1 2.85 0.30
72 0.98 342 0.50 0.33
0 - ; 232 033
02/08/2010 4 130 34.0 2.40 0.16
$t-07 14 1.26 34.1 2.04 0.56
15 1.26 34.1 1.48 0.37
100 0.77 343 0.14 0.40
0 - - 0.79 0.73
5 1.02 33.9 0.80 0.34
St-13
15 1.06 34.1 0.56 0.42
95 0.61 343 0.05 0.70
0 : : 0.46 032
1 0.81 33.8 0.69 0.14
St-16 3 0.84 33.8 0.93 0.53
15 1.16 34.1 0.68 0.83
70 0.85 342 0.17 1.99

Mean+SD 1.13+0.27 34.14£0.13 1.74+1.41 0.48+0.37
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Table 2. Sampling information, environmental variables, and acpou(355) of each sample collected in Marian Cove, Antarctica in 2020
summer

Sampling date Station (Latitude, Longitude) Depth (m) T(C) S (psu) Chl-a (ng L") acnom (355) (m™)

0 - - 0.55 0.31

1 0.70 333 0.72 0.14

St-19 15 1.22 34.1 2.02 0.14
(-62.221,-58.812)

30 0.79 34.1 0.58 0.16

70 0.24 342 0.13 0.38

0 - - 0.25 0.06

2 0.63 333 0.47 0.50

St-03 13 1.21 34.1 1.09 0.27
(-62.218, -58.792)

30 0.78 34.1 0.19 0.23

60 0.04 34.2 0.12 0.20

0 - - 0.24 0.45

S6.07 2 0.61 332 0.77 0.20

01/04/2020 (-62.21;, -58.774) 15 0.93 34.1 0.63 0.35

30 0.65 34.1 0.23 0.15

90 -0.01 34.3 0.09 0.27

0 - - 0.19 0.15

0.47 334 0.45 0.21

St-10 14 1.09 34.1 0.86 0.23

(-62.211, -58.761) ’ ’ ’ ’

30 0.29 34.2 0.29 0.10

100 -0.01 343 0.07 0.41

0 - - 0.17 0.18

13 1.5 0.65 32.8 0.26 0.29

(-62.205, -58.738) 8 1.17 34.0 0.43 0.20

30 0.43 34.1 0.19 0.11

70 -0.02 34.2 0.09 0.35

Mean+SD 0.59+0.40 33.9+0.43 0.44+0.42 0.24+0.11

4 2.42 33.6 2.24 0.06

St-19 30 1.19 34.1 0.50 0.10

70 0.63 34.2 0.17 0.34

0 - - 2.11 0.30

3 222 334 1.89 0.09

St-03 22 1.35 34.1 0.43 0.08

30 1.15 34.1 0.30 0.31

60 0.63 34.2 0.17 0.07

0 - - 1.50 0.21

2.48 333 1.69 0.20

St-07 25 1.20 34.1 0.48 0.08

01/23/2020 30 1.11 34.1 0.41 0.06

80 0.23 34.2 0.04 0.08

0 - - 1.38 0.37

2.5 2.24 332 1.49 0.47

St-10 18 1.39 34.0 1.53 0.47

30 1.07 34.2 0.36 0.04

90 0.12 34.2 0.05 0.23

0 - - 1.09 0.46

1.88 33.0 1.09 0.28

St-13 12 1.48 33.9 0.60 0.04

30 1.08 34.1 0.34 0.30

70 0.16 34.2 0.09 0.09

Mean+SD 1.27+0.71 33.9+0.39 0.87+0.70 0.21+0.14
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Fig. 2. Vertical profiles of potential temperature and salinity measured in Marian Cove on (a-b) 01/31/2019, (c-d) 02/08/2019, (e-f) 01/04/

2020, and (g-h) 01/23/2020.

y'Z APE o] 50] AJRHE 1956/57d ol vid E1F
Ao Wslet AF W3 AAE TS JQTH(Kim et al.[2022]).
202039 Eht AdthE o= wke I3 JEal ARk (halocline)
S (Fig. 2(f, h)) =7 vist, iy e] g-golu 2ol 2Jslix17t oF
W, e TEE Qa vlEokant Seld FHEE §U5e) 9
[}

FoZ eRd Ao 2 FETHKim et al[2021]).

ok [l

-

3.2 AEEZIE MAIZ(Chl-a)

20191 2] A EZHIE Chl-a §%+ 0.05~4.60 pg L' (F+F
1.49+1.22 pg LHZE, 1€ 3192 55(1.20+0.87 pg L)X} 28
82 9] 5 12(1.77+1.43 pg L'YVF A% Egkon} BARA A} &
Qujst 2j0]5 HolX] eRITH(Mann-Whitney U test, p>0.05; Table
1). 20200 2] EZHTE Chl-a H FE+t 0.65+0.61 pg L
(0.04~2.24 pg L'HE 1 pg L' u|5He] o9 92 w58 B
(Table 2). 20203 1€ 4 2] Chl-a®] H+ FE+ 0444042 pg L
Slomr, 149 23942 Chl-a Hf 5% 0.87+0.71 pg L'= I55
BH(Table 2). 2019533} 202064 2] AP I7F 5] H Chl-a &

S g ul, 2019900 FAIHCZ Folu|siAl oF 2ulf o]
Y =2 F7) #E5E QT (Mann-Whitney U test, p<0.01). A}
Al7] <t Chl-a %= AU 273 95 (St-19)914] &4t
WS (St-13, 16) 0.2 255 7hadhs S BTk Table 1, 2).

o354 vlglekante] ¥ o}l (subsurface)olli= WA AT -

=
a
A

O

Q<= (influent)7} %35} L5 9} Ro] ke W 854
(meltwater)’} 52 Y& 725 o]ZTH(Yoo ef al[2015]). WA
Antelli= A o8 =8 723 Ji-s 5O F 3= modified
upper circumpolar deep water (m-UCDW)7| S-31==0] vlg]QtAi
9o §]Sell M 1 J3Fo] vERdTH(Llanillo et al.[2019]). ©}E]
kit 9)So A BEE AhF o7 uEd e Aty A&
ZHAE YAF Sl 7105k AR HarE A (Kim ef al.
[2021]), ¥ ATFo)A YERY Chl-a %8} £ Afo]9] fojn| &t
A A (1,=0.80, p<0.001; Table 3)5 H]Fo] & uf £ 429
Ak F9)=7} ARk 912(St-19)) B A %2 Chl-a 550
G vHS AoR ket

NV

3.3 CDOM EZHIT(achom(355)2 2! B

201941 1€ 3192 CDOM 345 acpou(355)E 0.78~10.59 mr'=.
A A F 7P B H9E B om i 3 4014236 m' R
A Al A7)0} Bl PE W) o240 % ulg- =Qktk(Table 1;
Fig. 3(a)). T2 AH0IM 44 ©2 & Zjo|7} Vel om 4nk U
Z9] A St-13 (3.58 m™)T} St-16 (0.98 m™)2] - EZollA
W 2kS wAt 34 30% (@ 1 meld THE S ake
Rt} o] 5 4lo] ZIJATH ac,ou(355)7F FHasto] Aol
71 gke- 2k @2t 1.86, 0.78 m!)yS KTk WAdwky} s
A St-192] 739 FAlo] 2o d S5 Fho] T8ttt A15(78 m)
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Fig. 3. Vertical distributions of absorption coefficient of colored dissolved organic matter (acpoy(355)) in Marian Cove on (a) 01/31/2019,
(b) 02/08/2019, (c) 01/04/2020, and (d) 01/23/2020. Note the different scales with (a) and (b), (c), (d).

ol HH3k(10.59 m!)S B AT}
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7S Botk(Kieber ef al.[2009]; Lee ef al.[2016]). 201912] A&
Z33E A4 bloomy 1€ 1448 A$3l0] Lol om Chla
5 A 195 mg m” )] 452 ¢ C m? day'=
PSR #rol R s vkKim ef al[2021]). 0]} &
sl PP AHEo] 12 3192 FEEHA 2 acpon(355)°1 1
FENE 7FeE skl FAREA AT acpou(355)8F Chl-a

B

3HS HTHp>0.05; Table 3). 12 aqpon(355)7F b=

&5 7~ O
B
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o) gk A E B9la1(r,=0.55, p<0.05; Table 3) 48 2]
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2(a-b)), "FSIANES] CDOME: A E-Za=1 %o o3t
wol ohd, & 723 S SR s WAdnt §905
(Llanillo et al.[2019])°] HF3lo] TaEE A7 71225

Bl 71918k Zl o7 Helth mE 2019 1€ 3149
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= "1

A5H St-19
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AYet A 0.48+0.37 m)E B (Jeon et al.[2018]; Ortega-
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Table 3. Spearman’s rank correlation coefficients (r,) between the environmental variables and acpou(355)

Temperature Salinity Chlorophyll a acpom(355)
Temperature 1
Salinity 0.459* 1
Chlorophyll a 0.798** 0.702%* 1
acnom(355) -0.065 0.550% 0.253 1
*p<0.05, **p<0.001
345 10
(a) n=20, p<0.01 (b) n=20, p<0.001
~ 8
Z E .
S =~ 6
2 340 el
£ $ % 4
< (o]
w - “8
2 -
335 [ : 0 -
2019 2020 2019 2020

Fig. 4. Differences in (a) salinity and (b) acpom(355) at each sampling site in Marian cove during the summer season. The boxes represent
the 25~75% percentile values and medians of the data with solid line, and range bars represent the 5% and 95% percentile values.

Retuerta er al.[2010]). 2= 470 AZelM SFEO U 52 @<
BRAT 2] 7 UiS AR St-160E Aol H95k1.99
m')S ¥ THTable 1; Fig. 3(b)). A3 Aol wp=w 422] &5)o]
stA| o]Folzl FllHellM= A =] CDOME] 3+ Q10 =
R ae v} 91 9™ (Boss ef al.[2001]; Guallar and Flos [2019]), ¥
A #edQl wlElQkayke Anke] Q)& U] 9|8 7 <
Y (submarine sill)oA Z771 2288 (Yoo er al.[2015]), = F
Froll eJsll E2Ee] A7t dofvhs o= deA SItk(Khim
et al.[2007]). TFRF vl 22 9)F4Q1 Ea] QRlo] o] ZA| %
B3 A9 o] & Q1% Y] By ARl x0] Wy} HAsh=d|
(Yoo et al.[1999]) 733 5-g0] A& A9 vk UiS5elA &50]
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2 213 CDOME x5t f71E2 39 7Fs/dS Al
20200 FFQFATEE apom(355) B9E 0.04~0.05 m' 2 L1EF
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(0.50 m")E B3 FAo] ZA-FF 7433 Th(Table 2; Fig.
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