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SUMMARY

I. Title

Small phytoplankton contribution as a indicator for environmental changes in the

Amundsen Sea

II. Purpose and Necessity of R&D

- To understand effect of climate change on phytoplankton as a primary producer
of marine ecosystem in Southern Ocean

- The importance of small phytoplankton in warming and stratified water
conditions has been emphasized recently

- To assess effect of climate change on ocean ecosystem through ecological and

physiological studying of small phytoplankton in Southern Ocean

III. Contents and Extent of R&D

- Measurement of biomass of small phytoplankton and environmental parameters
in the Amundsen Sea.

- Estimation of primary production, new and regenerated production of large and
small phytoplankton in polynya and non-polynya regions in Amundsen Sea

- Estimation of physiological status of large and small phytoplankton by

macromolecular composition analysis

IV. R&D Results

-The total primary production in the polynya region decreased from 0.84 + 0.18 g
C m? d* in early January to 0.19 # 0.04 g C m? d' in February-March, which
is typical of the seasonal variation in the primary production of phytoplankton in

the Amundsen Sea.



-The small phytoplankton contributions to the total carbon uptake rates increased
considerably from early January (149 * 8.4%) to February-March (50.8 #*
18.4%) in the polynya region.

-The small phytoplankton contribution to total daily nitrate uptake rate was 44.2

1+

33.3% in the non-polynya region and 63.1 + 38% in the polynya region, and the
small phytoplankton contribution to total daily ammonium uptake rate was
449% and 45.1% in the non-polynya and polynya region, respectively.

-Small phytoplankton contributions to total carbohydrates, proteins and lipids
during the 2018 ANAO8B cruise were 46.7 + 11.1%, 439 * 21.4% and 52.2 %
14.7%, respectively.

V. Application Plans of R&D Results

- To predict an affect of environmental change by monitoring small phytoplankton
in the Amundsen Sea

- To predict variations of primary production caused by climate changes through
carbon and nitrogen uptake rates of small phytoplankton against current
environment change

- To develop a indicator which represents environmental changes through studying
characteristics of large and small phytoplankton

- To develop bio-marker which represents phytoplankton physiological statis from

macromolecular analysis

_Vi_
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A 1. ME

HL AFES I 7T EEE Y AEs WIAA gva gt
(Pritchard et al., 2012; Rignot et al., 2008; Stammerjohn et al., 2012; Thompson
& Solomon, 2002). 7]% Wl 53] w1zgst A G5 e ofFAl sl W s
Ay e A wjFo] FES W tH(Criscitiello et al., 2013; Jacobs et
al,, 2013; Stammerjohn et al., 2015). o]glgt 374 W= s A +2&5
HE = k. dE 5o 8T 7Y vdd A A=Y AAAVE He 7
Z9 A4S WA Z 4 AdtH(Meredith et al., 2016; Montes Hugo et al., 2009;
Rose et al., 2009).

d=afols vgd AEEdaE Ll o 53 oAF T 12 dAAALA
o] Yetdti(e.g., Arrigo & Van Dijken, 2003; Boyd et al., 2000; Lee et al.,, 2012).
AuLd o0 2 JF2F9 Phaeocystis antarctica = °©] A GAA 2EEZHIE bloom
17191 ¢4 sle= Tz dHAd Juh(Alvain et al, 2008; Arrigo et al., 1999;
Fragoso & Smith, 2012; Petrou et al., 2016; Smith & Asper,2001). &=l A 2]
EEFAEY bloom Al7]7F #e| o] &rtsA, €% T4, ¥ =1 59 4 8
o150 o3& AdHo R PFS vy wio (Alderkamp et al., 2012; Alderkamp et
al., 2015, Arrigo et al., 2012; Boyd, 2002; Boyd et al.,, 2000; Coale et al., 2003;
Mills et al., 2012; Petrou et al., 2016) 4wty oz 93 3= AEZIHIE +HY
Ad=A HFAo]l A=H A (Clarke & Leakey, 1996; Mongin et al., 2008). 2 #] &
129014 19 28] 2¢€o A 3L ofFAl sfolA ALY & A-DA WHsA ol
Kim et al. (2015)°l ©]3] ¥ 315 ]},

S

B A © 7 Picophytoplankton(0.7-2 m)¥} nanophytoplankton(2-20 gm)e] Hl <J<F
TN FoF IFoE Al UYARE F=e et o] Fakde] =2 el =
28 AEEGAEY FoAe] AERH Utk AUt ofd ATES Tl T
st AEsd 43 A HAEE 4 A= picophytoplankton 9] &8 wjit-of
as9 FaAdol F71e Aolgta At (Agawin et al, 2000; Lee et al., 2013;
Lee et al, 2017; Li et al, 2009; Moran et al., 2010). A EZg =S 37 W3}
gk A ALY A3ES §H7] wiEo] F dARAAbe digh 2 AEEHAES] 7|

Lo Ave AU ®sES EUHA sted #8F & dvh(Agawin et al,
2000; Agawin et al.,, 2002; Bell & McDermott, 2000; Goffart et al.,, 2000; Moline
et al., 2004). & 59 Moline et al. (2004)2 F= WeE ueg & FE2FE25H
e SRREFRY AEI@AE 9 F71AQ M e fY9 Hed
Hol dFS Btk adugE F AEZFI A e g A2
= A AuiAl el FAA dFS olsletr]
H & #o §H o & (Schmidtko et al., 2014) <13} 3t
Aol A 22 AEZIFAEe 7o AEA WEed w3 A=



2] &Zrh(Lee et al, 2017; Yager et al, 2012). ol Lee et al. (2017)& of&Al
gl A non-polynya®}t polynya A<l & B=ZFd F dapAitel] gk 22 4
EZaEe V9rEE Rudyg. a8y e AEZHIE "8 20149 19
Zol A" 3 W] A o] uketa k. B Ao A oAl ol A
*ﬁ%%‘; B AHE, da FdHE U 22 AEZHIE AH HES F

g 2012\15F-E 20161 714 Al Mo AF=ZHE Ay Hl L 3
iiﬂv‘r. T3 20180 3 E AW ANAOSB cruise & T3] AEZHaE9] A
2 240 Ugk 22 AEEFAES VnE B4

_l

Olr
:L

A 2d. AE Ly

1. A3A Y
YA olgt2s 5 o]g3sle] 20124 2€ 11¥9%H 39 149 71x 28l 20169 1
4 15953E 29 6974 ANAO2C cruise &+ ANAO6B cruise & £ ol &4l af ol

>
_—(?{:4"
ol

2
i
o
ot
Jn
Ol

ot (Fig. 1, Fig. 2). CTD (Sea-Bird Conductivity

~Temperature_Depth) & %23 rosette sampler & ©]-&3sto s AMES FHo
A FA, T2, Y 2L EY 8458 SAHSAY /T FAHL 1259 2
= HYd 005 kg m? S FAHOR AHodgdon {3F F4AL BT FEAH 8
WAL 100%%] FAFH 1% A7 =2 Gty A 713F 52 AR g2 F
Aol Fa 7] ddE@QIAe, Aot d A, S B e, Akd) 48 9T &
T =S F5359 Y QuAAtro auto analyzer & o]-ga A el B¢k Fo F
7] d¥ES S48k 20149 19 19FH 14¥ 159 23 ANAO4B cruise &
Qb ofAE oA 5T ARE A7 WmE AL ASEHAEY JdE HuE

913l Lee et al. (2017)9] A5 FastAtt (Fig. 3). ANAOZ2C cruise ¢+ ANAO6B
cruise &t A& AEEFAEY B4 H HdA AHE ATES A RS 20789
Ao =3Itk National Snow & Ice Data Center 7} AAHe si®] A 1 oj
2} Non-polynya #<3 polynya Xl‘%“‘% T8t Atk Polynyas 3¢ sR=7}

10% mw]"to] a1 sjWl o w2 EZ#Med A nftdolth(Arrigo & Van Dijken, 2003). St.
12R ¥ St. 29R & AWt A= “H ‘j}‘jrﬂ 2+ 3] 349)«917] o=l o] F A
T A& non-polynya Aol EIAIAT 22 AEEFHIAE 7]odx] A7E W

TS st HAste] A dE EA gidle AES '—.EL} 4 FA=E,
ANAO04B cruise + “early January”, “ANAQ06B cruise + “January-February” 1%
11 ANAO2C cruise ¥ “February-March” & ®i<€ gt} T3k 2018 1¥ 16¥Y5-H
29 2ol Z% ANAO8B cruise & &3l oftAls|olA AEEdaE=e] A &4

s, g @) digh 22 AEEHAEY 7 F4E 9 s
E8e TFdsA Y (Fig. 4).
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fluorometer & ©| &3] EA3FA . ol AAE B EH A4S Parsons et al
(1984)°l 71 %8t a5}t
% chl-a, ZL7|¥ chl-a®] &% % 7]of%ol #3 Ay= 2F Aol
g TFAA 2 AEske] e A
seE S48 S dgFAEe
% POC %E—‘E AR el w2
£ oHstdn. 7}

k=

}
s sl Al s

B AT
8 AeARE eAgoR of e

A 100% 58 1% 3
7] &4 4 u
A4 712 POC)S Ze A7]e] POC
Gate FACA A= AT
(450 C, 4A1zb) GF/F %A (25 mm)E ©]&
3719 POC 5%+ 5 mm 2719 Nuclepore o 33| (47 mm)i sl A=
2 o]43

[e]

3. YA

v}

A

o
=

]
[e]
,_(’3_
o
80 Teoll A B33k H, Alaska Stable Isotope Facility 2]
% .
1 (Lee

233 (100%-1%) |
g ,
ve e GF/F o34 (25 mm)E ol
%
EE R R
1 o]_Q_sH
A9e s

e

AEZ o
Finnigan Delta+XL mass spectrometer = 2] % it}
A

%
3k H,
o o AELS
4, AE2EHAEY] B34 HAHAE 2 A4
ANEZFIES] Bt A4 HAHE AP ojdo of
et., 2012; Kim et al.,, 2015) C-N dual stable isotope tracer techniqueZ
AAE AT B AFo A E Lee et al. (2012)9 L3 AL wat
Aot 7tdebAl 2oFsbd, LI-COR underwater 4 n light sensor & %3 67019 3%
A1 (100, 50, 30, 12, 5, 1%)<S ZAA3 3 CTD rosette iH—’Fﬂ ANFE ATEA
zb A Sl Alse 7 3 Zoldl dXskAl 27 E polycarbonate
247y A Tt g AlBEE @e wjol] B4 (NaHPC)9F &
- 8 -

o AFHE
bottle (1 L)o| z+7z+



A (KPNOy), od=2F (PNHCD Aloke 2 5 a9 A3 ololA
polycarbonate Hl &7] ol 5 2 stHA vl YgAI AT 4-54]%F

=
AL = »—o— [e}
A M T, YR S AR 2 Aol AA AREILAE 07 mT Fe
s

subsample < pre-combusted GF/F 3% (25 mm)E 3l oA 7|3, 2> =
719 AEEFaAEY] AAES dotry] A s Ause & A7 AEEdAaE
> 5 mE AAs7] Y8l 5 mm Nuclepore ©3A] (47 mm)E o] &3] AZ F
25 mm =718 GF/F A#A S Fal oAAAAY. & AFolA & 2719 A2
AE9 2 AA e Av|e AEEFAEY Y Aolg ol &ste] ALt
o A= A A A7bA] -80 Tell ks

A Bastdnh AEe] BAkd S Al
7] &l 24113 sk AAbs o]l &3 fumes & 5, YA fFUIEA

71422 (PON)Y =9 88C, 6N ke nlat Alaska Stable Isotope Facility
°] Finnigan Delta+XL mass spectrometer = ©]-&3}o] #4]3}]t}.

2 AFolA AL AEEEAE 7ok EE Ades 4 A 100%5FH 1%
3 el

=
o
e
hinss
D)
oX,

HEEFAEY AdEAzd (B5stE, dud, A BAH A8 f33e)

100, 30, 1% & FA A A2 34 AZF (03-1 L)& GF/F (47 mm) ZE A o
It & AP FFA A HA7HA -80T o Ws R AEEdAaE
= et e A e dAV]E oot Hdse & AEEdAEY] 4
A FAAE] TRV SAFAY (Kim et al, 2015). & @iz {22 Lowry
method (1951)el] 2J&] =A 3o == AZFJ FES YA 1:2 (volivol)
chloroform-methanol S5 o] ARE-5 o 3 A4 S

sulfo-phospho-vanillin (SPV) reactioin (Bligh and Dyer, 1959; Marsh and
Weinstein, 1966)] <& SA A ©53tE /32 Dubois et al. (1956) <]
phenol-sulfuricc method & Wz} =% ¥ 2t}



Al AT 71z %OL non-polynya®} polynya A9<¢] 0-100 m Aol Hel
= .59 Urﬂ ATt AHFH 0 2 pon-polynya A HFolA ¥HZF
Fo] #=HAa 1, 2¥ st.12R ¥} st.29RES A 2|3 non-polynya *
& AolE HolA &kt o= o] FEIE o] F
open water’} FH 7] wjFo 2 AZIEth Polynya A 9oA #F == (SST; Sea
surface temperature)¥ %% H& (SSS; Sea surface salinity)< 7 7|7F &<t
EAHoR Foud WHES HTh SST ¢ SSS = early January ¢
January-February (W3 77k st7 ALQ)  AlololE H]S=@ A
February-March o= 7} w2 SST ¢} SSS 7} #=5 %t (Fig. 5). Polynya A
Ao A 1€elA 397bA] SST 9 F7F<} SSS -4 das 2o M7, 7], aela
e Yy 22 AEA WesAdy #AE 9t} Jacobs and Comiso (1997)&
oA A 7] 20| F7Fstar Qo 9o A 3%77}1] ice edge 7} Aoz =
ot vk ®agin

3T FALS 7 AT 7Y RE AMEERYH Ho P (Table 1). FF
A i zke early January©l & 373 m (+ 43.8 m) January-February ol 6
m (+ 40.6 m), February-March ©|+ 340 m (= 129 m)o|At}. £3=
non-polynya Aol A & AZHA WesAdS HIAT (early January = 11.7
January - February = 39.8 £+ 19.2, February - March = 23.3 £+ 1.5 m) polynya 7<]
ol = A 7+A Ws Aol 2t} (early January = 48.3 + 48.8, January - February
= 526 * 455, February - March = 420 = 114 m). 4% © & non-polynya A%
7} polynya A9l %F 100 mollAe] <14k4d, ALk +olbd b, FAE Y] =2 &
=7 #A=HArr (Fig.  6). Non-polynya A GollA  early January,
January-February, February-March ¢ 14t Ht =% 22 16 = 05 uM,
17 + 04 pM, 20 £ 03 pM o]t (Fig. 6 a). Non-polynya A <ol|Al early
January, January-February, February-March ¢ ZAAtg+ol @At 9o Hidt T
Z+7y 250 £ 59 uM, 237 + 6.1 pM, 249 + 45 uM ©|%l 32 (Fig. 6b) F4+g e A
T v5% 247 651 + 3.3 uM, 740 £ 10.0 pM, 71.7 + 92 uM °|tt (Fig. 6¢).
I3 Y non—polynya A 9ol A February-March® 42 F &+ & 7|7t B2
FAFeR  Fon|sH =gkt Polynya — A 9ol A early  January,
January-February, February-March®] Q14 %+ 27 12 £ 04, 1.7 + 04, 1.8
+ 04 uM o]ar AAirg+olditd w=& 2z 12 + 71, 224 £ 54, 206 + 6.6 uM
ol JAtA FEE 822 £ 65, 824 £ 59, 791 £ 88 uM 2.2 non-polynya A%

+
I Hv=YPYg. a8y gRE  FEE early  January, January-February,

2 XN rp



February-March o 27} 0.8 + 0.6, 06 £ 0.6, 1.5 £ 0.8 uM ©]™ polynya #] el
A AEARD Aol & K

Early January, January-February, February-March®] Al A7 7|7 &<F <AL
Aird+ol A, A Y see AEEEAEC] Adsted S8 v
w ool WA ofFAE A FrIFEF] Algto] gldvhE ol AFAS} dA
st} (Kim et al, 2015; Lee et al., 2012). L&Y February-March ©] 2 &EZ %=
Eo] AAAS =l ol E Fho o AFS we Ao E Bttt (Arrigo et al,
2012; Dortch, 1990; Dugdaleet al., 2007; Glibert, 1982; Goeyens et al., 1995; Kim
et al, 2015). o|AS &A 7|7+ Foke] 2 bloom ©] %9 remineralization ©| 2|3k
7FeAdel dth Kim et al. (2015)2 22 713 &9 =2 A=y =7t Aol
71odets AAadd did dEFY AIEE opdEs £ Atz Hudy
(Doolittle et al, 2008). £3] ¥ A= 2 A EZYAE9 specific uptake rate’}
A2 AEEFAE Bue dEFE vEA o d¥%s s sow FAET

2. F HeZdaed e HA=Edase] AAFE v

FEFTAA A & AEEdae C 5 md &S A=EHAE (0.7-5 m)9
AT 717F Fek v At (Fig. 7). Non—polynya Aol A e &
W& early January, January-February, February-March © Z+Z} 35.0
+ 185 m, 235 + 33 m, 31.7 £ 29 m & YEETE o]9F vl Ee] non-polynya A
Ao Ht F45 T4 A7 128 £ 29 m, 244 £ 80 m, 343 £ 44 m 22 4
E}5tth. Non-polynya A|GellA & AEZPFAES chl-a %% early January,
January-February, February-March o Z}7} 28.04 + 32.87 mg chl-a m %, 60.72 +
2259 mg chl-a m? 26.11 + 22.12 mg chl-a m? ©]t}. o] ¢} Hlwale] Z& A B
FAE9 chl-a %% early January, January-February, February-March °l Z}Z}
706 £ 1.99 mg chl-a m? 1150 + 569 mg chl-a m % 454 + 272 mg chl-a m*
olt}. Polynya A HelA 2 AEZHIES chl-a %+ early January,
January-February, February—-March o Z}7} 63.46 + 1252 mg chl-a m %, 84.93 +
4057 mg chl-a m? 52.71 + 24.25 mg chl-a m? o]t} #& A EZ e 3E9] chl-a
¥%+E 507 £ 1.12 mg chl-a m? 2819 + 23.04 mg chl-a m? 753+ 2.98 mg
chl-a m? ©]t}. Polynya A golA 1€95E 3971% & A E5ZgAE9] chl-a 5%
= A2 AEEHAEY chl-a % Eo eAdS=2 Fov A =dth (¢ test, p
< 0.05) (Fig. 8). 2018 1¥ 164%¢ 2¢ 20177]'X] oA B oA A EFAE
% chl-a ¥% % 6567 + 37.34 mg chl-a m? & YEwt} (Fig. 9). & Al&Z8a
£9] chl-a 5%+ 5265 + 3288 mg chl-a m? & Yoy ze AEZagg
o] chl-a %%+ 13.02 =+ 894 mg chl-a m? 2& et} (Fig. 10).
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AAA F7] &Aa (POC)e 5%+ non—polynya 9 polynya A 9olA chl-a 5%
o  W"¥ Hx=d Ea5es BAY (Fig. 8). Non-polynya A <elA
January-February © & AEZHAES] POC 5+ 647 + 151 ¢ C m? &
Elsto ™ early January (316 = 1.08 g C m*< 3 February - March <] %k
(203 £ 070 g C m? Bt EAHow FonstA =%t 28y non-polynya
Ao A early January, January-February, February-March © 2} 2&Z %3
£l POC 5+ 77 303 + 078 g C m?% 383 £+ 104 g Cm? 266 + 046 g
Cm? 9 #&& Holw A a3 73t Aol & ol& AT 4= iUtk Polynya
Aol A F AEEHAEY e AEEHAEY AW POC FEE
January-February o #Z= 0 (F AEZFIE = 796 + 430, 2 53
E =474 + 129 g C m? (Fig. 8).

T AEEFFAEY POC w5+ Al He A5 713 &<t
Lob =2 ARV dEEd (Fig. 11). 9wz e
January-February = #|2¢]3'H non-polynya$} polynya #|
Ee T AEZH3E B POC/chl-a Hl&©°] #=t}t Holm Hansen and Huntley
(1984)+= =2} vicinity of Anvers Island oA & A &Z 3 E] )3t nano—cell
o] 7ldx7t F7F 4% POC/chl-a H|&°] F7ksttial AQFdich Lee et al
(2017)2 22 AEZHIAEY =2 POC 7| ujdl] extracellular carbon
mucilage ¢ ZA2¢l ko] ths] Rt oA ol A P. antarctica 7¢ LAyt
Aoz 4 e Foz dEAd dor (Lee et al, 2012; Lee et al, 2016), P.
antarctica % colonial matrix FE|e] W2 ¢ wfstEs XS WE S
(Matrai et al., 1995; Mathot et al., 2000; Schoemann et al., 2005, Lee et al., 2017;
Kim et al.,.2018). &4} Becquevort et al. (2007)> P. antarctica ¢| extracellular
polymers 7} & POC &%=l 7]ojdt= wb7h 5% wwkoletar St vl S ofeAl
oA P. antarctica I A bloomCl ZHE ES mucilage WE HAS 7F5A
o] AIRE o] EHE AL AEEFHAESY & POC 7o ke Hls] #& Aol
A5 #H} (Becquevort et al., 2007; Lee et al., 2017; Mathot et al., 2000). Z¥}%
O % early January, January-February, February-March ¢ A3 52 & &3
AE Hy #Fe HEZYIES] chl-a ¥ 2 POCE 2o o= oA ?_:ll

oA Ae HBEga

12029

A=t} AT G P, oantarctica 2] 9F wiE-ol January-Februarye #2 2
EZHIEI 2 AEZHIE POC/chl-a H| &2 H]Z=dlth Smith et al (2003)
S = B (19 229 %) 228X chl-a 9 P. antarctica A7} H 11z L

W] mucilaginous materials ©] %ol YElUW P, antarctica ¢ 9 FHE=
mucilaginous materials & 7FA#] g=rhal Bugr) o]de] AFARER 1] Fof
2 o, t& 2719 vste] January-February ©] ZHe A EZHgaEe] o
POC/chl-a B]&2& =1 A]7]9l chl-a Atz ¢ 4 71 HAAPS Aow Hol:=
G P. antarctica ¢ 9



3. F AEEdAEY A2 AeEdase] g4 Ad5e v

AT 7|7 Fot # AE
Non-polynya #] 9ol A 2]
early ]anuary ¥ February-March 7}A] 029 (£ 032 g Cm?2d")
g Cm?d' (+ 006 g Cm?dH7A a] 0.13 <+ 006 g Cm*d"h
gCm?d' (001 g Cm*dHa &3 (Fig. 12). Polynya A %ol & ﬂ%

aﬂi«] g4 HHE2 early January %-E] February March 7}#] 0.71 (+ 0.17
g Cm?2dYhelA 010 g C m?2d?! (£ 005 ¢ C m? dYHA AL ZAH
2Le AN EEZHIEY ¥4 AHFHELS early January 8 February-March 7FA
012g Cm?*d' (+ 007 g Cm?>dHellA 009 g Cm?d' (+004gCm?dh)
7EA okzh ZHAagd dRkdo®w  F o oRA AHEY] AdFHSd HA ddHe
non-polynya ¢} polynya A HolAe] & AZZFAE9 Y} FAFAT early
January 5-¥] February-March 7}A non-polynya ¢} polynya A% °] & ©@4& A3
€9 W= 247 013-041 ¢ Cm2d! ¥ 019084 g Cm?d! oy o g
obf-Al ol A FHEAT ol Ao Ay R Qo] £ gt (Kim et al, 2015
Lee et al, 2012). ol AlajolA AEZHAES] @& AHFAEY AHdd WHsS
non-polynya A% HTt} polynya A FellA iz o2 =okvh Aot 3914
S 7IRte R g A5 E vRo R ofEAlE ] polynya A Hol A ©A AHHEC] H
& Hole= A7l 12¢€ 2= & A Atk (Arrigo et al, 2012; Kim et al., 2015;
Lee et al, 2012). o}&=Al3] polynya A YGolA2 Ao & &4 HHEL Lee et al
(2012)°] 2010-2011 129 23} early January © 22 ¢ C m*d! & Bagc}

7h & AEEHAEY g2 AeEEAaEe] EAE AAHE v

ZAF 71Y S early Januaryd F AEZHEIES HAd HAFAE HAE
34.02-174.18 mg N m ™ d' (93.71 + 43.23 rng Nm?dhel wbd ge 2Ezes
Eol AF&9 WYE 611-4089 mg N m? d! (2013 + 13.08 mg N m? dhe]
o, & d%iﬂﬂiq A& W9E 1819-13329 mg N m? d! (7471 + 3537
mg N m? dbeltt (Fig. 13). & 949 Aagd HAF & gzt ze AEZgaE9)
7| EE= 215 + 11.1% ©]t}. January-February ¢ & AEZHdaE9 47HE B9
= 1093-124.80 mg N m? d*' (6464 = 3523 mg N m? dHolt}. z& ﬂ%%—%
AE A& WYE 3014582 mg N m?2d! (1924 £ 1276 mg N m 2 dhHo]

th & HEZHaEe] A3Es UeE 792-9981 mg N m 2d?! (4540 + 2723 m
N m? dholtt (Fig. 14). & 4 dad A&l dd 42 HE3daEe] 7|
=X 30.8 £ 11.2% o]t} February-Marchd] & 2EZ g5 AH3E HY:=
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811-51.83 mg N m?2 d! (2372 + 1693 mg N m? d)e|t}, 2 A EZetgE9)
AHE M= 461-1634 mg N m? d?! (1028 + 398 mg N m? dhelty. & 4
EZYaE AHE WYE 1194722 mg N m? d! (15682 =+ N
dhelth (Fig. 15). & ¥ A4d AHFH &0 W Fe AEZFAES 7ot
56.8 + 34.4% ol AEEgaEe] 9 A AFHE&S H=x e 2
EZYaE 7 190 7H4 9da 3€0] 7M1 2o Agte] g uw
Aap AL AEEFFAEY 7 er) oA E Aoz YERdT

ZAF 71ZF % early January 9 non-polynya A GoA AEZHIES] = dd Z
A HHES 34.02-14207 mg N m?d?! o ¥ ol 1l 71.86 mg N m?
d! (+ 4841 mg N m? dYHe HuEzts 1Sl whH polynya A GoA=
44.24-17418 mg N m? d'e] ®¢ WelA 10463 mg N m? d' (¢ 39.03 mg N
m?dhe HEgs BAh o9k mlusird, e AEZPaEe dd AAd A
# &< non-polynya A3} polynya A AolA 2zt 747-26.60 mg N m? d'¢] ¥
9 ol 1672 mg Nm?2d?! (£ 783 mg Nm?dhHe iz 221 6.11-40.89
mg Nm?2d'e HYolA 2013 mg Nm?d! (+ 1308 mg N m?2 dhHe Gz
S HAYy 2 HEZHIEY dd A2 A4FHELS non—polynya A9 polynya
Aol Ztzt 1819-11547 mg N m* d'e) ¢ Wl 5514 mg N m* d' (+
4333 mg N m? dhel #Hug 28l 3814-13329 mg N m? d'e HjelA
8450 mg N m? d' (+ 2887 mg Nm? dhHe Hu#gs Btk & 99 24y
A& digt #Z2 AEEFAES 7|9%E+ nonpolynya A HoA= 282 +
15.9%, polynya A gGolA= 181 + 68%< = B ATE January-February <9
non-polynya A eA] AEE#AEY] T dd FAA4E AHAHE2 3854-60.76 mg N
m?d'e W89 ol JAL 4965 mg Nm?d! (+ 1571 mg Nm?dhHel iz
S Bl WA polynya Aol A= 10.93-127.89 mg N m2 d'e] W9 WelA 66.95
mg Nm?d' (+ 3720 mg Nm?dhHe H#gs 5 ol9 nusjrs, 2o
AezgaEo] A A AFH S-S non—polynya A 93} polynya A oA z+z}
6.61-13.72 mg N m? d'¢ ¥ WelA 1016 mg N m? d*' (+ 503 mg N m?>
dhHe Higk 3.01-4582 mg N m? d'e WHolA 2064 mg N m? d! (= 1312
mg N m? d)e HIE#HS Bt & HEZHaEe dd Ay e
non-polynya A3} polynya Aol A Z7zF 31.94-47.04 mg N m? d'e] HY 4
o4 3949 mg Nm?d?! (£ 1068 mg Nm?dhHe HaFgk 18 7.92-99.81 mg
Nm?d'e ¥9elr 4631 mg Nm?*d' (+ 2014 mg Nm?dhHe Hags B
At F 9 AAd AFHE i #Fe AEZHaEY 7]oJEE non-polynya
AGedE 199 + 38%, polynya AGolAE 325 + 11.1%° S HITh
February-March®] non-polynya A <oA 2 EZ#HdaEe] & dd Axd HFH&
2 811-4364 mg N m? d'e ¥$ el AL 2121 mg N m*d?! (£ 1952 mg
N m?dhe H#gks 2 v, polynya A 9olAE 1576-51.83 mg N m 2 d*!

I
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o] WM WellA 2560 mg Nm?d! (£ 1755 mg Nm?dhHe H#gs 2ok
ol ¢} HlusjEH, A AEZHAEY dd HAH HFHELS non-polynya A3}
polynya Aol A Z+zF 805-927 mg N m? d'¢] ¥ o4 878 mg N m? d'!
(SD. = £ 064 mg N m” d)el #Egh 461-1634 mg N m”* d'o] %A
1141 mg Nm?d! (+524 mg Nm?dhe Fazte B & AEZHaE9)
dd AAA HFHES non—polynya A 93} polynya X]Ci.ﬂoﬂﬁ Z}7} 3.83-34.63 mg
N m?d'e ¥ elA 1923 mg N m™? d' (+ 21.78 mg N m?* d)e B+,
1.19-4722 mg N m*? d'¢] ¥elM 1412 mg Nm?d' (+ 2214 mg Nm?*d?)
of FHFgs BT T dd AAA AHEC dI 2 AESHAEY Vo=
non-polynya A 9ol = 442 + 33.3%, polynya #A|9ol|A+= 63.1 + 38%-4 s
Ak AEZHIE A2dA H3HES nonpolynya®t polynya Ao

ke uf, AukAd o7 polynya A9 o] non—polynya # & H T} =gkA| gk XL% 5=
AE9l 7]9I%+E non-polunya A3} polynya A H3F zpoli= FElSHAl YEREA
2 AT} (Table 3).

U 2 AEZHIEY L EZEHaE] gy AFE8 v

ZAb 717 F early January & & A E =9 dEF AHAEY HAAE=
12.33-269.33 mg N m? d! (8669 + 7591 mg N m2 dhel Hby - 2o A 5 Za)
AL FHE W9 9148111l mg Nm?2d! (2568 + 21.14 mg N m 2 d})o]

t 2 AEZHAE] AFE9 MYE 081-18822 mg N m? d! (61.01 + 5657
mg N m? dYoelt} (Fig. 16). AAl &2y A&l gzt g AEZygaE9 7
o] == 2568 + 21.14% o]t} January-February ¢ & A= Z@aE9] A3He U9
= 13.12-339.87 mg N m? d' (7468 + 8340 mg N m? d}olt} & N%%%
AE HAHE WYE 484-86.72 mg N m?2 d! (2517 + 2254 mg N m? dho]
U 2 AEZHIEY A4S WY 1387301 mg N m? d' (2253 + 1874 mg
N m? dheltt (Fig. 17). & 42w AL 3 22 2= Vone
352 + 142% o|t}. February-March ¢ % AEZHIES HHAE HHA=
7.06-63.04 mg N m?2 d! (2061 + 2162 mg N m? dhe|th, 2 A EZetgEo9)
A& MY 692-1964 mg N m*? d?! (1337 + 546 mg N m? dhelty. & 4
EZgaEe AFHE HYE 840-1907 mg N m? d! (1374 £ 754 mg N m
dhoeltt (Fig. 18). AA dxF AHAE el F2 AEZHaE9 7|oJxE 45%
ojth, AEZFHAES 4 dRF HHAE 7dEE 199 7HF weka 39e] 7%
o] & & w}a} Hap 2 ABEZHAEY VYRt molAE AL
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(£ 846 mg Nm?dh) o Hugks 2l v polynya A el 12.33-106.05
mg Nm?2d! e g oA 4973 mg N m? d?! (+ 4116 mg N m? dHe
s Bt ol¢ Hw e AEEYaEY dERw AAES
non-polynya A3} polynya Aol A Z+zF 9.14-22.36 mg N m 2 d'e] #H¢ o
A 1575 mg N m? d?! (+ 641 mg N m? dHe w3k 9.89-81.11 mg N m*
d'el WelelA 3065 mg N m? d' (+ 2450 mg N m?* d)e Hghs B
T AEZYAEY] dEF HFAEL nonpolynya A3 polynya A el 7+7}
0.81-86.06 mg N m™> d"' ¢ ¥ Welr 3398 mg Nm™?d' (+ 3981 mg N m™
dhel gk, 819-18822 mg N m? d! ¢ WelA 7452 mg N m? d! (=
61.03 mg N m* dhel Bi##e Bt F 92F A& U & A2y
A% 7|9 %= = non—polynya A oAM= 52.8 £ 40.5%, polynya A oA = 316
+ 10.1%9] =S HAt. January-February ¢ non-polynya A 9oA AEZgaE
o F SEF AHLL 2202-10581 mg N m?d' ¢ ¥ ol $190x 6391 mg
N m?d' (5924 mg Nm*d") ¢ #g& B2 Wi polynya Aol A=
13.12-339.87 mg N m* d' ¢ 99 oA 7468 mg N m™~ d*' (£ 8840 mg N
m? dhe Higs B oot vy, e AEZFYAEY dBFE HHAE
& non—polynya A9 3} polynya A <JollA 77t 585-16.79 mg N m* d' ¢ W9
YeolAl 1132 mg N m?2 d! (# 774 mg N m? dHe i3k, 484-86.72 mg N
m” d'e] WelelA 2517 mg N m” d' (+ 2254 mg N m~*dhHe #dgs 2

2 AEZHIEY IdEF AHAFHELS nonpolynya A I polynya A Gl 7zt
7} 16.18-89.02 mg N m=2d"' ¢ W9 ol 5260 mg N m?d! (+ 51.50 mg N
m? dhel Hitzk, 828-25315 mg N m?d! < ¥WelelA 4951 mg N m? d! (+
6777 mg N m* dHe Hugs vtk F 95F AFALd 93 g 4529
AE9] 7]9J%=+= non-polynya A HNA = 21.2 £ 7.5%, polynya Aol A= 374 +
13.9%9] #<S HUY. February-March ¢] non-polynya A SoA 2 &EZ2aE9]
Z dRE AHES 1093-5325 mg m 2 d?t o WY el Ui 2650 mg N m*
d' (£ 2327 mg N m? dY) ¢ Hu#zgrs B ¥ polynya A GoA+=
706-63.04 mg Nm*d"' o #H¢ WellA 3194 mg Nm?*d' (+ 2361 mg Nm”
dhel HiFgs Bt o9 wusrd, #e AEZFIEY dRFE AHFHES
non-polynya A9 3} polynya A <olA z+7zF 692-1140 mg N m2 d' ¢ HY U
o4 916 mg N m* d"' (+ 317 mg N m?* d)e Hitg, 1552-1964 mg N m™
d' 9 #eelA 1758 mg N m? d' (£ 291 mg N m” d)e #Has B
Z Ry HAFHE HI e AEZHAEY 7|9 EE non-polynya A oA =
449%, polynya Aol X = 451% o #< B AESSHAEY dEw AFHAE
< non-polynya®} polynya # .= ®lua]® kS o, HWHA OS2 polynya #| 9 ©]
& AR A2 EEFAEY]
4,

7199 =% non-polunya A3 polynya A7+ zpol= FElshAl Holx ekttt

non-polynya A SET =orom Hikyg A

_16_



(Table 3).

]

5. F AEE@aEN A2 HE

i

GaEel Av BA 24 M

rlo

ANAOSB cruise & &3 ZAME F 13719 AHolA & AEZHAES] B3 E
FEE 1506 - 24629 pug L' (12604 + 66.09 ng LY W9l &8, dmae 027
-24230 pg L' (81.95 + 59.01 ng L), A& 2% 3.08-199.63 ug L' (5991 +
3728 ng L'YH B9t (Fig. 19). & A E===3E9 Food Material (FM)2 16.21
-58851 pg L' (24311 + 14630 ug LHe] H9E Btk FM o 3 &35,
dmA 2 A sl e 74z 5022 + 853%, 29.87 £ 7.93%, 19.84 + 541% = 1}
Ebttt o 717F Bk A AEEZYaE ©@dtE FxiE 31.15-21330 g
L' (10440 + 3712 ng LY W9ol &g, dMado 156-87.04 pg L (44.12 +
2073 pg LY, A2 29 1767-10862 ng L' (4856 + 1653 ng LHY HAS
Bt (Fig. 19). & AEZHAES FM #& 56.67-37896 ng L' (197.08 +
6264 ng L'He WEs non w4ssE Ad, dwde 7h7 5158 + 6.15%,
2447 + 355%, 2395 + 653% wo2 =L S Ak 2018 ANAOSB cruise
SO F A EZYAEY] B55E FEE 5538-410.84 ng L' (22335 + 97.83 g
L) ¥W9=s Bgon duwlde 812-27258 pug L' (11681 + 7219 pg LY, A&
S 1646 -24761 pg L' (9313 + 4387 pg LY WS BT dvtzow €43
Bl i F=7F 22335 ug L' (¢ 9783 pg LHC R 7b gka, o] s\
FEE 11681 pg L7 (+ 7219 pg LY, A& 9313 pg L' (+ 4387 ng L) &2
2 veigth & estE, 9, Add gigt A2 AEEEAEY VdxE 7t
7} 46.7 £ 11.1%, 439 * 214%, 522 + 147% olt}. & AEZgaE] FM
W91 84.25-832.19 g L' (433.30 £ 19545 pg LY olm ole] gk zhe A
FaE 7o m= 458 + 10.7% % YERST (Table 4).
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Table 1. Physical and biological characteristics of stations in the Amundsen Sea in January-February 2016 and
February-March 2012. The concentrations of chl-a and POC and carbon uptake rates of phytoplankton were integrated from
the surface to 1 % of PAR.
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Table 2. Comparisons of the small phytoplankton contributions in the Amundsen Sea between previous study (Lee et al.,
2017) and this study.
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Table 3. Small phytoplankton contributions to total nitrate and ammonium uptake rate in the Amundsen Sea during early

January 2014, January-February 2016, and February-March 2012.

Small phytonplankton contribution

Period Region :
Nitrate uptake rate Ammonium uptake rate

Nonpolyna 28.1 + 15.9% 52.8 + 40.5%
Early January 2014 Polyna 18.1 + 6.8% 31.6 + 10.1%
All the stations 21.5 + 11.1% 38.7 + 24.9%
Nonpolyna 19.9 + 3.8% 21.2 + 7.5%
January-Feburary 2016 Polyna 325 £ 11.1% 374 + 13.9%
All the stations 308 + 11.2% 352 £ 14.2%

Nonpolyna 44.2 + 33.3% 44.90%

Feburary-March 2012 Polyna 63.1 + 38.0% 45.10%

All the stations 56.8 + 34.4% 45%
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Table 4. Macromolecular compositions and chl-a concentrations of phytoplankton in the Amundsen Sea during

January—February 2018.
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Fig. 1. Map showing the locations of productivity stations in the Amundsen Sea
in the Southern Ocean during February-March 2012 (ANA02C).
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Fig. 2. Map showing the locations of productivity stations in the Amundsen Sea
in the Southern Ocean during January-February 2016 (ANAO6B).
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Fig. 3. Map showing the locations of productivity stations in the Amundsen Sea
in the Southern Ocean during early January 2014 (ANAO04B).
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Fig. 4. Map showing the locations for macromolecular composition in the
Amundsen Sea in the Southern Ocean during January-February 2018 (ANAOSB).
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Fig. 5. The temperature and salinity diagrams from the surface to 100 m in the
(a) nonpolynya and (b) polynya regions in early January 2014 (blue asterisks),
January-February 2016 (red circles), and February-March 2012 (black triangles).
The data from Lee et al. (2017) and Kim et al. (2015) were used for early
January 2014 and February—March 2012, respectively.

_26_



Fig. 6. Vertical profiles of the mean concentrations of inorganic major
nutrients—(a) phosphate, (b) nitrite + nitrate, (c) silicate, and (d)
ammonium-from the surface to 100 m in the nonpolynya and polynya regions
during the three periods. The data of Kim et al. (2015) were used for
February-March 2012.
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Fig. 7. The chl-a concentrations of large and small phytoplankton during (a)
early January 2014, (b) January-February 2016, and (c) February-March 2012.
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Fig. 8. The POC concentrations of large and small phytoplankton during (a)
early January 2014, (b) January-February 2016, and (c) February-March 2012.
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Fig. 9. The chl-a concentrations of total phytoplankton (large + small ) during
January-February 2018.
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Fig. 10. The contribution of large and small phytoplankton to total biomass of
phytoplankton during January-February 2018.
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Fig. 11. The relationships between the POC and chl-a
concentrations of large (triangles) and small phytoplankton
(circles) in (a) early January 2014, (b) January-February 2016,
and (c) February-March 2012.
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Fig. 12. The carbon uptake rates of large and small phytoplankton during (a)
early January 2014, (b) January-February 2016, and (c) February-March 2012.
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Fig. 13. The nitrate uptake rates of large and small phytoplankton during early
January 2014.
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Fig. 14. The nitrate uptake rates of large and small phytoplankton during
January-February 2016.
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Fig. 15. The nitrate uptake rates of large and small phytoplankton during early
February-March 2012.
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Fig. 16. The ammonium uptake rates of large and small phytoplankton during

early January 2014.
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Fig. 17. The ammonium uptake rates of large and small phytoplankton during

January-February 2016.
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Fig. 18. The ammonium uptake rates of large and small phytoplankton during
February-March 2012.
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Fig. 19.  biochemical compositions of large  phytoplankton  during
January-February 2018.
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Fig. 20. biochemical  compositions of small phytoplankton  during

January-February 2018.
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Fig. 21. Seasonal variations of the total values (bar graph) and
small phytoplankton contributions (line graph) in the non-polynya

and polynya regions.
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Fig. 22. The average specific uptake rates of large and small phytoplankton in
the non—polynya and polynya regions during the three periods. The data of early
January 2014 were adopted from Lee et al. (2017), and the values of large
phytoplankton in February-March 2012 were calculated from total values
described by Kim et al. (2015).
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A 44, 3%

Polynya A GolA Z2 A EFZHFES chl-a 7| & HESHIEY chl-a
T A7 wot vls=dly] Wil early January (7.7 + 25%) ¢}
February-March (13.6 + 4.9%) Xt} January-February (23.6 £ 1.4%)°l] =%k
(Fig. 20a). 18} #& A& Zet9%9] chl-a %+ January-Februaryol 7F¥ =
¢kt}. Non-polynya A oA early January, January-February, February-March
o F POC Txo st 2 AEZIHIAEY 7|oaEe Z4H7; 495% (+ 15.0%),
37.4% (+ 10.1%), 61.1% (+ 7.4%)% ©Etyytth (Fig. 20b). o]9F tHx&% 2 =2 polynya
A Ao A early January, January-February, February-March ©] % POC & X%=ol
st 22 AEEFHAEY 7l ZH7) 369% (£ 4.3%), 40.5% (+ 11.2%), 53.6%
(+ 3.6%)% ERETh 2018 1€ 16°’HE1 29 2471A] ofEA G oA A chl-a
o ek F AEZIHIAEY] VdxE 760 + 126% = YEST b 22 2
FAE] 7 Es 241 + 126%= YERSTH A7 chl-a ¥ 5% ARE B
o], 201839 A77]17F &t of Aol = AV & AEEHAEC] OF 76%
st 3 dva dddEng. e ZRoA F POC skel sk 242 e
o] AWkl 7]q4EE F chl-a F%9 tisk 22 2 ¥
o B AASE Fou| Al =9kt (Table 2). o] A%
2017)¢k == H A8 (Lee et al, 2013)1 A 9] o] Aypga dAty T5S At
Ao = chl-a #&7F AEEHaAEY AELFS AEsted 29
H54Q chl-a w=° 71 & BEFe] AEoA A2 He2IFAE9] 7 =7)
At FF3T (Lee et al, 2013; Lee et al., 2017). POC ¢
T8 AEFdaEc2ZRY FHdva 7MY Fud chl-a v%= tiilol
S AEEFFAEY VRS FAE7] g oy
o HH}E AF3st7] A fEeE B ATl POC 9 §¥C
Z3 C/N ratio & <1391t} Early January, January-February, February-March
o §°C & 7—.‘74 —26.14 + 1.13%, —27.12 + 1.48%, —26.29 = 1.06% = 1}
. 183l early January, January-February, February-March® C/N ratio + 2t
59 + 054, 7.68 £ 0.72, 6.34 + 044= YEIST. A AFEd wEd HEE
FaE] §¥C gyt C/N ratio o W= 7+ —275% o4 —25.6% (Corbisier et
al., 2004; Wada et al., 1987)3 6 oA 10 (Kim et al.,, 2016, references therein)<]
HAE Zter, 2 dFdA 9 FES POC 9 v&7F 2 AEFHAEA o3
WHEo] HugE JMAS Siibx dt)h (Baumann et al, 1994; Kendall et al, 2001,
Schoemann et al., 2005; Lee et al., 2013; Kim et al., 2016; Lee et al., 2017). &
chl-a o] 3t Z& AEZgaEe] 7]ojx Hrp POC o 3t 2 AEZgaE
o 77t L olfre  AEETAE Eu AL AEEFAEY =&
POC/chl-a H] W:+<¥ 4 At} (Holm-Hansen & Huntley, 1984; Lee et al., 2013;
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Lee et al, 2017). £3] early January ¢} February-March ¢ ZAi}lo|:= 17| 3
AsHA YR

Non-polynya A elA F & HHEd ozt A2 AEEda=9 7|9
early January © 50.8 £ 42.8% o4 February-March ° 23.8

ARE 2 WEAo] A7) Wil #E AEEEAEY 7=}
AT717E &b A Aol WA Fdth (Fig. 12). o] ¢ dix% 2
=oF polynya A 9ol A early January °|A February-March 7}#] 14.
A 508 + 184% = & LA i A HEEFAES] Ve
Fom s A Z7h Y (one-way ANOBA, p < 0.05). Polynya A 9ellx 2& A&

H+
xS
=
X
u
oy
B
¥

HU o
my1e
rlo

co
-4
N
(N

EHAE 7|5 Sk cell 7] Aolo wE AEEHAES AEHF specific
uptake rate W52 ZAyo|t}t FFZFoA T AEFHIAEYN F2 HEIHIAEY
TS

N

2]
specific uptake rate 7} A EZ g3 =] /fA A7|9 Zolo] w2 I3
wal7] Yaf EAEA (Fig. 21). 95 7]17F %<t non—polynya # 9
Z5 3% Hit specific uptake rate © 22 A EZ YA E ¥l Polynya
A Ao A early January ©] & AEZHIEL specific uptake rate (0.0030 =
00008 hrh)E Z& AEZaE (00021 £ 0.0015 hr YR SAHoz Fon s}
A =AW (¢ test, p < 0.05) January-February o+ 2 A& Z=3% (0.0013 +
0.0015 hr H3} #e AEZ=F=a%= (0.0016 + 0.0014 hr He =A o] vpx] k).
Wi o] February-March o= 2 AEZ%=3E (00006 £ 0.0011 hr!) ¥} zZe
AEZHAE (00019 £ 0.0016 hr 9] specific uptake rate 7} A4 02 Foln| 3}
A =Th (¢ test, p < 0.05). Early January ¢ H]1&}e] January-Februaryol] =
AEZHIE] Y specific uptake rate & H G AW January-February ©o & 2
EEHAEY e FdHoR =37 wiel o Al7lel F dAAAE] early
January ¢} H]<=3k gro 2 Z713It) Polynya A YA 2 AEZda=3y 2o 2]
EZHIE2] H| 323 specific uptake rate + early January ¢+ January-February
of F AL Uid e AEZHAES] 7|dEE AAA AT Bloom 9wl
A9l February-March o & A&Z 3=l W& gspecific uptake rate= ©] 713+
Stell MY w2 F g AFES oF713Y (Arrigo et al, 2012; Kim et al,
2015; Lee et al., 2012). A A5 713t &9+ February-March o] WEY F &4 4
A& e 22 AEEFFAEY 7P =2 VdEs & HEEFAE B A2
AEZegEo A ¢ & specific uptake rates?} YERG Zo] Fo Hdelo g Alg

A},

4 9
NA Z A&
1]

ot

GTaoA AEZgaEe] YEZI} specific uptake rate = AZ3F, 2o A7,
Aol olg JteA I e AEAA 4 B I dIFS vt

(Alderkamp et al., 2015, Alvain et al, 2008; Arrigo et al, 2012; Boyd, 2002;
Goffart et al., 2000; Smith et al., 2000). 53] g3l 3 3= AEZHIE

THE P F8E 2902 FUE A% ARG U o 54T F 5 9



t} (Arrigo et al, 1999; Fragoso & Smith, 2012; Goffart et al., 2000; Kim et al.,
2015; Sedwick et al, 2007). &7+ Assd T 21 AEst= v P
antarctica &= ZA E3rE 7oA HEH o=z A #Hrd (Alvain et al, 2008;
Arrigo et al., 1999; Goffart et al., 2000). &1 polynya oA 2zt A4 713k
s 4T T FAASE Fou g Aol HAE ¢ o aHERE £

H L
270& 2 A79 polynya A HeA A AEEFFAE 7R AHA HEAS

oF713k Fo QAelA] ALAZ S ek February-March o A4d HAE W
A Qe we duE RS Aafon ANGS g HEss = ARy

ANRHSE 7FsAdol Ut (Dortch, 1990; Dugdale et al.,
2007, Goeyens et al., 1995; Kim et al., 2015; Koike et al., 1986; Probyn &
Painting, 1985). ¥ Al7]9] #HoA 12904 392 Z5E U A7|9k & AJ7to]
Faetn AEEdaEe] dJAALE Ades & Ao (Boyd, 2002; Kim et al,
2015; Lee et al., 2012; Lee et al., 2017; Park et al., 2017, Sedwick et al., 2007).
Zog AAAAE AEZZIES bloomo] HFHW FFFolA o8 7hsd 2
Frolos] A3 wekS 4= v}k (Boyd et al, 2004; Kim et al, 2015; Smith et
al., 2000, Sunda & Huntsman, 1997; Thuroczy et al., 2012).

HoodAFoA HZEF AES  early January ¢ January-February Y-
February-March 7}A 7431t} (Fig. 5). ©]S %3&| Polynya & A EZ #3504
S 758 7 Uve §8FY AdH Faol dofws Aol AT F+ U
(Alderkamp et al., 2012; Alderkamp et al, 2015; Arneborg et al., 2012). 121}
early January ¢} January-February 5%t Autlst 2 2Z&F3E bloom wWiZol ©]-&
7hsa d v Z29E 5 At (Boyd et al, 2004; Coale et al., 2003; Gerringa
et al, 2012). & AEZTFIAEL =2 AW U F3 v& wdd 2 AEZHA
Eo vla ¢ @& Ho] Ha3dlt; (Hudson & Morel, 1990; Sunda and Huntsman,
1995; Timmermans et al., 2001; Hoffmann et al,, 2006). 2822 & A EZHIE

=

[e) =]
S 243
A&

FHe F wa AASY 4L ARIYAE Jloue AA WEA
F8E 4¥S Gk O Wa) 19014 39E B4R 2 HREIAE YAy

AaPAT QA AT /13 Fo AL ARIPaES AQ FAHAT (Fie.
21). ©] Aol N el ofEANAM A& HEEFAE] qFo] B/IE oA
R HolRE T NREFAEY P YL AUsE 99, 2 24, 3
o wwsb AW A7) wWiel o Fas A Ao ATt ®£F 4o 4uE

FAES T AESHAE B 75 2044 o & ASE 4 At (Boyd,
2002; Boyd et al., 2004, Clarke & Leakey, 1996; Doolittle et al., 2008; Iriarte &
Purdie, 1994; Li et al., 2009; Maranén et al., 2012).

AT RE Ao RRY A T da AFEdd I A2 HEEdaEY
719} Lee et al. (2017)¢] A=E vt (Table 2). & AFoA & &
A ¢] chl-a ¢ POC o W3t 242 AE&5daAE9 7|ojes dt & 84 H4HES
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Lee et al. (2017)2] ZA3}¢} thh H]S=dlth 28]y non-—polynya #%3} polynya A
Ho| A F chl-a = T T4 AHFH & et 22 ASEFAEY 7%= Lee
et al. (2017)9] A7 Ao ERpA R F A5 A non-polynya #%¥ polynya
A A e POC off tigh 22 AEEFAEY] 7|odEs Audo=z vzt F
g AFEd dig e AESHAE JAEE 7 AFtelA gtk 2 A
A Lee et al. (2017)¢] A3} Bt} non-polynya Aol A il polynya #| oA =
2 AL THAEY V9Ert BFHAY. o] 2ol F Hole} o] AFHAH
AEZTFAES] AN T2 AEAJ] dFo| & 22 AEZHAEY] 71H
7 FEE A (AdA) WsAdel s obrlHdE 7 Atk (Alvain et al,
2008; Mongin et al., 2008; Rivkin, 1991; Smith et al., 2000; Sukhanova et al,
2009). 1B = ofEA ol A FedAd I o

FAE VA5 A HEAAe A AEEFAES Ve E ojFold o wb

Al are s of ok gkt

lo
N

Jol digh #2 A=Zdas 3 2 A2

o
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Small phytoplankton contribution as a indicator for

environmental changes in the Amundsen Sea

Abstract

The importance of small phytoplankton in warming and stratified water
conditions has been emphasized, but little information on the small phytoplankton
contribution is currently available in the Southern Ocean. In this study, we
analyzed temporal variations in the carbon and nitrogen uptake rates of large
and small phytoplankton and the small phytoplankton contributions to the total
primary production. The data were collected in the Amundsen Sea polynya
region using three different field observations (early January, January - February,
and February - March) from 2012 to 2016 and one additional cruise from January
- February in 2018. The total primary production in the polynya region
decreased from 0.84 + 0.18 ¢ C m? d! in early January to 0.19 = 004 g C m>
d?! in February - March, which is typical of the seasonal variation in the
primary production of phytoplankton in the Amundsen Sea. In contrast, the small
phytoplankton contributions to the total carbon uptake rates increased
considerably from early January (149 + 84%) to February - March (50.8 +
18.4%) in the polynya region. This substantial increase of small phytoplankton
contribution was not caused by increasing biomass and the specific uptake rates
of small phytoplankton, but rather by seasonally declining biomass and the
specific uptake rates of large phytoplankton during the study period. The overall
contribution (25.5 + 15.7%) of small phytoplankton to the primary production in
the polynya region based on the three different time observations is significantly
higher than the previous result (149 + 84%) based on one time observation.
The small phytoplankton contribution to total daily nitrate uptake rate was 44.2
+ 33.3% in the non-—polynya region and 63.1 + 38% in the polynya region, and
the small phytoplankton contribution to total daily ammonium uptake rate was
44.9% and 45.1% in the non—polynya and polynya region, respectively. The small
phytoplankton contribution to nitrate and ammonium uptake was not significantly
different between the non-polynya and polynya regions. Small phytoplankton
contributions to total carbohydrates, proteins and lipids during the 2018 ANAOSB
cruise were 46.7 £ 11.196, 439 + 2149 and 52.2 + 14.7%, respectively.
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