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Temporal changes of phytoplankton and nutrients under the fast ice
in the Ongul Strait during the austral summer of 2004/05

Akihisa S. Otsuki*, Tsuneo Odate, Sakae Kudoh and Mitsuo Fukuchi'

(2006 4 5 A 16 H=zft; 2006 49 F 5 H2#H)

Abstract: Time series oceanographic observation was carried out in Ongul Strait during
the austral summer of 2004/05 in order to clarify the reason why dense chlorophyll a can
exist under fast ice where the light condition is unfavorable for ordinary phytoplankton.

Chlorophyll a concentration observed in this study was smaller than that previously
reported, and the maximum was 7.6 mg/m3. However, the decrease of nitrate and
phosphate concentration in surface water during the observation period was large, and
primary production under the fast ice seemed to be active. At the same time, a northward
surface current of 4.4 cm/s was observed under the fast ice. Therefore, the water mass in
Ongul Strait is believed to have been about 30 km south of the strait 8 days earlier.

The fast ice in the Sdya coastal area in southeastern Liitzow-Holm Bay melts earlier than
that around Ongul Strait. Underwater light intensity increases and a favorable condition
for multiplication of phytoplankton exists in early summer.

Consequently, it is believed that the high biomass of phytoplankton observed under fast
ice in the Ongul Strait increased in open water and under thin ice in the southern area (off
the SOya Coast area) and was transported northward by the current.
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Fig. 1. Locations of sampling stations on fast ice in the Ongul Strait, Antarctica.
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WEAOT 7O —F WS e >72 1 A 25 H F TR Z fki L 72,

AWM E M HEAREE, 10mI 79 AF v 7 F 22— 712 AN T—20T LLF TR
fFL, 2 HICEBOMATRRICTMED®R, +— 775 7 4% — (BRAN+LUEBBE,
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Fig. 2. Time series T-S diagram between December 2004-January 2005. Large marks represent data at 20 m
depth.
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Fig. 3. Temporal variations of (a) temperature, (b) salinity, (c) chlorophyll a, (d) nitrate, (e) phosphate, and (f)
silicate in the water column at St. 46A and 46B from 27 December 2004 to 25 January 2005.
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Table 1.  Previous data of maximum chlorophyll a concentration observed under fast ice in Ongul Strait,
Antarctica.

Depth  Ice thickness ~ Max. Chl. 2

JARE No. Date ) () conc. (mg/ms) Position Reference
8 Jan. 29 '68 6 1.5-2.0 11.93 Kita—no—seto 24 (1969)
23 Jan. 27 '83 5 0.9-14 11.30 Ongul Strait Fukuchi et al. (1984)
24 Feb. '83 25 <2.0 4.99 Ongul Strait Satoh et al. (1986)
24 Dec. 16 '83 0 1.2 342 Kita—no-seto  Satoh and Watanabe (1991)
33 Jan. 17792 5,10 2.0 15.9 Ongul Strait Odate and Fukuchi (1996)
38 Jan. 21 '97 20 23 10.9 Ongul Strait Odate and Fukuchi (2004)
39 Jan. 22 '98 2 21-2.6 9.9 Kita—no—ura Cove Ishikawa et al. (2001)
46 Jan. 18 '05 2 15 7.6 Ongul Strait This study
160
T 140 St.46A St46B
S 4 < >
c_|>_ 120 B
“g 100
® 80
e
(I“ 60
g 40
a
2= = LU
0

23— 26— 29- 1- 4- 7- 10— 13- 16— 19- 22— 25-
Dec Dec Dec Jan Jan Jan Jan Jan Jan Jan Jan Jan

160
St.46A St.46B

140 [---- )
120
100
80

60

35 il HHH HH

23- 26- 29- 1- 4- 7- 10- 13- 16— 19— 22- 25-
Dec Dec Dec Jan Jan Jan Jan Jan Jan Jan Jan Jan

\4

A

> Pheo(mg/m?:0-50m)

4 St.46A B L U46B IZB1T % 2004 4 12 H 27 HA5 2005 4F 1 H 25 HIZA T CTOIKE 0-50 m
OWAIHERE G720 7007 4 Vv a BEOT = HaEORAEORRYIZAL.

Fig. 4. Temporal variations of integrated (a) chlorophyll a and (b) pheo-pigments (0 to 50 m in depth) at St.
46A and 46B from 27 December 2004 to 25 January 2005.
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Fig. 5. Relative abundance of chlorophyll a fraction larger than 10 um against total chlorophyll a at St. 46A
and 46B from 27 December 2004 to 25 January 2005.
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Fig. 7. Comparisons of vertical profiles of water properties between 27 December 2004 (St. 46A) and 25
January 2005 (St. 46B).
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TWADIZR L, ¥ 7 VHEETIE T EBIZEONS SO0, flfEE -V v BRIEIINET
LECHBEND L) REREEREFSbDEEZ LN,

—77, THEERYEIERE & A BRYEIERE & OBARIIME TRE CELRY (M 8b), HREE T
fRdi & 0 Bl A BIEDSTHE SN A AP RSN DI L, A ¥ 7OV CIEmERE O
BELW—HT, FABEFMECERINAEAA RSN, T 2004-05 FEHFEOF >~
TVHEIRGERE K TIZBU 5 —REEE, W7 T 27 b HEICED ZEROEEI /NS
Mol ZLERLTWVD,

42. 7007 1)V a EFERRIERE & DBERICOWVT

Odate and Fukuchi (2004) 1&, [f] U4 > 7 )V OB OBEE S B 2 8 (1996-97 4E)
T, JUHTA)Va gl ERIERED — RO BWIEHBOBRICH 572 Lk _RTnb, L
AL, 2004-05 FD Y — X2 TlE, MHFOMBIIELC (K9), 5612, EHEELAZ 0
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Fig. 8. PO,~NO; (a) and NO4-SiO, (b) relationships in Ongul Strait and the pelagic Southern Ocean.
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Fig. 9. Relationship between Chlorophyll a and NO; in the water column at St. 46A and 46B
from 27 December 2004 to 25 January 2005.
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07 4V a ORI 3 2 MERIEIRE DA (—3.41 pmol/png) 1, 1996-97 D —
2 (—0.89 pmol/pg) D 3HELLETH 7.

L72h5 T, 2004-054EY — A 37 0aua 7 4 )b a®EMTORE EHEE) 30 %0wd
DO, FEFEORAEPOET L &, BUHHIE R OMA R IE 1996-97 3 — X L/ IZHART
REDPoZEIZRL, BIEN/2007 1) a OIRFEI/NS VO, BE L 7MY 75
YU NUHET T v N SEEICI RSN, M7 T v N A TR L
17O THAD. Vol AV LR TS v 7 b id, FRERBAFICERE LWL HE
WAFIHALZY, EEKTHOTAATIVY —DOE TR, KEDRHD K NEEKOWEDE
LIPS TS 2 6% o C, WAV B LA EX 5N, Gl - HEOBIA S,
FEAKTOWEAKIZOHENAPEET HDOT, SOX) WSS 7 by OBEIL, #KIE
ERTHRFANCTE v ZVERISET 2 ETISEZY, ZOMEORESHEIEORM ®LE L
TiFa it Z26N5.

43. WEMTS2 U b oBEEOHTE

FHRARBIZBIT 2427007 4 )V a@EICHT5RKEE10 pm LEORENEY) 77 > &
Mrorzuu7 4V aigEORGORERZL (KS5) 1§, 7007 4 )VailBEIKE L,
A TH A IETORE2M R 10m T40 % LT /RS, ZOfEFIE 1997-98 £ 0
EREKE TIZBWT, 10 pm YL EOKRGEY 75 > 7+ 2 H5 59 5 EE 75570 % D _E (Ishikawa
etal.,2001) THolzDEHBITH .

10 pum D.EOKENEY 75 > 7 v D% LFHEHETH A ) Ll sNG,. 2o k) IChl
W75y 7 Moo A ZXpHHELCh, FLCHERESY Y EREICHT 57 A IR0
‘w07 (8b) TEMHATYH, 2004-05FDY — AV, * v 7 IViEHIZBIT 5
HHO—WAEENMT S O JEH TH 7% 0o 72 RN D 5.

Ishikawa et al. (2001) @ 1997-98 EDOBLMIFER &, 2004-05 FOBLMFER % B L 72556
R ORKOMETIIEROBRBILOEENTH L. 1997-98 /£ — X 1%, BUIHIH
PO OB TA 30 m BUEIZE TRAZDIZH L, 2004-05 Fid 5 m BEDOKEE TL D
WOMET Ladho7z (M7b). L7zh-> T, EEEEOMIEZ I 2 ERO—2& LT,
BRALA TG o 7o 2 E DT O N L. RBIZBI AMEHNOBEEEIVNSWE, i 75
YU M RTRBANLELL T, REHFDICHHTELRBICESR T LI EATE R\,
BAREINERTIE, A2 OB E TEREBIZESHI0m ORAEPER I, TOTRIZHE
JEHRE S H T, MW7 727 N VIR ERRE L) TENLREETI, BEBOHRTEEL
THABEMBL TT) TEATESL. LA LEFHKIFELET S L, B X ZHELEH IS
FETRWRBRAEEVER S NG WIED, MBEEL BV, WMh7T7 07 Fridvor:
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AEBEEENTLT ZIE, BERE#HET LI IR TH S, TD20F A XAHKRELT
FANERE L R T WEBEHOBIESI T 5, NS TSR AI VLS D W Iid i
A RO TS > 7 N UDEBLI-OTIE R EEZOLND.

44. EEXTO-/7O07 1)L a DIEIE

2004-05 4E Y — A OB B I B EEKDESIE, RAKTH15mTHY, 1996-97
ENFEE S E0, EAKDOES)32.1-3.6 m (Odate and Fukuchi, 2004), 1997-98 £ T 2.1-2.5
m (Ishikawa ef al., 2001) &> 7zDIZxF L, #d*-72. Watanabe and Satoh (1987) & UF Odate
etal. (2004) 12X MUE, HKOESH I m$ TLITKPONEIZ 105D 1 §2oHPT 5

Ongul Strait

10 2005 4F 1 J3 29 HIZB 24 ¥ ZIlEEAE S LT & 7R 7 7 BT 5 25 KO KEE.
Fig. 10. Conditions of fast ice near Ongul Strait and off the Langhovde area on 29 January 2005.
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Evy. L7ehoT, EEKEEBL TlEPNECOEOEIL, KE10-1.5mDEGy — X
DF ¥ 7 )ViligTlE, Watanabe and Satoh (1987) OFEE LIKFIZ L 2 OMEDOXA 5,
KO 0.6-2.3 % THol-E BEED HND. ZOMEIIKE 2.0 m BLED 1996-97 40 10 %
DIRIGEL TV EZONLDS, TNTHELEOMWMYW T T v 7 b 8+ 512135 L
EEAhwWEZo- L Bbis.

Odate and Fukuchi (2004) 1%, EFZHKO T TEHM SN EREORM 77 > 7 1%, b
FAED BN EKOTIFAE L 72 WHEHE CHGE L 72 5 O, HKkOBTRIE> TRIENTE 250
ThHEMHNMLTVE, F+ ¥ 7 VilFEZE KT OmIUL, KEPICH2LIADIE, F
5 cmls HOTETH > 72005, FOUi L FHEEH-> TREADPHEARK T WL ET S
&, Y TIVHEED S 30-50 km FED T ¥ TR T TRAN VT A AMWAHIIZH o 72K,
7-12 HEREE TF ¥ 7 Vil L RN T LT REED S 5.

H At IS B PR (2 3310 2 REBRIG 2 B - B IC XS, TV IR T TRANNVT A %
AL Vo IZER R B EM AT OEE KL, F ¥ ZIVHEBEETI { S TRWE I BliE
AHEA, BRI S ND Z & 0% v, 2005 EBEBETH Y, ML 1H29 [, +v7
IR SEAZKICEDL LTV ZD, T 0 7R 7 FIMMEBARE DR DS > Twiz (K10). 0
E) BNBED L) 2y - ROV AEFEAE RO KR K TR 77 > 7~ V13
FEL, WIS & o TILHEBIHEANH R SN TR 2D TH S 9.

F v NI AL D DR EEIKT T, W77 > 7 b o2y 2 HEIE RO SR
Th o7y, WRLHELOEERKOIRELZEST 2 L, LEo X ) ICHBEITE W RAEREO
BHAKTE S ORI CHAE L 72 b DD T B L B X B2 DOWHBTH S .

5. % & »®

2004-05 4 — XY OEZFF ¥ 7 VIENGEEIKIBIZ BT 5 —KEEORHE LoD LD
TOLHIHD.

W ORI P D REERIE & ) v BRI O IR ATKIE 20 m LR TR &, L2 BRI
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—WHEENPTONI LR INL. 12 L T ABRIZIEEAEHAY Lah ol THIEHE
TOFEZEIVNES L, 4 ZOKE EBELR T WEEHOMMA M L <, HEHTEL
VNELE B IR TS v N OB L7 2 L RIRIE L T\ D,

BB R ORK 700 7 1)V a jBEIX 7.6 mgm® &, T E TORBMKEREIZEL TS
BERERMETIE L o72. —J7, 7007 1) a BRI 2 ERIERE O OEEH
KEholz (1996-97 42— XD 3FEPE) 2L, BIFE LD b REL—KEEIES 72
ZERRLTWS, DHOBIIE L ) b E5KOKES 15 m BT E 1 mPLEEL, Wi
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Appendix 2. Current speed and direction at 10 m depth of Station 46A.

Date Time Current speed Current
at 10 m direction
(GMT) (cm/s) (degree)

2004

Dec. 23 15:00 7.5 6.8
18:00 2.4 39.1
21:00 4.6 5.6
Dec. 24 0:00 7.2 355.9
3:00 2.6 5.5
6:00 0.8 83.9
9:00 2.6 6.2
12:00 6.5 20.3
15:00 5.8 16.3
18:00 5.7 18.9
21:00 5.1 31.3
Dec. 25 0:00 7.4 14.7
3:00 8.6 13.9
6:00 5.3 3.8
9:00 4.6 27.6
12:00 8.2 5.4
15:00 5.4 13.0
18:00 4.4 37.0
21:00 3.9 359.7
Dec. 26 0:00 5.2 345.1
3:00 5.2 2.7
6:00 3.0 32.4
9:00 1.7 26.8
12:00 7.3 1.1
15:00 6.4 355.1
18:00 3.3 63.8
21:00 3.6 332.2
Dec. 27 0:00 9.4 8.5
3:00 8.5 334.5
6:00 2.0 170.7
9:00 1.1 347.2
12:00 2.8 337.6
15:00 n.d. n.d.
18:00 n.d. n.d.
21:00 2.7 156.6
Dec. 28 0:00 4.2 10.9
3:00 5.8 10.2
6:00 4.8 21.8
9:00 1.5 101.7
12:00 4.4 11.0
15:00 7.4 345.8
18:00 1.9 39.6
21:00 0.9 177.1
Dec. 29 0:00 5.1 340.2
3:00 5.1 7.0
6:00 1.9 62.4
9:00 1.8 212.9

12:00 1.2 17.5
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Appendix 3. Current speed and direction at 10 m depth of Station 46B.

Date Time Current speed Current Date Time Current speed Current
at 10 m direction at 10 m direction
(GMT) (cm/s)  (degree) (GMT) (cm/s) (degree)

2005 2005

Jan. 03 21:00 0.84 97.12 Jan. 10 0:00 2.08  331.26
Jan. 04 0:00 1.5 139.92 3:00 0.96 265.8
3:00 0.58 61.78 6:00 0.99 52.31
6:00 1.06 71.03 9:00 0.58 150.67
9:00 3.18 304.12 12:00 3.27  333.88
12:00 0.97 218.97 15:00 0.58 266.54
15:00 0.96 112.39 18:00 4.22 47.96
18:00 1.24 219.75 21:00 2.59 157.12
21:00 1.44 176.66 Jan. 11 0:00 2.4 345.73
Jan. 05 0:00 1.82 50.27 3:00 2.09 253.8
3:00 0.76 115.98 6:00 5 75.31
6:00 1.64 170.99 9:00 1.28 189.93
9:00 5.11 306.37 12:00 4.26 333.05
12:00 1.21 144.13 15:00 3.31 174.26
15:00 3.59 44.86 18:00 6.21 59.03
18:00 1.89 48.29 21:00 3.1 156.36
21:00 0.97 86.32 Jan. 12 0:00 3.16  344.23
Jan. 06 0:00 1.71 186.08 3:00 4.67  291.24
3:00 2.56 110.95 6:00 5.98 84.86
6:00 1.6 34.1 9:00 1.69 155.11
9:00 5.71 305.77 12:00 2.3 22.25
12:00 2.28 193.37 15:00 5.42 324.89
15:00 1.13 111.09 18:00 5.27 71.25
18:00 2.53 96.74 21:00 2.43 164.05
21:00 2.09 75.95 Jan. 13 0:00 2.4 234.81
Jan. 07 0:00 0.77 109.78 3:00 6.01 104.11
3:00 1.62 154.37 6:00 1.91 164.89
6:00 0.71 41.31 9:00 3.5 74.75
9:00 2.26 22.93 12:00 0.59  233.72
12:00 1.73 222.87 15:00 3.17 33751
15:00 5.19 58.39 18:00 2.64 107.96
18:00 4.65 69.06 21:00 2.82 96.8
21:00 0.72 166.67 Jan. 14 0:00 2.08 4.32
Jan. 08 0:00 2.67 216.72 3:00 9.67 327.35
3:00 2.82 47.28 6:00 3.56  212.67
6:00 1.36 101.64 9:00 5.06 64.24
9:00 1.67 31.9 12:00 2.25 53.01
12:00 7.49 297.55 15:00 2.69  332.32
15:00 4.61 49.9 18:00 2.53 52.81
18:00 3.71 92.53 21:00 3.48 124.45
21:00 1.2 48.34 Jan. 15 0:00 1.57 74.46
Jan. 09 0:00 6.52 307.51 3:00 8.27 103.57
3:00 2.84 106.55 6:00 1.3 180.86
6:00 4.33 59.56 9:00 3.62 61.05
9:00 1.74 35.23 12:00 1.25 293.18
12:00 2.91 8.48 15:00 2.57 34.59
15:00 3.43 92.43 18:00 0.69 41.01
18:00 n.d. n.d. 21:00 3.02 82.76

21:00 1.6 191.46
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Appendix 3 (continued) .
Date Time Current speed Current Date Time Current speed Current
at 10 m direction at 10 m direction
(GMT) (cm/s)  (degree) (GMT) (cm/s)  (degree)
2005 2005
Jan. 16 0:00 0.77 137.69 Jan. 22 0:00 1.07 24411
3:00 2.81 3.4 3:00 1.07 14.82
6:00 5.77 305.09 6:00 2.07 120.57
9:00 3.16 103.38 9:00 1.17 71.48
12:00 2.48 31.67 12:00 1.67 208.5
15:00 0.59 198.69 15:00 1.15 193.76
18:00 1.16 173.28 18:00 1.88 139.93
21:00 2.35 71.62 21:00 0.41 137.92
Jan. 17 0:00 1.27 96.56 Jan. 23 0:00 0.99 359.89
3:00 1.56 9.05 3:00 2.28 175.53
6:00 4.74 171.26 6:00 1.99 218.66
9:00 3.03 255.95 9:00 1.05 229.42
12:00 1.45 105.42 12:00 0.83 80.71
15:00 1.12 73.46 15:00 1.09 62.41
18:00 2.12 137.13 18:00 2.9 153.08
21:00 3.94 68.58 21:00 2.16 177.29
Jan. 18 0:00 2.16 42.98 Jan. 24 0:00 1.31 255.24
3:00 0.72 15.97 3:00 0.87 289.26
6:00 1.36 345.85 6:00 2.37 168.95
9:00 1.72 127.04 9:00 0.8 97.86
12:00 3.1 51.27 12:00 1.38 358.22
15:00 1.98 138.6 15:00 2.35 75.32
18:00 0.65 118.42 18:00 1.57 145.8
21:00 1.03 287.44 21:00 1.58 187.12
Jan. 19 0:00 0.96 44.68 Jan. 25 0:00 2.05 342.32
3:00 0.68 84.86 3:00 1.62 43.16
6:00 0.98 235.85 6:00 4.14 176.16
9:00 1.23 230.84 9:00 2.96 166.67
12:00 0.75 85.05 12:00 2.14 0.91
15:00 0.63 224
18:00 1.19 183.93
21:00 0.48 96.51
Jan. 20 0:00 0.73 202.06
3:00 1.68 178.86
6:00 1.11 189.28
9:00 0.8 10.44
12:00 1.4 347.44
15:00 1.34 101.28
18:00 1.01 171.94
21:00 0.83 78.17
Jan. 21 0:00 0.98 156.89
3:00 0.58 182.6
6:00 1.93 172.85
9:00 1.5 209.04
12:00 0.65 22.08
15:00 1.91 119.46
18:00 3.75 116.3

21:00 2.2 130.35




