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SUMMARY

I. Title

New production and physiological status of phytoplankton in sea ice zone in 2016

II. Purpose and Necessity of R&D

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

- To assess change of marine foodweb caused by climate change through ecological
and physiological studying in the Amundsen Sea, Antarctica

III. Contents and Extent of R&D

- The analysis of biomass of phytoplankton and environmental parameters in the

western Antarctica

- Measurement of carbon and nitrogen uptake rates of size-fractionated
phytoplankton in polynya and non-polynya areas

- Estimation of small phytoplankton contributions in the western Antarctica

IV. R&D Results

- The daily carbon/nirtrogen uptake rates of total phytoplankton were higher in
polynya region (0.84 # 0.18 g C m-2 d-1; 0.21 # 0.11 g N m-2 d-1) than
non-polynya region (0.42 + 0.30 g C m-2 d-1; 0.12 # 0.09 g N m-2 d-1).

- The contributions of chlorophyll-a concentration and primary production of small



phytoplankton were 42.4 % and 50.8 % in non-polynya region whereas 7.9 % and
14.9 % in polynya region.

- A strong negative correlation (r2 = 0.790, p < 0.05) was found between the
contributions of small phytoplankton and the total daily primary production of
phytoplankton.

V. Application Plans of R&D Results

- To predict variations of primary production caused by climate chanages through
carbon/nitrogen uptake rates in the rapid melting seas

- To develop a indicator which represents environmental changes through studying
characteristics of size-fractionated phytoplankton

Vi
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Table 1 . Contributions (%) of chlorophyll-a, POC, PON, and carbon and
nitrogen uptake rates of small phytoplankton.

Figure 1. Sampling locations in the Amundsen Sea. Red closed circles represent
productivity stations. Sea ice concentration data during the cruise period
from Nimbus-7 SMMR and DMSP SSM/ISSMIS Passive Microwave data
provided by National Snow & Ice Data Center.

Figure 2. Water column-integrated chlorophyll-a concentration at the

productivity stations in the Amundsen Sea.

Figure 3. Water column-integrated concentrations of POC and PON of small and
large phytoplankton.

Figure 4. Water column-integrated daily carbon uptake rates of small and large
phytoplankton.

Figure 5. Water column-integrated daily nitrate uptake rates of small and large
phytoplankton.

Figure 6. Water column-integrated daily ammonium uptake rates of small and

large phytoplankton.

Figure 7. Relationship between productivity contributions of small phytoplankton
and the total daily carbon uptake rates of phytoplankton (large + small).
The total daily carbon uptake rates were transformed into natural logs for
a linear regression.
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H 3 & dAqig=s

2
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o
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1]
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2
2
o

olEAl s 2239k Wy s Abo] 9 *1”301] AR AL, FFEAANA A
2 ¢ EAoR AUt 7HE | o]FolFl Ao Fo] spuelth HE RO =A<
Z 2% (KOPRI Amundsen project, iSTAR, ASPIRE, DynaLiFe)Eo] o}&413|
gL AFer] g8 AGHAYG. dFAS volg= oA polynya X% (3l
A wsglsta e Y 374 FelA AL AESIHAELS HAEEFEAE U Wow Zesel ARA AWEe)e] 220 g C m?y! o o2 7k A
oA o Fadld Aolgt 7lgE i k. AT L olEAs A F AEEHA Zo dZao M b 2o ANAMATS Holl xd F sz IHd =g
£ g w4 2vle HEEgass] vjeinel wa g A9 e polynya 4%} (200 g C m? y Herzelt} Bk A% WU (Lee et al, 2012).
HE stk & A ARl Wk e HeEdase] Ve ms et chlorophyll-a (chl-a)7} SA4¥ EE AHAA HTT chl-a &5 IAAAEY
71 S48l 2016L4 o5&t ohAlsfel A 12709 Aol A HesdAaEd} 22 ZHo] o]2olx HA|A HFE chl-a E%o] HlE 287t =oktt= AlA R 7|
AEZFIAEY i A4 AFHES SAHIA o] Lol 4 non-polynya A9 2o B o, Lee et al, (2012)o] 4 Z 28] polynya A< wt} olFA s polynya
3} polynya A e] AA AEZFAES HT Y &4 HHAELS 47 042 g C 2 Ao A AzF o FABAFEE o] o7l e 4 otia ATty
2d'(SD.=+030g Cm?dhe 084 gCm?d' (SD. =+ 018 g Cm? A @ Ad7 g2 7Tl AAFH ST, o]z Qe AuT whzo] Fok
d’l)"‘i’ig”’ A HEER2E A A2 (AA9, 92E) AASL A4 002 AN E A= %ﬁ}ﬂ w4y ¥ o) gttt (Rickamp et al, 2011; Ducklow et al,
g Nm?dSD. =009 gNm?*d") and 021 g Nm*d" (SD. = £ 011 g 2007). A+ ATFEL Pine Island Bay9 Thwaites W3l7F w24 FHsa 9l
N m?dhela, o]d AAazte el el =gk &2 *—l%%%ﬂ%% 2 Getz Ice Shelf 9] Ao Ry Fast 7&ss s Qb= 2S¢ B8t Joughin
Arel T dash A QA& ol A 269 %} 277 Senk= 1AL, A2 et al, 2014; Paolo et al. 2015). "3 obehol A 714 Yol i R og Wabel
NBZGAE PEi g (chl-a) 7|% (19.4%)R.Th =9k}, DP AHE Hla A fae FER LS For Hes wWEd &% 4SS (shoaling warm
39S W, non-polynya A 9olA ¥ chlorophyll-a &= Lx}Arkee] o g+ Circumpolar Deep Water)oll ]3] ¢2-glchm AATY (Yager et al, 2012
e NEZHAE 7)ok Z4zt 424 %9 508 %°1$ L, polynya A9 <747Jr Schmidtko et al, 2014). A 30d &< A= W= cold-dry polar typeol A
79 %, 149 %o)n vk H3] =okvh 2 ATl A2 HEIFAE V=t warm-humid sub-Antarctic-type2. 2 2] 7|3 W3 = s AE A 239
BEFAE 9% F AA AT Abolol A AI o AHAAA 7 = 0.790, WalZ 9ozt (Montes-Hugo et al, 2009).
p < 009)E & F AT o] A= e AEITFAEY JAert FUEFE A o Wolue Ho] ¥ NEEZFIES H 7T Wslo] ukLat= FH ok A
4 dAEFE Aadns e dridan ol FR A7 F AeEdasd A w3le] A7 2 4= 2t} (Moline et al, 2004; Wassman et al, 2011;
Ml e Av)e AEEEaEe] g AFEel ° Y] delrh A &t Arrigo et al, 2015). SFB7o] evatd Aol ol HolM e =)o HBE
oa BAWIIE ALHAvH AAA F dAALEY F Tt ofE A A A BHEL 2 ABRZHIE T o B sde doza sk AHAdN o
AEEFAE VAR F VM Aw wen 2 oge @ solg U= n Aok (Mordn et al, 2010; Li et al, 2000; Lee et

, 2013). o] 9} wlRIFA R, Li et al. (2009)2 5 =9 Canada basin A ¥elA &
ldr FHoA AZFs A ddd FHol Aagel wE FFsiHe 2550l
gaf Fe ABEZHPIEC ZrlsteE AL WA tlLo] Moline et al. (2004)
= %35‘ A AgHon 2uaAE Ao wel FF W= FHo Akl

W45 (glacial melt water)s} #EH A7|7 F FERFAA 277 e AFAE
A

(cryptophyte)Z¢] A3y WaE HAP) M= AESIZIE o 77t
T AeA Ze oz WekE AL Y] dFaAelAe Wl o]e} FAFE Ho

aEA WEtE doZ Zloltt (Moline et al, 2004). 3tAIWF AxpAdxbakol] o &
22 HeEdase] 7oz did AEE d=oA 7o g wrh flx



(Saggiomo et al. 1998), 53] W&o] wWME HER =3 U= of Ao Hu
= A9 gl AAolt} (Yager et al. 2012; Schmidtko et al. 2014). 232 & 2 <
T F BEAHL @Azl NEHo R W wl s AeiAe] wiste] ny ®
AnE AFs7] 918 oAl A AnkAl F WA A

=
Aol e HEEFAE] Avh} 710 F SAE Yopu Aot

A2 As 2 A

A sfjol A 20149 19 1€ € 1597k# KOPRI Amundsen cruises %
T AN ATA ol E ol &ste] AEEFAES Thet A HAES
B
17

&
o

11)1‘
O_A_,
ol
ol

o

e ARE AFeArh AFRA B FolA v AIRFEeE ool A
g owf, 2919 revisited-stations (R 3-1, 19-1)& E33te] A EEHA
9 A4 A3E& A¥L dual stable isotope technique (Lee et al, 2012;
Kim et al, 2015)& o]&3lo] 12702 A A4 3= A}t National Snow & Ice
Data Centers &3] dozl &Y 285 vfgoz 2 AFAAdqA AF= 7|3 &
gkel B ®xs ¥5=E S8 polynya A3 non-polynya A9 o® FESEATH
(Fig. D). 12719 Ad = 4712 AA (A 1, 2, 3, 3-1) non-polynya A 9l
3lar, YA AHELS polynya A Hol &k

LI-COR underwater 4z light sensorg %3 6712 4] (100, 50, 30, 12, 5, 1%
Z7zlo]l, PAR)A AHE& AEEH, s 44 £4& 98] 24 10-L Niskin
bottlese] &2¥ CTD rosette AFA71E ©]&3to] slFAEE At

1
o

A

2. % Chlorophyll-a¢} Z=71®¥ Chlorophyll-a &%=

A BE2FAE] F chl-a ¥ 718 chl-a $%F qF AmE A
F& S 12719 GHelA A A chl-a = 6719 4 (100, 50,
30, 12, 5, 1% &zl°], PAR), Z7]*¥ chl-a %’—E% g sl AlEE 3 A
(100, 30, 1% FZ oDl AFHA=HAY. F chl-a &EE Whatman glass fiber o2}
A (GF/F; @ = 25mm)E o83l sl A& (03-05 L)& o7stddrt. 2714
chl-a %2 93 &l A& (0.7-1 L) Nucleopore 3%](20, 5 ym; @ =
47mm)Z o33 & GF/F o34 (0.7 ym; @ = 47Tmm)E o 33tk Kim et al,
(2015)0l AAIE WHE ol&3d AHAE FEF F, EE chl-a 5EF Trilogy
fluorometer (Turner Designs, USA)E o] &3to] 4 Fol A=A ¢ HH
A4k Parsons et al. (1984)°] 7] =39t

et
L
s r%

=
o

ol

3 wash A HA& A

ool

AEZFFAEY Tas dh AHE AFS ofdd ofZ A A A AL (Lee
et al., 2012; Kim et al, 2015) “C-N dual isotope tracer techniques ©] &3] 2 A]
HAAT 2 AFolAE Lee et al. (2012)3 9% IS wgieh. hekakAl Qo
ZH | LI-COR underwater 4zn light sensorsS &3 67019 =4l (100, 50, 30, 12, 5,
1% 37 o], PAR)S ZAAE F CTD rosette A7 2 AFaAct AFA 2 4
ol AlRE 4 Fole dASH xgE ZEgtRUlolE wigH (1 L)
SATA AF AEE g el g NaH"C)9h 239 (KPNOy),
(°NH,CD Alebe ¥e & 133 9 23 stoll A Z7tdolE vjg7]o
S22 sdA wEAAT 4541 A vl F g e Ases 2 4

b e =
oj f1 A
oo 8

vlm

AA AEZFAAE & 07 ymIF Fe 2719 AE %% aE (K 5 ime w4, 4
2 AHAES dotry] A3 2R o] dAAHY AA HAEELTIAES] A&
S dolry] &) wgE ¢ AR (0.3 L)+ pre*combusted GF/F 134 (24mm

diameter) & F3 oJ#HA7]aL, A A7 AEZHAEY AHHAES dotry] %
e Alm (056 De & 2719 AEELAE G5 imE AAS7] 918 5 um
Nuclepore ¥4 (47 mm)E °]&3to] A& ¥ GF/F 93%4 (24 mm)E T3 9
HAAAT (Lee et al, 2013). & AFolA & =7 AEZFIFIAEY #F> AAY
2 A7 AFEFFAEY o] Aol & o] &5kl F3ATH (Lee et al, 2013). o
A= dF 24 A7A -0C A FA Bastdnt. ©AES AAsT 98 st
F s ARS o] &3 fumes T F, YA HUIEAR (POOS dAE RU1EA
(PON)S] ®%¢} 1C, BNe] ke ua Alaska Stable Isotope Facility®] Finnigan
Delta+XL mass spectrometers ©|-§3lo] #4 % At}

2 AT & AEEFFAE 7Ry BE A AT E T4 ES
AAANA 100 %5E 1 % Fhel7AA FHA T8t HA » %%%Pi%ﬂ] s 2
2 AEEGAES vuste] e Zlojth AEZRaAEY] 42 a4
&S 2 AFAA SAR ARG AHEI ofEA el Ao o FF ﬂ—‘zr 2
#7010 7123 et} (Lee et al, 2012).

1. A& AEZ%HAEC] Chlorophyll-a, POC, PON 7] &=

2 ATolA 6719 o2 FZololA FARARG AA AEZEFAEY chl-a F=
= 111 - 80.3 mg chl-a m™® (Hd + SD. = 574 + 252 mg chl-a m®)¢ ¥
o &1, ZS (< 5 pum) chl-a %+ 39 - 94 mg chl-a m? (3% + SD. =



57 + 17 mg chl-a m™) ¥l 3} (Fig. 2). 14 F22g s o e
ZHIAES 79dEe] H> 194 % (SD. = = 260 %) A3, 49 - 765 %<
$loll &glvh Afo]=e] W& chl-a FXol 7|Zste] & o, 201499 A77|3 §
o= oAl A A7I7E F (> 5 um) AEZEFAEC] dvbHow (9F 80 %)
sttt A9A vuE fEeks W, WA chl-a vEol o 2 AEFH
AES ¥t 7]9Y%=+FE non-polynya A HolA 424 % (SD. = £ 372 %) A,
polynya A gellM= 79 % (SD. = £ 35 %) Atk FAe AEZHAE chl-a 7]
o] &= polynya ARt} non-polynya A Jel A ©f FARE 1 Zpol= AA THEA
kot (t-test, p = 0.16).
FAAED AEZHAESY POC 55+ 472 - 922 mg C m?2 ¢ W9 £3o

W ZFE AolE molAE @krh (Fig. 3) oj¢h Hlm Y, FAHLGE A=
ZAES PON $%% 076 - 1.74 mg C m? o ¥9E BAch obEAs oA 2
o

= ’—\J.%%E}—ZLEJ POC 719 E& 307 - 655 % (Hw + SD. = 41.1 = 106 %)
Abol1 3, PON9| 7]oi%&= FAFSHAl 308 - 672 % (H3 = SD. = 413 = 115
%)2] el 43tk (Fig. 3). BE polynya A gollA] Hidt &2 A EBZYPaE9
POC¢F PON9| 7|oE= 747F 369 % (S.D. + 46 %), 370 % (S.D. = £ 69 %)
Stk non-polynya A HellA Hit sk 22 A EZFAES POCS PONQ 7|o%=
ZY7} 495 % (SD. = + 14.4%), 50.0 % (S.D. = = 151 %) At}

2. A2 HAEEFAaE] 94 AFHe 7=

6719 FZoloA FHAARES A AEZFAE U ©x ALY WA=
1504 - 12134 mg C m? d'! , BFL 6965 mg C m? d! (SD. = + 2984
mg C m?dh) Ao (Fig. 4). whao] 2 AEZYaE] HH o W9 586 -
2664 mg C m?2 d! 93, e 1249 mg C m2d?! (SD. = + 624 mg C m™*®
dhH ok AA —l%%‘a‘ﬂ%iﬂ F 4 "@Aa A& dis T2 AEEFAES
269 % (S.D. = + 293 %) WS

Jz

£3] non-polynya A &ellx AEZFaE] F dU &4 4FH &2 1504 - 7964
mg Cm?d! o ¥g el Az F#L 4150 mg C m? d?! (SD. = + 2982
mg C m? d"' )l ¥l polynya 9ol 6548 - 12134 mg Cm?d!'9g ¥
9lolar Hite 837.3 mg Cm?d’ (SD. = £ 1841 mg C m>d"')S Bk 4
EZgaEe = 99 w©Ah HFHEL nonpolynya A el Hldl] polynya # el A
o =9k} (t-test, p < 0.05). F2 M EZHIAES 4FHE& 9 45+ non-polynya
]“Oﬂ/‘i 586 - 1936 mg C m2d! ¢ ¥Y Wel YA HFS 1265 mg C m™?

d'(SD. = £ 552 mg C m? dY 93, polynya A ellAE 622 - 2664 mg C
rrf2 dl o WY el YYa HFL 1241 mg C m?2d! (SD. = + 693 mg C
m? dl) Qv AL AEZHAE] dYd &4 HAHAES polynya A

9

non-polynya A &ollA =LA tt=2] &%tk (t—test, p > 005). WA 4 & 43
So g Ze AEZegaE i 7|9 %= non—polynya A 93 polynya A4
AlA 7+ 508 % (S.D. = + 428 %), 149 % (SD. = = 84 %) At} polynya A
93} non-polynya AGolA B 7w =7 gk w EATH 0w 2 2olH
HolAE FAUT (t-test, p > 0.05).

3 Ao HBEYAEY A2 A 7%

ATV F AA AEESEAEY T dd Ad AFAEY WSE 340 -
1742 mg N m?2 d?! o]x B{#e 937 mg N m? d! (SD. = + 432 mg N m?
dhel Wb, 2o AEZdaES] HHES 61 - 409 mg Nm?d! o ¥Heojn
e 190 mg N m? d" (SD. = + 113 mg Nm?d" ot} (Fig. 5). &4 ¥4

A AFAE da & AEEHAEY 79dE+E 215 % (SD. = £ 111 %)
St ol HlaLEH W, @1%%%}&%94 T 99 9EF AFHEE 124 - 1738 mg
Nm?d' < 9 ol Az F# 867 mg Nm?2d' (SD. = 759 mg N

2dhel wbol, e AEEPAEe] AHLS 91 - 8l mg Nm d' ¢ W

m2d!'(SD. = + 211 mg Nm?d?h) ot
qF & di&l A2 AEZHYAES 387 % (SD. =
249 %) W 71k e AEZHPIAEY Vo Mg dHeRT g
AAEANA o =% (t-test, p < 0.05).

538 Ao 7o zolE fFE Aun, “%%}i§4 T o
< non- polynyd Aol A 340 - 142.1 mg N m?d! ¢ ¥ o Ui 719
mg Nm?d!' (SD. = + 484 mg Nm?d") ¢ H#ze 2 v polynya A
ol M= 442 - 1742 mg Nm?d! e ¥l el 1046 mg Nm?d! (SD. =
+ 390 mg Nm?dh) o gaa& vk o9} wasud, 2 AEZgaE
‘?J_‘?J_ Ad Ad# 82 non-polynya A 93} polynya AGelM z+zt 75 - 266 mg
N m? d' ¢ Wl WolA 167 mg N m?d’ (SD. = =78 mg Nm?d")e 3
gk 61 - 409 mg N m?d? ¢ ¥l 201 mg N m?d! (SD. = + 131
mg Nm?d") ¢ Fi#gs 2ok & 99 Ay A8 g e A=y
FEQ] 7]9 %=+ non—polynya A A= 282 5 (SD. = £ 159 %), polynya A<
ol 181 % (SD. = = 6.8 %) 2 S BT AA ’—%‘%% FAEY F dY
2H 434S non-polynya A gelA 123 - 1061 mg N m? d! (3 + SD. =
497 + 412 mg N m?2dhe WYE Y3, polynya Aol A 181 - 269.3 mg N
m?2d! (37 £ SD. =1052 £ 846 mg N m?dhHe ¥9E Byt o]¢ nvlus)
e e AEZggEo A& WHE non-polynya Aol 91 - 224 mg
m?d! (33 £ SD. =158 + 64 mg N m?d") Aol L, polynya A <ol A
=099 -8l1mg Nm?d!' (H¥ £ SD. =307 £+ 245 mg Nm?d") Aol et
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AH &l sl non-polynya # 9 7 polynya
5 %), 316 % (SD. = + 101 %) & 7|9 =E
~test, p = 0.37).
d dax (FAAE + dRE) e T S
SD, = £ 1804 + 1067 mg N m?d?Y) A}OM
HYE ®BATh non—polynya A9 3} polynya A elxE= 717t 464 - 2481 mg N
m?d!' (H# + SD. = 1216 + 83 mg Nm?d}), 91.7 - 4435 mg N m? d'!
(%& + SD. 2098 + 1073 mg N m™> d?) ¢ HMYS Bt ol nluajnw, 2
AEETAEY] F €49 24 AAE F T2 non-polynya A S polynya
= ]H 7}7} 166 - 466 mg N m? d! (H + SD. = 325 + 132 mg N m™?

dh, 176 - 1220 mg Nm?d!' (37 £ SD. =+ 508 +324mg Nm?>d!) ¥
A el stk F dd Ax AFAEY F ol g #e HEFEIAES
non-polynya A 9ol 362 % (SD. = £ 23.0 %), polynya A A= 235 %

0

(SD. = £ 60 %) 9 7I9=E Bt dd d& AFHE A2 HEEFAE9
7191 &= non-polynya A 93} polynya A el SAgH o Zolg HolA| ok

=

1"

Table 1. Contributions (%) of chlorophyll-a, POC, PON, and carbon and nitrogen
uptake rates of small phytoplankton.

; Daily carbon Daily nitrate Daily ammonium Total nitrogen
Chlorophyll-a Foc FON uptake rate uptake rate uptake rate uptake rate
All stations 194 £26.0 411£106 413115 269+293 215 £ 111 387+£249 277+ 144
Non-polynya 424 +372 495+ 144 500+15.1 50.8 +428 282+159 528 +405 36.2+230
Polynya 79435 369+46 370 £6.9 149+ 84 181468 316 +10.1 235460
12
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Figure 1. Sampling locations in the Amundsen Sea. Red closed circles represent
productivity stations. Sea ice concentration data during the cruise period from
Nimbus-7 SMMR and DMSP SSM/ISSMIS Passive Microwave data provided
by National Snow & Ice Data Center. Figure 2. Water

column-integrated chlorophyll-a concentration at the
productivity stations in the Amundsen Sea.

13



Figure 4. Water column-integrated daily carbon uptake rates of small and large

Figure 3. Water column-integrated concentrations of POC and PON of small and
phytoplankton.

large phytoplankton.
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Ocean Data View
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. . . . Figure 6. Water column-integrated daily ammonium uptake rates of small and
Figure 5. Water column-integrated daily nitrate uptake rates of small and large
large phytoplankton.
phytoplankton.
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y =-0.0188x + 69175
; ° =0.790

Total daily carbon uptake rate (mg C m2 d')
=)
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Productivity contribution of small phytoplankton (%)
Figure 7. Relationship between productivity contributions of small phytoplankton and the

total daily carbon uptake rates of phytoplankton (large + small). The total daily carbon
uptake rates were transformed into natural logs for a linear regression.
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& A7l A non—polynya A9 3 polynya A FlA 335 Wl FHAEE HE2
FAE] dd i HAHALY HFS 424 042 g Cm?>d (SD. = £030g C
m?d"), 084 g Cm?d" (SD. =+ 018 g Cm?d" o]tk ol oA e o
A A Azl 29 (Lee et al, 2012; Kim et al, 2015), non—polynya * <ol A
2 99 g4 AFHLY HYE 02 - 012 g C m? d? o]t non—polynya # &9l
Tol AFHE(042 ¢ C m? dHe olx AFAzte] v v EAN FA
= th= ] &t} (t-test, p = 0.77). o2} ¥ L3S ], polynya #| S ollA
B A& B AFA7 25084 ¢ C m? dHe Lee et al. (2012
2g Cm?dhHet Kim et al. (2015 02 ¢ C m? dhHe #HY el &A%t o
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Al polynya A GollA AEEFAEY F dd @& AHAFAEY & AEH HesHS
dAY #A=o2 ZA3% Kim et al. (20159 94 dHolgE 7o g 3k Arrigo et

al. (2012)el o3& olu] BuEAT) 1289 LHEH 1€ Apold HiuxE olF i 2¢
ol Eus A EEZ#H A =2 bloom WAl 28] o}EA polynya A GolM AEZ
FAEY ¥ 99 A 4FAEY AdH WEAel A FH$¥oh (Arrigo and van
Dijken 2003; Arrigo et al., 2012; Kim et al., 2015). Lee et al. (2012)¢} Kim et al.
(2015)9] AEEFAEY wax AAES 77 20100 129 12958 2011 1€ 23
A7bA], 2012 29 1193 H 349 14L7HA] SAHAT. 2 A5 20149 19 1-15
o Eek SAHF U

2 AT AEZZAEY A A4 AFHELS non-polynya A3 polynya
Aol 27 012 g Nm?d! (SD. = + 009 ¢ Nm?d?"), 021 g N m? d"
(SD. = + 011 g Nm?dhe #& ngrh obEAse] & 949 dx H4FH&0 o
g o]d ATl A& non—polynya A Gl A 2010/2011 AXkell a5 Aol A 0.24
g Nm?d! 2012d%0] 39 A7l 004 ¢ Nm?d?! 9 gg mel ukd,
polynya A Gl A& 2010/2011 9% AFolA 093 ¢ N m? d?, 2012 4% A
1M 006 g Nm?d' 9 #g Byt 42EHgaEy & 99 24 HAE
g non-polynya A9 ¥ polynya A HelAe] & Ao A= F M oA
o] Azt Atolo] &A1 (Lee et al, 2012; Kim et al., 2015). ¥ dF9
3 dRF HFES 7NeR & foratio (B4 AFHE&/ANA+AEFE 43
non-polynya A% 3} polynya A Hol|A Ztzt Hwgk A7 062 (S.D. = + 0.08),
(SD. = = 02009 #& Atk o] v E3 ojd F AF A WS o EAl3}t
Atk FA WEAdol 7] wEel 7 Bl Ape] ] Apolrf AA= @ SkAIY, polynya
A9 Bt} non-polynya A ¥l © ¥ f-ratio gt oA Ao Aztel UA 3}
At (Lee et al, 2012; Kim et al, 2015). @2} non-polynya A FolA © =&
f-ratio #ol YERE 71Zel] didk g3ket Ao glA v ol tidt A7t Has)
thal o Azt
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chl-a, POC/PON, 4% ®a/da A& digt e AEZFaE 7oes:
Table 1 °i xﬂ*l&lﬂ Atk dapAAFo] FAHE e AAAA 9 F chla =
gtz AEZgaiEe] ANkAe Yoz 194 % (SD. = £ 260 %) A&,
o] POC 7]04¢ (41.1 + 106 %) Bty FAstA skt (t-test, p < 0.05). °]&

St
Lee et al. (2013) ol 71A¥ 5= Chukchi dloll A9 Az} AP}, 2H2 2
E%3E 9 chl-adl H]d] POC &f3Fo] w2 Zlo] AEZFIAEY =
POC 714%=& o714 4 AUt (Lee et al, 2013). &
A48 8 od@td AlEE9 C/N ratio (¢ + SD + 66 + 06) 9 8§
Hy £ SD. = = -259 = 1.0 %)Y #<S g ez 3td 017}5] ARES T2 4
g aEe <9 7jd® POCS PONghar o Azt (Klm et al, 2016). twhehA]
E7FaE] ofd EHol o& #dErte POC 7= Aol 7bede A2
ZFAEY A9 chl-a 7|9dEX®T POC 71H4%rt § #7] wZol wjA= o]z
Ith, 22122 chl-a %29 424 E4d 7|23 22 AEZFaAEY 7|9
AEFFAE] gl 71dstE Aol s #AaBItE
(Lee et al., 2013). A%, B2 AAEL chl-a7l 9%4g, & =4, 2 E=5a
A a3 AP dEe 22 dHeAE A FH] wiEl chl-al
T AEIYAEY AT L& AxVF ofvFBn FHsATE (Desortova
1981; Behrenfeld et al, 2005; Kruskopf and Flynn 2006; Behrenfeld and Boss
2006) 3hA| =F 0}?41 Fatzo] AlEe] vha FHdy e AEZFaEe] ofd g
& FHE59 93 3 POCH 7o AdS ks MiAg #= glivh
o ATolA dApA el gk 2AE A RE AAA A AEZHAE
Aol da (A9, dEw) AHEd g debAQl vl EE 77 269
7 % = vjs=stvh 9 Ade A2 AEZFAEY chl-a 7l =RmT A
2 =AY BAH R vhZ A dth (t-test, p > 0.05). dWHoR 2
EFAEY dd dEF AHAEY] VA=
&9 719 E=rn} =gt} (t-test, p < 0.05). =5
94 %‘E?‘E’ Azdde de 484 Advk (Koike
et al.,, 1986; Tremblay e et al., 2008; Lee et al., 2013).
‘3}% ] o o] A] €] 7104 *Jvﬂi 39, chl-a, POC/PON, ®rx¢} HA A3 &
o 2 1“‘“3‘15«1 7]e1% R polynya A9 Rt non-polynya Aol A
e

—~

N
rlo

Yo7 £x 9

R T S PP m{n
s %0

lo,

B
iﬁ-ﬂloﬁﬁ

e

=% (Table 1). B0l polynya A HellA 242 HEZF A= chl-a 7]o1%= (F
T+ SD. = +£79 +35%) = POCe 7lo|= (W3t £ SD= + 369 + 46 %) &

o} o $HokARE non—polynya A HellA = SAA SR AolE HolA Furt (Table
1). o]+ polynya A Gol|l A 2 A E5ZFAE] chl-a =X Tt F POC ¢ “l"]
7Z1qgths S AA g 2 AFoA AESEFAEY T2 T 2AE %

YA FUATE, ol A wEW ol Al polynya A ol A = Phaeocystzs

Fol M3 non-polynya X GollA= Auidez FxiF/r Pt T
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(Lee et al, 2012). Y¥8 02 Phaeocystis & TAS A= AT &4 Hd
AR e BEU % 7MA)S wiE3tt (Matrai et al, 1995). ¥ 7179k
polynya A ¥olA chl-ag A3 2] & o =2 e

EZHIAEC] ofd waA E40]
AEZFAEY POC 7l =d d3s dofS &% Arh AAZ polynya A Hel
A e ABEZYAEL dd w2 AFH ol i 7)o E(149 + 84 %) POC 7]
o] %(36.9 £ 46 %)RHE EA FUdvh E A7VL T A2 AEEFTAEY chla
AE9] dY v AHE V= rmT wola ol @k
o] Bl oBEot o] 22439 polynya A9 marginal ice zone X %¢] Az}
o} At} (Saggiomo et al, 1998). ¢ 2t T3 I EZHIAE(K 2 um)
9 chl-a$} xS 71wt 22 polynya Aol 29 %, 40% o] L,
marginal ice zone A ol A 17 %, 32 % i Husdch E A9 x_}o A gz
FAEY A7 5 umBET ta A2 JIAAEZZAEY A= sk,
polynya A Gel A . A7 Axuct 9] Aol 22 ”—‘4%3"*1501 chl-a%}
Aol o 2 719 E stal vk As AuE S drh
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Chukchidell Al A7|7F & AEEFAERT &2 AEZFAE wh 443 &0
doAeR ¥ v Aol o8 F2 7|dd Aol Huskgith. Moline et al
(2004)= A dsshs 712 W4 FdE SR Aolar, o= AR A
717 & AEETAE 2 A2 HAeEgas VdEE FUHAE Aelwal
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