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Distribution of phytoplankton assemblage in the Southern
Ocean with special reference to its contribution to the
downward export of biogenic silica
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Fig. 1. Location of sampling stations. Stations A9-A27 (Leg 1: [J) were occupied on
the westw ard leg during the period from 8 to 17 December 1999, Stations B1-B30
(Leg 2: O) on the eastward leg from 17 February to 13 March 2000.
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Fig. 2. Geographical distributions of the clusters on Leg 1 (a) and Leg 2 (b).
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Table 1. Mean abundances of each cluster and dominant species/group (X 10° cells/l) in
each cluster derived by a cluster analysis for Leg 1 (a) and Leg 2 (b).

@

Cluster W1 w2 W3 W4
Number of stations 4 7 6 2
Mean of total abundance 130.2 289.3 220.2 15.8
Chaetoceros dichaeta 2.9 4.8 16.7 0.0
Chaetoceros neglectus 39 . 241 17.0 1.4
Chaetoceros sp. cf. curvisetus 57 9.4 18.6 0.0
Chaetoceros sp. cf. dichaeta 2.4 314 50.9 1.0
Corethron criophilum 2.5 3.8 5.2 0.4
Dactyliosolen tenuijunctus 1.6 98.8 1.4 6.7
Fragilariopsis kerguelensis 7.7 4.6 2.0 0.0
Fragilariopsis spp. 25.0 14.5 13.5 0.7
Pseudo-nitzschia spp. 38.8 56.4 35.8 2.5
(b)

Cluster El E2 E3

number of stations 8 1 21

mean total diatom abundance 528.1 610.1 108.9

Chaetoceros dichaeta 2.3 56.6 1.9

Chaetoceros neglectus 1.2 0.0 0.1

Chaetoceros sp. cf. curvisetus 0.6 1.1 0.1

Chaetoceros sp. cf. dichaeta 12.7 36.6 7.7

Corethron criophilum 3.5 28.4 44
Dactyliosolen tenuijunctus 321.2 0.1 10.8
Fragilariopsis kerguelensis 0.9 123.2 33
Fragilariopsis spp. 64.2 221.0 46.2
Pseudo-nitzschia spp. 60.3 105.4 8.3
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BAHEREA v FEROEHMIEXBICIB TN ST 7 bV TA— L0
R & HERF '

B REDEHAMEKIR CIIKERIZE bR ORBEEDRE., BAIZk-
TIRBKNTERTIERE (TARTAY—) OFRECLVEHRTS 27 b
Th—ABERENS L —BAZIIEbhTWa, LirL, TORBE+ZIC
AN TVB LIIEVREY, £ TEHNEKRICE O TEKEEHN» S
BAA#IZ 05 CTRERFIBEIZ T2V, HKERIZL b2 5 KEOYEAEE
DENBL TR T 7 P BEOEE 2R 7=, Bl 64°S, 140°E B I T
66°30'S, 140°E 1252 E L7z “HIA T, 2001 4E 11 B 75 2002 £ 3 B i) TE
L7 (Fig.3), 64°S TiX1 A, 66°30'S Tix2 AIEnFhikBHEEL.

130 °E 135 “E 148 °E 145 °F 155 op

Fig. 3. Sampling stations in the seasonally ice-covered area in the eastern Indian Sector of the
Southern Ocean occupied by four cruises conducted from November 2001 to March 2002. %:
November, ll: December, @: January, A: February ,4: March.

FOREBICHEBTT V7 F T A—ARERENEDN (Fig. 5). KEOHE
BERBLIUHEY 7T 7 P OBEBEITAARTRR > TV, bbb,
64°S TITMWKMEERIZ L b2 > TARBEDORBHEENFEZE L7228 (Fig. 4a) . 66°30'S
TIIRBREDREZZBERIN 2o (Fig. 4b), £7- 64°S TIIAKETT A
AT NY— & B bivd Phaeocystis spp. ¥ X 8 Pseudo-nitzschia
prolongatoides DEBREMBHER SN (Fig. 6a). 66°30'S TIXFRDOE
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RiIH LN ok (Fig.6b). ThbDZ &hs., BHEMEKIRIZIIT 2HEY
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EHEDOKERBREDO—>TH B,

sigma-t

26.8 27(. 2 27'. 6 28 2.8 27.2 21.6 28
c 1 L

Fig. 4. Vertical profiles of sigma-t at 64°S,

] 7 140°E (a) and 66°30'S, 140°E (b) during
the period from November 2001 to March

i 1 2002: November (M), December (@),
January (A), February (®) and March

| i ™).

(a) (b)
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Fig. 5. Vertical profiles of chlorophyll a at
50 E 64°S, 140°E (a) and 66°30°S, 140°E (b)
during the period from November 2001 to
100 . March 2002: November (M), December
(@), January (A), February (¢) and
. March (V).
o (a) (b) '

BEAERSEA v FEROBEEEZ uu 7 A VBKRBICKIT AEEREE
HWRE/ v 7 1 VK (Subsurface Chlorophyll Maximum: SCM) & i,
W77 bR A< ZADIEETH S Chlorophyll 2 BNERE THERKEZE
RTZPERMEROZ L THS, SCM ZRE» OWROBEAEE TH LN,
EOHRBERIIBBEICDOEZ Z LB TVD, AAETIIERBICBITS
LEREOBEIZ L AEERDOERN SCM O L HRFICEERZRBZEZL T
DI LBTRENTVWE A, SCM IZHMT I2EREREOBER LUEROERS
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Fig. 6. Temporal variations in mean abundance of dominant species in the surface
mixed layer at 64°S, 140°E (a) and 66°30’S, 140°E (b) during the period from
November 2001 to March 2002: PHspp: Phaeocystis spp.; Pp: Pseudo-nitzschia
prolongatoides; Fspp: Fragilariopsis spp.; Cd: Chaetoceros dichaeta; Cn:
Chaetoceros neglectus; Cscc: Chaetoceros sp. cf. curvisetus; Fk: Fragilariopsis
kerguelensis; Pspp: Pseudo-nitzshica spp. The first three filled symbols have been
reported as typical ice algae.

& BUEBREEOEMIZOWVTIALIZERTVWARY, £Z T, £7 2002 F
BELU 2003 EOFHHT SCM PR I 11 IR LV EREIN=RABZ AW
THEEBEOEHEROHEELEZFA (Fig. 7)., SCM iXFEFLTORKTK
BAE/NEOREIZHR I T (Fig. 8), SCM ZBITAEEBRBEDO I —HR Y
NAF= RAREBIHERTEVWER LBEBVWEEXH-o= (Fig. 9), MVWBAI

Fig. 7. Stations where subsurface
chlorophyll maximum was observed in
summer of 2002 and 2003. A: February
2002, @: March 2002, l: March 2003,
@®: February 2003.

(I N N N X 3N

130 °E 135 °E 140 °E 145 °F 15 o

—223—



IIRE & SCM 2B T AFEMERITITIRE BN X2 o7 Z & 26 (Fig. 10b) .
SCM OEBRHEIRENOUBLTEEbOLEEZXONE, TRDL, D5
BITITTERE L7 BB KB/ NENICERTHZ L SCM OFERERTHS
LAHBREIND, TNERERTIHIT, 2002 FEB L2003 EIZET 4+ A b
b7y TEREITV., EBRRZEBL W IEERELZRE L (Fig. 11), 5
NekET T v 7 A7 —F LAKBEROMBREKEE LIEREEDHEZEZRZHH

Temperature (°C)
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! | i ]

—- Temperature
—— Sigma—-t
—k— Chlorophylil| a

Depth (m)

150

0.0 0.4 08 1.2 o0 o4 08 12

Chlorophyl| a (ug/1) & Sigma-t (+26.5)
Fig. 8. Vertical profiles of temperature (M), sigma-t (@) and chlorophyll a (A) at
stations where SCM was observed at 64°S in February 2003 (a) and at 61°S in March 2003
(b). Dashed lines represent 1% photic depth.
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Fig. 9. Abundance and carbon biomass of the diatom populations in the surface layer and at
SCM formed at 64°S in February 2003 (a) and 61°S in March 2003(b).
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Fig. 10. Species composition of diatom population in carbon biomass (%) in the surface
layer and at SCM formed at 64°S in February 2003 (a) and 61°S in March 2003 (b). Fk:
Fragilariopsis kerguelensis; Fspp: Fragilariopsis spp.; Cc: Corethron criophilum; Da:

Dactyliosolen antarcticus; Dt. Dactyliosolen tenuijunctus; Dsp: Dactyliosolen sp.; Re:
Rhizosolenia chunii; Tt: Thalassiosira tumida; Mc: Membraneis challengeri; Ot: Other
diatoms.

T3 L, LRREENKBBNETET LT EZ ¢ Bb25 (Fig. 12), ML ED
T lid. BREESEBR CIIKERNMNEBENREICERENS DAERE
BETHHEHT T 7 bl o THERRBIZRoTWAIZ LR, ZOEELE
EIZE>T SCM BERENZ—BHRBRICR>TWAZ L EZRRL TV,
ZOREREXRE LD bIXDDICHRVREICER S B LRI
B} 3KEBNEDEFNLIZRR-TNE EWNZ 3,

Fig. 11. Stations where floating sediment trap
experiments were conducted in February 2002
(®) and February-March 2003 (A).
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Sigma-t (+26.5) (x10° cells/m®)
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Fig. 12. Vertical profiles of temperature, sigma-t, chlorophyll a (a), and of diatom population
in abundance and their sinking flux (b) at 64°S, 140°E in February 2002. Calculated sinking
rate at each depth is shown on the right of (b). Dashed line in (a) represents 1% photic depth.

BAERSA v FEXBERKRICBIT2EEEY ST 7 FBHELAYE
BEROTHFRE~DES

FRATHR AR CRAFEMOK B EE L2 WS E SRk & LiEnB%, Z 0
BIC BT 5 EMEREROHEFEE IILBHEOPTHRbE VL VDA TS,
FNICIIEESRM Fragilariopsis kerguelensis HBAKEZEBEBMLTWA Z L35
BN TWB MR, F kerguelensis D)2 3 5E BN HEEICE BT 2 D idodo
TV, £ 2 TR TIX F kerguelensis DAEFE 72 LEBEZH S NI
THDIC, AFERKRICBITZ2EEEYN S 77 M O HESEKOMRERE
EEDPITEDZEREOEGEZ B L UEMERK % 61°S, 140°E 34T 2001 4 11
A5 20023 AETOMMAELE (Fig. 13), £, BT 4 AV NN v TE
RICIY, SESEREEFTRBIT2FER S CHMOE SBOLERE % KD
Teo TORER, PRICK L TRREBIZEBIT B F kerguelensis DF SEIIHELE
DOMREBEENBBEASEOREICELI ROT., £EHZS) LB SERX
DTN 56%ICTERNT LRBALNTR o7 (Figs. 14 and 15), = DfEix¥E
EXBEDDOREICEDIBEESS0RIZHERTHEILNZN, ZOZELIX E
kerguelensis DLCREFOBFEPENZ L, HHVIXEDOLBEERESE N LIZ
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rI2¢EXONAN, BEXFAETHABOLREENMBEICLERTHL M
BWZ L BRERTE R (Fig. 16), AEOFRMICKERICEEENRA L 725
THEBRFOBERDR2RY | ZORRBE~DHEBFEENRRESR>TNS
LOLHM IR, TOXIRILEEALDILAEDIIAMEDORRED—>
TiXH 28, MBEABEOILEEESFENICHVONII, FROBEL LTR
Eh3,

Fig. 13. Sampling stations in permanently
ice-free area in the eastern Indian Sector of
the Southern Ocean occupied by four
cruises conducted from November 2001 to
March 2002. %: November, M: December,
@®: January, A: February, €: March.

130 °E 135 B 140 °F 15 °F 155 of

10"_

10'0- o~ Total siliceous

phytoplankton

10°7] Fragilariopsis
- kerguelensis

1057 —8— Fragilariopsis spp.

Pseudo-nitzschia
prolongatoides

Abundance (celis/m?2)

107
—— Pseudo-nitzschia spp.

~*—  Dictyocha speculum

1057

los T L T

Fig. 14. Temporal variations of total and dominant species of siliceous
phytoplankton in terms of integrated abundance through the surface
mixed layer throughout the observation period from November 2001 to
March 2002: Total siliceous phytoplankton (O), Fragilariopsis
kerguelensis (W), Fragilariopsis spp. (@), Pseudo-nitzséhia
prolongatoides (A), Pseudonitzschia spp. (®) and Dictyocha
speculum (%).
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Fig. 15. Species composition of siliceous phytoplankton assemblage in
terms of integrated abundance throughout the surface mixed layer
throughout the observation period from November 2001 to March

2002. )
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Fig. 16. Sinking rates of diatoms estimated by sediment trap experiments at 61°S (a), 64°S
(b) and 66°30'S in February 2002 and at 64°S (d) and 65°30'S (e) in February-March 2003 on

a longitudinal line along 140°E. TD: Total Diatoms;

Fr: Fragilariopsis kerguelensis; Cd:

Chaetoceros dichaeta; Cn: Chaetoceros neglectus; Cscd: Chaetoceros sp. cf. dichaeta; Ds:

Dactyliosolen sp.;

Dt: Dactyliosolen tenuijunctus; Fspp: Fragilariopsis spp.; Pp:

Pseudo-nitzschia prolongatoides; Pspp: Pseudo-nitzschia spp.
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