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SUMMARY

I. Title

Variation in carbon flux by phytoplankton in the Antarctic Sea

II. Purpose and Necessity of R&D

- To investigate the spatial distribution of macromolecular components
constituting phytoplankton in the Ross Sea.

- To 1dentify the macromolecular composition of particulate organic matter
within euphotic depth in the Ross Sea.

- To wunderstand the wvariation in phytoplankton-based carbon flux due to
current climate events.

III. Contents and Extent of R&D

- Measurement of macromolecular component of phytoplankton POM and
particulate organic carbon in the Ross Sea.

- Estimation of relative contribution of each macromolecules to FM in the Ross
Sea.

- Estimation of relative contribution of BPC to POC in the Ross Sea.

IV. R&D Results

- The ranges of carbohydrate, protein, lipid, FM, POC, and BPC concentrations
were 35.23-402.86, 35.16-222.05, 69.98-570.47, 79.61-960.00, 303.35-1079.08, and
104.88-603.65 pg L' from the surface water in the Eastern Ross Sea,
respectively.

- The ranges of carbohydrate, protein, lipid, FM, POC, and BPC concentrations
were 14.61-450.71, 21.39-319.74, 32.50-264.53, 78.94-1023.05, 149.58-959.23,



4853-526.40 pg L' within the euphotic zone in the Western Ross Sea,
respectively.

- The ranges of carbohydrate, protein, lipid, FM, POC, and BPC concentrations
were 50.29-204.45, 0.00-226.06, 18.58-160.73, 85.78-585.81, 49.29-451.87,
44.08-310.43 pg L' from the surface water at the Terra Nova Bay in the
Western Ross Sea, respectively.

V. Application Plans of R&D Results

- To predict an effect of the climate change on the phytoplankton by
monitoring macromolecular composition in the Ross Sea.

- To predict the variation in carbon flux based on the measurement of the
particulate organic carbon and BPC which originated from phytoplankton in
the Ross Sea.

- To develop a indicator which represent environmental changes through
studying characteristics of macromolecular composition of phytoplankton.

,Vi,
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vtk 9l 71 COE Al AstE T8 9 stal low sfjdoA FFEs CO8 719
AutvbeFo] Wafo A dojtar 2t} (Smith and Nelson, 1985; Nelson et al., 1996). A A -
29l Bk -’E%‘r"ﬂ/‘i d=a e CO, AA e Fado] thFsa AR o] 7HA] EFAA
T3 A & HEE Ao de Aol =L HFe AQE A QA 72t

S°] "3t} (Sedwick and Ditullio, 1997; Sedwick et al., 2000; Krell et al., 2005).
A sl o] AlA"lE AR 8 Fl 719 Wt & 93-S ¥A T (Doney et al, 2012) tf
grHoR= Ay B AR QE oY Abge] Agom A4 EE A
oA A EFol o3 JFE 7 AA B2 Ay T dvholn Ross Sea’l £ et
sk = 2tk (Halpern et al, 2008). Ross Sea WS-a sl9e Hol 252 Ao AHA &k
Folaksl B4 e F7FE Q@ pHO fHAet 7 ofdfalivolE Estke = 1o ZHh A AL
Hel7b g 464 dojyar ok (Orr et al, 2005, Matson et al.,

o,
fror
ol
ot

gg
a2

(o]
Jim
oX,

2011). sl A-D4 HEAd F3k W=7 Wt Qv (Stammerjohn et al.,, 2008, 2012) o] ¢}
Zol o] Aol e 9 o] AtE st AR FHL wHHA G FHE Hof e vk
g2 SHe sgwsle] waA 8-t Tl (Smith et al, 2012). + &7 25 Ross Seas
A4 AoAgd R4S gFe HAS H2EsSH] 9 d=EY g ol Al A A
A" F sty v

Ross Seav A& A= ABAZFHN AL o] g AdZ WHsE Rolw W=
A 7 AakA el sle] & shvboltt (Nelson et al, 1996; Park et al., 2021). o] 213k 119 %9

2] oM AEZHIE] W 8L oF Foto] &2 icefree periodel A EH o] Atk

(Arrlgo and Van Dijken, 2004; Borrione and Schlitzer, 2013). o] 7|7} &< AEZgaEL

F3tAd S E3 Particulate organic matter (POM)S A3l ice—free period®} ice-covered
periodo] A% 717F EoF AA HUHAHAES HAsle T35 HoldS ¥t} (Falkowski,
1994; Fabiano et al., 1996). @A 3 F<2 7|$Wsl= =4 %i ot 55 e dHE 7
Aot I3 WY AF F7MAHY (Arrigo et al, 2008; Markus et al, 2009; Liu and
Curry, 2010; Comiso, 2012; Hobbs et al., 2016). a1y W2 o] Waiul oy} sjWo] JAH
= Al H3} 717 =3k WEka 9l (Hobbs et al, 2016; Eayrs et al., 2019). Y=r3} ¢ Western
Ross Seacll A 2] A7t ice—free period: 2.671 92 Zrol % 2™ Bellingshausen Seacl] A+ 3.370
942 ZojHt}t (Parkinson, 1994, 2002; Stammerjohn et al., 2008, 2012; Hobbs et al., 2016;
Eayrs et al., 2019). Ice—free period®] W 3}= A EZegaEo] AAse 7|1ty AEZHIES
Holg b= A9 YA A& ddstd el dFs vH F Adv (Quetin et al, 2007;
Arrigo et al, 2008; Ross et al.,, 2008, Markus et al.,, 2009; Quetin and Ross, 2009; Massom
et al, 2013). WebA 2 Ao HAHE F=ejoA AEEHAES st Ad 24 59

ABY REG 2 8 RS BAST, g HEEFAED dF AF A4 54
shefste] 7l Fwste] wE dsolA e ARELAE A frlvs Fex WEHS 7Y

rl

Zoltt.



Al 24, A 9wy

of

1. A

ER

= U

i

B

A olgf2sE o] &35te] 2020 129 ANAIIA cruiseE %3] Eastern Ross Sea (19 1)
9} Western Ross Sea?] Open sea (18 2)ol A 34 MES 5351t} Eastern Ross Sea?l
% 1070 HH (st.63, st.b64, st.65, st.66, st.67, st.68, st69 st.70, st.71, st.72)ol A £ZF @57
A=A (3 1). Western Ross Sea®] Open seal & 1270 A3 (st.36, st.38, st.40, st.43,
st45, st47, std9, st5l, st52, stb4, st.56, st.58)<] T‘:’r%%ﬂlﬁ Aol AFHAT (F 1.
CTD (Conductivity-Temperature-Depth)S %3+ rosette samplerES ©]-&3to] a4 AMZS
FHIFeH FHFF A 25 (100% F FA)FYH 1% & FAZAZ Zggdn}. =of 7]
7F %<2 POM$] biochemical composition 7% 3ok 98] Ross Sead] ¢¢to] $1x3k Terra
Nova Bay®] Jan Bogo Station (JBS)olA 20154 2€5-E 10€, 201739 11¥€5H 2018 10¥
of A 77 =2 Al EA A ARE FHEAT (2" 2, £ D).

2. A=

il

g A B4 24 54 P

AzZdace] 7d 24 =24 (8stE, d9d, Ad) 45 A g AsEs #3835
(100%-1%)°] a3 FaolA Afstdtt. Al 24 =4 2= 3] s 300-500 mle] 3l
T AES GF/F (47 mm) ZEA ] 33 5 oftd AEL T4 74 dF Basdv

(-80 °C). AE&FFAEC] ot gy, dWd, x4 #£42 19 30 AxjE Wyo=
A TASAT Bd5sEY A 42 Dubois et al. (1956)¢0] <3l #| A€
methodoll @&} 8502 glucose solution (I mg mL !, Sigma)o] F+& %
(19 3). @A Hg BEAS [owry et al. (1951)0] s AA|E =Ho) o}
protein standard (2 mg mL! Sigma)’} EFEZEZ AFEHAT. A Ho AF EAS Bligh
and Dyer (1959)¢} Marsh and Weinstein (1966)2] HHol wel 3% S tripalmitin
solution (Sigma)e] ¥FEZHZ ALEHIAY. F&3 “a“ﬂ.‘ol A5 ¥ AE3+= HITACHI UH5300

spectrophotometer& ©] 83t SFE=E FA43AT. ©53E, did Ao g 7479
ArEde 29 F3L Alole] HAYPAAAES T3 E%Qﬁ’iguﬂ %-’Fi}%, el e AR
[ex]

~ A AeE 22 040, 049, 075 g C g' & A}%é}ﬁgcq E&—rﬁ}a, (R LR B [ S
< Biopolymeric carbon (BPC)Z A 2lslt} (Fichez, 1991a,b; Danovaro et al., 2000).

L ¥

DAY 710 FES
gk 44 f1EA

74t A% sl Alse #335(100%-1%)2 &g Al A
T 5
(256 mm)E °]-§3l 200-300

Aol wlg] B (450 T, 4A1%F) GE/F o]3A]

5 AEE o) oyE AEFS WE nustgdon
2 laska Stable Isotope Facility2] Finnigan
gagrol BAEAT (17 4). B A9

7€k 4 = Western Ross Seaol| A 3

Ll
2
)
ol
o
&
>

Delta+XL mass spectrometers ©]-&a UAA
_]

Eastern Ross Seadl A2l o] EA3t= AAA

Jo N



AE EFY YA fFr7leae BPCO A#HaA AS Fdll ALEHAJT (928 frlea =
1.5553*BPC + 140.23, #* = 0.6386, p < 0.01, ¥ 5).

| 34d. Az}
1. 933 AEZYgaEe] Ay Bz 24

7}. Eastern Ross Sea (ANA11A)

AT oA estE T W9 3523-402.86 ug L' (12015 £ 107.08 ng L' H=E e
wom st67el A HEgk, st7001A4] FHdlgke] #SFHEAT (2F 6, 7). @A FEe] WHeE
35.16-222.05 ug L' (109.74 + 63.09 ug L HE Vel om st.70004 HEgk, st.630A H gk
o] #=HUAtt (2¥ 6, 8). XA FE WY 69.98-57047 pg L' (21815 + 192.81 pg L)
2 UEskom st70014 &gk, st63o HPAghol ASHJY (2™ 6, 9). FM F:=o] W
= 179.61-960.00 pg L' (444.04 + 28024 png L' HE byt ow st67oA A4 st.630A
gigke] #FE AT st.70014 9] 7HE =2 w@rslE TR E AQethd d & BT ice edge
oNA Holdrs e w25 BAY (19 6, 10).

AT oA FMoll digh grstEe] Hl&2 15-79% (28 + 19%)°] HHE HYomw st6d
ANA FHA& HES st7000A Hd HlE&ES BIAY (2™ 11). FMel oigh ol o
7-37% (27 £ 9%)°] WHE HAoH st7094 FHA HES st679A Hol v &S
FMoll that =@ H&L 14-61% (45 + 14%)°] WS HPom st7004 HA H]
st.64oll A Aol vl&S BT} Ice edgedll 7H7h&+5 * AL vl &o] =4 YEY

1}, Western Ross Sea

(1) Open Sea (ANA11A)
AT dGol A F Aol wE wgstE duld A" FM v X 20 AASAT %
W g5sE sro WeE 1461-45071 pg L' (13967 + 11333 pg L HE veytor
519 1% & FAlell A A&k, std79] 1% @ FAoA gkl AU (17 12). 73
gl d Frmo] W= 21.39-319.74 pg L' (123.01 + 7831 pg LHE veEboen st5l
1% 33 Aol Al 5k, std79] 1% 4 FAloA Hdgle]l #SHAT (19 13). 3%
Tl WeE 3250-26453 pg L' (12060 £ 5991 pg LHE e ow st529 1%
gk, stdbe] 1% F FAloA FHdlgte] #EHAY (19 14). 3% J FM
M9 7894-1023.05 png L' (38328 + 24260 ng LHE Ve od st519] 1% 3 5
H &gk, std79] 1% @ FAlCA Hdlghe] #EHAAT (18 15). 100% F G4l A<
gl A A FMe Hi 55 Z47F 15420 £ 123.04 pg LY, 137.22 + 71.49 pg
50 + 4887 ng L', 41593 + 23381 pg L' = et (3 2). 30% & Aol A <]
WA A FMe H# s%E 247k 8178 + 53.09 ug L', 8538 + 4558 pg L,
4128 pg LY 269.08 + 13446 pg L'o =2 Yeytt (3 2). 1% 3 FAd A e
A, A4d, FMe #Hi 5% 717F 15890 + 12485 pg LY 13076 £ 9641 pg L
60 ug L7 417.25 + 29199 pg L'o2 Yy} (£ 2). a7 sldolA g3t E,
guld AA FM sEE 100%, 30% 1% & FAdA FAAQ ztolE HolA] ekokth (£ test,
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p > 0.05). &FstE, Gl A FM w59 33 HoaS std794 7 wokom <3|
MM = e el veut (29 16, 17, 18, 19).

AT sl FFF Wl FMel tidt g5shEe] v&-2 17-52% (33 = 9%)9] HEE B
o st529 30% F FAAA HA &S std29 100% F FACdA Ho v&S B
(g 20). 335 Wl FMel digh gzde] v&e 24-40% (32 + <y>4 HME HY o
sth29] 1% # F4lolA HA H&S sth629 30% F FACA A v& Aok (2g 21).
fraE W FMoﬂ e X2 v 21-55% (35 £ 8%)°] W= EMJJ% st404 100% &
FAA A FHA ¥ &S sth19 30% F FAA Ho H&S HAT (19 22). 100% @ #*&
oA el FMel gk e-3shE, DFHW, A Aol it w&S 7+7F 33 + 11%, 34 + 4%, 33 +
2 YErgth (G 3). 30% @ FAAA e FMel digh grstE, dd Ade] Fik v 7}
7} 28 + 8%, 32 + 5%, 41 + 8% = YEWTE (3 3). 1% #F T4 A FMA ﬂif& et
guld A de] Wit H&S 724zt 37 £ 8%, 30 £ 4%, 34 + 9% & YEwt (£ 3). §3= U
FMoll thah el d n] &9 Aol 100%9 F FA 1% 3 F4ldA L}E}Mgﬂ TFotE
Hl&9] #ol&= 30%2 4 AT 1% F FANA YErSTE (£test, p < 0.05). FMoﬂ oj 31
grsts 7o 2] {3 Wik std0olA M wokal dsi R A s ot (' 23).
FMel| o3k g4 7oz o] §33= H S Ross Ice Shelfoll 133 AA-ANA A vebyk
o (2% 24). FMell gk A A 7o x=e] 335 F sk sthlelA b =4 vEw (L9
25).

4%
Lot
(L

ori

(2) Coastal region (JBS in Terra Nova Bay)

@ 2015.02-2015.10

AT A AFolA A 7IZF S B35 o] grstE, gwd Ad FM w29 Wl 47
52.48-204.45 pg L' (9498 + 31.72 pg LY, 0.39-22062 pg L' (2251 + 4956 pg LY,
18.58-160.73 pug L' (33.09 £ 2957 pug LY, 85.78-585.81 ng L' (15059 + 103.35 pg L HE
el o 299 71 =& TEE HAY (¥ 26). Ice—free period &9t &3, oA,
A, FMY A 5= 247 14292 + 5590 pg LY, 14360 + 8054 pg L1, 100.33 + 59.14 n
g L ], 386.89 + 19422 pg L'o® et} Ice—covered period B¢t €48tE whwld x4
FM9] B %= zb7 8899 + 2299 pug LY, 737 + 7.76 ng LY, 2469 + 456 pg LY, 121.05
+ 2458 ng Lo 2 ERY)

A~ 71%F &b FMol thd sestE, oed A de] vE&S 74 34-87% (69 + 14%),
0-40% (9 + 11%), 13-30% (21 + 4%)°] W= HAY (¥ 27). Ice—free period &<+ FM
of gk wvrEstE, ded Ao Wi vES 39 £ 8%, 36 £ 5 25 £ 3%E UEW
Ice—covered period &<QF FMol tfst et43lE ol ad X@o] At v&2S 73 £ 9%, 6 £ 6%,
21 + 4%= ey

@ 2017.11-2018.10

oA A 717 Bt BF dlFe v©rstE, @A AA FM vE9 WHele 47
50.29-194.69 pg L' (12372 + 3168 pg L™, 0.00-226.06 pg L' (39.32 + 6888 ng L),
51.08-141.88 pg L' (73.76 = 27.06 ug LY, 114.18-499.52 pg Lt (236.80 + 108.67 yg L H&

el on eestEe 1090 /M 22 vRE Hnon wuldy (e 294 b e
FEE BT (29 28). 3 (114€, 12€9) &@sts, @i, Ad, FMe 3¢ s=e 47
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10443 + 3375 ng L', 2668 + 4052 png L', 72.15 + 2248 pg L', 203.26 + 84.83 ng L'o=
UEtETH A 5H (1Y, 2¢) ©@5sts, oA Ad FMO Jv w2+ 2H7F 14348 + 1959 n
g L1 17384 + 50.84 ng LY, 12049 + 2157 pg LY, 43780 = 7597 pg L' & eyt 7}
SH (34, 49) gB53E, dMAd (A4 FMY Hi $5E 27 13645 + 1997 ug LY 28.88
+ 3616 pg LY, 74.25 £ 22.09 ug L'}, 23958 = 4540 pg L'o 2 vehsth ASE (59-109)
gestE g 2@ FMe Hi v 27 12358 + 3339 pug LY 015 £ 051 pg LY
5752 + 535 ug L, 181.25 + 3446 pg L 'o = eyttt
AT 71ZE Fek FMel dist gstE, ad "o ujge 77t 27-78% (57 + 15%),
0-45% (10 + 15%), 22-54% (33 = 6%)°] WIS BTt (19 29) BH %o FMol| i3k &
F3tE gld 2 Ao Hi v &S 53 £ 119%, 10 £ 12, 37 + 8% = eyt o3 Fob
FMoﬂ et ghgestE, duld Ao it W& 33 £ 6%, 39 + 5, 28 + 2%% UEE 7}
A Aol H vl&S 59 + 156%, 11 + 12, 31 + 5% %
L}E}MD} Agd Fet FMol digh gpsts, a2 de] Hit v & 67 + 5%, 0 £ 0%,
33 + 5% UtEbtTH

7}. Eastern Ross Sea (ANA11A)

AT s GolM AR FrEA TR W E 303.35-1079.08 ug L (553.08 + 283.22 ng
LYHa vehon st67elA #%gh, st630A Hughe]l #5= Ak (18 30, 31). BPC ¥%

o] M9+ 104.88-603.65 ng L' (26545 + 182.10 yg L HE Yeykon st67o A HE3k, st.63

oM FHdgko] #ZHAG (29 30, 32). JAE F7IERed Bk BPCY Hl&2 35-56% (45

+ 8%)2 WS B (29 30, 33). Ross Ice Shelfdl ] Ho] @42 JxA #7]ek4, BPC

2 Frot A frletael gigk BPCO w2 Hl&o] #AFH AT

1}, Western Ross Sea

(1) Open sea (ANAI11A)

AT el F FA WE YA F7le 4, BPC x5 ¥ 20 AA AT A Y
AN #3345 W 44 F718s R HWYE 14958-959.23 pg L' (452.82 + 22491 ng

LHE vepon sth29 1% 3 FAloA HEg, std02] 1% F FAldA H=gke] #35y

Ak (28 34). §3F W BPC X9 W& 4853-526.40 pug L' (20259 + 12381 pg LY
2 YEstoen st519 1% F FAoA H &g, std79 1% F FAlA Hdgte] #EF At
(2™ 35). 100% # FAolM e AAA 7184, BPCo Hit vxtE ZH2z 48598 + 22506 1
g L' 22230 = 11564 pg L'e2 Yehgtt (F 2). 30% 3 FHAM dA4d fres,
BPCY #Hit %+ 27 361.82 + 14832 pg LY 15099 + 71.88 pg L'e 2 Yeylth (% 2)
1% % FAMe dAA F71eks, BPCY #Hit sk Zh7; 472775 + 26153 pg L, 223.32
+ 151.90 pg Lo yehgtt (£ 2). 944 f718x v59 §33 g std0ol A 7}
F ERom Qo AE e gho] vERTE (19 37). BPC %9 3 Téﬁ%k& st.4701
A 7 =okon ool vk ghol YERd T (2 37).

AT sl F35 Ul G2 F7IeRed gis BPCo Bl &2 28-76% (44 + 10%)<]

o
ol Fii

l
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e Bom sth29] 30% F FAHNA Ha vES std79 1% F FAAA Hd &S B
Atk (1 36). 100%, 30%, 1% F FAdA YA F7lgkio] gk BPCO &2 77}
45 + 10%, 41 + 7%, 44 + 12%= e A oA g2d frrleriel tg BPCe
H] &2 100%, 30% 1% & FAoA 544 J zpol & o]z koktl (stest, p > 0.05). YA
4 Ffrrlekzel dig BPC 719529 F33 Hib gk std7olA 71 =9kom Lsoie= v

grol YEbgTE (19 39).
(2) Coastal region (JBS in Terra Nova Bay)

D 2015.02-2015.10

AT Ao FAF 717 EoF B 4o A Gr]eA BPC Bk W= zhz)
58.18-451.87 ng L' (10256 + 83.37 ng L), 44.08-31043 ug L' (73.84 + 5587 ng L HE
Elutor 29d 7MY w2 FEE Rt (¥ 40). Ice-free period &9+ AR #7182,
BPCe Hi %% 29293 + 15590 pg LY 20278 + 10559 pg L Loz vebyttt
Ice-covered period E¢F 9AA F71€k BPCY it H%+ 7877 + 2064 ug LY 5773 +
1091 pg L' o= yehyt

AT 71 FF AAA FUIEA digk BPCY H]&-2 57-100% (74 £ 10%)¢] WM& HS
o} (29 40). Ice—free period®} ice—coverd period &¢t JAFA 7| Ekxo] ofd BPCY H+t
H &2 70 + 1%, 75 + 11% =2 e

@ 2017.11-2018.10

AT MM FAF 717 w2t 2SS g A fUlEA, BPC sxe Wele 77
49.29-239.54 ug L' (9246 + 4657 ug LY, 6741-267.84 ug L' (124.08 + 5849 pg L H=E 1
Elgton 290 7Y =& FEE BT (29 41). A7 713 Bk JAA friskRed gl
BPCY B &2 87-100% = eIt (27 41).
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% 1A s A Au

Study region Station Latitude Longitude
st.63 -78.1998 -161.7233
st.64 =77.7105 -161.8530
st.65 =77.3978 -162.2888
st.66 -77.1052 -163.0070
st.67 -76.8070 -163.4636
Eastern Ross Sea
st.68 -76.4976 -163.5259
st.69 -76.0216 -162.5846
st.70 -76.1117 -162.8977
st.71 -76.1674 -163.0956
st.72 -76.2346 -163.2665
st.36 ~74.5460 171.0007
st.38 -75.4516 171.0000
st.40 -76.4034 170.9999
st.43 =77.3475 170.9978
st.45 =77.3999 176.2994
st.47 -76.4330 176.2998
Western Ross Sea st.49 —75.4660 176.3000
st.bl -74.5001 176.3007
st.52 =74.4999 -179.1996
st.b4 -75.5666 -179.1994
st.56 -76.6334 -179.1999
st.58 —77.6972 -179.2007
JBS -74.6279 164.2392
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¥ 2. Western Ross Sea?] A s]de] 3350 ©43E dd 22 FM, JA4 7184 BPC Fx9 ¥ 448 it 5=
3 FA (%) g3 & oz 2 A FM AR F7] &&2 BPC
100 154.2 + 123.04 137.22 + 71.49 1245 + 48.87 415.93 + 233.81 48598 + 225.06 2923 + 11564
30 81.78 + 53.09 85.38 + 4558 10191 + 41.28 269.08 + 134.46 361.82 + 148.32 150.99 + 71.88
1 1589 + 124.85 130.76 + 96.41 12759 + 786 41725 + 291.99 A472.75 + 26153 22332 + 151.9
W 9] 14.61-450.71 21.39-319.74 32.5-264.53 78.94-1023.05 149.58-959.23 48.53-526.4
(FH+EEAA) (139.67 £ 113.33)  (123.01 + 78.31)  (120.6 + 59.91)  (383.28 + 242.6) (452.82 + 22491) (206.59 + 123.81)
&9 =pg L



3# 3. Western Ross Sea®] A slH2] 3¢5 olA FMel et ghshe, did, A dof vj&at A4 F7]e2e thek BPCo W&

B 54 (%) w4 shE wh A A4 BPC/QA 7] eha
100 33 + 10 34+ 4 33+ 7 45 + 10
30 28 + 8 32 +5 41 + 8 40 + 7
1 37 +8 30 £ 5 34 +9 45 + 12
4 17-52 24-40 21-55 28-76
(B F+EFAA) (33 £ 9) (32  5) (35 + 8) (44 £ 10)
B9 = %
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a8 1. 97 @9 (Eastern Ross Sea, * : ANAL1A cruise).
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76°S

77°S

78°S Ross Ice Shelf

M 08T

Ocean Data View

165°E 170°E 175°E 180°E 175°W

a8 2. AT Y9 (Western Ross Sea, A: ANATIA cruise, ®m: JBS).
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)

+ 1mlof D.W. + 2ml of
+ 1ml of 5% phenol + lmlof D.W. chloroform + 4ml
of methanol

13ml Polypropylene tube g 15ml glass tube g 20ml glass tube

+ 5ml of HySO, I + 0.5ml of 50% Folin—Ciocalteu I
% + 5ml of Alkaline copper :ﬁ

=
L]

2ml of HySO,
3mlof D.W.

+ +

[

Spectrophotometer

Spectrophotometer

grdke L ! Pk

(Dubois et al., 1956) (Lowry et al., 1951) (Blighr and Dyer, 1959; Marsh and Weinstein, 1966)

Spectrophotometer

a9 3 weRE, v, A9 4 2w,
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Overnight acid fuming
to eliminate carbonate

IR mass equipped with
C/N analyzer
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L A=Eda=9 Ad 24 =4

Eastern Ross Sea®] A sigo A AEZHAEL AW 22 AL st700A4 =3 =&
HrslE T RE AlYetd, g§stE, 9w, A" FM X+ ice edged M ATE =&
7S By ow (18 6), Ross Ice Shelfd 7179 A= FMoﬂ gk 2@ e Hl&o] =A Er

Wb (29 11). Western Ross Sea«] open waterl A TE3F Ross Ice Shelf &xjolA] =& &
stE a4 FM s%=7F & Atk 18] Western Ross Sea®] open waterol] A
e A 4 T A4 9 ]0457P 7HE A UEyth 2 AFdA e =& AdE sE4
7199 %= #7 Ross SeaolA 2 @] w9t 7o E HIZ ofd =i Avtd 2
9 (Smith et al., 1996; Fabiano et al., 1996; Fabiano and Pusceddu, 1998; Fabiano et al.,
1999). ol AEZFIE] AY A =4S 24d3= 292 ¥ (Fiala and Oriol, 1990;
Suéarez and Marafion, 2003; Lee et al, 2009), 4= (Pirt, 1975; Fiala and Oriol, 1990;
Kakinuma et al., 2006; Doney et al., 2012), 9<% (Fabiano et al, 1993; Biddanda and
Benner, 1997; Lee et al., 2009; Kim et al., 2015), 18|32 "= 4 (Sedwick et al., 2000,
2011; Zhu et al, 2016) o= <A Aoy FH 3 HE AEFHAES] AFES T7HAZE
T AT BAHPAT AGAA e d 201 AESHAaEY] WA s gAaAd F
]E]r*’ Bu¥Ed o (Fiala and Oriol, 1990; Suarez and Marafidon, 2003; Lee et al., 2008,
2009), F&akA & ¥ 2 ASEFAES vsEd Ado dFE SAE vk
1 B %At} (Friedman et al., 1991; Suéarez and Marafion, 2003). ‘F=rsol A &&= =43}
=3 71zt wEt AEE"HAEC] o]&o] Jhed W fAFo] dekd 4 vt (Smith and
Jones, 2015). Mitchell and Holm-Hansen (1991)¢] <14+ West Antarctic Peninsula®l A &%
T TAC] A0m oY W AEESFAEY] AR AEF FH AFS s Aol At
th webA 2 AToA YEG AEEHAEY = Ad 24 2E 235
gt W sk o3 o7 HAE The el Ak AEESHAEY +FH A =T
A B2 24 2ol ok7]d 4= dt}t (Brown et al, 1991). 53] @
T+ = ¢l diatomS cytoplasmic lipid droplet®} 7S A% AWALE o] &35}
S WA o2 A(FE FH4E 4 vt Rus St (Ditullio et al, 1996; Fabiano et a
2000). A7+ | Y9<l Ross Sears dwrz o=z 7] Jkele] Agho] dojux] Fvia o
(7] W] Fo AEEFAE v 24 W A3 S A el e Aol =
= AA 2440 YEwE 7HsAd ol A
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gk b vk gol, BEd W 2Ae 4B

|
e = 9t} (Suarez and Marandn, 2003; Lee et al., 2008,
WA Z7le AEZHIE A 7|7HEer dwA A S A
%

nolZEth Yoz Wl Fof /17t B A

[e]

EHAE FE=2 v U Ao FAXt Handa (19699 A4+ Y diatomS]
Skeletonema costatum= ¢} 5% A olA 18U 7 vkt Fof A3} Ao WHEIF
Aot Bugu. Hle AEd dEle] 7]l Skeletonema costatume  SEE 93

non-structure ®3+=, glucose, B-1,3-glucans ©]83 2™ mannan?} pentosan¥ >
cell-structure® d3l= ©3tES o] &38t# # Ut (Handa, 1969). o= AES 9l
ZHA o7 ol s d v©sES &AM gWd S Augt Sof 71 sk AHE e
Al Exees g Fovd HES Holx %t Smayda and Mitchell-Innes (1974) 2]
ZpctE 27381l 20 °Coll Al 1-45 &< Ao} H—le]u]—
°Col Al 2453+ AEATa Bl gk Bunt and Lee (1972)¢] A7+ ©= 3 #Ax
T 7 &7 diatomo] o F& 7 A - 1.8 °CollA 90¥ 3 AE T R agnh O]
= AT AN e %7} diatome] AFE FQ3g gTs T

e = AEL AEAA FAVE ZreEvta dyHAH dn (Ellegaard and
Ribeiro, 2018). &4 fFA71= FA4 44 #ds o] slen & dF=

37 7o Wste] wel fu EAey e A A2 FHEHE #t DlatomJ FAFEA =
doldle Alxet FHEE FHSAS S4S 7HA L doem ¢ qrstEo] vk (Oku and
Kamatani, 1995, McQuoid and Hobson, 1996) wal FH ¥ YR A EEARA g
ste3 Ades S48t Aow g o ALY dHE bgFY #7]
3 3t} (Oku and Kamatani, 1999). & Oq?oﬂ/ﬂ =ofF 717t FoF dwl Ao H|3
E AAY w59 7dEE ofF& A of#dlA o] F AW #AE F& Oﬂbﬂxl
&t A& AdokeE AS dAlsTh

Wop 7|2kt =of 7|3F Atolo] yUEtu= AW A A Aol AEEFHAE 3 LR
ZFol2 <l o712 4 9tk (Moal et al, 1987, Rivkin and Voytek, 1987, Harrison et al.,
1990; Kim et al., 2018). Kim et al. (2018) & ‘3= Amundsen Sea®lX P. antarctica®l -7
o= gl ®stE w9 VAR FUHE Jﬂﬂ‘jr. Aoz 2 A A9l Terra
Nova BayolA Yelys AEZJIE F2 2 diatome2 HAHAT (Arrigo et al,
2003; Fonda Umani et al., 2005, Mangoni et al., 2019, Park et al., 2021).

ol 7| Zro| A =of 7]ZFo m A[Zto] Aol wet Al A £2F T e o] 7 wEA 7t
At B Ao #EH whild Fro] A e 74 = Amundsen SeadlA 3% A
Tor Jtgteke AU1ES Ad A 24 ¥Eet #AY (Kim et al, 2018). @9d 2 t&
sthERt o gA &28E F e e opn it o w2 A E kil BaE v (Handa
and Tominaga, 1969; Dawson and Liebezeit, 1982; Fabiano et al., 1995; Danovaro et al.,
2000). w3k grstEe e A AEE HsiA HA G Sl A et AlgA o2 o
Yot B FEAYt (Ittekkot et al, 1982; Liebezeit, 1984; Fabiano et al., 1993; Danovaro et
al., 2000; Kim et al, 2018; Hedges et al., 2001). o} 7|7+ F<F AAE vz o] ofF 5959}
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A 9 EFFel FCoIA 10°CoIM e 50% wwrew FadMrha mmch
o vre exelAel v AU BAE sl AEs7] 8 A4H oluA AL
AHEE 4 dm ®i #9lvh (Palmisano and Sullivan, 1982). whebd AlE Aol 4 w3

z 70 ok 7k B ABEYaEe Fad 4F dgor mar

El
o -

Eastern Ross Sea®} Western Ross Sea®] A7 all 9ol A Ross Ice Shelfe} Q15 77 of A
YA F7Iea B BPCY #2559 A3 7l iel] g BPCO =& Hl&o] #5H
Atk YA FrlELed dE BPCY =2 H&2 YA Frleie 7jdo] AEEHAE 7
29S 7Fe] 71t} (Pusceddu et al., 1996; Fabiano et al., 1997; Danovaro et al., 2000). < <1

T4 AR dAAY F71EA LaglF 22 Ross Ice Shelf A dlFolA] =2 AR 771
B4 w57l BaEQth (Chen et al, 2021). T3 Q¥4 AE5E vHE S E Ross Ice shelf
S oA eddyt 2 E A Jgo g <l low-salinity high-biomass lens7} 27 % itk
(P. antarctica $-73) (1i et al.,, 2017). &4 I AL mdeE d3E= J3 g 8 e 7
Zol FYH = ol g3t 422 fFddv= AS Radu (Boyd et al, 2012; Fitzwater et
al.,, 2000; Measures et al., 2012; Raiswell et al., 2006; Sedwick et al., 2011). A=#He
convective mixing, ¥< AXZHH #<, Circumpolar Deep Water®] F ¥y} v} ®]&}f
7F 52 59 #¢ To] Fast H ¥ TEAM2E 4 A At (McGillicuddy et al., 2015).
2 A A YA F718 A, BPCO =2 F%% Ross Ice Shelf T2 oAl o8 7% &4
stekA el a2l ’b‘iﬁ%ii A AEZFAEY AEF 719 Ad4d A olg A7gt

Western Ross Sea?] Coastal region®l A 20153} 2017-2018d 2] wlof 7|7k} =of 7]zt

.

o

YA F71gaek BPC sk 290 7H =& F55 B oA & AHd wof 7]
ol HEsdase] g e &4 2o ddd dd= modv wWop 7|3 w3t A
A fr7leael Hig BPCO #2 Vs A frIEe] Vo] HEEdAEdE T
ok o] Ad= F4719e] fvlw FHol A sl dade] 545 & wgshs dler B
Aok EF =2 BPC 7]olk=s Sof 7|3 b EAsks A8 frlga £33 HJEETAE
Zlgolghs AE HolEn
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1. A g8 slgdelA 54¢ 7|$Hstel Bst gYgs A5 Ay 5.
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