Chlorophyll a Distribution in the Indian Sector of
the Antarctic Ocean in 1978-1979
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Abstract: Horizontal and vertical distributions of chlorophylil a in the Indian
sector of the Antarctic Ocean were investigated during the 20th Japanese Antarctic
Research Expedition in 1978-1979. Surface observations including the two hours
interval observation were carried out on the southward leg between 34°S, 110°E
and 60°S, 90°E in middle December, on the westward leg between 90° and 39°E
south of 60°S in late December to early January, and on the northward leg between
65°S, 40°E and 34°S, 51°E in late February to early March. Vertical observations
down to a 500 m depth were done at six stations on the northward leg south of 52°S
latitude. While high surface chlorophyll a concentrations {(more than 1.0 mg/m?)
were seen around the Antarctic Convergence on the southward leg, high concentra-
tions more than 0.5 mg/m?® were distributed around the Subtropical Convergence
on the northward leg. Difference in the latitudinal variations of surface chloro-
phyll a between the two legs suggested the seasonal periodicity of phytoplankton.
Longitudinal variation on the westward leg seemed to be related with the up-
wellings of water. Integrated chlorophyll a stocks for a 0-250 m water column
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were in a range of 16.8-39.4 mg/m? and a weak subsurface chlorophyll 2 maximum
was seen around 50-100 m depths.

1. Introduction

In the Indian sector of the Antarctic Ocean, a routine observation of surface
chlorophyll a distribution has been continued by members of the Japanese Antarctic
Research Expedition (JARE). The observation was ordinarily carried out two or
three times a day along the cruise track of the icebreaker Fusi. Based on these obser-
vations, FukucHi (1980) estimated the chlorophyll a stocks for each of six different
water masses between Subtropical water and Antarctic surface water and discussed the
relation between the distribution of chlorophyll a and the seasonal periodicity of phyto-
plankton. His average figure of chlorophyll a stock is useful to evaluate the round
stock. However, it is difficult to detect a fine variation of chlorophyll stock across
different water masses due to a coarse interval of surface observations (50-170 mile
intervals). PLANCKE (1977) employed a subsurface pumping method at a rate of one
sample per hour during cruises and discussed the phytoplankton biomass and primary
productivity in the subantarctic region extending from 40°S to 55°S and 20°E to 75°E.
Recently, KuroDA and FukucHI (1982) pointed out that the surface observation is a
good expedient for evaluating the chlorophyll a stocks in the subsurface water column.

The present work was undertaken to clarify the fine variation of chlorophyll a
across different water masses by surface observation at two-hours intervals. Also, the
vertical observation was carried out in order to acquire the fundamental data for
evaluating the chlorophyll a stocks in the Antarctic Ocean.

2. Methods and Materials

Surface water sampling was carried out two to three times a day at 0800, 1200
and 1800 by local time along the cruise track of the icebreaker Fuil between Tokyo
and Syowa Station (69°00°'S, 39°35’E), Antarctica. A total of 241 stations was oc-
cupied in the present work. Among them, intensive sampling at two-hours intervals
was performed in the Indian sector of the Antarctic Ocean, i.e., at 80 stations (Stns.
44-123) between 34°20’S, 111°45’E and 60°22’'S, 88°59’E from 16 to 22 December
in 1978 and at 39 stations (Stns. 160-198) between 53°53°S, 43°10’E and 36°27'S, 50°41’
E from 1 to 5 March in 1979. Surface chlorophyll a concentration was determined
by the colorimetric method (UNESCO, 1966), using a HITACHI model 101 spectro-
photometer.

In addition, water samples from 12-14 layers down to the 500 m depth were col-
lected by the Nansen bottles at six stations (Stns. 151, 153, 155, 157, 159 and 166).
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Fluorometric determination of chlorophyll a was employed for the samples of vertical
observations. The surface samples at 46 stations between Stns. 150 and 198 were
also measured fluorometrically for intercalibrating the colorimetric and fluorometric
determinations. A Shimadzu model RF-500 spectrofluorometer was used. Con-
centrations of chlorophyll @ and phaeophytin were calculated from the following equa-
tions:
v 1

1000% ™ f,,(R—1)

v 1
0007 £, (R—1)

Chl. a (mg/m*)=(Fo—Fa) X

Phaeop. (mg/m*)=(R-Fa—Fo)x- i

where, Fo: fluorescence before acidification
Fa: fluorescence after acidification
v: volume of aceton extract in m/
V: volume of water sample in /
fon and R: constants
Two constants were determined based on the intercalibration between the present
fluorometer and a Hitachi Spectrophotometer 139 incorporated with fluorometry at-
tachments installed in the Oceanographic Laboratory of Tohoku University. Values
of R and f,, were 0.075 and 8.060 respectively.
A regression of chlorophyll observed by the fluorometric method on chlorophyll
a determined by the colorimetric method for 46 sets of data in February and March

1979 was as follows;
Chl. a (mg/m?®, fluor.)=0.043-+0.770 x Chl. a (mg/m®, color.) (N: 46, r=0.982)

XBT observations were carried out concurrently with the surface observations
by Suzuki and KuraNO (1982, in this volume).

3. Results

Although the surface observation was extented from the western North Pacific
to the Antarctic Ocean as summarized in Appendix 1, the present work was focused
on the observations done in the Indian sector of the Antarctic Ocean. The chloro-
phyll a concentrations in the surface water south of 34°S are shown in Fig. 1.

Arbitrarily, the observations carried out between Stns. 44 and 121 were treated as
the ones on the southward leg. In a same manner, Stns. 122-148 were on the west-
ward leg and Stns. 151-199 were on the northward leg. Among them, the intensive
observations of two-hours intervals were done between Stns. 44 and 123 and between
Stns. 160 and 198 as mentioned previously. Stations occupied between Stns. 133 and
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Surface chlorophyll a concentration south of 34°S in the Indian sector of the

Fig. 1.
Antarctic Ocean observed aboard the Fusr in 1978-1979. Numerals mean the
STC, ASF and AC indicate approximate locations

serial number of the station.
of the Subtropical Convergence, Australasian Subantarctic Front and Antarctic Con-

vergence, respectively.

143 were located in the pack ice region near the Antarctic Continent. Stns. 144-148

were in the lead water surrounded by the pack and fast ice.
Stations on the southward leg were observed between December 16 and 22, 1978,

those on the westward leg were between December 22, 1978 and January 12, 1979,
and those on the northward leg were between February 19 and March 5, 1979. There
was a time lag of about two months between the southward and westward legs and

the northward leg.

3.1. Latitudinal and longitudinal distributions of surface chlorophyll 2
Surface distribution on the southward and westward legs in late December and

3.1.1.
early January
Vertical section of water temperature on the southward and westward legs is shown

in Fig. 2 (lower), which was reproduced from the data given by Suzuki and KUrRANO

(1982). 1t is clear that the Subtropical (STC) and Antarctic Convergences (AC) were
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Fig. 2. Vertical section of water remperature (lower), surface chlorophyll a concentration
(middle) and mean and standard deviations of surface chlorophyll a for each of different
water masses (upper) on the southward and westward legs during a period from 16
December 1978 to 12 January 1979. Numerals and those in parentheses indicate

the number of data pooled and the number of station, respectively. STC, ASF and
AC as in Fig. 1.
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located between Stn. 59 and 61 around 39°26’S and between Stns. 94 and 96 around
52°32’S, respectively. Furthermore, the Australasian Subantarctic Front (ASF;
BURLING, 1961) was located between Stns. 81 and 82 around 47°50’S (see Suzuki and
KURANO, 1982). In the Antarctic water south of 60°S on the westward leg, the tem-
perature minimum layer of less than —1.0°C was observed, while the upwellings were
seen around 85°E, 72°E, 61°E and 45°E longitudes as indicated by the isotherm of 0°C.

Surface chlorophyll a concentrations are shown in Fig. 2 (middle). In the Sub-
tropical and Subantarctic waters, the concentrations were low, usually less than 0.3
mg/m®. It increased rapidly at Stn. 93 (1.29 mg/m®) located just north of the AC.
High concentrations were found in the Antarctic water on the southward leg, while
those fluctuated between 0.42 (Stn. 105) and 1.55 mg/m?® (Stn. 98). On the westward
leg, the fluctuation in the open water became large between 0.20 (Stn. 127) and 1.28
mg/m?® (Stn. 124). However, high concentrations seemed to occur in areas of the pos-
sible upwellings. In the pack ice area, the maximum concentration throughout the
present observations was found at Stn. 135 (2.13 mg/m?), though the concentrations
fluctuated largely (0.41-2.13 mg/m®). In the lead water, the concentrations were low
in a range of 0.03-0.56 mg/m®.

Mean value of chlorophyll a concentration and its standard deviation for each
of 11 different water masses on the southward and westward legs were calculated and
are illustrated in the upper part of Fig. 2. Mean value increased from the Subtropical
water toward the AC zone (1.33 mg/m?®). Mean value seemed to decrease from north
(0.83 mg/m?®) to south (0.34 mg/m?®) in the Antarctic water. In the pack ice area, high
values of 0.75-1.65 mg/m® were observed, while low value of 0.28 mg/m® was seen
in the lead water.

3.1.2. Surface distribution on the northward leg in late February and early March

In the lower part of Fig. 3, the vertical section of temperature along 40-50°E
longitude on the northward leg is reproduced. AC and STC were located around
51°09’S between Stns. 94 and 96 and around 41°46’S between Stns. 59 and 61, respec-
tively. ASF was not detected on this leg.

Surface chlorophyll a concentrations are shown in the middle part of Fig. 3. Con-
centrations were usually lower than 0.3 mg/m?® in the Antarctic water as well as in the
Subantarctic water south of STC. High concentrations more than 0.5 mg/m?® were
found only in the STC zone and in its northern water. Concentrations became very
low in the rest of the Subtropical water. The mean and standard deviations of chloro-
phyll a concentration for each of seven different water masses are shown in the upper
part of Fig. 3. Generally, the mean values in the Subantarctic and Antarctic waters
were lower than 0.3 mg/m®. On the other hand, those were higher than 0.4 mg/m?®
in STC and the Subtropical water. Latitudinal variation of chlorophyll a on this leg
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Fig. 3. Vertical section of water temperature (lower), surface chlorophyll a concentration
(middle) and mean and standard deviations of surface chlorophyll a for each of different
water masses (upper) on the northward leg from 19 February to 5 March 1979.
Abbreviations and numerals as in Fig. 2.

showed a quite different pattern from that on the southward leg.

3.2. Vertical distribution of chlorophyll
Concentrations of chlorophyll @ and phaeophytin and pigment ratio (percentage



150 Mitsuo FukucHr and Seiichi TAMURA (&R

of chlorophyll a to the sum of chlorophyll @ and phaeophytin) obtained at six stations
of vertical observations are summarized in Appendix 2.

Vertical section of chlorophyll a down to a 400 m depth between 52° and 65°S
latitudes along 40-43°E longitude is shown in Fig. 4. Throughout six stations, a weak
subsurface chlorophyll @ maximum was observed between 50-100 m depths, where
the chlorophyll a concentration was in a range of 0.1-0.3 mg/m®. The subsurface
maximum layer seemed to overlie the temperature minimum layer (¢f. Fig. 3). Chloro-
phyll a concentrations below the depths of 100-180 m were lower than 0.1 mg/m?.
The pigment ratio among six stations was extraordinary low, less than 10%, while a
relatively high ratio was found in the surface water and in the subsurface chlorophyll
a maximum layer. Integrated chlorophyll a stocks for a 0-250 m water column were
calculated and were found to be in a range of 16.8-39.4 mg/m?®.

100
E
= 200
Q
[h]
a 300
400y = -

Fig. 4. Vertical section of chlorophyll a along 40-43°E longitudes on the northward leg
Sfrom 24 February to 1 March 1979.

4. Discussion

Latitudinal variation of surface chlorophyll a on the southward leg is quite differ-
ent from that on the northward leg. On the southward leg in late December, high
chlorophyll a concentrations are found around the AC and low concentrations are
distributed in the northern waters. Surface concentrations increase rapidly just north
of the AC. No distinct changes are seen across the STC and the ASF. On the con-
trary, on the northward leg in late February and early March, about two months later
than the southward leg, the latitudinal variation of surface chlorophyll a across the
AC is very small, but the surface concentrations increase rapidly across the STC.



No. 74. 1982) Chlorophyll a Distribution in the Indian Antarctic Ocean 151

High concentrations are found in the STC and its northern water.

Although the areas observed differ between the southward and northward legs,
these different latitudinal variations between the two legs might be related with the
seasonal periodicity of phytoplankton in the Indian sector of the Antarctic Ocean.
HART (1942) and HAsLE (1969) mentioned that the peak of phytoplankton density
appears more and more to the south as the austral summer season advances. FUKUCHI
(1980) found that the maximum phytoplankton chlorophyll stock occurs in the AC
zone in early summer (middle-late December) based on the JARE data. The latitudinal
variation on the present southward leg agrees with his result.

However, the peak of surface chlorophyll a does not appear in the southernmost
water on the present northward leg (late February - early March). This fact would
imply that the peak of surface chlorophyll a in the southernmost water occurs either
before or after the time of the present observation. RAYMONT (1980) mentioned that
there is frequently an autumn bloom of phytoplankton in moderately high and tem-
perate latitudes. The observed peak around the STC might indicate the autumn bloom
in the Subtropical water. This conclusion will be examined by comparing the data
obtained by three Japanese research vessels in the Indian sector of the Antarctic Ocean
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Fig. 5. Surface chlorophyll a concentration south of 60°S on the westward legs observed
aboard the FUJI during 12 cruises in 1965/66 (JARE-7)—1979/80 (JARE-2I).
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which participated in the First International BIOMASS Experiment (1980/1981).

The intensive XBT observations in the present work have elucidated where the
strong upwellings occur. Longitudinal variations of surface chlorophyll @ on the
westward leg seem to be related with the upwellings of water. Relatively high con-
centrations are found in areas where the isotherm of 0°C rises to a 100 m depth, i.e.,
around 85°E, 72°E and 61°E (see Fig. 2). The surface chlorophyll a data accumulated
by JARE are shown in Fig. 5. A total of 192 stations located south of 60°S on the
westward legs were occupied during 12 Fuir cruises (JARE-7, -9, -10, -12, -14, -15,
-16, -17, -18, -19, -20 and -21). Each cruise passes the same route during a definite
time of year in late December. It is clearly seen from Fig. 5 that high chlorophyll a
concentrations are concentrated in three areas around 85°E, 75°E and 65°E. These
three areas coincide generally with the present three upwelling areas mentioned above.
One of these areas is considered to be closely related with the Antarctic Divergence.

In addition to the three areas, high concentrations are also found in an area around
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Fig. 6. Relationships of integrated chlorophyll a stocks in a 0-250 m water column or sub-
surface maximum of chlorophyll a against surface chlorophyll a concentrations.

Square and circle symbols indicate the present results and those of KURODA and
FukucHTI (1982), respectively.
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50°E, where pack ice is usually distributed. High concentrations in this area might be
associated with the distribution of the so-called ice algae. Therefore, the chlorophyll
a concentrations in this area can not be compared directly with the other data obtained
in the open waters.

Integrated chlorophyll a stocks for a 0-250 m water column obtained from the
present six stations (16.8-39.4 mg/m?) are within the range reported by KurRoDA and
FukucHr (1982) from the Indian Antarctic water in late February—early March (17-89
mg/m*®). HOLM-HANSEN et al. (1977) reported that the integrated stocks for a 0-200 m
water column were 10.6-30.8 (mean: 21.8) mg/m® in November—January, 0.7-16.9
(mean: 6.7) mg/m?® in January—February, and 13.3-15.2 (mean: 14.2) mg/m?® in March—
May in the Antarctic Ocean south of the AC. The integrated chlorophyll a stocks
in a 0-250 m water column and the subsurface maximum of chlorophyll a concentra-
tions obtained in the present work are plotted against the surface chlorophyll concen-
trations together with the data reported by KuropAa and FukucHi (1982) (Fig. 6).
Their data were obtained from the Subtropical, Subantarctic and Antarctic waters.
Positive correlations among these values support the opinion stated by KuroDpA and
FukucHI (1982), “surface concentrations may be a good expedient for evaluating the
chlorophyll a stocks in the subsurface layer.”
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Appendix 1.
temperature observed aboard the FUJI toward Syowa Station,

Antarctica, in 1978-1979.

Chlorophyll a Distribution in the Indian Antarctic Ocean

Data on surface chlorophyll a concentrations and water

STATION NO. DATE TIME LATITUBE  LCNGITUDE CHLOROPHYLL-A WATER TEMP.
1978

1 NOV, 26 080¢ 32 15 N 138 12 E 0424 23,2
2 1200 31 39 137 50 0443 21.8
3 1800 30 41 137 14 Ce75 21.5

4 27 0800 28 29 136 9 0.17 2446

5 1200 27 47 135 50 0.08 2543

6 1800 26 38 135 16 0.1¢ 25.1

7 28 080C 23 59 123 sg 0.04 2542
8 1200 23 12 123 323 0¢14 24.5

S 1£00 22 6 132 S4 0.04 2643
10 29 0800 19 26 131 54 0.07 2746
11 1200 14 40 131 21 0.07 2745
12 1800 17 34 130 54 0405 2648
13 30 0800 14 54 129 48 0.08 27.7
14 1200 14 8 129 29 0.05 27.%
15 1700 13 12 129 3 6.05 2842
16 DEC. 1 08GC 10 9 127 53 0402 28.4
17 1200 ® 20 127 20 €.03 28,3
18 18¢¢ 8 B 126 57 0.C2 28.1
19 2 cece 5 11 125 33 Ce33 27.9
20 120¢ 4 34 124 s¢ 8.02 2844
21 1750 3 53 123 54 Ue 1l 28.5
22 3 0800 2 9 121 31 Ge3l 28.7
23 129¢ 145 120 S& 0.32 28.7
24 180C 1 4 119 58 Ge22 28.8
25 4 0800 1415 112 53 £.15 29.1
26 1200 2 34 118 38 .29 29e4
27 1805 3 48 118 7 0.17 29.6
28 s €8eo & 39 116 35 0.46 2946
29 1200 7 29 116 15 0.49 28.8
30 1808 B 45 115 45 0.52 2840
31 [ c800 11 60 114 5S¢ 0,06 28.8
32 1205 12 58 114 47 0410 29.1
33 16CC 14 22 116 27 0.C6 29.1
34 bi 0800 17 44 113 51 8,06 2649
35 i2¢c 18 28 113 40 0.06 25.8
36 180C 20 1 113 26 0404 2545
37 8 csce 23 13 112 54 0,09 23.8
38 1208 24 1 112 48 0417 23.8
39 180¢ 25 12 112 3¢ 0433 2246
40 [ 08Ce 27 s6 112 59 0.12 22.2
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE LONGITUDE CHLOROPHYLLeA WATER TEMP.
41 DEC. 9 1200 28415 11312 E 0409 2243
42 1800 29 46 113 51 0.08 21.3

FREMANTLE
43 15 1800 32 45 114 26 0.10 20.8
44 16 0800 34 20 111 45 0.07 18.2
45 1000 34 31 111 18 0.07 17.6
46 1200 34 43 110 52 0,10 174
47 1400 34 55 110 29 0410 1744
48 1600 35 7 120 6 0409 1746
49 1800 35 20 109 52 0407 1747
50 2000 35 43 109 51 0.08 17.8
51 2200 36 4 110 0 0.08 17.8
52 17 0000 36 27 110 9 0.08 17.6
53 0200 36 49 110 16 0.10 17.3
54 0400 37 11 110 22 0.11 1649
55 0600 37 35 110 18 0.07 17.4
56 0800 37 58 110 7 0.27 15.6
57 1000 38 21 109 57 0.17 1544
s8 1200 38 43 109 49 0409 15.6
59 1400 39 5 109 35 0.15 15.5
60 1600 39 27 109 21 0430 147
61 1800 39 47 109 11 0e19 1402
62 2000 40 10 109 2 0.14 1449
63 2200 40 35 109 2 0.11 148
64 18 0000 40 59 109 2 0e11 15.2
65 0200 41 24 109 0 0e11 1448
66 0400 41 48 108 60 0,13 1445
67 0600 42 11 108 57 0013 1446
68 0800 42 35 108 55 0.13 13.8
69 1000 43 1 108 54 0.13 1440
70 1200 43 27 108 54 0.16 13.8
71 1400 43 52 108 53 0.09 13.4
72 1600 44 17 108 s1 0,14 1247
73 1800 44 39 108 42 0.12 12.3
74 2000 45 2 108 31 0.15 12.3
75 2200 45 26 108 21 0.15 11.1
76 19 0000 45 51 108 9 0e11 9.9
77 0200 46 11 107 56 0,12 947
78 0400 46 32 107 44 0019 1140
79 0600 46 53 107 33 0.18 11.3
80 0800 47 15 107 22 0,13 9.3
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE  LONGITUDE CHLOROPHYLL-A WATER TEMP.
8l DEC. 19 1000 47 38 s 107 13 € 2413 9.2
82 1200 48 1 106 59 0.11 74
83 1400 48 25 106 51 0406 7.3
84 1600 48 47 106 40 0409 7.6
85 1800 49 9 106 26 0.10 7.2
86 2000 49 31 106 9 0410 642
87 2200 49 51 105 51 0407 643
88 20 0000 50 12 105 32 0429 5.9
89 0200 50 33 105 13 0,48 5.6
90 0400 50 54 104 54 0415 449
91 06C0 51 14 104 35 0.28 409
92 0800 51 34 104 16 0432 5.1
93 1000 51 54 103 58 1.29 4.8
94 1200 52 13 103 44 1.646 3.9
95 1400 52 32 103 26 1433 3.7
96 1600 52 52 103 9 1.20 2.7
97 1800 53 12 102 49 1.05 2.9
98 2000 53 33 102 28 1.55 3.5
99 2200 53 53 102 7 1.06 1.8

100 21 0000 54 13 101 51 0493 1.7
101 0200 54 33 101 27 1.00 1.9
102 0600 54 54 101 8 1e46 2.5
103 0600 55 15 190G s¢ 1.15 1.9
104 0800 55 35 100 29 0455 1.5
105 1000 55 55 100 10 0s42 1.2
106 1200 56 14 99 49 047 0.8
107 1400 56 35 99 30 2.81 1.9
108 1620 56 51 98 56 3e67 1.8
109 1800 57 6 98 21 0.88 2.2
110 2000 57 22 97 44 1427 245
11 2230 57 38 97 8 0,48 1.5
112 22 €000 58 2 95 14 0.52 0.7
113 0200 58 18 95 40 0450 1.0
114 0450 58 34 95 4 0eb61 0.5
115 €600 58 48 94 26 2,62 0.7
116 2800 58 59 93 42 1.02 0.8
117 1000 59 12 93 5 0e76 0.5
118 1200 59 25 92 26 0465 0.1
119 1400 59 37 91 46 0471 0.8
120 1600 59 49 91 7 0459 0.6
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Appendix 1 (continued).

STATION NO. DATE TIME LATITUDE  LONGITUDE CHLOROPHYLL=A WATER TEMP,
121 DEC, 22 1800 60 0 'S 90 25 0.68 0.7
122 2000 60 11 89 42 0.87 0.8
123 2200 60 22 88 59 1.05 0.8
124 23 0800 61 20 85 23 1.28 044
125 1200 61 42 83 55 0469 =0e1
126 1800 62 13 81 38 0.81 0.3
127 264 0800 63 20 75 38 0420 0.0
128 1200 63 35 73 55 0436 01
128 1800 64 2 7117 0.21 01
130 25 0800 64 43 64 18 0429 =062
131 1200 64 49 62 25 076 =042
132 1800 64 58 59 28 0.23 01
133 26 0800 65 21 52 43 0467 0.7
134 1200 65 30 50 48 2403 -0.8
135 2325 65 39 49 29 2413 1.7
136 27 0800 66 11 46 16 1.08 =145
137 1200 66 7 45 45 1.36 -1.5
138 1600 66 13 44 33 1.03 =16
139 1800 66 21 44 1 0470 “1.6
140 28 0000 66 642 42 57 1.35 1.7
1641 0800 67 10 41 57 0.58 =16
142 1200 67 24 41 17 0e641 =17
143 29 1200 67 53 40 46 0445 =15
146 1400 67 59 40 52 0+56 =06
145 1600 68 5 40 644 033 “0e9

1979

146 JAN. 3 1500 68 & 40 46 0.24 =1.5
147 1800 68 13 35 31 0.21 -1.7
148 12 1030 68 16 39 13 0.03 =1.3
ICE EDGE OFF SYOWA STATION ]

149 27 2200 68 20 39 21 0610 ~0.8
150 FEB, 19 1800 68 17 39 33 0472 =1e6
151 24 1200 64 43 40 52 0.14 1.5
152 25 0000 63 37 40 21 0.13 2.2
153 1200 61 52 39 58 0,28 2.4
154 26 0000 60 36 40 9 0640 2.5
155 1200 58 46 40 17 0.25 2.5
156 27 0000 57 25 40 21 0425 Re
157 0800 56 7 40 23 025 2.8
158 28 0000 55 47 41 22 0.17 246
159 1200 55 & 43 2 0617 2.8
160 MAR, 1 0000 53 53 43 10 0.23 340

(FatEEk



No. 74. 1982] Chlorophyll a Distribution in the Indian Antarctic Ocean 159

Appendix 1 (continued).

STATION NO. DATE TINE LATITUDE LONGITUDE CHLOROPHYLL~A WATER TENP.
181 MAR, 1 0200 53 35 5 43 12 E 0+24 3.2
162 0400 53 18 43 13 0+19 3.0
163 0600 52 59 43 13 0e21 3.1
164 0800 52 42 43 14 0423 3.2
165 1600 52 26 43 16 0626 2.8
166 1200 52 9 43 16 0,27 3.9
167 1600 51 56 43 22 0629 3.9
168 1800 51 29 43 33 0.28 440
169 2000 51 3 43 46 0626 442
170 2200 50 49 43 53 0620 46
171 2 1700 49 2 44 36 c.18 5.0
172 2000 48 30 44 47 0e19 5e1
173 2200 48 7 44 55 0.21 545
174 3 0000 47 43 45 3 0619 5.3
175 0200 47 17 45 12 0s22 S5e¢7
176 0400 46 52 45 21 0424 6ot
177 0600 46 28 45 28 0.20 7.3
178 0800 46 1 45 34 0e31 7+5
179 1000 45 33 45 40 0432 7.3
180 1200 45 5 45 57 0e21 Bed
181 1400 44 37 46 12 0.23 74
182 1600 44 10 46 26 0.32 7.9
183 1800 43 42 46 &1 0.22 707
184 2coe 43 13 46 59 0.12 7.8
185 2200 42 44 47 16 0.18 105
-186 4 0000 42 15 47 33 0.61 12.2
187 0200 41 46 47 S0 0486 14.2
188 0400 41 17 48 8 0.85 1646
189 0600 40 47 48 25 0.91 16.4
190 0800 40 18 48 39 0.89 156
191 1000 39 49 48 54 0.66 1642
192 1200 39 21 49 8 0462 15.2
193 1400 38 52 49 24 0.64 15.6
194 1600 38 23 49 39 0.28 18.8
195 1800 37 54 49 55 0610 201
196 2600 37 25 50 11 0406 20.1
197 2200 36 56 SC 26 0.05 20,3
198 5 060¢ 36 27 50 41 0,03 21.3
199 0800 34 34 51 38 0404 21.3

200 1200 33 35 51 47 0.04 21.4
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Appendix 1 (continued).

STATION NO.

DATE TIME LATITUDE  LONGITUDE (CHLOROPRYLL-A WATER TEMP,
201 MAR., 5 1800 3217 s 52 27 € 0.05 26,7
202 6 0800 29 16 53 48 0.05 2542
203 1200 28 28 54 6 0403 2540
204 1800 27 15 54 39 0.06 2646
205 7 0800 24 26 55 53 0.04 2644
206 1200 23 41 56 6 0.03 26.8
207 1800 22 37 56 28 0.06 27.2
208 17 0800 17 45 60 58 0405 27.9
209 1800 16 41 62 28 0.02 28.3
210 18 0800 15 6 64 43 004 28.0
211 1800 14 0 66 9 0401 2940
212 19 0800 12 40 68 12 0.03 2849
213 1800 11 38 69 39 0002 28.8
214 20 0800 10 5 71 43 0403 28.5
215 1800 9 1 73 16 0.02 28.7
216 21 0800 7 21 75 34 0.06 2846
217 1800 6 15 77 9 0405 29.1
218 22 0800 4 36 79 29 04,05 29.2
219 1800 3 23 81 7 04064 30.5
220 23 0800 1 50 83 30 0.03 29.5
221 1800 0 46 84 57 0.01 30.3
222 24 0800 0 53 N 87 13 0406 3044
223 1800 2 6 88 45 0.03 3046
224 25 0800 3 39 90 51 0.04 30.2
225 1800 4 39 92 21 0409 29.8
226 26 0800 5 57 94 40 0415 3040
227 1800 6 8 96 20 0.08 29.9
228 27 0800 5 2 98 49 0.18 29.8
229 1500 4 24 99 48 0424 3045
230 30 0800 317 100 32 0440 3040
231 1800 2 26 101 41 Qo1 29.9
SINGAPORE
232 APR. 9 0800 2 45 107 58 0405 29.8
233 1800 4 27 109 2 0.01 30.1
234 10 0800 6 57 110 23 0.01 2940
235 1800 8 43 111 21 0405 2944
236 11 0800 11 10 112 59 0.07 29.3
237 1800 11 17 113 8 0405 29.3
238 12 0809 14 56 115 59 0407 2842
239 1800 16 7 117 29 0406 29.0
240 13 0800 18 3 119 44 0.08 2749
2641 13 1800 19 29 121 32 0011 2740
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Appendix 2. Data on chlorophyll a, phaeophytin and pigment ratio observed
at six stations of vertical observations in the Indian sector of the
Antarctic Ocean in 1979.

Station Chl. a  Pigm

Depth

No. Date Position (m) gy g )
151 1979 64°43’S 0 0.15 1.59 8.6
Feb. 24 40°52'E 10 0.08 2.00 3.8
19 0.09 2.14 4.0
29 0.06 2.39 2.4
48 0.07 1.73 3.9
72 0.07 2.83 2.4
96 0.11 2.7 3.8
120 0.09 2.43 3.6
143 0.05 2.17 3.9
190 0.06 3.22 1.8
237 0.03 2.90 1.0
284 0.03 3.01 1.0
377 0.09 2.70 3.2
153 Feb. 25 61°52’S 0 0.25 2.90 7.9
39°58’E 10 0.16 2.87 5.3
20 0.19 4.70 3.9
29 0.18 2.37 7.1
49 0.24 2.7 8.1
73 0.26 3.55 6.8
97 0.17 3.21 5.0
122 0.09 3.85 2.3
147 0.06 2.52 2.3
196 0.04 2.87 1.4
245 0.07 5.89 1.2
294 0.04 4.44 0.9
392 0.04 2.67 1.5
490 0.11 6.85 1.6
155 Feb. 26 58°46’S 0 0.22 1.55 12.4
40°17’E 10 0.17 3.98 4.1
19 0.19 5.64 3.3
29 0.19 4.63 3.9
48 0.16 3.03 5.0
72 0.24 3.76 6.0
96 0.15 5.09 2.9
120 0.13 3.31 3.8
144 0.06 3.62 1.6
240 0.13 7.35 1.7
288 0.07 4.63 1.5
2.27 1.3

384 0.03
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Appendix 2 (continued).

(R Bk

e owe v SE QL5 o e
157 1979 56°07’S 0 0.23 1.93 10.6
Feb. 27 40°23’E 9 0.16 3.40 4.5
19 0.18 4.10 4.2
28 0.20 5.64 3.4
46 0.16 2.43 6.2
69 0.24 4.40 5.2
92 0.16 4.41 3.5
115 0.09 4.14 2.1
137 0.13 3.37 3.7
183 0.08 3.13 2.5
228 0.06 4.42 1.3
273 0.08 2.53 3.1
363 0.04 2.55 1.5
453 0.08 3.36 2.3
159 Feb. 28 55°13’S 0 0.17 1.77 8.8
43°07’E 8 0.14 3.31 4.1
16 0.12 3.56 3.3
23 0.12 3.36 3.4
39 0.17 5.33 3.1
58 0.18 4.65 3.7
71 0.22 5.36 3.9
88 0.19 2.12 8.2
106 0.19 4.10 4.4
141 0.12 5.42 2.2
176 0.12 6.22 1.9
211 0.05 4.80 1.0
279 0.07 5.82 1.2
341 0.07 4.63 1.5
166 Mar. 1 52°01'S 0 0.27 2.17 11.1
43°17’E 9 0.23 3.56 6.1
18 0.17 3.57 4.5
27 0.28 6.94 3.9
45 0.30 6.41 4.5
68 0.24 3.94 5.7
91 0.25 2.81 8.2
113 0.17 4.86 3.4
135 0.10 2.90 3.3
179 0.07 3.61 1.9
224 0.07 4.50 1.5
268 0.05 2.19 2.2
356 0.04 2.93 1.3
439 0.06 3.53 1.7




