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Investigation of phytoplankton carbon uptake rate in the

Antarctic Ocean
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SUMMARY

I Title

O Investigation of phytoplankton carbon uptake rate in the Antarctic Ocean

II. Purpose and Necessity of R&D
O Purpose

- Investigation of biological CO2 uptake roles by estimating phytoplankton carbon

uptake rate and determining major controlling factors in the Antarctic Ocean

O Necessity

- A significant proportion of the greenhouse gases emitted by human activity are
absorbed by the oceans, and the Antarctic Ocean is a very suitable study area for
understanding the greenhouse gases

- Large amounts of carbon dioxide being absorbed into the ocean are used for primary
production of marine organisms and are stored and deposited on the seabed, thereby
contributing to the atmospheric absorption of carbon dioxide

- Variation of the primary production (carbon uptake rate) by phytoplankton as marine
basic producers could affect ability of the ocean for absorbing carbon dioxide

- Therefore, it is necessary to identify quantitative carbon uptake rates that are

absorbed by phytoplankton and to estimate export production and factors that control
these fluctuations

. Contents and Extent of R&D

O Verifying spatial distribution of Particulate Organic Carbon

O Measuring carbon uptake rate of phytoplankton using a stable carbon isotope tracer
O Determining major factors controlling variations of the carbon uptake rate

O Estimation the export production in the Antarctic Ocean using 15N

O Analyzing phytoplankton community structure in the Antarctic Ocean

O Understanding seasonal and interannual variations in the carbon uptake rate of
phytoplankton in the Antarctic Ocean

IV. R&D Results



O Identification of the spatial-temporal distribution of sea ice for the analysis of organic
carbon trends and characteristics in the Antarctic Oceans

- Identification of the difference between sea ice and open sea, and the distribution of

polynya by referring the previous studies

- Review the necessary previous study results to confirm the tendency difference of

organic carbon depending on distribution and size of sea ice and polynya

O Identification of physico-chemical environment and review the existing data for
analyzing trends and characteristics of organic carbon in the Antarctic Oceans

- Investigation of physical environment and analysis of water column structure by
analyzing water temperature and salinity data

- Spatial and temporal photosynthetic active radiation analysis

- Physical-chemical environment analysis in the Amundsen Sea and the Antarctic
Peninsula for comparative analysis of organic carbon by sea area

O Analysis of concentration and distribution for organic carbons in study areas

- Identification of concentration and distribution tendency in the euphotic zone, which is

the main producing region of organic carbon

- Identification of the concentration and distribution of the organic carbon that is
produced in the euphotic zone and descends to the lower layer

- Review of the mechanism based on literature data after understanding qualitative
characterization that affects distribution pattern of organic carbon by water depth

V. Application Plans of R&D Results

O Understanding future potential effects of climate change on carbon uptake rate and
community structure of phytoplankton based on field-obtained data

O Understanding changes in carbon uptake rate of phytoplankton based on physical
and chemical controlling factors

O Potential applications in regarding to photosynthetic mechanisms of active
phytoplankton

O Validating CO, input from atmosphere to ocean through biological pump in the
Antarctic Ocean

O Validating Antarctic Ocean as an oceanic CO, sink by measuring CO, uptake rates in
the study area

_Vi_



F| T FF A]E coreeesseeeee it eSS 1
A 2 A TEUQ] F]DTNHEE FBF reeeeeesseeeesssseseeess st 4
A 3 A AL LR D AT ceverreeseresssiessss e ssssses st 5
A 4 ATNLEF AT B T O] 7] O] T werrrersssreressssiosissssssessssss s sssss s 30
A 5 A AN TFO] TG A E] orvriersiorssseiessosessssseseiis st sk stk 31
A 6 A ALMLTAANA 222 TF B TFBF 7] DA EL crovvrrrerssssssassessssesssssesssssss st sssss s 32
A 7 FF FETLELE] coereeesseeeeisssiee it eSS 33

- vii -



(L8

[

K0

A

o719 s A}

-
.

=l

2R gl ofF FTad o

(Siegenthaler and Sarmiento, 1993), A < ©]

ol 9lojA ofu

o]

X
)
—_

fife)

el
ol

3 X
=

34

5 A4, AR

S 3dlal Ut} (Takahashi et al., 2009). wgbA, o]4k3}

3

mK

o

4
e

HA =

5|

3 S o1 ke
gus F5 98

Ij]_

[e)

EERan

ol

=]
=

]

A
-

]

AgamA e 7]

A Ao (™ 1), wahA, sl 7] 244

A 3sLO F
aE=

Ay

3

A A
- =4

&}
Sf

i

-
1

=
€}

=]
=

A A

N

)

_ﬁo_ﬂ

B

h5S

1l

.
fite)

el

)

«— (Buffendn) uoneiuen
Uojeuo) ik dead —p

Larga

phytoplankton

w

Small

phytoplankton
-

Deep ocean

[
]
E
=
@
g
o
0
m_
s}

Bacteria

B

o))

p—

0

4
0

T

mt
2

I

H A9k (Harrison and Cota, 1991; Reay et al., 2001),

o

ﬂw_wo

o

3

i

N

2
=

9lt} (Cavalieri and Parkinson 2008) (7L

al



(West Antarctic Ice Sheet: WAIS) ¢ =7]<}

HE S

-

et al., 2008). o] 2] & a4
ok H AT

= 1

‘_“——7

polar-type°ll 4 warm-humid sub-Antarctic-type2]
A AE A Helels T

HER Fug
2009).

AFYBE] 43 2

A= ¥FE (western Antarctic Peninsula:

g]

E%
EUE

WAP)

7152 Ak A

2

H
ol
o]

FAlolth (Rignot
stE 7M. A ¢
7197} cold-dry

Aol M whE

I E A (Montes—Hugo et al,

Sea lee Extent 20-Year Trend
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Sci lee Area 28-Year Trend

Sea lee Extent 28-Year Trend
) Percent Percent Percent Percent
Setor 10" kma ' (R) Decade ' 10" km® a "R} Decade ' 100 km®a '(R)  Decade ' 10" km'a ' (R)  Decade !
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of zero trend and 26 degrees of freedom, B values in bold indicate a statistical significance of 95%; values in italicired bold mdicate a significance level
of 999,
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Fig. 2. \ of phytop biomass, comp

and cell size dmnbman over the WAP region. (A) Average of
pixel-by-pixel absolute difference (f - t,) in satellite-derived
chlorophyll a concentration [dChL™= ™™t ) = Chlit) -
ChL .} between the mean January observations for 1978 to
1986 (t,) and mean January observations for 1998 to 2006
{t)). Positive (negative) dChl, corresponds to an increase
(decrease) of Chl, with respect to the 1970s. Negative (by a factor of ~2, northern subregion, upper histogram) and positive (by a factor of ~1.5, southern
subregion, lower histagram) trends in Chl, are evident in the satellite data. Ny./Nmes. is the relative frequency of observations per bin, normalized by the mode,
Gray pixels indicate areas without data or without valid geuphysu:al retneval due to cloud and sea ice contamination; black pixels indicate land. (B) Histograms of
contribution of diatoms (fucoxanthin marker) and phytoplankton ¢ dominated by large (>20 pm) versus small (<20 pm) cell diameter to total in situ
chlorophyll a cong ion (Chli, ). Phytoplankton cell size spectra were computed from satellite imagery (1998 to 2006) (16), and phytoplankton pigments
were measured over the northern and southern WAP subregions and during 1993 to 2006 Palmer-LTER cruises. Number of samples used to construct each

histogram shown in parentheses. Montes-Hugo et al. (2009)
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1. AAA F8 dl9ges gde=z g =4 Z=13< GLOBEC (Global Ocean Ecosystem
Dynamics)el A &= F=al9 2 F 533 ¢ sl

2. =A¢] Alfred Wegener Institute of Polar and Marine Research= @< ¢3s 7S 5338}
= A AL AT Polarsterns o] &35t %3 g AEiA 75 AT+E

SE
3482 FAAT LT F=E &sVIA el AFE FHE, Haddds A gt
717 (JAMSTEC) ¢} vgtols T

e wistel] W& A AAZHS 7

4. =9 SAAT A 2d FIIR FATIAS} FAE 1A Aol o] = df el A Fek el
A 2AME Fd8ta glon, EF8dA s 553 7| FHgel wE ofrjo} x99 7|F
el AHAd ATE T e

5. M= AW AT Palmerz & T3 GAEA A7 AFFY

6. Fre AT+ 4 (BAS), HYAFA James Clark Ross &5 o] &3k E=a] AR 3] oA

ATE FAA Ue
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A2zA =W Je AdeH

1. AAA F& 39S Yo r = A T2 19l GLOBEC (Global Ocean Ecosystem
Dynamics)o| & F=Fald S F 21 &9 el
2. 599 Alfred Wegener Institute of Polar and Marine Research+ @= «%3l#F& &3t

= el A AW AT Polarsterns o]&3te] x5 Y AEA 7ls AFE 719 el 3

skal A+

3. dEL SAATL FFE AsIA delA ATE FAs, M e A et
71F(JAMSTEC) ¢} mgtels 59 tdd+4ds 598 vt w574 FsdT= 555
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7] A& =4 (Particulate Organic Carbon; POC)

A 771 2 POC)Y FEE S4E ¢80 Niskin samplerg ©]83te] sl A|EE A3
gt AT s AlE+= 25 mm (GF/F, Whatman) ZE A of 3 5 41 d74A] -80 °Cell
gt A4 7] ©49 sagy $9948 S SAT] 8 AgAHAA d AE

H
AR T A7) A EY DA 229 Finnigan Delta + XL mass spectrometerS AF-&3f

2 AEEYAE RN L A AN 53

& Aol 4] 13C-15N dual isotope tracerE o]&3 Wy oz 6719 light depths (100%, 50%,
30%, 12%, 5%, 1%)oA =4kt 2t A -2l light depthe] 4% Secchi disks ©]-83}¢]
AA s om, 7+ zlolo] &4 A& E Niskin samplerS o] &3} ¢33t 2 =49 3
T A RE Lee filterg o] &3] ZF2be] B =S XA polycarbonate incubation bottle (1L)Z
w71 g4 B AL ks da Aoks HTFST Aok HIE F dle] ghatel A A7he el
7V Ao R a2 AA X incubator o 3744 7k Adgo 2 w3t wjfo] #
W A8 26mm GF/F Ay o3gt & 24 dA7b4] desrnd (-80C)&FH (Lee et al,

o2

of I

Finnigan

o

ARE APARZ 74A 9} carbonateE A 787 8] Ao oF 2443 A @]
Delta+XL mass spectrometers &3l B4 2 A4 SULE SAHSI AL 9 21 A4

e Ak skth (Hama et al., 1983; Dugdale and Georeing, 1967).
3. 1%% aE Xﬂ‘ﬂ /\gﬂ_d z/\ %Jg‘

HAo| A Secchi diskE o] &3t A24E F54 100, 30, 196914 2+ sl4= 1LE GE/F o =2
EHalA 80T W& RS 2zt JEHA AZTL wesE, el A2 uro
spectrophotometric analysis WH < o] &3l TE& SASY. 1 WHLS ofe}

7t ®tEskE 4 (Dubios et al., 1956)

s oA #AIZl 47mm GF/F 28 AE 2 Z2} 13ml polypropylene tubedl ¥ ¥ 1ml

9] 32k TFTE Y 15683t sonification (Z2S3313)E A A8t} 5% phenols 1ml 7}



uogd 24 (Lowry et al, 1951)

A7mm GF/F 28 ZE #ZA #g 12mle glass tubed] ¥& % 32 H4 1ml ¥l 1587
=
[e)

sonification (Z&334)5 A A3t} Alkaline Copper Solution 5ml F% 3t 10% &<t F=&
H Alzel 50% Folin ciocalteu 0.2ml F9 gk F 1A[F 30 &< SAA G 5oz 244
75 o] &3] YA EY T A5 HS gpectrophotometerE ©]-&3te] 750nm FHHE F =
s F43%

A A #4 (Bligh and Dyer, 1959; Marsh and Weinstein, 1966)

+

4Tmm GF/F JEAES ZA Zg 20mle glass tubed] %< F 1ml chloroform¥} 2ml
methanol % % 15%7%t sonification (Z&333))3F tho 1A17F FoF W W) A
SolS BHslo] thE tubed] 271 & filter paper? F& tubeo] TtHA] 1ml chloroform®} 2ml
methanol & T3 F 157t sonification ¥ A5 HS EF 3] FFHE tubedl A &0t
ol7]el 4ml 3% SFF T F dAEEs Methanol+3xF S/ AEH 9 F5AES Al A
3 chloroform+Lipids (X&)% & tubeZ 40ColA 48A17F &<t Drying ovenoll X ¥3}o]
chloroforme S3A171d A Awk GAEC 7)o 2ml 9 FakS F9 F 1587 200C ¢
block heaterZ ZA] FZolA WzZtete] 3ml 33 /ST H7isth 9 H3AHY d& A8E

spectrophotometer& ©|£3}o] 360nm FFH=E FE5 A3}

o2



Filtered paper (47mm GE/F)

¥ 4

13ml Pelvpropylens the 15ml glass tube

20ml glass tube

2ml chloroform +4ml methancl

$
40t 480

Tl H30,
ZmiDW

=

1ml D.W+3% phenol 1ml 1mlD.

=
Cantrifugs

pr™

Zmd Akafins copper sobiion

Centrifuss

-

Spectrophotonater '

T50nm
C o > o D

(Dubois et al., 1956) (Lowry etal., 1951) (Blighr and Dyer, 1959;
Marsh and Weinstein, 1966)
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1. 22 dfo| A9 YAE] F77] &4 X 3o} - Fabino et al,, 1993; Smith and Nelson, 1985

Smith and Nelson (1985)¢] 1983 1¥3 2¥ %t 8/ AN F3ld A7 Ao w=d
22 oY dAE F7] vaE 925004 7375 pg/Lel #S dUeton, Hie 3914 pg/L
ol (& 1.1). &= tiFol 7H7ke 36W BHAANE T dFolA dojzl 41H A 7HA
PALE Frlehao] <ol A YERTIZL 427439 Xé@oﬂﬁt— HASA frde AEFS B2
o (29 5 ® 1)

164° 166° 168° 170° 17@'
43
42 *
-
41
-
J40
Eﬂ
33. _ :
36 a7 Ross Sea Atarctloa
o] 30 40 é)

a9 5. A7AY (Smith and Nelson, 1985)

%4 A dAE fFrlEa

(Smith and Nelson, 1985)

Surface particulate
44
carbon (ug/L)

36 223.4

37 450.4

38 3723

39 588.5

40 7375

41 475.6

42 191.0

43 925
Bt 391.4




Fabino et al. (1993)% 19891 o &, 22 ddA JAEH 7] &4 Fxd #3 AFE
FAATE F 10719 AAHAA AFE T o (18 6), ZF A AR ol % 2
of ), duid o g W5 S dHoldes 72 FAEBottom TA, FEF T, EFF
PN
T

Aol F7tele AdE BT (£ 2).

¥ 2. 9929 A" AH (Fabino et al.,, 1993)

STATION DATE LAT. LONG. BOTTOM PHOTIC DEPTH Zmix TEMP. SALINITY

(m) {m) (m) (€ (PSU)
2 25-Nov-R9 617 51108 1722 276 E 3500 65 208 2.54 34,044
3 (5-Diec-89 64° 5319 8 1617 5463 E 2350 20 44 0,96 34,174
& 14-ec-89 667 1911 S 1740357 E 3257 30 60 —1.11 14.066
10 23-Dec-89 717 13558 179 499 E 1500 30 51 - 1.30 34058
15 8-Dec-89 72720738 179 4709 F 250 Lt} 37 —0.76 34206
17 30-Dec-59 T¥1A5L 8 179° 5028 E 526 6l 72 -(1.35 34,240
19 (1-Jan-80 747 5688 8 179 4908 E 440 39 47 — 057 34374
21 (13-Jan-H) 747 5408 8§ 174° 5243 E 340 55 T8 —025 34,332
23 (15-Jan-90 T4° 5939 § 169" 59.84 E i35 15 12 1.30 33932
75 O7-Jan-%) 747 5680 § 165° 14.79 E 875 14 14 —0.14 33207

® 3 ¥ dAH F7]¥4 (Fabino

et al, 1993)

47 B AAH {71
. B (ug/L)

2 102.5
5 4289
8 196.0
10 118.7
&5 15 101.0
222 17 115.1
19 161.8
21 101.9
23 4982
25 4450
Ekis 226.9
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% 4 AAE A" 7 @R A (FeFE, a9

(Fabino et al., 1993)

X

ek g3hE (ug/L) | @A (ug/L) | A (ug/L)
2 96.2 465 10.6
5 164.8 2492 431
oo 8 82.1 167.7 19.1
T 10 88.0 46.0 6.9
T 15 345 41.0 5.0
(Photic 17 37.8 70.9 9.6
layer) 19 88.9 123.0 15.0
21 43.1 86.2 145
23 199.9 383.9 713
25 164.7 485.2 489
1 100.0 170.0 244
2 50.1 229 129
5 33.1 10.1 75
] 8 38.3 125 5.1
S 10 19.0 7.9 40
T4 15 16.0 9.4 4.6
(Aphotic 17 17.2 10.9 32
layer) 19 14.8 10.2 33
21 12.9 11.6 38
23 175 18.3 49
25 218 231 41
3 39.8 13.7 53
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G3Z= FAgAE gl doe] HiF 1700 pg/L & 7 =2 %S JEla, teow e
stE 164.7 ug/L, AW 244 pg/L o2 YEST (3 4). 2o W) v {35 FAdAE ¢
ZHE} 7] EbA FA o] BrslEo] ¥ 398 pug/LE A o e yEdla, thgo s o

WA 137 pg/L, AW 5.3 pg/L & e

3. 22 Ffo A ¥4 424 (Carbon export) - DiTullio et al., 2000

DiTullio et al. (2000) & Y= Z 2~ 3&joA] Phaeocystis antarctica bloomel ¢]3F W& €A
FEol B3 A7 AAE BHistdnh o5& A7k Ed AEEEAE blooms #H53HA L
] bloom 54 A9 44 E3F chlorophyll a9 %%+ 400 mg m-2= vFZ2Z 9] chlorophyll
a X9 FAmMALE =2 S YERY (29 7. a). &2 dlolA P. antarctica®] dEFS
Yel = sty A A1#l DMS9] %7 bloomo] dojdt sl Gel A =4 velgton (19 7.
d) (DiTullio and Smith, 1995), ©]& &3 <5-7]7F&<9t2e] bloom= P. antarctica®] 2]+ Ao
2 Alggt

T4 450-5000 4] 22o] 7 P. antarctica ©] W3+ photosystem II 2] photochemical quantum
efficiency (variable/maximal fluorescence (Fv/Fm)) & 0.20014 0.25¢] HY S et (2
H 8). o] gho] °ofte] AelA ZEYXAE UshlARE E359 7£(0.3-04) 3 AR Frow A
Z 9] P. antarctica®] #34d s#Hol x39 P. antarctica®l] Y3 A BARA LFS& on| s
t}. = A =9 P. antarctica 7} % SO 25 EH w27 export Bt Aot} A 22 &
ol A bloom7]%F &<t P. antarctica aggregatese] M2 %7} & E(¢F 200m day-1 ]2 7F =
A Fq e (Asper and Smith, 1999), o] A2 o] &% © & P. antarctica Alo] 1-2¢ vho] A 3]

2 RYE 5 98 duad

ol
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T4 -
Chlorophyll a
—_ 2 400
£ L
350

% 300
@76 250
8’ 200
.t - .
© 77 150
3 106
=
=

: (
878 3

250

200

130

100

195

c ., 3
Carbon export
o (mmol m™) I"”‘” 16
F 12
L]
§ 7% 3000 8
<) 6
aQ 200
E = 2000 .
[
.g 1000 2
:"an 78 4
|
160 163 170 173 180 185 190 195 160 165 170 175 180 [55 190
Lengitude (degrees east) Longitude (degrees east)
g 7. AF= 717F F9F (19964 12€ 18YH-H 1997 1€ 8Y)
A" 4 B 7 (0-150m);  (a)  chlorophyll a,
19’ -hexanoyloxyfucoxanthin (19'-hex), (c) carbon export,
dimethylsulphide (DMS)
Pl
0.0 0.1 0.2 0.3 0.4 0.5 0.6
il : . : j :
3 x 107 P, antarctica cells ' —= ;;;:::;"'
e
100+ = e
............................................. @
—e— chlorophyll 2
200 wp= FlF
E @ DMS
£ . ; .
g 300¢ ®...==——— P aniarctica not observed
(s} ~
“‘-—-.___1
4004 o __ e
s, e
b= -
500 o o
~o_ Ly
=5 108 P, antarctica cells |-
600 : | : :
0 1 9
Chiorophyll a (mg m—3)
[ T T T I T I 1
0 2 4 6 8 10 12 14
DMS (nM)

19 8 Ross Ice Shelf (76.1°S, 174°W) F¥olA 2] P.
antarctica A 7<=, chlorophyll a, DMS %%, Fv/Fm 2|

e
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22 oA particulate dimethylsulphoniopropionate (DMSPp; DMS®e] intracellular

precursor) &%=+ XF O 2 HE P. antarctica®] exporte] A A A= o]L=E 4 A} wEhA P
antarcticacll °|3F ®Ao] wE FFo] Y AT FAE EF HAENA F4¥ DMSPp
ojth, AA 1998 11€e EF HAEANA =2 T DMSPp v%7F 54 How, o=

10

P. antarctica®ll ¢]3} carbon export’} S-S 94‘3] stod (29 9).

AA W& 2 o]g9] Agto] P. antarctica®] bloom=
2 Azoz omd

Sedwick et al. (2000)+ g A7t
Hustglen, oz 22 7k A HSEE ) B we de ¥4

_'IA_



1~
2

L 4 K

Latitude (degrees south)

Latitude (degrees south)

4

Water column DMS I'Tﬁ |
(mmol m™) '

[h]
8

Sediment DMSP I1
inmol g~'(dry weight))

T

78

L |5 |70 I T3 150 183 180 193

Longilude (degrees easl)
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4, 22 FoAe] ALY D g A 5 He 43 - Arrigo, 2003; Coale et al.,
2003; Smith Jr et al., 2014

22 A A AEFel Fiha e A9 Fol shtoln, JYP FEE =E
10 pmol 27! ol asE Ao dId Ba @ T4 g0 Y FL ol
g AgA ol 53] AEEHAE bloom Al7]ol= o]qkstE A A o] FES] WAl o
FEZ} h717re] Fo| oldsEa WIHEES ok olistwis] £9% Hse @t
Az, Agdolie] A, AAAL dFA B olast@ac] 25% ol 4e A Anks A
b magn ek AAEge] A9, 9 AL F B4 Tg Cy ' (= 082¢ C m
ahel @k oe e e AN E BPSL AEEFAEC] JFAE /7 B o
Fge A 17 54 % Aol BYolm o 22 A BEr} (53 oFel) ARAOE
A1gah7] ool

Victoria Land

Sediment

Y 100 22 el o] A d s BAE

2% 10014 yERd mkel o] F=siol A He] e sAY HAE, sy st
MCDW (Modified Circumpolar Deep Water)s o1& 7FA] 7} Ix|qt deo] 78] A EZ7)
AE RS @5 v AT Aot o) g Aokl E EFEta oy Aot 9
AARE BEUE dAAANAE S Fotsld Ay, 228 Arbde vg Aty BRuEa

oAl wEWH A 2o dAYLAFS FFH F oA 1 A AL 1/39
gglon I H2689gCm?y ! (=189 mg Cm 2 dl) T3 G Foll 7HE AALA
o] =2 2o tFEAME 179 g C m 2 y 1o wg 2 Aol g wp itk #

5ol el viel o), ddelo] BEG wolE 2adle] AFARFL A JET

4
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5

5. 9% 7ol 7]WE3F net community production 74 Fk

Time period | Annual production (g C m™?) | Annual production (g C m~2 d~!)

Nitrogen

2001-2002 61.7 0.64
2003-2004 252 2.60
2004-2005 724 0.80
2005-2006 (n = 12) 89.8 0.98
2005-2006 (n = 58) 74.0 0.89
2010 58.8 0.71
Silicon

2001-2002 35.0 (43.3%) 0.36
2003-2004 105 (58.5%) 1.08
2004-2005 27.9(61.4%) 0.31
2005-2006 (n = 12) 11.5 (87.2%) 0.13
2005-2006 (n = 58) 27.9(39.2%) 0.54
2010 14.0 (61.2%) 0.27

For silicon, numbers in parentheses are the percentage of production attributable to nondiatomaceous forms (largely
Phaeocystis anrarctica).

36 2 éﬁ ‘E,]‘/\ﬂ éﬁo_lﬂg/] ‘{I\"j”] J_ET/KC_}

Ross Sea Terra Nova

Polynya Bay Polynya  Eastern Shelf
Dominant phytoplankton P Antarctica  diatoms diatoms
Peak of bloom late December late January  late December
Mixed layer depth ~50 m 20-30 m <20 m
Wind stress moderate high modecrate
Prebloom Fe abundance 0.3-0.5 nM 0.5-0.7nM  0.7-0.9 nM
Fe exhaustion yes yes no
NO; exhaustion no no yes
Zooplankton abundance  extremely low moderate high
Annual production higher high highest
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025
-~ X
B 02
g
I3
X 45 f
P
5 o
——2 Cen
ity — % Pen
0
0 05 1 15 2 25 3
b 03
025
o 02
ﬁ , I xe
: i T i e e St e .’
g 01 oM ——
"/’. -— & PON
oo ~—mcnia
i/ 4 Cell
’5 05 1 5 2 25 3
Fe (nM)
= o ¢ = = =
a¥ 12, FH sl AEEEAE o mE AGE Alolo #

X7 4 5 AEEHIAE T U2 AFE Alol9 #A
Species Imitial Control 0.2 Fe 0.5 Fe 1.0 Fe 25Fe Zn Fe+Zn
SI-1 Small pennates 0.217 4.932 5.8 9.74 14.3 10.9 4.65 13.89
Pseudonitzschia 0.01 113 0.65 1.45 1.67 1.76 0.83 .68
Nitzschia 0.02 1.11 0.82 1.47 22 1.39 0.94 .31
Chaetoceros 0.07 0.95 165 27 2.7 354 107 4.01
SI-2 Small pennates 0.029 0.429 0.659 1115 0.783 1.044 0.438 0468
Pseudoniizschia 0.016 0.661 0.718 1.311 0497 1.195 0411 0.455
Nitzschia 0.023 0.292 0.614 1.509 0.43 0.908 0.302 0.284
Chaetoceros 0.062 0.785 0.867 0.68 0.977 1.772 0.703 0.689
Rhizosolenia 0.001 0.051 0.068 0.07 0.084 0.074 0.078 0.067
SlI-3 Small pennates 2.23 7.34 8.91 12.1 250 224 6.04 16.5
Fragillariopsis 0.239 0.802 0.872 131 1.99 247 0.35 2.66
Pseudoniizschia 034 2.89 6.2 7.15 7.18 7.63 3.64 7.86
Nitzschia 1.22 4.46 7.33 1.72 5.86 7.74 4.09 6.99
Phaeocvstis 0.196 0.435 L1l 9.79 13.5 1LO 107 10.2
Chaetoceros 0.133 0.953 0.836 178 1.89 2.64 1.32 3.67
Thallasiosira 0.026 0.058 0,05 0,098 0.097 0.118 0.036 0.087
Slii-4 Small pennates 1.14 4.78 339 427 478 3.78 1.66 313
Fragillariopsis 0.039 0.771 0.458 (.366 0.662 0.605 0.248 0.939
Pseudonitzschia 0.011 0.289 0.338 0.571 0.636 0.64 0.055 0913
Nitzschia 0.011 0.036 0.031 0.046 0.053 0.055 0012 0,062
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e

B oAFoME dF 2adolA] 19949 23 19959 B 7t A Sy Aw o
al

o] T & Aot AEZZIAEY A M}‘ﬂ] trace metale] AW F&gFS 7| X =4 &
7] #3l iron and mananese measurementsE T3 sFATF (29 13.). 1994 HH LS @ Y
o] dHlow EHMo] Qo B3 £ FEx7F YEytor Hluy =2 Hol wR=(>05

aMD7h BEEH A gz ow 19950 B Rols dWel A EASA 9 e ®

=8 e FF7 BE¥E yegon E3 o HR(<05 nM)7F EZFolA A vebgTh a) ok
A8S Eal 954 sea ice melting¥t 2 Aoz Q& Hol FFo] HA Fe AHHA
= Hol Aldtaszw Lol AEFETHAES] 7 Aol AdHoz dojys AL AT
T AR

19943 3 9] DFe, TDFe, DMn® &% ¥$:= 045-38 nM (H+=1.0 nM), 0.66-7.12
nM(H =27 nM), 0.08-0.83 nM(H =048 nM)Z e}t o™ DFe, TDFe, DMn9 & =
T FHE] Add FASHA AWrA o R 2o gk BT (1Y 14). T8 g9 Ht
& = vebgtth (>18 uM 2AkE, >1.4 uM AR, > 65 uM TFAFA).

1995 o453 L33 L5 AAS Add vwA e o]l A EAeA Fskon, F
8 FIdde] Fr F=I 1994 vl v e ghe BHAAR AEFFIAES] JF 2
FS WA F= Ao Uewth TDFe, DMn¢ s %& 0.27-9.17 nM(¥#=2.31 nM),
0.03-0.79 nM(38 #=0.39 nM)= 19943} & Z}o]& Holx| ¢kttt sAW DFe %9 79,
L3¢ AHS A3 A A4 0.09-057 nM(H =023 nM)E 19940 Hla] wj$ o
S FEE HATE Ee giRRe] AN FAlel SUbge wet A3 Wit sE7F FUbet

1} =

_{
H

S Ao et ot HAZRNE s g8 Fi @] oF Aow At
Qitdon d4 F & ¥ ADFe)t AETRAE AR opel A xR

F AR B olHF A Fae U Fe ARG B3
A A7) Aol BRE AR, b zolFolgth £@, A9 FEo BE JEEFAEY ¥
A FxE AYE Ay, Hol FHI A= FUAHom #2 Fo v|3] FERF A
o 32 H, 2= HEEFAES o
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FEo] A=Al #AA - SE. Fitzwater et
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Southern Transect Northern Transect
a Nitrate b

c Chlorophyll d

mg G/ m3/d

>5.0
4.0-5.0
3.0-4.0
2.0-3.0
1.0-2.0
<1.0

nmol Fe‘kg"I
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1. Fv/Fm : The photochemical quantum efficiency of photosystem II (variable/maximal
Fluorescence)

- pulse-amplitude modulated fluorometer ©]-&3}o] =% (DiTullio et al., 2000)

2. DMSPp : DMS®] intracellular precursor. &2 oA P. antarctica® export A A|A}Z o]
€ (DiTullio et al., 2000)

- cryogenic purge and trap gas chromatography ©|-&3l¢ DMS=74 (DiTullio et al., 1995)
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